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Abstract:

Military and law enforcement agencies have seen a dramatic increase in the utilization of working canines both
at home and in foreign deployments. Due to the fact that professional veterinary care is sometimes distant from
internal disaster or foreign deployment sites, the military medic, police tactical medic, or other first-response
medical care provider may be charged with providing emergency or even basic, non-emergency veterinary care
to working canines. (Editor’s Note: Military veterinary detachments are collocated next to the major human
treatment facilities in a deployment environment. In a deployed environment veterinary care is located in areas
where they are most needed or where most of the animals are located.) The medical principles involved in tre-
ating canines are essentially the same as those for treating humans, but the human healthcare provider needs
basic information on canine anatomy and physiology and common emergency conditions in order to provide
good basic veterinary care until a higher level of veterinary care can be obtained. This article represents the
third in a series of articles designed to provide condensed, basic veterinary information on the medical care of
working canines, to include military working dogs (MWDs), police canines, federal agency employed working
canines, and search and rescue dogs, to those who are normally charged with tactical or first responder medical
care of human patients. This article provides and overview of the diagnosis and treatment of common trauma-
tic injuries to the thorax and abdomen.

Background and purpose:

The recent upsurge in the use of working canines as a result of the continuing Overseas Contingency Operation
(formerly the Global War on Terror) has resulted in a need for more veterinary healthcare providers in the field
setting. The canine is a critical member of the tactical team or the search and rescue team, and it is susceptible
to similar injuries and conditions as its human colleagues. Whether deployed overseas in support of military
missions or at home in support of terrorism events or natural disasters, working canines may become casual-
ties. In some cases, these canines are injured when definitive veterinary care is not immediately available,4,6-9
especially in cases such as natural disasters or small distantly deployed units where it is simply not feasible to
have a veterinarian on site with each canine team. Professional veterinary care may be hours to days away from
the location of the injured canine, and providing veterinary care frequently falls to the dog handler, combat
medic, or other human healthcare provider. For this reason, it is critical that non-veterinary healthcare provi-
ders be trained in basic veterinary medical skills to allow them to stabilize a critically injured working canine

in the field in order to safely transport to definitive veterinary care, therefore enabling a more expeditious
return to duty.. (Editor’s Note: Veterinary personnel have been located in 15 to 17 different locations in Iraq
during 07-09. If kinetic force was planned for a certain area, they moved a jump team in that area to cover
expected injures. This jump team included a veterinarian. Downrange commanders state that “With over 650
dogs in theater, it is true that there can never be a veterinarian with each team, even SOF doesn’t provide this
to their teams. However, engineer MDD units have slots for one 68T/6 teams. OIF currently has eight vet cli-
nics and two additional sites with 68Ts available 24/7. Therefore, first-responder care has been integrated into
handler training for the past five years and, although transport to definitive vet care is necessary, catastrophic
wounding certainly does not occur at a rate that exceeds our capacity”) The purpose of this article is to intro-
duce and familiarize the tactical medic and other human healthcare providers with some of the more common
canine thoracic and abdominal conditions experienced in traumatic injuries. The article presents radiographs
of normal canine anatomy for illustration, and includes radiographs of some pathological conditions for dis-
cussion and illustration of the anatomical and physiological abnormalities associated with canine trauma. It
discusses assessment and treatment of these conditions. It is beyond the scope of this article to instruct in the
complete diagnosis of abdominal and thoracic trauma versus differential conditions. However, by studying this
overview, the reader with general knowledge of emergency medicine and surgery should be able to familiarize
himself with these conditions and perform early medical assessment of the canine trauma patient. (Editor’s
Note: Part of the purpose of this article is to familiarize physician / surgeons with canine care in the event they
are called upon to provide emergency care to a working dog in the absence of a licensed veterinarian. As stated
in the article, this absence of professional veterinary care may last for days, and in such an instance it is theore-
tically possible that a physician surgeon could be called upon to serve as a veterinarian and provide diagnosis

and surgical care.) It is the express purpose of this article to provide some baseline veterinary guidance to hu-
man healthcare providers who may be forced to perform these interventions in the absence of direct veterinary
participation.
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In some instances, radiology and surgery could be feasible to save the life of a canine prior to the availability of
professional veterinary help. As mentioned in prior articles in this series, it is critical for the care provider to
ensure a safe treatment environment by placing a muzzle on the canine patient prior to any treatment attempts.
Editor’s Note: One critical thing that needs to be mentioned is to be aware of where the closest veterinary fa-
cility/hospital to your location is and to establish phone contacts with that veterinarian in case of emergency.
That will be a major tool in the preparation of canine emergency care and the survival of a critically injured
patient. There are times that dogs have been operated on or emergency procedures conducted because it was
something they felt they could do, but they are not licensed to do them, and in fact, a veterinarian was only five
or ten minutes away. It should be emphasized that if a veterinarian is not on site, then after initial stabilization,
or sometime during stabilization, all efforts should be made to contact a veterinarian for further recommenda-
tions. Most veterinarian are a phone call away, but of course in a combat situation, communication would be
limited. If you are anywhere by radiograph equipment, a phone should be available.

Thoracic trauma:

Thoracic trauma is commonly encountered as a result of both blunt and penetrating injury. In the military and
police operational environment, penetrating injuries to the thorax from ballistic wounds and explosions are
relatively high incidence injuries.6,9 Ballistic wounds account for approximately half of the life-threatening or
fatal wounds incurred by military working dogs in Afghanistan and Iraq, with explosive blast injuries accoun-
ting for the majority of the other half. Wounds to the thorax from any cause (in relation to wounds to other
parts of the body) appear to be more common in canines than in human servicemembers. Pneumothorax, he-
mothorax, pulmonary contusion, diaphragmatic rupture, and rib fractures are among the thoracic injuries in
working and non-working canines. Physical examination findings from the canine patient can provide impor-
tant clues as to the nature of the thoracic injury. A primary visual and palpation survey of the chest and neck
will immediately reveal external evidence of trauma in flail chest, sucking chest wound, and massive external
hemorrhage cases, but some penetrating injuries will present with small, minimally bleeding wounds that
are only detectable after the chest has been shaved. The heart and lungs should be ausculted and the rate and
quality of heart and lungs sounds in all quadrants of the thorax should be assessed. The clinician should note
and monitor respiratory rate, pattern, and effort every few minutes over the treatment period. For comparison,
Table 1 presents normal physiological parameters for the working canine.

Normal anatomy:

The thoracic cavity in the canine patient occupies the cranial 40-50% of the dogs’ trunk between the thoracic
limbs and the pelvic limbs. There are 13 ribs in the canine patient, with the first 12 ribs being attached to the
sternum via cartilaginous extensions and the 13th rib “floating” free of sternal attachment. The diaphragm
separates the abdominal cavity from the thoracic cavity as it does in the human patient, coursing diagonally
dorso-caudal from its ventral attachment to the sternum at approximately the 7th rib to its tapered tips at the
12th to 13th rib, with the crura extending to their dorsal attachments at the L3-L4. The heart occupies the
ventral 60-70% of this space, from approximately the 4th to the 7th rib; it sits with its apex against the sternum
and the base positioned dorsally and tilted slightly cranial. When viewed from a ventro-dorsal orientation, the
heart is positioned in the center of the thorax, abutting the diaphragm, with a normal “bulge” representing the
right atrium protruding cranio-laterally. The mediastinum is visible cranial to the heart on radiographs and is
usually approximately one-third the width of the cardiac silhouette. All dogs have a relatively V-shaped thorax
when viewed from the head or tail, with the dorsal aspect of the rib cage being substantially wider than the ven-
tral aspect. However, this anatomical shape is particularly pronounced in “deep-chested” dogs, such as German
Shepherds and large-framed Labrador Retrievers, and is thus the common thoracic anatomy in most military
and police working dogs. The lungs are predominantly situated in the dorsal 50% of the thoracic cavity, with
thinning points of the lung lobes extending ventrally into the space between the heart, mediastinum, and ribs.
Because the lungs have significantly more available volume in the dorsal aspect of the thorax, the sternal posi-
tion (standing or sitting sternally), where the lungs can float dorsally upon thoracic fluid or displaced organs, is
most comfortable for canines experiencing respiratory distress. The pulmonary vasculature is normally visible
radiographically in each quadrant of the thorax.



Pneumothorax:

Pneumothorax, or air in the pleural space, occurs commonly secondary to thoracic trauma. Two types of pneu-
mothorax are recognized: pneumothorax and tension pneumothorax. Pneumothorax (non-tension) occurs in
instances where air enters the pleural space during inspiration, but the air is able to escape the chest, such as
through a traumatic hole in the thoracic wall (sucking chest wound) during expiration. Tension pneumothorax
is generally the result of sharp penetrating trauma, where intrathoracic pressure increases with inspiration,
but the air brought into the thoracic cavity cannot escape in expiration. In cases of pneumothorax or open
pneumothorax, diagnosis is based upon physical exam findings and radiographs where available. Auscultation
of the thorax typically reveals quiet or absent lung sounds relative to the degree of respiratory effort. (Editor’s

Note:

Muftled heart sounds should also be included in auscultative abnormalities, as well as characteristics of the
breathing pattern [rapid shallow, restrictive].) The practitioner may notice open wounds to the thorax, inclu-
ding severely displaced rib fractures or open wounds in the intercostal spaces. Signs of pneumothorax on tho-
racic radiographs include a cardiac silhouette that is raised off of the sternum, collapsed lung lobes, free air in
the pleural space, and loss of pulmonary vascular markings near the periphery. Initial treatment of the open
pneumothorax includes cleaning and disinfection of the wound and placement of an air-impermeable bandage
or chest seal over the wound. It is the author’s observation that the hair on the canine thorax can make chest
seal placement difficult, but seals can be held in place by circumferential bandaging around the thorax. It is
important for the care provider to remember two potential complications of chest bandaging: restriction of re-
spiratory ability and the potential for creation of a tension pneumothorax in trauma patients. Positioning of the
patient is as important in canine thoracic injuries as it is in humans. Canine patients with respiratory difficulty
are usually most comfortable sitting or standing in a sternal position, with the dorso-ventral axis of the dog
perpendicular to the ground. Tension pneumothorax results in a patient who may or may not have obviously
significant thoracic wounds, but who expresses progressively deteriorating respiratory distress. As pressure in-
creases in the affected hemithorax, the mediastinum along with the heart and great vessels is displaced toward
the opposite hemithorax. This displacement is visible radiographically. Physical examination findings include

any evidence of trauma to the chest (or possible trauma), progressively deteriorating cardiovascular status as
heart function, deteriorating respiratory distress, and diminishing to absent lung sounds on the affected side.
Diagnosis can be confirmed in the field by the preferred presumptive treatment: placement of a 14 gauge needle
or IV catheter into the affected hemithorax. In the canine patient, the catheter should be passed intercostally
in the 7th to 9th rib spaces of the dorsal one-third of the thorax, with the needle oriented perpendicular to
the skin and pointing toward the opposite hemithorax. It is important for the canine emergency care provider
to recognize that the clinical signs of tension pneumothorax (increasing respiratory distress, cardiovascular
collapse) can be very similar to those of gastric dilatation and volvulus (GDV) in the working canine. This
occurs as a result of similar underlying physiological abnormalities including diminished hemodynamic return
via the great veins and reduction of the available lung volume by expanding pressure in the thoracic cavity.
These two conditions can be distinguished clinically by the continuance of lungs sounds in both hemithoraces
in GDV patients and by the palpable presence of the airdistended stomach in the abdomen. Treatment of pneu-
mothorax varies according to severity. In cases of penetrating trauma to the thorax, radiographic evaluation is
indicated as soon as feasible. Sucking chest wounds, penetrating injuries to the chest, and some cases of closed
pneumothorax will require emergency surgical thoracotomy and repair.

Flail chest

Flail chest is a condition in which individual ribs are broken in at least two places, resulting in a panel of chest
wall that moves paradoxically (moving in on inspiration and out on expiration) during the breathing cycle. Me-
dical management of flail chest includes placing the dog in lateral recumbency with the injured (flail segment)
side down and bandaging as indicated. Surgical repair is eventually indicated in these cases, but for patients
who are stable and have no concurrent pneumothorax or hemothorax, this repair should be delayed until pro-
fessional veterinary surgical care is available.



Pulmonary contusion

Pulmonary contusion is one of the most common complications of thoracic trauma, and can range in severity
from mild to life threatening. Radiographic evidence of pulmonary contusion can range from interstitial to se-
vere alveolar pulmonary patterns. Harsh lung sounds are often ausculted on physical examination. Treatment
for pulmonary contusion varies according to severity. In mild cases of pulmonary contusion no specific tre-
atment is required. More severely affected patients may require oxygen support and in some cases, mechanical
ventilation. As in all trauma patients, treatment for shock should be initiated immediately to restore perfusi-
on. However, in the presence of pulmonary contusion, aggressive fluid therapy may lead to worsening of the
respiratory status and excessive fluid administration should be avoided. Pulmonary contusion may worsen in
the first 24 to 48 hours following a traumatic event and resolves over four to seven days. The presence of pul-
monary contusion does not automatically warrant antibiotic therapy, and diuretics are generally not indicated.

Hemothorax

Hemothorax will result in changes in cardiac and pulmonary physiology that are detectable on physical exami-
nation. As blood starts to accumulate in the thoracic cavity, it will go to the most dependent part of the chest,
which is the ventral thorax on a dog sitting sternally or standing. Fluid in the thoracic cavity can muffle heart
and lung sounds and the care provider might be able to detect a fluid line via auscultation of lung sounds and
percussion (tapping while auscultating) of the thorax. As blood loss into the thoracic cavity increases, the cani-
ne will begin to exhibit clinical signs of blood loss, but without the clinical evidence of bleeding. Thus, signs of
cardiovascular shock and blood loss with a rising fluid line are the clinical diagnostic indicators of hemothorax.
When plain radiographs are available, the care provider will find evidence of pleural fluid in the ventral aspect
of the thorax and obscuring of the cardiac silhouette on lateral views and the caudal and lateral aspects of the
thorax on ventro-dorsal views. (Editor’s Note: Thoracocentesis would also be diagnostic and therapeutic in
these cases. Diagnosis of worsening hemothorax is an indicator for immediate emergency exploratory thora-
costomy.

Diaphragmatic rupture/ hernia

Diaphragmatic rupture or hernia is not an uncommon result of thoracic and / or abdominal trauma in the
canine patient. Displacement of part of or entire abdominal organs is common in large diaphragmatic hernias,
including potential displacement of intestines, stomach, spleen, liver, omentum, or kidney(s). Small diaphrag-
matic ruptures can be difficult to diagnose clinically as they do not always result in the typical clinical signs of
respiratory distress, abdominal splinting and pain, and vomiting or diarrhea. Displacement of the entire sto-
mach into the thorax can result in gas distension of the stomach within the thoracic cavity and clinical mimicry
of a tension pneumothorax. In many cases, radiographs are required for diagnosis of the canine diaphragma-
tic trauma. Emergency surgical repair of the hernia and associated pathology is indicated in diaphragmatic
trauma cases.(Editor’s Note: Emergent repair required for gastric displacement. Diaphragmatic hernias have
a higher morbidity and mortality if surgical intervention is performed within 24 hours of the trauma. Gastric
displacement although emergent should not be performed until the dog is stable, but monitoring for acute
gastric distention is imperative.)

Instrumented assessment

Oxygenation and ventilation status are ideally evaluated using an arterial blood gas, and pulse oximetry can
provide some information relative to oxygenation. Pulse oximeter probes are best applied to the tongue, ear,
lips, toe-web, prepuce, or vulva of the canine patient. Thoracic injuries frequently result in shock. Treatment
for shock should be initiated as soon as it is identified. Treatment of shock in the canine patient was covered in
the second article in this series. Pain secondary to thoracic trauma may restrict the canine patients’ respiratory
function and appropriate pain treatment should always be provided. Treatment of significant blood loss (HCT
< 15) requires transfusion of either a canine artificial blood substitute (Oxyglobin)

or whole canine blood.(Editor’s Note: Many working dogs” hematocrits are higher than the normal canine. Tre-
atment should be based upon clinical signs and hemodynamic stability versus a strict number.) It is important
to remember that Oxyglobin provides oxygen carrying capacity and osmotic stability, but does not provide
normal blood proteins and clotting factors. (Editorial Note: Oxyglobin is approved for use in dogs by the FDA
and it is commonly used in veterinary ERs around



Thoracic trauma summary

Flail chest, pulmonary contusion, pneumothorax, open chest wounds, hemothorax, and diaphragmatic ruptu-
re are common secondary to thoracic trauma. Thoracic wounds should be explored and wounds that penetrate
the thoracic cavity warrant a thoracotomy to explore the chest for further injury. Pain management including
injectable analgesics as well as local anesthetic blocks are important aspects of treatment of thoracic injury.
Management of thoracic injury involves treatment for shock and assessment of oxygenation and ventilati-
on. Intubation and manual ventilation should be performed when respiratory distress persists despite oxygen
supplementation. Mechanical ventilation until surgical intervention is available may be required in cases of
oxygenation or ventilatory failure.

Abdominal trauma

The principles surrounding the initial approach to the patient with abdominal trauma are similar to those in
a patient that has sustained any form of trauma. The clinician should perform a general overall physical that
initially avoids the abdomen to avoid eliciting significant pain or vagal response. Rapid assessment of the
cardiovascular and respiratory systems should be performed, and the patient should be evaluated for clinical
signs of shock. If physical examination findings are supportive of shock (e.g., tachycardia, pale mucous mem-
branes, poor pulse quality), then a large bore intravenous catheter should be placed and fluid therapy should
be initiated promptly as described previously. Once any necessary treatment for shock has been initiated, then
a second, more thorough physical examination should be performed. The examination of the abdomen itself
should include visual inspection, auscultation, percussion, ballottement, superficial and deep palpation, and
digital rectal examination. In some instances the presence of abdominal trauma may be easily identified with
physical examination alone (especially when external wounds are present). The presence of wounds or bruising
over the abdomen should alert the care provider to the potential for internal injuries. Abdominal distension
may indicate the presence of a hemo-abdomen or uro-abdomen or gastric dilatation and volvulus. Abdominal
pain, while a non-specific finding, may be an early indicator of abdominal trauma. Bruising or swelling in the
caudal inguinal area can be associated with urinary tract rupture. A soft fluctuant swelling under the skin may
be indicative of a body wall hernia.

Gunshot wounds

Injuries associated with gunshot wounds frequently involve penetrating trauma to the abdomen. Physical exa-
mination findings often include bruising as well as ballistic entry and sometimes exit wounds. It is often nece-
ssary to shave the hair over the abdomen to identify small ballistic wounds.9 In the event a wound is identified
that penetrates the abdomen, then an exploratory laparotomy should be performed to rule out injuries to in-
ternal organs. The potential for internal injuries resulting from ballistic wounds should not be underestimated,
and include punctured bowel, avulsed renal vessels, and urinary tract rupture. However, in a field environment,
initial treatment should consist of irrigation and replacement of any eviscerated bowel or other organs, follo-
wed by bandaging of the wound. Antibiotic therapy is indicated in all dogs that have sustained gunshot wounds

Blast injury

Blast injuries are the second most common cause of thoracoabdominal trauma in the working canine and blast
injury to the abdomen results in wounds similar to that of vehicular trauma in the general canine population.
Wounds sustained from these compressive force injuries are often extensive and extend into the inguinal regi-
on. In all cases where the clinician develops evidence of abdominal trauma, once cardiovascular stability has
been achieved, the patient should undergo abdominocentesis, or exploratory laparotomy. Injury to the biliary
tree, gallbladder, or liver can result in the expression of bile into the abdomen. Injury to the kidneys, ureters,
bladder, prostate, or urethra can result in urine in the abdomen. The presence of bile or urine in the abdominal
cavity causes an inflammatory reaction leading to peritonitis, which may or may not be septic. Injury to the
gastrointestinal tract can result in feces and bacteria in the abdomen and septic peritonitis. When abdomino-
centesis reveals evidence of inflammation, bile, urine, feces, or bacteria, an exploratory laparotomy is indicated.
Surgical management is warranted in the patient with bile or urine peritonitis.



Hemoabdomen

Injury to any abdominal organ can result in hemoabdomen. Significant abdominal bleeding will result in wor-
sening cardiovascular status over time despite appropriate treatment of shock. When large volumes of blood
enter the abdomen, the abdomen may distend and become firm on palpation in every quadrant. Abdominal
distension, combined with worsening cardiovascular status, may require the need for immediate emergency
exploratory laparotomy. (Editor’s Note: Abdominocentesis is a quick technique to help diagnose and differen-
tiate the causes of a fluid wave.) Canine patients that experience vehicular or blast trauma should undergo por-
table ultrasound or radiographic examination of the thorax and abdomen as soon as possible and in advance
of exploratory laparotomy where possible. (Editor’s Note: It is worth reiterating the need for stabilization prior
to any anesthetic event.) Other uncommon sequelae of abdominal trauma include infarction of renal, splenic,
or other vessels, and avulsion of mesenteric vessels. Infarction of major vessels, for example the splenic vein,
may lead to necrosis and septic peritonitis. Avulsion of mesenteric vessels, while not causing substantial blood
loss, leads to segmental bowel necrosis three to seven days following a traumatic event. Since these injuries
may not be recognized immediately, the development of lethargy, anorexia, vomiting, or fever a few days or a
few weeks following trauma warrants re-evaluation of the patient, or reconsideration of abdominal trauma in
a canine patient with history of recent traumatic wounds. Canines with abdominal trauma should be evaluated
for thoracic trauma. Penetrating injury to either body cavity should be a clinical indication to monitor the
other major body cavity, as well as the cardiovascular, pulmonary, and central nervous system very closely until
the patient fully recovers.

Abdominal trauma summary

Immediate assessment and stabilization of major body systems including the cardiovascular system, the re-
spiratory system, and the central nervous system should be performed in the patient with abdominal trauma.
Any wound located over the abdominal area should be explored, and an exploratory laparotomy should be per-
formed in any patient with a wound that penetrates into the abdominal cavity. However, medical management
of the patient with a traumatic abdominal injury is often possible and should be performed initially until pro-
fessional veterinary care can be provided. Surgical exploration should not be performed until cardiovascular
stability and adequate perfusion has been restored, or if hemodynamic instability persists despite aggressive
efforts at resuscitation. Abdominal injuries secondary to traumatic events can be manifested immediately or
several days following trauma. Lethargy, inappetance, or vomiting three to seven days following a traumatic
event should alert the clinician to the possibility of internal injuries including devitalized bowel or bile duct
rupture and should be evaluated immediately.

Summary

Thoracic and abdominal injuries are among the most common causes of morbidity and mortality in military
working dogs and police dogs. The distribution of wounds is different in the canine patient population than
in the human patient population, but the assessment procedures and medical and surgical management of
these wounds are very similar. Although gunshot wounds and blast injuries are responsible for the majority of
thoracic and abdominal trauma, military and other tactical medical personnel are well trained in the provision
of medical care to these types of injuries in the operational environment. By familiarizing themselves with the
basic principles of veterinary medical and surgical care of working canines provided in this series of articles,
human medical providers can provide appropriate and timely pre-veterinary hospital medical care to the ca-
nine patient.
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