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Table 81.1 | Normal Vital Signs According to Age

BLOOD RESPIRATORY
HEART RATE PRESSURE RATE

AGE (beats/min) (mm Hg) {breaths/min)
Fremature 120-170* 55-75/35-45' 40-70°
0-3 mo 100-150* 65-85/45-55 35-55
3-6 mo 90-120 70-90/50-65 30-45
6-12 mo 80-120 80-100/55-65 25-40
1-3 yr 70-110 90-105/55-70 20-30
3-6yr 65-110 95-110/60-75 20-25
6-12 yr 60-95 100-120/60-75 14-22
124 yr 55-85 110-135/65-85 12-18

*In sleep, infant heart rates may drop significantly lower, but if perfusion is
maintained, no intervention is required.

A blood pressure cuff should cover approximately two thirds of the arm; too
small a cuff yields spuriously high pressure readings, and too large a cuff yields
spuriously low pressure readings. Values are systolic/diastolic.

*Many premature infants require mechanical ventilatory support, making their
spontaneous respiratory rate less relevant.
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Fig. 400.1 A, In extrathoracic airway obstruction, the increased negative pressure during inspiration
is transmitted up to the site of obstruction. This results in collapse of the extrathoracic airway below
the site of obstruction, making the obstruction worse during inspiration. Note that the pressures are
compared with the atmospheric pressure, which is traditionally represented as 0 cm. Terminal airway
pressure is calculated as intrapleural pressure plus lung recoil pressure. Lung recoil pressure is
arbitrarily chosen as 5 cm for the sake of simplicity. B, During expiration, the positive pressure below
the site of obstruction results in distention of extrathoracic airway and amelioration of symptoms.
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Fig. 400.2 A and B, In intrapulmonary airway obstruction, even a wider segment of intrathoracic
airway is subjected to pressure changes compared with those observed in intrathoracic-extrapulmonary
airway obstruction. Such lesions are associated with marked increase in airway obstruction during
expiration.
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Table 400.1 | Respiratory Sounds

BASIC SOUNDS MECHANISMS ORIGIN ACOUSTICS RELEVANCE
Lung Turbulent flow, vortices, Central (expiration), Low pass filtered noise (<100 to >1,000 Hz) Regional ventilation,
other lobar to segmental airway caliber
airways (inspiration)
Tracheal Turbulent flow, flow Pharynx, larynx, Noise with resonances (<100 to >3,000 Hz) Upper airway

impinging on airway walls

ADVENTITIOUS SOUNDS

Wheezes Airway wall flutter, vortex
shedding, other

Rhonchi Rupture of fluid films,
airway wall vibration

Crackles Airway wall stress-relaxation

trachea, large airways

Central and lower
airways
Larger airways

Central and lower
airways

Sinusoidal (<100 to >1,000 Hz, duration
typically >80 msec)

Series of rapidly dampened sinusoids
(typically <300 Hz and duration <100 msec)

Rapidly dampened wave deflections
(duration typically <20 msec)

configuration

Airway obstruction,
flow limitation

Secretions, abnormal
airway collapsibility

Airway closure,
secretions

Madified from Pasterkamp H, Kraman 55, Wodicka GR: Respiratory sounds. Advances beyond the stethoscope, Am J Respir Crit Care Med 156[3]:974-987, 1997.
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Fig. 400.3 A, Normal and clubbed finger viewed in profile. B, The normal finger demonstrates a distal
phalangeal finger depth (DPD)/ interphalangeal finger depth (IPD) ratio <1. The clubbed finger
demonstrates a DPD/IPD ratio >1. C, The normal finger on the left demonstrates a normal profile (abc)
with angle less than 180 degrees. The clubbed finger demonstrates a profile angle >180 degrees. D,
Schamroth sign is demonstrated in the clubbed finger with the loss of diamond shape window in
between finger beds (arrow) that is demonstrated in the normal finger.
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Table 400.2 | Nonpulmonary Diseases Associated With
Clubbing

CARDIAC

Cyanotic congenital heart disease
Bacterial endocarditis

Chronic heart failure

HEMATOLOGIC
Thalassemia
Congenital methemoglobinemia (rare)

GASTROINTESTINAL

Crohn disease

Ulcerative colitis

Celiac disease

Chronic dysentery, sprue

Polyposis coli

Severe gastrointestinal hemorrhage

Small bowel lymphoma

Liver cirrhasis (including o;-antitrypsin deficiency)
Chronic active hepatitis

OTHER

Thyroid deficiency (thyroid acropachy)
Thyrotoxicosis

Chronic pyelonephritis (rare)

Toxic (e.g., arsenic, mercury, beryllium)
Lymphomatoid granulomatosis

Fabry disease

Raynaud disease, scleroderma
Hodgkin disease

Familial

UMNILATERAL CLUBBING

Vascular disorders (e.g., subclavian arterial aneurysm, brachial
arteriovenous fistula)

Subluxation of shoulder

Median nerve injury

Local trauma

From Pasterkamp H: The history and physical examination. In Wilmaott RW, Boat
TF, Bush A, et al, editors: Kendig and Chernick’s disorders of the respiratory
tract in children, ed 8, Philadelphia, 2012, Elsavier.
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Fig. 400.5 Oxygen-hemoglobin dissociation curve. Psof adult blood is around 27 torr. Under basal
conditions, mixed venous blood has Poz of 40 torr and oxygen-hemoglobin saturation of 75%. In arterial
blood, these values are 100 torr and 97.5%, respectively. Note that there is a steep decline in oxygen-
hemoglobin saturation at Pao2 <50 torr, but relatively little increase in saturation is gained at Po2>70 torr.
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Table 400.3 | Interpretation of Arterial Blood Gas Values

LESION

EFFECT

TYPICAL ABG

Central (above the carina) airway obstruction, or
Depressed respiratory center, or
Ineffective neuromuscular function

Intrapulmonary airway obstruction

Alveolar—interstitial pathology

Uniform alveolar
hypoventilation

Venous admixture
mismatch

Diffusion defect R — L
shunt

Early increase in PCO,.
Proportionate decrease in PO; depending on alveolar air equation
Response to supplemental oxygen: Excellent

Mild: 4 Pcos, 1 POs.

Moderate: "normal” Pco,, 14 Po,.
Severe: TT Pco,, 11! Po,.

Response to supplemental oxygen: good

Early decrease in PO, depending on severity
Normal or low Pco,, T Pco, if fatigue develops
Response to supplemental oxygen: fair to poor

ABG, Arterial blood gas.
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Fig. 400.6 Normal appearance of the trachea and lungs on chest radiography. A, On the frontal view,
there is normal shouldering of the subglottic trachea (arrow). The trachea courses inferiorly with a
fairly uniform diameter to the level of the carina apart from a mild, smooth indentation at the level of
the aortic arch (Ao). The lungs are symmetrically inflated, with normal arborization of the vasculature.
The hemidiaphragms are domed, not flattened. The normal heart size is less than 50% the transverse
dimension of the chest. B, On the lateral view, the trachea is of uniform diameter to the level of the
aortic arch, with the exception of a mild, smooth impression from the aortic arch anteriorly (Ao). The
hemidiaphragms are domed. The heart occupies less than 50% of the anteroposterior dimension of the
chest and should not fill the retrosternal clear space (asterisk). The bronchus intermedius (arrow)
courses posterior to the right pulmonary artery (R), and the arch of the left pulmonary artery (L) projects
posterior to the carina.
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Fig. 400.7 A, Diagram depicting the normal anatomy of the upper airway. B, Corresponding lateral radiograph of the neck soft tissues. C,
Sagittal T1-weighted magnetic resonance image. The hyoid bone “points to” the epiglottis on the radiograph (arrow).
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Fig. 400.8 Spirogram showing lung volumes and capacities. Forced expiratory volume 1 (FEV1) is the maximum volume exhaled in
1 sec after maximum inspiration. Restrictive diseases are usually associated with decreased lung volumes and capacities. Intrathoracic

airway obstruction is associated with air trapping and abnormally high functional residual capacity and residual volume. FEV1and vital
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Fig. 400.9 Flow volume loop in a normal person performed after maximal inspiration followed by
forced complete expiration and forced complete inhalation. Maximum forced expiratory flow (FEFmax)
represents maximum flow during expiration. This is attained soon after initiation of the expiration. Fall
in expiratory flow is gradual until it reaches zero after exhalation is complete. FEF2s-7s% represents mean
flow from 25% (FEFz%) to 75% (FEFs%) of exhaled forced expiratory volume (FEV), also termed
forced vital capacity (FVC). FEV:is amount of volume after 1 sec of forced exhalation. Normally

FEV:is around 80% of FVC.
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Fig. 400.10 Flow volume loops in intrapulmonary airway obstruction and restrictive disorders.
Note that in intrapulmonary airway obstruction, there is a decrease in maximum forced expiratory flow
(FEFmax), FEF2s-75%, and forced expiratory volume 1/forced vital capacity (FEV1/FVC%). The middle
part of expiratory loop appears concave. In restrictive disorder, the flow volume loop assumes a more
vertically oblong shape with reduction in FVC but not the FEV1/FVC%. Expiratory and inspiratory

flow rates are relatively unaffected.
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Fig. 400.11 Schematic of interaction between chest wall and lung recoil in infants compared
to adults. The elastic recoil of a relatively more compliant chest wall is balanced by the lung recoil at
a lower volume functional residual capacity (FRC) in infants compared to adults.
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Fig. 400.12 Alveolar Po:rises and Pco:falls during inspiration as fresh atmospheric gas is brought
into the lungs. During expiration, the opposite changes occur as pulmonary capillary blood continues
to remove Oz2and add CO 2 from the alveoli without atmospheric enrichment. Note that during the early
part of inspiration, alveolar Poz continues to fall and Pcoz continues to rise because of inspiration of the
dead space that is occupied by the previously exhaled gas.

ik, oo Jobs 4y 1, PACO; 4 PAO; ol,..25 FRC
g o0 0000 Sl y58 (e y380 5 Jldioiios sl V)T (slas o j0 FRC o als
PAO:, ;o wyuls ials cogo aidly yials FRC el souS g FRC ol a8l oy 5o 14555
b oo ol (SU 3 PO2) Pa0; e 1o 5 ol pol (> o
D o ol po ey il33l g PEEP leolawl L FRC S :ausS
el ylae 13 0150 Casl HD o (ST jloged 4y bogs o aS Fo oLl Jloges ol 1aisS
ol g Dol LHD 1 5ST ol las B¢ 51 2SS Pa02 4o g loges o as Byl o (3
w8l o slasl gob
o Pa0z caél ol 4 o8 po b 0 PA02 jiuli8l ascs o 9 PAO2 o yol3dl o (Y
by ed posl

s LY o0 5l s 4 Op Sat ioliél ay 08 POy yiol58l (Y

(Froo)Y JS8) 0,5 oo )8 il o FRC Lawgs Lo 5 &y, Jlad = g alal,

T,

hY




903 S low 4 (sl SbZ g 9
S o yeeT g o LS a3,

Volume

Distending Pressure

Fig. 400.13 Lung compliance is significantly influenced by the functional residual capacity (FRC).
The same change in pressure is associated with less change in volume when FRC is abnormally
decreased (a) or abnormally increased (c) compared to the normal state (b).
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