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injuries are mostly caused by a blunt accident mechanism [2]. And 
yet, the abdominal upper GI injury is frequently not directly life-
threatening. In 30-40% of the cases, complications occur, which may 
lead to a significant reduction in quality of life, e.g. due to nutrition 
problems and/or in chronic post-traumatic/ -operative adhesions, 
particularly in young patients [3]. Due to the partly retroperitoneal 
position of the duodenum and its close proximity to large vessels, 
associated injuries are generally severe. Furthermore, with increasing 
severity of the abdominal upper GI injury, other organ systems are 
also involved so that more than 90% of the patients exhibit at least 
one other injured abdominal organ [4-6].

Since in-hospital mortality results from the cumulative impact 
of all injured organs, these impacts the increase in the total injury 
severity scores (ISS). The mortality rate after abdominal upper GI 
trauma documented in the literature accordingly has a wide range 
and varies between around 10 and 25%. A distinction is made here 
between early- stage mortality, mostly due to blood loss, and late-
stage mortality [7]. Late-stage mortality is not infrequently based on 
secondary complications of the intensive care treatment, which may 
lead to sepsis as well as multiple organ failure in connection with 
the functional failure after trauma [8]. The actual specific significance 
of abdominal upper GI injury for the onset of such complications, 
however, is not yet fully understood in this context.

It must be noted, however, that a clear paradigm shift concerning 
the surgical treatment of abdominal injuries has occurred in the past 
few decades [9,10]. The conservative treatment of abdominal injuries 
has increasingly become the method of choice in hemodynamically 
stable patients after blunt trauma as a result of both the increasing 
multidisciplinarity and the corresponding interventional, mostly 
radiological but also more advanced conservative treatment options. 
Angioembolization may have success rates of up to 70-80% in various 
traumatic and ontraumatic intra-abdominal hemorrhages; but this 
is not yet a standardized procedure in this context in Germany. In 

Abstract
Purpose: The relevance of abdominal upper GI trauma in severely 
injured patients within a large collective has not been thoroughly 
analyzed yet. This study aims at assessing the prevalence of 
abdominal upper GI trauma in relation to the outcome and the 
currently established algorithm of treatment.

Methods: 148,498 patients from the TraumaRegister DGU® of the 
German Trauma Society (TR-DGU) (2002-2013) were analyzed 
retrospectively. All patients with an “Injury Severity Score”  (ISS) ≥ 
9, direct admission to a trauma center, age ≥ 16 and an abdominal 
injury (AISabdomen ≥ 2) were included. Patients with abdominal 
trauma (AISabdomen ≥ 2) were compared to patients with added 
abdominal upper GI trauma (AISabd. upper GI 2-4/5).

Results: 13,491 (19.7%) of 148,498 patients had documented 
abdominal injuries. 416 (3.1%) patients with abdominal injury 
additionally showed an abdominal upper GI injury (AISabdomen 
≥ 2, AISabd. upper GI 2-4/5) and were analyzed in dependency 
of the classification of the American Association for the Surgery 
of Trauma (AAST) organ-severity score. AAST-abdominal upper 
GI (stomach and duodenum): II°: 1.1%, III°: 1.4%, IV°/V°: 0.6%. 
Patients with leading abdominal upper GI injury (grade IV and V) 
thereby showed a significant increase of mortality (IV°/V°: 16.2%).

Conclusions: The results presented here show the prevalence 
and the outcome of abdominal upper GI injury in a large collective 
within the TR DGU for the first time.
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Introduction
In multiple-injury patients, the stomach and duodenum are 

part of the injury pattern to varying degrees in around 0.5-2% of 
the documented cases [1]. In industrialized countries, abdominal 
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hollow organ injuries this interventional or conservative approaches 
play a subordinated role. However, there is also consensus that despite 
all non-surgical treatment options, hemodynamically unstable 
patients with relevant hemorrhages, more severe injuries or hollow 
organ injuries in general due to contamination should have surgery 
[11]. Here, the time of operation is determined by the acuteness of 
the events.

This study investigates the distribution and the significance of 
abdominal upper GI injuries in polytrauma patients. Furthermore, it 
analyzes whether this injury constitutes an additional risk factor after 
trauma. A treatment algorithm based on this was derived accordingly.

Material and Methods
Between 2002 and 2013, a total of 148,498 patients were 

prospectively documented in the TR-DGU. The TraumaRegister 
DGU® of the German Trauma Society (Deutsche Gesellschaft für 
Unfallchirurgie, DGU) was founded in 1993. The aim of this multi-
center database is an anonymous and standardized documentation 
of severely injured patients. Data are collected prospectively in four 
consecutive time phases from the site of the accident until discharge 
from hospital: A) Pre-hospital phase, B) Emergency room and initial 
surgery, C) Intensive care unit and D) Discharge. The documentation 
includes detailed information on demographics, injury pattern, 
comorbidities, preand in-hospital management, course on intensive 
care unit, relevant laboratory findings including data on transfusion 
and outcome of each individual. The inclusion criterion is admission 
to hospital via emergency room with subsequent ICU/ICM care or 
reaches the hospital with vital signs and dies before admission to ICU.

The infrastructure for documentation, data management, and 
data analysis is provided by AUC - Academy for Trauma Surgery 
(AUC - Akademie der Unfallchirurgie GmbH), a company affiliated 
to the German Trauma Society. The scientific leadership is provided 
by the Committee on Emergency Medicine, Intensive Care and 
Trauma Management (Sektion NIS) of the German Trauma Society. 
The participating hospitals submit their data anonymously into a 
central database via a web-based application. Scientific data analysis is 
approved according to a peer review procedure established by Sektion 
NIS. The participating hospitals are primarily located in Germany 
(90%), but a rising number of hospitals of other countries contribute 
data as well (at the moment from Austria, Belgium, China, Finland, 
Luxembourg, Slovenia, Switzerland, The Netherlands, and the United 
Arab Emirates). Currently, approx. 25,000 cases from more than 
600 hospitals are entered into the database per year. Participation in 
Trauma Register DGU® is voluntary. For hospitals associated with 
TraumaNetzwerk DGU®, however, the entry of at least a basic data 
set is obligatory for reasons of quality assurance [12]. The present 
study is in line with the publication guidelines of the TraumaRegister 
DGU® and registered as TR-DGU project ID 2015-035.

In this analysis the following eligibility criteria were used:

1. “Injury Severity Score” (ISS) ≥ 9,

2. direct admission from scene to a trauma center and subsequent 
treatment for at least 3 days,

3. age ≥ 16,

4. abdominal injury (AISabdomen ≥ 2),

5. European data record.

ISS and the severity of individual injuries were determined with the 
2005 edition of the “Abbreviated Injury Scale” (AIS). The existence of 
sepsis was defined based on the criteria of the ACCP/SCCM consensus 
conference committee [13]. The definition of organ failure (OF) followed 
the SOFA score (Sequential Organ Failure Assessment) [14]. An 
individual OF was defined by at least 3 SOFA score points; a multi-organ 
failure (MOF) was defined as simultaneous failure of at least two organs.

To represent abdominal upper GI injuries in their entirety, 
supposedly minor traumas, i.e. starting with AISabd. upper GI2, were also 
taken into account in the data analysis, table 1. All those patients who 
had an abdominal injury (AISabdomen ≥ 2), but non abdominal upper 
GI injury (AISabd. upper GI = 0) were assigned to the “abdominal trauma” 
group. Patients with a documented abdominal upper GI injury 
(AISabd. upper GI 2-5) were placed in the “abdominal upper GI trauma” 
group and were analyzed according to the severity of injury, figure 1.

In order to assess the risk of death based on the initial severity 
of injury, a prognosis was made using the Revised Injury Severity 
Classification, version 2 (RISC-2) [15]. The RISC-2 score has been 
developed and validated using data from more than 30,000 patients 
from the TR-DGU. Thirteen different factors which are present on 
hospital admission are used to estimate hospital outcome in primary 
admitted cases. Among the prediction variables are: orst and second 
worst injury, head injury, age, gender, type of injury, pupil size and 
reactivity, Glasgow Coma Scale, coagulopathy, blood pressure, base 
deficit, and hemoglobin level [16-18].

The actual observed hospital mortality is then compared with the 
estimated prognosis based on RISC-2. The relation of actual mortality 
and prognosis is expressed by the standardized mortality ratio (SMR) 
where the observed outcome is divided by the expected outcome 
(prognosis). Thus if SMR < 1 then outcome is better than expected. 
The statistical uncertainty involved in the SMR is demonstrated by 
using a 95% confidence interval (95%-CI).

Statistics

Since 2002, data collection was done with internet-based data 
entry software with integrated plausibility checks. The anonymized 
data were analyzed with the statistical program SPSS (Version 
22, IMB Inc. Armonk NY, USA). Incidences are presented with 
counts and percentages, continuous values with mean and standard 
deviation (SD). Analysis was mainly restricted to descriptive 

Type of injury Description of injury
Grade Stomach Duodenum
1 Hematoma Contusion or hematoma Involving single portion of duodenum

Laceration Partial-thickness Partial-thickness, no perforation
Hematoma Involving more than one portion

II Laceration Laceration < 2 cm in GE junction or pylorus; < 5 cm in proximal 1/3 
stomach; < 10 cm in distal 1/3 stomach

Disruption < 50% of circumference

III Laceration Laceration > 2 cm in GE junction or pylorus; > 5 cm in proximal 1/3 
stomach; > 10 cm in distal 1/3 stomach

Disruption 50%-75% of circumference of 
D2; Disruption 50%-100% of circumference 
of D1, D3, D4

IV Tissue loss or devascularization < 2/3 
stomach

Disruption > 75% of circumference of D2, 
involving ampulla or distal common bile duct

V Tissue loss or devascularization >2/3 
stomach

Massive disruption of duodenopancreatic 
complex; devascularization of duodenum

Table 1: AAST-scale for classification of abdominal upper GI injuries [36].

D1 first position of duodenum
D2 second position of duodenum
D3 third position of duodenum
D4 fourth position of duodenum
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statistics. Statistical tests were avoided due to the multiple number of 
comparisons (several groups and outcome parameters), as well as the 
high sample size which could lead to formal statistical significances 
in case of even minor differences. In selected situations only, data 
from the group with abdominal upper GI trauma were compared 
statistically against the remaining groups (χ² test for incidence rates 
and U-test for continuous values).

Results
An abdominal trauma occurred in 13,491 (19.7%) of the patients. 

The further classification of the patients is shown in table 2 and figure 1. 

The incidence of an abdominal upper GI injury according to the stated 
criteria was a rare injury at 3.1% among the abdominal injuries.

The 416 patients with an abdominal upper GI injury had an 
average age of 41.4 ± 18.7 years; 72.4% were male, table 2. The average 
ISS was 30.5 ± 14.3 points. With regard to demographic parameters, 
moreover, it was shown that in contrast to patients with other 
abdominal injuries, e.g. liver and kidney, patients with abdominal 
upper GI trauma were on average older (kidney = 37.5 ± 17.4; liver 
= 34.9 ± 15.6) and averaged over both groups male (72.4 vs. 66.0%). 
At 93.3%, the number of blunt traumata was as expected in the 
“abdominal upper GI trauma” group.

 

Figure 1: Organigram of the population; broken down into the respective grades of severity (AIS) in abdominal upper GI trauma; percentage calculation of 
abdominal trauma/abdominal upper GI trauma.

abdominal trauma
n = 13,491

Ø “abdominal
upper GI trauma”

n = 13,075 (96.9%)

“abdominal
upper GI trauma”
n = 416 (3.1%)

AISabd.upper GI

2 – 4/5

AISgaster

n = 232 (1.7%)

AISduodenum

n = 191 (1.4%)

Parameter 0 2 3 4 and 5 Total*

Patients [n (%)] 13,075 (96.9) 154 (1.1) 183 (1.4) 79 (0.6) 13,491 (100)
age [years (MW/Median(SD)] 41.4/39.0 (18.7) 43.3/40.5(20.4) 40.1/36.0 (19.0) 43.2/40.0 (17.2) 41.4/39.0 (18.7)
Male (%) 72.3 73.2 72 77.2 72.4
ISS [MW/Median(SD)] 30.5/29.0 (14.3) 28.4/25.0 (15.0) 28.5/26.0 (15.3) 37.0/34.0 (14.0) 30.5/29.0 (14.3)
GCS ≤ 8 (%) 27 23.4 25 22.6 26.9
Blunt trauma (%) 94 88.9 54.5 76.6 93.3
Blood packs 1-9 [n (%)] 2,750 (25.2) 25 (19.1) 52 (32.5) 22 (32.4) 2,849 (25.3)
Blood packs ≥10 [n (%)] 1,395 (12.8) 18 (13.7) 24 (15.0) 14 (20.6) 1,451 (12.9)
BP ≤ 90-preclinical [n (%)] 2,569 (26.5) 31 (25.6) 47 (33.6) 16 (29.6) 2,663 (26.6)
BP ≤ 90-ER [n (%)] 2,358 (23.1) 27 (21.6) 40 (27.2) 17 (28.3) 2,442 (23.2)

Table 2: Demographic and clinical data after primary admission to a trauma center; as a function of the grade of severity of the abdominal upper GI injury.

ER: Emergancy room, BP: Blood pressure (mmHg), * all abdominal injured

Parameter 0 2 3 4 and 5 Total*

Cases (n) 11,033 131 160 68 11,392
Mortality first 24h [n (%)] 1,206 (10.9) 9 (6.9) 13 (8.1) 11 (16.2) 1,239 (10.9)
Hospital mortality [n (%)] 1,919 (17.4) 19 (14.5) 28 (17.5) 15 (22.1) 1,981 (17.4)
RISC-2 prognosis (%) 17.3 15 18.2 21.4 17.3
SMR (95%-CI) 1.006 

(0.97-1.05)
0.968 

(0.57-1.37)
0.961 

(0.64-1.28)
1.033 

(0.57-1.50)

Table 3: Representation of early-stage and overall hospital mortality related to the level of severity of the abdominal upper GI injury as and comparison of observed 
mortality and expected outcome according to the RISC-2 score. This table only contains primary admitted cases (no transfers). SMR: standardized mortality ratio.

*All abdominal upper GI trauma patients
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Mortality

The overall mortality of AISabd. upper GI 4/5 injuries within the 
“abdominal upper GI trauma” group, at 22.1%, was increased in 
comparison to patients with AISabd. upper GI 3 injuries (17.5%) and the 
overall mortality in this group (17.4%), table 3. Patients with a score 2 
abdominal upper GI injury showed a mortality of 14.5% (ISS: 28.4), in 
patients with a score 4/5 injury, the mortality increased to 22.1% (ISS: 
37.0), table 2 and table 3. An investigation of early stage mortality 
(within the first 24 hours following primary care) at 16.2 showed that 
in AISabd. upper GI 4/5 injuries significantly more patients died within 
24 hours than in the second and third group (6.9 and 8.1%, AISabd. 

upper GI 2 and 3). Restricted to primary admitted patients the expected 
mortality in the abdominal upper GI subgroup is 17.3% (RISC-2). 
Since the observed mortality is 17.4%.

Transfusion requirement
In the “abdominal upper GI trauma” group, in patients of various 

grades of injury severity, a transfusion requirement comparable to the 
normal population was established for all groups under consideration 
(0, 1-9 and ≥10 units of Erythrocyte Concentrate), table 2. In essence, 
the groups under consideration here appear unequally distributed. 
Only significantly higher use of transfusions was reported in patients 
with AISabd. upper GI 4/5 injuries (32.4 vs. 25.3%), blood packs 1-9, 
and AISabd. upper GI 4/5 injuries (20.6 vs. 12.9%), blood packs ≥ 10, in 
comparison to the average. The partly concomitant higher blood loss 
can also be seen in the blood pressure trend both preclinically and in 
the emergency room phase above all in the more severe injuries. In all 
groups, the overall blood pressure could only be raised slightly during 
initial clinical care (emergency room phase).

Surgical management
In table 4, the tendency to operate on patients with relevant 

abdominal upper GI injuries (AISabd. upper GI ≥ 2) is shown. In parallel 
with this, a declining trend in surgical care of abdominal upper GI 
injury patients is again noted over the stated periods, the mortality 
rate for these patients likewise declined steadily. As expected, mostly 
patients with severe abdominal upper GI injuries (AISabd. upper GI ≥ 
3) had surgical treatment, table 4. When considering the surviving 
patients, a balanced length of stay in hospital or time spent on the 
respirator for both groups (moderate, AISabd. upper GI 2 and 3, and 
severe, AISabd. upper GI 4 and 5, abdominal upper GI injuries) was seen 
without dependency.

Sepsis and organ failure
Patients with abdominal upper GI injury show an increased rate 

of sepsis in comparison to the control population, table 5. However, 
patients with a more severe abdominal upper GI injury also display 
an increased overall severity of the injury, table 2. Apart from patients 
with a moderate/severe abdominal upper GI injury (AIS 3 and 4/5, 
16.6 and 19.7%), no relevant differences in the rate of sepsis were 
shown in dependence of the severity of the injury. Concerning the 
rate of multiple organ failures, patients with score 4/5 injuries show a 
difference compared to the control population and to patients with a 
less severe grade of abdominal upper GI injury (43.3 vs. 34.6%).

Discussion
If the abdominal upper GI organ (stomach and duodenum) is 

injured during a trauma, other associated organ injuries occur in 
the majority of cases. Besides the direct damage, organ-specific (e.g. 
infection, tumors and positional anomalies) and systematic pre-
existing conditions (e.g. diabetes, hypertension und ischemic) also 
affect the prognosis of the abdominal upper GI tract and in the end the 
overall prognosis. The main focus here is primarily on stabilization of 
the entire organism. Maintenance of the abdominal upper GI function 
is hereby also critically affected by more severe injury. In addition, the 
incidences for organ and multiple organ failure and sepsis as well as 
in-hospital mortality rates are shown.

Currently, there is, even with sub-optimal availability of data – 
due to a lack of studies with high evidence –a homogeneous standard 
of care in the treatment of traumatically affected hollow organs. This 
is mainly reflected in the currently applied clinical routine. Thus, 
with free air and / or liquid proven in morphological imaging, the 
indication for exploration and primary care is provided generously 
[19,20]. The timing of surgery is initially guided by the overall 
condition of the patient and the local severity, however, should be 
immediately sought to avoid an increase in the rate of complications 
[21-23]. For larger lesions a resection debridement with subsequent 
continuity recovery must take place. In restricted blood flow a 
sparing resection is recommended, followed by a planned “second 
look” [24,25]. This approach, subject to the “Damage Control 
Surgery” implies that defects are simply closed by stapler without 
restoring continuity primarily. Time-consuming intestinal sutures 
and anastomoses, especially with high injury severity, are deliberately 
avoided in favor of a short duration of surgery.

In the results shown here, an increase in organ-specific severity 
of abdominal upper GI injuries correlates with an increase in 
mortality. This can be explained by the likewise increasing overall 
severity of patient injuries since the ISS with increasing AISabd. upper GI 
has consecutively increased [26]. An expected, increasing number of 
massive transfusion patients was also seen in the groups with severe 
abdominal upper GI trauma. To what extent these poor prognosis 
cases specifically correlate with the abdominal upper GI injuries 
remains speculative since the transfusion of erythrocyte concentrates 
already leads to an increase in post-traumatic organ failure and to 
a deterioration in outcome in general [27,28]. Here, the preclinical 
data support the connection between the grades of abdominal upper 
GI injuries, the overall ISS and the rate of preclinical hypo-perfusion 
(RR blood pressure < 90 mmHg). However, as opposed to liver injury, 
abdominal upper GI injuries do not appear to constitute an additional 
risk factor here.

The operation rate initially increased, as expected, with increasing 
severity of injury. Interestingly, 89.9% of degree IV/V injuries are 
operated. However, this can be explained by the high mortality rate 
after 24 hours (22.1%), as the data suggest that many patients do 
not reach the time of surgery. Likewise risky for the further clinical 
outcome is the development of sepsis and / or septic abdomen. In the 
analogy of the trauma in this case the risk increases disproportionately 

Table 4: Patients with abdominal upper GI injuries who had surgery. Furthermore, the hospital-specific length of stay or time spent on the respirator as a function of 
AISabd. upper GI is also shown for all patients.

Parameter 0 2 3 4 and 5 Total*

abd. Upper GI operation [n (%)] 0 72 (46.8) 168 (91.8) 71 (89.9) 311 (74.8)
total hospital days [MW/Median(SD)] 25.4/19.0 (25.4) 27.0/21.0 (24.2) 23.4/17.0 (21.3) 30.0/22.0 (30.1) 25.4/19.0 (25.3)
total ICU days [MW/Median(SD)] 11.7/6.0 (14.8) 13.5/5.0 (19.4) 10.7/5.0 (13.4) 16.5/10.0 (22.2) 11.7/6.0 (14.9)
total intubation days 
[MW/Median(SD)]

7.1/2.0 (11.8) 8.1/2.0 (14.7) 6.7/2.0 (11.7) 10.6/4.0 (18.4) 7.1/2.0 (11.9)

*All abdominal upper GI trauma patients

Parameter 0 2 3 4 and 5 Total*

MOV [n (%)] 3,946 (34.4) 52 (37.7) 63 (39.1) 29 (43.3) 4,090 (34.6)
Sepsis [n (%)] 1,359 (12.0) 24 (17.4) 26 (16.6) 13 (19.7) 1,422 (12.1)

Table 5: Details of the incidence of MOF according to the above-mentioned classification as well as of sepsis as a function of AISabd. upper GI.

*All abdominal injured
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[29]. In general it can be said that the mortality related to local 
peritonitis alone ranges at about 14% and may increase to up to 42% 
in the formation of a 4-quadrant peritonitis [30,31]. Nevertheless, 
large center studies have shown that the post-traumatic abdominal 
infection with only 9% takes 5th place of the infection complications 
[32]. This trend is also confirmed by our results, which showed largely 
independent high sepsis rates of about 17-19%, compared with the 
severity of the injury.

The question of clear criteria leading to the temporal procedure 
after abdominal and hollow organ trauma is not clearly answered 
by the current literature. However, it seems clear that hollow organ 
injuries must be treated surgically not necessarily for hemodynamic 
reasons, e.g. following bleeding, but rather for the sake of following 
contamination. However, criteria referring to the term “unstable” 
often used in current literature are not consistent.

Obligatory, also in this case, it should be responded to bleedings 
that have arisen in connection with hollow organ injuries. Not only 
in this context Clarke et al. could show that the mortality after trauma 
in the context of a bleeding shock increases every 3 minutes by 1%, 
so that the time from arrival in the emergency room to laparotomy 
is crucial for the prognosis [33,34]. Here, the cause of abdominal 
bleeding is of minor importance. More important is the type of care 
that is based on the criteria of “Damage Control Surgery” which 
are e.g. part of the class “Definitive Surgical Trauma Care” (DSTC) 
sponsored by the DGU. In our opinion, unstable patients should be 
identified by the following criteria: 1. Free fluid in the abdomen in 
the initial emergency room ultrasound, if applicable with an increase 
in the process, 2. loss of volume, i.e., necessity of substitution for 
stabilization of the circulation with a drop in systolic blood pressure ≤ 
90 mm Hg and 3. signs of systemic perfusion deficiency with negative 
base excess and pH and possibly with an initial hemoglobin < 8 mg 
/ dl with signs of consumption coagulopathy. The knowledge of the 
additional risks documented here, as they may arise from hollow 
organ injuries, may be influenced positively by a specific coagulation 
therapy and early substitution of EK.

Conclusion
For the first time, the results shown here indicate the prevalence 

and the outcome of abdominal upper GI injuries in a large population 
which was generated from the data of the TraumaRegister DGU®. The 
results prove that isolated abdominal upper GI injuries constitute 
a rare occurrence and thus can only be investigated through a 
multicenter study or through an evaluation of the register with the 
corresponding numbers of cases. The results show that abdominal 
upper GI injuries according to RISC score does not constitute an 
additional risk after trauma beyond that of the grade of severity.

When interpreting the present results, some limitations must 
be noted. Even if the documentation of the register is of prospective 
nature, this is a retrospective analysis. This is very valuable and 
important in many areas but on occasion must be examined critically 
with regard to the correlation and causality of the data. At the same 
time, possibly missing values in the data collection may constitute a 
certain potential for bias. The significance is also limited in the areas 
of certain subgroups, due to small numbers of cases [35].
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