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Abstract: Background: The literature has suggested that acceptable outcomes in elective general
surgery can be achieved with registrars operating but is less clear with trauma surgery. Methods:
This was a retrospective study of all laparotomies performed for adult trauma between 2012 and
2020 at a Level 1 Trauma Centre in New Zealand to identify potential differences in clinical outcomes
between primary operators. The primary operator of each operation was identified, along with the
presence or absence of a consultant and the clinical outcome. Results: During the 9-year study period,
a total of 204 trauma laparotomies were performed at Waikato Hospital. The groups of the primary
operators were: a registrar with a consultant present (27%), a registrar without a consultant present
(22%), a registrar assisting a consultant (48%), and a consultant who operated without a registrar
(3%). Direct comparison was made between the three groups where registrars were involved in the
laparotomy. There was no significant difference in the clinical outcomes, whether a consultant was
present or not. Conclusions: Surgical registrars have acceptable outcomes for trauma laparotomy in
the appropriate patients. A consultant surgeon should still operate on patients with more significant
physiological derangements.

Keywords: wounds and injuries; laparotomy; general surgery; internship and residency

1. Introduction

Surgical training remains largely an apprenticeship model during which technical
skills are passed between trainers and surgical registrars [1]. A surgical registrar requires
long hours of consistent operative surgery and, despite the move towards surgical simula-
tion, is still required to perform a number of surgical procedures to achieve competence [2,3].
The patient safety movement has quite correctly pointed out that this clinical and operative
exposure must not be obtained at the expense of patient safety [4]. The concerns surround-
ing safety are exacerbated by political and social issues surrounding inequality in access to
care [5]. As surgical training in New Zealand occurs in public institutions, there is a degree
of inherent inequality in that already vulnerable patients have limited choice in terms of the
service provider [6]. Trauma surgery is especially egregious. Trauma patients are already
in major danger due to the acute nature of their pathology, yet they are also most likely to
be operated on after-hours by registrars [7]. The need to train competent surgeons must
be balanced against the rights of vulnerable patients to access safe and efficient surgical
care. The patient safety movement and the global surgical movement are correct in their
concerns [8]. It is important that institutions show parity in outcomes between patients
operated on by surgical registrars and by surgical consultants [8]. Furthermore, a recent
systematic review suggested the favorable presence of an in-house trauma surgeon 24/7,
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based on the more favorable outcomes achieved with in-house trauma surgeons compared
to on-call trauma surgeons [9].

This study sets out to compare the outcomes for trauma laparotomies at a major New
Zealand trauma centre. It reviews all trauma laparotomies and compares outcomes based
on who was present at the initial operation and who the primary operator was. It is hoped
that this data will inform the ongoing debate in Australasia about the registrar performance
of acute surgical procedures and the appropriate balance between the acquisition of key
surgical skills and clinical oversight.

2. Materials and Methods
2.1. Clinical Setting

Waikato Hospital is located in Hamilton, New Zealand. It is a tertiary centre and a
university hospital, with the clinical school affiliated to the University of Auckland. It is
one of the largest acute hospitals in the country and is the only Royal Australasian College
of Surgeons (RACS) certified Level 1 trauma centre in New Zealand. The Waikato District
Health Board (WDHB) covers a catchment population of approximately 440,000. It manages
approximately 3400 trauma admissions per annum, over 400 of which have Injury Severity
Score (ISS) > 12 [10]. The Department of Surgery at Waikato Hospital is a RACS designated
training centre certified to conduct specialist training for general surgical registrars within
the Surgical Education and Training Programme (SET). The current SET programme lasts
five years.

2.2. The Study

This was a retrospective study conducted from 2012 to 2020 and included all primary
laparotomies performed for trauma. Only adult cases over the age of 15 were included as
the paediatric surgical department managed paediatric trauma. This included all cases of
both blunt and penetrating trauma. The demographics, admission physiology, mechanism
of injury, and organ injury were documented. The case notes and operative records for each
case were reviewed. Determination of the level of registrar and consultant involvement
was made from the operative notes. The postgraduate year level (PGY) of each registrar
from obtaining a primary undergraduate qualification in medicine or surgery was verified
against the public register of doctors held by the Medical Council of New Zealand. A
consultant surgeon was an individual who had been awarded a Fellowship of the Royal
Australasian College of Surgeons and held a specialist consultant position at our centre.
The clinical outcomes of each case were reviewed, being the mean length of hospital stay,
mortality and morbidity. This audit was registered with and approved by the WDHB
Clinical Audit Support Unit (4142).

To clarify the terminology, a registrar is the equivalent of a resident, and a consultant
is the equivalent of an attending compared to North America.

2.3. Statistical Analysis

All relevant data were extracted and initially summarised onto a Microsoft Excel©
(Microsoft Corporation, Redmond, WA, USA) spreadsheet for review. All statistical analy-
ses were performed using R (version 4.0.3; R Foundation for Statistical Computing, Vienna,
Austria). Data were stratified by groups of the primary operator: a registrar with a consul-
tant present, a registrar without a consultant present, and a registrar assisting a consultant.
An additional group, a consultant who operated without a registrar, was documented but
was not included in the analysis. Normality of data was investigated using the Shapiro–
Wilk test and by graphical inspection. Normally distributed continuous data were reported
as the mean ± standard deviation (SD) and compared using a one-way analysis of variance
(ANOVA) test. Categorical data were reported as the frequency (n) and percentage (%) and
compared using the Chi-squared or Fisher’s exact test (when n < 5). A two-tailed p-value
of <0.05 was considered statistically significant.
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3. Results
3.1. Overview

During the 9-year study period, a total of 204 trauma laparotomies were performed at
Waikato hospital. 82% were for blunt trauma, and the remaining 18% were for penetrating
trauma (6% gun-shot wounds and 12% stab wounds). The mean post-graduate year (PGY)
level for registrars was 14 years, and the mean injury severity score (ISS) for all three groups
was 23. The mean age of patients undergoing a trauma laparotomy was 39 years, 65% of
patients were male (132/204), and 35% were female (72/204). The mean physiology at
admission was: Heart rate (HR): 98 bpm, Systolic Blood Pressure (SBP): 110 mmHg, Shock
index (SI): 1.0, pH: 7.28, Lactate: 3.1 mmol/L, and Base Excess (BE): −4.3. The mortality
rate was 5%, the morbidity rate was 37%, and the mean length of stay was 19 days.

3.2. Primary Operator

Of these 204 laparotomies, in 27% of cases, the primary operator was a registrar was
with a consultant present (55/204). In 22% of cases the primary operator was a registrar
without a consultant present (44/204). In 48% (98/204), the registrar was the assistant to
the consultant, who was the primary operator. In 3% (7/204), the primary operator was
a consultant without a registrar. Direct comparison was made between the three groups
where registrars were involved in the laparotomy and are summarised in Table 1.

Table 1. Registrar assisting trainer vs. registrar as primary operator with trainer present vs. registrar
as primary operator with no trainer present: mean PGY of the registrar, patient characteristics, and
organ injury.

Registrar Assisting
Consultant

Registrar as Primary Operator
with Consultant Present

Registrar as Primary Operator
with No Consultant Present p-Value

n (%) 98 (48) 55 (27) 44 (22)
Mean PGY Level (±SD) 10 (±5) 12 (±5) 14 (±4) <0.0001 *
Demographics
Age (±SD) 40 (±19) 38 (±17) 40 (±18) 0.79
Male (%) 60 (61) 35 (64) 31 (70)

0.85Female (%) 38 (39) 20 (36) 13 (30)
Physiology (±SD)
HR 102 (±26) 97 (±25) 89 (±25) 0.02 *
SBP 101 (±27) 118 (±31) 122 (±24) <0.0001 *
Shock Index 1.1 (±0.5) 0.9 (±0.4) 0.8 (±0.3) <0.0003 *
pH 7.27 (±0.11) 7.30 (±0.09) 7.30 (±0.12) 0.15
Lactate 3.6 (±2.6) 2.9 (±2) 2.5 (±2.2) 0.025 *
BE −5.2 (±4.9) −3.4 (±4.6) −3.9 (±4.6) 0.06
Mechanism (%)
Blunt 82 (84) 44 (80) 38 (86)

0.87Penetrating 16 (16) 11 (20) 6 (14)
GSW 5 (5) 5 (9) 0 (0) 0.073
SW 11 (11) 5 (11) 6 (14) 0.92
Mean ISS (±SD) 23 (±13) 23 (±15) 23 (±15) 1
Organ Injury (%)
Diaphragm 13 (13) 5 (9) 3 (7) 0.68
Liver 28 (29) 14 (25) 8 (18) 0.61
Gallbladder 0 (0) 3 (5) 0 (0) 0.0018 ˆ
Spleen 33 (34) 15 (27) 11 (25) 0.72
Pancreas 4 (4) 2 (4) 1 (2) 1
Stomach 6 (6) 3 95) 1 (2) 0.82
Small Bowel 33 (34) 18 (33) 15 (34) 1
Large Bowel 33 (34) 12 (22) 13 (30) 0.44
Kidney 4 (4) 3 (5) 1 (2) 0.91
Intra-abdominal vasculature 13 (13) 3 (5) 1 (2) 0.043 ˆ

Bolded: p-value < 0.05 and is considered statistically significant. * ANOVA test used for statistical analysis.
ˆ Fisher’s Exact Test used for statistical analysis.
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3.3. Clinical Outcome

There was no significant difference in the clinical outcomes (morbidity or mortality)
whether a consultant was present or not, and these are summarised in Table 2. The consultant
was more likely to be present in those with lower SBP, higher SI or higher serum lactate level.

Table 2. Registrar assisting trainer vs registrar as primary operator with trainer present vs registrar
as primary operator with no trainer present: Outcome.

Registrar Assisting
Consultant

Registrar as Primary Operator
with Consultant Present

Registrar as Primary Operator
with No Consultant Present p-Value

Outcome
Mean length of stay (±SD) 21 (±30) 17 (±14) 16 (±15) 0.41
Mortality (%) 6 (6) 3 (5) 1 (2) 0.82
Morbidity (%) 36 (37) 24 (44) 13 (28) 0.55
Anastomotic Leak 1 (1) 2 (4) 0 (0) 0.36
Respiratory 9 (9) 10 (18) 4 (9) 0.25
Wound 9 (9) 5 (9) 5 (11) 0.98
Renal 4 (4) 1 (2) 2 (4) 0.84
Cardiac 6 (6) 2 (4) 1 (2) 0.82
Gastrointestinal 13 (13) 11 (20) 5 (11) 0.27
Other 5 (5) 5 (9) 4 (9) 0.6

4. Discussion

The need to allow surgical registrars to acquire operative skills needs to be balanced
against the need to ensure that patient outcomes are not compromised. Furthermore, the
acquisition of operative skills in trauma surgery has been made increasingly difficult due to
a multitude of factors, including reduced work hours, the rise of surgical sub-specialisation,
and the increase in non-operative management in trauma [11,12]. Thomson et al., in 2000,
demonstrated that almost all (95%) advanced surgical registrars in Australasia expected
to be involved in trauma management, only 32% felt their exposure to significant trauma
operations during their training was sufficient [13]. Hurst et al., in 2014, surveyed the New
Zealand surgical registrars and found that although all registrars felt training in trauma
was important, 81% felt their exposure to trauma operations to be inadequate [14]. These
findings are similar to those reported in the United Kingdom and Canada [15,16].

This relationship between surgical registrar involvement in operative surgery and
clinical outcome was first examined in elective surgery over two decades ago [17]. It
has been shown that complex elective procedures may be safely performed by registrars
as the primary operator, provided there was a trainer or consultant present during the
procedure [17]. In comparison, the situation in acute care and trauma surgery is less
clear. The National Emergency Laparotomy Audit (NELA) in the United Kingdom has
provided a major impetus towards consultant delivered care in emergency surgery [18]. A
recent audit on trauma laparotomy by Marsden et al. suggested that, in the major trauma
centres in the United Kingdom, over 90% of cases now received consultant delivered
care in the emergency department and operating room [19]. While a shift towards more
direct consultant delivered care is likely to have a positive influence on patient outcomes,
theoretically, this will inevitably reduce the registrar’s experience in obtaining sufficient
exposure to achieve competency during their training. Potentially, this could lend itself to a
vicious cycle in which newly qualified general surgeons may feel compelled to perform
the procedure at the expense of training, even if the case was appropriate for the registrar
to perform. In a study by Drake et al. in which ACGME case logs of surgery resident
experience in operative trauma was reviewed over a two-decade period, recent general
surgery registrars perform far fewer trauma operations than previous registrars and noted
that the decline occurred even before the implementation of work-hour restrictions in
the United States [20]. This increases the challenge for surgical educators in conducting
training for registrars, especially in procedures less frequently performed.
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Our current study has shown that the outcomes for trauma laparotomy in our environ-
ment are acceptable, provided a surgical registrar undertakes the surgery under appropriate
levels of supervision. Patient selection is, however, imperative. In our centre, in the more
complex cases, there is a lower threshold to have a consultant trainer present. This is
evidenced by the significantly higher rates of consultants in cases with intra-abdominal
vascular and hepato-biliary tract injuries. The rate of consultant presence was also higher
in liver injuries and gunshot wounds but did not reach statistical significance. Furthermore,
the operations performed by consultants were in patients with more deranged physiology
than those performed by registrars. This is evidenced by the higher shock index and serum
lactate levels, which were all significantly worse in the operations performed by trainers.
This is appropriate and suggests that it is possible to identify appropriate patients for the
registrar to operate on as the primary surgeon.

Our study was based on retrospective data, limiting the evaluation of training and
the rates of supervision. Furthermore, New Zealand’s healthcare model differs from other
countries that have malpractice claims and thus limits the generalisability of the results.
The Accident Compensation Corporation (ACC) in New Zealand covers any iatrogenic
events and, therefore, there are no malpractice claims. Medico-legal risks are present,
as in any healthcare system. However, the consultant surgeon on-call is responsible for
delegating cases appropriately (to the appropriate primary operator) to limit these risks
and ensure quality care. Future studies in the form of prospective studies will evaluate
training and supervision rates more effectively. Including variables such as time of injury
to presentation and the time of presentation to surgery may further inform readers about
this topic.

5. Conclusions

Surgical registrars have acceptable outcomes for trauma laparotomy in the appropriate
patients. A consultant surgeon should still operate on patients with more significant
physiological derangements. Future prospective studies will further inform readers on
this topic.
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