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Abstract

Background

Neonates undergoing anaesthesia have a high incidence of peri-operative critical events. In
South Africa, there is a higher rate of peri-operative morbidity and mortality compared to
high income countries. The rate of intra-operative critical events is unknown. Our aim was to
investigate the incidence of peri-operative critical events and to identify factors associated

with poor outcomes.

Methods

A retrospective, cross-sectional study was carried out at a quaternary academic hospital in
Johannesburg, South Africa. A sample of 100 neonates was used where an anaesthetic was
performed for an emergency or elective surgery. The neonates’ demographics were described
and risk factors for peri-operative critical events were identified. Associations between risk
factors and the prevalence of peri-operative critical events, morbidity and mortality were

assessed.

Results

Intra-operative critical events occurred in 78% of neonates. Intra-operative critical events
included cardiovascular (50%), body temperature correction (47%), glucose or electrolyte
correction (41%), airway (25%), and oxygenation (13%) events. Prematurity (<37 weeks) and
low birth weight (<2500g) were associated with a higher incidence of critical events; OR
(95% ClI) 8.84 (2.92 — 33.2) p<0.001 and OR (95% Cl) 9.10 (2.81, 41.1) p<0.001
respectively. Post-operative morbidity was found in 78% of neonates and mortality in 31%.

Post-operative infection occurred in 66% of neonates and contributed to 46% of deaths.

Conclusion

There is a higher incidence of critical events in our neonatal surgical population compared to
high income countries. Prematurity and LBW are significant pre-operative risk factors for
critical events. Post-operative infection contributed significantly to morbidity and mortality.

Keywords:
Mortality, morbidity, neonatal anaesthesia, neonatal surgery, outcomes, peri-operative
TOTAL WORDS: 248 (MAX 250)




Introduction

Providing safe anaesthesia to neonates is a well-recognised challenge throughout the world *.
Despite an increase in neonates with complex co-morbidities presenting for high-risk surgical
procedures, there is a large gap in research performed for this population 2. There remains a
lack of standardised guidelines and outcome measures that are available to anaesthetists
caring for these high-risk patients #. It is known that adverse events in the developing
neonate lead to an increase in morbidity and mortality. Two recent studies in high income
countries (HICs) have investigated intra-operative anaesthetic events: Anaesthesia PRactice
In Children Observational Trial (APRICOT) ® and NEonate-Children sTudy of Anaesthesia
pRactice IN Europe (NECTARINE) 2. There is no South African research published on intra-
operative events in neonates. Our aim was to describe the incidence of the peri-operative
anaesthetic critical events and outcomes in neonates undergoing anaesthesia and to identify

factors associated with poor outcomes.

Methods

We conducted a retrospective cross-sectional study examining records between 2018-2019 at
Charlotte Maxeke Johannesburg Academic Hospital, a quaternary hospital, where neonatal
surgeries are performed. The most recent period before the COVID-19 pandemic was chosen
as the usual pathways for referral, time to presentation and standard of care were disrupted
due to the pandemic. Approval to conduct this study was obtained from the Human Research
Ethics Committee (Approval: M210853 granted on the 13" of October 2021 from the

University of Witwatersrand - HREC) and other relevant authorities.

The sample size for the study was calculated using the Raosoft ® sample size calculator. A

sample size of 96 was calculated using population size of 130 (based on the annual case rate)
and event rate of 35.3% from the NECTARINE study 2, using a power of 80% and margin of
error of 5%. A sample of 100 was sought and records were examined during the study period

until this was achieved.

All neonates from birth until 28 days of life where a general anaesthetic, regional/ neuraxial
anaesthetic or both were performed for elective or emergency general surgery, were eligible.
Records were considered complete if peri-operative critical events and a 30-day outcome

could be ascertained and only complete records were included. Neonates who underwent a



diagnostic procedure were excluded. Surgeries performed after the index surgery were

excluded as a separate record but were included as a morbidity.

The primary researcher (LE) reviewed theatre records (emergency and elective, during core
hours and after hours) for eligible cases. All databases available to the researcher were
searched for the relevant information. A data collection sheet was used to capture

information.

Data Collection and Variables

A data collection sheet was designed with input from the researchers in anaesthesia,
paediatric surgery and paediatrics. The variables and outcomes (Supplementary Table 1) were
adapted from three similar studies 2. Variables were categorised according to pre-operative
risk factors, details of surgery and anaesthetic performed, intra-operative and post-operative
critical events. An intra-operative critical event was defined as any adverse event which
required an intervention in the categories of airway, respiratory, cardiovascular, neurological,
temperature correction, electrolyte/ glucose correction and drug errors. These events are
further described in Supplementary Table 1. Post-operative critical events were adverse
events resulting in morbidity such as relook surgeries, bleeding requiring surgical
intervention, infection, unplanned intensive care unit (ICU) admissions and other events such
organ dysfunction and iatrogenic injuries. Outcomes were defined as a 30-day mortality.
Figure 1 shows the exclusion process of study participants in an analysis of neonates
undergoing surgical procedures at Charlotte Maxeke Johannesburg Academic Hospital
between 1 January 2018- 31 December 2019.



Figure 1: Consort flow diagram of included patients

Statistics

Statistical analyses were conducted in the R Statistical Environment (v4.0.4). Data were
summarised using medians and interquartile ranges or mean and standard deviation
depending on the distribution of the data. When looking for associations between critical
events and various demographic and clinical variables, the critical event outcome variable
was dichotomised into ‘yes’ if there was at least one critical event (of any type), or ‘no’ there
were no critical events (of any type), and logistic regression was then used to test for

associations. Similarly, logistic regression was used when looking for associations between



post-operative critical events and morbidity and mortality. A p-value <0.05 was considered

statistically significant.

Results

Demaographics and types of anaesthesia and surgeries performed are described in Table 1.

Table 1: Characteristics of neonates

Characteristic n=100 n (%)

Sex

Female 51 (51%)

Male 49 (49%)

Birth weight (g) (median (IQR)) 2328 (1765, 2905)
>2500g 42 (43%)

Low birth weight (LBW): 1600-2400 39 (40%)

Very low birth weight (VLBW): 1000-1500 11 (11%)
Extremely low birth weight (ELBW): <1000 6 (6%)

Missing 2

Weight at surgery (g) (median (IQR)) 2300 (1730, 2825)
>2500 47 (47%)

LBW: 1600-2400 34 (34%)
VLBW: 1000-1500 13 (13%)

ELBW: <1000 6 (6.0%)
Gestational age at birth (weeks) (median (IQR)) 37.0 (33.0-38.2)
>37 51 (51%)

34-36 15 (23%)

28-34 0 (0%)

Missing 34

Gestational age at surgery (weeks) (median (IQR)) | 37.6 (34.3 - 39.5)
>37 53 (53%)

34-37 19 (20%)

28-34 23 (24%)

Missing 5

ASA (median (IQR))

3.00 (2.00, 3.00)




3 (3%)

I 35 (35%)
11 53 (53%)
v 8 (8%)
\% 1 (1%)
Critical events per neonate (median (IQR)) 2(1,3)

1 17 (17%)
2 31 (31%)
3 23 (23%)
>4 7 (7%)
Congenital abnormality 14 (14%)
Cardiac abnormality 24 (24%)
Pre-operative respiratory support 58 (58%)
Nasal prongs 22 (22%)
High flow nasal cannula oxygen 1(1%)
Nasal continuous positive airway pressure 2 (2%)
High frequency oscillatory ventilation 0 (%)
Conventional ventilation 34 (34%)
Pre-operative cardiovascular support 12 (12%)
Other pre-operative organ dysfunction 35 (35%)
Renal 23 (23%)
Liver 14 (14%)
Coagulopathy 9 (9%)
History of critical events 49 (49%)
Airway critical event 5 (5%)
Oxygenation critical event 38 (38%)
Cardiovascular critical event 14 (14%)
Neurological critical event 6 (6%)
Other critical event 12 (12%)
Previous ICU admission 38 (38%)

Duration of anaesthesia (minutes) (median (IQR))

174 (135, 220)

Type of anaesthesia

General anaesthesia only

90 (90%)




Combined general and regional/ neuraxial anaesthesia | 10 (10%)
Regional/ neuraxial anaesthesia only 0 (0%)
Category of surgery

Emergency 78 (78%)
Elective 22 (22%)
Laparotomy 81 (81%)
NEC 16 (16%)
Gastroschisis closure 10 (10%)
Jejunal atresia repair 12 (12%)
Duodenal atresia repair 10 (10%)
Bowel perforation 21 (21%)
Bowel obstruction 5 (5%)
Other 25 (25%)
Thoracotomy 9 (9%)
Oesophageal Atresia 9 (9%)
Tracheoesophageal Fistula 5 (5%)
Inguinal Hernia Repair 3 (3%)
Other (including urogenital, renal and 10 (10%)
debridements)

Critical events occurred in 78% of neonates (Table 2). One or more critical event per

category neonate may have occurred per neonate.



Table 2: Incidence of critical events per category

10

Critical event per category

Airway n=25 (%)

patient after establishing relative hypothermia)

Intubation >2 attempts 11 (11%)
Saturation <90% 15 (15%)
Bradycardia 5 (5%)
CPR (respiratory cause) 0 (0%)
Difficult face mask ventilation 0 (0%)
Bronchial Aspiration 3 (3%)
Oxygenation n=13 (%)

Need for FiO2 > 0.7 6 (6%)
Recruitment Manoeuvre 3 (3%)
Change/ Reposition/ Dislodge/ Obstructed tube 8 (8%)
Pneumothorax 2 (2%)
Laryngospasm 0 (0%)
Bronchospasm 0 (0%)
Post-operative Stridor 0 (0%)
Unanticipated Stridor 0 (0%)
Unanticipated Post-operative Respiratory Support 0 (0%)
Glucose/ Electrolyte Correction n=41 (%)

Correction of Electrolytes 14 (14%)
Correction of Hypoglycaemia 33 (33%)
Correction of Hyperglycaemia 1 (1%)
Cardiovascular Critical Event n=50 (%0)

Administration of Blood Products 47 (47%)
Administration of vasopressors/ inotropes 22 (22%)
Arrythmia 0 (0%)
CPR (cardiovascular cause) 1 (1%)
Body Temperature Correction n=47 (%)

Cooling Measures 4 (4%)
New warming measures (equipment used to warm 43 (43%)
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Table 3 shows the relationship between patient risk factors and occurrence of critical events.
Gestational age at surgery and birth weight were identified as statistically significant risk
factors. Each of these variables were dichotomised: above or below 25009 (low birth weight-
LBW) and older or younger than 37 weeks (premature). These variables were then tested for

an association with each category of critical events.
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Table 3: Occurrence of a critical event in relation to patient risk factors

Demographic No critical event Critical event OR (95%Cl) p-value
(n=22) occurred (n=78)
n (%) n (%)
Weight (g)
>2500 17 (17%) 25 (25%)
<2500 4 (4%) 52 (52%) 8.84 (2.92 - 33.2) | <0.001
Unknown 1 1

Gestational age

(weeks)

>37 19 (86%) 32 (41%)

<37 3 (14%) 46 (59%) 9.10(2.81,41.1) |<0.001
Pre-operative ICU 7 (32%) 31 (40%) 1.41(0.53-4.07) | 0.5
admission

History of pre- 10 (45%) 48 (62%) 1.92 (0.74-5.09) | 0.2
operative respiratory

support

History of 2 (9.1%) 10 (13%) 1.47 (0.35-10.1) | >0.9
cardiovascular

support

Previous critical 8 (36%) 41 (53%) 1.94 (0.74-5,35) | 0.2
event as described

above

Number of Surgeries 1.16 (0.63-2.57) | 0.7
1 16 (73%) 58 (74%)

2 5 (23%) 13 (17%)

3 1 (4.5%) 4 (5.1%)

4 0 (0%) 2 (2.6%)

5 0 (0%) 1(1.3%)
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There was no statistically significant association between gestational age at surgery and birth
weight with occurrence of airway and oxygenation critical events. The incidence of
cardiovascular critical events was higher in neonates with a LBW and prematurity OR (95%
Cl): 4.34 (1.88 — 10.5), p<0.001, and 6.00 (2.59- 14.7), p<0.001, respectively. Body
temperature correction was also statistically significant in LBW and premature neonates: OR
(95% Cl): 2.40 (1.06 — 5.57), p=0.037 and 2.25 (1.02 — 5.07), p=0.048, respectively. Glucose
or electrolyte correction was statistically significant in premature neonates: OR (95% CI):
2.71 (1.21 - 6.29), p=0.017. There was no significant association between LBW and glucose

or electrolyte corrections intra-operatively.

There was no significant association between American Society of Anaesthesiologists (ASA)
physical score and occurrence of any intra-operative critical event. Longer duration of
anaesthesia was associated with the following intra-operative critical events (OR (95% Cl)):
airway 1.009 (1.003 — 1.016), p=0.010, oxygenation 1.009 (1.002 — 1.017), p=0.012 and body
temperature correction 1.010 (1.004 — 1.019), p=0.006. Emergency surgery did not influence
the rate of intra-operative critical events.

Morbidity was found in 78% of neonates, where one or more post-operative critical event
occurred per neonate: post-operative infection in 66 neonates (66%), 22 required relook
surgeries (22%), 6 (6.0%) had unplanned ICU admissions and 57 (57%) had other
complications. These included multi-organ dysfunction (anaemia, coagulopathy, neonatal
jaundice, cardiac failure) and iatrogenic injury (pneumothorax post central venous line
insertion and drip site ulcers). Morbidity was higher in LBW (62%) and premature (56%)
neonates. There were no statistically significant associations between pre-operative risk
factors such as LBW and prematurity and post-operative morbidity (specifically rate of post-
operative infection and relook surgeries required). Neonates who had a cardiovascular critical
event intra-operatively were found to have higher rates of morbidity OR (95% CI): 3.451
(1.272 — 10.49), p= 0.20. Airway, oxygenation, glucose or electrolyte correction and body
temperature correction were not significantly associated with morbidity.

There were 31 neonates who died from various causes at 30 days (Figure 2). Other causes of
death included tension pneumothorax, congestive cardiac failure and disseminated
intravascular coagulopathy. Of the non-survivors, 71% (22) had a LBW and 65% (20) were

premature. There was an increased odds of death in premature neonates compared to neonates
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born at term OR (95% ClI): 2.51 (1.06-6.19), p=0.040. Oxygenation and cardiovascular
critical events were associated with increased mortality OR (95% CI): 4.52 (1.350 — 16.07),
p=0.016 and 7.333 (2.796 — 21.97), p<0.001 respectively. Table 4 shows post-operative risk
factors for death. LBW, airway critical events, body temperature correction and glucose or

electrolyte corrections did not have an association with mortality.

« Sepsis = Respiratory Failure » Disease Progresson # Palliation * MOF not due to Sepsis = Other

Other; 6; 12%
\ Sepsis; 24; 46%

MOF not due to

Sepsis; 2; 4% \ -

Palliation; 3; 6%

+»

>

ra s ddld

4

-

Disease
Progresson; 8; /

15%

7
\

Respiratory
Failure; 9; 17%

Figure 2: Causes of death
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Table 4: Post-operative risk factors for death

Characteristic Non-survivor, | Survival to OR (95% CI) P-value
n=31 discharge, n=69
n (%) n (%)
Unplanned ICU 3(9.7%) 3 (4.3%) 2.357 (0.414 - 13.42) 0.3
admission
Bleeding that 0 (0%) 0 (0%) n/a n/a

required surgical

intervention

Infection 26 (84%) 40 (58%) 3.770 (1.381 - 12.190 0.015

Relook surgeries 10 (32%) 12 (17%) 2.262 (0.841 - 6.042) 0.10

Other 26 (84%) 31 (45%) 6.374 (2.344 - 20.61) <0.001
Discussion

Our study revealed a high incidence of intra-operative critical events (78%) compared to
HICs (35.1%) 2. There is limited data on intra-operative critical events in other LMICs. A
study in Niger found an incidence of 11.7% but limitations in trained paediatric anaesthetists
and resources makes comparisons to our study difficult ’. Prematurity, LBW and a longer
duration of anaesthesia were significantly associated with intra-operative critical events
which was similar to other studies 2°. The anatomical and physiological immaturity found in
premature and LBW neonates predispose them to adverse events when undergoing

anaesthesia and surgery.

All procedures were performed under general anaesthesia with few combined general and
neuraxial/ regional anaesthesia (10%) as compared to HICs (29.6%) 2. Other LMIC studies
report a rate of 3.9 — 10% "8, The hesitance to perform neuraxial anaesthesia most likely
stems from patient-related factors in our setting. As discussed, many neonates presenting for
surgery have organ dysfunction such as coagulopathies and renal dysfunction. Abdominal
pathology such as exposed visceral contents and perforations with compromised
haemodynamics would preclude the positioning that neuraxial anaesthesia entails. Some
surgeries were performed in ICU when neonates were too unstable to be transported and this

clinical condition, would discourage the performance of regional/ neuraxial anaesthesia.
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Intra-operative events

The most common critical events encountered were cardiovascular and correction of
hypothermia and hypoglycaemia. LBW and premature neonates were more likely to have a
cardiovascular (CV) event. The high prevalence of CV events was consistent with HICs 2.
Although unlike HICs, blood transfusions accounted for most of the interventions in our
study. There appeared to be preference for transfusions over inotropes or crystalloid boluses,
presumably, to optimise oxygen delivery in the presence of foetal haemoglobin. In our
setting, the decision to transfuse is usually determined clinically, based on pre-operative
haemoglobin concentration, intra-operative blood loss and haemodynamics. An accurate
transfusion trigger could not be elucidated due to the retrospective nature of our study.
Studies have shown that liberal transfusion thresholds in ELBW neonates did not confer long
term benefits and rapid administration of high volumes of fluid may, in fact, be harmful °-1,
In critically ill neonates where septic shock is suspected, early inotropic support is

recommended after fluid boluses 0.

Gestational age is used to guide normal mean arterial pressures, leading to variations in
acceptable blood pressures and this may have contributed to the high number of CV events in
our study. A major finding in the NECTARINE study was the significant effect of a
composite event comprising of anaemia, hypotension and hypoxia on morbidity and mortality
12, Promoting tissue oxygenation is paramount to avoiding poor long-term outcomes, yet the
ways in which to best achieve this remains unknown in neonates. The use of blood pressure
as an accurate surrogate of organ perfusion in neonates has been criticised 3. Studies have
explored the use of other modalities such as near-infrared spectroscopy (NIRS) which is used
to monitor cerebral oxygenation and thus, cerebral perfusion 1415, The NECTARINE study
reported that its use did not confer any major benefit and, in our setting, NIRS is a resource

that is not freely available #%2,

Hypothermia requiring active warming measures was common (43%) compared to HICs
(4.5%) 2. We found that there was a statistically significant relationship between
hypothermia and LBW and premature neonates. It is possible that in our setting, the first
insult occurs during transportation of critically ill neonates from a relatively distant ICU to
the theatre complex. With an increased body surface area to weight ratio and an inability to
thermoregulate, neonates readily lose body heat and succumb to environmental factors 6. In

our theatres, ambient theatre temperature cannot be easily changed for neonatal surgery.
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Hypothermia is prevented using conductive and convective warming systems as well as
polyethylene wrappings on exposed limbs 178, Despite this, our study demonstrated that a
longer duration of anaesthesia resulted in an increased risk of hypothermia. This can be
explained by the prolonged exposure and evaporative heat losses which occur during open
surgery as well as the long theatre times. Preventative heat loss strategies should be explored

further.

Our incidence of hypoglycaemia (33%) was higher than HICs (2,8%) . The NECTARINE
study reported glucose measurements in only 50% of their cohort 2. In our study, charts
without documented glucose measurements were considered incomplete, resulting in the
exclusion of 38 neonates. This reveals either poor documentation or a universal failure in
what should be routine practice. Glucose monitoring is crucial as poor physiological
compensation during any fasting period should be anticipated in the neonate. Failing to
monitor glucose may be detrimental due to the prolonged starvation times which are common
in our setting 1°.This is evidenced by the high number of glucose replacement among
premature neonates. Another factor to be considered is that neonates with sepsis are likely to
have episodes of hypoglycaemia and need to be monitored vigilantly 2.

Respiratory critical events (airway and oxygenation) were less common as compared to HICs
where hypoxaemia triggered 36% of interventions in a prospective study 2. In our setting
there is always an experienced anaesthetist overseeing a trainee which allows for better

management of airway and oxygenation difficulties.

No drug errors or neurological critical events (NCE) were reported in our study. There are
no formalised reporting structures for drug errors in our setting and the onus is on the
anaesthetist involved to document these errors. Thus, this may not be a true reflection of
practice. Reports in HICs show that NCE such as seizures occurred at a low rate of 0.49 to
1.6 per 10 000 anaesthetics but was associated with significant morbidity >21. LMICs lacked
studies to compare NCE. Anaphylaxis and paediatric drug errors were uncommon in HICs ,
ranging from 0.002 - 0.003% for anaphylaxis and 0.0001- 2.6% for drug errors 52224, Though
there is limited data, LMIC countries report a low incidence of drug errors (0.002% -
0.003%) 2526, Despite a relatively low incidence of drug errors, the majority are devastating

and yet, easily preventable when simple strategies are implemented 222427,
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Morbidity

Post-operative critical events occurred in 78% of neonates which is higher than the South
African Surgical Outcomes Study, which included both paediatrics and neonates (9.7%), and
a more recent neonatal-specific surgical study (57.58%) 628, In contrast, HICs report a post-
operative complication rate of 16.3% 2. In our study, the most common post-operative
complications were sepsis and relook surgeries, in keeping with another South African study
6. In HICs, the majority of post-operative complications were respiratory-related followed by

surgical complications 2.

The types of surgeries performed in HICs and LMICs are different. HICs mostly performed
inguinal hernia repairs, whereas in our study laparotomies for necrotising enterocolitis
(NEC), gastroschisis and intestinal atresia predominated 2. These conditions result in
disruption of physiological processes leading to fluid and heat losses, electrolyte
disturbances, respiratory compromise, and infection. This is reflected in our study as most of
our neonates scored an ASA score of three or more due to pre-existing organ dysfunction.
Antenatal care provides an opportunity for prenatal screening, genetic counselling and early
diagnosis, so that delivery at appropriate hospitals where surgical services are offered may be
planned 2°. There is a lower percentage of antenatal care received in LMICs compared to
HICs, which may explain the higher prevalence of congenital abnormalities found in LMICs
30-32 prompt referrals and surgical interventions for these conditions is paramount which is
not always possible in LMICs, where there are unreliable transport and referral systems,
delayed recognition and inappropriate resuscitative measures 232 . Neonates then present in
extremis with severe dehydration or shock, electrolyte abnormalities and hypothermia 2.
Although this was not investigated in our study, another study based at our institution,
revealed that referrals from regional or district hospitals formed the majority of surgical cases
(65.6%) and deaths (57.9%) 23. Risk factors for increased morbidity in our study were intra-
operative cardiovascular critical events and prematurity, which overlaps with HICs 2. It is
plausible that neonates who have more severe disease requiring CV support would face more
post-operative consequences. Prematurity, with its multitude of physiological aberrations,

would render these neonates more vulnerable.

Mortality
Our mortality rate (31%) fell within range of other similar South African studies and LMICs
(11-36.9%) 633-35, This was much higher than HICs which reported a mortality rate of 4.1%
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at 30 days 2, and lower compared to the highest mortality rate of 35.7% in a South African
study 3. The commonest cause of death in our setting was sepsis followed by respiratory
failure, which is consistent with many studies from South Africa, other LMICs and HICs
26:32-36 \We reported no intra-operative deaths resulting from anaesthesia, contrasted to
studies from other LMICs 22, Intra-operative oxygenation and cardiovascular critical events
as well as post-operative infection and other post-operative critical events, were important
risk factors for mortality in our study. We attribute this to demographics, disease burden,
types of surgeries encountered and the post-operative implications thereof. In our study, of
the neonates who died, many had a LBW and were premature. In our setting, there is also
relative overcrowding in ICU, which increases the risk of sepsis with drug-resistant

organisms 3,

Strengths of the study

Our study was based at one of the two academic quaternary public sector hospitals, where
neonatal surgeries are performed. We used other similar studies from HICs to guide variables
and outcomes when designing the data collection sheet. A single researcher collected all the
data using all available databases. Incomplete records were excluded to ensure completeness
of data.

Limitations

This was a single centre study examining neonates with surgical pathology which limits
generalisability. Due to the retrospective nature of our study, we relied on the integrity of
records for data collection. For this reason, we could not investigate clinical thresholds for
intervention as done in the NECTARINE study. Limited records were used which represents
a fraction of the neonatal surgeries performed during this time frame. This may contribute to
potential missing data bias. Certain factors that were not investigated, such as time to surgery
from referral or diagnosis and use of the WHO surgical safety checklist, may have provided a
meaningful context to interpret results. Although associations have been made between risk
factors and outcomes, these results must be interpreted with caution as this is a retrospective,

descriptive study rather than a randomised controlled trial.

Conclusion
In our setting, there is a high incidence of critical events in the surgical neonatal population.
Prematurity and LBW are significant pre-operative risk factors for critical events. Post-

operative infection was the largest contributing factor to morbidity and mortality. Although
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the risk factors for critical events were similar, the incidence and mortality was substantially
higher than that found in HICs.

This was a novel study as it was the first study which delved into the intra-operative events
and outcomes in neonatal anaesthesia in South Africa. Further prospective research involving

multiple sites will garner more information to direct meaningful change in practice.
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Sub-categories

Variables

Pre-operative risk

factors

Demographics

ASA Physical score

Gestational age at surgery

Weight at surgery

Sex

Cardiac/ Congenital abnormality

Prior organ support

Prior critical event

Prior ICU admission

Details of surgery
and anaesthetic

performed

Anaesthesia and

surgery

Duration

Procedure

Emergency/ Elective

Type of anaesthetic

Intra-operative

critical events

Airway critical events

More than two attempts at intubation

Drop in saturation <90%

Associated bradycardia

Cardiopulmonary resuscitation

(airway related)

Difficult face mask ventilation

Bronchial aspiration

Oxygenation

Need for FiO2 higher than 0.7

Change/ repositioning of dislodged/
obstructed tube

Pneumothorax

Laryngospasm

Bronchospasm

Post-operative stridor

Unanticipated stridor
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Unanticipated post-operative

respiratory support

Electrolyte/ Glucose

Critical Correction

Correction of electrolytes

Correction of hypoglycaemia (what

value)

Correction of hyperglycaemia

Cardiovascular critical

event

Administration of blood products

Administration of vasopressors/

inotropes

Cardiopulmonary resuscitation

(cardiovascular related)

Neurological critical

event

Seizures

Drug adverse events

Drug errors

Drug adverse side effects

Body temperature Cooling measures
correction New warming measures
Post-operative Morbidity Post-operative bleeding requiring

critical events

surgery

Unplanned ICU admission

Post-operative infection

Relook surgeries since index surgery

Any other critical event (anaemia,

thrombocytopenia, coagulopathies)

30-day mortality and
cause of death

Nosocomial sepsis

Respiratory failure

Disease progression

Multi-organ failure not due to sepsis

Palliation

Other
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1. Introduction

Providing anaesthesia for neonates is oftentimes very challenging for the anaesthetist. It
requires the consideration of several factors. The anatomy and physiology of neonates are
considerably different to adults. The immaturity of organ systems renders this population
extremely vulnerable to the significant insult of surgery and anaesthesia. Patients have poor
physiological compensatory mechanisms for changes in glucose, body temperature,
cardiovascular instability and oxygen delivery *. This is complicated by the lack of validated
physiological parameters when this population undergoes anaesthesia 2. This may be
explained by the rapidly evolving nature of a neonate’s anatomy and physiology 3. Currently

there are no evidence-based protocols to treat deviations in physiology “.

Blood pressure has been shown to change at different stages in a neonate making it extremely
difficult to predict the appropriate parameters to target intra-operatively 3. There are studies to
suggest that there may be less cerebral autoregulatory reserve 3. As the majority of
anaesthetic agents used induce a degree of hypotension, the combination of lack of
established blood pressure targets and poor cerebral autoregulation increases the risk of

cerebral hypoperfusion 3.

Adverse respiratory events tend to occur more commonly in the neonate due to anatomical
and physiological differences which leads to quicker desaturation and potentially a more

difficult intubation °. Post anaesthesia, post-extubation stridor and apnoeas can also occur °.

Immature liver and renal tubular function results in unpredictable biotransformation and
clearance of drugs °8. Preterm infants are more susceptible to hypoglycaemia due to a
deficiency of glycogen stores °. However, during general anaesthesia, the surgical stress
response results in a hyperglycaemia. Rapid changes in osmolarity can result in osmotic
diuresis, intracerebral haemorrhage and worsening of an already present hypoxic ischaemic

injury .

Neonates who present for surgery are often critically ill and may have multiorgan dysfunction
in addition to a myriad of co-morbidities like extreme prematurity, extreme low birth weight
and congenital abnormalities such as congenital heart disease or malformations °. The

surgeries that are performed on neonates can also be major, high-risk procedures like cardiac
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surgeries or laparotomies for conditions such as necrotising enterocolitis (NEC). These

factors also contribute to the increased morbidity and mortality.

The higher frequency of adverse events in the developing neonate can be extremely
damaging and ultimately leads to an increase in morbidity and mortality. The lack of
universal outcomes makes it difficult to report critical events that may impact on patients’
morbidity and mortality.

Clinical outcomes are “measurable changes in health, function and quality of life” that are
integral in evaluating efficacy of current interventions thereby assessing quality of care 4. In
the 1970s, the World Health Organization published guidelines for the minimal requirements
on how to describe outcomes in cancer trials 4. Since then, the need for outcome sets has
become more apparent and investigated 3. Outcome sets establishes minimum outcomes that
should be reported on which then facilitates consistency among different trials thereby
allowing direct comparisons ’. Clinical outcomes need to be specific and relevant so that they
may be used to improve evidence-based practice 4’. The value of having universal outcome

sets would be that multiple trials within a certain domain may be compared reliably ’.

The limitations occur when clinical outcomes have no clear definition. Core Outcome
Measures in Effectiveness Trials (COMET) are used to guide outcomes in an age group
above 18 years of age 4. Paediatric outcomes cannot be extrapolated from adult data as the
anatomy, physiology and metabolism differ so greatly between the two groups #. Currently
there are no outcome sets used for paediatrics #. This may be attributed to the evolving
anatomy, physiology and metabolism of patients resulting in an array of possible outcomes in
paediatrics. One paediatric outcome set would not necessarily be appropriate for all age

groups “.

Neonates are already an established population suffering from a higher morbidity and
mortality 4. Thus the need for developing clear and relevant outcome sets are becoming

imperative for quality improvement in this subpopulation *.

A Paediatric Peri-operative Outcomes Group has been developed to tackle the lack of
outcomes sets in the different age groups of the paediatric population 4. The charter that was
drawn up has been registered with COMET and is undergoing stepwise investigation and

research so that appropriate outcome sets for paediatrics may be formulated 4. The principle
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behind establishing peri-operative outcome sets would be to strengthen trial results so
comparisons can be made between multiple studies ’. Once comparisons can be made,
interventions that were found to be beneficial, harmful or not effective can be incorporated

into formulating evidence-based protocols.

There have been a few notable studies that have been published on peri-operative outcomes
(inclusive of anaesthetic adverse events) in the paediatric population thus far. Independent
risk factors are varied but most of these studies confirm that younger age, such as infants and
neonates bear the highest risk of peri-operative adverse events 8. In a European study, there
was a higher incidence of cardiovascular instability in infants and particularly in neonates
amongst the paediatric population (neonates made up 12,1% of all patients who developed
cardiovascular instability) 8. A history of prematurity resulted in an increase relative risk of
respiratory critical events by almost two 8. Other notable risk factors that contributed to the
occurrence of adverse events were medical history such as comorbidities and American
Society of Anaesthesiology (ASA) physical score as well as physical condition such as fever

and airway hypersensitivity 8.

Following this study, another specific study focussing on neonatal outcomes established that
the overall incidence of critical events which required interventions was 35,3%. Of these
critical events, cardiovascular instability comprised of the majority (60,7%), followed by
hypoxaemia with saturations below 85% (35%) and red blood cell transfusions (5,1%) where
the transfusion trigger was a haemoglobin of less than 8,6 g.dl* °. Interventions for blood
glucose and temperature were less common °. The main predisposing risk factors were length
of surgery and younger neonates as 70% of events occurred in neonates below the age of 32
weeks post-menstrual age (PMA) at the age of surgery °. In this neonatal surgical population,
the overall mortality was found to be 3,2% of which 2% occurred by day 30 °. The
commonest causes of mortality were cited to be sepsis and multiorgan failure °. Notable risk
factors contributing to this were early PMA at the time of surgery, pre-operative intensive
organ support as well as comorbidities °. An adverse event which composed of hypotension,

hypoxaemia and anaemia was also linked to a significantly increased mortality and morbidity
9

In the South African Paediatric Surgical Outcomes study (SAPSOS) which looked at post-
operative outcomes, SA was shown to have a higher post-operative complication rate of 9,7%

than high income countries (HICs) (1-6%) in the paediatric population °. Post-operative
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complications were predominantly infection-related as compared to HICs 0. Risk factors
predisposing patients to post-operative complications were ASA physical status, infection as
an indicator for surgery, surgical urgency and severity of surgery °. In another South
African-based study looking at peri-operative events particularly at anaesthetic adverse
events, the overall paediatric mortality was low at 0,5% however of the children who died,
53% were below the age of one year with the highest overall rates belonging to the neonatal
group 1. Statistically, it was extrapolated that children below the age of one year, in

particular neonates, were recognised as being an independent predictor of mortality L.

In the context of Africa, neonatal surgery unfortunately exposes the poor socio-economic
status and many pitfalls of the continent. Neonatal surgical mortality in HICs have reduced
from 50% in the 1950s to 5% in the past few years 2. The improvement of mortality rates in
HICs have been ascribed to the better comprehension of neonatal physiology, advancements
in surgical and anaesthetic techniques, better diagnostic facilities with transport and the

establishment of neonatal intensive units 3.

However, in Africa this figure has remained unacceptably high with reported
mortality rates of between 16 - 40% *2. The highest mortality rate was recorded in gastric
perforations and oesophageal atresia ‘2. The most significant risk factors contributing to

mortality were sepsis, anaesthetic complications and malnutrition %3,

There are two studies to our knowledge that have been carried out in this population
undergoing surgery within SA. The first study by Saggers et al 1 reported that in a neonatal
intensive care unit at a tertiary institution, there was a high prevalence of surgical conditions
(34,6%) . Abdominal surgery formed most of the surgical procedures performed (83,7%)
and resulted in a mortality of 35,2% 4. Identified predictors of a poor outcome, defined as the
mortality rate, was the presence of NEC, late onset sepsis with gram negative organisms,
younger gestational age, lower birth weight and patients born outside of the tertiary

institution 4.

In the second study by Withers et al *> published in 2021, morbidity in the neonatal surgical
population was shown to be 57,58% *°. Using the Clavien-Dindo classification, nosocomial
sepsis was at the forefront of morbidity at 54,99% with gram negative and fungal sepsis most
commonly implicated, followed by surgical complications at 18,51% *°. Overall mortality at

30 days was 21, 74% with sepsis cited as the most common cause of death at 87,5% followed
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by respiratory failure (27,5%) *°. It also confirmed the high prevalence of NEC in the
younger age group of neonates (34,4%) and the associated high mortality of 40% of all deaths
occurring by day 30 5. The presence of NEC was an independent predictor of mortality and

morbidity in the neonate *°.

There are currently no standard outcome measures that have been validated for the neonatal
population. There has been one European study ° which looked at peri-operative neonatal
outcomes including mortality and morbidity. However in South Africa, which is a resource
and skills limited country, there has only has been two studies looking solely at mortality
amongst the neonatal surgical population 4. The studies published thus far in SA 415 focus
mainly on surgical morbidity and mortality without encompassing all peri-operative events
like intra-operative anaesthetic and surgical incidents. Thus, there remains a large knowledge
gap pertaining to the peri-operative course and outcome of the neonatal surgical population.
Research would capture more information in this area and this is important as it would pave
the way to quality improvement and evidence-based protocols with the intention of

improving outcome and quality of patient care.

2. Aim

The aim of this study is to assess retrospective and prospective peri-operative outcomes of

neonates undergoing surgery at an academic institution.

3. Objectives

The primary objectives of this study are to:

e Describe the demographics of the neonatal surgical population

e Estimate the incidence of peri-operative anaesthesia critical events

e Determine relevant peri-operative risk factors

e Compare relevant risk factors with incidence of peri-operative anaesthesia critical

events
The secondary objectives are to:

e Estimate the peri-operative morbidity and mortality outcomes



e Compare outcomes with identified relevant peri-operative risk factors

4. Research assumptions

Neonate: A newborn specifically within the first 28 days of life. A preterm infant will be

classified as a neonate according to their chronological age corrected for gestational age.

Gestational age (GA): Time duration from the first day of the last normal menstrual to

delivery date 6

Chronological age (Post-natal age): Time duration from delivery date (birth date) '°
ASA Physical Status Classification 7:

ASA I: A normal healthy patient

ASA II: A patient with mild systemic disease

ASA 11I: A patient with severe systemic disease

ASA IV: A patient with severe systemic disease that is a constant threat to life

ASA V: A moribund patient who is not expected to survive without the operation

32

ASA VI: A declared brain-dead patient whose organs are being removed for donor purposes

Preterm: Gestational age <37 complete weeks 8

Low birth weight: Birth weight <2500 grams 2

Very low birth weight: Birth weight <1500 grams 18
Extremely low birthweight: Birth weight <1000 grams 18

Outcomes in this study will be divided into peri-operative anaesthesia critical events

and post-operative outcomes.
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To our knowledge, there are two international studies and one South African that have
elucidated peri-operative outcomes and critical events from which our study has been

adapted:

- The Morbidity and mortality after anaesthesia in early life: results
of the European prospective multicentre observational study,
neonate and children audit of anaesthesia practice in Europe
(NECTARINE) study °

- Incidence of severe critical events in paediatric anaesthesia
(APRICOT) study 8

- Neonatal Surgical Outcomes Study *°

These were all prospective studies and will be described as stated below. The occurrence of

ANY of the events will be accepted as an adverse event:
Peri-operative Anaesthesia Critical Events:

1. Airway management

- More than 2 attempts of intubation, which require alternative ways of achieving
intubation and number of attempts OR

- Drop in saturation below 90%; 85%; 80% OR

- Bradycardia and/ or associated cardiopulmonary resuscitation OR

- Difficult face mask ventilation OR

- Bronchial Aspiration OR

2. Oxygenation:

- Need for higher Fi02 than routine practice that is higher than 0.7 OR
- Recruitment manoeuvre used OR

- Change or repositioning of a dislodged or obstructed tube OR

- Pneumothorax OR

- Laryngospasm OR

- Bronchospasm OR

- Post-operative stridor OR

- Unanticipated post-operative respiratory support



Post-Operative Critical Events (based on the NECTARINE study °):

o & w0 D

Electrolyte or glucose correction:
Interventions to correct electrolytes

Interventions for hyper-/hypoglycaemia

Cardiovascular Interventions

Administration of blood products OR
Administration of vasopressors or inotropes OR
Arrhythmia OR

Cardiopulmonary resuscitation

Correcting body temperature:
Cooling measures implemented OR

New warming measures implemented

Neurological:

Seizures

Drug Critical Events:
Anaphylaxis
Drug Error

Other critical event not stated above.

Unplanned Intensive care admissions OR

Post-operative bleeding requiring surgical intervention OR
Post-operative infection, whether surgical site or other site OR
Relook operations since index surgery

Other critical event not stated above.

Post-Operative Outcomes:

1.
2.

30-Day Mortality

Outcome: survival to discharge or death (non-survivor).
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5. Demarcation of study field

The study will be conducted at Charlotte Maxeke Johannesburg Academic Hospital
(CMJAH) affiliated to the Faculty of Health Sciences at the University of the Witwatersrand.
The hospital performs approximately 23 600 surgeries annually with approximately 1000
being general paediatric surgeries. Of these, 130 are in neonates. There is one paediatric
intensive care unit with 15 beds. This unit is shared between neonatal and paediatric critical

care admissions.

6. Ethical considerations

Permission will be requested from the Chief Executive Officer (CEO) of CMJAH to access
patient records (Appendix A). Approval to conduct the study will be obtained from the
Human Research Ethics Committee (Medical), the Graduate Studies Committee of the
University of the Witwatersrand and from the Heads of Department of Anaesthesia,

Paediatric Surgery and Paediatrics (Appendix B).

The study will look at records of patients that have been operated and thus no patient consent
will be needed. Anonymity will be protected as the only clinical data from patient records
will be used and patient and staff personal details will not be used in the data collection.
Instead, each patient will be assigned a numeric data code and only the researcher will have

access to the anonymised data.

This study will document the events in the peri-operative period at the discretion of the

attending physicians and thus there will be no difference to usual care of the patients.

Data that is collected will be compiled from as well as stored and managed on RedCap *°.
This is a secure online application which can hold and store databases. The data will only be
viewed by the researchers once permissions are granted. The data collected will be accessed
by the researcher and supervisors only to maintain confidentiality. This study will adhere to
the principles set out by the Declaration of Helsinki 2° and the Good Clinical Practice

Guidelines 21,
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7. Research Methodology

7.1 Research design

This study will be a retrospective, cross sectional and descriptive study design.

7.2 Study population

The study population will include all neonates from birth until 28 days of life where a general
anaesthetic, regional anaesthetic or both are performed for elective or emergency surgical
procedure within a two year period from 2018-2019 at CMJAH.

7.3 Study sample

7.3.a Sample size

The sample size will include a minimum of 100 neonates with complete records who
underwent surgery within a two year period at CMJAH from 2018-2019. The approximate
number of annual neonatal surgeries performed at CMJAH is 130. The critical event rate
from previous studies such as the NECTARINE study ° was 35, 3% hence we anticipate a
similar if not a higher rate. Using the Raosoft ® sample size calculator with a population
sample of 130 and event rate of 35.3%, a sample size of 96 was calculated; hence a minimum

sample of 100 will be sought.
7.3.b Sampling method

Non-probability, convenience, consecutive sampling will be used as only patients that fulfil a
specific inclusion criterion and are accessible to the researcher (as outlined above) will be
included in the study (17).

I. Inclusion criteria

e All neonates from birth to until 28 days of life will be eligible.

e Neonates with complete records in 2018/ 2019. Complete records are where a 30-day
outcome and major peri-operative critical events may be established.

e General anaesthesia, regional anaesthesia or both.
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e Elective or emergency procedure.

ii. Exclusion criteria

e All diagnostic procedures including Cardiac Catheter procedures, MRI and CT scan.

e Any procedure following the index surgery will be not regarded as a separate record. It
will be included as a post-operative event. Risk factors and intra-operative events will
fall under the same patient/ record.

e Patients who have records missing where:

- a 30-day outcome (as described) cannot be established.

- peri-operative critical events cannot be ascertained (e.g missing anaesthetic charts).

7.4 Data collection

The primary researcher (LE) will need to identify potential candidates for the study by
surveying the elective and emergency theatre books in E12 (designated paediatric general
surgery theatre at CMJAH). In this book, there is a record of patient details including
demographics and surgical procedures done. A list will be made of all potential neonates
eligible for the study. With this information, all patient records available (from anaesthesia,
paediatric surgery and paediatrics) on the candidate will be searched to identify completed
neonatal records. Once a completed neonatal record is established, a data collection sheet will
be used to document critical events. This data collection sheet (Appendix E) drawn up with
input from all involved departments such as anaesthesia, paediatric surgery and paediatrics.
The data will be gained from all data bases available to the researcher (RedCap °,

Healthspace, physical and electronic records).

7.5 Data analysis

The researcher will capture the raw data on REDCap *° and it will be analysed in consultation
with a biostatistician. Statistical analyses were conducted in the R Statistical Environment
(v4.0.4). All continuous variables were summarised using median and interquartile range.
Categorical data were summarised as number and percentage. When looking for associations
between critical events and various demographic and clinical variables, the critical event
outcome variable was dichotomised into ‘yes’ there was at least one critical event (of any
type), or ‘no’ there were no critical events (of any type), and logistic regression was then used

to test for associations. Similarly, logistic regression was used when looking for associations
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between postoperative critical events and morbidity [post-operative infection (yes/no), and
relook surgery (yes/no)] and mortality [survived (yes/no)]

A p-value <0.05 will be considered significant. Data will be reported using odds ratios with
95 % confidence intervals. Only valid cases will be analysed for each variable (i.e., cases

with missing data will be excluded from the analysis).
8. Significance of the Study

Neonates have been established as a high-risk population that are more likely to suffer from
peri-operative complications as compared to the rest of the paediatric population 8. Despite
this knowledge, there remains limited literature for this group in the SA context. The reason
for the lack of research may be mainly attributed to the absence of validated outcomes and

this may be due to the lack of standardised parameters in this population.

This study will assist in highlighting the factors associated with poor outcomes allowing for

improvement measures to be devised and implemented.

9. Validity and Reliability

The Validity and Reliability of the study will be maintained by:

e Use of an appropriate study design.

e Employing appropriate data collection methods.

e A clearly stated definition of peri-operative outcomes.
e Assingle researcher will collect data.

o Data will be analysed with assistance of a biostatistician.

10. Potential limitations

There is a possibility of missing or incomplete records or illegible data which will not be
used. Due to the non-probability sampling methods that will be used, the study also risks
yielding a sampling bias which may limit inferences and conclusions. All outcomes as

defined may not be clearly stated as the design for collection will be retrospective.
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The study has a limitation of being representative of the peri-operative outcomes at a single

institution which may not be generalisable to outcomes in neonates in the South African

context as a whole.

11. Project outline

11.1 Time frame

Mar-
May
2021

June

2021

Jul- Sept
2021

Oct-Dec
2021

Jan- Feb
2022

Mar-
June
2022

July

2022

Proposal

preparation

Proposal

Submission

Ethics Approval

Post graduate

Approval

Data Collection

Data Analysis

Draft Article

Submission
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Annexure 1: Data Collection Sheet

Lonfidential
Perioperative Neonatal Outcomes
Page 1

Demographics

Patient Number

Date of Birth

Sex ] Male
] Female

Birthweight(g)

Gestational age (weeks)

Gestational age at time of surgery (weeks)

Date of Surgery

Age at Surgery

Weight(g)

Date of Admission

Preoperative ICU Admission O Yes
O No

27-00-2021 17:37 projectredcap.org hEDCap‘



Confidential
Perioperative Neonatal Outcomes
- - Page 1
Medical History
Name
ASA Physical Score
Congenital Abnormality or Syndrome O Yes
O No
Type of Congenital Abnormality/ Syndrome
Cardiac Abnormality O Yes
O No
Type of Cardiac Abnormality
Respiratory Support prior to Surgery O Yes
O No
Type of Respiratory Support prior to Surgery [] Nasal prongs
[] Nasal Continuous Positive Airway Pressure
[] High Flow Nasal Cannula 02
[] High Frequency Oscillatory Ventilation
[7] Conventional Ventilation
Cardiovascular Support prior to Surgery O Yes
O No
Other Organ Support prior to Surgery QO Yes
O No
Organ Support [[] Renal
[ Liver
[] Coagulopathy
[7] Other
Type of Other Organ Support
History of previous critical event O Yes
O No
Critical event [] Airway Critical Event
[[] Oxygenation Critical Event
[] Cardiovascular Critical Event
[] Neurological Critical Event
[] Other
07-06-2021 18:41 projectredcap.org *EDCap‘
|
Confidential
Page 2
Critical event
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Anaesthesia and Surgery
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Perioperative Neonatal Outcomes
Page 1

Name

Date of Surgery

Category of Surgery

O Elective
O Emergency

Number of Surgeries

Procedure

Duration(minutes)

Anaesthetic Technique

07-06-2021 18:42

[] General
[] Regional
[[] Sedation

projectredcap.org *EDCap"
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Perioperative Neonatal Outcomes
Page 1

Peri-operative Anaesthesia Critical Events

Name

Peri-operative critical events [] Airway critical event
[C] Oxygenation critical event
[] Electrolyte/ glucose critical correction
[] Cardiovascular critical event
[] Body temperature correction
[] Neurological critical event (seizures)
[[] Drug critical event
[C] Other critical event

Airway Critical Event [[] More than 2 attempts at intubation
[]] Drop in saturation < 90%
[T] Bradycardia
[] Cardiopulmonary resuscitation
[] Difficult face mask ventilation
[] Bronchial aspiration

Number of intubation attempts

Saturation Drop O 85-89%
O 80-84%
O < 80%
Types of Oxygenation adverse events [[] Need for Fio2 higher than 0,7

[T] Recruitment manoeuvre

[[] Change/ Repositioning of a dislodged/ obstructed
tube

[C] Pneumothorax

[] Laryngospasm

[] Bronchospasm

[] Post-operative stridor

[T] Unanticipated post-operative respiratory support

Type of electrolyte intervention [] Correction of Electrolytes
[] Correction of Hypoglycaemia
[] Correction of Hyperglycaemia

Type of CVS intervention [J Administration of blood products
[C] Administration of vasopressors/ inotropes
[J Arrhythmia
[] Cardiopulmonary Resuscitation

CPR Duration(minutes)

Type of Body Temperature Intervention [[] Cooling measures
[J New warming measures

Type of Drug Critical Event [] Anaphylaxis
[7] Drug Error

23-06-2021 22:14 projectredcap.org *EDCap"
B A —_—_—_————~
Confidential
Page 2

Other critical event
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Post-operative Critical Events

Perioperative Neonatal Outcomes
Page 1

Name

Post-operative critical events

[] Unplanned Intensive care admissions

[] Post-operative bleeding, requiring surgical
revision

[[] Post-operative infection

[] Relook surgeries since index surgery

[] Other critical event

Post-operative Infection

[ Surgical site
[] Other source

Other source of infection

[ Tracheal Aspirate
[ Blood culture

[ Urine

[] Stool

[JLine

[] Other

Other Source

Procedure

[] Anastamotic leak

[1 Relook post clip and drop

[] Adhesive bowel obstruction

[ Intra-abdominal collection

[] New-onset NEC grade 3b

[] Abdominal compartment syndrome
[[] Sheath dehiscence

[[] Colostomy or lleostomy

[[] Serosal Injury at previous repair

[] Relook and closure of Gastroschisis
[ Other

Other

Other Critical Event

27-06-2021 12:00

projectredcap.org hEDcap.
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Post-operative Outcomes

Perioperative Neonatal Outcomes
Page 1

Name

Post-operative Outcomes

(O Survival to discharge
(O Non-surviver

Non-survivor

(O Before 30 days last post-operation
(O After 30 days last post-operation

Suspected cause of death

[[] Nosocomial Sepsis

[[] Respiratory Failure

[] Pulmonary Haemorrhage

[ Multi-organ Failure not due to Sepsis
[] Disease Progression

[] Palliation

[ Other

Other suspected cause of death

07-06-2021 18:43

REDCap

projectredcap.org
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Appendix 2: Approval letter from the Department of Anaesthesia

GAUTENG PROVINCE

HEALTH

Dr Laika Essa
Registrar: Anaesthesia
University of the Witwatersrand

Dear Dr Essa

MMED RESEARCH PROJECT: DR LAIKA ESSA

REPUBLIC OF SOUTH AFRICA

DEPARTMENT OF ANAESTHESIA

Area 361

Charlotte Maxeke Johannesburg Academic Hospital
University of the Witwatersrand

Tel: 011488 4344

Fax: 086 765 3477

16 August 2021

Your proposed research project entitled: “Peri-operative outcomes in neonatal surgeries at an

academic institution” will be beneficial in providing data to improve the perioperative management of

neonatal patients at our hospital.

However, preconditions are that the study has no cost implications to the hospital and has to be
approved by the relevant ethics authority, university and hospital research committees before data

collection can start.

| fully support you in this research endeavor and look forward to the findings.

Yours sincerely,

XK C_@LZ?/;

Prof EE Oosthuizen
Clinical head: Department of Anaesthesia
CMJAH
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Appendix 3: Approval letter from Department of Paediatric Surgery

GAUTENG PROVINCE University E‘j
3 REPUBLIC O SOLTH AFRCA of the Witwatersrand
Johannesburg N\
Department of Paediatric Surgery

Charlotte Maxeke Johannesburg Academic Hospital
Telephone +27 (0)11 488 4146 * Email: mapunda.ellenm@gmail.com or ellen.mapunda@wits.ac.za

05 August 2021
Dear Dr Laika Essa
RE: PERMISSION TO CONDUCT A STUDY / ACCESS PATIENTS® FILES
Permission is granted for you to access patients’ files at Charlotte Maxeke Johannesburg Academic Hospital,

Department of Paediatric Surgery for your research / study titled
“Peri-operative Outcomes in Neonatal Surgeries at an Academic institution.”

Best wishes and warm regards

Dr E.M. Mapunda

Head of Clinical Unit
Paediatric Surgery, CMJAH
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Appendix 4: Approval letter from Department of Paediatrics

Qe
=D

FACULTY OF
21 A .

3R

GAUTENG PROVINCE

-, REPUBLIC OF SOUTH APIXCA ( [ e

Department of Paediatrics and Child Health
Charlotte Maxeke Johannesburg Academic Hospital (CMJAH)

ENQUIRIES : Prof MC Mulaudzi
TEL 1011 488 4246/ 4637
EMAIL : Mphelekedzenl.Mulaudzi@wits.ac.za

Date: 10 August 2021

To: Human Research Ethics Committee (HREC)-WITS

Dear Madam/Sir

The Department of Paediatrics and Child Health at Charlotte Maxeke Johannesburg Academic
hospital give permission the researcher to conduct a study in the department as stated below:

Research Title: “Peri-operative Outcomes in Neonatal Surgeries at an Academic Institution”,

Principal Investigator: Laika Essa

Supervisor: Zainub Jooma
Co-Supervisor/s: Theshni Govender / Tanusha Ramdin

This permission is given in support to your application to the WITS-HREC. The researcher/s cannot
start collecting data without the clearance certificate from the HREC.

?P -‘.-0.“5\«{4 Wendin &“v‘ \0 ku‘just 02|
Prof. Mphelekedzeni Mulaudzi Date
Head of Department

Paediatrics and Child Health, CMJAH
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Appendix 5: Approval letter from CEO of CMJAH

,és GAUTENG PROVINCE
v " & ;E;\Lsgﬁlc OF SOUTH AFRICA

CHARLO'ITE MAXEKE JOHANNESBURG ACADEMIC HOSPITAL (CMJAH)
OFFICE OF THE SENIOR CLINICAL MANAGER

Enquiries: Ms. TT Mahlang

Email: Thandi.Mahlangud @gauteng.gov.za
Tel: 011 488 3365

Ref:1/7/2

Date: 24 October 2021
GP_202108_050

To: Dr Laika Essa
RE: FINAL APPROVAL OF STUDY

RE: PROVISIONAL APPROVAL OF STUDY TITLE: PERI-OPERATIVE OUTCOMES IN NEONATAL
SURGERIES AT AN ACADEMIC INSTITUTION

Permission is granted for you to conduct the above-mentioned study as described in your
request provided:
1. Charlotte Maxeke Johannesburg Academic Hospital will not in any way incur or inherit costs as
a result of the said study.
2. Your study shall not disrupt services at the study sites.
3. Strict confidentiality shall always be observed.
4. Informed consent shall be solicited from patients participating in your study.

Please liaise with the HOD and Unit Manager or Sister in charge to agree on the dates and
time that would suit all parties.

Kindly forward this office with the results of your study on completion of the research.

Supported/Net-Supperted

Signed by:Jayshina Punwasi
Signed at:2021-10-25 10:09:06 +02:00
Reason:Witnessing Jayshina Punwasi

Dr J. Punwasi
Clinical Director

Apg)r oved/

igned by: Gladys Magugudi Bogoshi
Slgned at:2021-10-25 10:25:58 +02:00
Reason:Wil ing Gladys Bo

'Q@°C[ ol m SATEnG Peovey

Ms. G Bogoshi
Chief Executive Officer: CMJAH




Appendix 6: Approval letter from Post Graduate Office

Private Bag 3 Wits, 2050

UNIVERSITY OF THE Fax: 027117172119
WITWATERSRAND, Tel: 02711 7172076
JOHANNESBURG

Reference: Mrs Sandra Benn
E-mail: sandra.benn@wits.ac.za

18 August 2021
DrL Essa Person No: 446033
404 Chartwell PAG
32 2nd Avenue
Killarney
2193
South Africa

Dear Dr Laika Essa

Master of Medicine in Anaesthesia: Approval of Title

We have pleasure in advising that your proposal entitled Peri-operative Outcomes in Neonatal Surgeries
at an Academic Institution has been approved. Please note that any amendments to this title have to be
endorsed by the Faculty's higher degrees committee and formally approved.

Yours sincerely

Ce B eenn

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences
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Appendix 7: Human Research Ethics Committee Clearance Certificate

UNIVERSITY OF THE é
WITWATERSRAND. \&7
JOHANNESBURG
R49 Dr L Essa
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

CLEARANCE CERTIFICATE NO. M210853

NAME: DrL Essa
(Principal Investigator)

DEPARTMENT: School of Clinical Medicine
Department of Anaesthesia
Medical School
University
PROJECT TITLE: Peri-operative outcomes of neonatal surgeries at an

academic institution

DATE CONSIDERED: 2021/08/27

DECISION: Approved unconditionally

CONDITIONS:

NOTE: If contact information regarding student study participants is required,
please contact the Registrar’s office - <Nicoleen.Potgieter@wits.ac.za>

SUPERVISOR: Drs Z Jooma, T Govender and T Ramdin

APPROVED BY: 5/ Y
DrCB PW. HREC (Medical)

DATE OF APPROVAL: 2021/10/13

This Clearance Certificate is valid for 5 years from the date of approval. An ion may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office secretariat on the 3rd floor, Phillip
Tobias Building, Parktown, University of the Witwatersrand, Johannesburg.

I/we fully understand the conditions under which | am/we are authorized to carry out the above-mentioned research
and l/we undertake to ensure compliance with these conditions. Should any departure be contemplated from the
research protocol as approved, l/we undertake to submit details to the Committee. | agree to submit a yearly
progress report. When a funder requires annual re-certification, the application date will be one year after the date
when the study was initially reviewed. In this case, the study was initially reviewed in August and therefore reports
and re-certification will be due in the month of August each year. Unreported changes to the study may invalidate
the clearance gi?y the HREC (Medical).

13/10/2021

Signature of Principal Investigator Date
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Appendix 8: Author’s guidelines (British Journal of Anaesthesia)

Aims and Scope

The British Journal of Anaesthesia (BJA) publishes high-impact original work in all branches
of anaesthesia, critical care medicine, pain medicine and perioperative medicine including
fundamental, translational and clinical sciences, clinical practice, technology, education and
training. In addition, the Journal publishes review articles, important case reports,

correspondence and special articles of general interest.

Manuscripts

For guidance, the requested size for articles is:

Clinical investigations: up to 3000 words, 40 references, and 6 tables or figures.

Laboratory investigations: up to 3000 words, 40 references, and 6 tables or figures.

Review articles: up to 5000 words, 150 references and 6 tables or figures.

Editorials: up to 2500 words, 25 references and 2 tables or figures. Include a 3-4 sentence
summary. The Editorial should include: a brief introduction to the paper, a brief background
to the paper, a succinct overview of the paper, a balanced evaluation of the paper’s strengths
and weaknesses, a discussion of the importance of the work and its potential or real
translational impact, and a discussion of future directions. Consider an illustration explaining
the key concepts if it helps support the Editorial.

Special articles: Articles that do not fit one of the other article types (such as guidelines, and
articles about history and education) must be approved by the Editorial Office (please

contact editorialoffice@bjanaesthesia.org) prior to submission. Special articles have up to

4000 words, 150 references and 4 tables or figures, and include an unstructured Abstract up
to 250 words.

Case reports: up to 1500 words, 15 references and 1 table or figure.

Correspondence: up to 1000 words, 10 references and 1 table or figure.

Book Reviews: 600-800 words approximately.

The word count refers to the main body of text, excluding the title page, abstract, references
etc. Submissions that do not follow this guidance on word count or numbers of tables and
figures may be returned without being reviewed. Authors wishing to submit manuscripts with
tables and figures in excess of the recommended number should justify this in the cover

letter.


mailto:editorialoffice@bjanaesthesia.org

56

For clinical and laboratory investigations, review articles and case reports it is possible to
include supplementary material (such as expanded tables of results or additional figures for
investigations or additional references for reviews) for on-line only publication. Authors
should specify in their submission letter which files are to be considered for on-line only

publication, and clearly refer to the on-line material in the main article text.

The BJA will also consider guidelines and position papers for publication. Authors interested

in publishing such items should contact the Editor-in-Chief directly to discuss this possibility.
Please note that the BJA does not typically publish unsolicited obituaries.

Review Articles

The BJA welcomes review articles on clinical and scientific subjects. Authors are advised to
contact the Editor-in-Chief before preparing or submitting a review to ascertain the
appropriateness of the subject for the Journal and to prevent duplication of reviews that have

been commissioned or published recently.

Narrative reviews should cover all aspects of a subject and avoid being opinion based.
Narrative reviews should follow a logical structure, but the Introduction, Methods, Results,
Discussion format is not required. The Abstract should not be structured but should give a

clear indication of the objectives and findings of the review.

Systematic reviews should be presented in the "Introduction, Methods, Results, Discussion™
format and must include a structured Abstract. These reviews must follow the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines

(http://prisma-statement.org/). Systematic reviews must be pre-registered with the

International Prospective Register of Systematic Reviews (PROSPERO)
(https://www.crd.york.ac.uk/prospero/), and the registry number must be cited in the Methods

and under the Abstract. Additionally, authors must state in the Methods section whether a
protocol exists for review and, if so, indicate where this protocol can be accessed. The
objective of systematic reviews must be to produce an evidence-based conclusion. Authors
should note that if there are few randomised controlled trials available (e.g., only 4 studies
with a total of 200 patients), the value of the review will be limited as the level of evidence is
inadequate. Meta-analysis of inadequate evidence will have a low priority for publication

(e.g. studies with a high-risk of bias, retrospective studies, small number of total subjects).
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Forest plots - please include full details in the reference list for all studies mentioned the
Forest plot. Any studies not already cited in the main text of the manuscript must be cited in

the figure caption.

Case Reports

The BJA welcomes case reports that describe new clinical problems or new approaches to
established clinical problems. Case reports must be novel, important and impactful, and
provide a significant learning point for other anaesthetists. Just because a case is clinically
challenging does not mean that it is appropriate to publish it as a case report. The acceptance
rate for case reports is considerably lower than for clinical and laboratory investigations.
Authors are referred to an editorial on this subject (British Journal of Anaesthesia 2008; 100:
744) for further background.

The BJA requires permission from the patient or patient's relatives for submission of the case
report for potential publication. This must be obtained before submission of the manuscript
and must be stated in the cover letter. If photographs of the patient (in any form) are used, a
specific signed permission from the patient or patient's relatives must be obtained and a copy

of this submitted with the manuscript. Click here to download a Patient Consent Form.

Failure to comply will result in rejection of the manuscript.

Book Reviews

Book reviews are by request only, which would be sent via the BJA Editorial Office. Once
the book is received, the review is required to be completed within six weeks (please inform
the Editorial Office should an extension be required). The book review is to be uploaded via
Editorial Manager, selecting 'Book Review' as the manuscript type. Book reviews are usually
about two sides of A4 (double-spaced), 600-800 words approximately. Please ensure that the
book details are added to the main document. These details are included in the letter, which

accompanies the book.

Submission Declaration and Verification
Submission of an article implies that the work described has not been published previously

(except in the form of an abstract, a published lecture or academic thesis, see Multiple,

redundant or concurrent publication for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or

explicitly by the responsible authorities where the work was carried out, and that, if accepted,
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it will not be published elsewhere in the same form, in English or in any other language,

including electronically without the written consent of the copyright-holder. To verify

originality, the article may be checked by the originality detection service Crossref Similarity
Check.

Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing of preprints (e.g. on a preprint server) will not count as prior publication (see

'"Multiple, redundant or concurrent publication' for more information). The BJA requests that

submitting authors update their preprint with a footnote to confirm that their paper is under
review at BJA to inform readers as to the manuscript status. After acceptance in BJA, this

footnote should be updated to include a link to the final published article.

Authorship

The BJA follows the ICMJE criteria for authorship (see this link). All authors should have
made substantial contributions to all of the following: (1) the conception and design of the
study, or acquisition of data, or analysis and interpretation of data, (2) drafting the article or
revising it critically for important intellectual content, (3) final approval of the version to be
submitted, and 4) all authors must agree to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work are

appropriately investigated and resolved.

For large, multicentre studies, the group of investigators should identify individuals who
accept direct responsibility for the manuscript. These individuals should fully meet the
criteria for authorship. If the author list includes a group name, then all members of the group
must meet the full criteria for authorship as described above. If all members of a group do not
meet all authorship criteria, a group must designate one or more individuals as authors or
members of a writing group who meet full authorship criteria. Other group members who are
not authors may be listed as collaborators (sometimes called non-author contributors). These
will be listed on PubMed as collaborators rather than authors. In order to be indexed as
collaborators, the names of the group members should be listed in an Appendix in the main
text document, before the Reference list. The group should also be included in the main
author list. There should be a note associated with the author list clearly stating that the full
list of author and collaborator names appears elsewhere in the paper. Collaborator names are

searchable on PubMed in the same way as authors. PubMed rules for this can be found here.
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For an example of a previously published paper in BJA which lists collaborators in the correct

format, please see this article.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Addition, removal or rearrangement of author names in the authorship list can be
made only before the manuscript has been accepted and only if approved by the handling
Editor. To request such a change, the corresponding author must provide the Editor with: (a)
the reason for the change in author list and (b) written confirmation (e-mail, letter) from all
authors that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or removed. In
exceptional circumstances the Editor will consider the addition, removal or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request,
publication of the manuscript will be suspended. If the manuscript has already been published

in an online issue, any requests approved by the Editor will result in a corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing

Agreement' (see more information on this). An e-mail will be sent to the corresponding

author confirming receipt of the manuscript together with a 'Journal Publishing Agreement'
form or a link to the online version of this agreement. Please note that the '‘Crown Copyright'
copyright status typically only applies to authors who are direct employees of the
Government in the United Kingdom, Canada or Australia. For example, National Health
Service (NHS) employees are not usually direct Government employees. If in doubt authors

should consult their employer prior to submission to ascertain the correct copyright status.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s)

in the article. Elsevier has preprinted forms for use by authors in these cases.
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For gold open access articles, upon acceptance of an article, authors will be asked to

complete an 'Exclusive License Agreement' (more information). Permitted third party reuse

of gold open access articles is determined by the author's choice of user license.

Author rights.
Authors (or their employers or institutions) have certain rights to reuse their work. See more

information on author rights.

Elsevier supports responsible sharing
Information about responsible sharing of research published in Elsevier journals is available

here: share your research published in Elsevier journals.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies that allow authors to
comply with their funder's open access policies. Some funding bodies will reimburse authors

for the gold open access publication fee. Details of existing agreements are available online.

Open access
The BJA offers authors a choice in publishing their research. Regardless of how authors
choose to publish their articles, the Journal will apply the same peer review criteria and

acceptance standards.
Subscription

o Articles are made available to subscribers as well as developing countries and patient

groups through our universal access programs.

o No open access publication fee is payable by authors.

o Authors are entitled to post the accepted manuscript in their institution's repository

and make this public after an embargo period (known as green open access).

The published journal article cannot be shared publicly, for example on ResearchGate
or Academia.edu, to ensure the sustainability of peer-reviewed research in journal

publications. The embargo period for the BJA is 12 months.

Gold open access
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o Atrticles are freely available to both subscribers and the wider public with permitted
reuse.

e A gold open access publication fee is payable by authors or on their behalf, e.g. by
their research funder or institution. For gold open access articles, permitted third party

(re)use is defined by the following Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Creative Commons Attribution lets others distribute and copy the article, create extracts,
abstracts, and other revised versions, adaptations or derivative works of or from an article
(such as a translation), including in a collective work (such as an anthology), text or data
mine the article, even for commercial purposes, as long as they credit the author(s), do not
represent the author as endorsing their adaptation of the article, and do not modify the article

in such a way as to damage the author’s honour or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, this attribution lets others distribute and copy the article, and
to include it in a collective work (such as an anthology), as long as they credit the author(s)
and provided they do not alter or modify the article.

The open access fee for this journal is $3,200, excluding taxes (USD). Learn more

about Elsevier's pricing policy.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend that authors refer to our green open
access page for further information. Authors can also self-archive their manuscripts
immediately and enable public access from their institution's repository after an embargo
period. This is the version that has been accepted for publication and which typically includes
author-incorporated changes suggested during submission, peer review and in Editor-author
communications. For subscription articles, an appropriate amount of time is needed for
journals to deliver value to subscribing customers before an article becomes freely available
to the public. This is the embargo period and it begins from the date that the article is
formally published online in its final and fully citable form. Find out more here.After
acceptance, open access papers will be published under a non-commercial license. Authors
requiring a commercial CC BY license can apply after their manuscript is accepted for

publication.
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Plan S Authors
If you are an author funded by a signatory to Plan S and have any questions about publishing
with the BJA, and what options you have please contact the Elsevier Open Access team at the

following address: oapolicy@elsevier.com.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career

researchers throughout their research journey. The "Learn” environment at the Researcher
Academy offers several interactive modules, webinars, downloadable guides and resources to
guide you through the process of writing for research and going through peer review. Feel
free to use these free resources to improve your submission and navigate the publication

process with ease.

Language (usage and editing services)

Please write your text in good English (the house style of BJA and BJA Education is UK
English). Please see here for a guide to preferred spellings. Authors who think that their
English language manuscript requires editing to eliminate spelling or grammatical errors and

to conform to correct scientific English may wish to use the English Language Editing

service available from Elsevier's WebShop.

Submitting your article

Please submit your article via https://www.editorialmanager.com/bja/defaultl.aspx.

Please suggest potential reviewers for this submission and provide specific reasons for your
suggestion in the comments box provided for each person. Authors should not suggest
reviewers with whom they have an actual, perceived, or potential conflict of interest.
Moreover, authors should not suggest reviewers with whom they share a personal or
professional connection if there is potential for that relationship to introduce bias into the
evaluation of the manuscript. Please note that the editors may not use your suggestions, but

your help is appreciated and may speed up the selection of appropriate reviewers.

Preparing Your Manuscript

The standard layout of a manuscript is:

o Title page
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o Abstract including Keywords (see further guidance on when to use a Structured

Abstract)
e Introduction
e Methods
e Results

« Discussion

o Details of authors' contributions

e Acknowledgements

« Declaration of interests

o Funding

o Appendices (if applicable)

o References

« Tables (including a title and legend, with any essential abbreviations defined)

e Legends to figures

The pages should be numbered in the top right-hand corner, the title page being page one.
Each section should start on a separate page. Different types of studies (e.g. randomised
controlled trial, matched cohort study) will contain different elements. Guidance on each type
of study can be found on the EQUATOR (Enhancing the QUAIity and Transparency Of
health Research) Network website (http://www.equator-network.org/), along with appropriate
checklists. There are checklists available for each type of study on the EQUATOR Network.

You are strongly encouraged include the appropriate checklist (e.g. STROBE, CHEERS,
AGREE) with your submission to the BJA. A CONSORT checklist is required for clinical

trials (see below). It is also advisable to include the ethics committee approved protocol with

clinical trial submissions.

Title Page

Titles should provide a reasonable indication of the contents of the paper. Avoid enigmatic or
vague titles such as 'An unusual cause of hypotension'. Titles in the form of a question, such
as 'ls propofol epileptogenic?’, or which draw conclusions about the research (‘Propofol
causes seizures') are discouraged. The Editors reserve the right to edit the title. The title page
should include the name(s) and institutional affiliation(s) including city and country of all
author(s). No postnominals. Note that it is the house style of the BJA for full author names to

be spelled out (i.e. please do not use initials for your first name). Do not include street
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address and city code for institutional affiliation, just institutions, city and country. It should
be made clear which affiliation refers to which author by use of numerical superscripts
following each author. Details of the authors' qualifications and post (e.g., consultant, senior
lecturer) are not included. An author's present address, if it differs from the address at which
the work was carried out, should be given as a footnote on the title page and referenced at the
appropriate place in the author list by superscript numbers (122 etc.). The corresponding
author and email should be indicated with an asterisk. A Twitter handle can also be included
for the corresponding author.

A short running title containing not more than 50 characters (including spaces) should be

included on the title page.

If a preliminary account of the results has been given in a published abstract, it is customary

to refer to this on the title page.

Abstract

The Abstract will be printed at the beginning of the paper. It should be on a separate sheet, in
structured format (Background, Methods, Results and Conclusions) for Clinical
Investigations, Laboratory Investigations and Systematic Reviews. Abstracts are not required
for Editorial, Book Reviews and Correspondence. For Narrative Reviews and Special
Articles, the Abstract (label as Summary) should not be structured. The Abstract should give
a succinct account of the study or contents in up to 250 words, with rare exceptions granted
by the Editor. The Results section should contain primary outcomes with relevant statistics.
Effect sizes and confidence intervals should be included in addition to P values or confidence
intervals. Exact P values should be included, unless the P value is <0.001. It is important that
the results and conclusion given in the Abstract are the same as in the Article, as the Abstract
may be used, as it stands, by abstracting journals. References are not included in this section.

Avoid use of nonstandard abbreviations in the Abstract.

Keywords

Five to eight keywords should be included on the title page of all manuscripts under the
heading Keywords. They should be in alphabetical order, and with UK English spelling.
Please consider repeating any important terms from the title of the article in both the
keywords and in the Abstract, to ensure maximum discoverability of your article online.
Avoid keywords that are only one word or are too general (e.g. "anaesthesia™); keywords that

are too short will render the search unspecific, whereas keywords that are too long may filter
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articles to such a great extent that your paper could be excluded.
For advice on choosing keywords and improving the discoverability of your manuscript

please visit https://www.elsevier.com/connect/authors-update/top-tips-making-your-article-

visible-with-seo.

Introduction

The recommended structure for this section is;

o Background to the subject

e What is known / unknown about it
e Hypothesis

e Aim of your study

As arule, the Introduction should be covered in a maximum of 1.5 pages double-spaced. The
introduction should give a concise account of the background of the problem and the
objectives of the investigation. It should state what is known about the problem to be studied
at the time the study was started. Previous work with a direct bearing on the present problem
should be quoted. The final paragraph should clearly state the primary and, if applicable,

secondary aims of the study.

Methods
The Methods section should give a clear but concise description of how the study was

conducted. Subjects covered in this should include:

o Ethics approval / licence (including date and administering institution)
e Registration (including date) (if applicable)

« Patient population

e Inclusion / exclusion criteria

e Conduct of the study

o Measurements and data handling

e Primary and secondary endpoints

e Sample size calculation

o Statistical analyses
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Ethics approval/licence
Please see our information pages

at https://www.elsevier.com/publishingethics and https://www.elsevier.com/journal-

authors/ethics.

Regardless of the country of origin, all clinical investigators describing human research must
abide by the Ethical Principles for Medical Research Involving Human Subjects outlined in
the Declaration of Helsinki, and amended by the World Medical Association

(https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-

medical-research-involving-human-subjects/). Investigators are encouraged to read and

follow the Declaration of Helsinki. Clinical studies that do not meet the Declaration of
Helsinki criteria will be denied peer review. If published research is subsequently found to be

non-compliant it will be withdrawn or retracted.

On the basis of the Declaration of Helsinki, the BJA requires that manuscripts reporting

clinical research state in the first paragraph of the Methods section that:

e The study was approved by the appropriate Ethics authority.

e Written informed consent was obtained from all subjects, a legal surrogate, or the
parents or legal guardians for minor subjects, or that the requirement for written
informed consent was waived by the ethics committee, or that the research was
conducted under a national, regional or institutional process that obviated the need for
approval.

e In countries where formal ethics committee approval is not mandatory for a non-
interventional study, evidence should be provided that the study was submitted to the
ethics committee and deemed exempt from review and/or consent from the patient or
patient's relatives. The name of the committee and the study reference number should
be cited in the Methods.

Human subjects must not be identifiable. Do not disclose patients' names, initials, hospital
numbers, dates of birth, or other protected personal or healthcare information. Keep copies of
ethics approval and signed consent forms. In unusual circumstances the Editors may request
blinded copies of these documents to address questions about ethics approval and study

conduct. For more information, please review Elsevier Policy on the Use of Images or

Personal Information of Patients or other Individuals. Unless you have written permission
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from the patient (or, where applicable, the next of kin), the personal details of any patient
included in any part of the article and in any supplementary materials (including all

illustrations and videos) must be removed before submission.

Drugs

When a drug is first mentioned, it should be given by the international non-proprietary name
(INN), followed by the chemical formula in parentheses if the structure is not well known,
and (if relevant) by the proprietary name (with an initial capital letter) and the manufacturer
with location. A figure giving the molecular configuration of the drug is necessary only in the
case of the earliest reports of a new drug. Drug dosages are normally given by the name of
the drug followed by the dose (e.g. propofol 2.5 mg kg). Use the Sl system of units. Dose,
route, and frequency of administration must be provided. Do not confuse drug dose with

concentration.

Multiple Publications of Human or Animal Trials

In the interest of minimising the risk to human and animal subjects, as well as promoting
efficient use of scarce research funds, investigators sometimes pose several questions and
make multiple measurements in a single study with the intent of publishing multiple
manuscripts. Division of data from a single research study into multiple manuscripts is

acceptable, provided three requirements are met:

1. The cover letter for every paper derived from the study explains the need for dividing
the study into multiple manuscripts. This applies even if only one of the submissions
is to the BJA. It is essential that the cover letter states that other parts of the study are
currently under consideration or in press with another journal. The Journal will
consider the appropriateness of the division as part of the review process. Any
manuscripts related to the same study should be submitted for consideration by the
reviewers as a supplementary PDF file through ScholarOne Manuscripts.

2. Inall manuscripts after the first, the investigator must disclose that the data have been
previously reported, with appropriate citation to the first manuscript. This practice is
essential for scientific continuity. For example, should a question arise about the
conduct of the study in one manuscript, readers should be able to identify all
manuscripts based on the same experimental data.

3. Measurements must not interfere with each other. Such interference may happen in

ways that are not evident at the time of the study. For example, measurements of pain
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thresholds may make it impossible to measure sedative effects. The potential for
interfering measurements may not be evident if the pain thresholds and sedation
effects are reported in separate manuscripts that are not appropriately cross-

referenced.

Human Subjects

Data on the age (mean with range), weight (kg), sex, height (m), criteria for selection, etc.
(patient characteristics, not demographics) should be presented. Authors of clinical
investigations should report the 'sex’ of participants and use the words 'sex’, ‘male’ and
‘female’ in their manuscripts, unless the 'gender’ of participants is relevant to their hypotheses.
The numbers and percentages of both male and female patients (and other sexes/genders as
appropriate) should be reported in the text and/or tables. If appropriate, the incidence of
primary outcome should be reported in males and females (and other sexes/genders as
appropriate), and sex/gender should be considered as covariates in multivariable models, or
the reason for exclusion explained. These recommendations are consistent with existing

advice for preclinical and clinical research.

The sex/gender, age, weight, height, and eligibility criteria should be presented, with an
indication of the general state of health of participants (e.g., ASA physical status) and types
of operations being undertaken. More complex information is best be presented as a table.
When patient or next-of-kin consent was required by the ethics committee, this should be

indicated.

Clinical Trials

In accordance with the Clinical Trial Registration Statement from the International

Committee of Medical Journal Editors, all clinical trials in BJA must be registered in a public
trials registry available in English at or before the onset of participant enrolment. This
requirement applies to all clinical trials that begin enrolment after 1 January 2009. Research
is considered to be a clinical trial if it involves prospective assignment of human subjects to
an intervention or comparison group to study the relationship between a health-related
intervention and a health outcome. Further details of which clinical trials are covered by this

policy are in the updated ICMJE guidelines (http://www.icmje.org). The registry must be

accessible to the public at no charge, searchable, open to all prospective registrants, available
in English, and managed by a not-for-profit organisation. The registry must include the

following information: a unique identifying number, a statement of the intervention(s), study
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hypothesis, definition of primary and secondary outcome measurements, eligibility criteria,
target number of subjects, funding source, contact information for the principal investigator,
and key dates (date of ethics approval, registration date, start date/date of first subject
enrolled, and completion date). The following registries are recommended by

ICMJE: Clinical Trials, ISRCTN Register, UMIN Clinical Trials Registry, Australia New

Zealand Clinical Trials Reqistry, Nederlands Trial Reqister.

In accordance with the ICMJE's recommendation, the BJA will also accept registration of
clinical trials in any of the primary registries that participate in the World Health
Organization's (WHO) International Clinical Trial Registry Platform

(http://www.who.int/ictrp/en/). Primary registries are WHO selected registers managed by

not-for-profit entities that will accept registrations for any interventional trials, delete
duplicate entries from their own registry, and provide data directly to the WHO. Please note
that registration in any WHO partner registry is insufficient.

Authors are requested to provide the exact URL and unique identification number for the trial
registration at the time of submission on the title page of their submission. This information

will be published in the article.

Clinical trial reports should also comply with the Consolidated Standards of Reporting Trials
(CONSORT) and include a standardised flow diagram presenting the enrolment, intervention
allocation, follow-up, and data analysis with number of subjects for each (visit here for more
information on CONSORT and here for the required template diagram). Please also refer
specifically to the CONSORT Checklist of items to include when reporting a randomised

clinical trial.

Results posted in the same clinical trials registry in which the primary registration resides will
not be considered prior publication if they are presented in the form of a brief abstract (500

words or less) or a table.

Statistical analysis plan reporting and HARKIing (Hypothesising After Results are
Known)

Publication of a time-stamped statistical analysis plan prior to data analysis is strongly
recommended for both interventional and observational studies. In the absence of a publicly
available statistical plan, we strongly encourage authors to report that their statistical analysis

plan was approved by the authors before analyses began or acknowledge that their
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submission is based on testing a hypothesis after the main study results were known (for
example: "Based on striking patterns in the dataset, we conducted the following post hoc

analysis... The results of this analysis should be regarded as hypothesis-generating.").

Reporting checklists must be provided as supplementary data. An appropriate flow diagram
should be included in the manuscript, as recommended by the following guidelines:
Randomised controlled trials (RCTs): CONSORT checklist, flow diagram, and CONSORT
Checklist for Reporting of Harms in RCTs should be provided. Customized CONSORT

checklists are available for trials with parallel group design, cluster-randomised trials,

noninferiority and equivalence randomised trials, pragmatic trials and trials of

nonpharmacological treatment.

Non-randomised studies: guidelines described in Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) should be provided.

Observational studies: STROBE statement reporting checklists must be provided. Please
check the STROBE statement website for up-to-date information concerning specific study
types, including observational studies in epidemiology, genetic association studies, cohort

studies, case-control studies, and cross-sectional studies.

Diagnostic accuracy studies: for studies where the performance of two or more diagnostic

tests are compared, submissions must include the STARD checklist and STARD Flowchart

of Diagnostic Test Results.

Translational human studies: We are particularly keen to receive manuscripts that undertake
innovative clinical and translational research in humans. In addition to adhering to, and
providing, STROBE (or other appropriate) checklists, we refer authors to two articles
(PMID:22029804, 21677197) that provide helpful guidance on justification of sample size

calculations in this type of submission.

Research Using Animals

Institutional approval
All animal studies must have been conducted within the guidelines of the appropriate
national body as well as be approved by institutional review board(s), and accompanied by a

specific declaration of such approval and number in the Methods. Authors must submit a


http://www.consort-statement.org/checklists/view/32-consort/66-title
http://www.consort-statement.org/consort-statement/flow-diagram
http://www.consort-statement.org/extensions
http://www.consort-statement.org/extensions
http://www.cdc.gov/trendstatement/
http://www.cdc.gov/trendstatement/
http://www.equator-network.org/reporting-guidelines/stard/
http://www.equator-network.org/reporting-guidelines/stard/
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supplementary file detailing compliance with ARRIVE (Animal Research: Reporting of In

Vivo Experiments) guidelines for reporting on animal studies. For animal models, the

genotype, strain, source, number of backcrosses, sex, and age of animals studied must be

provided in the manuscript.

Studies that involve the use of animals must clearly indicate that Institutional approval was
obtained and state the UK Home Office Licence number or equivalent code that the studies
were performed under. European studies with animals should follow the EU directive
2010/63 and provide a national and/or institutional approval number. It is recognised that
animal welfare legislation can vary between countries. The BJA uses the UK standards as a
baseline and reserves the right to reject manuscripts judged not to meet these standards, even

when local approval has been granted.

ARRIVE guidelines

The contribution of animal research in enabling better health for humans and animals is
incontrovertible and the BJA is committed to the publication of research studies that use
animal models. This demands the same rigorous attention to detail as in clinical trials. Failure
to describe research methods and to report results appropriately has scientific and ethical
implications for the entire research process and the reputation of those involved. Experiments
involving animals should be appropriately designed, correctly analysed and transparently
reported to increase validity of the results and maximise the scientific gain including use of
blinding, randomisation, etc. A minimum amount of relevant information must be included to
ensure that the methods and results of a study can be reviewed, analysed and repeated. It is

strongly encouraged that animal studies are accompanied by the ARRIVE guidelines.

Anaesthesia

The methods of anaesthesia and analgesia for research studies involving animals should be
the best available to ensure the welfare of the animals involved. Submissions that ignore this
guidance may be returned without being assessed. Reducing the potential for pain and
distress is a significant refinement and provision of safe and effective anaesthesia that does
not interfere with specific research objectives also reduces the numbers of animals used.
Authors must also state how they assessed and monitored the adequacy of anaesthesia. Some
anaesthetics have interactions that are important to certain areas of research. Whichever
agents are used, an appropriate plane of anaesthesia for the intervention must be assessed and

achieved. This is particularly important when neuromuscular blocking agents are used.


https://www.nc3rs.org.uk/arrive-guidelines
https://www.nc3rs.org.uk/arrive-guidelines
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Information on potentially suitable anaesthetic regimens can be obtained from a variety of
sources, including the veterinary advisor at your research institution, specialist laboratory

animal anaesthesia and general veterinary anaesthesia textbooks.

Analgesia

Every effort should be made to minimise pain or distress in research studies that are
conducted using animals. Not only is this important for ethical reasons, but also because pain
IS a source of stress that can cause undesirable effects on the outcome of research projects.
Provision of effective pain relief can only be done by assessing the degree of pain
experienced by the animal involved. Animal pain assessment is difficult and time-consuming
to implement effectively, so that it is tempting to simply give all animals a "standard dose" of
analgesic. Often, all that is possible is to use doses that have been established to be safe and
effective in some of the tests used in rodents during early drug development. Provided these
limitations are appreciated, some strategies for pain management that make best use of our

existing knowledge include:

o If methods of pain assessment have been developed for the species used, these should
be adapted to the requirements of the particular research procedure

« If methods of pain assessment are not available, consider devoting resources to
developing some form of scoring system

o If pain scoring is not possible, determine the analgesic protocol based on experience
with other surgical procedures in that species

o If possible, use doses that have been established using studies that have employed
pain scoring systems

o Attempt to evaluate the efficacy of the analgesic regimen selected using clinical
assessment (your veterinary advisor will be able to help you to recognise pain in
laboratory animals)

o Prepare a rescue analgesia protocol and an immediate euthanasia protocol for animals

which appear to be in severe pain

Use of animal models of pain to investigate analgesia techniques is a particular challenge for
journals in the field of anaesthesia. Such studies must be conducted with extremely careful
regard to animal welfare. Rarely will this journal publish studies where an analgesic agent
has been compared to a placebo in an animal model of severe pain. The book ‘Laboratory

animal anaesthesia’ by P. Flecknell (4th Edition, 2015, Academic Press) provides a helpful
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introduction for safe, effective and appropriate anaesthesia and analgesia in animals used in

research studies.

Euthanasia

Animals used for research are usually euthanised at the end of a study for the purpose of
sample collection or post-mortem examination. Animals may also be killed because they are
experiencing severe pain or distress. The method of killing the animal after the experiment is
completed should be chosen carefully and must be detailed in the Methods. The method used
should be appropriate to the species and should not confound any objective of the research -
veterinary advice should be sought. The conduct of euthanasia for those working with
laboratory animals in the UK is quite straightforward. Either the Code of Practice for the
Humane Killing of Animals under Schedule 1 to the Animals (Scientific Procedures) Act
1986 is followed or a project and personal licence authorisation is obtained to use a technique
not covered by this Code. An updated code of practice for schedule 1 killing has been
published by the Animal Procedures Committee and is available online

at: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_d
ata/file/662364/Guidance_on_the Operation_of ASPA.pdf. The use of carbon dioxide for

killing is a subject of much debate and is not suitable for rabbits. For rodents, use of carbon

dioxide is permitted but other methods are preferable.

Laboratory Studies

Cell lines
Authors must describe the source of all cell lines utilized, including information on testing for

mycoplasma contamination.

Antibodies

Detailed description of all antibodies used for flow cytometry, immunoblotting,
immunoprecipitation and immunohistochemistry must be included in tabular form in
Supplementary Methods, providing the source and catalogue/clone number for commercial
antibodies or a description/reference to a description of the generation of custom antibodies.
Evidence for antibodies having been validated either by the authors, previous publications or

manufacturers should also be provided in the table.


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/662364/Guidance_on_the_Operation_of_ASPA.pdf
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Flow cytometry

Authors should adhere to the Minimum Information about a Flow Cytometry Experiment
(MIFlow Cyt; PMID 18752282), which establishes criteria for recording and reporting
information about the flow cytometry experiment overview, samples, instrumentation and
data analysis. Gating strategy should be demonstrated in supplementary data, together with
raw data provided as an example for each experiment. For figures in the main manuscript,

key flow cytometry data are sufficient (e.g. histograms, density plots).

ELISA

Details on intra- and inter-assay variability, lower limits of detection and linearity-of-dilution
assessment for ELISASs should be provided in Supplementary Methods and referred to in
Methods.

Large datasets

Large datasets for gene expression microarrays, SNP arrays, and high-throughput sequencing
studies must be deposited in a public repository. Microarray data must be deposited in a
MIAME-compliant public database. High-throughput sequencing data must be deposited in a
MINSEQE-compliant public database. Provide the relevant accession numbers in the text of
the main manuscript. Deposition of other types of large datasets in a public repository is
strongly encouraged. Datasets should be made available to any interested reader on the
publication date from the authors directly. Researchers who encounter a persistent refusal by

an author of a paper to comply with these guidelines should contact the Editor-in-Chief.

Software
Commercially available software should be referenced, detailing software version number,
company and location) Additionally, custom-written software should report the source code

in the Supplemental Methods or detail how the software can be obtained.

Statistical Analysis

Many scientific manuscripts have flaws in design and statistical analysis. Statisticians should
be involved in the design, analysis and reporting of most studies. Investigators should commit
in writing to the statistical analysis plan prior to conducting a study. Certainly, this should be
done prior to conducting analyses. Pre-publication of research protocols helps to promote
rigour and allows other scientists to attempt replication or refutation. It is helpful to submit a

date-stamped, ethics committee-approved protocol, containing the statistical analysis plan,
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together with your submission. Specialist statistical expertise will be sought at editorial
discretion, including, where applicable, to re-analyse original data. Authors must describe all
statistical tests used in the Methods. Complete details of the statistical analyses should be
reported in full in the Results section. Examples for reporting main statistical analyses are:
"...odds ratio, 1.22; 95% confidence interval, 1.06-1.39; P=0.005."

[Note: abbreviations for odds ratio (OR) and 95% confidence interval (95% CI) are
acceptable provided they are defined in text/abstract].

"...lidocaine-group: 48 (23) mg (mean (SD)) vs placebo-group: 51(19) mg, P=0.22."
"...hazard ratio (HR) 0.65, 95% CI 0.49-0.84, P=0.001."

The distribution of data must meet the assumptions of the statistical test used. Authors must
specify whether statistical tests are one-sided or two-sided. When making multiple
comparisons on a single data set, authors should choose statistical tests that account for
multiple groups (one-way, two-way or repeated measures ANOVA). The statistical analysis
should also correct for repeated measures when comparing multiple measurements between
groups.

Statistical methods must be described with enough detail to enable a knowledgeable reader
with access to the original data to verify the report and results. Findings should be quantified
and presented with appropriate indicators of measurement error or uncertainty (such as
confidence intervals). Confidence intervals and effect sizes provide more useful information
for interpretation than a P value alone conveys. P values should be exact and provided to
three decimal places (e.g. P=0.123) unless they are <0.001. P values between 0.05 and 0.005
can generally be interpreted as providing suggestive evidence, whereas P values <0.005
generally provide more compelling evidence.

A sample size calculation should be performed before starting the study to determine the
number of subjects needed in each group to detect a given change. Please note that a sample
size calculation based on the primary endpoint will not necessarily be applicable to secondary
measures. It is important to choose sample sizes for studies based on biologically or clinically
important and realistic effect sizes. One of the most important weaknesses of scientific
studies is that they do not include enough patients (or non-human animals). On the other
hand, studies that are very large might yield statistically significant but clinically unimportant
findings. There should be a separate section for Statistics in the Methods; all statistical tests
used should be described in this section. It is helpful to provide brief rationale for these

choices.
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Results

Results should be presented in a logical order related to the aims and design of the study with
appropriate statistical reporting and any pertinent negative findings. Description of
experimental results should be concise. It is often useful to present the results in the order
described in the Methods section. Data should not be repeated unnecessarily in text, tables
and figures (see below). Unwarranted numbers of digits (false precision) should be avoided
(Example: the mean dose of propofol was 2.1 mg kg! rather than 2.0897 mg kg™ ). Precision
of most biological measurements does not allow significant digits over two; use of more than
this can imply false precision. It may not be necessary to provide all data from a complex
study: only those values essential to the communication should be given. However, results
should be presented in a manner so that the reader can check the statistical inferences. If the
data are so numerous that this is not possible, Supplemental Data can be submitted as a
separate file for on-line publication only. For example, in a pharmacokinetic study, more
extensive sets of data can be included as an Appendix with the on-line version of the article.
If authors wish to make use of this facility, they should state this in the submission letter and
upload the data as a separate file. The Editor has the right to request the original data
collected. The Results section should not include discussion of the findings, which should be
included in the Discussion. Similarly, the Discussion should not restate the Results. SI units
must be used. Means must be accompanied by SD in brackets; medians must be accompanied
by 25-75™ percentiles in brackets. Odds ratios (OR) must be accompanied by 95% confidence
intervals (Cl) in brackets. Negative index notation (e.g. mg kg™') must be used rather than
solidus notation (e.g. mg/kg). Numbers in text and tables should always be provided if % is

shown.

Tables and Figures

Tables and figures are often useful to present either complex or extensive data in a more
easily understandable form. However, authors are cautioned against unnecessary use of tables
and figures. A useful approach is to prepare the raw data in the form of tables and then decide
which data are to be presented in the article. The author should then decide whether the
essential data can be presented succinctly in the text. If not, the essential tables and/or figures
should be prepared. To illustrate this with examples: a study outcome which compares two
measurements in two groups can easily be presented as text, a comparison of arterial
pressure and heart rate changes at five time points in two groups would be appropriate as a

table and the same measurements in comparing three groups may be better as a figure.
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Tables and figures are important communications and should be accompanied by a legend
that makes them self-explanatory. However, the legend must not contain experimental details,
which should be given in the Methods section. The use of a figure should be considered only
where a figure presents the data more clearly than is possible in a table or when an important
trend or comparison has to be made for which a graphic presentation is clearly superior to a
table or text.

The authors should decide in which form they wish to present data. Please note the limitation
given above on the number of figures/tables permissible for each article type. Data should not

be duplicated by including it in a table and figure, or presentation in both a table and text.

Graphs

Graphs of quantitative data should be presented as dot plots for small data sets, with the mean
and appropriate error bars indicated; or as box and whisker plots, with values defined in the
legend (the bounds of the boxes, the lines within the boxes, the whiskers, and any outlying

values). Presenting data as columns with error bars is generally not acceptable.

Images

Submissions that contain cropped gels/blots are required to submit a supplementary file that
contains the entire unedited gel for all cropped gels in the submission. Each gel should be
annotated as "Full unedited gel for Figure X," and the authors should highlight which lanes of
the unedited gel correspond to those shown in the cropped images within the manuscript.
This file can be provided as Supplemental Data and will be published as full uncut blot data if
the submission is ultimately accepted.

No specific feature within an image should be enhanced, obscured, moved, removed, or
introduced. The groupings of images from different parts of the same gel or from different
gels or fields or exposures must be made explicit by using dividing lines and noted in the
figure legend. Adjustments of brightness, contrast, or colour balance are acceptable provided
they do not obscure or eliminate any information present in the original. Nonlinear
adjustments (e.g., changes to gamma settings, curves, or input levels) must be disclosed in the
figure legend. If original data cannot be produced, acceptance of the manuscript may be
revoked. If images or datasets, including control data, are presented in multiple figure panels

in the manuscript or supplement, an explanatory note must be included in the figure legend.

Tables

Please submit tables as editable text and not as images. Number tables consecutively using
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Arabic numerals in order of their appearance in the text, and place any table notes below the
table body. Be sparing in the use of tables and ensure that the data presented do not duplicate
results described elsewhere in the article. Please avoid using vertical rules and shading in

table cells. Tables should be presented as individual, completed tables on a single page in the

main text file after references. Tables should have brief titles.

Electronic Artwork

General points

o Make sure that you use uniform lettering and sizing of your original artwork.

o Embed the used fonts if the application provides that option.

o Use Helvetica or Arial font in preparing figures.

« Number the illustrations according to their sequence in the text; use a logical naming
convention for your artwork files with panels indicated by lower case letters.

o Provide captions to illustrations separately.

o Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

e Include a key to denote any symbols used.

o Scale bars should be defined in figures, and reported in the figure legends.

e Avoid pairing red and green to improve legibility for colour-vision impaired readers.

e Whenever possible, do not place labels over any part of a colour figure.

A detailed guide on electronic artwork is available. Some excerpts from the detailed

information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply the artwork in the native document format. Regardless of the
application used other than Microsoft Office, when your electronic artwork is finalised,
please 'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Colour or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.


https://www.elsevier.com/artworkinstructions
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TIFF (or JPEG): Combinations bitmapped line/half-tone (colour or grayscale), keep to a
minimum of 500 dpi.

Please do not: Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG);
these typically have a low number of pixels and limited set of colours; Supply files that are

too low in resolution; Submit graphics that are disproportionately large for the content.

Colour Artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF) or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable colour figures then Elsevier will ensure, at no additional charge,
that these figures will appear in colour online (e.g., ScienceDirect and other sites) in addition

to colour reproduction in print. Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a minimum but explain all

symbols and abbreviations used.

e 200 word limit, including a short title and a brief explanation with sufficient detail to
make the figure intelligible without reference to the main text.

o Describe in words the key used to denote any symbols.

e The exact number of samples (n) should be included for each figure panel presenting
multiple samples. If bar charts are appropriate, number of samples may be embedded
within each bar of the figure.

o The statistical test used should be indicated in each figure legend.

Discussion

This is an important part of the manuscript but it should not be too long, usually no more than
three pages. The Discussion should normally follow the pattern below:

State main findings - This does not mean a repetition of all the results with their statistics. It
should provide a concise overview of the study. For example, ‘Drug X produced a greater
haemodynamic change on induction of anaesthesia than occurred with drug Y, resulting in a
greater fall in arterial pressure and a higher incidence of tachycardia’. Do not repeat data

already presented in the Results, figures and tables.


https://www.elsevier.com/artworkinstructions
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Relation to previous studies - This section should relate directly to the statements made in the
Introduction and qualify your findings in relation to previous studies of the subject. Mention
any important uncertainties in the methods of measurement. In laboratory studies, try to relate
the concentrations used to those encountered clinically.

Why are they different/same - Avoid excessive speculation or speculation beyond your
results. It is quite reasonable to suggest possible explanations for your findings and any
differences from previous studies, but the 'missing parts' of such reasoning must be
acknowledged.

Additions to knowledge of the subject - Summarise previous sections by pulling together the
implications of your main findings, studies by other workers and their combined contribution
to our knowledge of the subject. This should not be just another repetition of the results and
preceding discussion but more of an expanded conclusion. A meta-analysis incorporating the
results of the new study as well as previous relevant studies could be included in this
paragraph.

Weaknesses and strengths in study - This is the most important part of the Discussion.
Acknowledge any limitations of your study at this point. Examples here could include the
generalisability of the patient population, patients lost to follow-up, limitations of analytical
test etc. Authors are advised to be honest but succinct in this section. It is also reasonable to
comment briefly on the particular strengths of the study, especially in comparison to
comparable studies.

Future studies - Identify future studies that would address some of the potential explanations
and limitations discussed earlier. This section should be very brief.

Conclusions - The original contribution to knowledge from the present study should be
stated. A common fault here is to overstate the findings from a study. It may be appropriate to
give the implications of the conclusions for anaesthetic practice and the indications for

further enquiry in this area of interest.
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o Grant numbers should be complete and accurate and provided in brackets as follows:
'[grant number ABX CDXXXXXX]'.

e Multiple grant numbers should be separated by a comma as follows: ‘[grant numbers
ABX CDXXXXXX, EFX GHXXXXXX]'.

e Agencies should be separated by a semi-colon (plus 'and’ before the last funding
agency).

e Where individuals need to be specified for certain sources of funding the following

text should be added after the relevant agency or grant number 'to [author initials]'.

An example is given here: 'This study was funded by a small project grant from The Royal
College of Anaesthetists (07/123) (AB). Equipment was provided by a project grant from
British Journal of Anaesthesia/RCoA (06/321) (CD).'

Elsevier will deposit all NIH-funded articles in PubMed Central. Authors must ensure that

manuscripts are clearly indicated as NIH-funded using the guidelines above.
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« drafting the article or revising it critically for important intellectual content;

« final approval of the version to be published; and
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Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many
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word processors can build footnotes into the text, and this feature may be used. Otherwise,
please indicate the position of footnotes in the text and list the footnotes themselves

separately at the end of the article. Do not include footnotes in the Reference list.

References
Except for review articles, long lists of references are usually inappropriate. Please avoid

inappropriate and/or excessive self-citations. Appropriate self-citations are welcome.

o References must be numbered consecutively in the order in which they are first
mentioned in the text.

o References in text, tables and legends should be identified by Arabic numbers
appearing in the text in superscript, for example ° or >7 or > 6 for unrelated
references.

o Papers that do not conform to the BJA style will be returned to the authors for re-
typing. The scope for major printer's errors in attempting to rectify inappropriate
schemes is considerable.

o References in the text. In general, it is not necessary to cite names of the authors of a
study in the text (in addition to the identifying number) as it disrupts the flow of the
text. If it is felt to be essential, up to two names should be cited (A; B and C). In the
case of three or more authors, 'G and colleagues’, ‘G and co-workers', 'G and others'
are acceptable. The expression ‘et al. ' should not be used in the text.

e Aninformal reference to previous work (Z's study or Y's study) is permissible only in
a paragraph that contains the reference cited formally.

o Abstracts that are more than two years old should not be used as references.

o Text references to 'unpublished observations' or 'personal communications' should not
be included in the final list of references. Personal communications may be cited in
the text as (Brown AB, personal communication, year). Authors are responsible for
verifying that the wording of references to unpublished work is approved by the
persons concerned. This should be provided in writing with the first submission of the
manuscript.

o Papers that have been submitted and accepted for publication should be included in
the list, with the phrase 'in press' replacing volume and page number. Authors should
be prepared to give the volume and page number at the time of proof correction.

Abstracts should also be sent with the original submission.
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Information from manuscripts submitted but not yet accepted should be cited in the
text as unpublished observations.

There should be a list of references at the conclusion of the paper, commencing on a
new sheet.

Journals. Names and initials of six authors (if more than six, list three followed by et
al.), title of paper, approved abbreviated title of journal, year of publication, volume
number, first and last page numbers:

Myles PS, Chan MTV, Leslie K, Peyton P, Paech M, Forbes A. Effect of nitrous
oxide on plasma homocysteine and folate in patients undergoing major surgery. Br J
Anaesth 2008; 100: 780-6.

Chapter in a book. The reference for an article forming part of a book should take the
form:

Wildsmith JAW. Local anaesthetic agents. In: Aitkenhead AR, Smith G, Rowbotham
DJ, eds. Textbook of Anaesthesia. Edinburgh: Churchill Livingstone Elsevier, 2007;
52-63.

Electronic source (web site/web page):

Department of Health. Monthly Creutzfeldt-Jakob disease statistics 2002/0341 2002.
Available from http://www.doh.gov.uk/cjd/stats/aug02.htm (accessed 30 March
2010).

Online journal article:

Lander JA, Weltman BJ, So SS. EMLA and amethocaine for reduction of children's

pain associated with needle insertion. Cochrane Database Syst Rev 2006; 3:
CD004236.

Proceedings:

O'Rourke K. Mixed means and medians: a unified approach to deal with disparate
outcome summaries. Proceedings of the Symposium on Systematic Reviews: Pushing
the Boundaries. Oxford: 2002; 49.

Report:

Royal College of Anaesthetists and Royal College of Radiologists. Sedation and
Anaesthesia in Radiology. Report of a joint working party, London, 1992.

Advance access article:

Qiao D, Chen W, Stratagoules E, Martinez J. Bile acid-induced activation of activator

protein-1 requires both extracellular signal-regulated kinase and protein kinase
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C signaling. J Biol Chem Advance Access published on May 19, 2000,
d0i:10.1074/jbc.M908890199.

It is a serious error to include in the list of references items that are not accurate or have been
retracted. It is essential, therefore, that authors check the accuracy of all references listed. It is

important also to check that the references listed do indeed appear in the text and vice versa.

Units, symbols and abbreviations

The BJA uses the Sl system of units with a few notable exceptions (pH and intravascular and
ventilatory pressure measurements, which should be given in units of calibration, e.g. mm
Hg, cm H20). Blood-gas tensions and the partial pressures in the gas phase should be given in
the appropriate SI unit (kPa for kilopascal). Readers are referred to Units, Symbols and
Abbreviations. A Guide for Biological and Medical Editors and Authors, 6th Edn. Baron DN
and Clarke HM, ed. (2008), CRC Press.

Avoid the use of the solidus (/) in favour of units of the expression set on one line. In the case
of expressions 'below the line' superscript -1, -2, etc. as appropriate is given. Thus for drug

dosage use mg kg " not mg/kg.

Gene nomenclature and style
Please refer to the NC-ITUPHAR (the International Union of Basic and Clinical Pharmacology
Committee on Receptor Nomenclature and Drug Classification) nomenclature guidelines

at https://www.quidetopharmacology.org/nomenclature.jsp

Video

The BJA accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a table or figure by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labelled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the file in one of our
recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total.
Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your

files: you can choose any frame from the video or animation or make a separate image. These


https://www.guidetopharmacology.org/nomenclature.jsp
http://www.sciencedirect.com/
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will be used instead of standard icons and will personalize the link to your video data. For

more detailed instructions please visit our video instruction pages. Since video and animation

cannot be embedded in the print version of the journal, please provide text for both the

electronic and the print version for the portions of the article that refer to this content.

Research Data

The BJA encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles.
Research data refer to the results of observations or experimentation that validate research
findings. To facilitate reproducibility and data reuse, the BJA also encourages you to share
your software, code, models, algorithms, protocols, methods and other useful materials
related to the project. Below are a number of ways in which you can associate data with your
article or make a statement about the availability of your data when submitting your
manuscript. If you are sharing data in one of these ways, you are encouraged to cite the data
in your manuscript and reference list. Please refer to the "References™ section for more
information about data citation. For more information on depositing, sharing and using

research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the

submission system. For more information, visit the database linking page. For supported data

repositories a repository banner will automatically appear next to your published article on
ScienceDirect. In addition, you can link to relevant data or entities through identifiers within
the text of your manuscript, using the following format: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN).

Data deposit and linking
The BJA encourages and supports authors to share raw data sets underpinning their research

publication where appropriate and enables interlinking of articles and data. More information

on depositing, sharing and using research data.



https://www.elsevier.com/artworkinstructions
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https://www.elsevier.com/books-and-journals/enrichments/data-base-linking/supported-data-repositories
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87

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which
is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's \Webshop. Corresponding authors who have
published their article gold open access do not receive a Share Link as their final published
version of the article is available open access on ScienceDirect and can be shared through the
article DOI link.

Correspondence

Each issue of the Journal contains Correspondence (Letters to the Editor). We aim to publish
Correspondence arising from papers in a recent issue online with the minimum of delay, and
for this reason such Correspondence will be given priority. The Editor may change, delete or
modify in any way all items of Correspondence. Correspondence unrelated to a published
article can also be submitted. Correspondence must be submitted via the regular submission

process using the online submission web site. This includes studies that have received a

‘Submit as a letter' decision, Case Reports or topics of general interest. A corresponding
author should provide a contact e-mail. When you submit an item of Correspondence, you

agree to the following which may be amended from time to time:

e The Editor-in-Chief has absolute discretion whether to publish Correspondence or
not. The Editor-in-Chief and Elsevier also reserve the right to edit Correspondence
items before and after publication without consulting the author.

o Accepted Correspondence pieces are published online as part of a regular issue of
the BJA and will be referenced in the table of contents for that issue.

o If patients could be recognised from your description or from any images in a Case
Report or letter, you must obtain their written consent to publication before sending
your comment and forward the original signed print version immediately to the
Editor-in-Chief. It is highly unlikely that a case report will be accepted for publication
without written consent. You should explicitly confirm in the body of your comment

that such written consent has been obtained.


https://www.elsevier.com/authors/journal-authors/share-link
http://www.sciencedirect.com/
http://webshop.elsevier.com/myarticleservices/offprints
https://mc.manuscriptcentral.com/bja
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o If your Correspondence reports a research study, you must confirm in the body of the
report itself that appropriate research approvals were obtained. Failure to do this will
result in rejection of the comment.

e Your submission must be original and not infringe any third party's intellectual
property rights.

e You must declare any competing interests (financial or otherwise).

e Once your Correspondence has been published in the print or online version of the
journal, you will not have the right to have it removed or edited.

Upon receipt of an accepted piece of Correspondence at Elsevier, authors will be

invited to complete an online Journal Publishing Agreement.

Advertising

Editorial decisions of the BJA are taken separately from, and not influenced by, advertising or
any related revenue. The Journal makes all possible efforts to refuse advertisements that are
misleading. The publication of an article about a product, alongside an advertisement of the

product, if it occurs, is purely co-incidental.

Complaints

Authors who may have a complaint against any of the aspects of their interaction with

the BJA should, in the first instance, e-mail the Editor responsible for handling the
manuscript. In case that does not resolve the issue, the complaint should be forwarded to the
Editor-in-Chief. The Editors and Editor-in-Chief aim to acknowledge the complaint within 7
days after receiving it and will explain to the author the procedure that they will be

undertaking to resolve the matter.

Corrections
If errors are noted in an article published in an issue, and these require publication of a
correction, the corrections will appear on a numbered page and be listed in the Table of

Contents as a Corrigendum.

Manuscripts authored by a member of Editorial Board
Manuscripts authored by Editors or members of Editorial Board are treated no differently to
any other manuscript submitted to the BJA. All possible measures are undertaken to avoid

any potential conflict of interest in handling of such manuscripts at all the stages including
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allocation of handling Editor, selection of reviewers, decision making and, if required,

processing for publication.

Media release

Authors should not release stories related to their work prior to publication of their paper in
the Journal. If authors and/or Editors consider particular work suitable for media release,
they should discuss it among themselves and agree on a planned media release and
publication. In case of agreed media release, the Editors will plan with the authors the way in
which they can help the media in preparing accurate reports by providing news releases,
answering questions, or referring reporters to relevant experts. This assistance will be
contingent on the media's cooperation in timing the release of a story to coincide with

publication of the article.

Misconduct/Retractions

All manuscripts submitted to the BJA undergo plagiarism check using commercial software.
Based on the findings of the check, Editors may ask authors to address any minor duplication,
or similarity, that the contents of their manuscript may have to any previously published work

(even though it may be author's own previously published work). However, severe cases of

plagiarism amount to 'misconduct’, and these cases will be dealt with as such. The reviewers
and the Editors initially assume that authors are reporting work based on honest observations.
However, if substantial doubt arises about the honesty or integrity of work, either submitted
or published, the Editor will inform the authors of the concern, seek clarification, and pursue
the issue with the author's sponsoring body and/or employing authority. Consequently, if the
sponsoring body and/or employers find a published paper to be fraudulent, the Journal will
print a retraction. If, however, this method of investigation does not result in a satisfactory
conclusion, the Editor may choose to conduct his or her own investigation, and may choose
to publish an expression of concern about the aspects of the conduct or integrity of the work.
The validity of previous work by the author of a fraudulent paper cannot be assumed. Editors
may ask the author's institution to assure them of the validity of earlier work published in
their journal or to retract it. If this is not done, Editors may choose to publish an
announcement expressing concern that the validity of previously published work is uncertain.

The BJA adheres to the COPE guidelines for publication ethics (https://publicationethics.org).



https://publicationethics.org/
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Author Enquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find everything

from Frequently Asked Questions to ways to get in touch.


https://service.elsevier.com/app/home/supporthub/publishing
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