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Abstract

Purpose Penetrating abdominal injuries caused by stabbing or firearms are rare in Germany, thus there is lack of descriptive
studies. The management of hemodynamically stable patients is still under dispute. The aim of this study is to review and
improve our management of penetrating abdominal injuries.

Methods We retrospectively reviewed a 10-year period from the Trauma Registry of our level I trauma center. The data
of all patients regarding demographics, clinical and outcome parameters were examined. Further, charts were reviewed for
FAST and CT results and correlated with intraoperative findings.

Results A total of 115 patients with penetrating abdominal trauma (87.8% men) were analyzed. In 69 patients, the injuries
were caused by interpersonal violence and included 88 stab and 4 firearm wounds. 8 patients (6.9%) were in a state of shock
at presentation. 52 patients (44.8%) suffered additional extraabdominal injuries. 38 patients were managed non-operatively,
while almost two-thirds of all patients underwent surgical treatment. Hereof, 20 laparoscopies and 3 laparotomies were non-
therapeutic. There were two missed injuries, but no patient experienced morbidity or mortality related to delay in treatment.
106 (92.2%) FAST and 91 (79.3%) CT scans were performed. Sensitivity and specificity of FAST were 59.4 and 94.2%,
while those of CT were 93.2 and 85.1%, respectively.

Conclusion In hemodynamically stable patients presenting with penetrating abdominal trauma, CT is indicated and the major-
ity of injuries can be managed conservatively. If surgical treatment is required, diagnostic laparoscopy for stable patients is
feasible to avoid nontherapeutic laparotomy.
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Introduction

Abdominal-penetrating injuries caused by stabbing or fire-
arms have a low incidence in Germany and Central Europe
and, therefore, are rare challenges for trauma surgeons.
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Penetrating injuries show an incidence of 5% in Germany,
36% are caused by stabbing and 12% by firearms. The abdo-
men is affected in about 30% of these injuries [1].

Studies from other European countries confirmed
the low incidence rate of stab wounds (SWs) and gun-
shot wounds (GSWs) [1-5]. In contrast, studies from the
United States or South Africa report higher rates of pen-
etrating trauma, e.g., 38% in the United States [6]. Even
more impressive, in South African district hospitals up to
80% of all emergency visits due to trauma are caused by
stabbing or gunshot injuries [7]. However, a rising trend
of armed force can be observed in Europe. Firearm- and
knife-associated crime was increasing up to 30% in the UK
between the late 1990s and 2005 [8]. Similarly, in Ger-
many, the incidence of firearm-associated crime strongly
increased, e.g., the incidence of aggravated assault caused
by firearms has increased about 24.5% since 2014 (Annual
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Report 2016, Polizeiliche Kriminalstatistik, http://www.
bmi.bund.de). Despite the low incidence, medical man-
agement must be known also in European trauma depart-
ments, as abdominal-penetrating trauma is associated with
significant morbidity and mortality [9].

The optimal management of patients with penetrat-
ing abdominal trauma is debated for decades. Tradition-
ally, abdominal SWs required operative exploration. In
1960, selective non-operative management (SNOM) was
described, suggesting that in certain patients laparotomy
may not be mandatory and that a reduction of complications
and nontherapeutic laparotomies may be achieved [10]. The
observation, that only about 50% of all abdominal SWs do
penetrate the peritoneum and of those only 20-40% cause a
significant injury [11], subsequently resulted in the develop-
ment of selective algorithms to efficiently manage patients
with abdominal-penetrating trauma without signs for shock,
peritonitis or evisceration [12, 13]. Different diagnostic pro-
cedures have been used in an attempt to identify significant
injuries before operative exploration or clinical manifesta-
tion. Local wound exploration and diagnostic peritoneal
lavage were used to determine whether the peritoneum had
been violated or a significant intra-abdominal injury had
been existent [14, 15]. Further, the introduction of imag-
ing studies, such as ultrasound [16], computerized tomog-
raphy (CT) [17, 18] and diagnostic laparoscopy [19-21],
has contributed in the new trends of penetrating trauma
management.

To establish a unifying algorithm which focuses on the
balance between invasiveness, resource utilization, and
safety, the Western Trauma Association Multicenter Trials
Group developed management guidelines for patients with
abdominal SWs. In this algorithm, patients who do not need
immediate laparotomy undergo local wound exploration.
In case of detection of a peritoneal violation and absence
of clinical signs, the patient is admitted to serial clinical
assessments [22]. A large number of the literature from the
United States and South Africa validated this selective non-
operative management to be safe and cost-effective [23-25].

Nevertheless, due to the low incidence of SWs and GSWs,
there is a lack of routine in the management of these traumas
in Germany. Compliance with the algorithm toward SNOM
was shown to be poor in low-volume settings [26] and rou-
tine laparotomy and laparoscopy are still largely debated
also for asymptomatic patients. In the backdrop of the low
incidence of penetrating abdominal trauma in combination
with significant differences in the health and emergency care
systems, treatment algorithms have to be established also in
European trauma departments to identify injuries requiring
surgical repair, and avoid unnecessary laparotomy with its
associated morbidity.

The objectives of our study were to describe the char-
acteristics of patients with penetrating abdominal injuries
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to review our current management and compare it to inter-
national standards.

Patients and methods

We performed a retrospective analysis of all patients with
any abdominal-penetrating trauma admitted to our urban
level I trauma center between January 2006 and December
2015. Patients were identified from patient records using
ICD-10 codes. The study was approved by the Ethics Com-
mittee of the University hospital Frankfurt. The data of all
patients regarding patient demographics, injury details,
clinical characteristics, diagnostic workup, surgical pro-
cedures, and patient outcome were examined. Outcome
included morbidity, mortality and hospital length of stay.
The standard diagnostic included clinical examination and
Focused Abdominal Sonographic Examination (FAST).
Additional technical examinations such as CT scanning
were performed in selected cases.

A positive FAST was defined as any evidence of
intraabdominal fluid accumulation or of solid organ injury.
CT scans were classified as positive for any evidence of
peritoneal violation including free intraperitoneal fluid or
air, injury to a solid or hollow organ, suspected diaphragm
injuries or wound trajectories clearly penetrating the peri-
toneal cavity.

Operative interventions were classified as positive or
therapeutic for procedures resulting in surgical treatment,
which includes hemostasis, evacuation of blood, and repair
or resection of any injured structure including both, solid
or hollow organ injury, diaphragm injury and abdominal
wall repair. Negative or nontherapeutic operation was
defined as any abdominal exploration without identifi-
cation of intraabdominal organ injury requiring repair,
ligation, or control of hemorrhage. Missed injuries were
those that were not diagnosed at initial exploration but
were detected by follow-up monitoring.

Further, records were reviewed for FAST and CT results
and correlated with intraoperative or follow-up findings.
FAST and CT findings were classified as follows: true
positive (TP), in cases of positive FAST/CT findings and
positive operation; true negative (TN), in cases of nega-
tive FAST/CT findings, and negative intraoperative or fol-
low-up findings; false negative (FN), in cases of negative
FAST/CT findings, and positive operative procedures; and
false positive (FP), in cases of positive FAST/CT findings,
and negative intraoperative or follow-up findings.

Statistical analyses were conducted using Microsoft
Excel software. Data were expressed as means + SD or as
frequencies (%) when appropriate.
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Results
Patient demographics

Over the 10-year study period, a total of 115 patients with
penetrating abdominal injuries were admitted to our level I
trauma center. As Fig. 1 shows, the incidence of penetrat-
ing abdominal trauma has increased since 2012 compared
to the period from 2006 to 2011 (mean cases/year 8.0 vs.
16.75). 101 (87.8%) of the patients were male and mean
age was 36.2 + 14 years. This included 88 patients (76.5%)
with SWs, 4 patients (3.5%) with GSWs and 23 patients
(20%) with other penetrating traumas. The most common
cause of all injuries was interpersonal violence (60%),
whereas only 17.2% of injuries were self-inflicted. Almost
half of our patients (44.8%) had associated extraabdominal
injuries, hereof the most commonly injuries affected the
chest or extremities (Fig. 2a). The vast majority of patients
(76.5%) were admitted to hospital via trauma room and
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Fig. 1 Temporal trends in admission of penetrating abdominal trau-
mas over a 10-year period
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were hemodynamically stable (93.1%), with a mean initial
Hb of 13.5 g/dl and mean Glasgow Coma Scale (GCS) of
13.5 on arrival. Mean Injury Severity Score was 8. Patient
demographics, injury and clinical characteristics are shown
in Table 1.

FAST and CT scanning

FAST was performed and recorded in 106 (92.2%) patients
and was positive in 26 cases. Of this, 22 (84.6%) were TP
according to intraoperative findings. 91 (79.1%) hemody-
namically stable patients had FAST followed by emergency
CT scanning. 43 patients had no evidence of intraperitoneal
injury or fascial penetration on the CT scan. Conversely, CT
scanning was positive in 48 cases, whereof 41 were TP. All
patients with positive findings in FAST and/or CT scanning
were taken to the operating room.

Table 1 Demographics, injury and clinical characteristics of patient
cohort

N 115
Age (years mean + SD) 36.2+14
Male (%) 101 (87.8)
ISS (mean) 8
Type of injury (%)
Stab wound 88 (76.5)
Gunshot wound 4(3.5)
Other penetrating trauma 23 (20)
Self-inflicted (%) 20 (17.2)
Additional extraabdominal injuries (%) 52 (44.8)
Arrival via trauma room (%) 88 (76.5)
Haemodynamically unstable (%) 8 (6.9)
Hb (g/d1+SD) 13.5+29
GCS on arrival (mean) 13.5
Abdominal injuries
® Small Bowel/Colon
M Liver
W Vascular
B Omentum/Peritoneum
W Diaphragm
@ Spleen
O Stomach
OOthers

Fig.2 a Distribution of additional extraabdominal injuries. b Distribution of intraabdominal organ injuries according to surgical findings
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Table2 Summary of sensitivity

e Procedure N (%) TP TN FP FN Sens (%) Spec (%) PPV (%)
(Sens), specificity (Spec)and
positive predictive value (PPV) FAST 106 (922) 22(20.7) 65(61.3) 4(3.8) 15(141) 594 94.2 84.6
of diagnostic procedures CT 91 (79.1) 41 (45.1) 40(43.9) 7(7.7) 3(33) 932 85.1 85.4
TP true positive, TN true negative, FP false positive, FN false negative

Table 3 Therapeutic procedures Table 4 Identified abdominal injuries
Procedure N % Diaphragm 7
Conservative/interventional 3972 33.9/1.7 Omentum, peritoneum
Exploratory laparotomy 26 276 Retroperitoneal haematoma

Negative 3 11.5 Vascular 10

Therapeutic 23 88.5 Hollow organs
Diagnostic laparoscopy 45 39.1 Gallbladder

Negative 20 44.4 Stomach 6

Therapeutic 14 31.1 Small bowel 13

Conversion to laparotomy 11 24.5 Colon 8

Solid organs
Liver 15
. . . e [P Spleen
In this population of patients, sensitivity and specificity ;
Kidney 3

of FAST were 59.4 and 94.2%, respectively, while those of
CT were 93.2 and 85.1%, respectively. The positive predic-
tive value was 84.6% of FAST and 85.4% of CT imaging.
Overall, 96 patients received both FAST and CT scan. If
at least one or both of these diagnostic tools were positive,
sensitivity achieved was 95.7%. Table 2 shows the summary
of statistic values of each diagnostic procedure.

Therapeutic procedures

Table 3 summarizes the management strategies. Overall,
39 (33.9%) of all patients were successfully managed non-
operatively with a 24-hour period of observation and no
requirement for surgical intervention. Two patients with
active bleeding had a successful endovascular intervention
and did not need further therapeutic intervention. After
initial diagnostic procedures and hemodynamic stabiliza-
tion, one patient had to be transferred to another hospital.
Almost two-third of all patients (61.7%) underwent surgical
exploration and, if required, operative therapy. Indications
of urgent laparotomy were visceral evisceration or hemody-
namic instability. Further indications of surgical explora-
tions were clinical signs for peritonitis or fascial defect, and
positive FAST or CT findings.

Of the 71 patients, 45 (63.4%) underwent initial laparos-
copy, while the remaining 26 (36.6%) underwent immediate
laparotomy. After laparoscopy, 24.5% (11 of 45) patients
were converted to laparotomy. The most common reason for
conversion was discovery of injuries not amenable to lapa-
roscopic repair (72.7%). Overall, nontherapeutic or nega-
tive operation was performed in 11.5% (3/26) of the patients
undergoing laparotomy and 44.4% (20 of 45) of patients
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with initial laparoscopy. Of the 11 patients with conversion
after initial laparoscopy, 2 were ultimately nontherapeutic
and 9 therapeutic interventions.

Of those 23 patients, who underwent nontherapeutic
operation, eleven (47.8%) had positive findings in the pre-
operative CT imaging. Hereof, seven findings were false
positive and four did not require further surgical therapy.
Conversely, eight patients (34.7%) who underwent nonthera-
peutic operation had a negative preoperative CT scanning,
which was confirmed to be true negative according to intra-
operative findings.

Intraabdominal injuries occurred in 42.6% (49 of 115) of
the total patient cohort. The liver was the most frequently
injured solid organ (18%), followed by the spleen (7%).
Hollow viscus injury occurred in 33.2% of all injuries and
affected most commonly the small bowel, followed by the
large bowel and the stomach. The injured organs according
to surgical findings are presented in Table 4 and Fig. 2b.

Outcome

Clinical outcomes for the entire patient cohort are summa-
rized in Table 5. Over the 10-year period, there were two
mortalities (1.7%) due to abdominal-penetrating trauma.
Of those, one patient arrived in cardiac arrest to the emer-
gency department after a gunshot trauma. The other one died
because of multiorgan failure due to severe comorbidities.
Overall, only ten patients (8.7%) suffered complications, of
whom six needed unscheduled surgical reintervention. 15
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Table5 Outcome

Relaparotomy 11 (15.4%)
Second look 5
Missed injury 2 (1.7%)
Transfusion 15 (13%)
EK (mean + SD) 9.3
Morbidity 10 (8.7%)
Pneumonia 2
Organ failure 3
Intraabdominal abscess 3
‘Wound infection 4
Mortality 2 (1.7%)
Hospital stay (Days) 7.9
Readmission 2 (1.7%)

patients (13%) needed blood transfusion. Complications
included pneumonia, organ failure and infective complica-
tions (abdominal abscess, wound infection). There were 2
(1.7%) missed injuries in two patients who were initially
managed non-operatively. In both patients, injury (compris-
ing small bowel perforation) was detected within 12 h and
delay before surgery, therefore, did not influence morbidity.

The mean length of hospital stay was found to be 7.4 days
(range 0-152). 12.2% of patients were hospitalized for a sin-
gle night, while 29.2% had a 3-day admission, and 9.4%
of patients were discharged the same day. Two patients
were readmitted to the hospital due to wound infection and
impairment of general condition.

Discussion

The current study is the first analysis of German approach
in the management of penetrating abdominal trauma over
a 10-year period. Our trauma center is located in inner city
area of Frankfurt close to the red light district and provides
level I acute care to a population of approximately 690,000
inhabitants as well as the largest airport in Germany. As
reported before, the incidence of penetrating trauma in an
urbanized German region is almost twice as frequent when
compared to data from the nationwide registry [27]. We
could observe an increase of cases per year in our data since
2012, as described in other series of Europe [28, 29]. Simi-
lar, statistics of crime rate in Frankfurt showed an increase
of 30% of sharp force violence since 2013 (153 vs 199 cases
per year). This highlights the need for management guide-
lines also in low-volume regions to overcome the lack of
institutional experience.

Patient demographics in our cohort is in line with previ-
ously published larger studies of the United States and South
Africa, demonstrating that mainly middle-aged male patients

are suffering from severe penetrating trauma [19, 30]. Simi-
lar to previous reports, multiple injuries involving the abdo-
men, chest and limbs were most common in our study. The
mean ISS with eight was also consistent with the published
literature, reflecting the comparability of our cohort with
those of larger studies [19, 30]. For hemodynamically sta-
ble patients, numerous diagnostic tools may help to identify
significant abdominal injuries. The reported specificity of
FAST scanning in penetrating abdominal trauma is 94-98%
with a sensitivity of only 21-46% [16, 31]. The sensitivity
in the present study was slightly higher with 59.4% with
a similar specificity of 94.2%. In fact, in our cohort 19%
of patient with a negative FAST ultimately had a therapeu-
tic laparotomy. In conclusion, the major value of FAST is
probably in detecting hemoperitoneum, but a negative FAST
in the presence of penetrating abdominal trauma requires
additional imaging diagnostic studies to rule out significant
injury.

In the setting of penetrating abdominal trauma, CT was
found to have a high sensitivity and specificity in determin-
ing the need for laparotomy, while the positive predictive
value was lower [12, 32, 33]. Based on other studies, the
value of CT in the management of abdominal SWs is dubi-
ous due to high rates of false-positive findings leading to
nontherapeutic laparoscopies or laparotomies [13, 18].
Results of the current study demonstrate that CT imaging is
highly sensitive with 93.2% and mostly specific with 85.1%
and a positive predictive value of over 80%. Nevertheless,
similar to previous reports, seven asymptomatic patients
(6.1%) were taken to the operating room based on false-
positive CT findings and underwent nontherapeutic lapa-
roscopy [23]. CT scan reveals evidence of injury that may
be of questionable clinical significance. Consequently, in
hemodynamically stable patients CT should be considered
as a diagnostic tool to facilitate initial management decision,
but positive CT findings should not be the sole determinant
of the need for operative exploration.

One popular diagnostic procedure to determine the sever-
ity of intraabdominal injuries caused by SWs or GSWs is
the performance of laparoscopy. Several groups currently
recommend diagnostic laparoscopy based on peritoneal pen-
etration as it has been shown to be safe and to significantly
decrease the rate of nontherapeutic laparotomy from over
60% to 0—-11% [19, 21, 34]. In contrast, others have criticized
laparoscopy as being expensive and ineffective [23, 35] and
so concluded that asymptomatic patients should simply be
observed with serial clinical examinations. In the present
study, with 61.7% we had a high rate of operative explora-
tion for patients, likely due to a broad performance of laparo-
scopic evaluations in case of suspicious peritoneal violation.
On the one hand, this led to a very low rate of nontherapeutic
laparotomy of only 11.5%; on the other hand, almost 50%
of performed laparoscopies were classified as negative or

@ Springer



320

P. Malkomes et al.

nontherapeutic. Similar to previous reports, we found that
a significant proportion (24.5%) of those patients were con-
verted to open and the rate of therapeutic laparoscopies was
quite low with only 30% [20, 36]. Nevertheless, we think, in
low-volume areas, laparoscopy for hemodynamically stable
patients with evidence for peritoneal penetration is feasible
and efficient, avoiding morbidity associated with nonthera-
peutic laparotomy.

Regarding our data, admission of asymptomatic
patients for a non-operative approach appears to be safe.
We employed a conservative management not in response
to a definite hospital policy, but as a result of the clinical
viewpoints. Delayed laparotomy due to missed injury was
conducted in only 1.7% of patients. Hereby, the delay to
operative management was not associated with morbidity
or mortality. This is in concordance with previous reports
in which patients who failed SNOM and eventually required
laparotomy did not suffer unnecessary morbidity [37, 38].
Further, it has been shown that the implementation of
SNOM is able to reduce the rates of negative laparotomies
[39].

These data support that in a level I trauma center the use
of SNOM is safe and eases the unjustified fear of worse
prognosis not only in centers handling a high trauma load,
but also in low-volume settings. Thus, we propose the clini-
cal algorithm outlined in Fig. 3.

This study has several limitations. As a retrospec-
tive design, we relied on the accurate documentation of
patients’ assessment. Due to the inconsistency of docu-
mented findings on wound exploration, we did not include
it in our analysis. Patients were not followed up to assess
for long-term complications. In addition, our data were col-
lected over a 10-year period over which the management
of abdominal-penetrating trauma has evolved. Finally, the

Penetrating abdominal injury |

Hemodynamically instable,
Peritonitis
Evisceration

| Hemodynamically stable I

FAST/CT scan

Negative

laparotomy

| Intraabdominal injury |

1
| Yes H Minimal | | No U SNOM |
I | Peritonitis
ABALOALIRY Bleeding

Fig.3 Proposed clinical algorithm for the management of patients
with penetrating abdominal injury
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number of patients is limited but typical and consistent with
most trauma centers around Germany and Europe. In spite
of these shortcomings, the results of this survey are rep-
resentative of the management of penetrating trauma care
in Germany and in some ways encouraging. Even though
our trauma center cannot count on the daily experience of
penetrating abdominal trauma care, we developed successful
policies that allow the right patients to receive operation and
those who do not require any intervention.

Conclusion

We conclude from this study that a routine laparotomy can
be omitted in hemodynamically stable and asymptomatic
patients with abdominal SWs or GSWs. Patients selected
for SNOM should undergo CT scanning and serial clinical
examination to detect intra-abdominal injuries and aid in
decision-making. The increased use of SNOM and laparos-
copy contributes in decreasing the incidence of unnecessary
laparotomies.
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