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Chest Imaging 
Imaging techniques include conventional chest x-rays in posterior, anterior, lateral, and sometimes oblique or lateral decubitus positions; CT, with or without contrast or high-resolution techniques; angiography of the pulmonary or bronchial circulation using contrast materials and/or digital subtraction; ultrasonography, especially of the pleural space; radionuclide scanning; and MRI. Recent refinements in MRI have made magnetic resonance angiography (MRA) useful for imaging emboli in central pulmonary arteries, and spiral CT techniques have increased the sensitivity of CT for detection of emboli. Neither MRA nor CT can replace angiography for detection of peripheral pulmonary artery emboli. Bronchography and conventional tomography are essentially obsolete.

Nuclear medicine imaging, such as positron emission tomography (PET), can complement conventional imaging techniques. PET produces an image of metabolic activity rather than the structural, anatomic image produced by conventional imaging. PET detects areas of increased glucose metabolism and can be used to distinguish benign from malignant lesions in certain settings.

Thoracentesis 
Puncture of the chest wall for extraction of pleural fluid.
Diagnostic thoracentesis is most frequently performed to determine the etiology of a pleural effusion. Pleural fluid analysis is important in the diagnosis and staging of a suspected or known malignancy.

Therapeutic thoracentesis is performed to relieve respiratory insufficiency caused by a large pleural effusion. It can be used to introduce sclerosing or antineoplastic agents into the pleural space after removing pleural fluid, but most physicians prefer to use thoracostomy tubes for this purpose.
Therapeutic thoracentesis (Monaldi) The surgeon  puncted thin trocar the abscess cavity (after a local anesthesia). In the abscess cavity puting thin drainage (for long time). The abscess cavity aspirated, wash out solutions of antiseptics.
Contraindications include lack of patient cooperation; an uncorrected coagulopathy; respiratory insufficiency or instability (unless therapeutic thoracentesis is being performed to correct it); cardiac hemodynamic or rhythm instability; and unstable angina. Relative contraindications include mechanical ventilation and bullous lung disease. Local chest wall infection must be excluded before passing a needle into the pleural space.

Initially, the physician must verify the presence and location of the pleural fluid, often by physical examination; however, a lateral decubitus chest x-ray, ultrasonography, and/or CT may be required if the disease is loculated. Although thoracentesis may be performed safely without premedication, some physicians prefer to give atropine 0.01 mg/kg IV to block vasovagal reactions during fluid removal; a narcotic or sedative is undesirable.

Thoracentesis is best performed with the patient sitting comfortably, leaning slightly forward, and resting the arms on a support. Performing it with the patient lying down is possible but more difficult, usually requiring ultrasound or CT guidance. Only high-risk or unstable patients require monitoring (eg, pulse oximeter, ECG).

The needle must be inserted in an intercostal space overlying the fluid. For nonloculated effusions, the space is usually one interspace below the fluid level, in the midscapular line. After cleansing the skin with iodine and applying sterile draping, the gloved physician uses 1 or 2% lidocaine local anesthetic to make a skin wheal, then infiltrates the subcutaneous tissue, periosteum of the upper border of the lower rib (avoiding the lower border of the upper rib to prevent damage to the subcostal neurovascular bundle), and parietal pleura. When the anesthetizing needle enters the parietal pleura and pleural fluid is aspirated, the depth of the needle should be marked by applying a clamp to the needle at skin level. A large-bore (16- to 19-gauge) thoracentesis needle or needle-catheter device is attached to a three-way stopcock, which is connected to a 30- to 50-mL syringe and to tubing that drains the syringe fluid into a container. The physician notes the depth of the clamp on the anesthetizing needle and adds 0.5 cm to the thoracentesis needle. The large-bore needle can thus be passed into the chest with less danger of penetrating underlying lung. The thoracentesis needle is passed perpendicular to the chest wall through the skin and subcutaneous tissue, along the upper border of the lower rib into the effusion. Pliable catheters generally are preferable to the traditional simple thoracentesis needle because they decrease the risk of pneumothorax. Most hospitals stock disposable thoracentesis trays with needles, syringes, stopcock, and tubing designed to facilitate safe, efficient thoracenteses.

Multiple small (15- to 30-mL) samples are obtained in tubes containing 0.1 mL of aqueous heparin; the tubes are processed for cultures, cell counts, and chemistries. The remaining fluid is removed and sent for specific gravity and cytology studies if appropriate. For patients with large effusions, generally no more than 1500 mL should be removed at one sitting to avoid precipitating hemodynamic instability and/or pulmonary edema associated with lung reexpansion. The syringe and three-way stopcock must be manipulated with care: Air should not be allowed to enter the pleural space. Fluid should never be forcibly aspirated from the pleural space, so as to avoid damaging the lung with the needle or catheter.

As the lung expands against the chest wall, the patient may feel some pleuritic pain. The procedure must be stopped if severe pain, breathlessness, bradycardia, faintness, or other significant symptoms occur, even if a substantial amount of fluid remains in the chest.

Chest x-rays (erect posterior-anterior and lateral at inspiration and expiration) should be obtained after thoracentesis to document fluid removal, to view the lung parenchyma previously obscured by the fluid, and to search for possible complications from the procedure.

Complications are uncommon, although the exact incidence is unknown. They include pneumothorax due to air leaking through the needle or due to trauma to underlying lung; hemorrhage into the pleural space or chest wall due to needle damage to the subcostal vessels; vasovagal or simple syncope; air embolism (rare but catastrophic); introduction of infection; puncture of the spleen or liver due to low or unusually deep needle insertion; and reexpansion pulmonary edema, usually associated with rapid removal of > 1 L of pleural fluid. Death is extremely rare.

Percutaneous Needle Biopsy Of Pleura 
A needle biopsy of the pleura is performed when thoracentesis with pleural fluid cytology does not yield a specific diagnosis, usually for exudative effusions when TB, other granulomatous infections, or malignancy is suspected. The diagnostic yield of pleural biopsy depends on the cause of the effusion. In patients with TB, pleural biopsy is much more sensitive than thoracentesis and pleural fluid culture alone; 80% of cases are diagnosed with the first biopsy, and 10% more with a second biopsy. Of patients with pleural malignancy, 90% can be diagnosed with a combination of pleural fluid cytology and needle biopsy of the pleura. Contraindications are the same as those of thoracentesis.

Premedication, preparation, and anesthesia are identical to those for thoracentesis. Needles specifically designed for subcutaneous pleural biopsy include the Abrams, Cope, and Tru-Cut needles. A small incision is made in the skin and subcutaneous tissue, and a biopsy needle with syringe attached is passed over the upper border of the lower rib into the effusion. The cutting chamber of the needle is opened, and with lateral or downward needle pressure, the parietal pleura is hooked in the needle cutting chamber notch. The cutting chamber is closed, snipping the piece of pleura in it. The tissue may be aspirated into the connecting syringe or may be retrieved by removing the needle. At least three specimens--obtained from one skin location, with 3, 6, and 9 o'clock positioning of the needle cutting chamber--are needed for histology and culture. To avoid damage to the subcostal neurovascular bundle above, the operator should never perform a biopsy with the cutting aperture open superiorly. Chest x-rays are mandatory after pleural biopsy.

Complications are similar to those of thoracentesis, but the incidence of pneumothorax and hemorrhage is slightly higher.

Thoracoscopy 
Endoscopic examination of the pleural space after induced pneumothorax.
Note: Thoracoscopy must be distinguished from video-assisted thoracic surgery (VATS). Thoracoscopy is primarily used for diagnosis of pleural disease and for pleurodesis. It is most often performed by surgeons but may be performed by other trained physicians. In contrast, VATS is used exclusively by surgeons to perform minimally invasive thoracic surgery. 

If thoracentesis and pleural biopsy do not yield a specific cause of significant pleural disease, direct-vision biopsy of visceral or parietal pleura using thoracoscopy may be useful before performing open surgical biopsy. Thoracoscopy may also be used to instill talc, other sclerosing agents, or chemotherapeutic agents directly or diffusely into the pleural space. In almost 1/2 of patients with malignant effusions not diagnosed by cytology and pleural biopsy, thoracoscopy confirms a diagnosis.

Contraindications are the same as those for thoracentesis. In addition, thoracoscopy cannot be used if a patient is unable to tolerate a general anesthetic or the unilateral lung collapse that occurs during the procedure. Extensive pleural adhesions greatly increase the risk of complications.

Thoracoscopy may be performed using a local, regional, or general anesthetic. A general anesthetic is preferred for patients with complex pleural disease, such as loculated fluid collection, and for those who might not tolerate unilateral pneumothorax without mechanical ventilation. A rigid or flexible scope is inserted into an intercostal space through a skin incision to produce a pneumothorax and thus an opportunity to view the entire pleura, superior sulcus, interlobar fissures, hilar area, diaphragm, and pericardium. After thoracoscopy, a drainage tube must remain in the chest 1 to 2 days.

Complications are similar to those of thoracentesis plus those of a general anesthetic. Pleural tears, with bleeding and/or prolonged air leakage, can occur.

Tube Thoracostomy 
Insertion of a tube into the pleural space through a small incision.
Chest tube insertion and drainage is commonly used for spontaneous or traumatic pneumothorax involving > 25% collapse or enlargement, especially if it causes respiratory distress or a serious gas exchange abnormality; for massive or recurrent benign pleural effusions not responding to thoracentesis; for empyema; for hemothorax; and for malignant effusions (before intrapleural chemotherapy and/or sclerosing agents are used and briefly afterward, to drain the weeping pleura). Sometimes, loculated empyemas are effectively treated by instilling fibrinolytic agents into the pleural space through the chest tube, thus avoiding surgical lysis of the loculations. In patients with clotting abnormalities, tube thoracostomy drainage may be necessary for the above indications, but special care must be taken.

For pneumothorax, the tube is usually inserted in the anterior 2nd or 3rd intercostal space at the midclavicular line and is directed toward the apex of the lung. For pleural effusions and other fluids in the thorax, the tube is inserted in the midaxillary line of the 5th or 6th intercostal space and is directed posteriorly. Tubes for loculated effusions or empyemas are positioned as required. Lidocaine is used as for thoracentesis. A purse-string suture is made around the skin incision. After the subcutaneous tissue and intercostal muscles are separated with a clamp down to the parietal pleura, the tube is introduced through the parietal pleura, preferably with a clamp grasping the tip. The tip is introduced into the pleural space and directed as described above. The purse-string suture is closed, and the tube is sutured to the chest wall.

The tube is connected to simple underwater drainage (for effusions or empyema) or placed in line with a negative suction pump. In some cases, pneumothoraces can be reinflated without suction using a one-way Heimlich valve. A chest x-ray is obtained after tube insertion to check the tube's position and function. When the situation resolves, the tube is removed. If pneumothorax was the reason for insertion, the tube is clamped for several hours before removal, and before the tube is removed, a chest x-ray is obtained to verify that the pleural leak has stopped. For patients receiving ventilatory support with positive pressure, the tube is often left in place until weaning is accomplished. More than one chest tube is sometimes required.

Complications include hemorrhage from intercostal vessel injury, subcutaneous emphysema, injury due to a malpositioned tube (eg, into the major fissure, and occasionally into the lung), and local infection or pain. Reexpansion pulmonary edema due to increased capillary permeability may occur in the reexpanded lung, especially after prolonged lung collapse and rapid reinflation. Tube insertion may be difficult because of adhesions or a very thick pleura. Other problems include inadequate drainage of the pleural space due to clots or gelatinous inflammatory material and plugging or kinking of the tube.

Bronchoscopy 
Bronchoscopy allows direct visual examination of the upper airway and tracheobronchial tree, sampling of respiratory tract secretions and cells, and biopsy of airway, lung, and mediastinal structures. Bronchoscopy is used for diagnosis and therapy. Bronchoscopic fluorescence imaging systems are in early stages of development; they may have a role in the visual identification of bronchial dysplasia and carcinoma in situ.

The flexible bronchoscope has replaced the rigid bronchoscope for essentially all diagnostic indications; it has a better safety profile and is easy to manipulate. Flexible bronchoscopy is well tolerated by patients with minimal or no sedation and provides excellent viewing of the upper airway and tracheobronchial tree, including subsegmental bronchi, often to the 6th or 7th generation.

Rigid bronchoscopy may be used to manage large airway obstruction by dilating, stenting, and ablating bronchial masses. Therapeutic indications include management of massive hemoptysis, bronchial stent placement, tracheobronchial tree dilation, laser (neodymium: yttrium-aluminum-garnet) photoresection of airway neoplasms, brachycatheter placement for endobronchial radiation therapy, extraction of foreign bodies not manageable with flexible bronchoscopy, and removal of broncholiths. It is also used in children. Rigid bronchoscopy almost always requires a general anesthetic (although a local anesthetic and sedation may be used); its complications are primarily related to general anesthesia. It should not be used in patients with cervical spine, jaw, or skull conditions that preclude neck extension and jaw positioning.

Contraindications include lack of cooperation or combativeness in a patient; unstable cardiovascular status due to hypotension, low cardiac output, arrhythmias, or ischemic heart diseases; an uncorrected bleeding diathesis (thrombasthenia of uremia is especially troublesome); severe anemia; and hypersensitivity to lidocaine. Elective bronchoscopy should be deferred 6 wk in patients who have had an acute MI. If a patient who has unstable gas exchange, inadequate systemic O2 transport, or active bronchospasm needs bronchoscopy, the patient can be intubated and ventilated to perform it safely.

Bronchoscopy may be performed in an outpatient or inpatient setting and in patients on mechanical ventilation. The patient should receive no feedings for at least 4 h before bronchoscopy. Elective bronchoscopy is performed with the patient supine or semirecumbent. Patients require IV access, intermittent blood pressure monitoring, continuous oximetry, and ECG monitoring. Fluoroscopy is not essential but is helpful in many cases. Color video bronchoscopy aids in visualization and provides photographic records of airway lesions.

Premedication typically consists of atropine 0.01 mg/kg IM or IV to decrease secretions and vagal tone and codeine 60 mg IM to suppress cough. Other sedatives and narcotics are not required but can optimize patient comfort and decrease cough. All patients should receive enough supplemental O2 to keep the Hb > 90% saturated. O2 is usually delivered by nasal cannula. For many patients, O2 should be continued up to 8 h after the procedure.

Topical lidocaine (nebulized or aerosolized) or a superior laryngeal nerve block is used to anesthetize the pharynx and vocal cords. The flexible bronchoscope is passed through the nostril, lubricated with 2% lidocaine jelly, or through the mouth using an oral airway or bite-block. After the nasopharynx and larynx are inspected, the scope is passed through the cords during inspiration. More lidocaine is instilled via the scope channel as needed during the procedure, trying to limit total lidocaine use to 300 mg.

Ancillary procedures are accomplished as needed with or without fluoroscopic guidance. After bronchoscopy, the patient is observed carefully for a minimum of 4 h; the amount of time depends on the ancillary procedures performed. If transbronchial lung biopsy is performed, the patient is checked for pneumothorax under the fluoroscope before leaving the bronchoscopy suite. All patients should have erect posterior-anterior and lateral chest x-rays taken 2 to 4 h after bronchoscopy. The patient should have nothing orally for 4 h after bronchoscopy or until full sensation has returned to the nasopharynx and during swallowing.

Complications include morbidity in 8 to 15 and death in 1 to 4 of 10,000 patients. Patients at greatest risk include the elderly and patients with severe COPD, coronary artery disease, pneumonia with hypoxemia, advanced neoplasia, or mental dysfunction. Many of the complications--such as respiratory depression and, rarely, CNS toxicity or seizures due to lidocaine absorption--are related to the use of sedation or anesthetics. Other complications include pneumothorax (5% overall, with higher rates after transbronchial lung biopsy); hemorrhage (rare unless a biopsy is performed); cardiac arrhythmias (premature atrial contractions in 32% and premature ventricular contractions in 20%); postbronchoscopy fever (16%), with pneumonia rarely and no bacteremia; bronchospasm (unusual unless the patient has poorly controlled asthma); and laryngospasm (rare).

Ancillary procedures: Saline washings and secretion aspiration may be used for cytology without added risk. Bronchial brush biopsy and curettage of mucosal abnormalities increase cytologic yields, with minimal risk except in uremic patients. For bacterial lung infections, sensitivity and specificity are high only when specimens are processed with quantitative culture techniques. Endobronchial forceps biopsy is the procedure of choice for obtaining specimens from endobronchial masses. The added risk is negligible, unless the patient has a coagulopathy.

Bronchoalveolar lavage (BAL) accomplishes a "liquid biopsy" of the distal airways and alveoli. The tip of the bronchoscope is wedged in a 3rd- or 4th-generation bronchus; sterile saline is infused, then suctioned back, thus retrieving cells, protein, and microorganisms. Supernatant fluid and cell pellets obtained in this procedure are useful in the diagnosis of neoplastic diseases, infections (especially in immunocompromised hosts), and interstitial lung diseases. Yields are very high, and risks minimal. 

Transbronchial lung biopsy, performed with forceps through a flexible bronchoscope, provides small specimens of alveolar tissue and other tissue outside the airways. It is used mainly in patients with pulmonary infections, diffuse interstitial lung disease, lymphangitic carcinomatosis, or undiagnosed peripheral lung masses > 2 cm in diameter and in immunocompromised hosts with infiltrates, fever, and gas exchange defects. It can be performed without fluoroscopy, but use of fluoroscopy may reduce the risk of pneumothorax. Although transbronchial biopsy increases mortality to 12 of 10,000 patients and morbidity to 27 of 1000, it has a very high yield so that it often obviates the need for open thoracotomy, especially when combined with bronchoalveolar lavage. Major contraindications include uncorrectable clotting defects, pulmonary hypertension, cardiopulmonary instability, and poor patient cooperation.

Submucosal and transbronchial needle aspiration provides tissue from endobronchial neoplasms, extrabronchial masses, and subcarinal, paratracheal, and mediastinal nodes for cytology and culture. It adds no detectable risk to basic bronchoscopy. Complications are related primarily to general anesthesia.

Percutaneous Transthoracic Needle Aspiration 
This procedure is used to obtain cytologic specimens from lung and mediastinal lesions, especially peripheral nodules in the lung parenchyma and pleural space. Less frequently, it is used to obtain specimens from infected areas of lung for direct smear and culture for identification of specific pathogens. A diagnosis is usually made in > 90% of patients with malignancy and in > 85% of those with benign disease.

Contraindications include lack of cooperation or combativeness in a patient, cardiovascular instability, ventilatory support, contralateral pneumonectomy, suspected vascular lesion, hydatid cyst, pulmonary arterial or venous hypertension, intractable coughing, and clotting defects. Bullous lung disease is a relative contraindication, especially if areas of emphysematous lung would be traversed to access the lesion.

The lesion to be biopsied is localized using biplane fluoroscopy, ultrasonography, or CT to guide the needle. After the skin is prepared, lidocaine is injected into the skin, subcutaneous tissue, and parietal pleura. A long needle, attached to a syringe partially filled with saline, is passed using imaging guidance into the lesion while the patient holds a breath. Then the lesion is aspirated with or without 1-mL saline injection; two or three samples are collected for cytologic and bacteriologic processing. After the procedure, fluoroscopy and chest x-rays are used to rule out pneumothorax and hemorrhage.

Complications include hemoptysis, usually of < 50 mL (in 10 to 25% of patients); pneumothorax (in 20 to 30%); and air embolism (occasionally). Mortality is < 1%.

Percutaneous large-bore cutting needle biopsy to obtain a core of lung tissue can be performed if peripheral lung lesions obliterate the pleural space. In this setting, the procedure is safe and has a very high diagnostic yield. Lung biopsy with a percutaneous trephine drill needle is rarely performed.

Mediastinoscopy 
Endoscopic examination of the mediastinum.
Mediastinoscopy is used to stage lung cancer, especially when enlarged nodes are seen on chest x-ray or CT scan. Some physicians believe that all patients with lung cancer should have invasive staging procedures; others use staging procedures only in patients with abnormal nodes seen on imaging. Mediastinoscopy may be used to diagnose mediastinal masses or to sample nodes in patients who might have lymphoma or granulomatous diseases.

Contraindications include inability to tolerate a general anesthetic; superior vena cava syndrome; previous mediastinal irradiation, mediastinoscopy, median sternotomy, or tracheostomy; and aneurysm of the aortic arch.

Mediastinoscopy is performed using a general anesthetic in an operating room. A mediastinoscope is passed through a suprasternal notch incision, allowing access to some carinal and hilar nodes, to peribronchial and paratracheal nodes, and to the superior posterior mediastinum.

Complications occur in < 1% of patients. They include bleeding, vocal cord paralysis secondary to recurrent laryngeal nerve damage, and chylothorax due to thoracic duct injury.

Mediastinotomy 
Anterior mediastinotomy (Chamberlain procedure) is surgical entry of the mediastinum via an incision made through the 2nd left intercostal space adjacent to the sternum. It gives direct access to the aortopulmonary window nodes, which are inaccessible to mediastinoscopy. The aortopulmonary window nodes are a common site of metastases from left upper lobe cancers. Complications are related to the surgical procedure and include pneumothorax, wound infection, and, rarely, damage to the great vessels.

Thoracotomy 
Thoracotomy for open biopsy of lung, pleura, hilum, and mediastinum is the diagnostic gold standard to which all other procedures must be compared. However, appropriate use of other procedures has greatly decreased the need for thoracotomy.

Thoracotomy is most helpful in patients with undiagnosed focal or diffuse pulmonary problems, in which definitive diagnosis is likely to improve the management plan. It is used in patients with pulmonary problems of unknown etiology when less invasive procedures have not yielded a diagnosis or when other procedures are more dangerous or unlikely to yield a diagnosis.

Contraindications include unstable systemic status (eg, cardiopulmonary, nutritional, metabolic, renal), ie, inability to tolerate the injury of major surgery.

Three basic approaches are used. Each requires a general anesthetic in an operating room. In limited anterior or lateral thoracotomy, a 6- to 8-cm intercostal incision is made; after a large tidal volume, the lung is popped out to be biopsied through the incision. When this approach is used to diagnose diffuse interstitial lung disease, localized peripheral lung disease, or infectious diseases in immunosuppressed hosts, morbidity and mortality are very low. Patients require a chest tube for 24 to 48 h and can often leave the hospital in 3 to 4 days. Full wide incision thoracotomy gives access to pleura, hilum, mediastinum, and the entire lung. It is most useful when a neoplasm is suspected or when multiple sites in one lung require biopsy. Median sternotomy is used when lesions in both lungs require biopsy.

Complications are greater than those for any other pulmonary biopsy procedure because of the risks of general anesthesia, surgical trauma, and a longer hospitalization with more postoperative discomfort. Hemorrhage, infection, pneumothorax, bronchopleural fistula, and reactions to anesthetics are the greatest hazards.

Tracheal Aspiration 
Suctioning of the trachea and main-stem bronchi to obtain secretions and cells.
Tracheal aspiration is used most commonly in patients unable to clear the airways of excessive secretions by coughing. It is most easily and most often performed in patients with an endotracheal or tracheostomy tube. However, it can be performed through the nose or mouth; more rarely, a transtracheal approach is used.

Contraindications vary with the approach used. Laryngeal edema contraindicates the translaryngeal approach, and bleeding diathesis contraindicates the transtracheal approach. Regardless of the approach, this procedure is hazardous in patients who have cardiac arrhythmias, bronchospasm, hypoxemia, or hypercapnia during suctioning.

With a transnasal or transoral approach, a soft, flexible sterile disposable catheter with a proximal side vent is used to suction with 20 to 30 cm H2O of negative pressure. The catheter may be connected to a suction trap if specimens are needed for bacteriology or cytology. Gloves should be worn, and a small cup of sterile saline or water should be available to clear tenacious secretions in the catheter. In general, the O2 flow is doubled in patients receiving supplemental O2, and those on ventilators are bagged with 100% O2 before suctioning. Bagging must be repeated before each aspiration.

For the transnasal approach, the patient should be upright, leaning forward, with the neck slightly extended. The operator grasps the tongue with gauze and pulls it forward and, with the other hand, advances the catheter slowly through the nares into the trachea during inspiration. Suction is then applied for 2 to 5 sec in intermittent bursts. Bronchi can be suctioned by turning the patient's head to the side opposite the main-stem bronchus to be suctioned while advancing the catheter down the trachea.

The transoral approach is more difficult and requires a bite-block or oropharyngeal airway. The patient's head is extended fully with the neck flexed slightly.

Tracheal suctioning through nasotracheal, orotracheal, or tracheostomy tubes requires meticulous aseptic technique. During 100% O2 bagging, just before suctioning, a few milliliters of sterile saline are often injected into the tube. The catheter is inserted full-length; during the slow withdrawal, suction is applied intermittently. The trachea is suctioned, then the right and left main-stem bronchi.

Percutaneous transtracheal aspiration can be used to obtain specimens from the trachea. It sometimes is indicated to identify microbial pathogens from the respiratory tract in patients with serious or life-threatening infections. For reliable sensitivity and specificity, this procedure must be combined with quantitative bacterial culture techniques. (Aspirations from specific lobes or segments for smears, cultures, and cytology can be obtained best with flexible bronchoscopy and the ancillary techniques described above.)

The skin, subcutaneous tissue, and cricothyroid membrane are anesthetized with injected lidocaine, but no anesthetic or saline is injected into the trachea. An intracatheter is inserted through the cricothyroid membrane into the trachea; then the needle is withdrawn with care not to shear off the catheter. Secretions in the lower airways are aspirated through the catheter with a 30-mL Luer-Lok syringe. Saline injection to facilitate specimen collection is rarely necessary.

Complications include laryngospasm, bronchospasm, respiratory arrest, cardiac arrhythmias or arrest, erosion of the respiratory epithelium with bleeding, and introduction of infection. With transtracheal aspiration, bleeding (in 10% of patients), subcutaneous air (in 7%), air embolism, posterior wall puncture, uncontrolled cough, decreased gas exchange, and hypotension may occur.

Postural Drainage 
Specific patient positions maximize the use of gravity-augmented drainage of secretions from a lobe or segment of either lung. Positioning helps the patient evacuate pooled secretions, especially when used with terminal-expiratory and deep-breath coughs. Postural drainage may include vibropercussion, which uses chest clapping with a flexible wrist and cupped hands or a mechanical vibrator to loosen and mobilize retained secretions that can then be expectorated or drained. Several positions may be used during a treatment; the process is tiring, and the patient can rarely tolerate > 2 or 3 treatments per day, with each treatment lasting <= 30 to 45 min.

Postural drainage is indicated for macroatelectasis due to retained secretions and cells; prolonged inability to raise all secretions, often with pooling in a structural abnormality (eg, in bronchiectasis, cystic fibrosis, or lung abscess); acute infections in patients unable to raise secretions because of limited forced expiratory volumes (eg, in COPD, pulmonary fibrosis); or poor tussive force (eg, in the elderly; cachectic patients; patients with neuromuscular disease, postoperative or traumatic pain, or tracheostomy).

Contraindications include inability to tolerate the position required, inability to raise any secretions (in this case, the procedure will produce hypoxemia), therapeutic anticoagulation, thoracic cage or vertebral fracture, recent gross hemoptysis, and advanced osteoporosis.

