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Abstract

Penetrating Abdominal Trauma:

Spectrum of Disease in a Level | Trauma Centre

Background: Penetrating abdominal trauma (PAT) in South Africa represents a significant
burden of disease. The current global trend has seen management shift towards selective
conservatism. The purpose of this study is to describe the presentation, management and
outcomes of PAT in a level | trauma unit, which routinely practices selective non-operative

management (SNOM).

Methods: This was a retrospective descriptive audit of prospectively collected data. The
Setting was Groote Schuur Hospital Trauma Centre, Cape Town, South Africa over 24
months (1 May 2015 to 30 April 2017). All patients presenting to the centre with PAT during
the study period were included. The data captured and analysed included: basic
demographics; admission vital signs; blood investigations; number of traumatic insults;
penetrating wound positions; radiological investigations and interventions; indication for
laparotomy; operative or nonoperative management; laparotomy findings: negative,
therapeutic or non-therapeutic; abdominal visceral injuries and associated injuries. The
Revised Trauma Score (RTS); Injury Severity Score (ISS); Penetrating Abdominal Trauma
Index (PATI); and Kampala Trauma Score (KTS) were then calculated. The descriptive end
points included the following: Length of hospital stay (LOS); ICU admission time;

relaparotomy; readmission; mortality; and in-hospital complications.

Results: During the study period, 805 patients with penetrating abdominal trauma were
managed. There were 502 (62.4%) and 303 (37.6%) patients with gunshot and stab wounds,
respectively. The majority were young men (762 — 94.7%) with a mean age of 28.3 (95%ClI:

27.7-28.9) years. The median trauma scores were as follows: RTS — 7.84 (IQR: 7.00-7.84);



ISS: 13 (IQR: 9-22), PATI: 6 (IQR: 1-14); and KTS: 14 (IQR: 14-15). Abdominal penetration
was thoracoabdominal in 332 (41.2%), abdominal in 694 (86.5%), and pelvic in 192 (23.9%)
patients. Immediate laparotomy was performed in 446 (55.4%) patients for: haemodynamic
instability — 42 (5.2%); peritonism — 296 (36.8%); evisceration - 27 (3.4%); unreliable clinical
evaluation — 24 (3.0%); and positive radiological findings — 57 (7.1%). There were 406
(50.4%) therapeutic laparotomies; 18 (2.3%) negative laparotomies; and 22 (2.7%) non-
therapeutic laparotomies in the immediately operated group. Initial SNOM was performed in
359 (44.5%) patients, of which 208 (68.7%) sustained stab wounds and 151 (30.1%)
gunshot wounds. Thirty-five (4.3%) patients failed SNOM and underwent delayed
laparotomy. Should a policy of mandatory laparotomy have been implemented in this series,
206 (68.0%) SW and 163 (32.5%) GSW patients would have underwent unnecessary
exploration. Overall non-fatal complications were 179 (22.2%) which were then further
classified according to the Clavien-Dindo grading system. The median hospital stay was 4.5
(IQR: 3-7) and 7 (IQR: 5-12) days for SW and GSW, respectively. Overall 114 (14.2%)
patients required admission to critical care unit for a median stay of 3 (IQR: 2-5) days. Total

mortality was 7.2% (n=58).

Conclusion: Clinical evaluation (haemodynamic instability, peritonism and evisceration) was
remarkably accurate in determining the need for early laparotomy. The unnecessary
laparotomy rate of this group was 5.0% (negative: 2.3% and nontherapeutic: 2.7%) overall.
Selective nonoperative management was performed in 44.5% of patients with a successful

SNOM rate of 90.3%. The overall mortality was 7.2 %.
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Introduction

Chapter 1

Literature Review

Penetrating abdominal trauma (PAT) in South Africa is amongst the most prevalent

worldwide, representing a significant burden on the local health systems. In 2013

interpersonal violence was the ranked 3" in all-cause mortality (15.8%) amongst males and

5" overall (9%) in Cape Town (Fig.1)." Current global trend in PAT has seen management

shift towards selective non-operative management. This shift is made in small increments,

with each clinical scenario being supported with evidence. Understanding the spectrum of

disease of PAT with robust data is the first step in gaining perspective and equipping

ourselves with the tools to assess and optimize management.

Fig. 1 - Trends in the percentage of deaths by broad cause disease category for all
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Historical background

Military background

Very few positives can be drawn from wars, although one such positive is the advances
made during such times in trauma management. PAT is synonymous with wars, and have
been with civilisation for as long as history has been recorded. However, until the 20"
century, these injuries were managed almost exclusively non-operatively (rest, bloodletting
and opium), with abysmal survival rates. This conservatism can be attributed to
technological inadequacies and medical ignorance precluding a more aggressive approach,
rather than choice. However, this began to change during the era of modern surgery, which
was ushered in with the introduction of anaesthesia in 1846. This revelation, together with
advances in antisepsis and surgical equipment, enabled surgical technique to flourish. By
the time the Russian-Japanese War was fought, mandatory laparotomy was routinely
practiced resulting in a significant reduction in mortality. At the beginning of World War |
(WW1), trauma laparotomies could be performed with relative safety. However, surgical
technique was not the only field of trauma management evolving during WWI. In fact, the
improvement in rapid evacuation of injured patients, translated into fewer deaths on the
battlefield, but operative mortality remained approximately 53%.? This reflected the greater
severity of injuries reaching the surgeons, thereby challenging their skills. By WWII,
improvements in surgical technique and the emergence of antibiotics reduced the
perioperative mortality to 24%.%>* Improvements in perioperative care; blood transfusion
technology; and rapid aerial evacuation during the Korean conflict and Vietnam War further

reduced the operative mortality to 12% and 9%, respectively.(Table 1.)*°



Table 1. Mandatory laparotomy mortality rates during conflict.

Conflict Period Mortality (%)
Russian-Japanese War 1904-1905 “mandatory laparotomy”
World War | 1914-1918 53
World War Il 1939-1945 24
Korean War 1950-1953 12
Vietnam War 1955-1975 9

Civilian background

Many surgeons returning from military service after WWI brought the dictum of mandatory
exploration of all penetrating abdominal injuries home with them to civilian hospitals. This
served the victims of urban violence well, however, these surgeons noted that civilian
weapons, mostly knives and low-velocity handguns were far less destructive than high-
velocity military weapons. As many as 30% of these explorative laparotomies were non-
therapeutic.® This led to the re-evaluation of the dogma of mandatory operative exploration
of civilian PAT. It was in this context that the selective non-operative approach to civilian
PAT was first published by Shaftan in 1960, but pioneered by D.S. Spreng Jnr’s unpublished
earlier work. In Shaftan’s series, 180 consecutive abdominal trauma cases (which included
113 PAT) underwent selective non-operative management (SNOM). He reported a SNOM
rate of 69%, negative laparotomy rate of 13.2% and overall mortality rate of 6%.° He
concluded that abdominal examination was reliable and safe in determining the need for

surgical exploration.

Years later in 1973, Nance et al. supported this with their findings, and took it further to

include GSW. Nance found by analysing 2212 PAT records, that the 393 SW cases that



underwent SNOM reduced: the negative laparotomy rate from 53% to 11%; the complication
rate from 14% to 8%; the hospital stay from 7.8 days to 5.5 days; and the overall laparotomy
rate from 95% to 45%. Nance also analysed the 1032 GSW subgroup, and postulated that
careful preoperative clinical assessment could have reduced the negative laparotomy rate
from 13% to 9%. He also noted that the 52 GSW cases who were managed by observation
alone, had no complications, comparted to 10% in the negative laparotomy group. Nance
concluded by noting that SNOM could reduce the mandatory laparotomy rate by 60% and
18% for SW and GSW respectively.” This set the tone of things to come, and anticipated the

modern approach to PAT.

The frequently forgotten contribution of SNOM for PAT by a South African colleague, Dr
Aaron Stein, chief of the Baragwaneth Hospital Trauma Unit from 1962, warrants mention. In
a multi-year audit of 646 patients, 150 of 340 patients with abdominal stab wounds (SW)
were managed non-operatively with only 2 deaths and a 2.4% complication rate. It must be
kept in mind that this work was published at a time when surgical dogma demanded
mandatory exploration for all anterior abdominal SW. Clearly this concept has since proven

to be safe; reliable; and in many centres; the standard of care.®

Epidemiology

Trauma causes around 10% of deaths worldwide.® The majority of these are blunt injuries,
mainly due to motor vehicle collisions. Of the penetrating injuries, a significant proportion of
these are due to military conflict and terrorism (especially high velocity gunshot as well as
blast injuries) leaving the remainder as civilian events. Of these civilian events, gunshot
wounds have a higher fatality (6.7%-10% for GSW compared to 1.4-1.9% for SW) despite
stab wounds having a higher incidence.”'®" The discrepancy in this incidence would be
more pronounced were it not for the likely under-reporting of less severe abdominal stab

injuries.



The incidence of PAT varies greatly across the world. Notable influences to this variation
relates to the industrialization of developing nations; weapons availability; social and political
unrest; and presence of current or recent military conflicts. Young males are the
predominantly affected demographic group, constituting in excess of 90% of victims in some

regions. 101315

The local epidemiology of PAT in South Africa is somewhat different, where up to 80% of all
operations performed by trauma units are for penetrating injuries, which are almost
exclusively performed on the civilian population. Interpersonal violence weighs heavily on
society and the average South African is 12 times more likely to be murdered than a
Westerner.'® Stab wounds (SW) and gunshot wounds (GSW) contribute 15% and 29% to

these fatalities, respectively.

Anatomy

Surface Anatomy

The surface of the abdomen can anatomically divided into 4 regions. This can assist the
clinician determining the organs at risk of injury and thus guide subsequent management.
They are as follows:
e Anterior Abdomen — Anatomical area extending from the costal margins superiorly to
inguinal creases inferiorly, and between the anterior axillary lines laterally;
e Thoracoabdominal area — Extending from the superior border of 5" intercostal
spaces anterior & 7™ posterior to the costal margins inferiorly;
¢ Flank — Extending from the costal margin to the iliac crest, between the anterior and

the posterior axillary lines;



o Back — Extending from the scapular tip to the iliac crest, between the left and right
posterior axillary lines. Although not a separate abdominal region, the pelvis extends

from the iliac crests superiorly to the perineum inferiorly.
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Figure 1. Anatomical zones of the abdomen by surface anatomy

Abdominal contents

Intraperitoneal organs of the abdomen include hollow viscous organs (stomach; ilium;
jejunum; and transverse colon) and solid organs (spleen and liver).
Retroperitoneal contents include major abdominal vessels; duodenum; pancreas; ascending

and descending colon; kidneys; ureters; urinary bladder and rectum.

Pathophysiology

Broadly speaking, PAT mechanism can be classified as ballistic or impalement.

Ballistic injuries may result from a variety of projectiles, penetrating the abdominal wall. Most
commonly these projectiles are bullets, but explosive shrapnel and other missiles also satisfy

this definition. The velocity; mass; shape; composition; behaviour of the missile; as well as



the proximity to the patient are important indicators of the extent of injury. Projectiles from
low velocity weapons travel less than 335m/sec, whereas medium velocity travel 335-
610m/sec and high velocity is defined as the projectile travelling greater than 610m/sec. The
injuries from low velocity projectiles (such as seen with civilian handguns) is largely limited to
the permanent cavitation (bullet tract) of the tissues. However, medium and high velocity
projectiles (such as seen with assault and hunting rifles) contain far greater kinetic energy,

resulting in a larger area of temporary cavitation to the tissues.®

Impalement injuries usually result from sharp objects, although with greater forces this
becomes less important. Most commonly the inflicting instrument is a blade, especially from
intentional trauma. The injury patterns are largely confined to the wound tract, with little

occult injury to surrounding tissues.

Clinical Presentation

Differentiating stab from gunshot injuries is usually clear on the history. Further useful
historical information includes the possible weapon, number of suspected insults, trajectory,

as well as relevant patient background information.

Occult PAT is a rarity, and neurologically intact patients will usually present aware of the
injury, rather than just complaining of the sequelae thereof. Unlike blunt abdominal trauma,
should the patient present neurologically impaired, thorough examination of the abdomen is
accurate in confirming the diagnosis of PAT. However, the clinician need to be vigilant to not

miss concealed puncture wounds to the perineum or trans-corporal injuries.

During the initial assessment, meticulous attention must be given to exclude haemodynamic
instability and peritonism. These would suggest solid organ and / or vascular structures; or

hollow-viscous injuries, respectively. However, clinical speculating on the exact visceral



injuries pre-operatively, is grossly inaccurate. Evisceration and impalement, two of the other

indications for mandatory laparotomy, require little skill to make the diagnosis of PAT.

Investigation and Management

Initial management

Given the urgent nature of trauma injuries, assessment and management should be

conducted in parallel, rather than sequence. This should be simple and methodical, such as
that proposed in Advanced Trauma Life Support™ (ATLS™) guidelines, which proposes an
initial Primary Survey with adjuncts and resuscitation followed by the Secondary Survey with

special investigations."

Definitive management

Management of PAT usually involves resuscitation followed by assessment & attention to
specific injuries. Following initial resuscitation, the decision needs to be made whether the
patient must proceed for immediate surgery; further investigation or observation alone.
Indications for immediate laparotomy include haemodynamic instability (indicating ongoing
haemorrhage); peritonism (suggesting abdominal contamination); evisceration or

impalement.'®%

Table 2. Indications for laparotomy in PAT

—_

. Haemodynamic instability
2. Peritonism

3. Visceral Evisceration

N

. Impalement

[

. Blood per rectum

5. Unreliable clinical examination (head / spinal trauma)

(2}

. Radiologically confirmed bladder or ureteric injuries




Stab wounds

For stab wounds not meeting the aforementioned criteria, serial physical examination alone
is both sensitive (87%-96.8%) and specific (93.5%-97.1%) for detecting significant intra-
abdominal injuries.'®?%2" Exceptions to this rule include: patients with an unreliable clinical
picture (central or peripheral nervous system impairment); or where specific injuries need to
be excluded. In these cases, further investigations may be indicated, however, a high

incidence of nontherapeutic laparotomies can be expected in these cases.'®

Gunshot wounds

Gunshot wounds not requiring immediate laparotomy usually necessitate further
investigation before the decision can be made whether they can be managed non-
operatively or not. Although mandatory laparotomy can be considered the conservative,
safest approach, it is unnecessary in approximately 47% of cases.'? It is for this reason that
selective non-operative management is gaining momentum worldwide. Currently,
haemodynamically stable & non-peritonitic abdominal GSW patients are candidates for CT
scanning. Those with extra-peritoneal GSW trajectories can rarely be considered for
discharge from the ED, and those with isolated solid organ injuries may be candidates for
non-operative management.'>?22® Current published sensitivity and specificity for clinical
assessment of abdominal GSW is 98% for each. Recently Navsaria even proposed a

protocolised selective rather than mandatory CT scanning approach for abdominal GSW. '

Blueprint for non-operative management of PAT

Once all four major aforementioned indications for mandatory laparotomy have been
excluded, the patient can be considered for SNOM, either immediately or following further
investigation. SNOM rarely involves discharging the patient directly from the emergency
department, and more commonly they are admitted for further observation.'® During this
admission the patient is kept nil per mouth, maintaining hydration with isotonic intravenous

crystalloid solution. Anti-biotics are withheld, and analgesia administered as necessary.



Routine 4hrly vital sign observations, and regular serial clinical assessment (SCA)
(preferably by the same clinician) must be carried out. After 24hrs of observation, should the
patient’'s abdominal examination or haemodynamic status not deteriorate, the patient can be
fed, and then considered for discharge home."®?’ Further investigation during this admission
are at the discretion the treating clinician. However, fever and a rise in WCC need to be
interpreted with caution. Failure of NOM prompts operative intervention, and is usually
signalled by peritonism; ongoing blood loss or concern of sepsis. Although an experienced
trauma surgeon in a high volume centre is best equipped to make these clinical decisions

correctly, NOM has been reported to be safe in lower volume centres too.?°

Diagnostic adjuncts

In addition to non-invasive critical care monitoring, mandatory investigations that are
included in the Advanced Trauma Life Support™ (ATLS™) primary survey include plain
radiography (chest; pelvis and cervical spine); urine dipstix; and blood work (full blood count,
electrolytes, renal function, B-HCG and arterial blood gases)."” These form the protocoled
approach to all trauma patients, and won’t be discussed further in this text. The tailored
diagnostic adjuncts of the secondary survey that are currently relevant to decision making of
operative vs NOM in penetrating abdominal trauma however is paramount, and do deserve

further discussion.

Plain radiography
Erect chest X-rays are mandatory for all thoracoabdominal injures, for assessment of
injury to chest organs, but contribute little to assessment of the abdomen. Low dose
full body plain radiographs (LODOX®) are however useful when the surface puncture
wounds are marked with radio-dense makers. In such cases, in addition to the
diagnosis of bony fractures, the markers assist in speculating projectile trajectories,

and thus suspected injuries.
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Focused abdominal ultrasonography in trauma (FAST)
FAST detects the presence of fluid (usually blood in the trauma setting) in the
abdominal cavity, and proves especially useful in blunt trauma. In PAT however, its
usefulness in deciding between operative or non-operative approach is limited to
thoracoabdominal injuries. In Thoracoabdominal injuries, it's main purpose is to
exclude pericardial fluid suggesting penetrating cardiac injury. However, some
authors have suggested that the absence of intra-abdominal fluid is reassuring that
the integrity of the diaphragm is intact, and mandatory abdominal inspection is

unnecessary.>*?!

Laparoscopy
Diagnostic laparoscopy has established its role in diagnosing occult diaphragm
injuries in left sided thoracoabdominal trauma. The incidence of such injuries has
been found by Murrey et al and Friese et al to be 24%, whereas Malherbe found it to
be 29% in these patients.*** Although open laparotomy remains the gold standard
for diaphragmatic inspection, thoracoscopy or laparoscopy are safe alternatives.
Whether to inspect the diaphragm via thoracoscopy or laparoscopy should be guided
by on which side of the diaphragm the suspected injuries lie, and remains at the
discretion of the surgeon.
For assessing intra-abdominal injuries, there is little evidence to support diagnostic
laparoscopy is superior to SCA, especially since the latter is more cost-effective.®
One exception may be to exclude a peritoneal breach in a neurologically impaired

patient and thus avoid unnecessary laparotomies.*

Local wound exploration (LWE)
According to some authors, following a negative FAST, LWE that excludes peritoneal
violation, allows a stable patient with PAT to the anterior abdomen to be discharged

from the emergency department.*'*” However, this approach is not widely accepted,

11



and the technique is especially problematic in the muscular, obese or intoxicated

patients. 38

Diagnostic peritoneal lavage (DPL)
DPL has been proposed as a tool to exclude diaphragmatic injuries in
thoracoabdominal injuries when FAST is negative but diaphragmatic breech is still a
concern. Should the DPL be negative, peritoneal breach can be excluded and the
abdomen does not warrant further attention.'®% In anterior PAT with equivocal serial
abdominal examinations / investigations, DPL findings positive for enteric contents

warrants laparotomy, however sensitivity is low.

CT scan
Currently, CT scan is the most widely used and useful diagnostic modality for PAT.
Although it’s indication in SW is selective, the majority of GSW being considered for
SNOM will undergo a CT scan.® Their usefulness here is revealing injures sustained
as well as predict injuries not necessarily visualised, but anticipated by the bullets
trajectory.*’*? This is especially useful in tangential wounds, or GSW to the back and
flank, when the FAST and DPL are of little use.****° In 2015 Navsaria et al proposed a
selective use of CT scans in abdominal GSW management. Absolute indications for
imaging included right upper quadrant / right thoracoabdominal injury (to exclude liver
injury); and haematuria (to exclude urogenital injury). Trans-pelvic GSW underwent a
CT-cystogram. Additional indications included clinical concern from the managing
surgeon. Of the SNOM group, 69.9% underwent CT scan as a part of their
evaluation, but 30.1% required no CT scan at all, challenging the mandatory CT

scanning for GSW being practiced worldwide. ™

12



Damage control surgery (DCS)

DCS is the principle to abbreviate operative interventions in the unstable patient to allow for
physiological stabilisation before definitive surgery is concluded. Although conclusive data is
still lacking, there is a growing body of evidence that appropriate use can be lifesaving.

However, if not applied appropriately, DCS can result in increased morbidity and mortality.*¢-

49

Minimally invasive management adjuncts

The availability of angiographic embolization and percutaneous drainage of intra-abdominal
collections has steadily increased the scope of NOM. Not only have the evolution of these
techniques emboldened the experienced trauma surgeon to push the boundaries of NOM for

more severe solid organ injuries, but is decreasing the failure rate thereof too.%!

Contrasting approach to PAT in abdominal zones

Historically PAT to different abdominal regions were managed differently, with clinicians

being more hesitant to treat back & pelvic injuries non-operatively. However, the evidence
has refuted this, and today GSW and SW to the anterior abdomen; back; flank and pelvis
can all be approached with the common principle described above. The abdominal region

injured does never the less influence the choice of diagnostic adjuncts in their work-

18,24,27,30,31,37,43,52-57

up

Non-operative management of solid organ injuries

There is increasing evidence that patients with penetrating trauma to the right upper
quadrant / thoracoabdominal area or hematuria who do not have an indication for
emergency laparotomy, should undergo CT imaging to exclude liver and kidney injuries.
These injuries can be managed non-operatively with low morbidity and high success rate

(>95%)."323%6:58 However NOM of penetrating abdominal trauma is still mainly based on the

13



findings of serial clinical examinations, irrespective of solid organ injury and cutting-edge CT

technology.

Outcomes

Although all forms of penetrating abdominal trauma shares similarities in their presentation
and management, when discussing outcomes (especially mortality rates), GSW and SW

differ widely and warrant individual attention.'"®

Stab wounds

In the modern era, SNOM has grown in popularity and success amongst surgeons. In 2005
Navsaria et al published that they embarked on SNOM in 60.2% of all 186 SW presentations
in their series. They reported a low SNOM failure rate (10.7% within this group and 6.5%
overall), and 53.8% of the patients overall were successfully managed non-operatively. In
2011 Plackett et al reported similar SNOM rates (62.4%), although that was only reached by
the end of their 16 year series, which illustrates the evolution of PAT management over the
time. The unnecessary laparotomy rate in the early operative group however, remained
stable at 14.2% but in the failed SNOM group, it too steadily decreased to 17.7% towards
the end of the series. These trends were also demonstrated by Zafar et al’s 6 year analysis
of the North American National Database.*® Navsaria et al reported an overall unnecessary
laparotomy rate of 4.3% in the early laparotomy group, and 2.2% in the delayed laparotomy
(failed SNOM) group. Morbidity rates for abdominal SW were 4.6% as reported by Plackett
et al, with mean LOS of 6 days. The overall in-hospital mortality rates vary between 0.5%-

1.9%, as per Navsaria and Plackett respectively.'®'®

GSW
Following in the wake of the SW, the SNOM of GSW has become steadily more convincing.

Velmahos et al and Navsaria et al have published the two largest single centre series

14



contributing to this argument.’>' After analysing 1856 GSW folders retrospectively,
Velmahos reported that 42% initially underwent SNOM, with a success rate of 89.9%.
Overall 4% (10.1% of SNOM) underwent delayed laparotomy, resulting in 35% of patients
overall being managed without operation. The rate of unnecessary laparotomies was 14% of
the operative group and 9% of the total cohort. The overall mortality rate was 10%, and 0.1%
in the SNOM group.'? Thirteen years later, Navsaria et al published on prospectively
analysing 1106 abdominal GSW. They reported that SNOM was embarked on in 24.6% of all
cases, with a success rate of 95.2%. Overall 1.1% (4.5% of the SNOM group) underwent a
delayed laparotomy, meaning that overall 23.4% of cases were managed non-operatively.
The unnecessary laparotomy rate was 3.5% of the operative group (2.6% overall). The

mortality rate was 5.2% overall, and 0.4% in the SNOM group.

Numerous publications show that patients being managed with selective non-operative
management (SNOM) compare favourably to operative management (OM) as they have
shorter admission periods and equivalent mortality. Despite, Zafar et al reporting an
increased mortality rate in patients who under laparotomy after failed SNOM, a systemic
review of the literature by Lamb et al in 2014 showed no difference in outcome between

those undergoing early and late laparotomies. '"*°

Conclusion

In summary, penetrating abdominal trauma remains a burden on the worldwide health
resources. Current management trends are seeing advances at both ends of the injury
spectrum. Damage control surgery is ensuring that about a third of even the most critically
injured patients survive, whilst mandatory laparotomy is being overshadowed by SNOM as
the superior strategy for managing many forms of PAT, including GSW. In fact, despite GSW
having higher morbidity and mortality rates than SW, the accuracy of clinical assessment in

determining the need for surgical exploration is excellent for GSW and SW.

15



References
(1) Western Cape Mortality Profile, 2013. Western Cape Mortality Profile 2013.
(2) Bailey H. Surgery of modern warfare. 3. ed. ed. Baltimore, Md: Williams and Wilkins; 1944.

(3) Loria FL. Historical aspects of penetrating wounds of the abdomen. Surgery, gynecology and obstetrics
1948;87(6):521-549.

(4) Adams DB. Abdominal gunshot wounds in warfare: a historical review. Mil Med 1983;148(1):15-20.
(5) Coupland R. Abdominal wounds in war. Br J Surg 2005;83(11):1505-1511.
(6) Shaftan GW. Indications for operation in abdominal trauma. Am J Surg 1960 May;99:657-664.

(7) Nance FC, Wennar MH, Johnson LW, Ingram JC, Cohn I. Surgical judgment in the management of
penetrating wounds of the abdomen: experience with 2212 patients. Ann Surg 1974;179(5):639-646.

(8) Ball CG, Nicol AJ, Navsaria PH. The contributions of a South African colleague to the evolution and
innovation of trauma surgery. Journal of Trauma and Acute Care Surgery 2014;76(1).

(9) Leppaniemi AK. Global trends in trauma. Trauma 2004;6(3):193-203.

(10) Plackett TP, Fleurat J, Putty B, Demetriades D, Plurad D. Selective nonoperative management of anterior
abdominal stab wounds: 1992-2008. J Trauma 2011 Feb;70(2):4.

(11) Lamb CM, Garner JP. Selective non-operative management of civilian gunshot wounds to the abdomen: A
systematic review of the evidence. Injury 2014;45(4):659-666.

(12) Velmahos GC, Demetriades D, Toutouzas KG, Sarkisyan G, Chan LS, Ishak R, et al. Selective Nonoperative
Management in 1,856 Patients With Abdominal Gunshot Wounds: Should Routine Laparotomy Still Be the
Standard of Care? Ann Surg 2001 September;234(3):395-403.

(13) Navsaria PHFCS, M.Med, Nicol AJ, Edu S, Gandhi R, Ball CG. Selective Nonoperative Management in 1106
Patients With Abdominal Gunshot Wounds: Conclusions on Safety, Efficacy, and the Role of Selective CT
Imaging in a Prospective Single-center Study. Ann Surg 2015 April;261(4):760-764.

(14) McPherson D, Neuhaus V, Dhar R, Edu S, Nicol AJ, Navsaria PH. The Effect of Human-Immunodeficiency
Virus Status on Outcomes in Penetrating Abdominal Trauma: An Interim Analysis. World J Surg
2018;42(8):2412-2420.

(15) Navsaria PH, Berli JU, Edu S, Nicol AJ. Non-operative management of abdominal stab wounds - an analysis
of 186 patients. S Afr J Surg 2007 Nov;45(4):30, 132.

(16) Norman R, Matzopoulos R, Groenewald P, Bradshaw D. The high burden of injuries in South Africa. Bulletin
of the World Health Organization 2007 Sep;85(9):695-702.

(17) The ATLS S, American College of Surgeons'Committee on, Trauma, and the International, AT L S.
Advanced trauma life support (ATLS(R)): The ninth edition. Journal of Trauma and Acute Care Surgery 2013
May;74(5):1363-1366.

(18) Biffl WL, Leppaniemi A. Management Guidelines for Penetrating Abdominal Trauma. World J Surg
2015;39(6):1373-1380.

(19) Butt MU, Zacharias N, Velmahos GC. Penetrating abdominal injuries: management controversies.
Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009;17:19.

(20) Como JJ, Bokhari F, Chiu WC, Duane TM, Holevar MR, Tandoh MA, et al. Practice Management Guidelines
for Selective Nonoperative Management of Penetrating Abdominal Trauma. Journal of Trauma and Acute Care
Surgery 2010;68(3).

16



(21) Demetriades D, Rabinowitz B. Indications for operation in abdominal stab wounds. A prospective study of
651 patients. Ann Surg 1987;205(2):129-132.

(22) Oyo-lta A, Chinnock P, Ikpeme IA. Surgical versus non-surgical management of abdominal injury. Cochrane
Database of Systematic Reviews .

(23) Navsaria PH, Nicol AJ. Selective Nonoperative Management of Kidney Gunshot Injuries. World J Surg
2009;33(3):553-557.

(24) Biffl WL, Moore EE. Management guidelines for penetrating abdominal trauma. Curr Opin Crit Care 2010
December;16(6):609-617.

(25) Demetriades, Demetrios H, Pantelis C, Costas B, Carlos |, Kenji R, et al. Selective Nonoperative
Management of Penetrating Abdominal Solid Organ Injuries. Annals of Surgery.Scientific Papers of the 126th
Annual Meeting of the American Surgical Association 2006 244(4):620-628, October.

(26) Navsaria P, Nicol A, Krige J, Edu S. Selective Nonoperative Management of Liver Gunshot Injuries. Ann
Surg 2009 April;249(4):653-656.

(27) Inaba K, Demetriades D. The Nonoperative Management of Penetrating Abdominal Trauma. Advances in
Surgery 2007;41:51-62.

(28) Pekkari P, Bylund P, Lindgren H, Oman M. Abdominal injuries in a low trauma volume hospital - a
descriptive study from northern Sweden. Scandinavian Journal of Trauma, Resuscitation and Emergency
Medicine 2014;22(1):48.

(29) Hope WW, Smith ST, Medieros B, Hughes KM, Kotwall CA, Clancy TV. Non-operative Management in
Penetrating Abdominal Trauma: IS it Feasible at a Level || Trauma Center? The Journal of Emergency Medicine
2012;43(1):190-195.

(30) Biffl WL, Kaups KL, Pham TN, Rowell SE, Jurkovich GJ, Burlew CC, et al. Validating the Western Trauma
Association Algorithm for Managing Patients With Anterior Abdominal Stab Wounds: A Western Trauma
Association Multicenter Trial. Journal of Trauma and Acute Care Surgery 2011;71(6).

(31) Biffl WL, Kaups KL, Cothren CC, Brasel KJ, Dicker RA, Bullard MK, et al. Management of Patients With
Anterior Abdominal Stab Wounds: A Western Trauma Association Multicenter Trial. Journal of Trauma and Acute
Care Surgery 2009 May;66(5):1294.

(32) Murray JA, Demetriades D, Asensio JA, Cornwell EE, Velmahos GC, Belzberg H, et al. Occult injuries to the
diaphragm: prospective evaluation of laparoscopy in penetrating injuries to the left lower chest. Journal of the
American College of Surgeons 1998;187(6):626-630.

(33) Malherbe GF, Navsaria PH, Nicol AJ, Edu S, Chowdhury S. Laparoscopy or clinical follow-up to detect occult
diaphragm injuries following left-sided thoracoabdominal stab wounds: A pilot randomized controlled trial. S Afr J
Surg 2017 Nov;55(4):20-25.

(34) Friese R, Coln C, Gentilello L. Laparoscopy Is Sufficient to Exclude Occult Diaphragm Injury after
Penetrating Abdominal Trauma. The Journal of Trauma: Injury, Infection, and Critical Care 2005 Apr;58(4):789-
792.

(35) Leppaniemi A, Haapiainen R. Diagnostic Laparoscopy in Abdominal Stab Wounds: A Prospective,
Randomized Study. Journal of Trauma and Acute Care Surgery 2003 October;55(4):636.

(36) Hajibandeh S, Hajibandeh S, Gumber AO, Wong CS. Laparoscopy versus laparotomy for the management
of penetrating abdominal trauma: A systematic review and meta-analysis. International Journal of Surgery
2016;34:127-136.

(37) Thompson JS, Moore EE, Van SD, Moore JB, Galloway AC. The evolution of abdominal stab wound
management. J Trauma 1980 /06;20(6):478-484.

17



(38) Clarke DL, Allorto NL, Thomson SR. An audit of failed non-operative management of abdominal stab
wounds. Injury 2010 May;41(5):488-491.

(39) Moore EE, Marx JA. Penetrating abdominal wounds: Rationale for exploratory laparotomy. JAMA pages =
{2705-2708}, 1985;253(18).

(40) Velmahos GC, Constantinou C, Tillou A, Brown CV, Salim A, Demetriades D. Abdominal computed
tomographic scan for patients with gunshot wounds to the abdomen selected for nonoperative management. J
Trauma 2005 Nov;59(5):1161.

(41) Munera F, Morales C, Soto JA, Garcia HI, Suarez T, Garcia V, et al. Gunshot wounds of abdomen:
evaluation of stable patients with triple-contrast helical CT. Radiology 2004 May;231(2):399-405.

(42) Grossman MD, May AK, Schwab CW, Reilly PM, McMahon DJ, Rotondo M, et al. Determining anatomic
injury with computed tomography in selected torso gunshot wounds. J Trauma 1998 Sep;45(3):446-456.

(43) Demetriades D, Rabinowitz B, Sofianos C, Charalambides D, Melissas J, Hatzitheofilou C, et al. The
management of penetrating injuries of the back. A prospective study of 230 patients. Ann Surg 1988;207(1):72-
74.

(44) Himmelman RG, Martin Marcel, Gilkey Susan, Barrett JA. Triple-Contrast CT Scans in Penetrating Back and
Flank Trauma. Journal of Trauma and Acute Care Surgery 1991;31(6).

(45) Boyle EM, Maier RV, Salazar JD, Kovacich JC, O'Keefe G, Mann FA, et al. Diagnosis of Injuries after Stab
Wounds to the Back and Flank. Journal of Trauma and Acute Care Surgery 1997;42(2).

(46) Burch JM, Ortiz VB, Richardson RJ, Martin RR, Mattox KL, Jordan GL. Abbreviated laparotomy and planned
reoperation for critically injured patients. Ann Surg 1992;215(5):476-484.

(47) Jaunoo SS, Harji DP. Damage control surgery. International Journal of Surgery 2009;7(2):110-113.

(48) - Cirocchi R, - Montedori A, - Farinella E, - Bonacini |, - Tagliabue L, - Abraha |. - Damage control surgery for
abdominal trauma. - Cochrane Database of Systematic Reviews (- 3).

(49) Ball CG. Damage control surgery. Curr Opin Crit Care 2015 Dec;21(6):538-543.

(50) Velmahos GC, Chahwan S, Falabella A, Hanks SE, Demetriades D. Angiographic embolization for
intraperitoneal and retroperitoneal injuries. World J Surg 2000 May;24(5):539-545.

(51) Velmahos GC, Demetriades D, Chahwan S, Gomez H, Hanks SE, Murray JA, et al. Angiographic
embolization for arrest of bleeding after penetrating trauma to the abdomen. The American Journal of Surgery
1999;178(5):367-373.

(52) Berne TV. Management of penetrating back trauma. Surg Clin North Am 1990 Jun;70(3):671-676.

(53) PECK JJ, BERNE TV. Posterior Abdominal Stab Wounds. Journal of Trauma and Acute Care Surgery
1981;21(4).

(54) Navsaria PH, Edu S, Nicol AJ. Nonoperative management of pelvic gunshot wounds. The American Journal
of Surgery 2011;201(6):784-788.

(55) Velmahos GC, Demetriades D, Cornwell I, Edward E. Transpelvic Gunshot Wounds: Routine Laparotomy or
Selective Management? World J Surg 1998 Oct;22(10):1034-1038.

(56) Velmahos GC, Demetriades D, Cornwell EE, Asensio J, Belzberg H, Berne TV. Gunshot wounds to the
buttocks: predicting the need for operation. Dis Colon Rectum 1997 Mar;40(3):307-311.

(57) Velmahos GC, Demetriades D, Foianini E, Tatevossian R, Cornwell EE, Asensio J, et al. A selective
approach to the management of Gunshot wounds to the back. The American Journal of Surgery
1997;174(3):342-346.

18



(58) Navsaria P, Nicol A, Krige J, Edu S, Chowdhury S. Selective nonoperative management of liver gunshot
injuries. Eur J Trauma Emerg Surg 2018 Jan 24.

(59) Zafar SN, Rushing A, Haut ER, Kisat MT, Villegas CV, Chi A, et al. Outcome of selective non-operative
management of penetrating abdominal injuries from the North American National Trauma Database. Br J Surg
2012;99:155-164.

19



Chapter 2

Publication-ready Manuscript

Penetrating Abdominal Trauma:

Spectrum of Disease in a Level | Trauma Centre

Dr Anthony Sander
MBChB, FCS(SA)

Prof. Pradeep Navsaria
MBChB, FCS(SA), MMED (Surg), FACS, Reg. Trauma Surgeon

Address for all correspondence:

Dr Anthony Sander
Trauma Centre

Groote Schuur Hospital
Observatory

Cape Town

7925

SOUTH AFRICA

E-mail: SNDANTO001@myuct.ac.za

Tel: +27.21.404 4117
Fax: +27.21.404 4115

Category: Original article

Running head: penetrating abdominal trauma

20



Abstract

Penetrating Abdominal Trauma:

Spectrum of Disease in a Level | Trauma Centre

Background: Penetrating abdominal trauma (PAT) in South Africa represents a significant
burden of disease. The current global trend has seen management shift towards selective
conservatism. The purpose of this study is to describe the presentation, management and
outcomes of PAT in a level | trauma unit, which routinely practices selective non-operative

management (SNOM).

Methods: This was a retrospective descriptive audit of prospectively collected data. The
Setting was Groote Schuur Hospital Trauma Centre, Cape Town, South Africa over 24
months (1 May 2015 to 30 April 2017). All patients presenting to the centre with PAT during
the study period were included. The data captured and analysed included: basic
demographics; admission vital signs; blood investigations; number of traumatic insults;
penetrating wound positions; radiological investigations and interventions; indication for
laparotomy; operative or nonoperative management; laparotomy findings: negative,
therapeutic or non-therapeutic; abdominal visceral injuries and associated injuries. The
Revised Trauma Score (RTS); Injury Severity Score (ISS); Penetrating Abdominal Trauma
Index (PATI); and Kampala Trauma Score (KTS) were then calculated. The descriptive end
points included the following: Length of hospital stay (LOS); ICU admission time;

relaparotomy; readmission; mortality; and in-hospital complications.

Results: During the study period, 805 patients with penetrating abdominal trauma were
managed. There were 502 (62.4%) and 303 (37.6%) patients with gunshot and stab wounds,
respectively. The majority were young men (762 — 94.7%) with a mean age of 28.3 (95%CI:

27.7-28.9) years. The median trauma scores were as follows: RTS — 7.84 (IQR: 7.00-7.84);
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ISS: 13 (IQR: 9-22), PATI: 6 (IQR: 1-14); and KTS: 14 (IQR: 14-15). Abdominal penetration
was thoracoabdominal in 332 (41.2%), abdominal in 694 (86.5%), and pelvic in 192 (23.9%)
patients. Immediate laparotomy was performed in 446 (55.4%) patients for: haemodynamic
instability — 42 (5.2%); peritonism — 296 (36.8%); evisceration - 27 (3.4%); unreliable clinical
evaluation — 24 (3.0%); and positive radiological findings — 57 (7.1%). There were 406
(50.4%) therapeutic laparotomies; 18 (2.3%) negative laparotomies; and 22 (2.7%) non-
therapeutic laparotomies in the immediately operated group. Initial SNOM was performed in
359 (44.5%) patients, of which 208 (68.7%) sustained stab wounds and 151 (30.1%)
gunshot wounds. Thirty-five (4.3%) patients failed SNOM and underwent delayed
laparotomy. Should a policy of mandatory laparotomy have been implemented in this series,
206 (68.0%) SW and 163 (32.5%) GSW patients would have underwent unnecessary
exploration. Overall non-fatal complications were 179 (22.2%) which were then further
classified according to the Clavien-Dindo grading system. The median hospital stay was 4.5
(IQR: 3-7) and 7 (IQR: 5-12) days for SW and GSW, respectively. Overall 114 (14.2%)
patients required admission to critical care unit for a median stay of 3 (IQR: 2-5) days. Total

mortality was 7.2% (n=58).

Conclusion: Clinical evaluation (haemodynamic instability, peritonism and evisceration) was
remarkably accurate in determining the need for early laparotomy. The unnecessary
laparotomy rate of this group was 5.0% (negative: 2.3% and nontherapeutic: 2.7%) overall.
Selective nonoperative management was performed in 44.5% of patients with a successful

SNOM rate of 90.3%. The overall mortality was 7.2 %.
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Article Text

Introduction

Penetrating abdominal trauma (PAT) in South Africa is amongst the most prevalent
worldwide, representing a significant burden on the local health systems. In 2013
interpersonal violence was the ranked 3 in all-cause mortality (15.8%) amongst males in
Cape Town." Current global trend has seen management shift in small increments towards
selective non-operative management (SNOM). Understanding the spectrum of disease of
PAT with robust data is the first step in gaining this perspective, and subsequently equipping

ourselves with the tools to assess and optimize management.

Although specific aspects of PAT have been studied, there is a paucity of comprehensive
overviews of the problem. The purpose of this study is to describe the presentation,
management, and outcomes of PAT in an urban, level | trauma centre, that sees a high

volume of penetrating injuries.

Methods

Study Design: Retrospective descriptive audit of prospectively collected data on the HREC
approved eTHR [electronic trauma health record] (HREC: R041 / 2014). Approval was
obtained by the human research ethics committee (HREC REF:443/2017) of the University

of Cape Town and Groote Schuur Hospital for this study.

Setting: Groote Schuur Hospital Trauma Centre, Cape Town, South Africa between 1 May
2015 to 30 April 2017. This unit treats all persons 13 years of age and older, and services
mainly an urbanised population of approximately 2 million people.

Patient selection: All patients presenting to the centre with PAT during the study period
were included in the study. The abdomen was defined as any penetrating wound between

the 5" intercostal space and the pubis anteriorly, and the angle of the scapula down to the
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creases of the buttock posteriorly. The abdomen was further subdivided in to the following
zones (with borders) for descriptive purposes: anterior abdomen (from the xiphoid to pubis,
between the anterior axillary lines); back / flank (posterior to the anterior axillary lines);
thoracoabdominal (from the 5™ intercostal space to the costal margin); and pelvis (iliac

crests superiorly down to the perineum inferiorly). There were no exclusion criteria.

Data collection: All trauma patients’ data entered prospectively into the Electronic Trauma
Health Record (eTHR) system as part of the clinical record keeping process of the GSH
Trauma unit was examined. Enrolment into this study involved identifying all patients with
PAT and extracting the relevant data for analysis: basic demographics; admission of illicit
drug use; presenting vital signs; blood investigations; number of penetrating traumatic
insults; penetrating wound positions; presence of peritonism and/or evisceration; radiological
investigations and interventions; indication for laparotomy; operative or nonoperative
management; laparotomy findings: negative, therapeutic or non-therapeutic; abdominal
visceral injuries and associated injuries. In cases where the patient had more than one
indication for laparotomy, the most urgent indication was recorded, although the presence of
peritonism on presentation was recorded separately. The Revised Trauma Score (RTS);
Injury Severity Score (ISS); Penetrating Abdominal Trauma Index (PATI); Abbreviated Injury
Scale (AIS); and Kampala Trauma Score (KTS) were then calculated to describe injury
severity.>® The descriptive end points included: hospital length of stay (LOS); Intensive Care
Unit (ICU) admission. ICU LOS; relaparotomy within 30 days of admission; hospital
readmission within 30 days of admission; in-hospital complications; and mortality.
Complications were categorised according to the Clavien-Dindo classification system.’
Multi-trauma injury patients were classified as having an AlS of greater than or equal to 3 in

at least two organ systems.

An analysis was made comparing the two major mechanisms of injury (stab vs gunshot).

Simple descriptive statistics was used to describe variables. Continuous data was
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summarised using means and 95% confidence interval (95%Cl) if normally distributed,
whereas medians and interquartile range (IQR) was used for non-normally distributed data.
Distribution of data was assessed qualitatively (graphically) and quantitatively (hypothesis
tests). For inferential statistics, parametric tests were performed such as Chi-square tests or
where appropriate the non-parametric equivalent. Furthermore, univariate logistic regression
was performed to determine associations for clinically important outcomes and reported with
odd ratios and 95% Cls. A p-value of <0.05 was considered statistically significant. Statistical

analysis was done using STATA® 14 software.

Results

A total of 805 patients presented to the unit over the 2 year period with penetrating
abdominal trauma. This cohort had a mean age of 28.3 (IQR: 27.7-28.9) years; 762 (94.7%)
were male; and 454 (56.4%) admitted to illicit drug use. Unless specified, the results below

refer to the combined PAT (SW and GSW).

Presenting characteristics and injury profile

Of the 805 cohort analysed, 303 (37.6%) were stab wounds (SW) and 502 (62.4%) were
gunshot wounds (GSW). Abdominal wall penetration was thoracoabdominal in 332 (41.2%);
abdominal (anterior and back / flank) in 696 (86.5%) and pelvic in 192 (23.9%) cases. Table
1 summarises the presenting features and injury profile. The median number of penetrating
insults per patient was 2 (IQR: 1-5) for SW; and 2 (IQR: 1-3) for GSW (p=0.0013). This
finding, together with the fact that any one injury insult may penetrate the abdominal wall
twice (i.e. one on entering, and the other on exiting the body) account for the high number;
and high relative percentage penetration; for each anatomical area. Seventy (23.1%) of the
SW; and 298 (59.4%) of the GSW presented peritonitic (p<0.001). On comparison of the
admission vitals and blood results, only the pulse rate, systolic blood pressure (BP) & white

cell count (WCC) showed a statistical difference between the SW and GSW groups. The
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three most commonly injured organs overall were: small bowel — 241 (29.9%); liver — 189
(23.5%) and colon — 177 (22.0%). Both omental and visceral evisceration was observed in
31 (3.9%) cases each, combining to give an evisceration rate of 7.7% in the total analysed
cohort. Multi-trauma injuries were found in 106 (35%) of SW, and 223 (44.4%) of GSW

patients (p=0.005).

Management

Table 2 summarises the management strategies and results thereof. Immediate
laparotomies were performed in 95 (31.4%) of SW and 351 (69.9%) of GSW (p<0.001). In
total 446 (55.4%) patients underwent immediate laparotomy for: haemodynamic instability -
42 (5.2%); peritonism — 296 (36.8%); unreliable clinical examination — 24 (3.0%); radiological
findings — 57 (7.1%); and evisceration — 27 (3.4%). Thus, clinical assessment was adequate
in determining the need for immediate laparotomies in 82% of PAT cases. The early
laparotomy results were: negative — 18 (2.3%); non-therapeutic — 22 (2.7%); and therapeutic
— 406 (50.4%). This amounts to an overall of 40 (5.0%) unnecessary laparotomies in this
immediate laparotomy group. There were 15 (1.9%) injuries missed in total from these

laparotomies.

Selective non-operative management (NOM) was implemented in 359 (44.5%) patients. This
included 208 SW (68.7%) and 151 GSW (30.1%) (p<0.001). Overall 35 (4.3%) PAT patients
underwent delayed laparotomy for: haemodynamic instability — 2 (0.3%); peritonism — 14
(1.7%); radiological findings — 10 (1.3%); and concern of sepsis — 9 (1.1%). One hundred
and eighty-nine (62.4%) SW and 135 (26.9%) GSW patients were managed successfully
non-operatively (p<0.001) to discharge. The results of the delayed laparotomies were:
negative in 3 (0.4%); non-therapeutic in 2 (0.2%) and therapeutic in 30 (3.7%) cases who
had NOM initially implemented. This amounts to a total of 5 (0.6%) patients undergoing

unnecessary laparotomies in this NOM group.
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Diagnostic laparoscopy was necessary in 19 (2.4%) cases of the total cohort. Of these: 13
(1.6%) excluded a diaphragmatic injury, 3 (0.4%) underwent a laparoscopic diaphragmatic

injury repair; and 3 (0.4%) underwent an open diaphragmatic injury repair.

Additional investigation and management adjuncts included: emergency CT scanning in 355
(44.1%); damage control surgery in 63 (7.8%); and interventional radiology in 73 (9.1%)

cases.

Outcomes

Two hundred and thirty-seven (29.4%) experienced one or more complications (up to and
including death). Patients with GSW had significantly more non-fatal complications than
those for SW (27.5 % vs 13.5%, p<0.001). The median length of hospital stay (LOS) was
longer in patients with GSW by 2.5 days (p<0.001). One hundred and fourteen (14.2%)
patients were admitted to the intensive care unit with a median ICU admission time of 3 days
for both SW & GSW. As was the case with mortality; morbidity; hospital LOS; and ICU
admissions, GSW was associated with a statistically significant higher relaparotomy rate
when compared to SW. This overall PAT relaparotomy rate (within 30 days of admission)
was 15.8% (n=76) of all initial laparotomies preformed, of which 6.7% (n=32) were
unplanned. The readmission rate was 4.8% (n=39), and did not show any significant
difference between GSW (4.3%) and SW (5.2%). The overall PAT mortality was 7.2%
(n=58), consisting of 14 (4.6%) SW and 44 (8.8%) GSW (p=0.027). Table 3 details the full

findings regarding outcomes of PAT.

Discussion

Routine explorative laparotomy of abdominal SW was generally the rule, until Shaftan’s

sentinel publication in 1960.8 Using serial physical examination alone, numerous other
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studies have further supported this selective approach with excellent results.®'? Various
authors have noted that mandatory laparotomy policies for penetrating abdominal trauma
result in unnecessary laparotomy rates ranging from 5.3% to 27% for GSW, and 23% to 53%
for SW. > This implies that nearly a quarter of GSW, and almost half of all abdominal SW
do not require a laparotomy, however our findings were closer to a third and two thirds,
respectively. In this series of 805 patients with PAT, 95 (31.4%) SW and 351 (69.9%) GSW
patients underwent immediate laparotomy, with a therapeutic laparotomy rate of 86.3% for
SW and 92.3% for GSW. The overall sensitivity and specificity for clinical assessment in
determining the need for laparotomy was 85% and 94% for SW; and 95% and 83% for

GSW, respectively.

Here, we present one of the largest and most detailed series to date, describing SW and
GSW side by side, in the same cohort. The demographics of both sub-groups show a young
male preponderance, which is in keeping with worldwide trends in PAT."™'® On further
assessment of the data, the differences in presentation; injury profile; management; and
outcomes of the two groups becomes evident, however the value of SNOM in both groups
remains constant. In fact, the accuracy of clinical evaluation and selective observation in

determining the need for laparotomy here was 91% and 92% for SW and GSW, respectively.

Our SW subgroup shows a SNOM rate of 68.7%, with a 90.9% success rate. A total of 19
(6.3%) SW patients underwent delayed laparotomy, which were therapeutic in 78.9% of
cases. Overall, 62.4% of all SW were managed successfully non-operatively. The
unnecessary laparotomy rate in the early operative group was 4.3%, and 1.3% in the failed
SNOM group. These findings compare favourably to the literature. Navsaria et al and
Plackett et al published SW SNOM rates of 60.2% and 62.4% respectively.'®'® Navsaria et
al continued, noting a delayed laparotomy rate of 6.5%, resulting to 53.8% of all SW being
managed non-operatively.'® Furthermore, he reported an overall unnecessary laparotomy

rate of 4.3% in the early laparotomy group, and 2.2% in the delayed laparotomy (failed
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SNOM) group. Comparatively, Plackett’s findings were significantly higher: 13.8% and
17.7% in these respective aforementioned groups. However it deserves mention that his
series only included anterior abdominal stab wounds, and spanned 16 years, during which
there was a steady decline in early operative rates to give the aforementioned results.'®'®
This trends was also demonstrated by Zafar et al’s 6 year analysis of the North American
National Trauma Database (NANTD)." This illustrates the evolution and progressive

acceptance of SNOM in SW patients over time. '®'°

Our GSW subgroup showed a 30.1% SNOM rate with a 89.4% success rate. A total of 16
(3.2%) patients underwent delayed laparotomy, which were therapeutic in 93.8% of cases.
Overall 26.9% of GSW patients were managed non-operatively. Comparison of this can be
made to publications by Velmahos et al, and Navsaria et al, which are the two largest single
centre series detailing the SNOM of abdominal GSW."""'® Velmahos reported a far higher
SNOM rate of 42%, with similar success (89.9%) and delayed laparotomy (4.0%) rates.
However these comparisons must be interpreted with care, as their overall mean Injury
Severity Scores (ISS) reported were lower than presented here. Navsaria et al’s experience
between 2004 to 2009 showed comparable results to ours. He described a lower SNOM rate
(24.6%), but a higher success rate (95.2%), which it not surprising as they tend to have an
inverse relationship to one another. In this series, of the patients managed with early
laparotomy, we showed a 5.4% unnecessary laparotomy rate, comparable to the 9% and
2.6% reported by Velmahos and Navsaria respectively.''® Zafar et al's retrospective
analysis of the NANTD showed far lower rates of SNOM (22%), and success thereof
(20.8%) t0o."™ However he defined a SNOM failure as any delay to surgery greater than

4hrs, which likely explains much of the discrepancy between his and other publications.

There is a growing body of evidence that although morbidity is high, the appropriate use of
damage control surgery (DSC) can be lifesaving.?>% In this series, it was utilised in 63

(7.8%) of overall PAT cases. The preponderance of GSW needing this abbreviated surgical
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technique is significant when compared to SW (p=0.004), constituting 11.2% and 2.3% of
their respective subgroups. This correlates well with the increased median ISS for GSW (16
IQR 9-25) compared to SW (9 IQR 4-17) here, indicating that the more severely injured
cohort are managed more frequently with DCS. This trend continues from management into
the outcomes thereof. Patients undergoing DCS for SW had a morbidity rate of 57% and a
mortality rate of 29%, compared to 93% and 39% for GSW, respectively. This combined PAT
mortality rate for DCS of 38%, is similar to Burch’s DCS series where 33% of the 200 cases

survived to discharge.?

Our findings for non-fatal complications amongst SW patients was 13.5%, higher than Nance
(10.9%) & Plackett’s (4.6%) series’. However, despite Plackett’s lower complication rate,
their hospital LOS of 6 days was still longer than presented here (4.5 days). Should we use
only serious complications (Clavien-Dindo Grade 3 and 4) for our calculations, the non-fatal
morbidity rate of SW would be 7.3%, which is more comparable to Plackett’s, and lower than
Nance’s findings.”'®?* Similar to previous trends published, our GSW morbidity rate (27.5%)
was higher than that of SW, comparing favourably to Nance’s figures (35%) in the early

SNOM era. %

Mortality rates of SW in this series is 4.6%, which is higher than the range of 0.4% to 1.9%
published in previous literature.®'%'%1924 Explaining this discrepancy is difficult, as few
publications include all variables to make definitive conclusions. Furthermore, the GSW
mortality of 8.8% here does compare favourably with international literature, which ranges
between 5.4% and 12.5%.%"""%2* Two possible reasons why this studies’ SW and GSW
mortality rates compare differently to the international literature are as follows: Firstly, at this
institution (Groote Schuur Hospital) the prehospital service usually transfers GSW patients
directly from the scene to the trauma unit, whereas SW are often routed via other health
facilities, resulting in a delay to theatre which is specific to SW, and not GSW patients.

Further analysis of the delays to surgery of this PAT data, may shed light on this point.
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Secondly, SW patients in this cohort may be more severely injured than published
elsewhere. The median ISS and number of abdominal stabs per patient was 9 and 2,
respectively. However, the infrequence with which these are reported in the literature make

meaningful comparisons difficult.

Should a policy of mandatory laparotomy have been implemented in this series, 206 (68.0%)
SW and 163 (32.5%) GSW would have underwent unnecessary exploration, which is
comparable to previous publications.'®'*18 A strength of this paper is the direct, and detailed
comparison of SW to GSW, in the same cohort. The robust numbers allowed for us to
conclude that although GSW is a more morbid, and more often fatal injury, the general

principles of SNOM hold true for both.

A limitation of this study is the lack of subgroup analysis, specifically of SNOM for the
outcomes: LOS; morbidity; and mortality. Numerous publications have shown that patients
being managed with selective non-operative management (SNOM) compare favourably to
operative management (OM) as they have shorter admission periods and equivalent
mortality."'%2° Contrary to Zafar et al reporting failed SNOM to be associated with
increased mortality, a subsequent systemic review of the literature by Lamb in 2014 showed
no difference in outcome between those undergoing early and late laparotomies."?® Future

analysis of the SNOM complications in this study, would’ve contributed to this discussion.

Conclusion

In summary, penetrating abdominal trauma remains a burden on the worldwide health
resources. Current management trends are seeing advances at both ends of the injury
spectrum. Damage control surgery is ensuring that about a third of even the most critically
injured patients survive, whilst mandatory laparotomy is being overshadowed by SNOM as

the superior management strategy for many forms of PAT, including GSW. In fact, despite
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GSW having higher morbidity and mortality rates, the accuracy of clinical assessment in
determining the need for surgical exploration is 92% and 91% for GSW and SW,
respectively. This series provides a valuable overview of how the two conditions compare

side by side in a progressive era of selective non-operative management.
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Table 1. Presenting features and injury profile of 805 patients with PAT

Parameter SW GSW p-value Combined PAT
(n=303) (n=502) (n=805)

n (%) 303 (37.6%) 502 (62.4%) N/A N = 805
Patient Demographics

Age: Mean (95%Cl) 28.1(27.1-29.1) 28.4 (27.6-29.2) NS 28.3 (27.7- 28.9)

Male gender: n (%) 285 (94.1%) 477 (95.0%) NS 762 (94.7%)

lllicit drug use: n (%) 162 (53.5%) 292 (58.2%) NS 454 (56.4%)
Admission physiology:
Mean (95% Cl)

Pulse 89.4 (87.3-91.5) 93.8 (91.9-95.7) 0.0037 92.2 (90.7-93.6)

Systolic BP 126.4 (123.8-129.0) 130.1 (127.8-132.4) 0.0438 128.7 (127.0-130.5)

pH 7.33 (7.32-7.35) 7.40 (7.33-7.35) NS 7.34 (7.33-7.34)

Lactate 3.25(2.8-3.70) 2.89 (2.67-3.12) NS 3.01(2.8-3.22)

Haemoglobin 12.1 (11.80-12.33) 12.1 (11.86-12.28) NS 12.07 (11.90-12.23)

wcCcC 14.1 (13.43-14.92) 16.0 (15.32-16.61) 0.0006 15.33 (14.83-15.82)
Trauma scores:
Median (IQR)

Revised Trauma Score 7.80 (7.00-7.84) 7.84 (7.00-7.84) 0.0753 7.84 (7.00-7.84)

Probability of survival % 97.4 (96.0-99.0) 97.2 (96.0-98.8) 0.0326 97.4 (96.0-99.0)

Injury Severity Score 9 (4-17) 16 (9-25) <0.001 13 (9-22)

PATI Score 2 (0-6) 9 (4-20) <0.001 6 (1-14)

Kampala Trauma Score 14 (14-15) 15 (14-15) NS 14 (14-15)
Multi-trauma Injuries n (%) 106 (35.0%) 223 (44.4%) 0.005 329 (40.9%)
Injuries

Mechanism of Injury: n (%) 303 (37.6%) 502 (62.4%) N/A 805 (100%)

Insults per pt: Median (IQR) 2 (1-5) 2(1-3) 0.0013 2(1-4)
Peritonitic n (%) 70 (23.1%) 298 (59.4%) <0.001 368 (45.7%)
Evisceration: n (%)

Omental 20 (6.6%) 11 (2.2%) <0.001 31(3.9%)

Visceral 29 (9.6%) 2(0.4%) <0.001 31(3.9%)
PW position: n (%)

Thoracoabdominal - Lt. 91 (30.0%) 82 (16.3%) <0.001 173 (21.4%)

Thoracoabdominal - Rt. 60 (19.8%) 99 (19.7%) NS 159 (19.8%)

Back / Flank - Lt. 119 (39.3%) 154 (30.7%) 0.010 273 (33.9)

Back / Flank - Rt. 64 (21.1%) 115 (22.9%) NS 179 (22.2%)

Anterior 73 (24.1%) 171 (34.1%) 0.002 244 (30.3%)

Pelvic 13 (4.3%) 179 (35.7%) <0.001 192 (23.9%)
Organs injured: No. pts.

Most injured organ Kidney 62 Small bowel 197 Small bowel 241

2nd most injured organ Liver 45 Colon 147 Liver 189

3rd most injured organ Small bowel 44 Liver 144 Colon 177

PAT indicates penetrating abdominal trauma

SW indicates Stab Wound

GSW indicates Gunshot Wound

Pt./Pts. indicates Patient/s

PW indicates Penetrating wound

BP indicates blood pressure
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Table 2. Surgical and non-operative management of 805 patients with PAT

Parameter SW (n=303) GSW (n=502) p-value Combined PAT
(n=303) (n=502) (n=805)
Management pathways:
n (%)
Immediate Laparotomy 95 (31.4%) 351 (69.9%) <0.001 446 (55.4%)
Non-operative Management [SNOM] 208 (68.7%) 151 (30.1%) <0.001 359 (44.5%)
+ Delayed Laparotomy [Failed SNOM] 19 (6.3%) 16 (3.2%) <0.001 35 (4.3%)
+ Managed non-operatively overall 189 (62.4%) 135 (26.9%) <0.001 324 (40.2%)
» SNOM success rate [as % of SNOM] 90.9% 89.4% NS 90.3%
Management adjuncts:
n (%)
Emergency CT scan performed 145 (47.9%) 210 (41.8%) NS 355 (44.1%)
Damage Control Surgery 7 (2.3%) 56 (11.2%) 0.004 63 (7.8%)
Diagnostic Laparoscopy 15 (5.0%) 4 (0.8%) <0.001 19 (2.4%)
Interventional radiology performed 25 (8.3%) 48 (9.6%) NS 73 (9.1%)
Immediate laparotomy
Indications: n (%) Haemodynamic instability 12 (4.0%) 30 (6.0%) <0.001 42 (5.2%)
Peritonitic 42 (13.9%) 254 (50.6%) <0.001 296 (36.8%)
Unreliable clinical findings 8 (2.6%) 16 (3.2%) <0.001 24 (3.0%)
Radiological finding 11 (3.6%) 46 (9.2%) <0.001 57 (7.1%)
Evisceration 22 (7.3%) 5(1.0%) <0.001 27 (3.4%)
Results: n (%) Negative 6 (2.0%) 12 (2.4%) NS 18 (2.3%)
Non-therapeutic 7 (2.3%) 15 (3.0%) NS 22 (2.7%)
Therapeutic 82 (27.1%) 324 (64.5%) NS 406 (50.4%)
Missed injuries 3 (1.0%) 12 (2.4%) NS 15 (1.9%)
Delayed laparotomy:
Indications: n (%) Hemodynamically unstable 0 (0%) 2 (0.4%) NS 2 (0.3%)
Peritonitic 9 (3.0%) 5(1.0%) NS 14 (1.7%)
Radiological findings 4 (1.3%) 6 (1.2%) NS 10 (1.3%)
Concern of sepsis 6 (2.0%) 3(0.6%) NS 9 (1.1%)
Results: n (%) Negative 2 (0.7%) 1(0.2%) NS 3(0.4%)
Non-therapeutic 2(0.7%) 0 (0%) NS 2(0.2%)
Therapeutic 15 (5.0%) 15 (3.0%) NS 30 (3.7%)
Diagnostic laparoscopy
Results: n (%) DI excluded 10 (3.3%) 3 (0.6%) NS 13 (1.6%)
DI repaired laparoscopically 2(0.7) 1(0.2%) NS 3(0.4%)
DI repaired open 3 (1.0%) 0 (0%) NS 3(0.4%)
SW indicates Stab Wound GSW indicates Gunshot Wound
Dl indicates Diaphragmatic Injury PAT indicates penetrating abdominal trauma
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Table 3. Outcomes of 805 patients with PAT

Parameter SW GSW p-value Combined PAT
(n=303) (n=502) (n=805)
Mortality n (%) 14 (4.6%) 44 (8.8%) 0.027 58 (7.2%)
Morbidity Non-fatal complications (%) 41 (13.5%) 138 (27.5%) <0.001 179 (22.2%)
Clavien Dindo specified: n (%)
Grade 1 7 (2.3%) 15 (3.0%) 22 (2.7%)
Grade 2 12 (4.0%) 39 (7.8%) 51 (6.3%)
Grade 3a 8 (2.6%) 25 (5.0%) 33 (4.1%)
Grade 3b 7 (2.3%) 30 (6.0%) 37 (4.6%)
Grade 4a 3 (1.0%) 17 (3.4%) 20 (2.5%)
Grade 4b 4 (1.3%) 12 (2.4%) 16 (2.0%)
Grade 5 14 (4.6%) 44 (8.8%) 58 (7.2%)
LOS in hospital
Days: Median (IQR) 4.5 (3-7) 7 (5-12) <0.001 6 (4-10)
LOS > 30 days: n (%) 5(1.7%) 32 (6.4%) 0.002 37 (4.6%)
ICU Admissions: n (%) 23 (7.6%) 93 (18.5%) <0.001 114 (14.2%)
LOS Days: Median (IQR) 3(2-4) 3 (2-5) NS 3 (2-5)
Relaparotomy < 30 days
Total  n (% of PAT) 10 (3.3%) 66 (13.1%) <0.001 76 (9.4%)
n (% of lap.) 10 (8.7%) 66 (18.0%) <0.001 76 (15.8%)
Unplanned  n (% of lap.) 5(4.4%) 27 (7.4%) <0.001 32 (6.7%)
Readmission < 30 days n (%) 13 (4.3%) 26 (5.2%) NS 39 (4.8%)

ICU indicates Intensive Care Unit
SW indicates stab wound

Lap indicates Laparotomies

LOS indicates Length of stay

GSW indicates gunshot wound

PAT indicates penetrating abdominal trauma

35



References

(1) Western Cape Mortality Profile, 2013. Western Cape Mortality Profile 2013.

(2) Champion HR, Sacco WJ, Copes WS, Gann DS, Gennerelli TA, Flanagan ME. A Revision of the Trauma
Score. Journal of Trauma and Acute Care Surgery 1989;29(5).

(3) Kobusingye, Olive C.,, M.Med, Lett RR, F.R.C.S.C. Hospital-Based Trauma Registries in Uganda. Journal of
Trauma-Injury Infection & Critical Care 2000 March;48(3):498-502.

(4) AAST. Injury Scoring Scale. Available at: http://www.aast.org/library/traumatools/injuryscoringscales.aspx,
2018.

(5) Moore EE, Cogbill TH, Malangoni MA, Jurkovich GJ, Champion HR. Scaling system for organ specific
injuries. Current Opinion in Critical Care 1996 Dec;2(6):450-462.

(6) Moore EE, Dunn EL, Moore JB, Thompson JS. Penetrating abdominal trauma index. J Trauma
1981;21(6):439-445.

(7) Dindo D, Demartines N, Clavien P. Classification of surgical complications: a new proposal with evaluation in
a cohort of 6336 patients and results of a survey. Ann Surg 2004;240(2):205-213.

(8) Shaftan GW. Indications for operation in abdominal trauma. Am J Surg 1960 May;99:657-664.

(9) van Haarst EP, van Bezooijen BP, Coene PP, Luitse JS. The efficacy of serial physical examination in
penetrating abdominal trauma. Injury 1999 Nov;30(9):599-604.

(10) Leppaniemi AK, Haapiainen RK. Selective nonoperative management of abdominal stab wounds:
prospective, randomized study. World J Surg 1996 Oct;20(8):6.

(11) Nance FC, Cohn |, J. Surgical judgment in the management of stab wounds of the abdomen: A retrospective
and prospective analysis based on a study of 600 stabbed patients. Ann Surg 1969;170(4):569-580.

(12) Tsikitis V, Biffl WL, Majercik S, Harrington DT, Cioffi WG. Selective clinical management of anterior
abdominal stab wounds. Am J Surg 2004 Dec;188(6):807-812.

(13) Friedmann P. Selective management of stab wounds of the abdomen. Arch Surg 1968 Feb;96(2):292-295.

(14) Como JJ, Bokhari F, Chiu WC, Duane TM, Holevar MR, Tandoh MA, et al. Practice Management Guidelines
for Selective Nonoperative Management of Penetrating Abdominal Trauma. Journal of Trauma and Acute Care
Surgery 2010;68(3).

(15) Zafar SN, Rushing A, Haut ER, Kisat MT, Villegas CV, Chi A, et al. Outcome of selective non-operative
management of penetrating abdominal injuries from the North American National Trauma Database. Br J Surg
2012;99:155-164.

(16) Plackett TP, Fleurat J, Putty B, Demetriades D, Plurad D. Selective nonoperative management of anterior
abdominal stab wounds: 1992-2008. J Trauma 2011 Feb;70(2):4.

(17) Navsaria PHFCS, M.Med, Nicol AJ, Edu S, Gandhi R, Ball CG. Selective Nonoperative Management in 1106
Patients With Abdominal Gunshot Wounds: Conclusions on Safety, Efficacy, and the Role of Selective CT
Imaging in a Prospective Single-center Study. Ann Surg 2015 April;261(4):760-764.

(18) Velmahos GC, Demetriades D, Toutouzas KG, Sarkisyan G, Chan LS, Ishak R, et al. Selective Nonoperative
Management in 1,856 Patients With Abdominal Gunshot Wounds: Should Routine Laparotomy Still Be the
Standard of Care? Ann Surg 2001 September;234(3):395-403.

(19) Navsaria PH, Berli JU, Edu S, Nicol AJ. Non-operative management of abdominal stab wounds - an analysis
of 186 patients. S Afr J Surg 2007 Nov;45(4):30, 132.

36



(20) Burch JM, Ortiz VB, Richardson RJ, Martin RR, Mattox KL, Jordan GL. Abbreviated laparotomy and planned
reoperation for critically injured patients. Ann Surg 1992;215(5):476-484.

(21) Jaunoo SS, Harji DP. Damage control surgery. International Journal of Surgery 2009;7(2):110-113.

(22) - Cirocchi R, - Montedori A, - Farinella E, - Bonacini |, - Tagliabue L, - Abraha |. - Damage control surgery for
abdominal trauma. - Cochrane Database of Systematic Reviews (- 3).

(23) Ball CG. Damage control surgery. Curr Opin Crit Care 2015 Dec;21(6):538-543.

(24) Nance FC, Wennar MH, Johnson LW, Ingram JC, Cohn I. Surgical judgment in the management of
penetrating wounds of the abdomen: experience with 2212 patients. Ann Surg 1974;179(5):639-646.

(25) Peev MP, Chang Y, King DR, Yeh DD, Kaafarani H, Fagenholz PJ, et al. Delayed laparotomy after selective
non-operative management of penetrating abdominal injuries. World J Surg 2015 Feb;39(2):380-386.

(26) Lamb CM, Garner JP. Selective non-operative management of civilian gunshot wounds to the abdomen: A
systematic review of the evidence. Injury 2014;45(4):659-666.

37



Chapter 3

Appendices

Appendix 1 - Data Collection Sheet

e The following data will be exported from eTHR:

O 00O 0O O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOoOO0oOO0oO0

Patient age:

Patient sex:

Injury time:

Admission time:

Mechanism of injury (Stab / GSW):

Number of insults (Stab / GSW):

Anatomical region of injuries:

Admission vital signs (Pulse, Resp rate, BP, Temp, GCS):
Comorbidities:

Drug use:

Intensive care unit (ICU) admission time:

ICU discharge time:

Laboratory Investigations (Hb, pH, Lactate)

Radiological investigations positive findings (CT / CXR)
Injury description including AAST injury scoring (Appendix 1);
Treatment modalities (OM / SNOM):

Indication if OM:

Morbidities according to the Clavien Dindo Grading System (Appendix 2)
Discharge time:

Mortalities.

e Using this data, the relevant trauma scores (Appendix 3) will be calculated:

O

(©]
(©]
(©]

Injury Severity Score (ISS);

Penetrating Abdominal Trauma Index (PATI)
Revised Trauma Score (RTS)

Kampala Score (KTS)
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Appendix 2 — Study Ethics Approval

; B UNIVERSITY OF CAPE TOWN
e Faculty of Health Sclences

Human Resaarch Ethics Committes

29 June 2017

HREC REF: 443/2017

Prof P Navsaria
Trauma/Surgary
J-Floor, OMB

Dear Prof Navsaria

PROJECT TITLE: PENETRATING ABDOMINAL TRAUMA: SPECTRUM OF DISEASE IN A LEVEL I
TRAUMA CENTRE (MMead candidate- Dr A Sander)

Thank you for submitting your study to the Faculty of Health Sciences Human Ressarch Ethics
Committes.

It s & pleasure to Inform you that the HREC has formally approved the above-mentioned study.
Agproval ls granted for one year until the 30 June 2018.

Please submit 8 progress form, using the standardised Annual Report Form If the study continues
beyond the approval perled. Please submit a Standard Closure form If the study is completed within

the approval period.
(Ferms can be found on our wabsite: wyww health uct.ac.za/fhs/ressarch/humanethics/forms)

Plaasa quota thea HREC REF in all your corraspondence.

Please note that the ongelng ethical conduct of the study remains the responsibility of the principal
Imvestigator.

Please note that for all studies approved by the HREC, the principal investigator must obtaln
appropriate Institutional approval before the research may ocour.

The HREC acknowledge that the student, Dr Anthony Sander will also be invoivad in this

Federal Wide Assurance Number: PWADD001637.

Inslilulional Review Board (IRB) number: IRBOOD001938

This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethlcs Standards for Clinical Research with a new drug in patients, based on the Medical

HREC 44372017
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