Logistical factors associated with
adverse outcomes following
emergency surgery in an acute care
surgical unit

Daniel Benjamin Nel (MBChB)

Submitted to the University of Cape Town
In fulfillment of the requirements for the minor dissertation
component (Part lll) of the degree MMed in Surgery

Supervisor: Dr Juan H Klopper, MBChB, MMed (Surg)



The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



Table of contents

DCIATALION ...ttt e e e et s e e e s 3
ADSTIACT ...ttt et sttt ettt sae e shesaeene e s 4
Acknowledgements & coNtribUtioNS ........ccceeeveeieieiee e e e 5
List of tables, figures & abbreviations ... 6
Published ManuSsCript tEXt ......ccveiieie et et s 7
Ethics @PProval [Etter ...t e e 16
Hospital @approval [ETEEr ....c.veeceeceeeece ettt et et sn s 17
Author instructions European Journal of Trauma and Emergency Surgery.......... 18

Appendix 1: EJTES reviewer comments and author responses prior to
acceptance and PUDBTICATION .......c.cveiveeieceece ettt et 22

Appendix 2: Published article as appeared in journal ........ccoceevvveeecceeeieeceeenen. 26



g&n'

DECLARATION

I, D an ‘b( .......... (U__%__ / ., hereby declare that the work on which this
dissertation/thesis is based is my original work (except where ackngwiedgemeqts :
indicate otherwise) and that neither the whole work nor any part of it has been, is being,
or is to be submitted for another degree in this or any other university.

| empower the university to reproduce for the purpose of research either the whole or
any portion of the contents in any manner whatsoever.




Abstract

Purpose

The Acute Care Surgical Unit at Groote Schuur Hospital was established in 2010 and is the first
of its kind in Africa. The aim of this study was to describe the outcomes of emergency surgical
cases, as well as determine the logistical factors associated with adverse outcomes following
surgery within the unit.

Methods

This study was a retrospective audit which reviewed the folders of adult patients who
underwent an emergency surgical procedure from July 2016 to July 2017. The primary outcome
was a major adverse event (AE) which was defined by a Clavien-Dindo score of 3-5. A number of
logistical factors related to patient admission and operation were evaluated for association with
outcomes.

Results

A total of 271 patients were included with an mean age of 47 years, with 48% females and 52%
males. A major AE was recorded for 13% of patients. The following factors were found to be
predictive of a major AE: referral from outside the hospital, urgent booking colour code,
reoperation and consultant most senior surgeon present during procedure. Patient
admission/surgery performed outside of normal working hours, being booked for surgery on
admission, as well as delay to surgery beyond colour code were not associated with a major AE.

Conclusion

Apart from traditional clinical parameters, factors related to perioperative logistics may
contribute to the risk of a major AE after emergency surgery and should be considered for
inclusion in more comprehensive predictive models for adverse outcomes within an acute care
surgery unit.
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Introduction

Increasing numbers of surgeons are entering fellowship training positions on completion of their basic
surgical training, resulting in an enlarging gap when it comes to providing the primary components of
general surgery, especially emergency care.[1-3] The acute care surgery model was recently developed
with the aim improving the provision of emergency surgical care. This model has been well described in
Europe, Australasia and North America, and has demonstrated its worth with several studies showing
improved outcomes for specific emergency surgical procedures.[4-11] Previous studies evaluating
traditional clinical parameters in acute care/emergency surgical patients have found the following to be
associated with adverse outcomes: shock, tachycardia, tachypnoea, hypothermia,
leukopenia/leukocytosis, increasing age, higher ASA class, comorbidity index, preoperative organ
dysfunction and type of surgery performed.[12,13] Infrastructure or logistics related factors such as
timing of surgery, seniority of surgeon involved, delay to surgery and source of referral, have been
shown to affect outcomes in surgical patients.[14,15] These logistical factors are important to consider
when planning resource and staff allocation. Unlike elective surgery, there remains a paucity of research
regarding the factors predicting adverse outcomes within the acute care surgical population, a distinct
subgroup of patients with diverse demographic and surgical pathology.[12] In addition, no study has
focused specifically on the impact of perioperative logistical factors on outcomes for acute care surgery
patients.

The Acute Care Surgery Unit at Groote Schuur Hospital, the first of its kind in Africa, was established in
2010 and to date, the outcomes of the unit have not been described.[16] The aim of this study was
therefore to assess the outcomes of emergency surgical cases, as well as evaluate perioperative
logistical factors associated with major adverse events following emergency surgery within the unit.

Methods

This study was a retrospective audit which reviewed the folders of patients who underwent an
emergency surgical procedure in the Groote Schuur Hospital (GSH) Acute Care Surgery Unit (ACSU), from
July 2016 to July 2017. All patients over the age of 12 who were admitted by the unit and underwent
emergency surgery within the study period were included. All types of emergency procedures were
included, with the exception of patients who underwent minor procedures such as abscess drainage and
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minor debridements (defined as removal of less than 20 square cm of tissue without exposure of
ligament, tendon, joint capsule, or deep fascia).

The ACSU is staffed by two senior consultants, two junior consultants and four or five registrars, who
rotate on a three monthly basis as part of their surgical training at GSH. The unit initially admits and
manages all adult, non-trauma, emergency surgical referrals to the hospital. Referrals may come from
the emergency department (ED), another specialist department within the hospital, or a referring
hospital within the Cape Town Metro West region. Referrals are discussed directly with the registrar or
consultant on call, who reviews the case and decides on a management plan. The ACSU
registrar/consultant on call will discuss cases requiring surgery with the anaesthetic registrar/consultant
on duty, and together they will make a judgement call on the patient’s colour code of urgency: red cases
require immediate surgery (e.g. exsanguinating upper Gl bleed), orange within two hours (e.g. ruptured
appendix with septic shock), yellow within six hours (e.g. acute appendicitis) and green within 24 hours
(e.g. amputation for critical limb ischaemia). Surgery is generally performed by the registrar with
assistance of an intern doctor, with the consultant present for cases that the registrar is not able to
perform independently.

The ACSU is responsible for the initial management of most abdominal and soft tissue emergencies
presenting to GSH, with expertise being available from the various general surgical subspecialties when
required. In addition to abdominal and soft tissue emergency procedures, the ACSU also performs
amputations primarily for diabetic sepsis and wet gangrene, but also for critical limb ischemia deemed
not amenable for revascularization by the vascular surgery team. Although the unit manages many
patients with acute biliary disease, almost all cholecystectomies are done semi-electively due to the
demands placed on the emergency theatres by more urgent emergencies, especially trauma related.

Apart from the usual patient descriptive parameters, a number of perioperative logistical factors
potentially affecting surgical outcomes were recorded. Admission factors included the source of referral,
timing of admission (weekday working hours, weekday afterhours, or weekend hours) and whether the
patient was booked for surgery on presentation (as opposed to being admitted to the ward first for
workup and booked thereafter). Operative factors included the urgency colour code of the surgery,
whether there was delay to surgery beyond colour code specification, whether a consultant or registrar
was the most senior surgeon present, whether the procedure was an index or reoperation, and the
timing of surgery (weekday working hours, weekday afterhours, or weekend hours). In terms of
outcomes, Clavien-Dindo (CD) score and hospital length of stay was assessed. A major adverse event
was defined as a CD score of 3-5 during admission, implying a significant deviation from the normal
postoperative course requiring invasive intervention or ICU admission and, at most, defines patient
mortality (table 1)[17]. A minor adverse event was defined as any deviation of the clinical course
without the need for ICU admission nor surgical, endoscopic or radiological intervention. Adverse event
information was collected from the patient's hospital discharge summary, where the CD score was
recorded for patients who underwent surgical intervention within the unit. A prolonged hospital stay
was defined as total number of days of admission exceeding the 75th percentile of days admitted for the
entire cohort.



Table 1: The Clavien—-Dindo Adverse Event classification:[17]

Grade | Definition

/ Any deviation of the clinical course without the need for pharmacologic treatment or
surgical, radiological or endoscopic interventions.

) Requiring pharmacologic treatment other than such allowed for grade 1 complications

1 Requiring surgical, endoscopic, or radiological intervention

llla Intervention not under general anesthesia

b Intervention under general anesthesia

v Life-threatening complication requiring ICU management

IVa Single organ dysfunction (including dialysis)

IVb Multiorgan dysfunction

v Death of a patient

Data analysis was performed IBM SPSS Statistics©. Categorical variables were analyzed by the Chi-
squared test for independence and non-parametric tests. A confidence level of 95% was used to
describe odds ratios, with a two-tailed P-value of 0.05 considered statistically significant. Logistic
regression analysis was performed to evaluate the association between perioperative factors and
outcomes.

Ethical approval for the study was obtained from the university ethics review board (University of Cape
Town HREC ref 688/2017).

Results

Of 284 eligible patients, 13 were excluded due to incomplete admission or operative records, leaving
271 patients for inclusion the study. The mean age of participants was 47 years (range 13-83), with 48%
females and 52% males.

Description of Surgical Procedures

The majority of operations were index procedures (91%) while 9% were follow up operations. The
registrar was the most senior surgeon present for 84% of cases, with the consultant called in to assist for
16%. While 32% of patients were booked for surgery on first presentation, 68% were first admitted to
the ward while awaiting investigation results or consultant review before being booked for surgery. The
distribution of procedures performed is shown in Fig 1:

Fig 1: Distribution of operative procedures performed
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Laparoscopic 46
appendicectomy

Open appendicectomy 33
Above knee amputation 31
Major debridement 23

Below knee amputation 23

Complicated inguinal 13
hernia

Partial colectomy 12

Omentopexy 11

Drainage abdominal 10
abscess

Complicated ventral 10
hernia

Diagnostic laparotomy 8

Trans metatarsal
amputation =

Enterolysis

Other hernia 6

In terms of admission timing, 34% of cases were admitted during weekday afterhours and 41% during
weekend hours. In terms surgery timing, 37% of patients were operated on during weekday afterhours
and 39% during weekend hours.

Low urgency cases comprised 83%, with green cases forming 3% of these and yellow cases 80%. Higher
urgency cases comprised 17%, with 16% orange and 1% red cases. In 61% of all procedures, the delay to
surgery was longer than that required by the booking colour urgency i.e. more than two hours from
booking to surgery starting time for orange cases, more than six hours for yellow cases, and more than
24 hours for green cases.

Outcomes: Adverse events

A major adverse event was recorded for 34 patients (13%). Of the remaining patients, 61% had no
adverse event and 26% had a minor adverse event. As is shown in table 2, the following factors were
found to be predictive of a major AE: referral from outside the hospital, urgent booking colour code,
reoperation and consultant most senior surgeon present during procedure. Patient admission/surgery
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performed outside of normal working hours, being booked for surgery on admission, as well as delay to
surgery beyond colour code were not associated with a major AE.

Table 2: Factors associated with a major AE post surgery

Perioperative Factor

% minor/no AE
(total n=237)

% major AE
(total n=34)

OR for major AE (95% Cl)|P-

value

Outside referral

16% (n = 38)

35% (n=12)

2.86 (1.30-6.26)

0.009

Booked for surgery on admission

31% (n = 74)

35% (n=12)

1.20(0.56-2.55)

0.63

Weekend admission

41% (n = 96)

44% (n = 15)

1.16 (0.56-2.39)

0.68

Weekday afterhours admission

34% (n = 80)

38% (n = 13)

1.21 (0.57-2.55)

0.60

Weekend surgery

41% (n = 97)

29% (n = 10)

0.60 (0.27-1.31)

0.20

Weekday afterhours surgery

38% (n = 89)

29% (n = 10)

0.69 (0.31-1.51)

0.35

Urgent colour code

13% (n =30)

41% (n = 14)

4.83 (2.20-10.56)

<0.001

Delay beyond colour code

61% (n = 144)

59% (n = 20)

0.92 (0.44-1.91)

0.82

Consultant most senior surgeon

13% (n = 31)

35% (n = 12)

3.62 (1.63-8.05)

0.002

Reoperation

7% (n = 16)

26% (n=9)

4.97 (1.99-12.42)

0.001

Outcomes: Hospital length of stay

The median hospital length of stay was five days (IQR 3-8), with a prolonged hospital stay (>8 days)
recorded for 23% of patients. The following factors were found to be predictive of prolonged stay:
urgent booking colour code, reoperation and consultant most senior surgeon present during procedure

(table 3). The primary outcome, a major AE following surgery, was also predictive of a prolonged

hospital stay. Patients who had a major AE had a significantly longer median hospital stay; ten days
compared to six days for those who had a minor or no AE (P<0.001).

Table 3: Factors associated with a prolonged hospital stay

Perioperative Factor

% stay <8 days
(total n=210)

% prolonged
stay (total n=61)

(95% Cl)

OR for prolonged stay

P-value

Outside referral

17% (n = 35)

25% (n = 15)

1.63 (0.82-3.23)

0.16

Booked for surgery on admission

34% (n =72)

23% (n = 14)

0.57 (0.29-1.10)

0.97

Weekend admission

40% (n = 83)

46% (n = 28)

1.29 (0.73-2.30)

0.37

Weekday afterhours admission

35% (n =74)

31% (n =19)

0.83(0.45-1.53)

0.55

Weekend surgery

40% (n = 85)

36% (n = 22)

0.83 (0.46-1.49)

0.53

Weekday afterhours surgery

36% (n = 76)

38% (n = 23)

1.06 (0.59-1.92)

0.82

Urgent colour code

13% (n = 28)

26% (n = 16)

2.31(1.15-4.63)

0.018

Delay beyond colour code

58% (n =121)

70% (n =43)

1.75(0.95-3.24)

0.07
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Consultant most senior surgeon 10% (n=21) |36% (n=22) 5.07 (2.54-10.12) <0.001
Reoperation 6% (n=13) 20% (n =12) 3.71(1.59-8.63) 0.002
Major AE 6% (n =13) 34% (n = 21) 7.95 (3.68-17.19) <0.001
Discussion

This study was a retrospective audit which evaluated the outcomes, as well as logistical factors
associated with a major adverse event following emergency surgery within the GSH ACSU. Thirteen
percent of patients in this study had a major AE after surgery, which is comparable to similar studies
assessing outcomes in emergency general surgery, which reported rates of 15.7 and 17.2%.[13,18] The
following factors were found to be predictive of a major AE: referral from outside the hospital, urgent
booking colour code, reoperation and consultant most senior surgeon present during procedure. The
same factors, with the exception of referral from outside the hospital, were also predictive of a
prolonged hospital stay.

Patients sent from referral hospitals often have complex pathology and more severe disease which
necessitates their transfer to a higher level of care. In addition, numerous aspects of the transfer
process, including booking/waiting for transport and travel time, may lead to a delay in the institution of
definitive management, putting the patient at risk for a major AE and prolonged hospital stay.[15]
Whilst previous studies have shown that having a trainee as the most senior surgeon present was
predictive of a major AE, this study showed the opposite.[13,14,18] This finding may be explained by the
fact that the majority of the registrars rotating through the GSH ACSU have significant prior surgical
experience, and thus consultants are only called in for complex or very unstable case. These patients
therefore may have more advanced pathologies and physiological derangement placing them at higher
risk for a major AE. While the majority of procedures performed were index operations, 9% were
reoperations, which are often technically more difficult. In addition, the indication for a reoperation in
the acute setting may be failure of initial source control with progressive systemic deterioration of the
patient, increasing the risk of a major morbidity and mortality.[13,19]

Although there are fewer staff members present and increased fatigue, neither weekend/weekday
afterhours admissions or operations, which accounted for 75% of all cases, were associated with a major
AE or prolonged hospital stay. This reassuring finding may be attributable to a number of factors, mostly
related to consultant supervision within the unit.[20] First, thorough handover to the on call team
during weekday afterhours is ensured by consultant-led afternoon ward rounds. Second, similar rounds
are done on weekend mornings which include a consultant and intern from the acute care unit, the on-
call registrar, and the post-call registrar. Lastly, consultants are always available for advice and operative
expertise, and registrars are encouraged to have a low threshold to contact them for assistance. Delay
beyond designated emergency booking colour code was not associated with a major AE, which may be
due to the fact that the majority of cases where there was inappropriate delay were low urgency cases
with minor sepsis, which can often be safely delayed for more than 6 hours. In addition, should such
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green or yellow cases become significantly unwell while awaiting surgery in the ward, a flexible theatre
booking system at GSH allows for the colour code to be “upgraded” by the ACSU team to orange or red,
which would expedite surgery and thus potentially avert a major AE post surgery.

As seen in previous publications, the occurrence of a major AE was associated with a significantly
increased length of hospital stay - in this study more than twice that of cases where there was none, or a
minor AE.[18-21] Clearly a major AE has significant implications for the patient as well as the health
system. The majority of factors in this study that predict the occurrence of a major AE are non-
modifiable, with the exception of referral from outside the hospital, where potentially avoidable delays
in the transfer process may present an opportunity for investigation and future research. Despite the
fact that little may be done to modify the factors themselves, knowledge of the factors that predict a
major AE following surgery within an ACSU allows clinicians within the unit to identify cases where
greater vigilance for postoperative deterioration needs to be maintained, which may enable the team to
intervene early and thus avert or at least diminish the magnitude of a major AE following surgery. In
addition, evaluation of logistical factors that predict adverse outcomes allows for planning of
infrastructure, staffing and resource allocation.[14] While this study assessed mainly novel logistical
factors, a follow up study is planned with the aim of combining these factors with a more
comprehensive list of traditional, clinical factors in a larger cohort, so as to build a more complete
predictive model of adverse outcomes following emergency surgery in the GSH ACSU.

A potential weakness of the study is the heterogeneous patient population in terms of demographics,
comorbidities as well as type of procedure performed, which may limit the accuracy of the findings for a
particular subgroup. However, the decision to include such a diverse population was to increase the
generalisability and applicability of the findings to all patients undergoing emergency surgery in a typical
ACSU. While a strength of the study is the use of the standardised Clavien-Dindo classification to report
adverse events, the evaluation was unfortunately limited to in-hospital outcomes; postdischarge
outcomes (e.g. 30 day mortality) were not readily available.

Conclusion

This study evaluated a number of perioperative logistical factors, of which the following were found to
be predictive of a major AE following emergency surgery: referral from outside the hospital, urgent
booking colour code, reoperation and consultant most senior surgeon present during procedure. Apart
from traditional clinical parameters, factors related to perioperative logistics may contribute to the risk
of a major AE and should be considered for inclusion in more comprehensive predictive models for
adverse outcomes after emergency surgery in an ACSU.
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Appendix 1: EJTES reviewer comments and
author responses

11 October 2018
Dear reviewers

Thank you for taking the time to read through this paper and for your comments and suggestions.
Please see below for our response to each query. We hope you will be satisfied with the changes - we
welcome your wisdom in making this paper more scientifically valid and clinically applicable to the
readers of the EJTES.

Reviewer #1: The manuscript describes a one-year experience looking at operations done on an Acute
Care Surgery (ACS) service. The study focused primarily on logistic factors affecting outcome rather than
physiologic or laboratory markers. Findings generally parallel those seen in other reports on the ACS
experience, with less common findings that outcomes were not improved by presence of senior surgeon,
delay in OR, or after-hours operation. Factors that are likely surrogates of injury severity, including
transfer from outside hospital, urgent OR category, and need for senior surgeon were associated with
more adverse outcomes. The authors note that these factors should be considered in risk stratification,
but do not offer suggestions on whether and how these factors might be improved by modification to the
ACS service. Though the authors describe their service as a "typical” ACS service, the case volume is
highly skewed toward appendectomy (24%), amputation (19%), and soft tissue debridements (22%), and
contains no cholecystectomies at all. In this setting, with over 65% of cases of a less complex nature, it is
less surprising that senior surgeon involvement is not a critical factor, and also less surprising the delays
beyond standards are not a critical factor.

In order to make their findings more widely generalizable and to improve potential for other centers to
use the results the authors should:

-Discuss where acute biliary disease is managed, as these cases comprise a significant volume of most
ACS services.

Emergent cholecystectomy is considered a “green” emergency case, i.e. can be done after 6 hours but
within 24 hours. Due to the constant demands placed on the emergency theatres by general and
orthopedic trauma, emergent cholecystectomies get bumped until they eventually pass the first few
days when surgery is deemed safe, or settle down clinically and are discharged to free up beds in the
ACS ward - to come back for surgery in 6 weeks. Thus, although our ACS service manages many patients
with acute biliary disease, almost all cholecystectomies are done semi-electively.
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A sentence to briefly clarify this has been added to the methods section:

“Although the unit manages many patients with acute biliary disease, almost all cholecystectomies are
done semi-electively due to the demands placed on the emergency theatres by more urgent
emergencies, especially trauma related.”

-Define criteria under which case color codes are assigned, are these consistent, who makes the
decision?

The decision of urgency is made subjectively - there are no parameters entered into a computer which
uses an algorithm to decide colour code. Rather, the decision is a judgement call based on all the clinical
and logistical factors involved for the individual case. This is explained in the methods section - the
sentence has been changed slightly to clarify the matter:

“The ACSU registrar/consultant on call will discuss cases requiring surgery with the anaesthetic
registrar/consultant on duty, and together they will make a judgement call on the patient’s colour code
of urgency: red cases require immediate surgery (e.g. exsanguinating upper Gl bleed), orange within two
hours (e.g. ruptured appendix with septic shock), yellow within six hours (e.g. acute appendicitis) and
green within 24 hours (e.g. amputation for critical limb ischaemia).”

-Describe what cases fall under "major" and "minor" debridement headings

Major debridements are defined in the South African Medical Association billing code system as more
than 20 square cm including epidermis, dermis and subcutaneous tissue. In our unit, we defined major
debridement as more than 20 square cm or exposure of ligament, tendon, joint capsule, or deep fascia.

In the first paragraph of the methods section, minor debridement and abscess drainage has been listed
as cases not included in the study. A description of the definition of minor debridement was added as
well to clarify:

“All types of emergency procedures were included, with the exception of patients who underwent
minor procedures such as abscess drainage and minor debridements (defined as removal of less than 20
square cm of tissue without exposure of ligament, tendon, joint capsule, or deep fascia).”

-What are the indication for amputations? These cases are also not a consistent component of ACS
service coverage in other areas, especially as the ACS service does not appear to do re-vascularization.
Why are they managed on your ACS service?

The ACS at GSH performs amputations primarily for diabetic sepsis, wet gangrene and occasionally for
critical limb ischemia deemed not amenable for revascularization by the vascular surgery team. A
sentence has been added to the methods section to clarify this:
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“In addition to abdominal and soft tissue emergency procedures, the ACSU at GSH also performs
amputations primarily for diabetic sepsis and wet gangrene, but also for critical limb ischemia deemed
not amenable for revascularization by the vascular surgery team.”

Due to the poor quality of primary care in our drainage area (especially diabetic care), many patients
present for the first time with advanced disease well beyond hope for revascularization. The vascular
surgery team would be overwhelmed if they needed to perform amputations for all these patients. They
also have a high workload related to trauma - Cape Town is one of the most violent cities in the world
and we see an enormous amount of penetrating trauma which, not infrequently, requires vascular
surgery expertise. Thus, the ACS unit has agreed to cover emergency amputations for diabetic sepsis,
wet gangrene and advanced critical limbs, while the vascular team manages acute limb ischemia,
ruptured aneurysms and complex vascular trauma.

-Re-run their analysis excluding amputations, abscess drainages, and minor debridements to see if the
same factors are found when looking only at larger abdominal cases and major debridements for
necrotizing infection.

We have excluded abscess drainage and minor debridements from the study, redid the full analysis, and
updated the results and discussion sections accordingly. Although some percentages changed here and
there, the same factors affecting outcome was found.

We decided not to exclude amputations from the analysis because, as is mentioned above, the
indication for these are usually septic patients with diabetes or wet gangrene. Such patients are usually
systemically unwell and beyond hope of revascularization - hence the need for emergency ablation.
Amputation on these patients is therefore a major procedure - indeed it may have greater physiological
impact than an appendicectomy for early appendicitis or repair of an incarcerated ventral hernia.

Thus, although we agree that minor debridements and abscess drainage may be “less complex” cases
and have removed them from the analysis, we feel we make a compelling argument to include
amputations. If including amputations truly swings your decision towards not publishing the article then
we are willing to remove them and redo the analysis again.

-After analysis, are there any logistical risk factors that they have addressed, or that could be
addressed by changes in ACS service function to improve outcomes.

The second last paragraph in the discussion has been altered to address this question more clearly:

“The majority of factors in this study that predict the occurrence of a major AE are non-modifiable, with
the exception of referral from outside the hospital, where potentially avoidable delays in the transfer
process may present an opportunity for investigation and future research. Despite the fact that little
may be done to modify the factors themselves, knowledge of the factors that predict a major AE
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following surgery within an ACSU allows clinicians within the unit to identify cases where greater
vigilance for postoperative deterioration needs to be maintained, which may enable the team to
intervene early and thus avert or at least diminish the magnitude of a major AE following surgery.”

Reviewer #2: This retrospective study is an audit of 323 patients folders (total 336, 13 exculded) who
underwent an acute care surgery procedure at Groote Schuur Hospital, Cape Town, South Africa. Adverse
events (AE) were marked according to Clavien-Dinto score.

The quote [17] present in the Table 1 legend should also be given in the text (page 5, line 16).
Done.

If the definition of a major adverse event is well given page 5 line 18, the definition of a minor adverse
event (that appears later in the text page 8 line 9) should be given as well.

Done.

As well explained in the discussion, the predictive factors of major AE show a good quality of care and
are in some way obvious : only patients in bad conditions are referred from other hospitals, and patients
in bad conditions are given an urgent colour code, and very fortunately the senior surgeon is present at
the operation. It is also (very) obvious that reoperation (CD garde IlIb) is a (very) good predictor of AE
graded Il to V according to CD. The good new (and very good result) is that 23 patients out of 34
patients (68%) had no or minor AE after a major AE.

In table 2, numbers would be welcome next to percentages.

These have been added to both table 2 and 3.
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Abstract

Purpose The Acute Care Surgical Unit at Groote Schuur Hospital was established in 2010 and is the first of its kind in Africa.
The aim of this study was to describe the outcomes of emergency surgical cases, as well as determine the logistical factors
associated with adverse outcomes following surgery within the unit.

Methods This study was a retrospective audit which reviewed the folders of adult patients who underwent an emergency
surgical procedure from July 2016 to July 2017. The primary outcome was a major adverse event (AE) which was defined
by a Clavien—Dindo score of 3—5. A number of logistical factors related to patient admission and operation were evaluated
for association with outcomes.

Results A total of 271 patients were included with a mean age of 47 years, with 48% females and 52% males. A major AE
was recorded for 13% of patients. The following factors were found to be predictive of a major AE: referral from outside
the hospital, urgent booking colour code, reoperation, and consultant most senior surgeon present during procedure. Patient
admission/surgery performed outside of normal working hours, being booked for surgery on admission, as well as delay to
surgery beyond colour code were not associated with a major AE.

Conclusion Apart from the traditional clinical parameters, factors related to perioperative logistics may contribute to the risk
of a major AE after emergency surgery and should be considered for inclusion in more comprehensive predictive models for
adverse outcomes within an acute care surgery unit.

Keywords Emergency surgery - Acute care surgery - Complications - Mortality - Prognostication

Introduction

Increasing numbers of surgeons are entering fellowship
training positions on completion of their basic surgical train-
ing, resulting in an enlarging gap when it comes to providing
the primary components of general surgery, especially emer-
gency care [1-3]. The acute care surgery model was recently
developed with the aim improving the provision of emer-
gency surgical care. This model has been well described
in Europe, Australasia, and North America, and has dem-
onstrated its worth with several studies showing improved
outcomes for specific emergency surgical procedures [4—11].
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The previous studies evaluating the traditional clinical
parameters in acute care/emergency surgical patients have
found the following to be associated with adverse outcomes:
shock, tachycardia, tachypnoea, hypothermia, leukopenia/
leukocytosis, increasing age, higher ASA class, comorbidity
index, preoperative organ dysfunction, and type of surgery
performed [12, 13]. Infrastructure or logistic-related factors,
such as timing of surgery, seniority of surgeon involved,
delay to surgery, and source of referral, have been shown to
affect outcomes in surgical patients [14, 15]. These logistical
factors are important to consider when planning resource
and staff allocation. Unlike elective surgery, there remains a
paucity of research regarding the factors predicting adverse
outcomes within the acute care surgical population, and a
distinct subgroup of patients with diverse demographic and
surgical pathology [12]. In addition, no study has focused
specifically on the impact of perioperative logistical factors
on outcomes for acute care surgery patients.
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The Acute Care Surgery Unit at Groote Schuur Hospital,
the first of its kind in Africa, was established in 2010, and to
date, the outcomes of the unit have not been described [16].
The aim of this study was, therefore, to assess the outcomes
of emergency surgical cases, as well as evaluate periopera-
tive logistical factors associated with major adverse events
following emergency surgery within the unit.

Methods

This study was a retrospective audit which reviewed the
folders of patients who underwent an emergency surgi-
cal procedure in the Groote Schuur Hospital (GSH) Acute
Care Surgery Unit (ACSU), from July 2016 to July 2017.
All patients over the age of 12 who were admitted by the
unit and underwent emergency surgery within the study
period were included. All types of emergency procedures
were included, with the exception of patients who under-
went minor procedures such as abscess drainage and minor
debridements (defined as removal of less than 20 square cm
of tissue without exposure of ligament, tendon, joint capsule,
or deep fascia).

The ACSU is staffed by two senior consultants, two jun-
ior consultants and four or five registrars, who rotate on a
3-monthly basis as part of their surgical training at GSH.
The unit initially admits and manages all adult, non-trauma,
emergency surgical referrals to the hospital. Referrals may
come from the emergency department (ED), another spe-
cialist department within the hospital, or a referring hospi-
tal within the Cape Town Metro West region. Referrals are
discussed directly with the registrar or consultant on call,
who reviews the case and decides on a management plan.
The ACSU registrar/consultant on call will discuss cases
requiring surgery with the anaesthetic registrar/consultant
on duty, and together, they will make a judgement call on the
patient’s colour code of urgency: red cases require immedi-
ate surgery (e.g., exsanguinating upper GI bleed), orange
within 2 h (e.g., ruptured appendix with septic shock),

yellow within 6 h (e.g., acute appendicitis), and green within
24 h (e.g., amputation for critical limb ischaemia). Surgery
is generally performed by the registrar with assistance of an
intern doctor, with the consultant present for cases that the
registrar is not able to perform independently.

The ACSU is responsible for the initial management of
most abdominal and soft-tissue emergencies presenting to
GSH, with expertise being available from the various gen-
eral surgical subspecialties when required. In addition to
abdominal and soft-tissue emergency procedures, the ACSU
also performs amputations primarily for diabetic sepsis and
wet gangrene, but also for critical limb ischemia deemed
not amenable for revascularization by the vascular surgery
team. Although the unit manages many patients with acute
biliary disease, almost all cholecystectomies are done semi-
electively due to the demands placed on the emergency thea-
tres by more urgent emergencies, especially trauma related.

Apart from the usual patient descriptive parameters, a
number of perioperative logistical factors potentially affect-
ing surgical outcomes were recorded. Admission factors
included the source of referral, timing of admission (week-
day working hours, weekday afterhours, or weekend hours),
and whether the patient was booked for surgery on presen-
tation (as opposed to being admitted to the ward first for
workup and booked thereafter). Operative factors included
the urgency colour code of the surgery, whether there was
delay to surgery beyond colour-code specification, whether
a consultant or registrar was the most senior surgeon pre-
sent, whether the procedure was an index or reoperation,
and the timing of surgery (weekday working hours, week-
day afterhours, or weekend hours). In terms of outcomes,
Clavien—Dindo (CD) score and hospital length of stay were
assessed. A major adverse event was defined as a CD score
of 3-5 during admission, implying a significant deviation
from the normal postoperative course requiring invasive
intervention or ICU admission and, at most, defines patient
mortality (Table 1) [17]. A minor adverse event was defined
as any deviation of the clinical course without the need for
ICU admission nor surgical, endoscopic, or radiological

Table 1 Clavien—Dindo adverse

¢ . Grade Definition
event classification: [17]
I Any deviation of the clinical course without the need for pharmacologic treatment or
surgical, radiological, or endoscopic interventions
1T Requiring pharmacologic treatment other than such allowed for grade 1 complications
I Requiring surgical, endoscopic, or radiological intervention
Ila Intervention not under general anesthesia
1IIb Intervention under general anesthesia
v Life-threatening complication requiring ICU management
IVa Single-organ dysfunction (including dialysis)
IVb Multiorgan dysfunction
\% Death of a patient
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intervention. Adverse event information was collected from
the patient’s hospital discharge summary, where the CD
score was recorded for patients who underwent surgical
intervention within the unit. A prolonged hospital stay was
defined as total number of days of admission exceeding the
75th percentile of days admitted for the entire cohort.

Data analysis was performed IBM SPSS Statistics©. Cat-
egorical variables were analyzed by the Chi-squared test for
independence and non-parametric tests. A confidence level
of 95% was used to describe odds ratios, with a two-tailed
P value of 0.05 considered statistically significant. Logistic
regression analysis was performed to evaluate the associa-
tion between perioperative factors and outcomes.

Ethical approval for the study was obtained from the uni-
versity ethics review board (University of Cape Town HREC
ref 688/2017).

Laparoscopic
appendicectomy

Open appendicectomy
Above knee amputation
Major debridement

Below knee amputation

Complicated inguinal

hernia 13

Partial colectomy 12

Omentopexy 11

Drainage abdominal

abscess 10

Complicated ventral 10
hernia

Diagnostic laparotomy 8

Trans metatarsal 8
amputation

Enterolysis 8
Other hernia 6
0 10

Fig. 1 Distribution of operative procedures performed

Results

Of 284 eligible patients, 13 were excluded due to incom-
plete admission or operative records, leaving 271 patients
for inclusion the study. The mean age of participants was
47 years (range 13-83), with 48% females and 52% males.

Description of surgical procedures

The majority of operations were index procedures (91%),
while 9% were follow-up operations. The registrar was the
most senior surgeon present for 84% of cases, with the con-
sultant called in to assist for 16%. While 32% of patients
were booked for surgery on the first presentation, 68% were
first admitted to the ward while awaiting investigation results
or consultant review before being booked for surgery. The
distribution of procedures performed is shown in Fig. 1.

In terms of admission timing, 34% of cases were admitted
during weekday afterhours and 41% during weekend hours.
In terms surgery timing, 37% of patients were operated on
during weekday afterhours and 39% during weekend hours.

33
31
23

23

20 30 40 50

@ Springer



D. Nel et al.

Low urgency cases comprised 83%, with green cases
forming 3% of these and yellow cases 80%. Higher urgency
cases comprised 17%, with 16% orange and 1% red cases.
In 61% of all procedures, the delay to surgery was longer
than that required by the booking colour urgency, i.e., more
than 2 h from booking to surgery starting time for orange
cases, more than 6 h for yellow cases, and more than 24 h
for green cases.

Outcomes: adverse events

A major adverse event was recorded for 34 patients (13%).
Of the remaining patients, 61% had no adverse event and
26% had a minor adverse event. As is shown in Table 2,
the following factors were found to be predictive of a major
AE: referral from outside the hospital, urgent booking colour
code, and reoperation and consultant most senior surgeon
present during procedure. Patient admission/surgery per-
formed outside of normal working hours, being booked for
surgery on admission, as well as delay to surgery beyond
colour code were not associated with a major AE.

Outcomes: hospital length of stay

The median hospital length of stay was 5 days (IQR 3-8),
with a prolonged hospital stay (> 8 days) recorded for 23%
of patients. The following factors were found to be predic-
tive of prolonged stay: urgent booking colour code, reop-
eration, and consultant most senior surgeon present during
procedure (Table 3). The primary outcome, a major AE fol-
lowing surgery, was also predictive of a prolonged hospital
stay. Patients who had a major AE had a significantly longer
median hospital stay; 10 days compared to 6 days for those
who had a minor or no AE (P <0.001).

Discussion

This study was a retrospective audit which evaluated the out-
comes, as well as logistical factors associated with a major
adverse event following emergency surgery within the GSH
ACSU. Thirteen percent of patients in this study had a major
AE after surgery, which is comparable to similar studies
assessing outcomes in emergency general surgery, which

Table 2 Factors associated with

- Perioperative factor
a major AE post-surgery

% Minor/no AE % Major AE  OR for major AE (95% CI) P value

(total n=237) (total n=34)
Outside referral 16% (n=38) 35% (n=12) 2.86 (1.30-6.26) 0.009
Booked for surgery on admission  31% (n=74) 35% (n=12) 1.20 (0.56-2.55) 0.63
Weekend admission 41% (n=96) 44% (n=15) 1.16 (0.56-2.39) 0.68
Weekday afterhours admission 34% (n=80) 38% (n=13) 1.21 (0.57-2.55) 0.60
Weekend surgery 41% (n=97) 29% (n=10) 0.60 (0.27-1.31) 0.20
Weekday afterhours surgery 38% (n=289) 29% (n=10) 0.69 (0.31-1.51) 0.35
Urgent colour code 13% (n=30) 41% (n=14) 4.83 (2.20-10.56) <0.001
Delay beyond colour code 61% (n=144) 59% (n=20) 0.92 (0.44-1.91) 0.82
Consultant most senior surgeon 13% (n=31) 35% (n=12) 3.62 (1.63-8.05) 0.002
Reoperation 7% (n=16) 26% n=9) 4.97 (1.99-12.42) 0.001
Table 3 Factors a'ssociated with Perioperative factor % Stay <8 days % Prolonged stay OR for prolonged P value
a prolonged hospital stay (total n=210)  (total n=61) stay (95% CI)
Outside referral 17% (n=35) 25% (n=15) 1.63 (0.82-3.23) 0.16
Booked for surgery on admission 34% (n=172) 23% (n=14) 0.57 (0.29-1.10) 0.97
Weekend admission 40% (n=2383) 46% (n=28) 1.29 (0.73-2.30) 0.37
Weekday afterhours admission 35% (n=174) 31% (n=19) 0.83 (0.45-1.53) 0.55
Weekend surgery 40% (n=2385) 36% (n=22) 0.83 (0.46-1.49) 0.53
Weekday afterhours surgery 36% (n=176) 38% (n=23) 1.06 (0.59-1.92) 0.82
Urgent colour code 13% (n=28) 26% (n=16) 2.31 (1.15-4.63) 0.18
Delay beyond colour code 58% (n=121) 70% (n=43) 1.75 (0.95-3.24) 0.07
Consultant most senior surgeon 10% (n=21) 36% (n=22) 5.07 (2.54-10.12) <0.001
Reoperation 6% (n=13) 20% (n=12) 3.71 (1.59-8.63) 0.002
Major AE 6% (n=13) 34% (n=21) 7.95 (3.68-17.19)  <0.001
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reported rates of 15.7 and 17.2% [13, 18]. The following
factors were found to be predictive of a major AE: refer-
ral from outside the hospital, urgent booking colour code,
reoperation, and consultant most senior surgeon present
during procedure. The same factors, with the exception of
referral from outside the hospital, were also predictive of a
prolonged hospital stay.

Patients sent from referral hospitals often have complex
pathology and more severe disease which necessitates their
transfer to a higher level of care. In addition, numerous
aspects of the transfer process, including booking/waiting
for transport and travel time, may lead to a delay in the insti-
tution of definitive management, putting the patient at risk
for a major AE and prolonged hospital stay [15]. Whilst the
previous studies have shown that having a trainee as the most
senior surgeon present was predictive of a major AE, this
study showed the opposite [13, 14, 18]. This finding may be
explained by the fact that the majority of the registrars rotat-
ing through the GSH ACSU have significant prior surgical
experience, and thus, consultants are only called in for com-
plex or very unstable case. These patients, therefore, may
have more advanced pathologies and physiological derange-
ment placing them at higher risk for a major AE. While the
majority of procedures performed were index operations,
9% were reoperations, which are often technically more dif-
ficult. In addition, the indication for a reoperation in the
acute setting may be failure of the initial source control with
progressive systemic deterioration of the patient, increasing
the risk of a major morbidity and mortality [13, 19].

Although there are fewer staff members present and
increased fatigue, neither weekend/weekday afterhours
admissions or operations, which accounted for 75% of all
cases, were associated with a major AE or prolonged hos-
pital stay. This reassuring finding may be attributable to a
number of factors, mostly related to consultant supervision
within the unit [20]. First, thorough handover to the on-call
team during weekday afterhours is ensured by consultant-led
afternoon ward rounds. Second, similar rounds are done on
weekend mornings which include a consultant and intern
from the acute care unit, the on-call registrar, and the post-
call registrar. Finally, consultants are always available for
advice and operative expertise, and registrars are encour-
aged to have a low threshold to contact them for assistance.
Delay beyond designated emergency booking colour code
was not associated with a major AE, which may be due to
the fact that the majority of cases where there was inap-
propriate delay were low urgency cases with minor sepsis,
which can often be safely delayed for more than 6 h. In
addition, should such green or yellow cases become signifi-
cantly unwell while awaiting surgery in the ward, a flexible
theatre-booking system at GSH allows for the colour code
to be “upgraded” by the ACSU team to orange or red, which

would expedite surgery and thus potentially avert a major
AE post-surgery.

As seen in the previous publications, the occurrence of
a major AE was associated with a significantly increased
length of hospital stay—in this study, more than twice that of
cases where there was none or a minor AE [18-21]. Clearly,
a major AE has significant implications for the patient as
well as the health system. The majority of factors in this
study that predict the occurrence of a major AE are non-
modifiable, with the exception of referral from outside the
hospital, where potentially avoidable delays in the transfer
process may present an opportunity for investigation and
future research. Despite the fact that little may be done to
modify the factors themselves, knowledge of the factors
that predict a major AE following surgery within an ACSU
allows clinicians within the unit to identify cases where
greater vigilance for postoperative deterioration needs to be
maintained, which may enable the team to intervene early
and thus avert or at least diminish the magnitude of a major
AE following surgery. In addition, evaluation of logistical
factors that predict adverse outcomes allows for planning of
infrastructure, staffing, and resource allocation [14]. While
this study assessed mainly novel logistical factors, a follow-
up study is planned with the aim of combining these factors
with a more comprehensive list of traditional, clinical factors
in a larger cohort, so as to build a more complete predictive
model of adverse outcomes following emergency surgery in
the GSH ACSU.

A potential weakness of the study is the heterogeneous
patient population in terms of demographics, comorbidi-
ties, as well as type of procedure performed, which may
limit the accuracy of the findings for a particular subgroup.
However, the decision to include such a diverse population
was to increase the generalisability and applicability of the
findings to all patients undergoing emergency surgery in
a typical ACSU. While a strength of the study is the use
of the standardised Clavien—-Dindo classification to report
adverse events, the evaluation was unfortunately limited to
in-hospital outcomes; postdischarge outcomes (e.g., 30-day
mortality) were not readily available.

Conclusion

This study evaluated a number of perioperative logistical
factors, of which the following were found to be predictive
of a major AE following emergency surgery: referral from
outside the hospital, urgent booking colour code, reopera-
tion, and consultant most senior surgeon present during pro-
cedure. Apart from the traditional clinical parameters, fac-
tors related to perioperative logistics may contribute to the
risk of a major AE and should be considered for inclusion
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in more comprehensive predictive models for adverse out-
comes after emergency surgery in an ACSU.
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