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Abstract
Traumatic tension pneumothorax is a life-threatening injury encountered in pre-hospital trauma patients. Decompression with needle thoracostomy is a technique 
that can reverse this condition. No intercostal artery injuries from needle decompression (ND) have previously been reported. A 28-year-old man presented with 
hemorrhagic shock from multiple stab wounds and concern for tension pneumothorax treated with ND in the pre-hospital setting. Despite embolization of the 
patient’s initial arterial injuries he developed life-threatening hemothorax. Thoracotomy revealed intercostal artery laceration in the region of his ND. ND remains a 
critical life-saving procedure in tension pneumothorax, but proper technique and site selection is required to minimize complications. 
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Introduction
Trauma is the leading cause of death for Americans aged between 

1-46 years of age and the third leading cause of death in the United 
States overall [1]. It is the leading cause of mortality globally [2]. 
Traumatic injuries can range from minor isolated wounds to complex 
injuries involving multiple organ systems. All trauma patients require 
a systematic approach to management in order to maximize outcomes 
and reduce the risk of undiscovered injuries.

A clear, simple, and organized approach is needed when managing 
a severely injured patient. The assessment disseminated in Advanced 
Trauma Life Support™ (ATLS™) provides such an approach [3]. The 
primary and secondary surveys allow rapid identification of potentially 
reversible life-threatening injuries in the pre-hospital or in-hospital 
setting. Identification and treatment can mean the difference between 
life and death. Such injuries include airway obstruction, tension 
pneumothorax, open pneumothorax, massive hemothorax, flail chest 
and cardiac tamponade. The procedures to manage these injuries, 
however, can be fraught with complications. 

We present the first case of iatrogenic intercostal artery (ICA) injury 
resulting in life-threatening massive hemothorax from emergent needle 
decompression (ND) – a lethal injury as a consequence of a life-saving 
intervention. We briefly review the literature surrounding vascular 
injuries and discuss some of the alternative options for management 
of tension pneumothorax and why this case may have presented in a 
delayed manner.

Case report
A 28-year-old male with no past medical history presented by 

ambulance after suffering multiple stab wounds. EMS reported concern 
for tension pneumothorax prior to arrival and performed field needle 
decompression of the left anterior chest wall. Due to inability to obtain 
vascular access, an intraosseous needle was placed by EMS in the right 
humeral head. At the time of presentation, he was afebrile (36.1 C), with 
blood pressure 72/40 mm Hg, heart rate 108 beats/min, respiratory rate 

22 breath/min, and oxygen saturation 100% while on supplemental 
oxygen at 15 L/min via non-rebreather mask. Auscultation revealed 
tachycardic normal heart sounds and bilateral breath sounds. 
Abdominal examination was soft. The patient had four stab wounds 
including three superficial wounds present on the right shoulder, left 
upper paravertebral back, and left middle paravertebral back. A deep 
stab wound to the left lateral upper back was continuously bleeding 
despite manual pressure by EMS.  

Pertinent laboratory findings included hemoglobin 10.2 g/L, 
platelets 192 K/mcL. Potassium 2.5 mmol/L, bicarbonate 16 mmol/L, 
lactate 7.9 mmol/L, INR 1.4, TEG clotting time 5.2 min.

The prominent left lateral upper back wound continued to bleed 
despite packing with sterile gauze and manual pressure at bedside. 
Due to inability to obtain large bore peripheral access a central 
venous catheter was placed in the right subclavian for administration 
of blood products. The patient was intubated due to waxing mental 
status and repeated non-bloody emesis. Bedside chest radiograph after 
intubation showed right-sided pneumothorax (suspected iatrogenic 
from attempted subclavian line placement) (Figure 1). Computed 
tomography angiography (CTA) confirmed active hemorrhage from 
branches of the patient’s left axillary artery (Figure 2A/2B). The patient 
was taken emergently to the operating room for angiography. 

Angiography confirmed active hemorrhage from branches of 
the subscapular artery (Figure 3). Selective catheterization and coil 
embolization of the circumflex scapular artery successfully stopped all 
further extravasation from that site. The patient then underwent closure 
of his stab wounds. Post-operatively he developed hemodynamic 
instability in the Intensive Care Unit and was found to have massive 
left hemothorax (Figure 4). Tube thoracostomy immediately 
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of stab injury in this area other than the patient’s known pre-hospital 
needle decompression. Hemorrhage was successfully controlled after 
ligation of the medial and lateral components of the bleeding ICA. The 
patient’s hemodynamics stabilized following the procedure and he was 
discharged one week later.

Discussion
Needle decompression is an exceptional but potentially lifesaving 

intervention in trauma patients with a tension pneumothorax. 
According to trauma guidelines [3], a needle or venous catheter should 
be inserted in the second intercostal space, mid-clavicular line (2ICS 
MCL). Injury to the vascular structures is a rare but potentially life-
threatening complication of all pleural interventions, especially in 
elderly populations. Pleural hemorrhage is reported to occur in up to 
2% of thoracocenteses, up to 13% of implantable [4,5] cardioverter-
defibrillator insertions and up to 4% of thoracoscopies [6]. However, 
our literature review did not identify any reports of ICA injury from 
emergent needle decompression in trauma. Rawlins et al reported 3 
non-traumatic cases of tension pneumothoraces and life-threatening 
hemorrhage after decompression; however, they were unable to isolate 
the structures involved and ultimately implicated the subclavian and 
the lung as sources in 2 out of their 3 cases [7].  Yacavone et al were 
unable to produce any data regarding the rate of ICA injury during 
thoracentesis from their review but hypothesized that it was likely <1%. 
Hemothorax, also on their list of complications, was documented as 
<1% [5]. Injuries to other vascular structures including the pulmonary 
artery have been documented from emergent decompression [8].

The 2ICS MCL used in this case is the traditional anatomical site 
of ND for tension pneumothorax. Numerous studies have recently 
questioned if the chest wall thickness at this site prevents traditional 
needle lengths (5 cm) from reaching the pleural space [9-19]. 
Alternative sites have been recommended and reviewed, including the 
4th/5th ICS at the anterior axillary line (AAL) and the 4th/5th ICS mid 
axillary line (MAL). A systematic review and meta-analysis by Laan et 
al., evaluated differences in the wall thickness between the MCL (4.3cm, 
95% CI 3.9-4.7cm), MAL (4.0cm, 95% CI 2.9-5.1cm), and AAL (3.4cm, 
95% CI 2.8-4.0cm). This corresponded to estimated failure rates with a 
traditional 5 cm angiocatheter of 38% (95% CI 24-54%), 31% (95% CI 
10-64%), and 13% (95% CI 8-22%) respectively. Inaba et al compared, 
using CT imaging, the distance the needle travelled in the ICS2-MCL 
and the 5thICS AAL and showed that ND would be expected to fail 
in 42.5% of cases at the 2ICS MCL compared with 16.7% at the 5ICS 
AAL [20].  Kaserer et al documented an even higher failure of ND 

drained approximately three liters of blood. The patient remained 
hemodynamically labile despite ongoing transfusions.

The patient returned to the operating room for a 4th interspace 
anterolateral thoracotomy. An additional 2 liters of blood was 
evacuated, and he was found to have arterial hemorrhage coming from 
the third intercostal space of the anterior chest. There was no evidence 

Figure 1: Radiograph shortly after intubation shows right-sided pneumothorax and no 
significant intrathoracic bleeding

Figure 2: A) CTA showing extravasation from left circumflex scapular artery B) 3D 
rendering of extravasation site

Figure 3: Angiography with brisk bleeding from left circumflex scapular artery

Figure 4: ICU radiograph after coiling of left circumflex scapular artery.
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in prehospital patients, more than 80%, postulating inadequate ratio 
between chest wall thickness and catheter length as one reason [21]. 
Such high failure rates may partially explain why recent analysis of two 
large trauma databases showed no mortality benefit from prehospital 
ND in traumatic cardiac arrest [22].

The comparatively smaller chest wall thickness makes the axillary 
approach appealing and is now advocated by the British Thoracic 
Society as an alternative site [23]. The authors of the Tactical Combat 
Casualty Care Course conducted their own study and consequently 
revised their guideline after showing the viability of the lateral approach 
as an acceptable alternative [24].

The use of longer needles has also been proposed. Chang et al 
performed a retrospective review of CT scans of trauma patients and 
found that theoretical use of an 8 cm angiocatheter would overcome 
the majority of differences in chest wall thickness at these two sites [25]. 
This was not without risk, however, as it significantly increased the 
ability to reach underlying vital structures (especially the left ventricle 
from aleft lateral approach). Besides increased risk of injury to other 
structures, one study of simulated needle thoracostomies in porcine 
model raised concern of increased kinking and occlusion in lateral 
approaches [26].

Regardless of needle site or length, the basic anatomy of the 
intercostal vessels is essential (Figure 5). These vessels and the 
intercostal nerve are generally protected by the inferior groove of 
each rib. The insertion of any intrathoracic needle should be placed 
just superior to lower rib defining the intercostal space of interest and 
directed perpendicularly. This minimizes the chance of injuring these 
intercostal structures.

Consequently, it is essential to consider the risk-benefit ratio of 
decompression at any site. It has been postulated that in spontaneously 
breathing patients, the rate of progression of pneumothorax may be less 
rapid. In the absence of hemodynamic instability or severe respiratory 
distress, the proper approach may be to carefully monitor the patient 
and transfer to the appropriate facility were diagnosis can be confirmed 
and managed [27].

Additionally, unique to this case is the delayed presentation. The 
patient had a short transit time with EMS and experienced significant 
blood loss prior to arrival (as evidenced by his hypotension, tachycardia, 
cool extremities, and tenuous mental status). The degree of blood loss 
from his initial arterial injury appears to have delayed the presentation 
of this second arterial injury until he received adequate intervention 

and intravascular repletion of blood products. We postulate that the 
injured branches of the subscapular artery provided the “path of 
least resistance” to blood flow. However, upon embolization flow was 
redirected to the ICA. His clinical course underscores the necessity of 
re-examination for additional injuries after initial resuscitation.

This case highlights the fact that emergent needle decompression is 
not without risk. Providers, especially in the prehospital environment, 
should judiciously reserve this procedure for unstable patients. Effort 
should be made to select the anatomic sites with the greatest likelihood 
of success – including consideration of alternative sites. Care should 
always be made at all sites to insert just superior to the rib to minimize 
chance of injury to intercostal structures.
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