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• Alterations in the alveolar epithelium may also contribute to HAPE. Hypoxia, for example, decreases 
alveolar transepithelial sodium transport 169  and fluid clearance, 170  with potential effects on alveolar 
fluid balance. Transalveolar sodium transport can be increased by β 2 -receptor stimulation, and a field 
study reported successful prevention of HAPE with inhalation of the long-acting β 2 -agonist salmeterol.

• It is not clear, however, whether the patent foramen ovale causes HAPE or is a sequela of prior marked rises 
in PA pressure during sojourns to high altitude or during normoxic exercise seen in HAPE-susceptible 
individuals.

• The nonpharmacologic preventive measures previously described for AMS also apply to HAPE, with a slow 
ascent being the most important strategy. HAPE-specific pharmacologic prophylaxis is reserved for persons 
known to be HAPE susceptible based on a prior history of the disease (see Table 105.2 ). The mainstay of 
prevention is nifedipine, presumably via its action as a potent vasodilator. the phosphodiesterase inhibitor 
tadalafil, can also prevent HAPE in known susceptible individuals. dexamethasone was also effective in this 
regard(it is not part of standard HAPE prevention protocols.) salmeterol is also not recommended as a 
primary option for HAPE prophylaxis.

• Proper treatment depends on the severity of the illness and the clinical setting. In remote locations with 
limited access to care, the first priority is descent to lower elevation. Exertion should be limited during 
descent because this may increase PA pressure and worsen pulmonary edema. With early diagnosis, 
recovery is rapid with descents of only 500 to 1000 m, and the individual may be able to reascend 
cautiously 2 or 3 days later. If descent is not possible because of weather or other factors, supplemental 
oxygen or portable hyperbaric therapy should be initiated. If neither option is available, expiratory positive 
airway pressure may improve oxygenation, although the effect on outcomes has not been established.

• Nifedipine, tadalafil, sildenafil…combination is forbidden….diuretic is avoided….. supplemental oxygen

• Addition of nifedipine or other pulmonary vasodilators to supplemental oxygen may not yield additional 
benefit, and this treatment is generally reserved for those patients not responding appropriately to 
supplemental oxygen.

• A single series documented the use of continuous positive airway pressure to relieve dyspnea in HAPE, 168  
but there are no controlled data demonstrating improved outcomes. Because fevers up to 38.5°C have been 
described in HAPE, a finding of elevated temperature should not prompt administration of antibiotics unless 
the clinical picture is consistent with pneumonia. Patients who do not improve with appropriate therapy 
should be investigated for other causes of hypoxemia and radiographic opacities.







Pulmonary edema

• Near-drowning is the one clinically pertinent form of pulmonary edema caused by transmural 
osmotic pressure differences at the alveolar barrier. 45  Seawater is three times more 
osmotic (1000 mOsm) than plasma, so the volume of fluid in the air spaces after saltwater 
aspiration increases threefold to reach osmotic equilibrium, thus markedly increasing the 
alveolar edema volume beyond the aspirated seawater in the alveoli. Osmotic equilibrium is 
reached in minutes as water is drawn from neighboring blood vessels into the alveoli by 
osmotic pressure. 45  Alveolar barrier function is not significantly compromised, unless 
perhaps the patient aspirates gastric contents or the seawater is contaminated or rich in 
particulate matter, and the alveolar edema tends to be cleared rapidly if driving pressures are 
otherwise normal, with 50–60% of excess alveolar fluid being cleared in 4 hours. Freshwater 
near-drowning classically proceeds in the opposite fashion: Osmotic equilibrium is reached 
rapidly by flow of water out of the alveoli into the interstitium and bloodstream. Rapid water 
flux and hypotonicity can cause severe hemodilution, with hemolysis and fibrinolysis, and 
severe distortion of pulmonary ultrastructure, including damage to type 1 and type 2 cells, 
endothelial cell swelling, basement membrane detachment, and cell disruption. Both the 
alveolar epithelium and microvascular endothelium can thus be injured by the hypotonic 
fluid, leading to increased permeability pulmonary edema rather than an increased pressure 
type of pulmonary edema. In addition, aspiration of water, whether freshwater or seawater, 
can wash out surfactant and contribute to pulmonary edema.



treatment
• Because cardiac arrest caused by drowning results from hypoxemia and acidosis, it is critically important to 

restore circulation, establish a patent airway, and provide oxygen rapidly. With a suspected drowning 
victim, the rescuer should provide cardiopulmonary resuscitation with rescue breathing in accordance 
with basic life support guidelines. Establishing an airway and providing oxygen are priorities in the initial 
resuscitation. Rescue breathing may even be initiated during extraction from the water. Use of a 
subdiaphragmatic thrust (Heimlich maneuver) is no longer recommended because most water expelled by 
this technique originates from the stomach rather than the lungs and increases the risk of aspiration. 180  
, 181  Endotracheal intubation is the preferred method for establishing an airway. This approach must 
account for the possibility of a concomitant unstable neck injury if there is associated trauma, as well as 
the risk for aspiration of gastric contents. 182  However, without a focal neurologic deficit or significant 
mechanism of cervical spine injury (e.g., diving into shallow water), the risk for an unstable cervical spine 
injury is low, and spinal immobilization should not take priority over resuscitation. 183

• A nasogastric tube should be inserted to decompress the stomach, and core body temperature readings 
should be obtained to diagnose and manage potential hypothermia. In the presence of a significantly 
lowered body temperature, rewarming measures should be instituted, although the rate of rewarming and 
temperature goals for drowning victims after cardiac arrest remain areas of active research. Although mild 
therapeutic hypothermia has been shown to decrease cerebral oxygen use and improve neurologic 
outcomes in patients with return of spontaneous circulation after witnessed ventricular fibrillation arrest, 
there are no prospective studies comparing therapeutic hypothermia with normothermia after return of 
spontaneous circulation in drowning victims. There are several case reports of complete neurologic 
recovery after therapeutic hypothermia in drowning victims. Return of spontaneous circulation and 
hemodynamic stability take precedent over the decision to induce hypothermia.



• Occasionally, drowning patients will have marked hemodynamic instability, and resuscitation must be 
managed accordingly while accounting for the likelihood of concurrent pulmonary edema and acute 
respiratory distress syndrome. Positive end-expiratory pressure is extremely effective in reversing abnormal 
ventilation-perfusion matching leading to hypoxemia. Usually, pulmonary injury from drowning improves 
significantly over a period of 48 to 72 hours, and ventilatory support in most circumstances is relatively brief, 
unless infection develops. Consequently, if tolerated, noninvasive positive airway pressure ventilation 
strategies or a high-flow nasal cannula may be reasonable for short-term support. Oxygenation, ventilation, 
hemodynamics, and glycemic control should be managed in accordance with current critical care guidelines, 
including those for management of cerebral edema and post–cardiac arrest critical care, if applicable.

• The use of antibiotics in drowning victims should be reserved for those who demonstrate signs of infection. 
Because most pulmonary infections in the near drowning victim appear to be hospital acquired, prophylactic 
antibiotics may serve only to select for more resistant organisms. If pneumonia is present, antibiotic therapy 
should be guided by microbiologic data, antibiograms, and standard protocols. If the victim aspirates heavily 
contaminated water with a known or suspected organism (as in the case of aspiration in a hot tub), the use of 
prophylactic antibiotics may be appropriate. Although bronchoscopy for the routine management of the 
drowning victim is not warranted, consideration of this procedure should be made when unexpected 
difficulties with mechanical ventilation arise, to evaluate for rare complications of drowning such as the 
aspiration of sand or gravel. 186

• Routine use of corticosteroids to treat the lung injury associated with drowning is unwarranted. Experimental 
evidence strongly suggests that steroids do not improve the short-term or long-term outcome. 187  Artificial 
and animal-derived surfactants, extracorporeal membrane oxygenation, cardiopulmonary bypass, and 
hypothermia have also been used to treat the pulmonary injury associated with drowning. 188189190191 
Any victim with more than minimal respiratory symptoms, an abnormal chest radiograph, or abnormal 
arterial blood gas measurements should be observed because pulmonary damage may not be clinically 
manifest for several hours after the incident. 192  Nearly all patients who will demonstrate significant 
problems of gas exchange will do so by 4 to 8 hours after the incident; therefore, consideration for discharge 
from the emergency department may be appropriate in people who can be observed in this fashion. 193  In a 
pediatric study, normal oxygen saturation and lack of field intervention after pediatric drowning were 
independent predictors of safe discharge from the emergency department



PAC

• At this time there is no well-supported intervention to treat PC, and management consists mainly of supportive 
care and avoidance of iatrogenic injury. Steroids are not recommended, and prophylactic antibiotics are strongly 
discouraged. In 1973, Trinkle and coworkers 92  recognized that crystalloid administration increased the size of the 
contusion, whereas diuresis decreased it. Pharmacologic therapies being investigated include arginine vasopressin 
and dexmedetomidine. 93  In an animal study using a model of PC, dexmedetomidine infusion improved 
hemodynamic parameters, decreased inflammatory infiltration, and limited the extent of lung damage and 
pulmonary edema. 94  In patients with early, severe hypoxemia (ratio of arterial P o 2 to fractional concentration 
of oxygen in inspired gas <200), a trial of noninvasive ventilation may be attempted to avoid intubation; however, 
the development of pneumothorax must be carefully monitored. 95  , 96  In animal studies, the application of 
positive end-expiratory pressure has been shown to decrease the size of PCs. Small clinical studies have reported 
that recruitment maneuvers are successful in improving aeration (“open lung” strategy). 97  In patients with PC, 
the use of airway pressure release ventilation has been reported to decrease the incidence of ventilator-
associated pneumonia; however, experience and evidence are limited. 87  For severe unilateral PC, lung isolation 
ventilation may be considered. 98 Although traumatic injury (with the attendant risk of bleeding complications) 
was previously considered a contraindication to extracorporeal membrane oxygenation (ECMO), increasing 
experience with ECMO without anticoagulation 99  and demonstration of improved outcomes compared with 
conventional mechanical ventilation for severe hypoxemic respiratory failure have made ECMO (with or without 
systemic anticoagulation) a viable rescue therapy in experienced centers. The use of other rescue therapies such 
as high-frequency oscillatory ventilation and surfactant administration for the treatment of PC is poorly studied 
and considered experimental at this time.

• In sum, for the management of PC, the patient should be resuscitated to maintain signs of adequate tissue 
perfusion and achieve usual end points of resuscitation. Once this has been achieved, however, 
meticulous attention should be paid to the avoidance of excessive fluid administration, to the 
point of using a pulmonary artery catheter if necessary to help guide diuretic therapy. 55  
Aggressive pulmonary toilet and adequate analgesia are extremely important in preventing pneumonia.











Acute immune-mediated polyneuropathy, also referred to as Guillain-Barré syndrome, is a heterogeneous group of 
diseases now thought to be caused by antiglycolipid antibodies. 29  Acute idiopathic demyelinating polyneuropathy is the 
most common form, making up about 85–90% of cases. It is an acute progressive process characterized by symmetrical, 
ascending muscle weakness progressing over a 2-week period and associated with loss of deep tendon reflexes. It is 
thought that an antecedent viral infection induces an immune response to viral epitopes that then cross-react with lipid 
components of the peripheral nerve. 30  The process usually starts in the lower extremities but may start primarily in the 
arms or the face, head, and neck (Miller-Fisher variant). 31  Acute idiopathic demyelinating polyneuropathy affects the 
respiratory system by causing (1) weakness of the upper airway muscles, (2) weakness of the inspiratory and expiratory 
muscles, and (3) secondary complications such as pneumonia or pulmonary embolism. 32  Approximately 25–50% of 
patients develop respiratory insufficiency severe enough to necessitate intubation and mechanical ventilation. 33  A 
number of variables used to predict impending respiratory failure and the need for mechanical ventilatory support have 
been used, including FVC, maximal inspiratory pressure (MIP), maximal expiratory pressure (MEP), and nocturnal 
desaturation. 
Generally accepted guidelines for intubation and mechanical ventilation include an FVC less than 15 mL/kg, an FVC less 
than 1 L, a decline in FVC to 50% or less of the normal predicted value for that individual, or an MIP of 30 cm H 2 O or less. 
32  FVC and MIP should be monitored frequently (multiple times per day depending on rapidity of progression). With 
rapidly progressive disease, the intensive care unit (ICU) is considered the best location for monitoring. Absolute 
indications for intubation include impaired consciousness, respiratory or cardiac arrest, shock, arrhythmias, blood gas 
alterations, or bulbar dysfunction with confirmed aspiration. 32  Noninvasive ventilation is generally not an option for 
these individuals because they are at a high risk for aspiration due to bulbar muscle involvement. Successful extubation
may be achieved once treatment such as steroids, immune globulin, and plasmapheresis is begun and respiratory muscle 
strength returns. 33  Until respiratory muscle strength returns, scrupulous supportive ICU care including tracheostomy for 
prolonged mechanical ventilation and prophylaxis to prevent deep venous thrombosis is required to prevent complications 
such as ventilator-associated pneumonia, sepsis, and pulmonary embolism.



Guillain-Barré syndrome, now known as acute idiopathic demyelinating polyneuropathy 
(AIDP), is an autoimmune polyneuropathy that accounts, together with myasthenia gravis, 
for the majority of admissions for ventilatory failure due to neuromuscular impairment. 
525354555657 Therapy with intravenous immunoglobulin and plasmapheresis improves 
outcomes in AIDP, although 2–10% still die, and up to 20% of individuals who survive 
remain seriously disabled. 58  Theoretically, death should be preventable in the vast 
majority of patients with this disease because mortality is primarily from potentially 
avoidable respiratory complications (see the discussion in Chapter 130 ). Although the 
20/30/40 rule (FVC <20% predicted, maximum inspiratory pressure <30 cm H 2 O, and 
maximum expiratory pressure <40 cm H 2 O) is still commonly used, prediction of the 
need for mechanical ventilation can be challenging, especially in patients with swallowing 
difficulty, and close observation of these patients in an ICU is mandatory.





• Largely on the basis of the Iranian experience of 
their Iraqi war veterans, sulfur mustard survivors 
can exhibit residual tracheobronchitis, asthma, 
bronchiectasis, bronchotracheomalacia, BO, and 
fibrosis.

• Nitrogen mustards were sulfur mustard 
derivatives originally developed for military 
purposes but later applied medically; 
nonetheless, occupationally related acute lung 
injury has been reported through industrial 
release.





• The goal of breathing training is to reduce air trapping by 
controlling respiratory rate and breathing pattern. Pursed-
lip breathing, performed with patients inhaling through the 
nose and exhaling through the mouth over 4 to 6 seconds 
through pursed lips in a whistling/kissing position, 
facilitates the recruitment of abdominal muscles during 
exhalation and has a favorable effect on the breathing 
pattern by increasing tidal volume and reducing end-
expiratory lung volumes by increasing expiratory times and 
stenting collapsible airways with a positive end-expiratory 
pressure effect. 166  Successful pursed-lip breathing can 
result in less hypoxemia and decreased dyspnea. In some 
patients, pursed-lip breathing has also been shown to 
reduce the oxygen cost of breathing













• Surfactant production is a key developmental milestone that impacts the survival 
of premature infants and can be enhanced in utero by the administration of 
steroids.

• Perhaps the most significant cause of impaired lung development is preterm birth, 
or birth before 37 weeks of gestation, which complicates 10% of all pregnancies. 
125  Infants who are born prematurely are exposed to multiple treatments, 
including steroids, positive-pressure ventilation, and supplemental oxygen, 
treatments that improve survival but come at the cost of limiting normal 
development during the saccular and alveolar stages. The infants who are most 
commonly and severely affected are those born extremely preterm, or before 28 
weeks of gestation. These infants have a high incidence of persistent respiratory 
distress throughout the newborn period. Preterm infants who require treatment 
with supplemental oxygen and/or positive-pressure ventilation beyond 36 weeks 
corrected gestational age are given the diagnosis of BPD. 126  Premature arrest of 
lung development in these infants is often made worse by inadequate nutrition, 
recurrent lung infection, and other cardiovascular and inflammatory insults. 126  
Despite the association between preterm birth and BPD, the disease itself is very 
heterogeneous, and it is unclear what treatments improve the outcome. What is 
clear is that as more and more preterm infants are surviving and technical 
advances, such as surfactant therapy and better controlled ventilation, have 
permitted improved survival for infants born at even earlier gestational ages (<24 
weeks), care for this group of patients will require specialized management 
throughout their lifetime.







Risk factors





• 1, Signs and symptoms may include fever with cough or other suggestive respiratory symptoms, 
often with myalgias or headache. Note that some individuals, especially older adults, infants, and 
immunocompromised, may have atypical presentations, including a lack of fever. 

• 2, Atypical signs and symptoms may include unexplained fever only or lack of fever with any 
respiratory symptoms, especially in immunocompromised or high-risk patients. Complications 
associated with influenza include pneumonia or exacerbation of chronic conditions, such as 
asthma, COPD, or heart failure. 

• 3, Influenza testing may be used to guide decisions on use of antibiotics or continuation of antiviral 
medication, on need for further diagnostic tests, on consideration for home care, or on 
recommendations for ill persons living with others who are at high risk for influenza complications. 
Influenza testing may be required to guide decisions on infection control practices. 

• 4, Antiviral treatment is recommended for outpatients with suspected influenza who are at high 
risk for complications from influenza or those with progressive disease not requiring hospital 
admission. Antiviral treatment of outpatients who are not at high risk for influenza complications 
can be considered based upon clinical judgment if presenting within 2 days of illness onset.

































• With a decrease in ventilation, there is a reduction in alveolar P o 2 
. Using the alveolar gas equation, one can calculate the change in P 
o 2 from the change in P co 2 during pure hypoventilation or 
hyperventilation (i.e., without a change in venous admixture). In 
general, if the other factors of the alveolar gas equation remain 
constant (e.g., barometric pressure, F io 2 , the (A – a)P o 2 ), the 
change in P o 2 is reflected by a change (Δ) in P co 2 , as follows: ΔP 
o 2 = −ΔP co 2 /R. If the R is assumed to be 0.8, the equation can be 
written so that a change in P o 2 is equal but opposite to the change 
in P co 2 × 1.25. Thus, when all factors mentioned are constant, if 
the P co 2 goes up by 10 mm Hg, the P o 2 goes down by 12.5 mm 
Hg.





















• Standard precautions should be followed for the care 
of all patients;

• They include:

1. hand hygiene before and after every patient contact, 

2. use of gloves, gowns, and eye protection (for 
situations in which exposure to body fluids is possible)

3. use of respiratory hygiene/cough etiquette

4. safe disposal of sharp instruments in impervious 
containers



• Three isolation categories reflect the major 
modes of pathogen transmission in 
nosocomial settings: 

• Contact

• Droplet

• airborne









• Chronic beryllium disease (CBD) is a multisystem disorder characterized by the formation of 
noncaseating granulomas throughout the body, although their primary manifestation is in the lung. 
183  On pathologic examination, CBD is characterized by the presence of a lymphocytic 
(helper/inducer T cells) alveolitis, as well as of noncaseating epithelioid granulomas 
indistinguishable from those of sarcoidosis ( eFig. 101.16 ). There is a variable amount of 
fibroblastic activity that progresses to interstitial fibrosis as the lesions mature. Granulomatous 
lesions may occasionally be found in other sites, including thoracic and abdominal lymph nodes, 
spleen, liver, kidneys, and adrenal glands.

• Beryllium enters the body by inhalation and, occasionally, through the skin, where it acts as a 
specific antigen, alone or as a hapten. Subsequently, beryllium-specific CD4 + lymphocytes 
proliferate and release lymphokines. There is a wide range in the reported prevalence of beryllium 
sensitization, from less than 1% to as high as 20% of exposed individuals, 186  and this range 
appears to be related to the level of beryllium exposure. Progression to CBD develops in a smaller 
number of sensitized individuals, 6–8% in some studies, with the highest risk in the first few years 
after exposure. 187  , 188  Because the agent persists in the lung, its slow release over time 
explains the appearance and progression of disease, even without further exposure. 27  There is 
evidence for an underlying genetic basis for susceptibility to beryllium disease, linked to a major 
histocompatibility complex class II marker (human leukocyte antigen DPβ-1 Glu69 ) carrier status. A 
review of the immunology and genetic susceptibility summarizes current understanding of these 
complex gene-environment interactions. 



• Evidence for delayed hypersensitivity to beryllium may be assessed by the in vitro beryllium 
lymphocyte proliferation test (BeLPT) on lymphocytes from blood or BAL fluid. 196  , 197  Diagnosis 
of beryllium sensitization or beryllium-related lung disease requires demonstration of a beryllium-
specific immune response, which is confirmed by one of the following: two abnormal peripheral 
blood BeLPT results, one abnormal and one borderline peripheral blood BeLPT result, one 
abnormal BAL BeLPT result, or a positive skin patch test result. 193  The BeLPT has allowed for the 
introduction of three categories of beryllium-associated disorders: beryllium sensitization (positive 
BeLPT result with negative biopsy or absence of clinical or radiologic features of beryllium-related 
lung disease), subclinical beryllium disease (positive BeLPT result and biopsy without clinical or 
radiologic features of the disease), and CBD (positive BeLPT result and biopsy with clinical and 
radiologic features of disease). 198

• Despite the generally lower beryllium exposures since the 1950s and its decreasing frequency, CBD 
should remain in the differential diagnosis of sarcoidosis because of the long latency time of 
disease. Clusters of suspected sarcoidosis in a workplace should alert the clinician to the possibility 
that these represent examples of CBD. In this context, note should be made of the wide range of 
occupations associated with potential exposure to beryllium. Additionally, beryllium is considered a 
human carcinogen, especially in the presence of beryllium lung disease; in 1993, the International 
Agency for Research on Cancer classified beryllium as a class 1 human carcinogen. 199

• The most important step in case management in the setting of beryllium sensitization is to consider 
complete cessation of further exposure to beryllium because of the risk of progression to CBD. 
Regular medical surveillance is indicated in these individuals. There is limited evidence that CBD 
will improve with removal of the worker from additional beryllium exposure. 193  Although there is 
no randomized clinical trial to evaluate this treatment, corticosteroid therapy has been 
recommended in CBD, 200  initiated on the basis of symptoms, imaging, and pulmonary function 
test results. Long-term steroid therapy is believed to alter the course of the disease favorably. 193  
A small trial with infliximab showed improvement in immune response, quality of life, and a trend 
toward improved D l CO in the subgroup of patients with low D l CO at baseline.







• Paraquat is a widely used herbicide and a potent toxin. Ingestion, rather than inhalation, is the typical 
route of exposure associated with human toxicity. There have been systemic reactions following skin 
exposure after direct exposure to the skin (e.g., soaking of the skin with paraquat) or when the skin 
integrity has been breached (e.g., preexisting skin lesions or burn). The theoretical risk of smoking 
contaminated materials has never been established.

• Most paraquat deaths result from suicidal intent. 22  , 282  , 283  Paraquat ingestion is a relatively 
uncommon method of suicide in the United States, but its incidence is greater in a number of other 
countries, perhaps related to patterns of crop utilization and ease of access. 282  , 284  Although 
paraquat ingestion leads to acute gastrointestinal tract necrosis and multiorgan failure, the lung is the 
target organ for toxicity among those surviving the immediate postingestion period. Diquat, a related 
dipyridyl herbicide, does not cause the lung injury associated with paraquat, although poisoning can 
lead to renal failure and cerebral hemorrhage. 285

• The pulmonary toxicity of paraquat, in contrast to its gastrointestinal effects, does not reflect caustic 
irritant injury. The major lung effect of paraquat toxicity is the development of pulmonary edema, 
usually observed 24 to 48 hours after ingestion. The pulmonary edema may evolve to a condition 
resembling ARDS, associated with histopathologic findings similar to those of DAD, which may progress 
to an accelerated, chemically induced pulmonary fibrosis. After stabilization following acute multiorgan 
toxic effects, disease progression is marked by rapidly worsening respiratory distress, hypoxemia, and a 
restrictive ventilatory defect, with decreased lung compliance and diffusing capacity, ending in death 
from ventilatory failure within days to weeks. 22  , 282  Survivors may demonstrate modest and slow 
improvement in lung function. 286



• The mechanism of paraquat toxicity is attributed to the 
generation of superoxide radicals that may be partly iron 
dependent. Consistent with an oxidant mechanism, 
supplemental oxygen and radiation therapy may worsen 
the outcome; there are no known antidotes for paraquat 
poisoning, and enhanced elimination such as by 
hemoperfusion has not demonstrated a clear benefit. 22  , 
282  Plasma paraquat levels can be determined and may 
have a use in predicting outcome. 287  Data suggest a 
possible therapeutic benefit from immunosuppression, but 
this awaits confirmation through controlled clinical trials. 
23  , 282  Death results from multiorgan failure, which 
usually happens within 1 to 2 weeks but may be observed 
up to 6 weeks after ingestion.









• Among trauma victims, thoracic trauma is the second most 
common cause of death in the field and the third most common 
cause of death in patients who make it to the hospital. In civilian 
trauma, the most common mechanism is blunt trauma, and the 
most frequently encountered injuries (i.e., hemothorax and 
pneumothorax) are seen in 20% of patients. 1  The majority will 
require only tube thoracostomy for definitive treatment. However, 
up to 15% of these patients will require operative intervention, 1  
whether immediate (resuscitative), urgent, or delayed. Overall 
mortality in patients with thoracic trauma is approximately 10%, 
with a low Glasgow Coma Scale score exerting the strongest 
influence on mortality. 1  Additional predictors of poor outcomes 
include increasing age, mechanism of blunt injury, increasing 
number of ribs fractured, and concomitant long bone extremity 
fractures.





• The most common cause of death from high-altitude illness, HAPE was historically misdiagnosed as pneumonia, 
bronchitis, or congestive heart failure. noncardiogenic pulmonary edema

• Typically manifesting within 2 to 4 days of ascent to altitudes higher than 2400 m, persons with HAPE usually 
present in the early stages with decreased exercise performance and increased time to recover from exertion, as 
well as fatigue, weakness, a persistent dry cough, and, in some cases, symptoms of AMS. As the disease worsens, 
individuals are dyspneic on minimal exertion and, in the most severe cases, dyspneic at rest. Even in the absence 
of concurrent HACE, severe hypoxemia may produce mental changes, ataxia, and altered levels of consciousness.

• On physical examination, patients may have a low-grade fever to 38.5°C as well as tachycardia, tachypnea, and 
decreased oxygen saturation by pulse oximetry (Sp o 2 ). Generalized pallor and cyanosis are often present, 
whereas crackles are initially heard in the right mid-lung fields and then more diffusely as the disease worsens. 
Radiographs 147  and computed tomography scans show patchy, alveolar opacities, which may be limited to one 
area (the right lung field predominating initially) or generalized, depending on illness severity ( Fig. 105.8 ). Arterial 
blood gas measurements reveal severe hypoxemia. In a study at 4559 m, for example, individuals with HAPE had a 
mean arterial P o 2 of 23 ± 3 mm Hg and an average arterial S o 2 of 48 ± 8% versus 40 ± 5 mm Hg and 78 ± 7%, 
respectively, for healthy control subjects. 148  Although not used as part of diagnostic protocols, right heart 
catheterization performed in a research setting demonstrates increased PA and pulmonary capillary pressure, but 
normal pulmonary capillary wedge pressure consistent with normal left ventricular function.

• it is well established that elevated PA pressure plays a key role in development of HAPE. HAPE-susceptible 
individuals have exaggerated HPV, which likely accounts for their elevated PA pressures; The reasons for this 
exaggerated response are not entirely clear but may be related to differences in hypoxic ventilatory 
responsiveness, lung volumes, increased sympathetic tone, or alterations in circulating vasoactive mediators 
including endothelin, nitric oxide, and free radicals.

• edema results from uneven hypoxic vasoconstriction, leading to overperfusion of the microvasculature in areas of 
the lung where arteriolar vasoconstriction fails to protect downstream vessels. 

• high pressures and shear stress lead to a high permeability–type leak along a continuum of pressure-related 
phenomena by which plasma and even RBCs move from the intravascular space to the interstitium and 
subsequently into the alveolar space. with greater duration and further pressure elevation, may lead to capillary 
rupture and alveolar hemorrhage, as seen in severe HAPE.

• bronchoalveolar lavage studies in patients with HAPE that demonstrated increased cellularity and the presence of 
chemotactic (leukotriene B 4 ) and vasoactive (thromboxane B 2 ) mediators compared with control subjects. The 
lavage fluid demonstrated high protein and RBC content, the levels of which correlated with PA pressure estimated 
by echocardiography ,but no evidence of cytokine expression or neutrophil recruitment.





• Bilateral diaphragmatic paralysis is most often seen in the setting of a disease producing severe 
generalized muscle weakness. The most common causes are diffuse muscle diseases or motor 
neuron disease, such as ALS. However, bilateral paralysis may develop with a myriad of disorders 
that involve the cervical spinal cord, phrenic nerve, or neuromuscular junction; examples include 
neuralgic amyotrophy (Parsonage-Turner syndrome) or complications following cardiac, thoracic, or 
neck surgery. 154

• Patients with bilateral paralysis primarily complain of dyspnea, 155  either at rest, during exercise, 
or during certain activities that increase abdominal pressure. These activities, such as bending, 
lifting, or becoming immersed in water, increase abdominal pressure and displace the paralyzed 
diaphragm cranially, thereby decreasing lung volume. A similar problem arises upon lying supine; 
thus orthopnea is a common symptom, and patients may need to use a recliner to sleep. Because 
sleep-disordered breathing with hypoventilation and hypoxemia is common, 156  these individuals 
generally respond well to NPPV. 157

• Bilateral diaphragmatic paralysis may be suspected by observing paradoxical rib cage and abdomen 
motion during inspiration. The gold standard diagnostic test is measuring transdiaphragmatic 
pressure ( Fig. 130.4 ). 158  Alternatively, diaphragm ultrasound provides a noninvasive means of 
obtaining the diagnosis as discussed in the “Diaphragm Imaging” section. Once the diagnosis of 
bilateral diaphragmatic paralysis is confirmed, further diagnostic workup should include an 
evaluation for nocturnal hypoventilation and computed tomography of the chest to exclude a 
mediastinal mass, which may be compressing or invading the phrenic nerve. In addition, magnetic 
resonance imaging of the neck may be needed to evaluate the spinal cord and nerve roots.



• Bilateral diaphragmatic paralysis is usually not reversible unless the underlying 
disease is treatable. Spontaneous recovery of diaphragm function has been noted 
in some individuals with bilateral paralysis due to neuralgic amyotrophy (brachial 
plexus neuritis) with the recovery taking an average of 15 months from the onset 
of symptoms.

• Phrenic nerve pacing requires intact phrenic nerves and has been used in patients 
with cervical cord injuries above C3 and in patients with congenital hypoventilation 
syndrome. Thus it is not applicable in most cases of diaphragmatic paralysis. Direct 
diaphragmatic pacing involves the implantation of electrodes in the diaphragm. 
Identification of the entrance points of the phrenic nerve into the diaphragm is a 
prerequisite for direct pacing because uniform diaphragm activation requires 
placing the intramuscular electrodes in these locations. 160  For unclear reasons, 
pacing has not been helpful in patients with ALS. 161 Interventions such as sural or 
intercostal nerve grafting and transfers may provide options in the future to 
restore diaphragm function. 

• Diaphragm dysfunction related to metabolic or hormonal imbalance (hypothyroid, 
hypokalemia, hypomagnesemia, hypophosphatemia, alcohol use, diabetic 
neuropathy) or parasitic infections may improve with treatment of the underlying 
disease.



Pulmonary Function Testing

• Tests of pulmonary function are useful for initial assessment of and, often more important, follow-
up of patients over time. 

• Spirometry classically shows a restrictive defect, but FVC may be preserved early on. A fall in FVC by 
more than 25% upon lying supine is more sensitive and specific than changes in upright FVC for 
detecting diaphragm weakness. 

• The flow-volume loop may show flow oscillations in patients with bulbar involvement.

• Functional residual capacity, inspiratory capacity, and total lung capacity typically decline over time, 
while residual volume may be elevated due to expiratory muscle weakness.

• MIP and MEP are often both reduced but, in patients with isolated diaphragm weakness, MIP may 
decline while MEP is relatively preserved. 

• Tests of respiratory muscle strength may be difficult for patients with bulbar dysfunction to 
perform, and sniff nasal inspiratory pressure may be more reliable. 

• The 1999 National Association for Medical Direction of Respiratory Care National Consensus 
Conference, which ultimately informed the Centers for Medicare and Medicaid coverage decisions, 
developed guidelines for the initiation of NPPV and included MIP less than 60 cm H 2 O and FVC 
less than 50% among the physiologic criteria to initiate NPPV in neuromuscular disease.





Indications 



Benefits 













• Each terminal bronchiole conducts air to a respiratory unit, 
or acinus. The acinus is where alveolization, and therefore 
gas exchange, begins. The acinus can also be termed the 
terminal respiratory unit, indicating its chief role in gas 
exchange. The terminal bronchioles divide into respiratory 
bronchioles that have occasional alveoli budding from their 
wall, which then transition to the alveolar ducts, structures 
that are completely lined with alveoli. This alveolated
region of the lung where gas exchange takes place is known 
as the respiratory zone. The distance from the terminal 
bronchiole to the most distal alveolus is only approximately 
5 mm, but the respiratory zone makes up most of the lung 
in terms of gas volume (some 2–3 L).



• The TRU consists of a respiratory bronchiole and all the alveolar ducts 
together with their accompanying alveolar ducts and alveoli (see Fig. 1.14 ; 
see Table 1.2 ). The TRU has both a structural and a functional existence and 
was first described in the human lung by Hayek. 11  In the human lung, this 
unit contains approximately 100 alveolar ducts and 2000 alveoli. At FRC, the 
unit is approximately 5 mm in diameter, with a volume of 0.02 mL. There are 
about 150,000 such units in the lungs of normal adult humans. 6

• The functional definition of the TRU is physiologic; namely, gas-phase 
diffusion is so rapid along patent airways that the partial pressures of O 2 and 
CO 2 are uniform throughout the unit. 28  Therefore, physiologically, O 2 in 
the gas phase anywhere along the TRU will diffuse along its concentration 
gradient across the extremely thin walls into RBCs flowing in the capillaries ( 
Fig. 1.16 ), where O 2 combines with hemoglobin. CO 2 diffuses in the 
opposite direction along its concentration gradient. A key point about 
diffusion is that the process is much faster in the gas phase than in the liquid 
phase. Thus, the TRU size is defined in part by the fact that gas molecules can 
diffuse and equilibrate anywhere within the unit more rapidly than they can 
diffuse across the air-blood barrier into the blood. Of note, the solubility of O 
2 in water is low relative to its concentration in gas. CO 2 is much more 
soluble in water (20 times the solubility of O 2 in water), and therefore CO 2 
diffuses rapidly into the gas phase, even though the driving pressure for CO 2 
diffusion is only one-tenth that for O 2 entering the blood.



• All portions of the TRU participate in volume changes with breathing. 98  , 99  When a unit 
increases its volume from FRC, the alveolar gas that had been in the alveolar duct system enters the 
expanding alveoli, together with a small portion of the fresh air. Most of the fresh air remains in the 
alveolar duct system. This does not lead to any significant gradient of alveolar O 2 and CO 2 partial 
pressures because diffusion in the gas phase is so rapid that there is equilibrium within a few 
milliseconds. However, nondiffusible (suspended or particulate) matter remains away from the 
alveolar walls and is expelled in the subsequent expiration. 100  This explains why it is difficult to 
deposit aerosols on the alveolar walls and why large inspired volumes and breath-holding are 
needed for efficient alveolar deposition.

• The anatomic alveolus is not spherical ( Fig. 1.17 , see Fig. 1.15 ). It is a complex geometric structure 
with flat walls and sharp curvature at the junctions between adjacent walls. The most stable 
configuration is for three alveolar walls to join together, as in foams. 6  The resting volume of an 
alveolus is at 10–14% of TLC. When alveoli go below their resting volume, they must fold up 
because their walls have a finite mass (see Fig. 1.17 ). Most of the work required to inflate the 
normal lung is expended across the air-liquid interface to overcome surface tension; the importance 
of the air-liquid interface is demonstrated by the low pressure required to “inflate” a liquid-filled 
lung with more liquid



• The alveolar walls are composed predominantly of pulmonary capillaries. 
In the congested alveolar wall the blood volume may be greater than 75% 
of the total wall volume. Alveoli near the top of the lung show less filling 
of the capillaries than those at the bottom. 103  , 104  This affects regional 
diffusing capacity, which is dependent on the volume of RBCs in the 
capillaries.

• The transition from a cuboidal epithelium of the respiratory bronchiole to 
the squamous epithelium of the alveolus is abrupt ( Fig. 1.19 ). Little is 
known about the function, if any, of this transitional junction. Although 
Macklin 105  speculated that the permeability of the bronchiole-alveolar 
epithelial junctions might be unique, no definitive difference has been 
demonstrated. 106  The controversy continues as to whether this region 
shows unique permeability features that might participate in clearance of 
particles or leakage of edema. 



• Trapping and clearance of particulate matter 
impinging on the alveolar surfaces is vital and 
takes place in the alveolar surface liquid. Within 
this liquid are suspended alveolar macrophages 
(see Fig. 1.19 ). 110 The majority of alveolar 
macrophages that reach the terminal airways via 
the slow, upward flow of alveolar lining liquid are 
expelled with the surface film as it is pulled up 
onto the mucociliary escalator.









• In surgical series, ectopic thyroid glands account for fewer than 10% of mediastinal 
masses but, in clinical practice, they probably represent a higher proportion .

• Thyroid tissue within the mediastinum is of two distinct origins: from the thyroid 
or from embryonal tissue. Most commonly, a cervical goiter extends substernally
into the anterior mediastinum, 114  whereas primary intrathoracic goiter, 
presumably originating from an embryonic nest of heterotopic thyroid tissue, is 
rare. 

• Most such goiters are in the anterior mediastinum, but they may arise in the 
middle or posterior mediastinum as well. 4  , 5  Intrathoracic goiter presents 
predominantly in middle-aged or older women. Although it is usually 
asymptomatic, goiter may cause hoarseness, cough, or swelling of the face and 
arms. Intrathoracic thyroid tissue is easily recognized by radioactive iodine 
scanning, 115  as long as the scan is completed before intravenous iodinated 
contrast injection, which may block iodine uptake for weeks. It may be suspected 
on the basis of high radiodensity on CT scans, particularly after iodinated contrast 
injection. 116  , 117  Treatment is surgical resection.













• NKX2.1 (also known as thyroid transcription factor 1 or TTF1) is a 
transcription factor essential for expression of SP-B, SP-C, and 
ABCA3. Haploinsufficiency of NKX2.1 causes a complex phenotype 
in neonates that includes, albeit variably, hypothyroidism, brain 
abnormalities, and acute and chronic lung disease. 75  , 76

• Although the lung diseases associated with mutations in SP-B, SP-C, 
ABCA3, and NKX2.1 disrupt surfactant homeostasis, cause varying 
degrees of surfactant accumulation (i.e., PAP), and are often cited 
as congenital forms of PAP in the medical literature, they are 
distinguished from disorders of surfactant clearance by their 
surfactant dysfunction (i.e., functionally abnormal surfactant), 
histopathologic abnormalities (gross parenchymal derangement 
and interstitial disease), and their clinical course. In consequence, 
the term pulmonary surfactant metabolic dysfunction (PSMD) 
disorders has been proposed for this group of genetic disorders.









:وظایف اصلی ماکروفاژ

توانایی فاگوسیتوز میکروبهای با ضرر و بدون ضرر

به دام انداختن ذرات و میکروبهای استنشاق شده

پاکسازی سورفاکتانت ریوی

ساپرس کردن ایجاد التهاب و پاسخ ایمنی نامناسب





• DCs are the “professional” antigen-presenting 
cells of most tissues. DCs represent an 
important group of phagocytic and antigen-
presenting cells acting as a bridge between 
the innate and the adaptive immune systems. 
In the lung, DCs have been shown to form an 
extensive intraepithelial and subepithelial 
network throughout the respiratory tract













• Inertial impaction is the dominant mechanism by 
which particles deposit in the nasopharynx and 
more proximal airways.

• In general, the greater the mass, the faster the 
velocity, and the narrower the airway, the greater 
the likelihood that the particle will deposit by 
impaction.

• Impaction describes the process by which a 
particle fails to follow the air stream in which it is 
suspended, thereby impacting on an obstacle 
instead of circumventing it.





TBB
• TBB is the technique by which a piece of lung parenchyma is obtained using 

flexible forceps positioned distally via FB. TBB specimens can be obtained blindly 
or with guidance by fluoroscopy, computed tomography, or radial-probe 
endobronchial ultrasonography. In many instances TBB can obviate the need for an 
open-lung biopsy; however, certain conditions, such as interstitial lung diseases, 
generally require larger tissue samples than those that can be obtained 
bronchoscopically.

• TBB is diagnostically useful in 38–79% of patients (average sensitivity, 52%), 
depending upon the underlying disease. 

• For example, in sarcoidosis, TBB has a diagnostic yield of 40–90%, 147  , 148  
although later studies have indicated that endobronchial ultrasound–guided TBNA 
of mediastinal/hilar nodes may have a greater diagnostic yield. 149  TBB has also 
been shown to be diagnostic in up to 10–40% of cases of pulmonary Langerhans 
cell histiocytosis, 150  88–97% in Pneumocystis jirovecii pneumonia, 111  , 151  
and 57–79% in lung infections caused by Mycobacterium tuberculosis. 152  In 
patients suspected of having pulmonary alveolar proteinosis, its diagnostic yield 
has been reported to be as high as 100%



• The diagnostic yield of TBB increases with the number of biopsy 
specimens obtained. 153  Usually, 6 to 10 biopsy specimens are obtained 
under fluoroscopic guidance. However, the use of fluoroscopy is not 
mandatory in patients with diffuse parenchymal disease, and biopsy 
specimens can be obtained by assessing the proximity to the pleura as 
guided by the patient’s perception of chest pain. It is highly recommended 
that a large (7.3-mm cusp size), fenestrated, crocodile-type biopsy forceps 
should be used to obtain tissue of an adequate size without crush artifact.

• Compared to cutting forceps, crocodile forceps are considered to provide 
larger pieces of tissue by tearing rather than cutting. The yield of TBB for 
malignant peripheral lesions more than 2 cm in diameter was also 
reported to be 70% in one study, even without fluoroscopic guidance. 154  
When performed in association with bronchial brushings and TBNA, TBB 
adds to the diagnostic yield of FB for peripheral lung cancers.



• Pneumothorax and hemorrhage are the most feared 
complications after TBB, with an incidence of up to 5% of 
cases. 

• Renal insufficiency (blood urea nitrogen level >30 mg/dL 
[10.7 mmol/L] and creatinine level >3 mg/dL [0.27 
mmol/L]) and other coagulopathies are considered risk 
factors for bleeding after TBB. 

• Although there are no scientific data, there is a prevailing 
notion among bronchoscopists that IV vasopressin 
(desmopressin, DDAVP [1-deamino-8- d -arginine 
vasopressin]) 3 to 4 hours before TBB in patients with 
uremia or those who are on dialysis may reduce the risk of 
bleeding. Bleeding after the TBB is from the bronchial 
circulation, and moderate pulmonary hypertension is not a 
contraindication for the procedure.



• TBB can be safely performed while patients are 
receiving aspirin or nonsteroidal anti-inflammatory 
drugs; however, clopidogrel bisulfate should be 
withheld for at least 5 to 7 days before the procedure. 

• Wedging the tip of the bronchoscope in the segment of 
interest before obtaining a TBB is highly recommended 
to prevent spilling of the blood in other areas and 
resultant hypoxemia. A 4-minute wait before dislodging 
the bronchoscope allows enough time for clot 
formation and adds to the safety of the procedure.





• TBB can be safely performed while patients 
are receiving aspirin or nonsteroidal anti-
inflammatory drugs; however, clopidogrel 
bisulfate should be withheld for at least 5 to 7 
days before the procedure.









• Foreign body aspiration is one of the most common 
indications for therapeutic bronchoscopy. There is a 
bimodal incidence of airway aspiration, peaking in children 
1 to 2 years of age and in adults older than 70 years. Risk 
factors for aspiration in adults include alcohol intoxication, 
sedative and hypnotic drug use, poor dentition, senility, 
seizure, trauma, swallowing impairment, parkinsonism, and 
general anesthesia. In adults foreign bodies are most 
commonly found in the right-sided airways but in children 
are found equally in the left and right owing to the equal 
size and angulation of the main bronchi. Because a history 
of aspiration is obtained in less than 50% of patients, and 
visible foreign bodies can be identified on chest 
radiography in less than 10% of cases, a high index of 
suspicion is required



• Even with the recent increase in training in rigid 
bronchoscopy, the flexible bronchoscope remains 
an essential tool in therapeutic bronchoscopy. It 
is used in almost every rigid bronchoscopic
procedure and, when rigid bronchoscopy is not 
available, can also be used as the only 
bronchoscope for foreign body removal, tumor 
excision/tumor destruction, bronchial 
thermoplasty, bronchoscopic lung volume 
reduction, and balloon dilation. 



















• To calculate a postoperative predictive FEV 1 from PFT is relatively straightforward. 
As discussed elsewhere in this textbook, the lung is made up of lobes that are 
further subdivided into segments. In general, there are 9 to 10 segments in each 
lung, for a total of 19. The clinician needs to determine how many segments will 
be resected (e.g., three from the right upper lobe) and use this as a fraction to 
calculate the predictive postoperative value.

• The following equation is most commonly used to calculate estimated 
postoperative FEV 1 :

• epoFEV1=preFEV1×19-segments to be removed /19
• where epoFEV 1 is estimated postoperative FEV 1 and preFEV 1 is preoperative 

FEV 1 . Segments include right (upper 3; middle 2; lower 5) and left (upper 3; 
lingula 2; lower 4).

• Using this equation, the following example is given. A patient with an FEV 1 of 1.3 
L is planning to undergo a right upper lobectomy. Resection of the right upper lobe 
will result in removal of three segments. Therefore, at the conclusion of the 
resection, the patient will retain 84% of the original lung parenchyma ([19 – 3]/19 
= 84%). Thus, the expected postoperative FEV 1 should be about 1.1 L, and thus 
the patient should be able tolerate the resection.





• GERD, the movement of gastric contents from the stomach into the esophagus, 
usually causes heartburn, chest pain, a sour taste, regurgitation, and often a 
chronic cough. The mechanisms that link cough with reflux remain unclear. An 
esophageal-tracheobronchial cough reflex mechanism triggered by acid is based 
on the observation that cough can be induced by perfusion of the distal esophagus 
with acid solutions and can be suppressed by perfusion of the distal esophagus 
with lidocaine and by inhalation of an anticholinergic agent, ipratropium bromide. 
51  In addition, the majority of cough episodes are temporally related to reflux 
episodes. A heightened cough reflex to capsaicin in GERD patients provides 
evidence for sensitization of this pathway. Not only the acid but the non–acid 
reflux components, such as the liquid, gas, and pepsin, have been proposed as 
stimulating cough.

• Patients with GERD may have laryngopharyngeal reflux with evidence of 
inflammation in the upper airway and, in these patients, cough may result from a 
direct effect of refluxate reaching the cough receptors in the larynx and trachea. In 
symptomatic GERD, increases in tracheal acidity with a fall in pH to less than 4 are 
reported during episodes of reflux. 53  In the presence of reflux and 
microaspiration, laryngeal symptoms may be present, with dysphonia, hoarseness, 
frequent throat clearing, a globus sensation (e.g., a feeling of a lump in the throat), 
and sore throat. Often, posterior vocal cord laryngeal inflammation with edema, 
erythema, contact ulceration, pachydermia (a thickened mucosa), and/or 
granuloma is visible. Ineffective esophageal peristalsis has been reported in 
chronic cough, and this may increase the exposure time of the larynx and pharynx 
to any refluxate.



• Monitoring acid reflux by 24-hour ambulatory pH, together with monitoring non–
acid reflux by intraluminal impedance in the proximal and distal esophagus, with 
analysis of the temporal relationship between the reflux episodes and cough, may 
be useful. A positive association between acid reflux, non–acid reflux, and cough 
sounds on an ambulatory cough counter has been reported, together with a 
heightened cough reflex sensitivity. 54  Other tests include esophageal manometry 
to measure dysmotility, particularly associated with reflux episodes; upper 
gastrointestinal (GI) contrast series; or an upper GI endoscopy.

• Conservative measures, such as weight reduction; a high-protein, low-fat diet; 
elevation of the head of the bed; and avoidance of coffee and smoking, may be 
useful. Reduction of acid production from the stomach can be achieved with either 
H 2 -histamine blockers or proton pump inhibitors but, of interest, these agents 
have not been shown to benefit the chronic cough. 55  It is recommended that 
those with objective evidence of heightened esophageal acid exposure on pH 
monitoring or with complaints of heartburn should benefit from acid-suppressive 
therapy provided for 2 months. There is no good evidence for the use of 
prokinetics, such as domperidone or metoclopramide, which are associated with 
potential side effects. The effectiveness of antireflux surgery, such as laparoscopic 
fundoplication in patients with chronic cough associated with GERD disease whose 
cough has failed to respond to medical therapy, is unclear.





• The term noncardiac chest pain is used to 
describe entities with pain resembling angina. 
There are three main categories of extracardiac 
disease that cause angina-like chest pain, namely 

• (1) musculoskeletal disorders of the chest wall, 
which may account for 10–20% of cases;

• (2) a variety of esophageal disorders, particularly 
gastroesophageal reflux, which may cause 30–
40%; and

• (3) psychological factors, which may explain up to 
50% of the total.









• Chest radiographs have been the cornerstone of surveillance for 
pneumoconiosis in the workplace given wide international 
availability, portability, and low cost. The International Labour Office 
International Classification of Radiographs of Pneumoconioses 2  
provides a widely accepted framework for evaluation of 
posteroanterior chest radiographs taken for medical surveillance of 
occupational lung disease. The system requires users to compare 
the images of the subject with standard calibration radiographs to 
classify the shape, size, and profusion (or abundance) of 
pneumoconiotic opacities. This system improves consistency in the 
reading of pulmonary parenchymal and pleural disease, and places 
an individual case in the context of available epidemiologic 
information.









• The mechanism of paraquat toxicity is attributed to the generation 
of superoxide radicals that may be partly iron dependent. 
Consistent with an oxidant mechanism, supplemental oxygen and 
radiation therapy may worsen the outcome; there are no known 
antidotes for paraquat poisoning, and enhanced elimination such as 
by hemoperfusion has not demonstrated a clear benefit. 22  , 282  
Plasma paraquat levels can be determined and may have a use in 
predicting outcome. 287  Data suggest a possible therapeutic 
benefit from immunosuppression, but this awaits confirmation 
through controlled clinical trials. 23  , 282  Death results from 
multiorgan failure, which usually happens within 1 to 2 weeks but 
may be observed up to 6 weeks after ingestion.









• The subject breathes through a 
shutter/pneumotachygraph. The shutter is 
open during tidal breathing and for 
measurements of airway resistance and closed 
for measurements of thoracic gas volume. 
When the shutter is closed, mouth pressure 
(equal to alveolar pressure at no flow) is 
measured by a pressure transducer ( 1 ). The 
pneumotachygraph measures airflow with 
another transducer ( 2 ), and the flow signal is 
integrated to volume electronically. The 
plethysmograph pressure is measured by a 
third transducer ( 3 ). The signals from the 
three transducers are processed by a 
computer. Excess box pressure caused by 
temperature changes when the subject sits in 
the closed box is vented through a valve.



• In practice, R aw is determined by measuring the slope (β) of a curve of 
plethysmograph pressure ( x -axis) displayed against airflow ( y -axis) on a 
computer monitor during rapid, shallow breathing (panting) through a 
pneumotachygraph within the plethysmograph. Air is exchanged between 
the lungs and the box without communication to the air outside the box. 
Then a shutter is closed across the mouthpiece, and the slope (α) of 
plethysmographic pressure ( x -axis) displayed against Pmouth ( y -axis) is 
measured during panting under static conditions. Because Pmouth equals 
Palv in a static system, the closed shutter step serves two purposes. First, 
it relates changes in plethysmographic pressure to changes in Palv in each 
subject. Palv is thus effectively calculated from plethysmographic pressure 
changes with the shutter open, provided that the ratio of lung to 
plethysmographic gas volume is constant; this is true because Palv for a 
given plethysmographic pressure is the same whether or not flow is 
interrupted. Second, it relates R aw to a particular thoracic gas volume.



• The thoracic gas volume (V, also often referred to as TGV) is 
the compressible gas in the thorax, whether or not it is in 
free communication with airways. In the process of 
determining the V, the airway is occluded, and the subject 
makes small inspiratory and expiratory efforts against the 
occluded airway. The thoracic gas volume usually measured 
is slightly larger than FRC unless the shutter is closed 
precisely after a normal tidal volume is exhaled. Connecting 
the mouthpiece assembly to a valve and spirometer (or 
pneumotachygraph and integrator), or using a pressure-
volume plethysmograph, makes it possible to measure TLC 
and all its subdivisions in conjunction with the 
measurement of thoracic gas volume.























• Arterial blood gas analysis provides limited value for perioperative management, 
even before lung resections. 16  Identification of hypercapnia during preoperative 
evaluation does not substantially alter clinical risk stratification or perioperative 
management in most patients with chronic lung disease. Patients with hypercapnia 
at baseline would rarely escape clinical detection. As in the nonoperative setting, 
obtaining an arterial blood gas to evaluate new or worsened respiratory symptoms 
is reasonable. For patients with suspected or known untreated sleep apnea, serum 
bicarbonate may provide useful risk stratification information. Elevated serum 
bicarbonate in these patients suggests chronic carbon dioxide (CO 2 ) retention 
and the presence of obesity hypoventilation syndrome or overlapping obstructive 
lung disease. The risk of perioperative complications is substantially higher in such 
patients, and the Society of Anesthesia and Sleep Medicine (SASM) recommends 
delaying nonurgent surgery for further evaluation of suspected sleep apnea with 
evidence of hypoxemia or CO 2 retention.



• Before surgery in patients with known OSA, clinicians should obtain their 
previous sleep study reports and document the severity and 
recommended positive airway pressure (PAP) settings. 17  

• Patients using home PAP therapy should be encouraged to maintain 
compliance and instructed to bring their device to the hospital for 
perioperative use. 17  

• For patients without diagnosed sleep apnea who have high STOP-BANG 
scores, SASM does not recommend delaying all surgical procedures for 
further sleep evaluation. 17  

• Clinicians should advise patients and the perioperative team of the 
elevated risks related to potential undiagnosed and untreated sleep apnea 
and only delay surgery for patients with elevated STOP-BANG scores plus 
one of the following: uncontrolled or severe systemic disease (e.g., 
pulmonary hypertension), hypoxemia, or evidence of CO 2 retention 
(elevated arterial blood CO 2 or serum bicarbonate). 17





Cough variant asthma

• Cough associated with asthma should be treated with a 
combination of inhaled corticosteroid therapy and long-
acting β 2 -adrenergic agonists, treatments that should be 
maintained over a prolonged period (3–6 months). In some 
patients with cough-variant asthma, β-adrenergic 
bronchodilators are effective antitussives. 48  Often, a trial 
of oral corticosteroids (e.g., prednisolone 40 mg/day for 2 
weeks) may be recommended, particularly in those 
asthmatic patients who have had a cough despite being on 
adequate inhaled antiasthma medication. 

• Cough-variant asthma may respond to leukotriene receptor 
antagonists. 49  Eosinophilic bronchitis responds well to 
inhaled or oral corticosteroid therapy.



• The best treatment is topical administration of corticosteroid drops 
in the head-down position, often with the concomitant use of 
antihistamines.

• Topical steroids offer a local effect with a minimum of side effects. 
On occasion, severe symptoms may be controlled initially by a short 
course of oral steroids, followed by topical therapy. A topical 
anticholinergic spray to the nose, such as ipratropium bromide, to 
dry excessive nasal secretions may provide additional benefit. A 
combination of topical corticosteroid, antihistamine, and 
anticholinergic treatments has been shown to benefit the chronic 
cough accompanying postnasal drip, along with an improvement in 
nasal discharge and endoscopic appearances. 40  

• Topical decongestant vasoconstrictor sprays may be useful adjunct 
therapy for a few days, but rebound nasal obstruction may develop 
after prolonged use. 

• Antibiotic therapy is necessary in the presence of acute sinusitis 
involving bacterial infection with mucopurulent secretions that have 
persisted for at least 10 days.



















Centrilobular nodules

• predominantly located in the bronchovascular location in 
the center of the secondary lobule. They can be either well-
defined or poorly defined. 

• Well-defined centrilobular nodules can be seen in silicosis 
and coal workers’ pneumoconiosis, 169  asbestosis, 168  
and pulmonary Langerhans cell histiocytosis (PLCH).

• Poorly defined centrilobular nodules often reflect 
bronchiolar or peribronchiolar abnormalities 193  and can 
be seen in silicosis and coal workers’ pneumoconiosis, 169  
endobronchial spread of infection, 195  pulmonary 
hemorrhage ( Fig. 20.22 ), hypersensitivity pneumonitis, 
197  ,  198  and pulmonary edema.
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