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Abstract

Introduction Most patients with penetrating chest inju-
ries benefit from early treatment with chest tube drainage
or surgery. Although penetrating chest injury is not uncom-
mon, few descriptive studies are published, especially in
Europe. The aim of this study was to review our experience
and further improve our management of penetrating chest
injuries in a level I trauma center in the Netherlands.
Methods All patients with penetrating chest injury
between August 2004 and December 2012 were included.
Demographics, mechanism of injury, physiological param-
eters, Injury Severity Scores (ISS), surgical and non-sur-
gical treatment, length of intensive care unit (ICU) stay,
length of hospital stay (LOS), complications and rate of
mortality were collected.

Results A total of 159 patients were analyzed. Patients
included 116 (73 %) stab wounds and 34 (21 %) gunshot
wounds. In 27 patients (17 %), cardiac injury was seen. The
mean ISS was 12. Almost half of all patients (49 %) were
treated with only chest tube drainage. Alternatively, surgi-
cal treatment was performed in 24 % of all cases. Antero-
lateral incision was most frequently used to gain access to
the thoracic cavity. The mean LOS was 9 days. Among all
patients, 17 % were admitted to the ICU with a mean stay
of 3 days. In 18 (11 %) patients, one or more complications
occurred. The 30-day mortality was 7.5 %.

Conclusion Patients presenting with penetrating chest
injury are not uncommon in the Netherlands and can
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mostly be treated conservatively. In one-fourth of the
patients, surgical treatment is performed. A structural and
vigorous approach is needed for good clinical outcome.
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Introduction

In civilian practice, penetrating chest injuries are most
likely due to stabbings and gunshots [1]. The incidence
depends on regional circumstances like crime rates, there-
fore medical centers in urban areas deal in general more
frequently with penetrating thoracic injury [2]. Early treat-
ment of stab and gunshot wounds of the chest improves
prognosis and outcome. Most patients are treated with
chest tube drainage; however, in some patients surgi-
cal exploration is needed. In general, surgical treatment
depends on clinical presentation and radiographic findings.
Several indications for thoracotomy are formulated; these
include a large initial and continued chest tube output,
deterioration of hemodynamic condition, hemodynamic
shock, signs of pericardial tamponade, massive air leak-
age and radiographic evidence of large hemothorax [3]. In
chest stabbing and gunshot wounds, mortality is associ-
ated with the Injury Severity Scores (ISS), total blood loss,
blood transfusion volume, systolic blood pressure (SBP) on
arrival and associated injury of the diaphragm, abdomen
and mediastinum [3, 4]. Although penetrating chest injuries
are common, few descriptive studies have been published
about this subject in the last decade, especially in Europe,
despite surgical and imaging technological developments
during this time. In this article, we reviewed our experience
with penetrating chest injuries to evaluate the outcome of
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surgical and non-surgical treatment, and identify opportuni-
ties for improving our outcome in a level I trauma center in
the Netherlands.

Materials and methods

All patients with penetrating chest injury during the period
August 2004 till December 2012, who were presented at
our hospital, were included.

All data were retrospectively collected using our Trauma
Registry Database, Patient Information System and medical
records. Data collected include demographics, mechanism
of injury, physiological parameters during hospital admis-
sion, ISS, surgical and non-surgical treatment, length of
intensive care unit (ICU) stay, length of hospital stay, com-
plications and rate of mortality.

For statistical analyses, SPSS 20.0 was used. Continuous
data are presented as mean and standard deviation. Discrete
data are presented as median and range. The x* and Fisher
exact-test was assessed for discrete data and for continuous
data the ¢ test was employed. Differences were considered
to be statistically significant when the p value was <0.05.

According to Dutch regulation, retrospective medical
data analysis does not require consent by the medical ethi-
cal review board.

Results

Over a 9 year period, a total of 159 patients with penetrat-
ing chest injury were analyzed. In total, 89 % (n = 141)
were male and 11 % (n = 18) female. The mean age was
35 years (range 14-75). Most penetrating chest injuries
were caused by stabbings or gunshots, 73 % (n = 116)
and 21 % (n = 34), respectively (Table 1). Other causes
included mostly work-related injuries.

All patients presented in the trauma resuscitating room
were assessed according to the Advanced Trauma Life Sup-
port (ATLS) guidelines. During primary survey, heart rate
(HR), SBP and Glasgow Coma Scale (GCS) were regis-
tered. Prehospital resuscitation was performed using crys-
talloid fluids. Twenty-one patients (13 %) were intubated
before admission. The mean heart rate was 94 (£22) beats
per minute. In 15.8 % of all patients, the SBP was below
90 mmHg. The median GCS was 14 (range 3—15). Only six
patients had a GCS of 3. In 6.2 % of the cases the GCS was
below nine. In the non intubated patients, the mean GCS at
admission was 14. The mean GCS in the intubated patients
was 13.

Laboratory findings were obtained by using the emer-
gency laboratory services. In patients with penetrating
chest injury, hematological and biochemical analyses were
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Table 1 Overview of demographic and clinical data

Gender
Male/female; number (%) 141 (89)/18 (11)
Age (years); mean £ SD 34.6 + 14.5
Mechanism of injury
Gunshot; number (%) 34 (21 %)
Stabbing; number (%) 116 (73 %)
Other 9 (6 %)
Presentation shock room
Heart rate (beats/minute); mean + SD 94 +21.9
Systolic blood pressure <90 mmHg; number (%) 25 (15.8)
GCS; median (range) 14 (3-15)
GCS <8; % 6.2
Laboratory findings
Platelets (x 10e9/L); mean & SD 246 + 94
Leukocytes (x 10e9/L); mean £ SD 11.2+5.1
Hemoglobin in male (mmol/L); mean & SD 82+1.2
Hemoglobin in male <8.5 (mmol/L); number (%) 63 (49)
Hemoglobin in female (mmol/L); mean 4+ SD 70+1.0
Hemoglobin in female <7.5 (mmol/L); 14 (78)
number (%)
ISS; median (range) 12 (1-50)
Chest tube; number (%) 78 (49.1)
Thoracotomy; number (%) 30 (18.9)
Anterolateral; number (%) 19 (63.3)
Median sternotomy; number (%) 9 (30)
Combination of both; number (%) 2 (6.6)
VATS; number (%) 2(1.3)
Admitted to hospital (%) 89.3
Length of hospital stay (days); mean £ SD 9.0+ 13.0
Admitted to ICU; number (%) 27 (16.9)
Length of ICU stay (days); mean = SD 3.0+9.7
Complication; number (%) 18 (11.3)
Mortality; number (%) 12 (7.5)

made immediately after presentation. The mean num-
ber of platelets in patients was 246 x 10e9/L (£94) and
the mean number of white blood cells was 11.2 x 9e10/L
(£5.1). In male patients, the mean hemoglobin level
(Hb) was 8.2 mmol/L (£1.2) and in 49 % of the cases
below 8.5 mmol/L, the inferior level of normal for males.
In female patients, the mean Hb was 7.0 mmol/L (£1.0)
and 78 % of all women presented had a mean Hb below
7.5 mmol/L, the inferior level of normal for females.

Using physical examination, diagnostic imaging and
exploratory operation, types and locations of injury were
determined. Ten patients (6.3 %) had cardiac injury. The
most common injury was pneumothorax, this occurred
in 24.5 % (n = 39) of all patients. Hemo-pneumothorax
and hemothorax occurred less often, 13.2 % (n = 21) and
14.5 % (n = 23), respectively. Two of the patients suffered
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from a bilateral pneumothorax. Diaphragmatic injuries
were seen in 13 (8.2 %) patients. Rib fractures were seen
in 11 patients (7 %) with a mean number of 1.3 fractures.
Other types of injuries include pneumomediastinum. The
median ISS of all patients was 12 (range 1-50).

Most patients could be managed conservatively. Almost
half (n = 78) were treated using chest tube drainage. Alter-
natively, surgical treatment was performed in 24 % (n = 38)
of all patients. In the thoracic surgical treated group, the
anterolateral incision was used in 63.3 % (n = 19) to gain
access to the thoracic cavity. In 30 % (n = 9), a midsternot-
omy was used and in 6.6 % (n = 2) a combination of both
approaches. Only in two patients, video-assisted thoraco-
scopic surgery (VATS) was performed as primary interven-
tion. In 22 (14 %) patients, a laparotomy was performed
due to severe abdominal injuries.

Surgically and non-surgically treated groups were com-
pared. We found significant differences in clinical presenta-
tion, laboratory findings, mortality rate and length of hos-
pital stay. Patients treated surgically had a significant lower
SBP, GCS and hemoglobin levels. Also the ISS, mortality
and length of hospital stay differed as these were signifi-
cantly higher in the surgical treated group (Table 2).

Among all patients, 16.9 % were admitted to the ICU
with a mean stay of 2.9 days.

In 18 patients (11 %), complications occurred. Half of
these complications were infectious. Five patients devel-
oped sepsis. Seven of these complications were respira-
tory, mostly based on atelectasis. Obstructive shock was
described in one patient, due to pulmonary embolism. Other
type of complications include consistent bleeding. The over-
all 30-day mortality was 7.5 % (n = 12). Eight (67 %) of the
diseased patients suffered from gunshot wounds.

When only including patients with an ISS of 16 or
above, no statistical differences were seen in length of hos-
pital stay, length of ICU stay and mortality (Table 3).

Discussion

Our study displays the management and outcome of
patients with penetrating chest injury in an urban level I
trauma center in the Netherlands for a period of 9 years.
In penetrating chest injury, maintenance of the airway,
intravascular volume resuscitation, assessment of pneu-
mothorax, hemothorax, hemo-pneumothorax, or tension

Table 2 Surgically and non-

surgically treated group

Table 3 Surgically and
non-surgically treated group

(patients only with a ISS > 16)

Surgical treatment ~ Non-surgical treatment  p value

No of patients 38 (23.9) 109 (68.6)
Male gender (number) 32 (84) 97 (89) 0.439
Age (mean £ SD) 342 + 147 344+ 123 0.907
Heart rate (mean + SD) 100.0 £23.4 919 £21.8 0.207
Systolic blood pressure <89 mmHg; number (%) 15 (39.5) 10 (9.2) <0.001
<8 GCS; number (%) 6 (15.7) 1(0.9) <0.001
Trombocytes (mean £ SD) 219 £ 81 252 +95 0.058
Leukocytes (mean & SD) 11.3+£5.0 11.2+52 0.907
Hemoglobin in male (mean + SD) 72+14 85+£1.0 <0.001
Hemoglobin in female (mean £ SD) 63+£1.2 73+£0.8 0.081
ISS; median (range) 20.5 (9-50) 8.8 (1-36) <0.001
Length of hospital stay (mean &= SD) 15.0 £ 15.7 7.12 £ 11.6 0.001
Length of ICU stay (mean £ SD) 539+09.1 2.18 £10.0 0.073
Mortality; number (%) 6 (15.7) 4. (3.7) 0.011
Bold values are significance (p value < 0.05)

Surgical treatment Non-surgical treatment p value
No. of patients 28 20
Male gender (number) 24 (86) 17 (85) 0.710
Age; mean (£SD) 358+ 134 36.8 £ 12.2 0.790
ISS; median (range) 25 (16-50) 18 (16-36) 0.197
Length of hospital stay (mean £ SD) 15.3 £ 14.1 19.2 £21.5 0.410
Length of ICU stay (mean + SD) 5.7+9.0 9.4 +21.8 0.130
Mortality; number (%) 6(21.4) 2 (10) 0.438
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pneumothorax and evaluation of open chest wounds are the
objectives during primary survey [5]. Conservative or sur-
gical treatment is based upon abnormalities during physical
examination and radiographic findings.

Most patients in our study were conservatively treated.
Almost half of the patients were treated with chest tube
drainage. These findings are comparable with the current
literature [6]. Indications for conservative treatment using
chest tube drainage were mainly pneumothorax and pleural
fluid collections [7].

In total, 24 % of our patients were treated surgically
by explorative thoracotomy. This percentage is higher in
comparison to findings in comparable studies. This is most
likely due to the severity of the injury [8, 9]. In areas such
as war zones or areas with civil disorder, explorative thora-
cotomy rates can reach 80 % of the cases [8, 10]. Another
reason might be due to the direct access to OR facilities
for HD instable patients at our facility. This may blur the
difference between a strict explorative thoracotomy and
a resuscitative thoracotomy, since resuscitation is a con-
tinuous process. As expected, the rate of thoracotomy in
patients sustaining gunshot wounds was 50 % higher com-
pared to thoracotomy rates in patients with stab wounds.
This is because gunshot wounds are associated with more
tissue destruction due to the high kinetic energy transfer.
Tissue with lower specific gravity absorbs less kinetic
energy, therefore the destruction and devitalisation in lung
tissue is less than in other solids organs [2].

In our series, indication for thoracotomy included initial
chest tube output of over 1500 cc, continuous loss of blood
during drainage, hemodynamic deterioration, radiographic
evidence of retained hemothorax and/or clinical evidence of
pericardial tamponade. However, worldwide there is no clear
consensus on indications for thoracotomy in penetrating chest
injury. Some studies conclude that initial chest tube outcome
is not a determining factor for the level of total blood loss and
therefore surgical intervention in cases of lower volume loss,
such as more than 800 cc is necessary [11, 12].

Using the indications mentioned above, we found dif-
ferences between the surgical- and non-surgical group in
clinical presentation, laboratory findings, mortality rate and
length of hospital stay. These differences may be explained
by the lower ISS score in the non-surgical group. When
comparing high ISS groups, these differences do not occur.

Different approaches have been described in perform-
ing thoracotomy. In our study, the anterolateral approach
was mostly used (63 %). In 30 % of the cases, a midster-
notomy was performed. The midsternotomy was mainly
used in patients with cardiac injury. Cardiac injury can be
treated surgically by using both anterolateral and midster-
nal approaches. However, the midsternotomy gives better
access to all major structures, especially the right side of
the heart and the hilus of the right lung, compared to the
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anterolateral approach. In addition, by using a midster-
notomy, a cardiopulmonary bypass can be achieved [13].
In 6.6 % of the patients, both anterolateral and midsternal
approach was used. VATS was performed in only 1.3 %
of the patients, as thoracotomy is still seen as the standard
procedure in treating penetrating chest injury [14]. Most
trauma surgeons in the Netherlands do not perform a VATS
procedure on a regular basis.

The overall 30-day mortality rate in our study was
7.5 %. In comparable studies the mortality ranges from 2.1
to 10.8 % [3, 15].

We collected our data retrospectively using Trauma Reg-
istry Database, Patient Information System and medical
records. The retrospective nature of this study and the use
of medical records give this study some limitations. The
results were accordingly presented. The information in the
medical records of blood transfusion was limited. There-
fore, those data are not presented.

According to the results of our evaluation, patients with
penetrating chest injury are not uncommon anymore in the
Netherlands and most can safely be treated with chest tube
drainage only. Although a smaller, hemodynamic severe
compromised, group of patients may benefit from early sur-
gical treatment. Management in selected hemodynamic sta-
ble patients for diagnostic and therapeutic purposes could
probably be improved by training Dutch trauma surgeons
in VATS techniques instead of using ‘open’ thoracotomy.
Overall, a stepwise and consistent approach in the manage-
ment of these patients is needed for a good outcome.
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