o Housestaff Curriculum - Pulmonary Medicine

Pulmonary Assessment/Dzsgnea

Learning Objectives:

1. Understand the key components of the history and physical exam of the patient with
signs or symptoms of pulmonary disease.

2. Understand the mechanisms of dyspnea as they apply to common respiratory disorders
such as COPD, asthma, neuromuscular weakness and pulmonary embolism.

Understand how to differentiate these based on A-a gradient, response to supplemental
oxygen, and pulmonary fiinction testing/lung diffusion.
Required Reading:
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Pulmonary and Critical Care Medicine, 1995, Williams and Wilkins, 81-91.

‘ Manning HL, Schwartstein RM. Pathophysiology of Dyspnea. NEJM-1995;333:1547-
1553.
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1. American Thoracic Society. Dyspnea: Mechanisms, Assessment, and Management: A
Consensus Statement. Am J Resp Crit Care Med 1999;159:321-340.

2. Weisman IM, Zeballos RJ. Clinical Evaluation of Unexplained Dyspnea. Cardiologia
1996;41:621-634.
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OrtaminG A Useru History : Hemoptysis
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SYMPTOMS OF RespiraToRy Diseases Inspection and Palpation
Upper Respiratory-Tract Symptoms Percussion
Chest Pain Auscultation
Breathlessness . Extrapulmonary Signs
Cough BeDsioe AssessMENT o Crmicawyy oy PanEenTs

Sputum Expectoration

the number of possible diagrwsesisgraduallydé- films resulted in referral,
jor complaint and its duration are iden-
diographs, and specialized procedures. This chapter tified, the development of the patient’s symptoms

includes some guidelines for this i t tagk, should be investigated chronologically, beginning at
' tl\eﬁnwﬂmtﬂ\epatimtﬁmtnotedadepamn-efrom
OBTAmMING A Usery History feeling well. 'Ihe.paﬁents.hogld bequwtiongd concern-

interviewer must lead the discussion, avo previous examinations or diagnostic tests For in-
dxgresmms,on&eo&lerhand,ﬂmepaﬁmtmmthave sm,apmmﬂymgahvemwcuhnddnwstmim—
the omtommﬁoniﬁemsﬂmtmaypmveimpob portant if tuberculosis is Elements of the
tant as the history unfolds The patient should not be Ppersonal, ational, and social history should be
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reported. Nonrespiratory symptoms should also be re-
viewed, since they may be related to the respiratory
disease. Patients with carcinoma of the lung may pres-
ent with complaints of headaches or seizures related
to cerebral metastases; ankle swelling or a history of
injurytothelowerextren\itiesisimpomtif&\epa-
tient has a suspected pulmonary embolism. Ascites

and edema of the legs may be secondary to heart fail- -

ure, cor pulmonale, or liver disease, all of which may
cause abnormalities on the chest film, while joint pain
may be caused by hypertrophic pulmonary os-
tecarthropathy. It is important to determine if a pa-
tient's complaints are seasonal, especially in patients
with hay fever, sinusitis, postnasal drip, or asthma.

Previous illnesses and operations should be
recorded, since they may be related to the present ill-
ness. For instance, childhood measles or pertussis may
be the origin of bronchiectasis, and asthma during
childhood that disappeared at puberty may return at
a later age. Patients with reinfection tuberculosis often
relate a history of household contact during their child-
hood years. Previous operations and biopsies may be
the source of pathologic specimens that might be use-
ful for reexamination. If previous chest films are avail-
able,ﬂ\eyslwuldbeobtainedforcompaﬂsmwiﬂ\re-
cent ones.

OccuUrATIONAL AND ExPOSURE HISTORY

Cigarette smoking is the most common preventable
cause of death in the United States today (1). A smok-
ing history is especially important in patients with re-
spiratory complaints. Passive exposure to cigarette
smoke in the home or the workplace is an increasingly.
recognized cause of respiratory symptoms in children
whose parents smoke, and passive smoking has been
shown to increase the incidence of respiratory infec-
tions (2).

The occupational history is especially important in
patients with lung problems, since the lungs are con-
stantly in contact with the environment. The patient
should be encouraged to relate his or her job history
in chronologic order. Occupational exposure may have
occurred many years ago; exposure to asbestos may
result in the development of a pleural mesothelioma
25 years or more after the exposure has ceased. It is
important to ask the patient if he or she was advised
to wear a mask at work or whether his or her fellow
workers did so. The type of mask worn and the air
source should be identified. Construction workers who
are not directly involved in hazardous activities may
work in closed areas containing toxic materials; for in-
stance, carpenters, plumbers, and welders often work

in areas where sandblasting is occurring. While the .

sandblaster may have extensive protection, the work-
ers nearby may be exposed.

Some of toxic reactions are not related to
the lungs. Patients working with galvanized metal
(zinc fumes) may complain of nausea, vomiting, and
other systemic symptoms. Allergic alveolitis due to

ophilic actinomycetes in workers exposed to
mioldy hay (farmer’s lung) or sugar cane residue (bag-
assosis) is associated with fever, malaise, and headache
in addition to nonproductive cough. The patient
should be questioned about particularly irritating
odors or upper respiratory symptoms, since toxic
fumes usually affect the eyes, nose, and throat and this
serves as an‘early sign of chemical exposure. Upper
respiratory symptoms are common in toxic smoke in-
halation. :

Workers may not be aware of to toxic
materials. For instance, office workers have developed
allergic alveolitis from air conditioners and humidifi-
ers that were contaminated withi fungal spores (3).

The family history is often useful. Cystic fibrosis and
the immotile cilia syndromes are inherited, as are the
hem thies and ay-antitrypsin deficiency. Pa-
tients with asthma often have a family history of aller-
gic rhinitis, asthma, or other allergic symptoms. In ad-
dition, family members may have similar exposure.
Tuberculosis is often spread by household contact, and
viral respiratory diseases often affect several family

. members. Families may be exposed to the oxides of

nitrogen (silo filler's disease) or moldy hay while
working together on a farm. .

SYmpPTOMS OF RESPIRATORY DISEASES

Upper RespiRaATORY TRACT SYMPTOMS

L]{h.inorrhea,gamjunct:iv*ii:is, and ing are com-
mon in patients with allergic rhinitis (hay fever), who
may also have asthma; the two syndromes often coin-
cide. Postnasal drip occurs in patients with upper re-
spiratory disease and is manifested during the daytime
by frequent clearing of the throat rather than by actual
coughing. A postnasal drip is often a problem at night,
and eventually may produce a “moming cough” due
to chronic irritation of the upper airways. >

Nosebleeds (epistaxis) may be a gptom of sinus-
itis or may be produced by trauma, Toreign bodies, or
rs of nose and harynx. S j¢ dis-
eases such as hypertension, glycyﬂ\emia, and Bleed-
ing disorders can also lead to bouts of epistaxis. Weg-
ener’s granulomatosis causes necrotizing granulomas
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of the upper Tespiratory tract as well as of the lungs.
Blood from the nose and nasopharynx sometimes accy.-

mulates in the orop
the patient thinks that it is coming from the lungs. A
history of epistaxis and the finding of blood dlots in
ﬂ\enoseornasopharynxareduesﬂzatﬂteexPecm-
rated blood may be coming from upper respiratory
tract. Hoarseness may result from sions of the recur-

rent laryngeal nerve ical frauma, mediastina] tu-
mors, or infections) ms;‘r'o;%w of the larynx (tu-
berculosis, tumors, or allergy). :

Patients who present with anaerobic infections of
the lungs and pleura (lung abaeess,mlpyema) often
have upper respiratory abnormalities leading to aspi-
ration of oral jons. The patient should be
tioned s'ea%:\ﬂt mouth or denta] ggwﬁ:
esthesia, ‘ﬁonofaforeignbody,neumogic
abxwm\aliﬁes%eﬂods of unconsciousness, anﬂ',aei-

Zures.

CHEST Pam

alarmin, g Symptom, since most
peopleareawareofitsassodaﬁmwiﬁtwdhcdisease,
lung tumors, and other serious llfe—ﬁu-eaﬁening dis-
basic types of chest pain: that

fibers-of the vﬁgus visceral pain).
'I‘hesetwotypesofchestpainwﬂlbediscuseedaepa-
rately. R

' Visceralchcstpar‘noccurswi ?neophmofﬂxe
major bronchi or'mediastinum; rmalities of the
heart, aorta, and' pericardium; or

Pain in the s area may,j
the" ,ﬁncarch , ‘Aorta, or
pectoris is usually an effort-induced pain
lieved by rest and vasodilators, It is often referred to
ﬂxeneck,shotdder,oramPeﬁmrdialpainissome-
times relieved by sitting up or leaning forward. Pain
associated with a di ing aortic aneurysm is fre-
quently reported as severe and deep, and may be re-
fernedtotheinterscaptﬂarareaofﬂueback&ophageal
pain may mimic angina pectoris
by sublingual nitroglycerine, which relaxes esophageal
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present with recurrent bouts of acute bronchospasm
and cough, mimicking asthma attacks
Chest wall pain is sharp, often well localized, and is
increased by deep breathing or coughing (pleuritic
Pain or pleurisy). Pleuritic Pain is associated with any
that causes inflammation of the parietal pleura
aﬂ?nfections (pneumonia, empyema, tuberculo-
% (pneumothorax, hemothorax, rib fracture),
or (cancer, , mesothelioma). Older
patients may suffer Wib following minor

maynotbevisibleonﬂteitﬁﬁaldlestﬁlm,butlater
the fracture may make it ap-
tation of the intercostal nerves
(herpeszoswr,spinalnerv disease) may also lead
tolocalizedd:estwallpain. ostochondritis of the sec-
ondtofmu-thcostosmnalarticulaﬁom (Tietze’s syn-
drome)iscommmudmayuﬁnﬁcﬂmpahofmyocar—
dial ischemia or other serious diseases, The pain is
dmﬂylocaﬁqedm&emstaIWﬁhge,aI\dﬂmis
tenderness topressmeandoftenapnlpableenlarge-
ment of the costosternal junction.
'Ihepe:ipheralhmervaﬁonofﬂ\edlaphng‘misfrom
ﬂ\eloca]intercostalmrves,mdh'ﬁtaﬁmofﬂ\epeﬁph-

parent in :

issubjecﬁvemdinmhmsihmﬁons (e-g., during and
foﬂowﬁrgexerdseandathighalﬁtudea)itismrmal.
W}ﬁleexemisenormallyproducsdyspnea,arapidin-
crease in breathlessness or a ecrease in exercise toler-
anoeisanimportantsymptom. Breathlessness may
Oocurinﬁermiﬂmuly,aswithaﬂacksofasﬂimn,orit
may be i aswiﬂmd\ronicobstmcﬁvepulmo-
nary disease (COPD). It may be influenced by position,
as in patients with left heart fail ,» Who complain of
orthopnea (dyspnea when lying flat). Orthopnea may

alsobeseminpaﬁentswmnasﬁtmaorchmicairway
obstruction.
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awareness of normal breathing is usually a result of
anxiety, and in this situation the common complaint is
that the patient cannot take a satisfactorily deep breath.
The breathing pattern is often irregular, with frequent
sighs. Severe psychogenic breathlessness is associated
wiﬁ\rapidbmﬂﬁng,tinglingofﬂ\elmndamdfeet,
circumoral numbness, respiratory alkalosis, and occa-
sionally tetanic seizures. This ' ion syndrome
is diagnosed onlyafherorganiccauses,bo&uespiratory
and nonrespira _ have been excluded and the respi-
ratory mechanics and blood oxygen level have been
determined to be normal.

The second cause of breathlessness is an increase in
the work of breathing. This may be due either to air-

waysobstmction,inwhid\casegreaterpressuresare ‘

:red to move air into and out of the lungs, or re-
stricﬁonofhmgvolumeamdloesofcompﬁame,in
which case greater effort is required to expand the
lungs and chest wall.

mm&dauseofbmaﬂdmismabnmmaﬁty
of the ventilatory appmm’nﬂah\volvesdysﬁn\cﬁm
ofﬁwnerves,&\empirawrymusdes,ort}wﬁ\omdc
cage itself. Neurologic abnormalities mg
brea include“Spinal injury, ing
yasthenia gravi amyotrophic lateral

polyneuritis,

sclerosis,poliomyelitis, and "€Xp to paralytic
agents or ing. Primary di the respira-
tory muscles indudéspo‘ lymyositis muscular dys-
trophy, while 3amp f chest wall ities in-
clude extreme?obesity, hoscoliosis, pleural

effusions, ace-occupying lesions of the thorax.

CouGH

Cough receptors are located in the large bronchi,
trachea, and larynx and respond to respiratory secre-
tions in the large airways. Irritation of the cough recep-
botsmayoocurinﬂ"eabsmofabnormalsecreﬁm
aswi&\inhalaﬁonoftoxicﬁmwsotanﬁldas&\maat-
tack. In such cases the nonproductive cough serves no
useful purpose and may cause mechanical trauma,
leading to more coughing. A nonproductive cough
mayalsobeamanifestatimofmadety.h\smhin-

inmostéasacoughingaidsinairwaydearameand
suppression is not indicated.
Adxmgeinthed\aracterorfrequemyofcough
is 2 common complaint in patients with pulmonary
diseases. Most acute and self-limiting coughs are sec-
ondary to a viral respiratory infection (4), while
chronic and persistent coughs are most often second-
ary to chronic bronchitis or postnasal drip. Patients
who smoke cigarettes have a characteristic “smoker’s

congh,"amanifestationofd\ronicbratd\iﬁmmostno-
ticeableinﬂ\emommgonawnkenh\g.'l'hiscoughmay
be productive of mucoid sputum and is often ignored
by&\edttonicdgamttemoker. :
Coughmaybethesolecomplah\tinpaﬁentswith

brondﬁald\allengesmhasmﬂ\ad\olim (6). Cough
with or without bronchospasm may occur as a side
effectofp-ndrenergicantagorﬁsislaswellasﬁwmgio-
tensin converting enzyme (ACE) inhibiting drugs (7)-

Sputum EXPECTORATION

If the patient has a prod\%ve cough, th?duration
of expectoration, the of the sputum,
or absence of blood should be deter-
mined. Cigarette gmokers with chronic bronchitis have

ing sputum to identify
neuuophﬂsoreosir\ophﬂsas&\ecauseof&\epuru-
Jence, since therapy is with antibiotics in the case of
neutrophils, and with anti-inflammatory agents in the
caseofeosixwphils(9).ltisnotmuallyneoessai'yho
obtahaGramsuinh\camof&rmﬁcbrmmhiﬁswiﬂ\
acuﬁeexmbaﬁm,andd\emullsusuaﬂyindiatea
mixed flora with both Gram-positive and Gram-nega-
tive organisms. Likewise, a sputum culture and sensi-
tivity are rarely indicated; antibiotic therapy is empiric,
based on the usual causes of such exacerbations.
Viral infections of the lower respiratory tract are as-
sodatedatﬁmtwiﬂ\scantmucoidspumm,whichmay
contain a few streaks of blood. Later the sputum may
becomecopiomandpumlmtwiﬂ\orwithoutbadzrial
ion. Patients recovering from influenza
who begin to produce large volumes of purulent spu-
tum associated with a febrile relapse most likely have
a bacterial superinfection. Viral and mycoplasmal
preumonias are associated with relatively scant spu-
tum production initially.
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Patients with acute lower respiratory tract infections
usually produce sputum containing neutrophils. A
Gram stain of grossly purulent sputum may help to

identify a predominant bacterial erganism. In pneumo-

blood (“rusty””); later, sputum may become purulent.
As opposed to the scant mucoid sputum in early lobar
preumonia, the sputum in patients with

monia (frequently a complication of chronic bronchitis)
is usually copious and purulent. The chronic produc-

ieig's ez ol S e e
8 jng is ive o tis, iec-
- tasis, abronchogenic tumor, or the resence of an aspi-

rata foreign body. tive i , includ-

ing i is, “Tung absceesltnmleum
fistula with empyema, are associated with expectora-
tionoflérgevolumesofyelloworgreenthmmme
color is produced by pigments released from degener-
ating neutrophils. Approximately 60% of patients with
, lungabsmsswillhavefmﬂ-mielljngspuhmassod-

usually produce sputum that is thick and tenacious

and contains bronchial mucus plugs. The sputum may
bepumlentbut,whenmmined,hfoundt)mtah
predominantly eosinophils rather than neutrophils. A
simple wet preparation or a Wright stain allows ready
determination of the predominant cell type (9).

Lung tumors and tuberculosis are associated most
often with the chronic production of mucoid sputum
that may be associated with blood ing. Hemop-
tysis is' an important in such patients, and it
is the appearance of bloody sputum that often brings
the patient to the physician.

Sputum Induction

If the patient is unable to produce sputum, inhala-
tion of a nebulized solution of 3 or 4 mi distilled water

orlo%sodhmchloridemultsinﬂ\eh\ducﬁonofan :

adequahespednmforexmﬁnaﬁminover%%of
cases. Any type of nebulizer may be used; however,
ultrasonic nebulizers, which produce a concentrated
nﬁst,ﬂreptefem:d.'l‘hepaﬁmtslﬂuldbephcedha
private room or isolation booth if he or she is

of having a contagious disease. The patient inhales the
nebuﬁzernﬁstdeeplyandisamuragedmcoughﬁ'e-
quently, saving all material produced. Chest percus-
simand/orposmraldrainagegybemed.'l‘heprooe-

" dure is igated when an dequate specimen is
obtained, the ulizer solution is exhausted, or after
a i umoflStoZOminums.'I‘heprooedureismost

often used for patients suspected of having tuberculo-
sisoralm1gmalignancy,andtosearduforPnewrm¢ystis

*fused with hemoptysis

85

carinii infection in patients with the acquired immuno-

deficiency syndrome (AIDS).

Gastric Lavage ‘
Aspirationofstomadmontentsmaybemedtoob-

tain specimens for mycobacteria or fungi, especially in

raﬂlerﬁlmexpecmted.'l‘heprooedureispetfomled
immediatelyupmawakening,beforeﬂ\eswmachhns
emptied_'l‘hematerialmustbepromssedimmediately
toavoiddmh'ucﬁmoftheorguﬁsmsbygastﬁcacidity
andenzymea.’l‘hepresemeofacid—fastbadlliingastric
washhgsisnotdinglmﬁcofmycobacteﬁnldisease,
because saprophytic mycobacteria are often present in
the stomach. Thepmoedurelmsbeenhrge!ymphned
bysputumindncﬁm,smcespumm induction results
in higher yield and less patient discomfort (11).

Hemorrysss

produce bloody sputum that is at least partly frothy,
while hematemesis does not. Hematgmwismureoflm

-produoesdarkredbloodﬂutisusuaﬂyadd,whﬂe :

hemoptysis is alkaline. With hematemesis blood

particles, while this is rare with hemoptysis.
‘I‘hecommoncamesofhemoptysisareslwwnh
Table 5.1. While the majority of episodes in earlier

Tanie 5.1
INODENCE OF Causes of Hemorrysis
Cause Percant of Cases

Bronchogenic carcinoma 13
Chronic bronchitis 53
Bronchiectasis 1
Tuberculosis 3
Other 30

Tatal cases 320

Data compiled from two published series (12, 13),
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years were due to bronchiectasis, tuberculosis, or un-
known causes, in more recent reports (following the

appearance of ticb py), the most com-
mon causes areﬂggddﬁs i

(12,13). One-
third of cases are still due to WN ca Grossly
blqgdy sputum is often in patients wi‘:&!?nno-
sis, gulm infarcti 'on;i k’mﬁnﬂl adenoma; mitral
stenosis, andlung abscess. ptured aortic aneurysm
communicating with a bronchus usually results in ex-
sanguination. Recurrent epi of hemoptysis,
sometimes massive, may occur in“mycetomas that in-
vade air spaces caused by inactive tuberculosis or sar-
coidosis.

Bleedingmayocmwimtumomofﬂ\elarynx,and
in this case hoarseness is frequently present. Problems
inthenasopharynxandoropharynxareusuallyassod-
ated with obvious abnormalities of these areas on
physical examination. Bleeding dyscrasias often cause
hemoptysis,inwhid‘tcaseﬂ\eteisusuallyevida\ce
of hemorrhage elsewhere, for example, in the skin or
gastrointestinal tract.

PHysicat ExAMINATION

As in recording the medical history, it is important
to develop an organized, systematic approach to exam-
ining the patient. Initially, the patient’s general condi-
tion should be observed and his or her body habitus
and state of nutrition noted. The presence of acute dis-
tress, such as pain, dyspnea, or mental confusion,
should be recorded. Evidence of chronic illness, such
" s weight loss or debilitation, should also be noted.
The patient’s psychological attitude, awareness and
appreciation of events, handicaps, and use of pros-
thetic devices should be noted. If the patient is receiv-
ing oxygen the amount and method of administration

should be recorded.

INSPECTION AND PALPATION

During the inspection and palpation of the head,
neck, and chest, it is useful to have the chest radiograph
handy.'l'tﬁsisu'ueduringtheenﬁreexamh\aﬁm\of
the chest because it allows correlation of physical and
radiographic findings. In examining the chest, it is use-
ful to recall the normal location of the five lobes of the
lungs and their areas of contact with the chest wall
(Fig. 5.1). .

The nose, throat, and ears should be examined care-
fully, since lower respiratory diseases are often associ-
ated with upper respiratory tract abnormalities. Rhi-
northea and the presence of pale, edematous nasal
mucosa occur with allergic rhinitis. Nasal polyps occur
with respiratory allergies and may cause epistaxis. The

frontal, ethmoid, and maxillary sinuses are often
tender in the presence of sinusitis, which may produce
postnasal drip or>b i red, edematous throat

xic fume exposure, or

g\a‘y be due to'infection,
ic postnasal drip. Patients with pneumonia often

have inflamed mucous membranes due to associated
viral or bacterial upper respiratory infections. Oropha-
candidiasis (thrush) may be associated with
inhaled steroids or antibiotic therapy and is also com-
mon in imm patients. Tumors, stric-
tures, or inflammation of the oropharynx can cause
upper airway obstruction leading to extreme breath~
lessness, and sleep-related disorders of breathing may
occur in the presence of lesions that obstruct the upper
airway. Patients with lung abscess or empyema fre-
quently have poor dental hygiene and
breath, and may have problems with swallowing.
Sarcoidosis may involve the salivary and lacrimal
glnn_ds,wi&\dryneséofﬂ\eomlmmoaamdcmq\mcﬁ‘
vae; involvement of the parotid gland may be associ-
ated with paralysis of the facial nerve (Bell’s palsy).
Inflammation of the uveal tract in sarcoidosis is de-
hechedbysl.itlampexami:mﬁmDrymgof&\eonlmw
cous membranes may also be associated with anticho-
linergic drug therapy or with rheumatoid disease
(keratoconjunctivitis sicca), which may affect the lungs
also.

The position and mobility of the trachea should be
determined, since shift of the mediastinum is assodi-
ated with shift of the trachea, while fixation of the me-
diastinum by carcinoma ot mediastinal fibrosis is asso-
ciated with decreased tracheal mobility. The position
of the trachea is easily ascertained from the front by
comparingthedistarmefromﬁ\eu'ad\eatoead\davic-
ular head. Nodes and masses in the neck and supracla-
vicular areas are usually best palpated from the rear.

An examination of the neck veins is important in
patimtswi&xlmtgdheasa.lliglﬁlwartfaihremdse-
vere obstructive airway disease are associated with
neck vein distention. With airway obstruction the veins
usually collapse during inspiration unless elevated ve-
nous pressure is also present. With obstruction of the
superior vena cava there is marked distention of neck
veins, sometimes associated with edema of the neck,
eyelids, and hands, and dilation of veins over the ante-
rior chest wall.

The presence of tenderness, discoloration, bruises,
or scars over the chest wall should be noted. If there
is a history of recent trauma and if chest pain is present,
an attempt should be made to palpate the chest wall
for crepitus indicating the presence of a rib fracture
or subcutaneous emph . If scars from previous
surgery are noted, the patient should be questioned
about this. Examination of the spine for kyphoscoliosis
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A Anterior

Fiaume 5.1, A,Nomulrehﬁuuhipofﬂ\ellmgsbﬂ\emw
dmtwﬂ%uppamdﬂ&dwmﬁnuypehba
Themiddlelobelieslmderﬂ\efourﬂllndﬂfthﬁlhnpamh

may reveal the caﬁse in patients with restrictive lung
~ disease. Expansimofﬂlechestwallahowdbeevalu-

findings are similar to those of the underlying COPD
(increased thoracic diameter, hyperresonance, de-
creased breath sounds, decreaged fremitus) (14). The
pneumothorax may not be evident on inspiratory chest
films, because of the pulmonary hyperinflation; an ex-
piratory film is useful in such cases,

i
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opposite side (14).
Percussion over the area of the diaphragm during
maximal inspiration and expiration allows the exam-

ismofﬂmfewobjecﬁvemsumentsfora&essing
diaphragm movement. With emphysema, the dia-
Phragm is low and flat and movement 1s minimal.

Auscuitanion
'I’l\eexammershouldbecomefamﬂia':wi&\thechar—

acter of normal breath sounds. In the average resting
person, inspiration involves approximately one-third
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Tame 5.2

Lunc Souno NOMENCLATURE
Time
Description Term Expanded Waveform
Discontinuous
Fine (high pitch, low amplitude, short duration) Fine crackles —_—p—
Coarse (low pitch, high ampiitude, long duration) Coarse crackles ’—'\/\""""‘
Continuous :
High-pitched Wheezes MMM
Low-pitched Rhonchus /\/\N
of&uerespirawrycydeandexpiraﬁmﬁ\eremaining Tame 5.3
two-thirds. Breath sounds vary according to the site of Cunicar Conomons AND TiMING OF CRACKLES
auscultation. Over the trachea, bronchial breath
sounds are a normal finding. Early Crackles Late Crackles
Transmission of voice-generated sounds to the chest  Chronic bronchitis Dm interstitial fibrosis
wall can be evaluated by either palpation or ausculta- Asthma Alrspace pneumonia .
tion. Again, it is important to compare the two sides Emphysema , Pulmonary congestion and
when listening for the conduction of voice sounds. A CAtelecta Wﬁgﬁ,‘:" Mol
localized increase in the clarity of whispered or spoken Scderoderma
sounds is associated with bronchial breathing and oc- Rheumatoid lung

curs with consolidation around open airways. Several
words have been devised to describe this increased
conduction of sound through fluid; these include bron-
chophony, egophony, and .
Decreasedcondpdioqofwhisperedorspokensmmds
occurs in the presence of obstructed bronchi, pneumo-
thorax, or large collections of fluid or tissue between
the lung and the chest wall.

'Iheterminologyofadvenﬁtioussomldsinthed\est
hasbeenconfusinginthepast,andmeteamsﬁlldiffer-
ences in terminology in different countries. In an at-
tempttourdfythet,etmixmlogyasetiesofsymposia
have been held in several countries. The recommenda-
tions of the International Lung Sounds Association are
those used in this chapter (Table 5.2) (15).

Discontinuous Sounds

The word “rale” was originally devised by Laennec
wsigrdfyavaﬁetyofabnormald\estsmmds. Because
of the confusion associated with this term, Robertson
and Coope introduced the term “crackles” to describe
the series of tiny explosions heard over the chest wall
during inspiration (16). A number of qualifying adjec-
tives have been used, such as crepitant, subcrepitant,
dry, and wet. To avoid confusion only the terms coarse
and fine should be used.

A careful analysis of chest physical findings with

waveform analysis has revealed that the timing of
cmcklesisimportnnt.'l‘l'mthatbeginearlyh\inspim-
tionarelikelytobeas‘sodabdwithairwayobmuctim
(Table 5.3). Early, fine crackles are usually caused by
small airway closure at end-expiration and disappear
after a few deep breaths. Coarse, early inspiratory
cracklesareusnaﬂyamodamdmﬂ\bmhiﬁsorbm
chopneumonia. Fine, superficial crackles that occur
late in inspiration (“Velcro”) are usually associated
with diseases that cause a restrictive ventilatory defect,
such as idiopathic diffuse interstitial fibrosis, asbesto-
sis, and sarcoidosis.

Continuous Sounds

These sounds have a longer duration than crackles,
usually lasting more than 250 msec. They have a mu-
sical quality that crackles do not have. Continuous
breath sounds are either wheezes, which are high-
pitd\edandaﬁseh\smaﬂairways,ord\md\i,which
are low-pitched and occur in large airways (17).
Wheezes occur in the presence of broncho-
spasmandareanimpoﬂnntﬁndinginas&mm.Occa-
sionally, a wheeze may begin with an audible pop as
a small airway opens during inspiration. This crackle,
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followed by a high-pitched wheeze, has been called a
“sibilant crackle” and hag the same significance as a

ing are associated wiﬂ\sputumh\latgerairways.’l‘he
i or rhonchus that does

cklingsmmdmlleda"medias&ml

crund:”maybehearddutissyndlmmwiﬂlsys-

tole.'Ihissmmdmaybeassodatedwiﬂupeﬁcnrdm
rub

- Apletnalﬁicﬁonmbisagraﬁngsowldasqodahed

with breathing. Rapid tape recordings have demon-
i rubs are actually a series of
tinyexploaims,justascracklesare(ln.ﬂeuralﬁicﬁm
rubs

i both
Mspiraﬁonandea@iration,genmnyatﬂwmdofino
spiration and the beginning of expiration. If a patient
hagpleuﬁﬁcchestpaﬁuitisuseﬁdtoaskhintorher
i the pain and to listen over

Pericardial ftictionmbsa:esimilartopleuralrubs
except that they occur with atrial and ventricular sys-
tole and diastole. They are best heard at the left sternal
border at about the third interspace. It is useful to have
the patient stop breathing, at which time the pericar-
dial friction rub should persist. Pericardial and pleural
friction rubs may occur simultaneously.

EXTRAPULMONARY SiGNS

A wide variety of physical findings outside the
thorax may occur in patients with pulm i .
Hypoxemia is associated with Cyanosis if 5 g/dl or

Clubbing of the digits ay or may not be associated

with cyanosis. Itissemmﬂ\nmnydlestdiseases,in—
cluding neoplasms, bronchiectasis, and lung abscess.
Itmaybeim\eﬂhedasafauﬁlialmitormayomwim
diseases of other organs

distal interphalangeal joint
(Fig. 5.2). This ratio is always less than unity unless

mc;rsmayproduoepain,ahvphy,andhasoffm\cﬁ‘on
in the ipsilateral arm.

Bepsioe Assessment of CrmicaLLy It Pamients

The development of the modern intensive care unit
(ICU) has allowed us to monitor the physiologic pro-
cesseseleclImﬁcanyinsevemlyillpaﬁenl:.Toooﬂen,
electronic monitors replace clinical examination. A
numbaoffacborsinterferewi&xﬂuedinicalenmha-
timintheICU,indudingtheoondiﬁmofﬂ\epaﬁent,
the ICU envi t, and the equipment i
the patient (Table 5.4). It is a mistake to rely solely
meommﬁm&omsophisﬁcatedmﬁhorhIgdevica

Systems, including APACHE (18)
and SAPS (19), have been devised to give baseline in-
formaﬁonregardingﬂ\eseveﬁtyofiﬂrm. While there
is some debate their prognostic value, it is
helpful to have some initial scoring system in order to
follow serial changes in the Ppatient’s condition.
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Taste 5.4
PronLemMs ENCOUNTERED N THE PHYSICAL EXAMINATION OF

CrimcaLLy fu. PATIENTS

Environmental interference, such as ambient light and
noise, lack of privacy

Reduced cooperation from the patient resulting from im-
paired consciousness, altered mental state, pain, drug

Difficulties in positioning the patient caused by or-
thopedic traction, abrasion, burns

The presence of therapeutic devices, such as the ventilator,
drains, dressings, plaster casts, peritoneal dialysis ma-
chines, intra-aortic balloon pump, stomas, catheters,
splints

The presence of manitoring devices, induding arterial and
venous lines, pulse oximeters, spectrometers,
pressure cuff, electrocardiographic leads

Time limitations caused by nursing procedures, personal
hygiene regimens (such as bathing and tuming, during
which the physician is unable to observe the patient),
dressing changes, position changes, physiotherapy, elec-
trocardiograms, bedside procedures, surgical evalua-
tion, visits from friends and family

Reproducedwithpem\lsdmfromﬁdot\llw,ﬁmen.lcﬂt
liness 8:929-936, 1993.

Visual assessment of the overall status is important.
Isﬂxepatientawakeorcomatose?lsheorshereceiving
mechanical ventilation? What types of tubes are con-
nected to the patient? Is the patient pallid, cyanotic, or
aundiced? Are there rashes or signs of trauma? Cool,
cyanotic extremities indicate a low cardiac output (20),
but also are found in the presence of peripheral vascu-
lar.disease and in patients receiving vasopressor ther-
apy. Muscle wasting indicates protein-calorie malnu-
trition; purpura and bruising suggest a coagulopathy;
axillary petechiae suggest fat embolism.

A simple assessment of the patient’s level of con-
sciousness, including orientation and response to com-
mands, can yield vital diagnostic and prognostic infor-
mation. The neurologic status may be assessed using
the Glasgow coma scale (Table 55) (21). This scale,
originally proposed for use in victims of head trauma,
is helpful for detecting and quantifying serial changes
in the neurologic status. Coma scale scores range from
3m15pomts;scombelow5&reassodatedwitha
very poor prognosis (21).

The vital signs often change rapidly in ICU patients.
Palpate the peripheral pulse while watching the ECG
monitor to check for a pulse deficit. Check all distal
pulses in cannulated arteries. A weak, thready pulise
indicates a low cardiac stroke volume, as is seen in
cardiogenic or hypovolemic shock. A bounding pulse
is common in sepsis associated with a low vascular

sEigs‘)‘,aasweellam«xini:hom:vnrith

resistance and a high cardiac output. Pulsus alternans
(every other pulse is weak) is associated with severely
depressed left ventricular function. Pulsus paradoxus
(a decline in systolic arterial pressure greater than 10
mm gwith normal inspiration) is present in patients
withigevere airways obstructiop (as in status asthmat-
icardial tamponade. -
igh airway pressures during mechanical ventilation
may produce oxus.
ﬂlemteanddepﬂ\ofrespiraﬁonshmﬂdbemted
in spontaneously breathing patients. Rapid, shallow
breathing is an early and reliable sign of respiratory
muscle fatigue. A respiratory rate above 30 per minute
suggests that mechanical ventilation should be consid-
ered, especially in the presence of abnormal arterial
blood gases (22). Evidence of inspiratory muscle fa-
tigue includes use of accessory respiratory muscles, re-
spiratory alternans, and paradoxical abdominal mo-
tion. Respinﬁoryaltem,ashiﬁbackmdforﬂ‘lfrom
chest wall to abdominal breathing, is likely a method -
ofpa-iodiaﬂyresﬁngcertainmusclegroups (23). Para-
doxical abdominal motion consists of a movement in-
ward rather than outward of the abdomen during in-
spiraﬁmuduetofailureofﬂ\ediaphmgmtocontract.
Pupﬂaslwtﬂdbed\eckedforsize,equaﬁty,mdre—
acﬁmholightl’upilaizemnybeaﬂecbedbydmgs
suchasoplatesﬁmtcamecmstricﬁmorﬁmeﬁm
cause dilatation such as catecholamines. Dilated, unre-
active pupils are a late sign of brain stem herniation.
Theyinayalsooccurafterlocal trauma, use of mydri-

Tante 5.5
Tre GLascow COMA SCALE

Verbal response (choose one)
Oriented
Confused
inappropriate words
incomprehensible
None
Eye opening (choose one)
Spontaneously
To speech
To pain
None
Motor response (choose one)
Obeys commands 6
Localizes pain 5
Withdraws 4
Abnormal flexion 3
2
1
3

- N W bW

-t W e

Abnormal extension
None

Total

Adapted from Teasdale G, Jennett B: Assessment of coma and
impalred consciousness: a practical scale. Lancet 2:81-84, 1974.
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atic agents, third nerve lesions, seizures, or cerebral
hypoxia.

Eye reflexes should be noted serially in comatose
patients. The pupillary light reflex and corneal touch
reflex may be absent initially after a cardiac arrest, but
should return within 1 hour. Absence of these reflexes
6 or more hours after cardiac arrestis a Very poor prog-
nostic indicator for cerebral recovery. Rapidly rotating
the head from side to side stimulates both the vestibu-
lar apparatus and proprioceptors in the neck, resulting
in the oculocephalic or ““doll’s eye” reflex. The pres-
ence of a doll’s eye reflex (movement of the eyes in the
direction opposite that of head rotation) indicates that
brain stem function is intact.

Clinicians should become familiar with the normal
ventilator sounds and should be aware of any alarms,
auditory or visual. Check the mode of ventilation, the
airway pressure, and the exhaled volume indicator.
Several of the current ventilators monitor both peak
and plateau airway pressures and can quantify the pa-
tient’s spontaneous efforts versus ventilator-delivered
breaths. About 40% of functional ventilator prob.

midifiers, disconnections, valve failures, and leaking
tubing. Bubbling or gurgling sounds at the mouth indi-
cate a leaking cuff or migration of the cuff outside the
larynx. Makesureﬁtealarmshavenotbeennmually
deactivated.

Migration of the endotracheal tube into a bronchus
is a common problem in the ICU. Asymmetric chest
expansion and diminished breath sounds over the left
hemithorax are characteristic of right main bronchus
intubation, which is more common than left main
bronchus intubation, due to the architecture of the
bronchial tree. The normal tendency of endotracheal
tubes is to migrdte toward the carina.

When examining the limbs, observe the response to
painfulsﬁmuli,assasmuscletoneandrangeof)'oh\t
movement, and check tendon reflexes. Many patients
are hypotonic due to metabolic or toxic encephalopa-
thy, drug overdose, anesthesia, or the use of sedatives
or neuromuscular blocking drugs. Increased muscle
tone is the classic finding in upper motor neuron le-
sions.

v
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PATIENTS with cardiopulmonary disease often have

Fespiratory distress, which physicians r‘efcr'to as

a greater understanding of those mechan;
to better therapy for this often troubling symptom,
PROBLEMS IN TuE STUDY OF DyspNEA

Dyspoea differs from other sensations in that the
neural pathways,undcrlying it are not well understood.
For example, free nerve end; i
totheocmralncrvoussystcm,butthﬂ'earenospeda!-
ized dyspnea receptors. Similarly, although the audito-
ry, visual, olfacto , and Somatosensory portions of the
cerebral cortex have all been mapped, the region of the
cerebral cortex that processes information related to
dyspnea remaing unj 'ed"!'hcreisnoarcaoftbc
cortex that when stimulated causes dyspnea or any oth-
€F respiratory sensation, nor is there a cortical lesion
that abolishes the sensation of dyspnea or the percep-
tion of other respiratory-related stimuli,

The study of dyspnea is further complicated by diffi-
culty in defining the precise physical stimulus that cags-
es it. When a person inadvertently touches a hot stove,
pain arises from a quantifiahle thermal stimmlus. How.-
ever, when a patient with chronic obstructive pulmonary
disease (COPD) becomnes dyspneic walking up a flight
of stairs, is his or her respiratory discomfort due to the
metabolic work of the task, increased airway resistance,

temperature to explain Trespiratory sensations,

Much of our und ing of the hysiology of
dyspnea is derived from studies of respiratory sensa-
tions induced in young, healthy subjects. The studies

that have been conducted in patients have focused
largely on those MthCOPDandhavemeddum’al
stimuli (hypercapnia or bypoxia), added respiratory
loads, breath holding, or exercise as the stimulus for
dyspnea. The studies have used the techniques of psy-
chophysics® and scales such as the Borg scale (a cate-

may
creased work of breathi experienced
obstructive hmsdmeue’m?gmthemm
tbeairwayinnormalsutjcctsbreathingth:nughan
extcmalmsistancearcquixediﬂ'erem&ommosein
patients with narrowed bronchi or diminished elastic
recoilofd:clnngx.'l‘hus,muﬁonnmstbeexercikd
inelﬂ'apolaﬁngﬁ“omnormalauhjcctsorpatiemxwith
COPD to patients with other disorders associated with
dyspnea.

ious patient groups selected unique ions of
qualifying phrages to characterize thczrbreatlungdm-
comfort (Tahle 1)1

Dyspnea is frequently associated with conditions in
which respiratory drive is increased or the Tespiratory
system is subject to a mechanical load. These condi-
tions are characterized byasensaﬁmofairlnmgeror
increased effort or work of breathing. % Some disor-
ders are associated with the stimulation of irritant re.
ceptors in the lungs; patientswiththcsedisordersmay
describe their discomfort by phrases such as “breath
stops,” “chest tightness,” and “constriction.” In addi-
tion to these qualitative factors, the intensity of dysp-
Dea may be modified by the relative match between
the respiratory motor command or signal originating
inthccentralnervnussyxtemandaﬂ‘ercmfeedback
arising from various receptors in the respiratory sys-
tem. Figure | summarizes the signals tha¢ contribute
to the sensation of dyspnea, which will be discussed
below. :

SomotRolphloryEfbrt
msemed‘mmmareﬂortistbcoomdousawm-
ness of the voluntary activation of skeletal muscles. Al-
though in theorydxeuenseofeﬁ‘ortcouldaﬁseﬁ-omci-
ﬂmrthcccmralmrvoussystemonhcmnsdu,thebulk
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Table 1.Reuphkxy5enaﬁomAmochbdwihVnrianCaﬂM'

Dec. 7, 1995

The sense of respiratory effort in-
creases whenever the central motor

Mo  Lowo 2 Cxmr.Wars ot command to the respiratory muscles

Samatien coPD  Fanves Damars  Asnods Dusass Psconancy  Dumtass mbcmwd_thati,,m
Ragid breathing X x the muscde load is increased, or
Incompleto exhalstion x when the muscles are weakened by
Shaiow breathing X X fatigue, paralysis, or an increase in
Inavaped work o 23 x x x lung volume. There is a striking
overlap between the settings in which

?:‘d 7; ; . the motor command to the respira-
q,::'&,. X torymusclaisinaemdanddme
Heary breathing X in which normal subjects or patients
become breathless. For example, in

“ASapted from Simom ot o' md Bliott et ol "

of evidence suggests that it arises from simultaneous
activation of the sensory cortex at the time the muscles
are signaled to contract.’? We have all experienced the
sense of muscular effort: a very heavy object requires
great effort to move, whereas little effort is expended
to move a light object. However, under some circum-
stances, such as muscle weakness or fatigue, even a
small task may involve substantial effort.

The sense of effort is related to the ratio of the pres-
surcgeneratedbytherespiratorymusclestotbcmax—
imum pressure-generating capacity of the muscles.s

normal subjects breathing at both
normal and increased lung volumes,
effort and breathlessness closely parallel one another
over a range of added loads.*

There are, however, other dinical and experimental
observations that the sense of effort fails to explain. For
agivmlcvelandpathemofvenﬁlation.bothpaﬁems
and normal subjects are more breathless when they are
hypercapnic than when they are cucapnic,’® even though
respiratory effort should not differ between the two
conditions, since respiratory motor output, and pre-
sumably motor command, are similar. If ventilation is
suppressed below the level dictated by chemical drive,

FWGLEWMMMWTMthSmmndM
mmamﬁmmmnwwmm;mmmmwmmmmmm
wnnmmmwwwmmmm.mmmmmmmmmwmmm
mbroumofhebfdnmmmyabowﬁhhbhmaddhtﬂnmd&hmhwbm.hmm

jrritant
before reaching the ssnsory cortex, the dashed lines indicate

.MMWMM.WMM-MWMMWMMMM

project directly 1o the senaory cortex.
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ce of respiratory-muscle activity, hyper paia
appeared not to cause dyspnea.

pulmonary disease become breathless when carbon di-
oxide is added to their inspired gas, it is not clear how

nia relates to dyspnea in patients. Patients with
COPD, neuromuscular disease, and other disorders as-
sociated with chronic hypercapnia and metabolic com-
pensation may have little dyspnea at rest. It seems like-
ly that the effects of carbon dioxide on dyspne
mediated through changes in pH at the level of the cen-
tral chemareceptors, and on that basis one might ex-
pect acute and chronic (compensated) hypercapnia to
differ markedly in the respiratory sensations they elicit,
There are also many clinical settings (e.g., asthma) in
which dyspnea develops under eucapnic or hypocapnic

Hypoxia
Among the lay public and many health care proyid.
ers, there is a widely held belief that breathlegsness
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arises primarily from lack of oxygen. Althoug_h the ben-
eficial effects of oxygen therapy on longevity in patients
with chronic hypoxia due to COPD are well estab-
lished,” few studies have formally examined the effects

percent oxygen, than are when breathing air.
In patients with COPD, the administration of oXygen
improves breathlessness, probably in part beg:zqse of
an axygen-induced decrease in exercise ventilation ®
Howevcx;dlercalsoappcmtobeadireaeﬂ'ect,hﬂe-
pendent of any change in ventilation ** Despu'te'm
obscrvaﬁms,bypoxiamayplayalimitedpanmthc
breathlessness experienced by patients with cardiopul-
monary disease. Some patients with hypoxia do not
have dyspnea; many Patients with dyspnea are not hy-
poxic,andthosewhoareoftenhavemﬂyasﬁghtim-

provement in their symptoms after the xia is cor-
rected.
Mechanoreceptors

Upper-Airvay Receptors

Clinical observations L and
facial receptors modify the sensation of dyspniea, Pa-
tlentxsomeumcsnotioeadcenuemthe of

cal dist .
Breathing with pursed lips, a breathing strategy adopt-
ed spd::nlgmcously by some patients with COPD and
learned by others (e-g., during a pulmonary-rehabilita.
tion program), may derive its effect by altering the
cbangeshltransnmralpressm'e alongdmairway.When
a negative pressure is applied at the mouth in patients
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with severe COPD in such a way that dynamic airway
compression increases, the sensation of breathlessness
increases ! Presumably, receptors sensitive to the de-
formationofthcairwayortodlangtsinnamunnal
pressure across the airway wall transmit the informa-
tion that mediates the sensation of dyspnea.

Afferent information from the lung reaches the cen-
tral nervous system by way of the vagus nerve. Al-
though vagal input alters the pattern of breathing in
humans,** relatively little is known about the contri-
bution of vagal afferents to the sensation of dyspnea.
Anesthesia of the vagus nerve increases breath-holding
time in normal subjects,® and in uncontrolled studies it
decreased breathlessness in some patients with cardio-
pulmonary disease.**

Studies comparing the sensations associated with
bronchoconstriction and those associated with breath-
ing through an external resistance help shed light on
the role of vagal afferents. Induced bronchoconstriction
" causes greater dyspnea than breathing through an ex-
ternal resistance of comparable magnitude; inhaled k-
docaine ameliorates the sensation associated with bron-
choconstriction but has no effect on the discomfort
associated with the external resistive load.®® When qual-
itative aspects of sensation were examined in patients
withasthma,thepadcmsdesaibedamuadonofdmt
tightness or constriction in only 3 percent of the trials
involving an external resistive load, as compared with
92 percent of the trials involving induced broncho-
constriction.® These studies suggest that information
from vagal irritant receptors increases the intensity of
dyspnea and alters its quality as well. In contrast, when
information from pulmonary stretch receptors is re-
duced, dyspnea at a given chemical drive to breathe in-
creases V7

Thus, the effect on dyspnea of vagally transmitted
afferent information from the lungs probably depends
on which receptors are stimulated. Stimulation of va-
gal irritant receptors appears to intensify the sen-
" sation of dyspnea and may impart a sense of chest
tightness or constriction, whereas stimulation of pul-
monary stretch receptors probably decreases the sen-
sation of dyspnea.

Chest-Wal Receplors

The brain receives projections from a variety of re-
ceptors in the joints, tendons, and muscles of the chest
wall that might influence the sensation of dyspnea. In
normal subjects, hypercapnic tolerance increases when
they are allowed to take larger breaths.®**° In normal
subjects in whom dyspnea was induced by a combina-
tion of hypercapnia and inspiratory resistive loading,
application of a physiotherapeutic vibrator over the
parasternal intercostal muscles reduced dyspnea, where-
as vibration over the deltoid muscles had no effect.”
Similar findings have since been reported in patients
with chronic lung discase.*? However, vibration of the
parasternal region during expiration increased dysp-
neat® These studies suggest that afferent information
from the chest wall modifies the intensity of dyspnea
and that the temporal relation of the information to

Dec. 7, 1995

neuromotor output is an important determinant of the
effect on dyspnea.

Afferent Mismatch .
The concept of length—tension inappropriatencss as
the cause of dyspnea was proposed in 1963.4* According
tothistheory.dyspneaarises&omadisnubanceintbe
relation between the force or tension generated by the
respiratorymnsclaandthereuﬂtingchangcinnwsdc
lengt.handlxmgvolume.'[’histhcotyhauinoebeenre-
ﬁnedtoincorpomdrganralwnocptofamismatda
between outgoing motor signals to the respiratory mus-
cles and incoming afferent information.”4> Although
duhypotbeuisbasnotbeentcstcddhecdy,anmnber
of clinical observations are consistent with this theory.
In both patients and normal subjects, tempaotary sup-
prcssiond'valﬁlaﬁondurmgspenkingoreaﬁngcames
a mismatch between the respiratory motor
and afferent feedback from receptors in the hngs, air-
ways,andchntwaﬂmdmaycauscdyspnea.z\nanal—
ogous phenomenon may occur in patients recciving
mechanical ventilation in whom the ventilator settings
(e.g.,impimoryﬂowtaﬂeandtidalvolume) selected by
thephyxidanwmpiratorythempistmaynotmatdl
thoscdeciredbyapaﬁcmwithheighmmdrespiratory
drive; under those conditions, the patient may experi-

ence dyspnea.

of afferent mismatch. When normal subjects breathe car-
bondioxidc,thcirvem:ilationincteasuandmostexpe-
riawedyspnea.l-lawever,ifminmevenﬁlaﬁonizre-
duced but end-tidal carbon dioxide is maintained at a
constantlcvel,thesubjcctsreportamarkedincreaseh
the intensity of breathlessness, even though the chemi-
cal drive to breathe has not changed.” Other aspects
of afferent information more subtle than the global lev-
elofvenﬁ]ationmayalsomodifydyspnea.f"orexample,
when normal subjects are forced to breathe at an inspir-
atoryﬂowratclowerthanthatwhichdwyhavedmscn
as most comfortable, they experience a sense of air
hmga‘.“ﬂwsesmdiaanddmaforenrmtimcddiniml
observations suggest that under a given set of condi-
tions, the brain “expects” a certain pattern of ventila-
tion and associated afferent feedback and that devia-
tions from this pattern cause or intensify the sensation
of dyspnea.

DYSPNEA IN SOME GOMMON DISORDERS

Although none of the factors outlined above appear
toexplaindxepathogenesisofdyspneainaﬂpaﬁems.
ecach may contribute to the sensation under some cir-
cumstances. Unfortunately, our understanding of dysp-
nea has not reached the point where we can conclusive-
ly link a specific disease with a specific mechanism of
dyspnea, Furthermore, in most discases associated with
dyspnea the discomfort is probably caused by more
than one of these mechanisms. Nonetheless, knowledge
of the pathophysiology of a disorder sometimes allows
us to formulate rational hypotheses about the underly-
ing mechanisms of dyspnea (Table 2).

In asthma, a number of factors increase the burden
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Table 2. Possible Mechanisms of Dyspnea in Selected
Conditions.

Comperon Mscuaren
Asthma Incroased senise of effort
Stimlation of fritant op in airways
N o Inw d senso of effort
CoPD Increased serse of effort
Hypoxia
Dymnicmm
Mechmical ventilation Affersnt misrmatch
Mwmmwm
Pul bok Stixml of p eplars in pulmonery
7 nnxhﬁrecrﬂmninnm

on the inspiratory muscles, which must generate great-
er tension to overcome the increase in airflow re-
sistance that accompanies bronchoconstriction. When

tion occurs, the inspiratory muscles ’become .

shorter and therefore less effective in generating ten-
sion. Hyperinflation may change the radius of cyr-
vature of the diaphragm, thereby placing it at a me-
chanical disadvantage, and it represents an additional
threshold load for the inspiratory muscles to overcome,
As a result, respiratory motor output increases, and the
accompanying increased sense of respiratory-muscle ef-
fort probahly contributes to dyspnea. However, the
sense of effort cannot explain the chest tightness expe-
rienced bymanypaticm;withasthma;rathcn the sen-
sation of chest tightness or constriction probably arises
from the stimulation of irritant (vagal) receptors in the
airways, %

In patients with neuromuscular disorders, such as
amyotrophic lateral sclerosis or myasthenia gravis, the

romotor output is sensed as increased respiratory-mus-
cle effort and is probably the principal mechanism of
breathlessness in patients with uncomplicated neuro-
muscular discase.

In patients with COPD, the senge of effort as well as
airway-receptor and chemoreceptor stimulation may all
contribute to dyspnea. The respiratory muscles have
many of the same loads already mentioned in the dis-

nia may develop in some patients and may also contrib-
ute to their breathlessness. Finally, in patients with
dynamic airway compression, the mechanical compres-
sion of the airways may be sensed through vagal affer-
ents as yet another stimulus for dyspnea.

Patients receiving mechanical ventilation are often
breathless, despite a reduction in the work performed

the respiratory muscles. The pracess that necessitat-
ed mechanical ventilation in the first place is often re-
sponsible for the symptoms, but additional factors may
play a part. For example, unless the output of the ven-
tilator is matched to the patient’s requirements for flow
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and tidal volume, afferent mismatch may intensify the
sensation of dyspnea,

Finally, p embolism is an example of a dis-
order in which none of the mechanisms of dyspnea dis-
cussed thus far clearly apply. Although the dyspnea as-
sociated with pulmonary embolism has not been studied
Systematically, it often appears out of propartion to any
d:rangcmantinrespimorynndmnimorgase .
Anecdotal reports of patients undergoing thrombolysis

APPROACH TO PATIENTS WITH DYSPNEA

A detailed discussion of the evaluation and treatment
of dyspnea is beyond the scope of this article; interested
readers are referred to any of several textbooks.#4* In-
stcad.wefoaubﬁcﬂyonafewselectedaspeasofm-
mcmthatarcuwmdosclylmkedtoanmdcmmding
ofthepathophyaiologyofdysmea.

'Ihcinitia!goaloftbcmatnnmofdyspmaistocor-
rect the underlying disorder causing the symptoms.
Unfm'nnmdy,inautoomanypa&m.maummof
the underlying disorder is ineﬂ‘ectiveorwlypardy ef-

fective, and dyspnea persists. For example, in many pa-

tients with COPD, therapy with bronchodilators and
cgrticosteroids rg:sults in only minor iqxprovement, and

quimdifthemusdeiswcakﬂxanifitismong,om
potmdalapproad:istostrengdnntheMpimorym-
cles.hsmmstudia,inspimtory-mmdeuahingm-
duced dysnmh;pa&mmwiﬂ:COPD.""“Althoughom
might predict a beneficial effect of respiratory-muscle
rcstonthesenscofdronanddysppca,amzdonﬁzed,

improves
as a bronchodilator,*? possibly
drive and the sense of effort through its effects on res-
piratory-muscle performance.

One can also ateempt to alleviate dyspnea by mini-
mizing the role of chemoreceptor stimulation. The ad-
ministration of oxygen reduces dyspnea in patients
with ’!;ypoxia who have COPD or interstitial lung dis-
case.® § i

discomfort arising from nd air-
way collapse by learning the technique of pursed-lips

’breathirg. Finally, the ability of many drugs, including

benzodiazepines,® and phenothiazines, ¥’ to
relieve dyspnea has been studied, but only opioids
were effective in controlled studies.*

CONCLUSIONS

Dyspnea has been described as a “synthetic sensa-
tion,likcthirstorhmgar”"dmisthcrwultofacom-
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plex interaction of signals arising from within the cen-
tral nervous system, both from the automatic centers in
the brain stem and from the motor cortex, and from a
variety of receptors in the upper airway, lungs, and
chest wall (Fig. 1). Most conditions that cause breath-
lessness probably do so by more than one mechanism,
and different conditions share common mechanisms.
However, each condition probably has a unique combi-
nation of physiologic factars that determines the quality
andim:nsixyofdyspncainaparticmarpaﬁm at a giv-
en time. Our capacity to alleviate the symptom of dysp-
neadcpendsinlargtpmonomahilitytodcﬁne these
mechanisms in our patients.

We are indebted to Dr. James Leiter and Dr. Steven Weinberger for
their careful review of the mamuscript.
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