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OXYGEN THERAPY : STATE OF ART
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Abstract: Theprimary goal of oxygen therapy isto correct alveolar and or tissue hypoxia. Oxygenisadrug. Unlike most pharmaceutical
agents, oxygen either has been taken for granted or ignored as a therapeutic drug. It should be prescribed in a dose and therapy hasto
be continuously monitored and dose adjusted to ensure adequate oxygenation and to save precious oxygen from wastage. The oxygen
therapy should be evaluated clinically and by the help of pulse oximeter. At the same time, oxygen toxicity, although, uncommon

occurring in many forms, must be kept in mind.

INTRODUCTION

Oxygen (O,) thergpy has played avitd rolein hedth caresincethe early
nineteenth century. After the introduction of oxygen as the therapeutic
agent by Alvin Barach?, it hasheen widely availableand frequently used.
The delivery of O, to the tissues depends upon adequate function of
cardiovascular (cardiac output and flow), hematological (Hbanditsaffinity
for O,) and the respiratory (arterid O, pressure) systems. Thus tissue
hypoxiaisnot only relieved by O, thergpy but it needsfunctioning of dll
three oxygen systems?. Though the advancesin respiratory thergpy have
meade it possible to administer O, properly and assess its effectiveness
throughinvasveand non-invasivemeans, yet very few physicians, nurses
and allied hedlth professionals understand O, therapy®. Very few
prescriptionsinhospita practicespecify thecorrect dosagesand methods
of administration of oxygen. Many workers*>$7 have reviewed the role
of oxygenthergpy anditstoxicity invariousclinica situationsinthepast.
Through thisarticle, an attempt has been madeto further review in great
details the physiology of tissue oxygenation, current indications and
guidelines of O, therapy, role of short term/long term O, therapy,
administration devices and pathophysiological basis of O, toxicity with
itsoveruse.

PHYSIOLOGY OF O, DELIVERY AND
UPTAKE

Oxygenisthe second most common gasforming thenorma externd air
(20.93%), proceeded only by nitrogen (78.10%). O, is vita to sustain
life. The partial pressure of O, in inspired ar a sealevel is about 160
mmHg. Total body O, uptake (VO,) isthe difference between total O,
ddivery and the amount of oxygen that returns in the mixed venous
bloodandisgivenby VO,=QX (Ca0,—-CVO,), whereQ isthecardiac
output and Ca0, and CVO, are O, contents of arterial and venousblood
respectively. The O, uptekeis determined by cellular O, demand. When
total O, delivery fallstoacertanlevel, which differsfrom organto organ,
it resultsin decreased O, uptake (VO,) and tissue hypoxia The cdllular
O, tendon a which tissue hypoxiabeginsto developisknown ascritical
O, tenson and is usualy lessthan 5 mmHg?. The main consequence of
hypoxaemia is tissue hypoxia, which usualy manifests as organ
dysfunction and/or metabolic acidosis. Acute hypoxaemialeadsto series
of physiological responseswhichincreasethe O, delivery totissues’. The
dissociation and the binding of oxygen by haemoglobin are not directly
proportiondl to the pO, of its environment but instead exhibit asigmoid-
curve relaionship, i.e. the haemoglobin-oxygen dissociation curve.

The shape of thiscurveisvery important physiologicaly, asit permitsa
congderableamount of oxygento beddivered tothetissueswithasmdl
dropinoxygentension. For example, intheenvironment of lungs, where
thepartia pressure of oxygen (oxygentension), measured in millimeters
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of mercury (Hg), is nearly 100 mmHg, the haemoglobin molecule is
amost 100% saturated with oxygen (point A, asshown in Figurel). As
the RBC travelsto tissueswhere the partid pressure of oxygen dropsto
an average 40 mmHg (mean venous oxygen tenson), the haemoglobin
saturation dropsto about 75% saturation, rel eesing about 25% of oxygen
to tissues (point B). In situations such as hypoxia, acompensatory “ shift
totheright” of haemoglobin-oxygen dissociaion curveoccurstodleviate
atissue oxygen deficit (Figure 2).
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This rightward shift of the curve, mediated by increased levels of 2,3-
DPG resaults in a decrease in haemoglobin’s affinity for the oxygen
molecule and an increase in oxygen delivery to tissues. Note that the
oxygen saturation of haemoglobin in the environment of thetissues [40
mmHg pO, (seepoaintinthe Figurell)] isnow only 50%; the other 50%
of theoxygenisbeing rel easad to thetissues. The RBCsthushavebecome
moreefficient intermsof oxygen ddivery. Thus, apatient whoissuffering
fromanaemiaduetolossof RBCsmay beableto compensateby shifting
the oxygen dissociation curve to the right, making the RBCs, whilefew
innumber, moreefficient. Somepatientsmay beabletotolerateanaemia
better than othersbecause of the compensatory mechanism. A shifttothe
right may aso occur inreponseto acidosisor arisein body temperature.
This shift to the right of the haemoglobin-oxygen dissociation curveis
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only one way in which patients may compensate for various types of
hypoxia Other waysindudeanincreaseintota cardiac output andincresse
inerythropoiess.

A “shifttotheleft” of the haemoglobin-oxygen dissociation curveleads
to an increase in haemoglobin-oxygen affinity and decrease in oxygen
delivery totissues (Figure 3).
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With such adissociation curve RBCs are much less efficient since only
12% of oxygen can berel eased to thetissues(point B). Variousconditions
associated with this left shift include alkaosis, increased quantities of
abnormal haemoglobins; such as methaemoglobin and carboxy
haemoglobin; increased quantities of HbF; or multiple transfusions of
2,3-DPG-depleted stored blood.

TYPESOF HYPOXIA

Clinicdly hypoxiaisof 4 types-
A)HYPOXAEMICHYPOXIA: Hypoxiaislack of O, at thetissuelevel
whilehypoxeemiameansalow arteriad O, tensionbelow normal expected
vaue (85-100 mmHg). A precise PaO, which will result in hypoxiacan
not beidentified becausevariousother %aaors(l ikeHb, oxyhaemoglobin
affinity, cardiac output) interact in acomplex manner to ddiver O, tothe
tissues. Inmost of theclinica situations, thedirect determination of PaO
andarterid O, saturationaretheonly parametersavalabletothedini dan®
Hypoxaemia may be mild, moderate or severe. Mild hypoxagmiai.e.
PaO, = 60-79 mmHg is generally not associated with hypoxia but O,
therapy may be useful in reducing the strain on cardiopulmonary system.
Moderate hypoxaemia (i.e. PaO, = 45-59 mmHg) may be associated
withtissuehypoxiaif cardi ovasoufar sysemisunableto provideincreased
cardiac output to meet the tissue O, demands. Thus the presence of
hypoxaemia does not necessarily indicate the presence of hypoxia In
other dtuations, hypoxiamay be present in the absence of hypoxaemia
such asin severeanaemia Severe hypoxaemia(i.e. PaO, =45 mmHg) is
aways associated with hypoxiaand needs correction without delay.

Various causes of hypoxaemia:

1. Relative shunting: In this the amount of O, available in aveolar
capillary unitsisinsufficient (i.e. low Paoz) to oxygenatethenormal
volumeaf blood perfusingavedli resultinginlow ventilationperfusion
ratio. Hypoxaemia due to relaive shunting in obstructive airway
diseasesis usualy corrected by O, therapy, increased O, supply and
partid pressurein unitswith relative shunting.

2. Defectiveventilation (hypoventilation): Variouscausesare:-

a Respiraory centre depresson eg. (i) drugs such as narcotics,
anaesthetics and sedatives (i) cerebrd infarction (iii) cerebra
trauma

b) Neuromuscular disordersi.e. (i) myastheniagravis (i) Guillain-
Baresyndrome(iii) brainor spind injuries; (iv) polio, porphyria,
botulism etc.

¢) Airwaysobstruction: (8) COPD (b) acute severe asthma
Redtrictivedefects; (i) interdtitial lung disease; (i) kyphoscolios's,
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ankylosing spondylitis (iii) severe obesity; (iv) bilatera
digphragmatic pasy.

O, thergpy correctshypoxaemiaassociated with hypoventilation
but does not correct hypercarbia and acidosis associated with
hypoventilation.

3. Diffuson defects(impaired diffuson and gasexchange):
Various causes are: (a) pulmonary oedema (b) acute respiratory
distresssyndrome (ARDS) (c) pulmonary thromboembolism (PTE)
(d) pulmonary fibross
O, therapy in such condittionsincreases PeO, thereby increasing the
driving pressure of O, acrossthe aveolar capillary membrane.

4. Ventilation perfuson abnormalities: Variouscausesare(i) COPD
(i) pulmonary fibrosis (i) ARDS (iv) PTE.

5. Absolute shunting: O, therapy is usualy ineffective to correct
hypoxaemiadueto absol ute shunting because O, never reachesblood
which is perfusing collapsed or consolidated alveoli as seen in
pulmonary edema However O, therapy isgivenin casesof absolute
shunting because probably there is some relaive shunt component
indl hypoxaemia®.

B) ANAEMICHYPOXIA: Itisdueto decreased O, carrying capacity
of blood duetolow Hb or decreased ability of Hbto carry O, incondiitions
like carbon monoxide poisoning and methemoglobinemia O, thergpy in
anemic hypoxia produceslittle benefit by increasing O, content through
small increasein dissolved O, at higher PaO,™.
C) CIRCULATORY HYPOXIA: Itisdueto arterid —venous shunting
asin sepsis or capillary stagnation of blood on account of low cardiac
output. Itisrarely associated with hypoxaemia O, thergpy producesonly
margina benefit.
D) HISTOTOXIC HYPOXIA: It is due to ingbility of the tissues to
utilize available O, as seen in cyanide poisoning.
EFFECTSOF HYPOXIA
The generd festures attributable to mild to moderate hypoxaemia are
restlessness palpitation, sweating, atered consciousness, headache,
confusion, tachypnoea and tachycardia, occurring as a result of
vasocondtriction of vascular bedssupplying skin, musclesand abdomina
visceraas well as vasocongtriction of pulmonary vascular beds. Severe
hypoxia may result in cyanosis, bradycardia, hypertension and or
hypotension, somnolence and confusion. Hypercapnia accompanies
hypoxaemia in conditions responsible for defective ventilation or
hypoventilation aslisted above.

INDICATIONSFOR OXYGEN THERAPY

Oxygen can beadministered either ashigh or low concentrationinall the

conditionsassod ated with hypoxaemia. In conditionslike COPD inwhich

thereisarisk for hypercarbia, low concentration should beused. In acute
lung conditions (without underlying chroniclung diseese) like pulmonary
embolism, pneumonia, tenson pneumothorax, acute severe asthma,

pulmonary edemaor myocardia infarction, ahigher concentration of O,

can be given. Smilarly in fibrosng dvedlitis, there is no retention of

CO,, 50 high concentration can begiven asin such conditions, thereisno

risk of induction of hypoventilation. Maintaining PaO, above 60 mmHg

gives O, saturation of 90%. During acute exaberation of COPD,
chemoreceptor drivefor ventilationiseiminated which leadsto reduced
aveolar ventilation. Hypoxaemiashould bereducedimmediately by giving

O, generally in aconcentration of 24% to improve oxygenation without

losing the respiretory stimulant effect. O, can be given as short term or

long term therapy.

INDICATIONSOF SHORT TERM OXYGEN THERAPY

a) Hypoxia: Asexplained earlier, hypoxemiaisthe major indication for
O, therapy. Severe hypoxaemia (PaO, 45 mmHg) isamost dways
associated with tissue hypoxia and needs correction without delay.
Inmild and moderate hypoxaemia, tissue hypoxiamay be prevented
by appropriate response of cardiopulmonary system. O, therapy in
such casesdecreasesthe* excessivework of bresthing and excessive
myocardia work”. Hypoxaemia due to relative shunting responds
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best to O, thergpy followed by hypoxemiaduetoimpaired diffusion
asexplained ealier.

b) Acute myocardial infarction: Thergpeutic or prophylactic use of
low flow oxygen 2lits'min should be used routinely. However there
islack of datato sugget that acute O, thergpy dtersthemortality in
acute uncomplicated M.

¢) Co-poisoning and carboxyhemoglobinaemia: In Co-poisoning,
the O, trangportationisreduced by formation of carboxyhemoglobin

and dso release of O, to the tissues is reduced by shifting of O,
d|$oc|at| oncurvetothéleft. Theadminisrationof hi gh conoentration
(100%) O, decressesthe hdlf life of carboxyhemoglobin from 320
minutesto 60 minutes and increasesthe totdl arteria O, content by
increasing the dissolved O, and also increased P, h helps in
dissociation of Hb Co. By usmg hyperbaric oxygen, the resuits
achieved arefaster.

d) Methemoglobinaemia: 100% oxygen is the treatment of choice
while reversing the cause of methemoglobinaemia

€ Scklecdl crisis Althoughthedinical responseto supplemental O,
isvariable, initia therapy with 100% O, is advisable.

f) Spontaneous pneumothorax and pnwmomedlastlnum In
pneumothorax less than 15% of hemithorax, the rate of pleura air
absorption can beincreased using 100% of oxygen. It increasesten
times the gradient for movement of gas from capillariesin parietd
andviscerd pleuratoair inpleurd cavity by replacing nitrogenwith
oxygenin capillaries. Such amodality should not be used beyond
12-16 hoursto avoid oxygen toxicity.

g) Gasgangrene: If avalable hyperbaric O, is life saving in treating
patientsserioudy infected with dlostridium perfringes. Increased O,
tengion in tissues can inhibit the growth of organisms and toxin
production.

h) Severepneumonia: In severe acute bacterid or vird pneumonias,
there may be hypoxaemia and respiratory failure. O, isgiven a a
flow rate of 4-6 L/minto achieve PaO, above 60 mmHg Bronchid
hygiene and treatment with antibiotics and other drugs is further
continued.

i) Interditial lungdisease: Petientsmay haverepiratory failuredue
to fulminant onset or because of intercurrentinfection. Thelungsare
iff and have low compliance. As these patients need oxygen for
prolonged periods, one should wean oxygen to FO, of about 40%
as ealy as possble. Some patients may become dyspnoeic even
after mild exertion and such cases benefit from O, adminigtration
before and after physicd activity.

j) Acuteseverebronchial ashma(gtatusashmaticus): Thesepatients
havesevereairwaysobstruction andinflammeation. They areusudly
having hypoxaemiawhichiscorrected by giving O, a aflow rate of
4-6 L/minto achieve HO, of 35-40%. Flow ratemay beadjusted to
maintain PaO, of about 80 mmHg or more. Therisk of hypercarbia
and Co, narcosisis morein COPD rather than acute severe athma
and such casesneed assited ventilation. Sedetivesandtransauilizers
should never be given since they may precipitate Co, retention in
patients of COPD and bronchid asthma.

k) ARDS: In such casesto correct hypoxaemia, ventilator controlled
adminigtration of O, often with PEEP (positive end expiratory
pressure) is required. “The desirable Pa0, of about 60 mmHg with
lowest possibleF O, isachievedwith PEEPOf about 10-150cmH ,0.
Aftertheinitid 24 hours FO, should not exceed 60% (to reducethe
risk of O, toxicity).

1) Pulmonary thromboembolism: Hypoxaemia in the presence of
pulmonary thromboembolism is common but not essential. O, is
reguired whenthereisbreethlessnessand hypoxaemiawhich depends
upon the amount of pulmonary circulation occluded. Pulmonary
infarction is prevented by aveolar oxygen and systemic bronchid
vascular anastomosis which can be enriched with O, therapy.

Goalsof Oxygentherapy: Thegod |store||evehypoxaan|aby|ncrezsng
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aveolar tenson, to reduce the work of breathing and to decrease the
work of myocardium. Oxygen should be used like a drug and its dose
should be individudized. Arteria blood gases should be measured
repeatedly in patients with acute respiratory failure on O, therapy. The
godl is to maintain PaO, above 60 mmHg. O, should beglven in low
doseoontlnuouslysncesmdl increasein HO, cwsesmcreasemPaO ES
mogt patientsof COPD Ileonthestmppatofhae”noglobmdlssoaalon
curve®,

INDICATIONSOFLONG TERM OXYGEN THERAPY (LTOT)
This should only be prescribed for patients who have been on maximal
medica thergpy for atleast 30 daysprior to ordering oxygen's. LTOT may
be continuous, nocturnal or exercise. | ndicationsfor continuousLTOT
7. (i) PaO, <55 mmHg measured at rest during non-recumbent position.
(||) PaO, 56-59 mmHg with evidence of organ dysfunction (secondary
pul monay hypertension, corpulmonae, secondary erythrocytosis, CNS
dysfunction) dtributable to hypoxia

Indications for nocturnal LTOT®: PaO, <55 mmHg (or Sa0, <88%)
during deep associated with organ dys‘uncn on atributable to hypOX|a
Indications for exercise LTOT*: PaO, <55 mmHg (or Sa0, < 88%)
during exercise. Thusthe indi cations of LTOT are broadly surmerized
as:-1)  Common pulmonary conditions which require LTOT: (8)
COPD (b) Diffuse interstitial lung disease (c) Cystic fibrosis (d)
Bronchiectass. 2)  Non-pulmonary conditions which may require
LTOT includes: (8) Pulmonary hypertenson (b) Recurrent CHF due to
cor-pulmonde (C) Erythrocytosis.

O, dosagein LTOT: COPD pdtientsare given O, & therate of 1-2 L/
min. Some of the patientswith chronic respiratory Giseeses may require
high flow rates. PaO, should be maintained a 60 mmHg or so. During
deepor exerciseor other activities, flow ratemay beincreesed by 1-2 L/
min.

Benefitsof LTOT: Its benfits are documented in patients with COPD
and other chronic pulmonary disease with hypoxaemia as it increases
their survival and qudlity of life. Patientsof interdtitial lung dissasebecome
comfortable and there occurs improvement in pulmonary hypertension
and right heart failure.

OXYGEN DELIVERY SYSTEMS: The oxygen therapy can be
administered from an O, concentretor in the form of compressed gas or
liquid O, enricher. Theadvantag&awd disadvantages of variousoxygen
sources are summariazed in the followi ng Table.

Table: O, delivery systems

System | Advantages | Disadvantages

Cylinders 0> can be stored indefinitely. | Heavy, non portable, must be
Can  be used with ;| stored securely
conserving canulas and

diamond valves. 0O,
concentration constant,useful
for bed ridden patients and
| have low cost. |
Concentrators | Less expensive, some models | Require electricity, filter

are small enough to use for | changes and regular
travel; they are useful for bed | maintenance; noisy; cost ma Ny
ridden patients be high. O

declines as flow rate incr .
able.

| - R i | limited flow rates avs

Liquid Extremely portable; useful Costly; excess wventing may
for ambulatory patients pose a fire harzard; potential
including those who have to for skin burns from extreme
remain away from home for cold temperature; requires

require little regularly scheduled deliveries,
e. O
iuu constant and
provides Os at the rate of 2
L/min for about 6-9 hours: O,
delivered from a stationary
| SOUrce.,

Enrichers Because of lower | Because of the lower
concentration, no risk of fire; | concentration, must use higher
does not  require regular | flow rates to provide -.ullluml
deliveries oxygenation; these higher flow

rates may be uncompatible for
s0me patients, require

electricity, may be costly in
high energy cost areas, require
| regular services.
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Usudly thereare2 typesof O, delivery systemsi.e. high flow systems
and low flow systems. ngh flow systems provide higher and more
reliableFiO, levelsso asto completely satisfy the patient'sinspiratory
demand®. Thelow flow system entrain or usesroomair and provides
low flow from an exogenous O, source and thus is insufficient to
meet al inspiratory requi rement’.
High Flow Oxygen Systems
Inthisdelivery system, the patient is breathing only the gaswhichis
supplied by the apparatus. Both high and low O, concentration can
beadministered by thissystem. Most high flow systemsuseaVenturi
device or Venturi mask. It fitslightly over the nose and mouth. Itis
based on the Bernoulli principle which statesthat lateral pressure of
agas decreases asits velocity of flow increases. Thus O, flowing at
a high velocity in the form of a jet through a narrow orifice to the
base of the mask creates negative pressure, entraining atmospheric
air through the perforation in the face piece. They are available in
different forms and can deliver low fixed concentrations of oxygen
at 24%, 28%, 35%, 40% and 60%. It is essential for the success of
these masks that the total flow isin excess of the peak inspiratory
flow throughout the respiratory cycle®. FiO, can be calculated by
the formula20+4 x O, flow (L/min)*.
Low Flow Oxygens Systems
As described earlier, this system does not fulfil total inspiratory
requirement and part of tidal volume must be supplied by breathing
room air. The factors controlling the oxygen concentration in this
system include (a) capacity of available reservoir (b) oxygen flow
rate (L/min) (c) patient’sventilatory pattern. ThusFiO, inthissystem
varies considerably with changes in tidal volume and ventillatory
pattern. Thelonger thetidal volume, thelower the Fi O, or thesmaller
the tidal volume, the higher the FiO,. Various devices used in this
systemare:-

1. Nasal canulae: They are the simplest of al low flow system
devices. They are cheaper, comfortable and patient is able to eat
or speak. With nasal canulae, flow rate varying from 1-6 L/min,
O, concentration varying from 24-44% is delivered depending
upon patient’s ventilatory system. These can be easily used for
domicillary O, therapy. In hospitalized patients, these canulae
with soft pronged plastic tubes are inserted about 1 cm in each
naris. O, has to be humidified while using these canulae”. The
dlsadvantages are nasal irritation, otic lesions and contact
dermatitis.

2. Nasal catheter: Thelight rubber nasal catheter isinserted after
lubricatingitstipwithliquid paraffin until thetipisvisiblebehind
the uvulain the oropharynx.

3. Simple O, masks: A nasal canulawith more than 6 L/min flow
doeslittle foincrease inspired O, concentration, mainly becatise
the anatomic reservair is filled’. To provide higher FO, with
flow system, the size of O, reservoir can beincreased by placing
amask over nose and mouth. The flow rate with mask should
never belessthan 5L/minin order to prevent rebreathing. Above
5L/min, most of exhaled air will beflushed from the mask. With
simple O, masks, flow rate varying from 6-8 L/min, O,-
concentration varying from 40-60% is delivered.

4. Partial rebreathing masks: To deliver morethan 60% of O, by
alow flow system, the capacity of O, reservoir needs to be
increased. This is possible by attaching a reservoir bag to the
mask. There is no one-way value between the bag and mask in
partial rebreathing mask. The O, flow rate should be between 6-
10 L/min and bag must never be collapsed during inspiration to
prevent Co, build upin system. With thisflow rete, thevery early
exhaedair (theflrst onethird of expiration) will go back into the
bag and remaining two thirds of tidal volume (alveolar gas) will
escape into the atmosphere via expiratory parts of the mask®.
This theoretically decreases the amount of O, required by one
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third.

5. Non-breathingmasks: They prevent retrograde flow of expired
gasinto the reservoir bag. The flow of O, should be sufficient to
maintain an inflated reservoir bag. Depending on patient’'s
ventilatory pattern, anear FiO, of 1.0isdelivered to the patient.

6. Oxygen conserving canulas They are capable of delivering
highflow oxygen, requireless O, and portable systems|ast longer.
But disadvantages include heavy weight and cosmetically
apparent due to larger construction.

7. O, demand devices: They share same advantages as with O,
conservi ng canulas and are used with a nasal canula. But
disadvantagesincludedifferent flow patternsand create big noise.

8. Transtracheal oxygen: It does not cause nasal irritation, otic
lesions and contact dermatitis. It conserves oxygen, improves
exercise tolerance. Patient’s appearance is improved. But
disadvantages include high cost, increased chances of infection
at the site and mucous balls causing sudden choking and death.

9. Oxygen to tracheostomy via aerosol device: It supplies
humidified oxygen but drawback is non-portable and requires
frequent analysis of FiO,.

Despite the fact that high flow systems are accurate and their useis

advocated by some clinicians, yet low flow systems are widely

used since they are simple to use and provide more comfort to the

patient.
PERSPECTIVESOF DOMICILLARY
OXYGEN USE IN INDIA

The aim of O, therapy at home is to make the patient active and
encourage exercise and other activities outside home. The use of
domicillary O, usein Indiais mainly limited to cities and thus more
peopleareusing thisfacility with increased compliance. At present there
is no organized supply of O, and the cost is high. Supply is difficult in
rurd aress. Pdtients of COPD with hypoxaemia et rest, having arteria
Pa0O, <55 mmHg or patients with corpulmonale or secondary
polycythemia having PaO, between 55-59 mmHg in a stable dlinical
state need home oxygen. O systems available for use a home include
gas cylinders, ooncentretors. liquid system and enrichers. The patients
haveto be selected carefully taking into account their education, income
and socid datus. But thereis definite improvement in the qudlity of life
and life gpan of the patients despite the fact there is il irregular and
inadequatetreatment. Other limitationsincludedifficulty in procurement
of O,, lack of medical expertise and no clear cut policy on
reimbursement to employees.

DANGERSOF OXYGEN THERAPY
(OXYGEN TOXICITY)

O, therapy isahazard especialy inintensvecareunits, where O, therapy
may beadministered over aperiod of days. O, toxicity usualy manifests
in one of several forms including CNS pulmonary and ocular
manifestations especially in premature neonates. The mgor factors
affecting the onset and severity of toxicity are the concentrations of the
gas used, duration of exposure and the susceptibility of the individua
person. Clinically O, toxicity can be divided into 2 groups; firstly in
which the patient is e<posed to very high concentretions of O, for short
duration like in hyperbaric O, therapy and secondly where lower
concentrations of the gasare used but for longer periods. Thesetwo can
resultinacuteand chronic O, toxicity respectively. Theacutetoxicity hes
predominant CNS effects while chronic toxicity has predominant
puI monary effects®%2,
CNStoxicity “BERT effect”: Bert originaly described that CNS
toxicity occurred at O, pressure of >3ATA, but it may even occur at
lower pressuresif e(po&lreisprolonged. Early manifestationsinclude
twitching of periora and small musclesof hand?®. Intense periphera
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vasocondriction due to hyperoxiaand digphragmatic twitching can
result in facia palor? and “cogwhedl breathing”? respectively.
Continued exposure can result in nausea and vertigo followed by
dtered behaviour, dlumsiness and findly tonic-clonic convulsions
and the patient has no memory of the crisis”®. A neurogenic
pulmonary edema associated with convulsions has also been
reported®™. Thefactorsresponsiblefor CNStoxicity indudeincreased
PaO,, sress, fatigue, cold and dietary deficiency of trace eements
likeSdleni um, zincand magnesiun?#%2, CNStoxicity ismainly due
to oxidation and polymerization of SH groupsof enzymesleadingto
their inactivation, which further leadsto cdlular damage.

Il. Pulmonary toxicity “Smith effect”: It occurs after prolonged
exposureto oxygen>0.5ATA i.e. usudly after 10 hoursof oxygenat
I ATAZ. Prolonged and or high concentrationsof oxygen may damage
the pulmonary epithelium, and inactivate the surfactant, formintra-
aveolar oedemaand interdtitia thickening and later fibros's, leading
topulmonary atelectasis®. Thelung lesionsresemblethoseof paraguiat
paisoning®. Clinicaly pulmonary toxicity ischaracterized by features
of tracheobronchitis, ARDS and pulmonary intertitial fibrogs®. In
majority of patients, the symptomsof carindl irritation, uncontrolled
coughing, chest pain and dyspnoea usudly subsde 4 hours after
cessation of exposure™®.

I11. Eyetoxicity: Itcanoccur intheformof myopia, reversblecondriction
of peripherd field of vison and delayed cataract formation. Peatient
candevelopretrolentd fibroplasia Ocular effectsmay bemorewhen
thewholeeyeisexposad to high ambient oxygen concentration and
pressure, asin an oxygentent, rather than when hyperoxiaoccursvia
arterial circulation, e.g. following oxygen administration via a
facemad®’.

Retrolental fibroplasia: It is characterized by the presence of opaque
membrane behind the lens. It is amgor cause of blindnessin infants,
usudly developing within 6 months. Itisdueto liberal administration of
high oxygen concentration >40% for a prolonged period (1-2 days)
following birth. Premature infants of lessthan 30 weeks of gestation or
1500 gms hirth weight are more susceptible®. They are dso likely to
develop chronic lung disease and intraventricular haemorrhage.
Pathophysiology of retrolental fibroplasia : Normally, retinal
vascularization continues shortly after birth. High concentretion of O,
and or prolonged exposure cause vasocongtriction especialy in the
tempord part of theretina, whichisthelast to be vascularized, and there
is obliteration of the lumen due to anoxic endothelid damege. After
withdrawal of O, therapy, regeneration of the vessalsin the area occurs
with extension into the vitreous beyond the retina. Dilatation and rupture
of thesevessdscan resultinvitreousor retind haemorrhage, fibrosisand
adhesionsleading to retind detachment and blindness.

IV. Toxic effects on other tissues: Hyperbaric O, therapy may cause
abnorma RBC morphology withor without areductionincirculation
massof RBC's®. Rardly serousatitismediaand dysbaricosteonecrosis
may Occur in astronauts®.

V. Carbondioxidenarcoss Inpatientswith COPD, satusasghmeticus,
wegknessof repiratory muscles(e.g. from polyneuritis, poliomydlitis
or myastheniagrevis) andinthosewith centra respiratory depresson
from narcotic poisoning, head injury or raised intracranid tension,
the dveolar ventilation is inadequate to prevent arisein the arteria
carbondioxidetension (PaCO,). Withincressing hypercapnia(usualy
V/Q mismeatch), the respi retory centre becomes progressively more
tolerant of CO, and its activity is maintained by the hypoxaemic
drive reflexdy through carotid and aortic bodies. A remova of this
gimulus by O, adminigtration reduces this ventilation till further
with a cormquent risein PaCO,, This produces syndrome of CO,
narcosiswith raised intracrania tenson characterized clinically by
swedting, twitching, drowsiness, convulsions, papilloedema and
coma. It isaserious complication™.

Pathophysiology of oxygen toxicity It is dueto free radicals production
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such as superoxide anions, hydrogen peroxide and hydroxyl radicas
formedwhenHO, ishigh®™*. Thesefreeradicalscauselipid peroxidation
especidly in cell membrenes inhibit nucleic acid and protein synthesis
and inectivate cdllular enzymes. Normally various antioxidant enzymes
eg. glutathione peroxidase, catdlase and superoxide dismutase protect
the body from these free radicals, but in hyperoxic Stuations, there is
increased production of free radicas, leading to swamping of enzyme
systemsand ultimately freeradi ca sescapeinactivation®. Oxygentoxicity
can dso be causad by non-radica mediated injury by cellular metabolic
dteration or by enzymeinhibition. Glutamic acid decarboxylaseenzyme
isinhibitedin CNSwhilelow level of enzymegammaaminobutyricacid
(GABA) leadsto seizures™=,

Other dangers of oxygen therapy 1.Physicd risks: Oxygen being
combudtible, fire hazard and tank explosion is dways there. It is more
with high concentration of oxygen, use of pressure chambers and in
smokers. The patient should be advised not to smoke in the presence of
O, 2. Nesd irritationand painful ulcersof thenares Theseareseen
with catheters and masks and can be prevented by lubricating the nasa
catheter with jdly.

MONITORING OXYGEN THERAPY

Oxygen therapy should begiven continuoudy and should not be stopped
suddenly until the patient has recovered, snce ebrupt discontinuation
can wash out small body stores of O, resulting in fall of aveolar O,

tension. The oxygen gpparatus should have a flow meter to adjust the
dose and the doctors should specify the dose (eg. 2-3 L/min) by nasd

canulaor face mask. Unfortunately most of flow meters are broken and
O, flow is assessed by bubbling the canula in a container containing
water. This practice should be avoided. The oxygen apparatus should
contain ahumidifier bottle. The oxygen should bubblethrough thewater
in the humidifier bottle. The water in the humidifer bottle should be
changed daily to prevent growth of becteria. The dose of O, should be
calculated carefully. Partid pressureof O, canbemessuredinthearterial
blood. Complete saturation of hemoglobinin arterid blood should not be
atempted. Arterial PO, of 60 mmHg can provide Q0% saturation of arterial
blood, but if acidosisispresent, PaO, morethan 80 mmHgisrequired. In
apatient with respiratory failure, anaemiashould be corrected for proper
oxygen transport to the tissues. A small increment in arterial O, tension
resultsinasignificant riseinthe saturation of haemoglobin. Under normal
Situations, no additional benefitisachieved by raising PaO, level tomore
than 60-80 mmHg. An increase of 1% oxygen concentration increases
O, tenson by 7 mmHg. Measurement of arterial blood gases repestedly
isdifficult. Soasmpleand noninvasivetechniqueto assess O, therapy is
the use of pulse-oximeter. Start with nasal canula. Increasethe flow rate
till O, saturationismorethan 90% or thereisdlinical improvement. If O,
requirement ismorethan 8 L/minwithfacemask, sart ventilation. Pulse-
oximeter should not be the sole criteria for adjusting dose. Even if O,

saturationismorethan 90%, O, hastobegiven n‘thepatlent|sbreethleﬁs382
(a) Arterial blood gasas(ABGS Themost commonly used measures of
gas exchange are partial pressures of O, and Co, in arteria blood i.e.
P20, and Pa Co, respectively. These patld presjres do not directly
measureo or Co content but rather measure driving pressurefor gasin
blood. The actua content a0 dependents on ahility of gasin plasma
and the ability of any component of blood to bind with gas. The O,
content can be caculated by the following formulain normal blood (at
37 C, pH 7.4) i.e. O, content = 1.34 x [Hemoglobin] x saturation +
0.0031x Po,. Sncelgremof hemoglobin (Hb) carries 1.34 ml O, when
fully sturated and amount of O, that can be dissolved in plasma is
proportional to Po, with 0.0031 ml O, dissolved per degiliter of blood per
mmHgO,. The measurement of o, “sturationisdso important for the
determination of O, content.

(b) Alvedlar GasEquatlon - Theassessment of oxygenaionistheaveolar
—arterid O, difference (P, O,—PaO,) commonly caled dveolar arterid
0, gradlent (orA- agradL\ ent). For determination of (A —a) gradient, the
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dveolar Po, (PA O,) is caculated by following formula called aveolar
gasequatlon PAO FI O,x (P,—PH,0)-PaCO/RwhereH O, is
fractiona ooncernralonoflmrecio (—6 21),P, |sBaometncpr&aJre
(about 760 mmHg & sealeve), PH Olswater vapour (47 mmHgwhen
fully saturated at 37° C) and R is respiratory quotient (ratio of CO,
production to O, consumption i.e. N = 0.8). After substituting values
with palanbreetﬂngatseale/el equetionbecomesPA O, =150-1.25xPa
CO,, Thedveolar—arterid O dlffermoelsthencziwletedbymbtramng
meamredPaO fromciculatedFAO Inhedlthy young person bregthing
room air the (A a) gradient normdly islessthan 15 mm Hg (thisvaue
increases with age and goes up to 30 mm Hg in elderly).

PREVENTIONAND MONITORING OF
OXYGEN TOXICITY

Becausethetrestment ispurely symptomatic, prevention and monitoring
for early recognition of toxicity is of prime importance. The point of
importance is that sudden stoppage of O, & the onset of toxicity, may
sometimesaggravatethesymptoms—* theoxygenof‘f effect”””. Monitoring
of pulmonary toxicity is basad on reduction (usualy 10%) in the vita
capacity of the patient?*®. Other indicatorsof monitoringincludereduced
lung compliance and diffusing capacity for carbon monoxide. To predict
pulmonary damagesafter prolonged O, therapy, unit of pulmonary toxicity
dosage(UPTD)iscdculated. Onemi nuteof 100%oxygena 1amosphere
istaken to produce 1 UPTD. A UPTD of 1425 will produce a 100%
reduction in vital capacity?. Electroencephaogram has no vauein the
monitoring of CN'Stoxicity?. Exogenousantioxidantsespecialy vitamin
C and E may be used prophylactically in high risk infants. The
recommended dose of vitamin E is 100 mg/kg/day for 4-6 weeks®.
Adrendectomy, hypophysectomy and thehypothyroid Sateareassociated
with reduced severity of toxicity asistheuseof d phaadrenergicblockers”.
Supplementation of dietary trace dements may be helpful in deficient
dates.

CONCLUSION

Thebenefidd effectsaf oxygenthergoy havebeen extensively investigated
in patients with COPD with hypoxaemia®®. The ability to provide
supplementa oxygen isapowerful tool in the management of criticaly
ill patientswith many disorders. Itsinjudicioususemay leadtotoxicity of
CNS, lungs, eyesand other tissues. But hypoxiamust not beleft untreated
inview of toxicity sncehypoxiaiscommon and damage causedissevere
and rapid in comparison to oxygen toxicity which is uncommon. The
patient education Is aso an important aspect. The patient should clearly
understand theoxygen prescription, thesafety precautionstofollow when
using oxygen and expected benefit of oxygen therapy.
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