THORACIC TRAUMA
· May be blunt or penetrating
· Occurs in 34-57% of dogs with limb fractures from road trauma 
· May have concurrent myocardial contusion; monitor for arrhythmias
· 235 dogs with blunt trauma (Penn)
· Injuries included
· Pulmonary contusions in 58% 
· Pneumothorax in 47%
· Hemothorax in 18%
· Rib fractures in 14%
· Pneumomediastinum in 8%
· Diaphragmatic hernia in 6%
· Pulmonary bullae in 2%
· Flail chest in 2% 
· Oxygen needed in 119 
· mean duration of oxygen treatment was 40 hours 
· Pneumothorax needed chest tube placement in 34 patients
· Mechanical in 9 of 235 
· 75 cats with traumatic rib fractures
· Flail chest, pleural effusion, and diaphragmatic hernia were significantly associated with death
Diagnostics:
· 63 dogs and 96 cats with blunt trauma and chest xrays:
· 49% dogs and 63.5% of cats had radiographic trauma
· Abnormal auscultation results were associated with radiographic thoracic trauma, radiography severity score and presence and degree of contusions
· RR on presentation associated with degree of pneumo on xrays
· No correlation was found between the radiographic findings and outcome
· 145 dogs with blunt or penetrating trauma
· TFAST compared with chest xrays
· Pneumo on xrays 26% of cases 
· 32 cases with pneumo 91% had concurrent injuries on xrays 
· Contusions, fractures, hernias, pneumomdiastinum, hernia, sternum fractures
· 72% of patients without pneumo had pulmonary contusions 
· TFAST abnormalities were found in 44%
· Pneumo, step sign, pleural effusion, pericardial effusion, SQ emphysema
· Se 78.1, Sp 93.4 specificity of TFAST relative to CXR 
· 45 dogs with thoracic bite wound trauma managed surgically (per policy) 
· Xray findings: 
· 88% rib fractures 
· 69% pneumothorax 
· 67% pulmonary contusions 
· 22% pleural effusion 
· 36% the skin was not perforated 
· Flail chest/psuedoflail chest in 35 dogs
· 9/16 with no perforation had flail or pseudo flail chest, massive SQ damage and muscle lacerations when explored 
· lung lobectomy in 12 dogs 
· Contusions on rads associated with contusions in surgery but not associated with need for lung lobectomy 
· No other significant association between trauma at surgery and any radiographic or clinical finding  

FLAIL CHEST
· occurs when there are multiple fractures of at least 2 adjacent ribs
· results in paradoxical ‘flailing’ of segment (inward with inspiration)
· Uncommon in vet med (small flexible chests?)
· Air in lung beneath flail segment will move across to opposite hemithorax during inspiration and back in expiration
· Increases dead space
[image: ]
· [image: ]Most important cause of respiratory dysfunction may be underlying contusions
· Pain also impairs ventilation
· Consider intercostal and intrapleural analgesia 
· Keep in lateral with affected side down to minimize movement
· Surgical management only indicated if medical management cant stabilize (or thoracotomy is needed for something else)
· Internal fixation if thoracotomy needed
· If no thoracotomy suture to rigid frame, 1 rib cranial and caudal to segment
· Use rods, splint material or tongue depressors
· Leave for 3-4wks
· Retrospective evaluation of 21 dogs and 3 cats
· Bite trauma more common cause than HBC
· Treatment  included
· Percutaneous stabilization (5 cases)
· Sutures passed around ribs and secured to external fixation device
· Internal surgical stabilization (4 cases)
· No stabilization provided (15 cases)
· 6/9 stabilized survived, 14/15 non-stabilized, no significant difference

DIAPHRAGMATIC HERNIAS
· Caused by indirect (blunt) or direct (penetrating) trauma
· Respiratory compromise from loss of contractile function and concurrent pleural space compromise and thoracic wall trauma
· Most commonly herniated organs = liver, jejunum, stomach and spleen
Clinical signs/diagnosis:
· Only 25-38% have concurrent traumatic lesions
· 1/5 don’t have respiratory signs
· shallow ventilation, decreased lung sounds, thoracic borborygmi
· right sided may be more common
· can be missed on rads in 1/3 cases, so obtain additional views if suspicious (horizontal beam, GI contrast, peritoneal contrast (2mL/kg))
· Ultrasound is useful
Treatment
· Early intervention (<24hrs) may be associated with worse prognosis (33% mortality)
· Not so in more recent retrospective of 92 cats and dogs
· Emergency surgery considered if stomach herniated as gas distension worsens ventilator status, or when GI obstruction present
· Surgery
· Midline laparotomy, abdominal explore
· Reduce organs to peritoneal cavity
· Enlarge rent if needed 
· If enlargement of rent fails next step is median sternotomy
· This is needed more often in chronic hernias 
· Other procedures then performed as needed eg liver lobectomy, R&A etc
· Herniorrhaphy then performed
· Evaluate whole diaphragm to ensure not more than 1 rent
· Generally don’t need debridement (occasionally if chronic, avoid removing large areas)
· Synthetic non-absorbable or slowly absorbable sutures
· Continuous or interrupted, although continuous may be better as less knots
· Repair from dorsal to ventral
· Small defects in normal openings (<1cm) should be ok
· Paracostal rents repaired with sutures around ribs
· Can advance diaphragm if needed to reduce tension
· Rarely replacement of diaphragm is needed
· Avoid synthetics if able
· Transvers abdominus flaps
· THoracostomy tube then placed if indicated
· If not then evacuate air from pleural space with red rubber 
· Prognosis
· 85-90% survival, better in dogs
· up to 50% complication rate
· expansion pulmonary edema may occur if chronic; no treatments have been shown to prevent this but steroids are considered
· Other complications include sepsis, MODS, reherniation, megaesophagus, pneumonia, esophagitis etc


PNEUMOTHORAX
· Air can access pleural space via
1. Pleurocutaneous
2. Pleuropulmonary
3. Pleuroesophageal 
· Classified as
· Spontaneous, iatrogenic or traumatic
· Open or closed
· Tension pneumothorax = progressive accumulation of air in pleural space that cannot escape
· More common with closed pneumo as parenchyma will recoil and cause seal during expiration
· Pathophysiology
· In health intrapleural pressure is subatmospheric (-5cm water)
· If atmospheric air gets access rushes in, causing expansion of thorax and collapse of lung
· Presence of pleural air results first in tachypnea, then hyperventilation due to:
· Hypoxemia
· Hering-Breuer reflex: due to decreased airway stretch receptor stimulation, or increased stimulation of receptors activated by deflation
· Dogs have increased ability to compensate for pneumo compared to people
· With tension pneumo eventually chest wall is maximally expanded and so inspiratory muscles are ineffective 
· Cardiovascular compromise occurs
· In health negative intraplural pressure assists in flow into of thorax (thoraxic pump)
· Loss of negative intrapleural pressure in pneumo results in decreased venous return to heart
· Hypoxemic pulmonary vasoconstriction also occurs increasing vascular pulmonary resistance
· VQ mismatch and intrapulmonary shunt both decrease PaO2
· Traumatic
· Open = direct communication between pleural space and environment due to thoracic wall trauma
· Air normally enters in inspiration and exits in expiration unless damaged tissue makes this impossible
· Closed = thoracic wall intact
· Rapid increase in airway pressure during blunt trauma ruptures alveoli
· Spontaneous
· Most commonly occurs through lung parenchyma but esophagus, trachea and bronchi are also possible sources
· Primary = no underlying cause identified
· Blebs and bullae are in this category if they develop without a known underlying disease
· Bleb = air filled alveolar dilatation in visceral pleura, commonly at lung apex
· Bulla = nonepithelialized air filled space within visceral pleural that occurs from disruption of intraalveolar septa
· Located in connective tissue
· 3 types
· Type I: thin, empty interiors
· Type II: interior filled with emphysematous lung
· Type III: large, may contain emphysematous lung and extend deep onto parenchyma 
· Both Blebs and bullae are most commonly diagnosed in healthy, middle aged, deep chested dogs with no prior history of resp disease
· Secondary = secondary to pulmonary disease
· Neoplasia, parasites (heart worm, tape worm, paragonimus, aelurostrongulus), pneumonia, abscess, foreign body etc
· In humans secondary to collagen defects or conditions that inhibit alpha-1 antitripsin and so increase destruction of parenchyma

· Diagnostics
· Radiographs highly sensitive for diagnosis of pneumo
· Absence of pulmonary vascular pattern, cardiac silhouette elevation, mediastinal shift (if tension)
· Rads only identify belbs/bullae in 0-50% of cases
· CT is more sensitive (2.5x in dogs) to identify blebs/bullae
· Less sensitive as severity of pneumo increases, so tap just prior or maintain suction
· Thoracoscopy can identify lesions on lung surface and help plan surgical approach
· Treatment
· If open thoracic wound seal immediately with occlusive bandage 
· Tube thoracostomy recommended if evacuation needed more than 2x in 24hrs
· If continuous suction apply 15-20cm H2O
· Treatment of choice for spontaneous pneumo is surgery
· Traumatic can frequently be managed conservatively
· Cage rest to prevent friction and promote fibrinous seal
· O2 supplementation increases reabsorption rate of air in thorax
· Increased paO2 decreases partial pressure of blood nitrogen so gradient is larger, increasing absorption from pleural space
· Surgery
· If in suction for >3-5 days surgical intervention is indicated
· Early surgery reduces reoccurrence rates from 50% to 3%
· Median sternotomy recommended
· If site of leakage not obvious use sterile saline to bubble
· Can consider thoracosopic surgery if solitary lesions identified on CT
· Pleurodesis 
· Dogs and cats seem naturally resistant to formation of adhesions
· Dry sponge abrasion of pleura during surgery, or intrapleural injection of tetaracyclines or sterile talk can cause a sterile pleurits to obliterate pleural space
· Thicker pleura will discourage formation and rupture of blebs in the future
· Further studies needed
· Prognosis is good with traumatic pneumo
· Prognosis good with surgery for spontaneous (mortality 12%, little to no reoccurrence), guarded without surgery (53% mortality, 50% reoccurrence)

CONTUSIONS
· Thoracic wall is flexible, can have significant compression-decompression injury to thorax without external evidence of injury
· Rapid change in intrathoracic pressure -> ruptured alveoli and alveolar capillaries
· Interstitial hemorrhage is first pathologic finding
· Vascular endothelium is damaged from shearing forces, contributing to interstitial and alveolar edema
· Edema occurs 1-2hrs after hemorrhage
· Inflammatory changes noted on pathology 24hrs later, fibrin 48hrs
· Hemorrhage and edema impair gas exchange 
· 79% of dogs with hypoxemia or anormal thoraxic xrays may have no physical exam findings 
· [bookmark: _GoBack]Radiographic changes may not be evident for 4-6hrs
· In humans 47% radiographically evident at admission, 92% 24hrs after injury
· Enlargement of contusions in first 24hrs may be negative prognostic indicator
· CT may be oversensitive (identify changes that are not clinically significant), but CT based scoring systems are used to predict outcome
· Currently standard of care but may not be necessary for mild cases
· Signs generally resolve within 3-5days
· Healing histologically complete in 7-10days with little residual damage	
· Occasionally get late deterioration due to inflammatory response, development of pneumonia or ALI from systemic injuries
· P/F directly correlated with volume of contused lung in the first 24hrs in humans

· Treatment
· Cage rest
· Oxygen +/- mechanical ventilation
· Radiographic severity correlates with time oxygen supplementation required
· Secondary pneumonia common in humans
· Contusions decrease bacterial clearance 
· Low occurrence noted in dogs, prophylactic antibiotics not recommended
· Avoid excessive crystalloid administration 
· In experimental studies contused lung is more susceptible to increased lung water than normal lung
· Other studies show no difference
· Study of 143 dogs with contusions from HBC:
· Contusions found (clinically or radiographically) in 17.2% of HBCs
· Severe contusions need longer hospitalization
· Severity of other injuries does not correlate with severity of contusions 
· 81% survival, 7% of all dogs died of severe respiratory failure
· in humans healthier lung should be dependent
· Surfactant is altered, some studies have found improvement with administration of bovine surfactant
· Mechanical ventilation
· 10 dogs
· mean duration of ventilation 32hrs
· endotracheal wash positive in 3/7
· tidal volumes 27mL/kg!!
· 3 survived 2 discharge
· total of 5 dogs improved but 1 euthanized prior to weaning, another died 72hrs post weaning (pancreatitis)
· bodyweight higher in those that improved
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Figure 38.1 Flail chest physiology: the paradoxical motion of the flail chest interfere with normal ventilation during inspiration and expiration.
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Figure 75-3 Schematic drawing of the technique for passing suture
around the rib. The needle should stay adjacent to the bone to
avoid the neurovascular bundle and underlying lung. © D. Giddings.

Figure 75-4 Schematic drawing of an external moldable splint for
stabilization of a flail section. Two circumcostal sutures are
preplaced at the dorsal and ventral extents of each rib of the flail
section and then secured to the moldable splint through
appropriately placed perforations. The splint extends beyond the
flail section to rest on stable thoracic wall. © D. Giddings.
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