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ABSTRACT

Aim: The aim of this study is to describe the management of
a patient who presents with a penetrating chest trauma due to
impalement by an offending object, be it a knife, metal structure,
or other type of object.

Background: Until today, many institutions have treated this
type of injury with urgent thoracotomy, despite advances in
thoracoscopy and radiologic studies. A review was performed
principally to discuss the use of nonoperative treatment,
thoracoscopy, and thoracotomy. Thirty-two patients described
as case reports in 27 articles were reviewed to carry out this
descriptive study. For each patient, the following variables
were studied: Age, gender, trauma mechanism, hemodynamic
stability upon admission, treatment type, injuries encountered
and associated with the condition, complications, and the final
disposition of death vs survival.

Review results: Twenty-one patients were treated with
thoracotomy or sternotomy, seven patients with removal of the
impaling object without surgery, and five patients with removal
of the object using thoracoscopic assistance (one patient was
treated with the assistance of thoracoscopy on the right side
and with direct removal on the left side). A summary of the
evidence reviewed is provided in a flowchart.

Conclusion: With technological advancements, especially
in thoracoscopy and computed tomography, many of these
injuries are responsive to less invasive treatment. Thoracotomy,
considered the standard of care in many trauma centers, can
be reserved for specific cases.

Clinical significance: Pursuant to some of the criteria listed in
this study, as occurs in our institution, the thoracotomy rate can
be reduced, thereby reducing mortality and benefiting patients.
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RESUMO

Objetivo: O objetivo desse estudo é descrever a abordagem
de um paciente vitima de trauma toracico penetrante com
objeto envravado, seja ele uma faca, estrutura metalica ou
outro tipo de objeto.

Cenario: Até hoje, muitas instituicdes tem tratado esse tipo
de trauma com toracotomia de urgéncia, apesar dos avangos
na toracoscopia e nos estudos radiologicos. Sendo assim, foi
realizada uma revisao principalmente para discutir a abordagem
conservadora, o uso da toracoscopia e da toractomia. Trinta
e dois pacientes descritos como relato de caso em 27 artigos
foram revistos nesse estudo descritivo. Para cada paciente
foram estudads as seguintes variaveis: idade, sexo, mecanismo
de trauma, estabilidade hemodinémica na admissao, tipo de
tratamento, lesGes encontradas, compicagdes e obito.

Resultados darevisao: Vinte e um pacoentes foram tratados
com toracotomia ou esternotomia, sete pacientes com remogao
direta do objeto encravado, sem procedimento cirudrgico
adicional e cinco pacientes foram tratados com a remogao do
objeto, guiado por toracoscopia (um paciente foi tratado com
toracoscopia do lado direito e com remocéo direta do outro
lado). Uma proposta de conduta, apds a revisao dos casos,
foi sumarizada em um fluxograma.

Conclusdo: Com os avangos da tecnologia, especialmente
na toracospia e na tomografia computadorizada (TC), muitas
lesbes podem ser abordadas com um tratamento menos
invasivo. A toracotomia, considerada o padrdao em varios
centros de trauma, pode ser reservada para casos especificos.

Significancia clinica: Seguir alguns critérios listados nesse
estudo, com sdo seguidos em nossa instituicao, pode reduzir
a taxa de toracotomia, reduzindo a taxa de mortalidade e
beneficiando os pacientes.

Palabras claves: Ferimentos penetrantes, Térax, Trauma,
Toracoscopia, Toracotomia.

INTRODUCTION

Penetrating wounds to the chest through impalement by
an offending object are injuries that cause mild to severe
trauma. They can be life-threatening and may require
urgent thorac:otorny.1

Upon hospital admission, these patients can be shock-
ing to staff due to the dramatic nature of their injuries
(Fig. 1). Consequently, service is often unnecessarily
disturbed and disrupted, which should not occur in a
hospital trauma setting.?

The removal of an impaling object, leading to exsan-
guination and death, was first described by Bill in 1862
after the removal of an arrow on a battlefield. This event
led to the recognition of the blocking effect promoted by
the impaled object, particularly in larger vessels.®

148

7y
7

?



PAJT

Object impaled in the Thorax: Review Study

Fig. 1: A victim of stab injury

However, despite the importance of this finding, it
also created fear in many surgeons, who usually do not
look beyond exploratory thoracotomy, regardless of the
type of injury and diagnostic resources available, such
as angiography and computed tomography (CT). The
fact that the literature is based on a small number of
case reports*” and the lack of experience with this type
of trauma further consolidate this fear.

The general and trauma surgery service of our hospi-
tal, therefore, decided to review the literature and propose
a way to manage this type of trauma injury to reassure
the surgeon who addresses it.

It is important to establish that this is a study about a
specific type of injury: A chest injury characterized by an
offending object through the thoracic wall at the moment
of the admission.

We performed our research by searching PubMed for
the following sets of words: “Impalement thoracic injury,”

o

“impalement thorax injury,” “chest impalement injury,”
“retained object thoracic injury,” and “retained object
thorax.” We limited the research by language (English,
Spanish, or Portuguese) and articles that reported human
cases.

Sixty-seven articles were found. The following arti-
cles were excluded: Twelve articles about an offending
object that was not found in the thorax but in a different
anatomic area, 14 articles about an offending object that
was not present at the moment of admission or that
was intrathoracic, and 22 articles that were unavailable
through our servers or articles that were actually letters or
comments or insufficient with regard to data. These arti-
cles included a large number of older articles. We added
8 more articles based on the references of the articles that
we first identified.

Ultimately, 27 articles and 32 patients were included
in this review.!?*2 For each patient, the following
variables were studied: Age, gender, trauma mechanism,

hemodynamic stability on admission, treatment type
(exclusive removal, removal under thoracoscopy, and
removal under thoracotomy), injuries encountered and
associated with the condition, complications, and the final
disposition of death vs survival.

At the end of the review, the results were tabulated
for descriptive analysis.

REVIEW RESULTS

The results are shown in Table 1.

The mean patientage was 33.12 years (17-78 years), and
the majority of patients were male patients (84.37%). The
most common trauma mechanism was falling (25%),%3
followed by physical assaults''*!” and car accidents
(21.8% each)'*©1822 with impalement by car fragments.
These three causes therefore, accounted for over 68% of
trauma mechanisms.

The main injuries noted were hemothorax (43.75%),
lung laceration (40.62%), pneumothorax (28.12%), rib
fracture, and pulmonary contusion (25% each).!>46-26
Other injuries (3—15%) included injuries to the following:
Heart, esophagus, diaphragm, right bronchus, thoracic
vertebrae, thoracic aorta, scapula, sternum fracture, and
lung laceration with rib fracture.** It is noteworthy,
however, that diaphragmatic injury was present in 15.62%
of patients, indicating abdominal injury.>*!2162 In that
group, all of the patients had intraabdominal organ injury
(4 liver injuries, 1 splenic injury, and 2 hollow viscous
injuries). Some studies described only the most significant
injuries, whereas other studies did not describe the inju-
ries, which may explain the low incidence of pulmonary
lesions. There was 1 case in which a transfixing cardiac
injury was treated, while the patient remained in extra-
corporeal circulation.'?

The most affected side was the right side, accounting
for 43.75% of cases, and thoracoabdominal injuries were
present in 18.75% of cases.

Mediastinal injuries or those traversing the midline
were present in 28.12% of cases. A close relationship
was observed with the performance of CT imaging in
this subgroup of patients: Approximately 60% of these
patients underwent tomographic imaging compared
with the average rate of 35%. In two cases, despite tomo-
graphy or aortography excluding any noteworthy injury,
the patients underwent thoracotomies that corroborated
the initial findings.'®® This result is relevant because it
demonstrates that tomography and aortography could
offer guidance to be more parsimonious with surgery.

Regarding treatment, 21 patients underwent thoracot-
omy, and only 5 were unstable upon admission.!#713151927
Another therapeutic option carried out was removal of the
impaled object under thoracoscopy (5 patients),®!41618:24
and all of these patients were stable upon admission.
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Finally, 7 patients underwent direct removal of the pen-

% o o o o o etrating object with thoracic drainage (1 patient being
Q= < < == treated with the assistance of thoracoscopy on the right
side and by direct removal on the left side) 614161824
5 Most of the complications described were related
2 g % 'g to respiratory failure and surgical wound infection.
-(5:; gL g Perioperative bleeding during the removal of the object
% E é o E\s é occurred in two cases of thoracotomy and, in one case,
§|S82 o 28 oo after direct removal. In the latter case, the patient lost 500
O|pE£R e R mL of blood through the thoracic drain, and thoracotomy
o was not performed.®'® Conservative treatment was chosen,
3 > % and the patient remained stable. Other complications on
-‘§ @ = g a smaller scale included sustained pulmonary fistula and
23 9 £ necrosis of the chest wall."'® One patient presented with
< 5| - = the postoperative complication of abdominal compart-
25 E ment syndrome in an exclusively thoracic injury.® Another
> 8 2 § = patient presented with a biliopleural fistula, which was
< g < = 2 8¢ g treated with drainage and cholangiopancreatography.'®
2 % % % ‘% 5 '% g. _g > The underlying causes of the three deaths that
S é j "é § 5 -GC)F |5 ° 8_ = occurred included sepsis due to surgical wound infection
E 3 % - § ; £ § % and empyema as well as respiratory failure due to lung
2 §. 8 -% §. g § = g g £ 5 injury with an inflammatory response to the trauma.'*1>
§ E2ESESEESE S Tomography, although recommended in stable
S|tEefaestencta patients, did not follow any standard, regardless of
the type of injury sustained or the selected treatment. The
g g - g g use of tomography occurred pursuant to the choice of the
?, £ 2 g gL individual surgeon, and the procedure was performed
% § § 2 § § in only 37.5% of cases. Chest X-rays, in contrast, were
S| e 3 = performed in 65.62% of cases.
3 DISCUSSION
S
3 % § 5 — 5 5 Penetrating chest wounds with retention of the impaled
e e < © x X object are unusual. The literature is scarce, and there is a
E lack of recently published cases.'” Therefore, the standard
§ S § behavior of trauma services in response to this situation is
By exploratory thoracotomy to remove the impaled object.!*
§ ?;EJ % § 2 é é S From the descriptive analysis of the included studies,
it may be concluded that each patient has a different
£ E € injury mechanism and, therefore, patients may require
o 2/ 8 ke = different treatments. This outcome can be observed in
S % ; § _ _ "g 3 the cases describing removal of the object by means
S 22 8 o S8 of thoracoscopy and/or even via direct removal without
5 thoracotomy.! 1617
2 This scenario requires new studies in order to provide
i = w == surgeons with safe ways to treat this type of injury through
Sl w © © - o other therapeutic possibilities beyond mere thoracotomy.
|- - © R Such evidence must reflect feasible treatments>'” that can
8 = B be reproduced in trauma referral hospitals such that cases
5 < < ® = % are well selected and the appropriate technological resources
3 2 .; _‘c% R 2 (e.g., CT, endoscopy and laparoscopic surgery) are available.
: % 2 S s 33 In the case of treatment failure by thoracoscopy or direct
= gy S5 Ly E’ =3 removal, there is always the possibility of conversion to
8 RS ’E B8R & 88 standard treatment, which is exploratory thoracotomy.
152 ;
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A proposed management protocol based on this
literature review (summarized in flowchart found in
Flow Chart 1) is as follows:

Initial Approach

The principles of Advanced Trauma Life Support (ATLS)
should be respected upon primary assessment, namely,
avoiding manipulation of the impaled object. If possible,
the object’s extremities should be cut to facilitate transport
and to conduct imaging.>>%%

The trauma mechanism should be considered. Blunt
trauma with shrapnel can cause injuries to other body
regions and transmit more energy than penetrating knife
trauma.?*>°

Requesting help from more experienced surgeons and
other specialists (such as vascular and thoracic surgeons)
should occur if necessary.® Passive observations should
be avoided in favor of maintaining an ethical posture and
supporting safety.”

Complementary Tests

Tomography should always be considered as an imaging
modality. This resource provides an important mecha-
nism for identifying possible injuries in the stable patient
and planning treatment.>® Artefacts found upon imaging
can be minimized through contrast reduction just as
details can be reduced without affecting the diagnosis
of critical injuries.®

The use of bronchoscopy, endoscopy, and angiogra-
phy can follow if tomography reveals possible airway or
gastrointestinal tract injury.*”

Nonoperative Treatment (Direct Removal
of the Object)

The first requirement is a stable patient.>*! The second
requirement is that CT shows only pulmonary parenchy-
mal injury (grade I or II) with a well-defined path.

Flow Chart 1: Proposed flowchart. ABCDE: ATLS protocol; CT:
Computed tomography; UDE: Upper digestive endoscopy; Angio:

Angiography
ABCDE
Unstable Stable

v v
Thoracotomy | CT (Angio, UDE) I

|

Doubt, extensive
pulmonary parenchyma

v
Small pulmonary Other injuries

parenchyma injury,

wall injury injuries
l v
Conservative I Thoracoscopy I Thoracotomy I

Direct removal must be performed in the operating
room with the patient intubated, monitored, and pre-
pared for possible exploratory thoracotomy. The affected
hemithorax should be drained.!”

Treatment by Thoracoscopy'#1%17

Thoracoscopy is indicated in stable patients with grade III
pulmonary lesions. Thoracoscopy is safe (2% complica-
tion rate) and effective (only 0.8%) in treating unnoticed
injuries.>

Treatment by Exploratory Thoracotomy

Exploratory thoracotomy is unquestionably the proce-
dure of choice in an unstable patient.*>*' Thoracotomy
should be encouraged when there is doubt regarding a
serious injury.**?!

Thoracotomy is also indicated when the patient has
esophageal, primary airway, or large vessel injuries. Consider
resuscitation thoracotomy for patients in extremis.”

Other Considerations

To prevent and combat sepsis, which is a significant
complication related to this type of injury, the following
are suggested:

* Broad-spectrum empirical antibiotic therapy;*®

¢ Debridement of the injury and thorough washing of

d;>%%? and

the woun
* Administration of tetanus immunoglobulin and
a vaccine dose in all patients with indeterminate

vaccination his’[ory.z'4

CONCLUSION

The review of case studies was limited. The literature
suffers from a lack of significant sampling, and more cases
with successful treatment are reported than cases with
treatment failure. However, these initial studies are fun-
damental to the introduction of a new medical concept,
especially in regards to unusual injuries.

This topic certainly merits revisiting as the experience
level of trauma services increases. As advancements in
diagnostic procedures are made, especially in regards
to the latest generation of CT scanners, decreases in the
use of thoracotomy in stable patients as well as in the
incidence of inconclusive tests (and therefore unnoticed
injury) can be anticipated.

CLINICAL SIGNIFICANCE

Following the recommendations listed in this study, some
of which our institution has performed, can be expected to
reduce the thoracotomy rate and thereby reduce mortality
and benefit patients.
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