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Gender/Age/Breed Predisposition
• none.

Owner Observations
• respiratory distress.

— severe, often with open-mouthed breathing.
— rapidly progressive.

• Collapse.
• restlessness.
• Barrel-chested appearance.
• Pale mucous membranes.
• Cyanosis.
• recent traumatic event.

Other Historical Considerations/Predispositions
• spontaneous tension pneumothorax is relatively

rare.

Physical Examination Findings
• severe respiratory distress.

— restrictive pattern.
— Abdominal effort.
— nasal flaring.

• Minimal chest excursion despite significant respira-
tory effort.

• decreased to absent lung sounds.
• Tachypnea.
• Cyanosis.
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ension pneumothorax is a life-threatening situa-
tion that most commonly occurs after a signifi-
cant traumatic event involving penetrating

thoracic injury or blunt force trauma. Iatrogenic ten-
sion pneumothorax can result from positive-pressure
ventilation, inadvertent tracheal laceration during intu-
bation, thoracic surgery, thoracocentesis, or fine-nee-
dle lung aspiration. Tension pneumothorax is reported
less frequently in cats than in dogs.

Tension pneumothorax develops when a flap of tis-
sue forms secondary to thoracic injury. In open pneu-
mothorax secondary to a penetrating injury, the flap
can be skin or muscle. In closed pneumothorax result-
ing from blunt trauma, the flap is usually pulmonary
parenchyma. This flap effectively creates a one-way
valve, allowing air into the pleural space during
inhalation but preventing its escape during exhalation.
This prevents the development of negative intratho-
racic pressure and increases intrapleural pressure,
which prevents pulmonary expansion, leading to res-
piratory distress, severe hypoxemia, decreased venous
return to the heart, hemodynamic instability, and
death. Tension pneumothorax is a clinical diagnosis,
and treatment should never be delayed to obtain labo-
ratory or radiography results. Immediate thoracocente-
sis and/or chest tube placement is required to save the
patient’s life.

DIAGNOSTIC CRITERIA

Historical Information
• Known history of blunt force or penetrating thoracic

trauma or a procedure with the potential to cause
pneumothorax.
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• Hyperresonance on thoracic percussion.
• Barrel or “sprung” chest appearance.
• Tachycardia.

— Heart sounds can be muffled.
• Hypertension or hypotension depending on patient’s cardiovascular

status.
• Marked deviation of cervical trachea to the unaffected side.

Laboratory Findings
This is a clinical diagnosis! do not wait for laboratory results. Perform a nee-
dle thoracocentesis immediately, then conduct diagnostic testing when the
patient is stable.

Arterial Blood Gas $
• evidence of alterations in ventilation.

— Hypoxemia (decreased PaO2; reference range [rr]: 80–100 mm Hg
on room air).

— Hypoventilation (increased PaCO2) secondary to inability to expand
lungs or decreased thoracic excursions (rr [mm Hg on room air]:
dogs, 30.8–42.8; cats, 25.2–36.8).

— Hyperventilation (decreased PaCO2) secondary to anxiety and dysp-
nea (rr [mm Hg on room air]: dogs, 30.8–42.8; cats, 25.2–36.8).

— respiratory acidosis or alkalosis possible (rr: pH 7.4).

Complete Blood Count $
• Usually normal. Changes in packed cell volume/hematocrit and total

solids may be the result of unrelated disorders, such as hypovolemia or
dehydration.

— rr for dogs: packed cell volume, 37%–55%; total solids, 5.8–7.2 g/dl.
— rr for cats: packed cell volume, 24%–45%; total solids, 5.7–7.5 g/dl.

Chemistry Panel $
• May be normal or exhibit findings consistent with trauma.

— Increased creatine kinase (rr: dogs, 36–155 IU/l; cats, 21–275 IU/l).
— Increased AlT due to hepatocellular damage (rr: dogs, 4–91 IU/l;

cats, 13–75 IU/l).

A B O U T V E C C S
The Veterinary emergency and Critical Care society was formed in 1978 in
an effort to raise the level of patient care for seriously ill or injured animals
through quality education and communication programs. Over 3,500 members
strong, VeCCs has spawned three distinct national organizations—ACVeCC (for
veterinarians), AVeCCT (for veterinary technicians), and sVeCCs (for veterinary
students)—whose focus is on training and core knowledge in veterinary
emergency and critical care medicine.
For more information, visit veccs.org.
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— needle thoracocentesis should be performed in
the seventh, eighth, or ninth intercostal space.
Use an appropriately sized needle (22 to 25
gauge for small patients, 20 gauge for larger
patients). Place the needle in the mid to upper
thorax and connect it to a three-way stopcock
and appropriately sized syringe via an exten-
sion set. (Other techniques may be described in
the literature. Use a technique with which you
and your staff are familiar and comfortable.)
Attempts should be made to evacuate all free
air from the thorax until negative pressure is
obtained. It is important to record the amount
of air and/or fluid removed from the thorax so
that trends can be identified if the pneumotho-
rax persists. Always maintain sterile technique
to reduce the risk of infection.

• Oxygen supplementation. $
— Provide supplementary oxygen via an oxygen

cage, mask (during initial stabilization), nasal
cannula, or prongs or via an endotracheal tube,
depending on the severity of respiratory distress
and status of the patient.

• Analgesia and sedation. $
— required to reduce patient anxiety and im-

prove ventilation.
— Avoid medications that may worsen cardiovas-

cular compromise, such as dexmedetomidine
and acepromazine.

— If the patient requires sedation for thoracocen-
tesis, use a benzodiazepine in addition to a
low-dose opioid. For example:
• diazepam: 0.1–0.5 mg/kg IV (dogs and cats)
or
• Midazolam: 0.1–0.5 mg/kg IV (dogs and

cats)
and
• Hydromorphone: dogs, 0.05–0.2 mg/kg IV,

sC, or IM; cats, 0.1–0.2 mg/kg IV or sC. Use-
ful as a constant-rate infusion (CrI) at a rate
of 0.01–0.03 mg/kg/hr for dogs and cats.
May induce vomiting, especially if adminis-
tered IV.

or
• Fentanyl: 2 µg/kg bolus IV followed by a CrI

of 2–5 μg/kg/hr IV (dogs and cats). Fentanyl
is effective for only approximately 15–20
minutes, so it must be administered as a CrI.

or
• Oxymorphone: dogs, 0.05–0.2 mg/kg IV,

IM, or sC; cats, 0.1–0.2 mg/kg IV, IM, or sC.
May induce vomiting, especially if adminis-
tered IV. Animals may become hypersensi-
tive to noise.

Urinalysis $
• May be normal or exhibit findings consistent with

dehydration or trauma.
— Increased urine specific gravity (rr: dogs,

>1.030; cats, >1.035).
— Hematuria.
— Myoglobinuria.

Other Diagnostic Findings
Again, this is a clinical diagnosis. do not delay treat-
ment to obtain thoracic radiographs. Perform a needle
thoracocentesis immediately, then conduct thoracic
radiography when the patient is stable.

Thoracic Radiography $
• Mediastinal shift to the contralateral side.
• Air opacity and consolidated lung consistent with

pneumothorax on the affected side.
• depression of the ipsilateral hemidiaphragm.
• elevation of cardiac silhouette away from the ster-

num.
• retraction of lung lobes away from the thoracic

wall.

Summary of Diagnostic Criteria
• severe respiratory distress.
• Absent lung sounds.
• Pneumothorax.
• History of trauma.

Diagnostic Differentials
• Intrathoracic mass.

— Identified on thoracic radiographs or ultraso-
nography.

— negative needle thoracocentesis.
• Bilateral pleural effusion.

— Identified on thoracic radiographs and thoraco-
centesis.

• Pneumomediastinum.
— Identified on thoracic radiographs.

• diaphragmatic hernia.
— Identified on thoracic radiographs or ultra-

sonography.

TREATMENT
RECOMMENDATIONS

Initial Treatment
• Thoracocentesis. $

— This is a lifesaving procedure that must be per-
formed quickly if tension pneumothorax is sus-
pected.



mize the risk of damaging vasculature and
nerves, keep the trocar in contact with the
cranial aspect of the rib behind the insertion
point.

• Briefly halt mechanical ventilation when
advancing the trocar through the pleural
layer and into the pleural space. This mini-
mizes the risk for iatrogenic trauma to the
pulmonary parenchyma.

• slowly advance the thoracostomy tube to
the predetermined position. Carefully re-
move the trocar, leaving the tube in place.

• Gently move the skin back into its normal
anatomic position. This creates a short sub-
cutaneous tunnel around the thoracostomy
tube.

• suture the thoracostomy tube in place, using
a finger-trap suture to secure the tube and
prevent unintentional advancement or re-
moval. Mark where the tube enters the skin
so that proper positioning can be verified
throughout patient hospitalization. Connect
a drainage system and verify the tube is func-
tioning properly.

• Use a syringe to evacuate the pleural space
until negative pressure is obtained. This can
be accomplished through a system similar to
that described for needle thoracocentesis.
Once negative pressure is obtained, the tho-
racostomy tube can be sealed with a cap or
attached to a continuous suction device.

• Keep the thoracostomy tube insertion site
clean by covering with a bandage. evaluate
the site daily to monitor for complications
such as infection or subcutaneous emphy-
sema.

— Anesthetic considerations:
• Always provide oxygen supplementation

during placement of a thoracostomy tube.
• If the animal is obtunded or comatose, no

general anesthesia is required. Use of local
anesthetics as described is typically ade-
quate for placement.

• If the patient is compromised but still respon-
sive, intubation and airway control are nec-
essary. Use an opioid and benzodiazepine
combination for induction. Inhalant anesthe-
sia is used to maintain general anesthesia.
This allows thoracostomy tube placement
without further compromising cardiovascu-
lar status.

• If the pneumothorax involves damaged pul-
monary parenchyma with a penetrating tho-
racic wound, significant leakage of inhalant
anesthetic into the room is possible.
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• Thoracostomy tube placement. $
— required in severe cases, but not necessary in

all patients.
— Indications for placement:

• Unable to obtain negative pressure with nee-
dle thoracocentesis.

• More than two thoracocenteses required
within a 1-hour period.

• More than three thoracocenteses required
within a 24-hour period.

— Always indicated if the patient has tension
pneumothorax and requires positive-pressure
ventilation. The positive intrapulmonary pres-
sures necessary for ventilation frequently result
in recurrence of the pneumothorax.

— Multiple techniques for thoracostomy tube
placement have been described in the litera-
ture. Use a technique with which you and your
staff are familiar and comfortable. The authors
prefer the following technique:
• Use strict aseptic technique to prevent bac-

terial contamination of the pleural cavity.
Clip and aseptically prepare the skin over the
seventh, eighth, and ninth intercostal spaces
on the affected side.

• Insert the tube in the seventh, eighth, or
ninth intercostal space. Create a subcuta-
neous tunnel to help prevent air leakage into
the thorax. Have an assistant gently pull the
skin cranially. Keep the skin in this position
until the procedure is complete.

• Place the thoracostomy tube at the junction
of the upper third and lower two-thirds of the
thorax.

• Carefully measure the tube to determine
how far to insert it into the thoracic cavity.
To estimate the proper length, measure from
the desired rib space cranially to the second
rib. note the distance or mark the appropri-
ate spot on the tube with a sterile marker.

• Perform a local lidocaine block at the
desired location. Infuse lidocaine into the
subcutaneous tissue and intercostal muscu-
lature down to the level of the pleural sur-
face.

• Make a stab incision through the skin and
subcutaneous tissue overlying the selected
location. The incision should only be the
size of the thoracostomy tube or slightly
larger. This will help prevent air leakage
around the tube. Occlude the free end of the
tube throughout the placement procedure
until a drainage system is connected.

• Use the tip of the trocar to bluntly tunnel
through the intercostal muscles. To mini-



• surgical intervention. $$–$$$
— Very rarely required in traumatic tension pneu-

mothorax, but lung lobectomy is sometimes
necessary in cases that do not respond to con-
servative treatment.

— Consider thoracic exploration if pneumothorax
does not resolve within 5 to 7 days with appro-
priate treatment.

— May be indicated in cases of penetrating tho-
racic injury if the patient fails to respond to con-
servative treatment or when a large airway
laceration is suspected.

Alternative/Optional
Treatments/Therapy
• none. Failure to resolve the tension pneumothorax

quickly results in the death of the patient.

Supportive Treatment
• Appropriate analgesia and sedation. $

— essential to achieve a quick recovery.
— Improves ventilation by increasing patient com-

fort and the quality of chest excursions.
— Consider an opioid for adjunctive sedative

effects. see Initial Treatment section for recom-
mended doses.

— Consider buprenorphine (dogs: 5–30 μg/kg IV,
IM, or sC; cats: 5–10 μg/kg IV, IM, sC, or PO),
as it is well absorbed by the oral mucosa in
cats. This may not be adequate pain control in
patients with significant musculoskeletal injury.

• Thoracostomy tube. $
— required if unable to correct the initiating fac-

tor. Placement may not be necessary if the pri-
mary injury is corrected and pneumothorax
does not recur.

• Intravenous fluid therapy. $
— Indicated for treatment of traumatized patients

suffering from hypovolemic shock.
— Hypovolemic/hypotensive resuscitation to main-

tain a low-normal systolic blood pressure may
be indicated in patients with concurrent bleed-
ing.

— Maintenance of appropriate fluid balance while
hospitalized.

• Antibiotics. $
— Unnecessary unless pneumothorax is second-

ary to a nonsterile penetrating injury (e.g., bite
wound) or if bacterial infection is documented.

• Mechanical ventilation. $$$
— Indications for positive-pressure ventilation are

patient dependent. General guidelines include
an arterial PCO2 consistently greater than 50

mm Hg, a PaO2 less than 50 mm Hg with oxy-
gen supplementation, or muscle fatigue sec-
ondary to extended dyspnea and increased
respiratory effort.

— risks of mechanical ventilation include baro-
trauma to the pulmonary parenchyma, anes-
thetic death, and asphyxiation if the ventilator
malfunctions.

— Complications associated with performing
mechanical ventilation include pneumothorax,
bacterial and aspiration pneumonia, oral ulcer-
ation, peripheral edema formation, corneal
ulceration secondary to extended sedation, tra-
cheal tube occlusion, aspiration of tracheal
tube if sedation is insufficient, and gastric dis-
tention.

Patient Monitoring
• respiratory status.

— Hourly monitoring of respiratory rate and effort,
including auscultation of the thorax to verify
presence of lung sounds in all fields.

— Monitor for trends in the volume of air being
removed via the thoracostomy tube or repeated
thoracocenteses.

— reevaluate thoracic integrity if the volume of
evacuated air increases or remains the same 12
to 24 hours after initiating appropriate treat-
ment.

— Perform serial arterial blood gas analysis or
pulse oximetry measurements to monitor status
of the lung parenchyma.

• Hemodynamic status.
— Monitor blood pressure, capillary refill time,

and pulse rate and quality.
• Adequate analgesia and sedation.

— Monitor respiratory rate, heart rate, and mobil-
ity.

• Thoracic radiography.
— May help identify cause in some cases of ten-

sion pneumothorax (e.g., fractured ribs in cases
with closed, unobserved trauma).

— required if thoracocentesis is unsuccessful or
respiratory distress persists after obtaining neg-
ative pressure with thoracocentesis/thora-
costomy tube drainage.

• All cases of tension pneumothorax should receive
24-hour monitoring in an appropriate intensive care
facility after initial stabilization is complete.

Complications
• Infection resulting from the primary injury or

repeated thoracocenteses.
• Iatrogenic pneumothorax.
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• Intrathoracic organ damage secondary to repeated
thoracocenteses or thoracostomy tube placement.

— severe hemorrhage.
— Cardiac tamponade secondary to myocardial

laceration.

Home Management
• restricted exercise and cage rest for 1 to 3 weeks

after release.
• Monitor for evidence of respiratory distress, includ-

ing decreased activity levels, anorexia, orthopnea,
and collapse.

• Instruct owner to keep the pet indoors, in a fenced
area, or on a leash.

Milestones/Recovery
Time Frames
• Thoracostomy tube removal.

— less than 2 ml/kg of air and/or fluid obtained
for the previous 24 hours.

— Fluid production of less than 2 ml/kg/24 hr is
often secondary to irritation from the tube rub-
bing against the pleural surfaces.

— Verify resolution of pneumothorax through
physical examination or radiography before
removal.

• In most cases, air leakage will resolve within 3 to 5
days with appropriate supportive care. Animals that
do not recover as expected should undergo addi-
tional diagnostics, such as thoracic computed
tomography, magnetic resonance imaging, or
exploratory surgery.

Treatment Contraindications
• Tension pneumothorax must be immediately

treated or it will quickly lead to the death of the ani-
mal. The only contraindication during treatment is
administration of medications causing cardiovascu-
lar compromise.

PROGNOSIS

The prognosis for recovery is good, provided the
underlying cause is survivable and treated appropri-
ately.

Favorable Criteria
• rapid response to treatment.
• resolution of pneumothorax without repeated tho-

racocenteses.
• limited to no cardiovascular compromise.
• Absence of respiratory distress.
• normal body temperature on presentation (cats).

Unfavorable Criteria
• Persistent pneumothorax despite appropriate treat-

ment of the underlying cause, thoracostomy tube
placement, and pain management.

• severe thoracic ribcage trauma.
• Cardiovascular compromise.
• Complications secondary to the trauma or underly-

ing cause of the pneumothorax.
• development of reexpansion pulmonary edema.
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ARTICLE #1 CE TEST

1. How does tension pneumothorax develop?
a. rupture of a bulla
b. secondary to diaphragmatic hernia development
c. when a flap of tissue becomes a one-way valve,

trapping air in the pleural space
d. when a large airway is occluded by a foreign

object

2. Which is not a criterion for thoracostomy tube
placement?
a. the patient requires positive-pressure ventilation
b. pneumothorax is controlled with one thoraco-

centesis per 24-hour period
c. four thoracocenteses are required in a 7-hour

period
d. negative pleural pressure cannot be obtained

with needle thoracocentesis
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TENSION PNEUMOTHORAX (continued from page 6)

3. When should thoracic radiographs of patients with
tension pneumothorax be obtained?
a. before initiating treatment
b. after initial assessment but before providing any

treatments other than oxygen supplementation
and intravenous fluids

c. never
d. after the patient is stabilized and thoracocentesis

or thoracostomy tube placement is performed

4. Which is not a clinical sign of tension pneumotho-
rax?
a. distended abdomen
b. restrictive breathing pattern
c. cyanosis
d. hyperresonance on thoracic percussion

5. What is the most common cause of tension pneu-
mothorax?
a. surgery
b. trauma
c. spontaneous
d. infectious disease

The Auburn University College of Veterinary Medicine
approves these articles for 1 contact hour each of con-
tinuing education credit. Those who wish to apply this
credit to fulfill state relicensure requirements should
consult their respective state authorities regarding
applicability. Subscribers may take individual CE tests
online and get real-time scores free of charge at
SOCNewsletter.com.




