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An audit of trauma laparotomy in children
and adolescents highlights the role of damage
control surgery and the need for a trauma
systems approach to injury in this vulnerable
population
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Background: This study reviews the indications and outcome of emergency laparotomy for paediatric trauma in a South
African trauma centre.

Methods: This was a retrospective study of all children less than 18 years of age who underwent an emergency laparotomy
for trauma between December 2012 and October 2020 at Grey’s Hospital in Pietermaritzburg.

Results: During the eight-year period under review, a total of 136 children of which 107 were male underwent a laparotomy
for trauma. The median age was 14 years. There were 80 (57.1%) blunt mechanisms, and the rest were penetrating
mechanisms. A total of 46 (33%) patients required ICU admission. Thirty-four patients developed a complication. These
included nine cases of pneumonia, one case of renal failure, two patients developed abdominal collections, three wound-
related complications, three neurological complications and one miscellaneous complication. There were seven (5%)
deaths. The penetrating cohort were older than the blunt cohort. Solid viscera were more likely to be injured in the blunt
cohort and hollow viscera more likely in the penetrating cohort. A total of 16 (11%) patients underwent damage control
surgery (DCS). Of this cohort, there were three female children. Six sustained blunt trauma and ten penetrating trauma. A
total of six (37%) of these children died.

Conclusion: Emergency laparotomy for trauma in children is not infrequent in Pietermaritzburg and there is a high
incidence of penetrating trauma in this cohort. The response to increased degrees of physiological derangement is the
application of DCS. Ongoing efforts to develop and strengthen a paediatric trauma service appear to be justified.
Keywords: trauma laparotomy, children, adolescents, damage control surgery, trauma systems approach, vulnerable

population

Introduction

Trauma and injury contribute significantly to the burden
of surgical disease in the world and are a leading cause of
death and disability in young people and children. Children
in the developing world are particularly at risk for sustaining
trauma as injury prevention programmes are not well
established, and enforcement of traffic and health and safety
regulations often ineffective. In addition, poverty in itself
appears to be a risk factor for sustaining trauma.!'® In most
countries, the incidence of intentional trauma in children
is relatively low and this means that most of the trauma in
these countries is non-intentional and blunt in nature. Blunt
abdominal trauma is increasingly managed non-operatively,
and this means that the need for laparotomy in children
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following abdominal trauma is decreasing. For all these
reasons, experience with laparotomy for trauma in children
may well be decreasing.’

The situation in South Africa remains somewhat of an
outlier as despite being a high middle-income country
(HMIC), South Africa remains plagued by an inordinate
burden of trauma, despite almost three decades of relative
political stability. This burden of trauma is especially
egregious as a major component of it is secondary to inter-
personal violence.!* Children in South Africa are at risk
of sustaining both intentional and non-intentional trauma.
Intentional trauma can be blunt in nature due to blunt assault
or penetrating due to either a stab wound or a gunshot
wound. This means that the spectrum of trauma in South
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Africa, is different to that in both the developed world and in
other developing countries.

South Africa has a high rate of penetrating trauma com-
pared to many other countries in the world.!® This impacts
on children and there is a high incidence of penetrating injury
in children and adolescents in South Africa. Subsequently,
the rate of laparotomy in children in South Africa is higher
than international norms. Considering the above, this project
focuses on laparotomy for trauma in children < 18 years of
age. It uses data from our prospectively maintained electronic
registry. The project intends to quantify our experience,
benchmark our outcome against the literature, and then to
use this data to refine our management algorithms and to
publicise this experience.

Clinical setting

Grey’s Hospital is a tertiary care public hospital located
in Pietermaritzburg, the capital of the KwaZulu-Natal
(KZN) province, South Africa. This is one of the largest
academic trauma centres in this part of the province and
covers a catchment population of over three million. The
Pietermaritzburg Metropolitan Trauma Service (PMTS)
maintains a prospectively entered surgical registry known
as the hybrid electronic medical registry (HEMR) database.

Materials and methods

Data on all children < 18 years of age who were admitted
to our institution following trauma between December
2012 and October 2020 and who required a laparotomy
were retrieved. Patient demographics, mechanism of injury,
admission vital signs, clinical laboratory data, management
strategy (operative or non-operative), number and type of
blood product transfusions, duration of time from injury to
admission, complications, patient residential status (urban
or rural), hospital and intensive care duration of stay, and
30-day mortality rates were extracted.

Statistical analysis

All relevant data were extracted and initially summarised
onto an Excel spreadsheet for review. Parametricity was
assessed via the Shapiro—Wilk test. All statistical analysis
was performed using R (version 4.0.2; R Foundation for
Statistical Computing, Vienna, Austria). All normally
distributed continuous variables were described using
means with standard deviation (SD) and included heart rate
(HR). Continuous variables with non-normal distribution
were reported using a median with interquartile range (IQR)
and included respiratory rate (RR), systolic blood pressure
(SBP), lactate, length of stay (LOS) (days), temperature, pH,
base excess (BE) (mEq/L) and haemoglobin (Hb) (g/dL).
Independent samples t-test was used to compare normally
distributed continuous variables and Mann—Whitney U test
for non-normally distributed continuous variables. Chi-
square test was used to compare categorical variables with
the Fisher’s exact test used when one group had < 5 events.

Results

Over the eight-year period, 2 091 children and adolescents
were admitted to Grey’s Hospital following trauma. There
were 1 479 (71%) boys and the rest were girls. The median
age was 10 years (0-18). In 1 597 (76%) patients, the
mechanism of injury was blunt trauma, whilst a total of 475
(23%) patients sustained penetrating trauma. These included
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Figure 1: Distribution of cohort age over the eight-year
period

156 stab wounds (median age 17 years old), 141 animal
bites (median age 7 years), 125 gunshot wounds (median
age 16 years old), 28 impalements, and 16 assaults with
miscellaneous weapons. In nine patients, the mechanism was
not specified. During this time, 136 (0.6%) children, of which
107 were male, underwent a laparotomy for trauma. The
median age was 14 years, and the age distribution is shown in
Figure 1. There were 80 (57.1%) blunt mechanisms, and the
rest were penetrating mechanisms. The frequency at which
blunt trauma contributed to this data series trended upwards
over the 8-year period. The inverse was observed in the case
of penetrating trauma. Of the penetrating mechanisms, there
were 35 stab wounds, 34 gunshot wounds, nine impalements
and two animal-related injuries. Of the blunt mechanisms,
there were 17 pedestrian vehicle accidents, 13 motor vehicle
accidents, seven assaults, 17 falls, one structural collapse,
one farming injury, one animal-related injury and one injury
due to a falling missile. The number of trauma laparotomies
each year remained fairly consistent, except in 2020, when
there was a significant decline.

Operative findings

The mean abdominal injury score (AIS) was 2.3. There
was a single AIS I, ten AIS II, 64 AIS III, 18 AIS IV, two
AIS V and one AIS VI. The following organ injuries were
noted: diaphragm (11), spleen (20), liver (27), kidney (21),
pancreas (10), stomach (18), duodenum (7), small bowel
(44), large bowel (32), rectum (7), mesentery (34), ureter
(2). There were nine diaphragm repairs, nine splenectomies,
five nephrectomies, 16 gastric repairs, seven duodenal
repairs and eight liver packings. There were ten small bowel
repairs and 14 resections and anastomoses. Of the seven
rectal injuries, six had a colostomy and one a primary repair.

Outcomes

A total of 46 (33%) patients required ICU admission. Thirty-
four patients developed a complication. These included nine
cases of pneumonia, one case of renal failure, two cases of
abdominal collections, three wound-related complications,
three neurological complications and one miscellaneous
complication. There were seven (5%) deaths.

Blunt versus penetrating

Table I compares the patients who sustained blunt trauma
with those who sustained penetrating trauma. The presenting
physiology was similar in both cohorts. The penetrating
cohort was significantly older than the blunt cohort. Solid



2 Four patients sustained both blunt and penetrating trauma
ISS — injury severity score, AIS — abbreviated injury scale, RR — respiratory rate (breaths per minute), HR — heart rate (beats per minute), SBP — systolic blood pressure
(mmHg), Temp — temperature (°C), BE — base excess (mEq/L), Lac — lactate (mmol/L), Hb — haemoglobin (g/dL), DCS — damage control surgery, ICU — intensive care unit

viscera were significantly more likely to be injured in
the blunt cohort and hollow viscera more likely in the
penetrating cohort.

Damage control

A total of 16 (11%) patients underwent damage control
surgery (DCS). Six sustained blunt trauma and ten penetrat-
ing trauma. The time from injury to admission was a median
of 08:34 hours with a range of (00:50:37-16:34:52). The
presenting physiology of the DCS is tabulated and compared
to that of the non-DCS cohort in Table II. Five patients had a
concurrent head and neck injury, one a maxillo-facial injury,
two a urogenital injury and five an extremity injury. Four
patients underwent hepatic packing, one a splenectomy,
and two a nephrectomy. In six patients, the bowel was
ligated and left in the abdomen, the so-called clip and drop
approach. Eleven patients required a temporary abdominal
closure (TAC). Eight patients required ICU admission and
three died intraoperatively. The ICU length of stay was a
mean of ten days (2-50). A total of 11 patients experienced
a complication. A total of six (37%) of these children died.
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Of the three patients who died intraoperatively, the median
time from injury to admission was 05:39:50 (03:00:07—
08:19:32) and the median age was eight years old (3—18).
The physiology of the non-survivors is tabulated in Table
III. There was a single gunshot injury and two blunt injuries
in the cohort of intraoperative deaths.

Discussion

South Africa continues to experience an abnormally high
burden of trauma for a country with such relative political
stability.!® This trauma burden is unique as it is comprised
of both unintentional trauma and intentional or interpersonal
violence. The unintentional trauma is usually secondary
to vehicle-related trauma, whilst intentional trauma is
secondary to either blunt assault or assault with a penetrating
weapon either secondary to knife crime or gun violence.
This combination is reflected in this paper’s data. There is
an almost even distribution between blunt and penetrating
mechanisms. This is not the norm in other countries reporting
on trauma, where blunt trauma usually predominates in both
adults and children. In addition, the blunt mechanisms were



Table II: Comparison of the patients who underwent damage control surgery (DCS) with those who did not

No DCS DCS y
n 120 16
Age (median [IQR]) 14.00 [8.75, 17.00] 16.00 [9.50, 18.00] 0.491
Sex (%) Male 94 (78.3) 13 (81.2) 1.000
Female 26 (21.7) 3(18.8)
ISS (median [IQR]) 9.00 [9.00, 16.00] 22.50 [16.00, 25.00] <0.001
Abdominal AIS (median [IQR]) 3.00 [3.00, 3.00] 4.00 [3.00, 4.00] 0.001
ICU (%) Yes 38 (33.0) 9 (56.3) 0.208
No 77 (67.0) 7 (43.8)
Blunt (%) 54 (45.0) 6 (37.5) 0.765
Penetrating (%) 70 (58.3) 10 (62.5) 0.962
LOS (median [IQR]) 6.00 (3.00, 10.00) 9.00 (1.75, 13.00) 0.439
RR (median [IQR]) 18.00 [17.00, 22.00] 22.00 [18.00, 26.50] 0.091
HR (mean (SD)) 110.67 (27.18) 119.69 (33.63) 0.228
SBP (median [IQR]) 115.50 [102.00, 127.00] 97.00 [85.00, 116.50] 0.013
GCS (median [IQR]) 15.00 [15.00, 15.00] 14.50 [8.75, 15.00] 0.001
Temperature (median [IQR]) 36.60 [36.10, 37.00] 36.20 [36.00, 36.80] 0.289
pH (median [IQR]) 7.39 [7.34, 7.43] 7.33[7.19, 7.44] 0.351
BE (median [IQR]) 3.00 [1.60, 5.07] 6.30 [3.38, 14.28] 0.006
Lactate (median [IQR]) 1.40[1.02, 3.07] 5.50 [2.50, 9.20] <0.001
Hb (median [IQR]) 11.90 [9.70, 13.50] 8.50 [7.00, 12.60] 0.094
Any complication (%) 23 (19.2) 11 (68.8) <0.001
Imaging (%) CXR 81 (98.8) 11 (100.0) 1.000
AXR 58 (98.3) 7 (87.5) 0.226
FAST 2 (100.0) 0 (0) NA
CT 42 (100.0) 4 (100.0) NA
Outcome (%) Died 1(0.8) 6 (40.0) <0.001
Survived 119 (99.2) 9 (60.0)

ISS — injury severity score, AIS — abbreviated injury scale, LOS — length of stay (days), RR — respiratory rate (breaths per minute), HR — heart rate (beats per minute), SBP —
systolic blood pressure (mmHg), GCS — Glasgow coma score, BE — base excess (mEqg/L), Hb — haemoglobin (g/dL)

weighted towards vehicle-related trauma which suggests
that traffic regulations are poorly enforced. The age of the
penetrating trauma victims is older than that of the blunt
trauma victims. This has implications for injury prevention
programmes. Pre-teens are more at risk for vehicular trauma
and adolescents are more at risk for penetrating trauma. This
is in keeping with the experience in other cities where knife
crime is endemic, such as in parts of London and Paris.’
Although strategies and policies to prevent knife crime
have targeted this at-risk group, the international experience
with these efforts has had mixed results.® Ongoing efforts to
improve road safety are needed for the pre-teen group. There
is also a major distinction in the pattern of injury between
blunt and penetrating mechanisms. Blunt trauma is largely
associated with solid visceral trauma, and penetrating
trauma with hollow visceral trauma.

It is now accepted that the response to increased levels
of physiological derangement in a trauma patient is the
application of DCS.!13 A number of reports on the use of
DCS in children have emanated from North America.'*!¢ An
overview of the North American Trauma databank identified
a total of 360 children who had undergone DCS over a
period of four years and estimated that DCS is required
in 12% of children with operative abdominal trauma.'#16
Another report from Pennsylvania identified 56 children
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who had undergone DCS over a 17-year period. These
authors reported a rate of DCS of 56/371 (15%).!1416 This is
similar to our series. Children who required DCS tended to
have greater physiological derangements, as evidenced by a
greater median ISS (25 vs 18), higher heart rate (112 vs 100),
lower SBP (104 vs 113), and a lower Glasgow coma score
(GCS) (12 vs 13).° Once again, this is similar to our cohort
of patients. In our series, the patients who underwent DCS
all had significantly worse physiological parameters than
the non-DCS cohort. These included lower SBP readings,
as well as worse lactate, BE) PH and lower Hb levels. There
are differences in the response to trauma between children
and adults and this means that further work is required to
develop appropriate guidelines for the application of DCS
in children.!”

The mortality rate in this series, although consistent with
that reported in the literature, is not insignificant.® It climbs
dramatically as the degree of physiological derangement
and the magnitude of injury to the central nervous system
increase. This is evidenced by the significantly lower GCS on
presentation in non-survivors, as well as by the significantly
lower SBP and worse serum lactate levels on presentation in
non-survivors.®%17

It is now understood that the response to trauma needs
to be the establishment of a trauma system.!>!® There is



increasing evidence that the development of a trauma sys-
tem improves outcomes. South Africa is in the process of
developing trauma systems. However, much of this initiative
has been driven by adult trauma surgeons and has focused
on adults. This is a major oversight as there is a considerable
burden of trauma in children and adolescents. Trauma in this
cohort presents unique challenges which a service focused
only on adults may well struggle to meet.'32! Despite the
long distances involved in transporting injured children, it
would appear that centralisation of paediatric trauma care is
preferable to a more disseminated approach.??

Conclusion

Emergency laparotomy for trauma in children is not infre-
quent in Pietermaritzburg and there is a high incidence of
penetrating trauma in this cohort. The response to increased
degrees of physiological derangement is the application of
DCS. Ongoing efforts to develop and strengthen a paediatric
trauma service appear to be justified.
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