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Purpose: Abdominal injuries may occur in up to one-third of all patients who suffer severe trauma, 

but little is known about epidemiological trends and characteristics in a Northern European setting. This 

study investigated injury demographics, and epidemiological trends in trauma patients admitted with 

abdominal injuries. 

Methods: This was an observational cohort study of all consecutive patients admitted to Stavanger Uni- 

versity Hospital (SUH) with a documented abdominal injury between January 2004 and December 2018. 

Injury demographics, age- and sex-adjusted incidence, and mortality patterns are analyzed across three 

time periods. 

Results: Among 7202 admitted trauma patients, 449 (6.2%) suffered abdominal injuries. The median age 

was 31 years, and the age increased significantly over time (from a median of 25 years to a median of 

38.5 years; p = 0.020). Patients with ASA 2 and 3 increased significantly over time. Men accounted for 

70% (316/449). The injury mechanism was blunt in 91% (409/449). Transport-related accidents were the 

most frequent cause of injury in 57% (257/449). The median Injury Severity Score (ISS) was 21, and the 

median New Injury Severity Score (NISS) was 25. The annual adjusted incidence of all abdominal injuries 

was 7.2 per 10 0,0 0 0. Solid-organ injuries showed an annual adjusted incidence of 5.7 per 10 0,0 0 0. The 

most frequent organ injury was liver injury, found in 38% (169/449). Multiple abdominal injuries were 

recorded in 44% (197/449) and polytrauma in 51% (231/449) of the patients. Overall 30-day mortality 

was 12.5% (56/449) and 90-day mortality 13.6% (61/449). 

Conclusion: The overall adjusted incidence rate of abdominal injuries remained stable. Age at presenta- 

tion increased by over a decade, more often presenting with pre-existing comorbidities (ASA 2 and 3). 

The proportion of polytrauma patients was significantly reduced over time. Mortality rates were declin- 

ing, although not statistically significant. 

© 2022 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Severe injuries are a leading cause of death and disability glob- 

lly [1] . Abdominal injuries occur in < 10% of all injured patients 

2–6] but in up to one-third of those suffering from severe injuries 
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7] , with the liver, spleen, and kidney as the most commonly in- 

ured organs [ 2 , 6 , 8 , 9 ]. 

Notably, the true incidence of abdominal injuries and epidemi- 

logical variation is scarcely described. Further, the trauma popu- 

ation is changing, with more elderly patients presenting with in- 

uries [ 3 , 10 ]. Worldwide, the mortality rate of abdominal trauma is 

eported to be between 1 and 20% [ 2 , 3 , 11–14 ], likely reflecting the

ariation in the reported populations. 

The epidemiology of injuries in northern Europe is less well de- 

cribed, particularly for the spectrum of severe abdominal injuries. 
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owever, updated knowledge of abdominal injuries’ epidemiologic 

atterns is essential to improve trauma care and patient outcomes. 

This study aimed to investigate the epidemiologic trends, in- 

luding incidence, demographics, clinical patterns, and mortality of 

atients with abdominal injuries admitted at a Norwegian trauma 

enter. 

aterial and methods 

thics approval 

The Regional Committee for Medical and Health Research Ethics 

REK #2018/341) approved this study. Patients still alive by April 

019 received written information to enable an individual decision 

o participate. The Regional Ethics Committee’s approval permitted 

he inclusion of deceased patients. The Stavanger University Hos- 

ital trauma registry holds approval from the personal data officer 

s a quality registry. 

tudy design and period 

This observational cohort study is a retrospective analysis of 

he prospectively maintained institutional trauma registry database 

overing all trauma patients admitted to Stavanger University Hos- 

ital between January 1 st, 2004, and December 31 st , 2018. 

The STROBE guidelines were applied [15] when appropriate. 

etting 

Stavanger University Hospital (SUH) is a trauma center located 

n the southwestern coast of Norway. The primary catchment area 

overs a population that increased from about 290.0 0 0 to 370.0 0 0 

nhabitants during the study period [16] . A mixed rural and urban 

ettlement characterizes the region. As the only hospital in this re- 

ion, the current study allows for reliable epidemiological data as- 

essment, as described previously [17–20] . 

In addition, the hospital serves as a trauma center for an ex- 

ended catchment area of about 0.5 million inhabitants. 

The trauma registry of SUH has been prospectively maintained 

ince 2004, as described previously [21] . Prespecified criteria will 

rompt a trauma team activation and inclusion in the trauma reg- 

stry [21] . Additionally, any patients admitted to the emergency 

epartment without a trauma team activation but with an Injury 

everity Score (ISS) > 9 on diagnostic screening or have a penetrat- 

ng injury to the head/neck/torso proximal to the elbow or knee, 

ead injury with Abbreviated Injury Scale (AIS) ≥3 or ≥2 proximal 

ong bone fractures are registered in the trauma registry. All avail- 

ble information on eligible patients, including patient records, 

maging studies, operation notes, and autopsy data are investigated 

y AIS code-certified registrars at the point of inclusion. 

articipants and data description 

Patients with documented abdominal injury of any severity ac- 

ording to the Abbreviated Injury Scale (AIS) 1990 revision, update 

8(AIS 98) [22] and 2005 revision, update 08 (AIS 08) [23] were 

dentified from the institutional trauma registry database and in- 

luded in the study. 

In cases with missing data in the trauma registry and for deter- 

ination of mortality, clinical data on patients were collected from 

he hospital’s electronic patient records (EPR) when needed. 

Patients suffering injuries resulting in prehospital deaths are 

ot included in the trauma registry and therefore not investigated 

n this study. Patients who returned a written reservation from 

articipation in this study were excluded ( n = 6). 
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ime intervals 

We defined three 5-year intervals, 20 04–20 08, 20 09–2013, and 

014–2018, as incremental periods to assess temporal trends. 

efinitions 

Abdominal injuries were defined in line with the criteria of the 

IS [ 22 , 23 ]. Hence diaphragmatic injuries were not defined as ab- 

ominal injuries and are excluded from the study. 

Solid-organ abdominal injuries comprised the following organs; 

iver, spleen, kidney, pancreas, mesentery, omentum, or adrenal 

lands. Hollow viscus injury was an injury to the stomach, duo- 

enum, small bowel, colon, rectum, biliary tract, bladder, or ureter. 

amage to the abdominal vessels was defined as an injury to, or 

leeding from, identified vascular structures in the abdominal cav- 

ty. Ano-genital injuries included male and female reproductive or- 

ans. 

Polytrauma was defined as an injury with an AIS score ≥ 3 in 

wo or more body regions. 

Children were defined as patients ≤16 years of age, adult pa- 

ients were between 17 and 64 years, and elderly patients were 

hose ≥65 years of age. 

Mortality was defined as death within 30 and 90 days after the 

rauma event. Patients deemed dead on arrival were based on de- 

criptions from the trauma team leader in patients with no signs of 

ife at admission and futile treatment effort s given during the pri- 

ary survey (resuscitation/transfusion) and/or emergency surgery 

rocedures (e.g., thoracic drains, emergency thoracotomy). 

tatistics 

The SPSS® version 25.0.0.0 for Mac (IBM, Armonk, New York, 

SA) and R version 3.6.2 were used for data analysis. 

Continuous data were summarized by median and interquartile 

ange, and categorical data were presented as numbers and per- 

entages. Kruskal-Wallis test was used to test for differences be- 

ween periods in continuous variables and the chi-square test for 

ategorical variables. 

Crude incidence rates were calculated as the number of abdom- 

nal injuries in the catchment area per 10 0,0 0 0 person-years. The 

nnual population of the eighteen municipalities that constitute 

he SUH primary catchment area was provided by Statistics Nor- 

ay [16] . Adjusted incidence rates were then calculated by age- 

nd sex-adjusting the crude rates to what these rates correspond 

o in standard populations for Norway, EURO, USA 2010, WHO, and 

orld. Five-year age bands were used in these calculations. Pois- 

on regression was used to test for differences in the incidence 

ver time and between sexes. 

All tests are two-sided, and p -values of < 0.050 were considered 

tatistically significant. 

esults 

The frequency of abdominal injuries is displayed in Fig. 1 . Base- 

ine characteristics according to the three time periods are outlined 

n Table 1 . The median age in adult patients increased significantly 

rom the first period to the last period (from 27 years to 39 years, 

espectively; p = 0.027). A non-significant increase in age from 69 

o 76 was observed in the elderly. 

Among children with abdominal injuries, ISS > 15 were found in 

1% (46/75) and ISS > 25 in 16% (12/75). Adult patients with ab- 

ominal injuries displayed ISS > 15 in 69% (221/322) and ISS > 25 

n 46% (148/322). In elderly patients, 75% (39/52) had an ISS > 15, 

nd 50% (26/52) had an ISS > 25. Neither children nor elderly pa- 
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Fig. 1. Study flow chart. Showing patient selection and frequencies of abdominal injuries. 

3132 
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Table 1 

Baseline characteristics of patients with abdominal injuries. 

Time periods 

20 04-20 08 2009-2013 2014-2018 Total p 

Patients, n (%) 148 (33.0) 141 (31.4) 160 (35.6) 449 (100) 0.540 

Age (years), median (IQR) 25 (18-45) 31 (20-55) 38.5 (20-55) 31 (19-51.5) 0.020 

Age category 

Children, n (%) 32 (21.6) 16 (11.3) 27 (16.9) 75 (16.7) 0.064 

Adult, n (%) 100 (67.5) 113 (80.1) 109 (68.1) 322 (71.7) 0.027 

Elderly, n (%) 16 (10.8) 12 (8.5) 24 (15) 52 (11.6) 0.201 

Male, n (%) 98 (66.2) 109 (77.3) 109 (68.1) 316 (70.4) 0.088 

Type of injury 

Blunt, n (%) 133 (89.9) 128 (90.8) 148 (92.5) 409 (91.1) 0.711 

Penetrating, n (%) 15 (10.1) 13 (9.2) 12 (7.5) 40 (8.9) 0.711 

Transport time ∗ 61 (41-81) 54 (38-81) 60 (40-100) 59 (40-90) 0.121 

ASA, n (%) ∗∗

1 120 (81.1) 88 (62.4) 90 (56.3) 298 (66.4) 0.039 

2 17 (11.5) 29 (20.6) 40 (25.6) 87 (19.4) 0.007 

3 11 (7.4) 22 (15.6) 27 (16.9) 60 (13.4) 0.035 

4 0 (0) 2 (1.4) 1 (0.6) 3 (0.7) 0.564 

SBP ∗∗∗ 123 (103-140) 130 (110-140) 125 (110-140) 125 (110-140) 0.278 

SBP < 90 mmHg, n (%) 21 (14.2) 10 (7.1) 19 (11.9) 50 (11.1) 0.158 

GCS 15 (13-15) 15 (14-15) 15 (14-15) 15 (14-15) 0.411 

GCS < 9, n (%) 26 (17.6) 22 (15.6) 20 (12.5) 68 (15.1) 0.456 

ISS 24.5 (16-34) 21 (11.5-34) 17 (11-34) 21 (13-34) 0.066 

ISS > 15, n (%) 112 (75.7) 95 (67.4) 99 (69.9) 306 (68.2) 0.033 

NISS 27 (17-47) 25 (13.5-39.5)101 22 (13-41) 25 (14-41) 0.078 

NISS > 15, n (%) 117 (79.1) (71.6) 113 (70.6) 331 (73.7) 0.194 

Polytrauma, n (%) 88 (59.5) 72 (51.1) 71 (44.4) 231 (51.4) 0.030 

LOS, median (IQR) 6.5 (3-12) 6 (2-12) 5 (2-9) 6 (2-11) 0.183 

30-day mortality 

Overall, n (%) 21 (14.2) 18 (12.8) 17 (10.6) 56 (12.5) 0.634 

ISS > 15, n (%) 21 (18.8) 18 (18.9) 17 (17.2) 56 (18.3) 0.634 

ISS > 25, n (%) 21 (30) 17 (29.3) 16 (27.6) 54 (29.0) 0.529 

DOA, n (%) 8 (5.4) 7 (5.0) 8 (5.0) 23 (5.1) 0.884 

n = number of patients; Transport time as time from incident to arrival, given in minutes; ASA = American Society 

of Anesthesiologists (ASA) physical status classification system; SBP = Systolic Blood Pressure in mmHg, on admis- 

sion; GCS = Glasgow Coma Scale on admission; ISS = Injury Severity Score; NISS = New Injury Severity Score; Poly- 

trauma = AIS score ≥ 3 in two or more body regions; LOS = Length of hospital stay in days; DOA = Dead on arrival. 
∗ 43 patients with missing data 
∗∗ One patient with missing data 
∗∗∗ 31 patients with missing data on admission 
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ients with abdominal injuries had statistically significant different 

SS compared to adult abdominal trauma patients. 

The complete spectrum showing all the specific organ injuries 

rranged by frequency and the number of injuries with Abbrevi- 

ted Injury Scale (AIS) ≥3 are outlined in Table 2 . A solid-organ 

njury occurred in 83% (373/449) of the patients, with liver injury 

38%, 169/449), splenic injury (33%, 146/449), and kidney injury 

23%, 102/449) encountered most frequent. Hollow viscus injury 

as found in 20% (89/449) of the patients. The small intestine (8%, 

5/449) and colon (6%, 25/449) were most often injured, and vas- 

ular injuries were encountered in 15% (67/449) of the patients. 

Multiple abdominal injuries were recorded in 4 4% (197/4 49) of 

he patients. Two different abdominal injuries were found in 27% 

120/449), while 12% (53/4 49), 3% (14/4 49), and 2% (10/4 49) had 

hree, four, and five abdominal injuries, respectively. A combination 

f solid organ injury and hollow viscus injury was found in 11% 

50/449). Combined liver and spleen injuries were most commonly 

bserved (8%, 35/449), followed by combined liver and kidney in- 

uries (7%, 30/449). A combined spleen and kidney injury was ob- 

erved in 6% (25/449) of the patients. 

In children, a solid-organ injury was seen in 93% (70/75), hol- 

ow viscus injury in 12% (9/75), and vascular injuries in 4% (3/75) 

f the patients. The spleen was most frequently injured (43%, 

2/75), followed by the liver (35%, 26/75) and kidney (28%, 21/75). 

ultiple abdominal injuries were seen in 37% (28/75) of children. 

iver injury combined with a kidney injury (8%, 6/75) was slightly 

ore common than the combination of injuries to the spleen and 

idney (5%, 4/75). 
3133 
ssociated injuries 

Associated injuries in other body regions were found in 86% 

386/449) of the patients with abdominal injuries. Most fre- 

uently encountered were thoracic injuries (66%, 295/449), fol- 

owed by lower extremities (46%, 205/449), upper extremities (40%, 

79/4 49), head (29%, 132/4 49), and associated injuries to the spine 

n 26.5% (119/449). Polytrauma was documented in 51% (231/449), 

howing a significant decrease over the three time periods. 

ncidence 

The overall adjusted incidence rates of SUH in regards to na- 

ional, European, and global standard populations for both abdom- 

nal injuries and the subgroup of solid-organ injuries are presented 

n Table 3 . The adjusted incidences for all abdominal injuries in the 

hree incremental periods are shown in Fig. 2 A . The annual crude 

ncidence rate for abdominal injuries during the study period was 

.1 per 10 0,0 0 0. Solid-organ injuries showed an equal crude and 

djusted incidence rate of 5.7 per 10 0,0 0 0 per year for the entire

tudy period. 

The overall crude incidence of abdominal injuries was 4.3 per 

0 0,0 0 0 per year in females and 9.9 per 10 0,0 0 0 per year in males.

nnually adjusted incidence rates for all abdominal injuries dur- 

ng the study period for male and female patients are presented in 

ig. 2 B . The difference in adjusted incidence rates between sexes 

as statistically significant in both abdominal injuries and the sub- 

roup of solid-organ injuries. 
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Table 2 

Specific organ injuries. 

Injuries n 

AIS ≥ 3 

n (%) 

Solid organ injuries 

Liver 169 95 (56.2) 

Spleen 146 95 (65.1) 

Kidney 102 44 (43.1) 

Mesentery 45 7 (15.6) 

Omentum 11 0 (0.0) 

Pancreas 9 3 (33.3) 

Adrenal gland 7 1 (14.3) 

Hollow viscus injuries 

Small bowel 35 21 (60.0) 

Colon 25 4 (16.0) 

Stomach 16 11 (68.8) 

Duodenum 9 3 (33.3) 

Biliary tract 7 4 (57.1) 

Bladder 7 4 (57.1) 

Rectum 5 4 (80.0) 

Ureter 3 3 (100.0) 

Other injuries 

Abdominal wall 83 3 (3.6) 

Abdominal vessels ∗ 67 63 (94.0) 

Ano-genital incl. urethra 12 3 (25.0) 

n = number of specific injuries. AIS = Abbreviated Injury Scale. Percentage of se- 

rious to critical injury (AIS ≥3) given for each specific organ injury. 
∗ Named vessels not included in other organ injury description. 
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echanism 

Injury mechanisms for the total study period and the three in- 

remental periods are presented in Table 4 . Patients suffering ab- 

ominal injuries after transport-related mechanisms were less of- 

en polytrauma patients, decreasing from 70% (66/94) in the first 

ncremental period to 47% (38/81) in the last incremental pe- 

iod; p = 0.006. Abdominal injuries caused by motorbike accidents 

ere predominately male patients (90% males versus 10% females; 

 ≤ 0.001) Work-related abdominal injuries were observed more 

requently in male patients, accounting for 97% of these injuries. 

In children, transport-related injuries were the most common 

rauma mechanism, observed in 53% (40/75) of the patients. Falls 

ere the cause of abdominal injury in 33% (25/75). Two chil- 

ren suffered abdominal injuries from interpersonal violence. No 

njuries were due to self-harm in this age group. Injuries during 

eisure activities accounted for 79% (59/75) of the children. 

In elderly patients with abdominal trauma, injuries were 

ransport-related in 52% (27/52) and due to falls in 38.5% (20/52). 

nly one elderly patient was registered as exposed to interpersonal 

iolence. Two elderly patients had an abdominal injury due to self- 

arm caused by falls after suicidal attempts. 
Table 3 

Adjusted incidences (i.e. numbers/100 000/year with 95% confidence intervals) of a

Standard populations Abdominal injuries 

Total Male Female 

Norway 7.2 

(6.4-8.0) 

9.9 

(8.8-11.3) 

4.4 

(3.6-5.3) 

EURO 7.1 

(6.4-8.0) 

9.9 

(8.7-11.4) 

4.4 

(3.6-5.3) 

US 2010 7.2 

(6.5-8.0) 

10.2 

(8.9-11.5) 

4.4 

(3.6-5.3) 

WHO 7.2 

(6.4-8.0) 

10.1 

(8.9-11.5) 

4.2 

(3.4-5.1) 

World 7.0 

(6.3-7.8) 

9.8 

(8.6-11.2) 

4.2 

(3.4-5.2) 

Adjusted incidences of all abdominal injuries and the subgroup of solid organ in

Norway, EURO, USA 2010, WHO and World to enable comparison between geograp

3134 
lunt versus penetrating injuries 

During the study period, 8.9% (40/449) of the patients were ex- 

osed to a penetrating injury, with a significant male predomi- 

ance (77.5%, 31/40). Stab wounds constituted 87.5% (35/40) of the 

enetrating injuries. Only two patients suffered gunshot wounds. 

f the penetrating injuries, 32.5% (13/40) were self-harm, one gun- 

hot injury, and 12 stab injuries. Only two children and one elderly 

atient suffered penetrating injuries, all stab injuries as an act of 

iolence. 

ortality 

The overall 30-day mortality was 12.5% (56/449), with a 90-day 

verall mortality of 13.6% (61/449). Male patients had 13% (42/316) 

nd 14% (44/316) 30-day and 90-day mortality, respectively. Fe- 

ale patients presented with 10.5% (14/133) 30-day mortality and 

3% (17/133) 90-day mortality. The mortality difference in 30-/90- 

ay mortality between sexes showed no statistical significance. In 

lderly patients, 30-day mortality was 19% (10/52), while 90-day 

ortality was 25% (13/52). Only 3% (2/75) of injured children died 

ithin 30-days. No further deaths occurred in children within 90- 

ays. The median age in deceased patients was 45 (range 11–96), 

ith a median ISS of 50 (range 9–75). 

Patients suffering from solid organ injuries had 12.6% (47/373) 

nd 12.9% (48/375) 30-/90-day mortality, respectively. Hollow vis- 

us injuries as a group showed 9% (8/89) 30-day mortality and 

2.4% (11/89) 90-day mortality. The group of patients suffering 

ascular injuries showed 31% (21/67) 30-day mortality and 36% 

24/67) 90-day mortality. A single abdominal injury was seen in 

6% (22/61) of deceased patients, with liver injury ( n = 8) and vas- 

ular injury ( n = 8) as the most frequent. Of those who died, 97%

59/61) had associated injuries in other body regions; thoracic in- 

uries in 93% (57/61), lower extremity in 79% (48/61), head injury 

n 64% (39/61), upper extremity in 59% (36/61) and spinal injury 

n 41% (25/61). Polytrauma was present in 96% (54/56) of patients 

eceased within 30 days. 

Within the subgroup of penetrating injuries, the 30-day mor- 

ality was 12.5% (5/40), with a 90-day mortality rate of 15% (6/40). 

elf-inflicted injuries showed 30-day mortality of 11% (3/27) and 

0-day mortality of 15% (4/27). 

iscussion 

In the current study, the annual adjusted incidence of abdom- 

nal trauma was found to be 7.2 per 10 0,0 0 0. The adjusted inci-

ence rate of solid organ injuries was 5.7 per 10 0,0 0 0 per year.

he observed proportion of abdominal injuries in this study (6.2%) 

s lower than reported in other studies [ 2–6 , 24 ]. In both abdominal
bdominal injuries. 

Solid organ injuries 

Total Male Female 

5.7 

(5.1-6.4) 

8.0 

(7.0-9.2) 

3.4 

(2.7-4.2) 

5.7 

(5.0-6.4) 

8.0 

(6.9-9.3) 

3.3 

(2.6-4.2) 

5.8 

(5.1-6.5) 

8.2 

(7.1-9.4) 

3.4 

(2.7-4.3) 

5.8 

(5.2-6.6) 

8.2 

(7.1-9.4) 

3.4 

(2.7-4.3) 

5.8 

(5.1-6.5) 

8.1 

(7.0-9.3) 

3.5 

(2.7-4.4) 

juries in SUH catchment area. Adjusted towards standard populations for 

hical regions. 
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Fig. 2. Adjusted incidence of abdominal injuries. Panel A: Adjusted incidence of all abdominal injuries in SUH catchment area presented for the three incremental periods. 

Adjusted to standard population of Norway. Panel B: Annual adjusted incidence of all abdominal injuries in SUH catchment area presented for male and female patients. 

Adjusted to standard population of Norway. 
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njuries and the subgroup of solid-organ injuries, a non-significant 

ncrease in incidence was noted. While the literature is scarce re- 

arding adjusted incidences of abdominal injuries, one report from 

orway [25] and reports from other countries [ 2 , 3 , 9 ] indicate an

ncreasing incidence in the past two decades. Whether this may 

e attributed to more precise diagnostics and improved trauma 

ervice for a better recording of these injuries, or if the observed 

ncreasing incidence is an actual increase in numbers, remains a 

uestion. Baseline information on the incidence and frequency of 

bdominal injuries is of significant interest when planning future 
3135 
rauma care and education. It may also aid the trauma teams and 

ersonnel working with follow-up after admittance regarding sus- 

icion of injury. However, it is worth noting that some of the mi- 

or injuries might be of little clinical importance. At the same 

ime, f.ex, a seatbelt sign in a patient with a negative CT scan 

ight induce a higher workload during management and follow- 

p than a low grade organ injury in a stable patient. 

The age at presentation increased by more than a decade. El- 

erly patients constituted about 15% of the abdominal trauma 

orkload in the last incremental period, which is in line with other 
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Table 4 

Mechanism of injury. 

Mechanism, n (%) 20 04-20 08 2009-2013 2014-2018 Total p 

n = 148 n = 141 n = 160 n = 449 

Transport related 94 (63.5) 82 (58.2) 81 (50.6) 257 (57.2) 0.071 

Motor vehicle accident 48 (32.4) 41 (29.1) 36 (22.5) 125 (27.8) 0.140 

Motor bike accident 17 (11.5) 17 (12.1) 19 (11.9) 53 (11.8) 0.988 

Bicycle accident 16 (10.8) 15 (10.6) 16 (10.0) 47 (10.5) 0.970 

Pedestrian ∗ 10 (6.8) 5 (3.5) 5 (3.1) 20 (4.5) 0.249 

Other 3 (2.0) 5 (3.5) 4 (2.5) 12 (2.7) 0.716 

Fall 21 (14.2) 28 (19.9) 57 (35.6) 106 (23.6) < 0.001 

< 1m 2 (1.4) 6 (4.3) 20 (12.5) 28 (6.2) 0.059 

1-5m 12 (8.1) 13 (9.2) 28 (17.5) 53 (11.8) 0.745 

> 5m 7 (4.7) 9 (6.4) 9 (5.6) 25 (5.6) 0.124 

Violence 10 (6.8) 9 (6.4) 6 (3.8) 25 (5.6) 0.454 

Other 3 (2) 14 (9.9) 13 (8.1) 30 (6.7) 0.018 

Self-harm 

∗∗ 9 (6.1) 5 (3.5) 13 (8.1) 27 (6) 0.237 

Situation, n (%) 

Work related injury 19 (12.8) 24 (17) 24 (15) 67 (14.9) 0.608 

Leisure activities 88 (59.5) 40 (28.4) 90 (56.3) 218 (48.6) < 0.001 

Other 41 (27.7) 77 (54.6) 46 (28.8) 164 (36.5) < 0.001 

n = number of patients. 
∗ Pedestrian hit by motorized vehicle. 
∗∗ Includes transport related injuries, falls and stab injuries. 
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eports [26] . The increase among patients > 65 years was not sta- 

istically significant and may only partly explain the rise in median 

ge for patients with abdominal injuries overall. A relevant change 

as found in the adults, with an increase in the median age at 

resentation of 12 years during the study period. An increasing 

rend of more elderly patients suffering from other traumatic in- 

uries [ 27 , 28 ] has also been shown for injuries to the abdomen [3] .

ost likely, this reflects the elderly population being healthier and 

ore active with an inherent risk of injury at a more advanced 

ge. Together with an increase in pre-existing medical conditions, 

hown in our material as a significant rise of patients with ASA- 

core 2 and 3, serves as a challenge for future trauma team effort s.

The number of falls leading to abdominal injuries increased, 

ainly due to falls from heights < 1 m. A higher median age was

oted for patients sustaining low-energy falls (48 years versus 31 

ears of age), and 25% were elderly patients. The findings concur 

ith those reported by others [3] , including a recent publication 

rom our center, showing a high degree of low-energy falls among 

lderly trauma patients [29] . This knowledge may aid us in further 

reventing injuries and correctly triaging this group. 

More than half (57%) of the abdominal injuries were transport- 

elated. Worldwide, motor vehicle accidents are the leading 

ause of abdominal injuries, accounting for over half of the in- 

uries [ 2 , 4 , 5 , 11 , 13 ]. This material showed a decreasing trend in

ransportation-related injuries, with a decline in motor vehicle ac- 

idents contributing the most to this tendency. This finding is in 

ine with a series from central Europe [30] . Our patients suffer- 

ng abdominal injuries after transport-related mechanisms suffered 

ess frequently from polytrauma over time. The global status report 

n road safety, launched by WHO in 2018, indicates a reduction in 

he number of road traffic deaths in the middle- and high-income 

ountries [31] . The high-income profile of our catchment area sug- 

ests a predominance of modern vehicles with up-to-date safety 

quipment. This, together with zero-tolerance policies for alcohol 

se in drivers of motor vehicles, strict regulations of speed limits, 

nd appropriate safety measures such as seatbelt use, may explain 

he decreasing trend. 

Several studies have reported an increased incidence of pene- 

rating abdominal injuries [ 2 , 32 ]. We did not find the same pat-

ern. In contrast, although not statistically significant, a slight de- 

rease was observed. Overall, 8.9% of the abdominal injuries were 
3136 
aused by penetrating injuries. This is lower than the 14% pene- 

rating abdominal injuries recently reported from another Norwe- 

ian center [25] , but higher than the 6% penetrating abdominal in- 

uries from a low trauma-volume hospital in northern Sweden [11] . 

ther Scandinavian reports range from 9–12% penetrating mech- 

nism in all severely injured trauma patients [33] . In a broader 

uropean setting, these proportions range from 3.7% in national 

ata from England and Wales [34] , to 8.5% in a single-center se- 

ies from Switzerland [26] , and up to 21% in a single-center series 

rom the UK [35] . Additionally, one-third of the penetrating ab- 

ominal injuries in our material were due to self-harm. As a mixed 

rban/rural region characterized by a high socio-economic status 

ith a low burden of inter-personal violence, this is also reflected 

n the demonstrated epidemiology with a low ratio of penetrating 

echanisms in abdominal injuries. 

A slight reduction in overall mortality from 14.2 to 10.6% was 

bserved during the study period. The decrease was not statisti- 

ally significant, but any reduction in mortality over time may be 

linically relevant. This declining trend in mortality is in line with 

nother recent Norwegian study that reported an overall 30-day 

ortality of 13.4% and 10.3% in their two incremental periods, re- 

pectively, although with a slightly higher median ISS in their pa- 

ient cohort [25] . The report from northern Sweden had only one 

atality among 110 patients with abdominal injuries, but a me- 

ian NISS of 9 suggests a few severely injured patients in this pa- 

ient cohort [11] . In a broader European setting, data from the UK 

overing adult blunt abdominal trauma patients from three ma- 

or trauma centers showed overall mortality of 6.2% [36] . In a re- 

ent report presenting STAG (Scottish Trauma Audit Group) data 

or Scottish abdominal trauma patients between 2011 and 2015, 

.5% of the patients were classified as non-survivors [24] . On a 

lobal scale, two series from Australia reported mortality of 7–

% [ 2 , 3 ]. Of note, these reports define mortality as survival un-

il hospital discharge, not specifying whether this is 30-day mor- 

ality, making comparison difficult. In smaller series, worldwide 

ortality ranges from 6% to 19%, but few reports on the 30-day 

ortality, and to our knowledge, none have reported on 90-day 

ortality [ 4 , 12 , 13 , 37 , 38 ]. It is worth noting that our material in-

ludes abdominal injured patients deemed dead on arrival dur- 

ng the trauma team management, and the fraction of such pa- 

ients remained stable throughout the study period. This, together 
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ith reporting actual 30- and 90-day mortality, may contribute to 

ur mortality ranging higher than studies with more conservative 

eans of reporting. The maturing trauma system and the poten- 

ial effect of treatment and mortality on subgroups of abdomi- 

al trauma patients will be the focus of further research from our 

roup. 

imitations 

Some limitations are worth mentioning. The population under 

nvestigation are the patients with abdominal injuries captured by 

ur institution’s trauma registry. Patients with isolated minor ab- 

ominal injuries may not be fully accounted for and thereby ex- 

luded from our calculation of incidence rates [39] . Also, prehos- 

ital deaths are not included in the study, which potentially could 

ead to an even more accurate estimate of incidence. 

The trauma system has matured and developed during the 

tudy period [ 29 , 40 , 41 ]. Hence, this study’s retrospective nature

ay serve as a limiting factor when comparing different incremen- 

al periods. 

onclusion 

This study presents stable incidences of patients with abdom- 

nal injuries over time in a mixed rural/urban settlement. The 

atients are getting older and more often presenting with pre- 

xisting comorbidities (ASA 2 and 3). Abdominal injuries following 

ransport accidents are decreasing but more frequently observed 

fter low-energy falls. The proportion of polytrauma patients was 

ignificantly reduced over time. Mortality rates were declining, al- 

hough not statistically significant. 
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