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Employment Experience {Continued)

Processin
- Brocessing

The processing room and darkroom technic
Mixing solution
. The developer
Basic constituents
Degree of development
. Activity of the developer sclution
The Fixer
Test for clearing time
Pixer chemicals
Silver recovery and prolongation to hypo bath
X-Ray Generating Apparatus

Transformer
Action of alternating current
Self-rectification
Valve-tube rectification (half & full-wave)
‘ Low-voltage transformer for filament
k__ Tracing the generator circuit

Simplified Mathematics Used in Radiography

Fraction

Equations

Ratio and Proportion
Transformation or change in voltage
Ohm's Law

Pathology and Injury, Body Tissue
Pathology and Injury
The patient problem
. Positicning and measuring
Anatomy
Therapy and protection
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Hypoxia is an often serious condition that
responds most specifially 10 precisely mea-
sured doses of oxygen.

The basic simplicity of this siatement belics
the many difficulties involved in assessing hy-
poxia and in sekecting the best means of ther-
apy. In reality, clinical situations involving
nadequate oxygenation are ofien complex,
requiring treaiment of many pulmonary and
circulatory derangements.

Because of widespread application of new-
er techniques, such as cardiac catheterization
and bicod-gas measurements, there has been
in recent years an exciting growth in basic
knowledge of cardiopulmonary physiology.
Technology has alse spawned new methods
of oxygen therapy such as the Yenturi mask,
positive end expiratory pressure {PEEP), and
long-1erm home therapy from a liquid oxygen
“walker” system However, this proliferation
of new knowledge, technigques, and equip-
ment is often confusing to the clinician not
intimately involved with respiratory care.
This article providcs a basic understanding of
the physiologic causes of hypoxia, and on
page 10 also reviews some of the newer, more
useful technigues for administering oxygen.

- Hypoxia is the inadequale delivery of

oxygen to satisly the metabolic require-
ments of the organs and tissues of the
body.

& Hypoxeriais a reduced level of oxygen

in the blood.

Fall » 1974
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The goal of therapy is to provide enough
oxygen for metabolic function, thereby cor-
recting both hypoxemia and hypoxia.

A comprehensive approach Lo assessing the
severity of hypaoxia, to determining its causes,
and to treating it opumally 18 outiined here in
Tabiel.

Tty T ST ON B EVPOXA

Hypoxm can occur in many clinical set-
tings, in both medical and surgical patients.
Although Lhe mildly hypoxic patient may

Lo TABEL L .

PRINCIPLES OF DIAGNOSIS AND TREATMENT DF_.HYPDIIA
Detect hypoxis early: Symptoms and nw
Disgnose cause(s) '
Assess degree of hypoxia he o4 yv 4
A. Clinical: $ymptoms, examination - ~- '~ -7
B. Measure: Pa0;, PoCO,. pH et T

: Tm!precmmhngh:!orsufrespnrnmhﬂm 2

Select best mode of O therspy J SN |
Konitor carefully and record data on flow sheels ;.
A. Patier Menta! state BP. P~ . . | e
8. Respitation: Rm depth, rimhn Tl !" !
€. Pe0;, PaCO,, pH " ‘
Adjust D, therapy if necesgary 3 e
Goal. Kormal PaQ, = 70 to 100 mm H|, if possibia; .
otherwise, Paly, > S0mm Mg < 100 Mg o
Avoid excess 0,
A. Hypoventilation and hypercapnia . .
8. O, toxicity . B it
- A . YA -
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bave po symploms, the astute clinican can
suspect hypoxis hy eliciting the symproms
and signsshown in Table 2.

Ancrial oxygen tension {P20,) that s
low —below a leve! of 60 10 70 mm Hg—stim-
ulates the chemoreceptors in the carotid and
sortic bodies, which uignal the medullary re-
spiratory eenter 1o increase ventilation.! Vol
ome of compensatory hyperventilation, that
is, the amount of increase in the minute sk
veolar ventlation, varies with the degree of
hypoxemuia. If there is any depression of the
central nervourt system, such as from barbitu-
rate overdosage, ot any limitation of thoracic
motion, Or mechanical impairment of the
ungs, such as with interstitial fibrosis, full
respiratory compensation for hypoxemia will
not take place.

Increased rate and depth of bresthing arc
often experienced by the patient as dyspnea,
the increased subjective awareness of breath-
ing caused by heighiened sensory inflow from
chest wall muscie spindies.?” Hypoxemis can
exist without the patient being dyspneic, since
he may have compensatory hyperventilation
without subjective awareness of it. On the
other hand, dyspnea can be the result of
causes other than hypoxemia, ¢.8., hyper-
capnia, increased work of breathing cauped
by thoracic impairment, or decreased lung
compliance, such &5 in severe atelectasis.

Sympathetic stimulation in response to
acute hypoxemia, mediated by the chemore-
ceptors acting on the vasomolor centers,
causcs an incregsed cardiac output, primarily
by an increased hear rate.'” Selective pe-
ripheral vasoconstriction is also present, with
resultant increased peripheral  resistance.
This, coupled with the augmented cardiac
output, often results in systemic hyperiension
when sympathetic responsiveness is intact.
Thus, tachycardia and mild hypertension are
often carly signs of hypoxia. Severe, chronic
hypoxemia, however, is frequently accompa-
nied by severe metabolic acidosis if cardiac
output falls. This may result in sympathetic
depletion with cardiac faiture, sysiemic hy-
potension, bradycardia, arrhythmias, and fi-
nally cardiac arrest.

Although hypoxia causes vasodilatation of
coronary and cerebral arteries, it also causes

4

o w2
DIAGNOSIS DF NYPOXIA
) Symptoms - - i
., Dppome - = Tnchypom ¢
Rustiessnens .+ Tochyeardla KRS
Impained judgment *  Arthythmias ', -
. Foromality change . Hypertension (bypo-
© Weadatha < T tension ate) 7
" Impaired motor T Gt eymnogs s
i fenction - ¢ bh(nm% 7y
:'orl‘um ooy Moﬁm !u'lm*dla
. Inum i Lyt ; 4
Coms 0T oibio)
e <L e i )

pulmonary aricriolar vasoconstriction and
pulmonary artery hypertension 4

Clinically appreciated cyanosis is a late sign
of hypoxcrnia * Cyanosis is not present unless
more than § gm of reduced hemoglobin/ 100
ml of capillary blood is present. As long as
normal cardiac output is maintained, cyano-
sis is detected only 8t a very low PaOy, near 40
mm Hg In an individual with high cardiac
outpul or ancmia, the PaQ; must be even
lowes for detectable cyanosis to occur.

The human brain, which accounts for
about 20 pereeni of \he total oxygen con-
sumption (although it compnises only about
two percent of body weight), is very sensitive
to hypoxia. The degree of cerebral symptoms
and signs induced by hypoxemia depends on
the extent of compensalory cerebral vasodi-
latation wesulting from loea! tissue hypoxia
(and to any coexistent hypercapnia). It is also
related to faclors which influence cerebral ox-
idative metabolism, on the duration and ex-
tent of hypoxia, and on the eflectiveness of
the cardiovascular compensation to the
hypoxemia.

A small degree of hypoxemia is associated
with restlessness, personality change, and im-
paired judgment. Moderately severe hypox-
emia causes impaired motor function and
confusion. Severe hypoxemia, that is, PaO;
between 20 and 30 mm Hg, ofien causes de-
lLirium and coma.¢
PHYS! -3 JF DXYGFY

TMEUA2TISN AND TeaNEPCR

Under resting basal conditions, the con-
sumption of oxygen in man is constant—110
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macks art 100 restnctive, and they get s suf-
focating feeling.

Open Face Iont )

An open face tent (spuce mask) svoids the
complication of COU,; entrapment and can
provide moderate amounts (30 1o 55 percent)
of weli-hurmdified oxygen. -

Nasosharyngaal Cahefor

A nasopharyngea! catheter i a direct way
to supply & low percentage of oxygen, but the
oxygen it delivered at an unknown concentra-
tion. The catheter is inserte<i through the nose
into the pharynx telow the soft palate. The
procedure is often uncomforiable for the pa-
tien1, and the tube can inedseriently slip into
the esophagus, causing acute gasinic dilation.
vomiting. and aspiration. For these reasons,
this method of oxygen delivery has nol been
$0 populer in recenl yeurs

Veaturi Mask

A recent development with widespread ac-
ceplance is the Yenturi mask (Venti mask),
which uses the Venwuri prinaiple 10 supply
precise concentrations of okygen. A mask can
be selected that will deliver 24, 28, 3%, or 40
pereent oxygen. The Ventun mask is especial-
by useful in patients with chronic obstructive
lung discase, in that it can increase blood ox-
ygen levels, with resultant minimal increases
in CO, tension.??

In patients with chronic obstructive lung
discase, the degree of rise of PaQ: on the Ven-
turi mask s approximatefy proportional to
the starting PaO. befote therapy.? Serious
instances of CO, retention are usually not en-
countered 1n this type of patient if oxygen
concentrations of 4 percent or fesy are used.

Oxygen Tent

The oxygen tent, although comlortable for
the patient, i used koa Irequently now be-
cause of the large amounts of oxygen that are
requifed to keep the uxygen concentration
above 50 pereent In addition, there are diffi-
cultics in preventing feakage of oxygen when
the patient must be lurned or otherwise
treated by nursing personnel.
Interm:ti-at Fosr « 7
(\PPF) Drwices

One hundred percent gxygen can be deliv-

arnd W oints
SO DYy £

Loy shinog

rrmitiant aacitive Aarascnre heeath.
rmitignl posilive presiure areatlh

Fell o 1974

ing (LPPB) devices. Delivery of 2 lower per-
centage of oxygen by this machine's air mix
device i not precise. The air mix device has
deen labeled 40 percent oxygen; however,
concenirations as high as 90 percent are de-
livered (o patiemts with stiff o1 obstructed
lungs Failure to recognize the inaccuracy of
the air mix device has resulied iff pulmonary
oxygen foxicty

Yoot

Should a ventilator be used to treat hypox-
emia? If 1he patient with hypoxemia can be
tieated adequately with oxygen therapy and
other specifit therapies in pider io MmaintEIN
the PaO, at near normal levels, artificial ven-
tilation ts not necessary. However, antificial
ventitation is mandatory if the PaQ, falls be-
fow acceptabic levels despite maximal com-
prehensive treatment, or if the CO; tension
nses 10 unacce plable levels, ar both, indicat-
ing inadequate alveolar ventilatuon.® Artifi-
cial ventifation is also mandatory if the pa-
tient becomes exhausted from his respiratory
efforts,

In & trial of emporary assisted ventilation,
endotracheal intubation is performed, and &
respirasor s employed. Tracheosiomy is per-
formed only if the patiemt requires artificial
ventilation for longer than two 1o five days.

Regulation of the percent and pressures of
delivered air and oxygen depends on the type
of ventilator used. In a pressure-limited ven-
tilator driven by 100 percent oxygen with the
air mix device in operation, the percentage of
inspired oxygen varies inversely wich the flow
rate, and directly with inspiratory pressure ™
Thus, with suffer lungs (less compliant), the
downstream pressure against the inspiratory
fiow rises, the percent of air added 10 the ox-
ygen flow falls (less Vemuri effect), and the
percentage of inspired oxygen riags 1o poten-
tially dangerous levels (above 60 percem).
The percent of oxygen delivered is higher (61
1091 percent) if the main ventilator gas source
8 compressed oxygen. Oxygen delivery is
lower (30 o 55 percent) if compressed air is
used as the main source with 2 flow of oxygen
added 1o the nebulizer line. The inspired gas
mixtlure should always be measured with an
oximeler for BCCUTRCY

With 2 volume-limued wentilator (piston-

11
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