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ORGANISMS CAUSING BACTERIAL PNEUMONIA IN DOGS


Variable bacterial isolates have been reported in cases of bronchopneumonia in small animals. Most dogs with bacterial pneumonia are infected with a single organism, but some may have multiple isolates. In dogs, the majority (>80%) of bacteria cultured in pneumonia are gram negative aerobic rods such as E. coli, Pseudomonas spp, Klebsiella spp, Enterobacter spp, Pasteurella spp, and Bordetella bronchiseptica.  A minority of pneumonia cases culture positive for gram positive aerobic cocci such as Enterococcus spp, Streptococcus spp, and occasionally Staphylococcus spp. The incidence of anaerobic infections in dogs with bronchopneumonia is unclear, but may be up to 20%.  


Except in acute, low-grade infections, representative cultures should be obtained from the respiratory tract prior to initiation of antibiotic therapy. Cultures may be obtained by transtracheal or endotracheal tube washes, by bronchoalveolar lavage, or by fine needle aspiration of consolidated areas of lung. Antimicrobial therapy should be initiated immediately after obtaining the tracheal wash for culture, and can then be fine-tuned once the result is obtained. This author has found that tracheal cultures are usually positive and useful even if the animal has received one or two doses of antibiotics. 

OBTAINING CULTURES FROM THE LUNGS


To confirm the diagnosis of bacterial pneumonia, and to help direct therapy, it is important to obtain a sample from the lungs for cytology and culture. This can be important to help distinguish pneumonia from other causes of radiographic alveolar disease such as hemorrhage or neoplasia. A cytologic finding of suppurative inflammation can help confirm the diagnosis and can suggest chronicity if macrophages are found in addition to neutrophils. Cultures will subsequently confirm the presence of bacteria, and help to direct antibiotic therapy. In order to obtain samples that are free of pharyngeal contamination, techniques that by-pass the pharynx must be used to obtain the sample. Practical options for obtaining samples from the trachea include transtracheal or endotracheal washes. Although bronchoalveolar lavage is another good option, it is more invasive and involves more specialized equipment, and is not usually used as a first line diagnostic test for bacterial pneumonia.

Transtracheal aspirates


Transtracheal aspiration (TTA) can be performed in many dogs without the use of sedation, especially if the animal is debilitated. If light sedation is required, short-acting or reversible drugs should be used, which will have little depressant effect on respiratory function (for example, butorphanol 0.2-0.4 mg/kg IV with diazepam 0.2-0.5 mg/kg IV).  At least one, and possibly two assistants will be required for restraint. The dog should be positioned in a sitting position or in sternal recumbency, and the head elevated. The choice of site for TTA is variable depending on the individual animal. In small dogs and in dogs with thick neck conformation, it is easiest to enter the airway through the cricothyroid ligament. The cricothyroid ligament can be felt as a triangular depression on the midline between the prominent thyroid cartilage and the ridge of the cricoid cartilage of the larynx. In medium-sized to large dogs, however, it is usually best to penetrate the trachea between two tracheal rings, on the midline, about halfway down the ventral neck. Once the site is chosen, it should be clipped and surgically scrubbed. The area should be infiltrated with lidocaine for local anesthesia.


With the dog restrained by the assistant, the site for TTA is carefully located. The needle is inserted bevel-down in order to minimize the risk of tearing the catheter with the sharp bevel when the catheter is inserted. The needle of the catheter should first be advanced through the skin on the midline. The clinician then stabilizes the trachea with the thumb and forefinger of one hand, and slowly advances the needle in a horizontal direction towards the trachea with the other. It is important to direct the needle straight towards the midline of the trachea, since if it is approached at a tangent it will be difficult to penetrate the lumen. When the needle contacts the trachea, it may be necessary to "walk" the needle a short distance up or down in order to find and penetrate the ligament between two tracheal rings.


When the needle penetrates the trachea, a distinct "pop" can usually be felt. The animal will often cough or swallow, particularly when the needle is within the tracheal lumen. After penetration of the trachea, the needle is carefully held in position within the lumen, to prevent it from prematurely backing out of the airway. If the needle is advanced too far within the lumen, the dorsal wall of the trachea will prevent the catheter from passing through the needle. In some instances, the dorsal wall of the trachea may even be inadvertently penetrated. Once the needle is correctly positioned within the lumen of the trachea, it may be slowly raised from a horizontal position to a 45 degree angle, pointing bevel-down towards the carina. The catheter is then advanced through the needle as far as it will go. Most dogs will cough as the catheter irritates cough receptors of the tracheal mucosa. Once the catheter is in position, the needle can then be withdrawn a short distance from the skin, and the needle-guard secured in place. This prevents any further damage or laceration of the airway.


The TTA is then performed with 5ml or 10ml syringes of sterile saline depending on the size of the dog, using the hemostat to stabilize the end of the catheter. A syringe is placed on the catheter, and 8-9mls of saline are injected into the airway, leaving about one ml in the syringe.  The clinician then attempts to aspirate as much of the fluid as possible back into the syringe. It is helpful at this time if the assistant can coupage the chest wall in order to encourage the dog to cough while the clinician is aspirating. Usually only 0.5-1 mls of fluid can be recovered from each wash. This process is repeated until flecks of mucoid or purulent material are recovered in the wash. Often the second or third attempts are more productive than the first. It is quite safe to instill 30-50 mls of saline into the lungs of all but the smallest dogs. The catheter may then be withdrawn and pressure placed over the site for a few minutes.


TTA can be hazardous in dogs with tracheal collapse, and can precipitate severe coughing and respiratory distress. TTA is a somewhat stressful procedure which should not be performed in animals in significant respiratory distress, even though these are the animals most likely to benefit from it. It can cause desaturation of hemoglobin and subsequent collapse in unstable patients. Desaturation and collapse can be accompanied by cardiac arrhythmias and hypotension. Clinicians and assistants should carefully observe the patient for cyanosis or excessive distress during the procedure, and should be prepared to discontinue and to administer oxygen by face-mask if necessary. 


Other complications associated with TTA are usually few and minor. Occasionally subcutaneous emphysema can occur which is usually mild and self-limiting. Thoracic radiographs obtained after TTA may reveal self-limiting and asymptomatic pneumomediastinum. Hemoptysis may occur which is typically brief, although could be severe in animals with coagulopathy. Rarely seen but potentially serious complications include tracheal laceration, or catheter breakage with subsequent loss into the airway.

Endotracheal lavage
TTA can be difficult to perform in very small and toy breeds of dogs, and in cats, due to the small size of the airway. In such small patients, it is preferable to anesthetize and intubate, and to perform the wash through a sterile endotracheal tube. Similarly, if the patient is to be anesthetized to perform another procedure, performing an endotracheal lavage may be easy and less stressful for the patient. 

To perform an endotracheal lavage (ETL, anesthesia is induced using a short-acting injectable drug. Propofol (1-4 mg/kg) is often used, although care must be taken to avoid any periods of apnea and to monitor cardiovascular function carefully when using this drug. The animal is intubated using a sterile endotracheal tube, with the operator wearing sterile gloves and taking great care to avoid contamination by touching the oral mucosa during intubation. Once the animal has been intubated, then a sterile catheter is placed down through the endotracheal tube into the airways. Ideally, the tube should reach far enough to pass the carina, although placement is blind. Catheters commonly used include red rubber urinary or suction catheters. Increments of 5 or 10 mls of sterile saline are injected into the airway through the tube, and then aspirated back out. Typically, the yield is only 0.5-1 mls per aspirate. Aspiration can be performed using suction on the syringe used to inject the saline, or using mechanical suction devices through a mucus specimen trap. After the wash, the animal should receive several large breaths with 100% oxygen prior to extubation.  Careful monitoring should follow extubation, and oxygen supplementation should be provided during anesthesia recovery.

FIRST-LINE ANTIBIOTIC THERAPY FOR DOGS WITH PNEUMONIA

The initial antibiotic choice should provide broad-spectrum coverage for the most likely organisms, bearing in mind the possibility of polymicrobial infection. Cytologic results may assist in antibiotic choice, by documenting whether the bacterial organisms are gram positive or gram negative, rods or cocci. Rational antibiotic choices should initially provide broad spectrum coverage effective against both gram negative and positive organisms.  Once culture and sensitivity results are available, a specific and narrow spectrum antibiotic can then be chosen for ongoing care.

The route of antibiotic administration for a pneumonia patient depends on the severity of illness. If the dog is systemically quite healthy, has no evidence of hypoxemia, is eating and drinking well and is active, then oral antimicrobials are appropriate. Good oral first line choices for a stable, normoxemic pneumonia patient could include

· Amoxicillin or amoxicillin/clavulanate

· Fluoroquinolones

· Trimethoprim/sulfa


On the other hand, if the dog is anorexic, febrile or hypoxemic, then it should probably be hospitalized for administration of parenteral antibiotics, ideally intravenously. In a sick patient, it is not reasonable to rely on drug absorption from a GI tract that may have poor perfusion and low motility. When a penicillin is combined with an aminoglycoside, a synergistic effect provides excellent broad spectrum coverage in serious respiratory infections. Ticarcillin is a semi-synthetic penicillin, which when used in combination with clavulanate (Timentin®), which can be a good parenteral choice for severe pneumonia. Other new beta lactam drugs such as imipenem are also becoming available. First generation cephalosporins such as cephalexin, do not have an adequate gram negative spectrum for patients with serious pneumonia when they are used alone. They should be combined with aminoglycosides for a broader aerobic spectrum. Alternatively, second or third generation cephalosporins can be considered.  Fluoroquinolones are useful because of their efficacy and excellent distribution to the cells and tissues of the lung. If concern exists about renal function, fluoroquinolones or extended spectrum beta lactam antibiotics should be used instead of aminoglycosides. Therefore, parenteral choices for a sick pneumonia patient with hypoxemia could include one of the following more aggressive combinations (bearing in mind the need for broad spectrum coverage):

· Ampicillin and a fluoroquinolone

· Ampicillin and an aminoglycoside

· Clindamycin and a third generation cephalosporin

· A potentiated penicillin such as ticarcillin/clavulanate

This author recommends that parenteral antibiotic therapy, as directed by the results of the culture and sensitivity, should be continued until the animal is no longer hypoxemic and has normal GI tract function. Once oxygenation has returned to normal and the animal is eating well, then oral antibiotics can be substituted based on the results of sensitivity testing, and the animal can be discharged from the hospital. 

ANCILLARY THERAPY


In most patients with pneumonia, antibiotic therapy should be considered part of an overall management scheme, rather than the only treatment. Since resolution of pneumonia largely depends on clearance of secretions from the airway via the cough reflex and the mucociliary escalator, measures must be taken to ensure that the secretions are liquid and easily expectorated. Additionally, chest physiotherapy can play a vital role in promoting the cough reflex. Supportive care should include oxygen therapy if the patient is hypoxic, and other nursing care including nutritional support and routine monitoring and care of the recumbent patient if appropriate. In some situations, all of this may be virtually ineffective if unaccompanied by other therapy. For example, since many antibiotics cannot penetrate abscesses effectively, and are inactivated by the presence of pus, therapy in patients with lung abscesses or pyothorax must be accompanied by other aggressive forms of treatment, for example lung lobectomy or pleural drainage.  Additionally, attempts should be made to resolve the cause of pneumonia, if possible, in order to effect complete resolution of the bacterial infection.

AIRWAY HYGIENE AND CLEARANCE OF SECRETIONS

Clearance of secretions from the airways occurs via the mucociliary escalator and cough reflex, and is delayed if the secretions are extremely viscous and tenacious. In dogs and cats with pneumonia, large amounts of viscous secretions are produced, and attempts to resolve the infection must include attention to the character of the respiratory secretions. Productive coughing must be actively encouraged, and the secretions must be maintained as liquid as possible. More than 90% of the mucus in the respiratory tract is water, so even a mild degree of dehydration leads to drying of the secretions. The most important means by which this is achieved is by parenteral fluid therapy. Unless extreme respiratory distress is present, these patients should not be allowed to become dehydrated, and diuretic use should be avoided.


The tenacity of mucus also depends on the structure of the mucopolysaccharides that it contains. N-acetylcysteine can be administered orally, and acts as a mucolytic by opening disulfide bonds, thereby decreasing the viscosity of the mucus. It can also be administered by nebulization, but it can cause bronchospasm by this route, which is usually manifested by coughing. If coughing or dyspnea occurs, the patient may be pre-treated with bronchodilators prior to nebulization. Orally administered expectorants such as ammonium bicarbonate and potassium iodide act by irritating the mucosa of the gastrointestinal tract, thereby stimulating a vagal gastropulmonary reflex that results in increased secretion by the bronchial glands. Phenolic compounds such as guaiacol, and inhaled volatile oils such as Eucalyptus oil, may directly stimulate production of increased amounts of watery mucus. 


Nebulization is a technique in which tiny spherical droplets of water are generated and inhaled by the patient. The droplets then "shower out" at various levels of the respiratory tract, depending on their size, due to changes in direction of air flow, brownian motion, and gravity. Droplets greater than 10 microns reach only the upper airway and trachea. In the range of 1-10 microns, the smaller the droplet, the deeper it is able to penetrate into the respiratory tract. Droplets less than 0.5 microns reach the alveoli and are exhaled. Most ultrasonic nebulizers create droplets in the 2-5 micron range.



Once the respiratory tract secretions have been moistened and increased in volume, clearance of the material depends on normal function of the other respiratory defense mechanisms. Atelectasis predisposes to pneumonia because bacteria can be trapped and proliferate in collapsed airspaces and cannot effectively be cleared by the mucociliary escalator.  In addition, animals with prolonged or recurrent atelectasis are often recumbent, and because they are weak and sometimes painful they may also have a depressed cough reflex, further impairing their ability to clear organisms and material from their airways. In particular, the cough reflex is a vital part of recovery from serious pneumonia. The simplest method of stimulating coughing is simply to stimulate an increased tidal volume during respiration, usually by mild exercise. Dogs with pneumonia should not be allowed to lie in one place for long periods of time. The amount of exercise needed to increase the tidal volume and respiration rate is variable depending on the severity of disease. In some, simply turning the animal from one side to the other in lateral recumbency is enough. The next step may be to stand the patient for brief periods of time, then to take a few steps, gradually building strength and mobility. Mild to moderate exercise often stimulates productive coughing which should be encouraged by coupage.


Coupage is the action of firmly striking the chest wall of the patient with a cupped hand, which helps to stimulate the cough reflex and to "break up" secretions in the airways. Coupage should be performed several times daily, especially in patients that are unable to stand and move around. It is usually well tolerated, except in patients that have experienced thoracic trauma or thoracic surgery. 

MONITORING THE PNEUMONIA PATIENT DURING THERAPY


Pneumonia patients must be monitored carefully to ensure that they are continuing to respond appropriately to therapy. Radiographs of the chest should be obtained periodically during hospitalization (about every 3-4 days) to confirm that the alveolar disease is resolving. Failure to achieve clinical or radiographic improvement should prompt reconsideration of antibiotic therapy, repeat tracheal wash culture, or repeated attempts to resolve the underlying cause of the pneumonia.


Lung function should be repeatedly evaluated by monitoring arterial blood gases or pulse oximetry. The pulse oximeter can be used for intermittent monitoring of oxygen saturation, or alternatively it can be used to provide a continuous real-time read-out, which is particularly useful for monitoring general anesthesia or sedation. The pulse oximeter can also be used to monitor changes in saturation when stressful procedures are being performed, for example transtracheal washes or radiographs. This technique allows the clinician to determine whether a need exists for oxygen supplementation, and also to objectively assess the response in terms of an increase in oxygen saturation. Pulse oximetry readings of < 90% are clinically significant, and should be addressed immediately with oxygen supplementation. Desaturation in dogs that are already on oxygen supplementation is a serious situation. Arterial blood gas analysis is the gold standard for direct assessment of pulmonary function, and it also provides information about the metabolic acid-base status of the body.  Normal partial pressure of oxygen is expected to be 90-100 mmHg when the animal is breathing room air, and results < 80 mmHg are clinically significant. Normal partial pressure of carbon dioxide is 35-45 mmHg, and clinically significant hypoventilation occurs when carbon dioxide is > 50 mmHg. Most dogs with bacterial pneumonia experience hyperventilation and slightly low carbon dioxide concentrations. Sequential analysis of arterial blood gas results is the most accurate tool for objectively assessing trends in response to treatment.


Once the lung function has returned to normal, and the patient is feeling better, eating well, and is active and alert, oral antibiotic therapy can be instituted and discharge from the hospital can be considered. In most patients, this occurs 3-14 days from hospital admission. The patient should be re-examined in about one week for chest radiographs to confirm that the pneumonia is continuing to resolve. In severe cases, a number of weeks of therapy are required for complete resolution of radiographic signs of pneumonia. As long as the animal is doing well clinically, it should be radiographed approximately every 2 weeks until the radiographs are normal. Oral antibiotic therapy should be continued for a further 2 weeks after radiographic resolution of the disease, in order to assure that the bacterial infection has been completely eliminated. The total duration of antibiotic therapy may be as long as 2-3 months in severely affected patients.
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