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WATER | NHALATI ONAL ACCI DENTS
Dr RV Trubuhovi ch
Department of Critical Care, Auckland Hospital

(Thi s paper was first printedinthe Proceedi ngs of the Underwat er and Di vi ng Medi ci ne
Sem nar, May 1976, and i s reprinted by perm ssion of the Author and t he New Zeal and
Journal of Sports Medicine. 1t has been updated to 1978 by the Author.)

Resusci tation of the apparently drowned i s not the prerogative of recent tines only,
the era of nost effective devel opnment of cardio-pul nonary resuscitation. It was
during the 18th century, particularly with the encouragenment of the Royal Humane
Society, that methods of resuscitation of the drowned were enthusiastically
devel oped. The neans used were often quite ingenious. Still, before the nodern
practice of expired-air breathing was resurrected, | suppose nbst nenbers of the
audi ence here can renmenber, have seen or even have taken part in those rescues which
used to be reported i n the newspapers as successful only after several hours heroic
effort of Holger Nielsenartificial ventilation. My functiontoday istoconcentrate
particularly on the sequelae to the accidental inhalation of water. That is | am
concerned with not the drowned and dead, but rather the near-drowned, post-rescue;
and for them nore particularly with intensive therapy for the life-threatening
sequel ae to the inhalation of water, than with on-the-spot emergency care.

Hospital CGircular Letter No 1971/82 (1971)

Firstly, however, | wish to drawthe attention of any New Zeal and hospital doctors
here to the foll owi ng advi ce on resuscitation of the drowned sent out to all of our
hospitals in 1971. | do not know if any nenbers of the audi ence here had any hand
indrawing up this circular letter; but | cannot see how any person actual ly doi ng
the work with the critically ill near-drowned coul d have included so many features
then out of date by 5 or 10 years. The errors arise fromextrapolation of results
fromlaboratory animals to the human (Table 1) (Mles, 1968). The undue enphasis
on“lsit freshwater or isit salt water drowning?” i s not warranted. Andthis opinion
i s nowal so being endorsedintheliterature on near-drowning (Segarra, et al., 1974).
The patient nust be nmanaged according to what he actually presents with at
exani nati on.

TABLE 1
NEAR- DROVWNI NG
Feature in |lab ani mal Hurman

Haenodi | uti on and frequent i nfrequent
el ectrol yte di sturbances

Pul monary oedema of ten absent conmon
Ventricular fibrillation conmmon ?
Vehicl e [ ab. dist. water water wth
or saline particulate inpurities
Mles, 1968. Brit. Md. Jnl 1968; I11: 597-600
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Pat hophysi ol ogy

Both river fresh water and sea salt water can contain a | arge amount of particul ate
matter: diatons or silt or sand and so on; but the “pure” water of a private poo
i s al so damagi ng to the al veol o-capillary menbranes. The essential l[esion in near-
drowni ng i s consequent on the inhalation of the water plus its contents. Whether
this water is fresh or salt it is so profoundly anirritant that it produces acute
pul nonary injury. The essential reaction to the pulnonary injury is exudation of
plasma-rich fluid into the alveoli, resulting also in bl ood volune depletion. W
say aspiration pneunonitisis foll owed by pul nonary oederma and hypoxaem a. Thi s | eads
toventilatory and circulatory i npai rnent with hypoxaeni a and netabol i ¢ aci dosi s as
t he fundamental functional disturbances, resulting in respiratory and circul atory
failure and perhaps neuro-1|ogical damage(Figure 1).

FI GURE 1
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The managenent of patients rescued fromnear-drowni ng can be described in terns of
the typical intensive therapy patients. There is both an energency and a definitive
phase each of whi ch has both assessnent and treat ment aspects. The life-threatening
| esions require treatment phase and this nmay need to be instituted sinultaneously
with or as assessnent is going on.

a. Emergency Managenent

1. Admi ni stering oxygen, should it be available when the victim has been
br ought ashore.

2. Maki ng patent any obstructed airway. This does not nmean wasting tinme
enptyi ng the wat er out of the patient because if it comes when t he patient
istipped head down its source is usually the stomach, not the respiratory
tree; but referstoextendingthe necktolift the tongue fromthe posterior
pharyngeal wall, or using the fingers to clear the nouth of solid vonitus.
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3. Br eat hi ng i nadequacy nust be conpensated for. |f the patient is apnoeic
then nout h-to-nmouth expired-air ventilation may be all that is possible.
If, for instance, a Life-Support teamis available on the beach, then
perhaps a self-inflating bag can be used. There is one really essential
sinple requirenent to this manoeuvre, however, and that is visual
observation to confirmthat effective expansi on of the chest does occur.

4. If the circulation is depressed this nust be restored. Absent heart beat
can be conpensated for only by external cardi ac massage with a firmsurface
beneath the patient. Again, a Life-Support unit nmay be able to supply
adrenal i n and counter-shock, or life-giving plasma to conpensate for the
vol ume depl etion which has occurred.

One cardinal rule to resuscitation here is that it should be continued until
nornot hermi ais established - because even when t he evi dence of cardiac activity
i s absent cases have been reported where the heart has started again as the
tenperature has risen (Snith, et al., 1973).

Definitive Managenent

Victinms recovered fromwater either are apparently recovered or they require
attention.

i patients apparently recovered should still be observed in a hospital
because it has happened before that the onset of what is generally called
“del ayed drowning” can occur and yet the patient die sonme hours |ater
following drastic deterioration.]

ii. By contrast patients in the other group are obviously ill. They require
careful assessnent to determ ne the degree of functional di sturbance. The
therapy they then require is available on a progressive scale and its
particular level will be indicated fromthe severity of the lesion. The
pati ent nmust be treated for what is actually found, and not to theoretical
expectations of what can happen because it is “salt water drowning” or,
because it is “fresh water drowning”.

Definitive Assessnent

Thi s has t o be nade of respiratory, circul atory, neurol ogi cal and netabolic function.

1.

Respiratory. Especially we look for cyanosis, breathing distress, the
appear ance of fine foam ng, white or perhaps pink, at the nostrils or the nouth.
O chest pain, cough, or occasional |y wheezi ng frombronchospasm Radi ol ogi cal
and bl ood gas assessnent will al so be avail abl e at the base hospital but careful
clinical examination and especially deternmination of breathing distress is
probabl y as useful as any ot her manoeuvr e and does not i nvol ve unnecessary del ay
before instituting treatnent.

Circul atory. This assessnent can be made on exami nati on of pul se and heart beat,
and the adequacy of essential perfusion reflected in the pupils and function
of the central nervous system The typical arrhythmas are tachycardia,
sonetines atrial fibrillation, premature beats or gallop rhythm Hypotension
may be present, with pallor and sweating, but occasionally hypertension. The
best i ndex of peripheral perfusionis, of course, urine fornmation whichrequires
an indwel li ng catheter.
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Neur ol ogi cal . The patient may showirritability or restl essness proceedi ng even
to frank conm, or convul sions. This will be worsened by hypoxaem a and
hypercarbi a. Someti nes extensor rigidity or extensor spasns or pi st hotonos al so
indicate central nervous system dysfunction. The secondary return of coma
indicates a need for therapeutic intervention to treat brain swelling
specifically.

Met abolic. Probably pHis the nbst val uable quantity to nmeasure. In collected
data on |l aboratory findings in cases of secondary drowning (Rivers, et al.,
1970). The much vaunt ed sodi umand pot assi umi on changes coul d not be predicted
for individuals according to whether they were sea water or fresh water near-
drowni ng cases. In our own experience, critically ill people generally seem
to have a depression of serum potassiumlevel. Electrolytes may need to be
neasured repeatedly, initially even every hour or two until balance has been
restored. The effects of nmagnesi umaspiration in sea water drowning i s not as
yet elucidated as far as | amaware. Tenperature should be nonitored, platelet
and white cell counts performed but pl asnma haenogl obin | evel s woul d seemto be
a fairly fruitless investigation.

Definitive Treatnent

The principles of managenent of the near-drowned with intensive therapy are well
est abl i shed.

1.

Respiratory requirements. These are et in the spontaneously breat hing patient
by admi ni stering enough oxygen to abolish hypoxaemia. This nmay require even
a hyperbaric chanber at 2 atnospheres but if hypoxaemi a is severe enough to
warrant the latter then generally Internmttent Positive Pressure Ventilation
wi th oxygenis indicated. Duringtransportationthis may be provi ded adequatel y
with a self-inflating bag, but definitively it wll require endotracheal
i ntubationandventilator therapy. Severe hypoxaem ais best treated, of course,
with end-expiratory pressure, particularly if pul nonary oedema is present.

There may have been an i nmense pl asna | oss and then circul ationw |l be restored
only by volunme repletion. The stonach may be full of water and this is best
aspirated. Once bl ood vol une has been restored mai ntenance fluid therapy will
be required with electrolyte manipulation according to serial bio-chenical
testing.

Aci dosis. pH needs to be brought to a safe level, ie., between 7.20 and 7. 25
by the adm nistration of nolar bicarbonate. This also neans, however, the
admi ni stration of nolar sodiumand i nthe presence of el evated serumsodi umthi s
will further increase osnolality.

Sequel ae of cerebral hypoxaeni a are seenrather nore frequently, inour practice
and | will describe two cases denonstrati ng nanagenent. The principles of a
regi nen of active intervention for acute brain swelling have been described
previously (Trubuhovich and Spence, 1974; Trubuhovich, 1975).

Because of the infective nature of aspirated fluid, antibiotic cover on a
prophyl actic basisis part of our practice and anpicillinwouldbeour antibiotic
of first choice. The pneunonitis may or nay not be hel ped by steroids but noting
that evidence on this matter seens to be conflicting we woul d use such drugs.

Case No 1: A 5-year old boy was pulled out of the water at Great Barrier |sland,
and found to be stuporose and linp, pallid with cyanosis about the lips, and
tachypnoei c at 40-50/m nute with sone grunting. By the tine we reached himby Air
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Anbul ance from Auckl and t he tachypnoea was settled, his chest sounded “dry” and he
seemed i n good condition. Nevertheless, we brought himback to Auckl and Hospital
for overnight stay because of the slight chance of del ayed conplicati ons devel opi ng.
In hospital a breathing rate of 35-40/ninutes, settled down in a couple of hours to
20/ m nutes, but his chest X-ray did show a surprising degree of pulmonic change
i ndicative of interstitial oedema, considering the absence of clinical findings.
Cedena had all cleared by next norning when he was sent hone.

Case No 2: A 15-year old youth had his head hel d under water for an i ndeterm nate
time by the rigging when his yacht capsi zed. H s conpani on boat snman appl i ed nout h-
to-nmouth resuscitation in the water while bringing himall the half nmile into the
shore. There at 1420 hours, he woul d not tol erate the M nuteman fromthe anbul ance
team but was gi ven an oxygen mask for cyanosis. At the |local hospital he was bl ue
on arrival, not conpl etely unconsci ous but unable to give any details and he pul | ed
hi s oxygen mask away. A gastric | avage and a haenogl obi n esti mati on were performed
and frusenide (kidney stimulant) was given. Wen the patient’s breathing | ooked
i nadequate he was intubated (against his resistance) then despatched to our
departnent still breathing spontaneously but cyanosed. When breathing further
deteriorated during anbul ance transportation ventilation with an Anbu bag was
attenpted. On arrival at the Departnment of Critical Care at 1540 hours, Anmbu bag
i nflations were noticedto produce an ai r-escapi ng noi se, and the pati ent was i n bl ack
cyanosis with cardiac arrest and fixed dilated pupils. The endotracheal tube was
i n the oesophagus.

Asatisfactory circul ation was restored after about 10 m nutes’ resuscitation during
whi ch the patient received adrenalin 1+1+1 ng, nol ar bi carbonate 300 mol (and | ater
50 M of Tham 0.3 M, and plasma. The lungs were extrenely non-conpliant due to
interstitial oedema andintra-al veolar fluidwhichfrothedfromtherespiratorytree.
Artificial ventilation with 100% oxygen, and specific treatnent for post-hypoxic
cerebral swelling, together with dexanethasone and anpicillin and cloxacillin were
continued. By 1600 hours, the central venous blood reveal ed PO2 51 torr, PCO2 97
torr, pH 7.11, base excess 0; Na ion 161, Kion 3.2, d ion 112 mol/I. Arterial
|actate later was 5.7 nmmol /1. The admitting hospital now reported haenogl obin at
15. 0g/ 100 . The occasional ectopic beats were treated with |ignocaine, and
satisfactory circul atory status was nai ntai ned by further adni ni stration, of plasns,
to atotal of 1750 ml by 2000 hours, then a further 1000 M by mnidnight. Overnight
t he potassiumrequirenment was 147 mol to 0900 next norning.

On the day after admission a disconcerting white cell count of 1.0x103/cmmled to
st eroi ds bei ng di sconti nued, and gentanicin added to the anti biotic regimenfor gram
negative cover. By the fourth day the patient’'s stable pul nonary condition had
started to worsen with progressive lung stillness, hypoxaenmia and eventually
hyper carbi a, | eading to bradycardi a and cardi ac arrest responsive only initially to
resuscitation. The Coroner’s pathol ogist denonstrated (i) a very extensive
haenor r hagi ¢ pneunoni ti s, which he described as characteristic of severe salt water

drowni ng (see JAMA, 11 Sept 1967; 201: 209-211); and (ii) severe cerebral swelling.

The next two cases are presented to denonstrate that the neurol ogical sequelae to
near-drowning, hitherto ill-described, can be nanaged successfully by specific
treat nent.

Case No 3: A 16-year old Maori boy described as nentally retarded, was brought from
t he bottom of the Onehunga sw mm ng pool at 1400 hours, cold and pul sel ess. After
nmout h-to-nmout h resuscitation and oxygen in the ambulance, he was making only
spont aneous br eat hi ng gasps by 1415 hours, but in afewni nutes was hyperventilating,
and had a strong pulse but was still cyanosed. He was in opisthotonus, wth
internmttent convul siverestl essness, unrelieved at t he nearest hospital by di azepam
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10 nyg intravenous, then norphine 10 ng at 1430 hours. His chest X-ray indicated
oedenat ous | ungs so he was given frusenm de 40 + 40 ny. The pupils were noted to be
| arge and reacting sluggishly. Though breathing froman MC oxygen mask he seemned
cyanosed and arterial blood gas anal ysis showed a PaQ2 of 57 torr pH 7.23 and base
deficit 13.5mmol /1. Wen | saw the patient there at 1520 hours he needed three
orderlies and two sisters to hold himdown fromhis “convul sive” restl essness; he
was struggling to hyperventil ate and was quite i naccessible but extremely irritable.
H s pupils were markedly di |l ated and reacting sluggishly. Admnistration of d-tubo
curarine 45 + 15 ngintravenously enabled alittle hand-ventilation then endotracheal
intubation within a mnute. Di azepam 20 ngy provided sedation. Fol | owi ng
hyperventilation with 100% oxygen the patient then becane rapidly pink throughout.
He was cat heterised, and an i ntravenous | ine inserted for plasma adni ni strati on when
his systolic blood pressure dropped to 80 mmHg. The heart rate was noted to be
fluctuating inbursts from 80-120/ m n. He was then transferred by anbul ance to
Auckl and Hospi tal on hand-ventilationw th 100%oxygen. Hi s probl ens were consi der ed
t o be post hypoxi c cerebral oedena and pul nonary oedena subsequent to fresh wat er near
dr owni ng.

In our departnment the patient was treated for acute brain swelling wth
hyperventilation with 100% oxygen after curarisation and full sedation; strict
haenmodynami ¢ control, which required 3 units of plasma over the first 2 hours for
a slight hypotensive tendency; hypotherm a to 34°C, from 38.5°C on admi ssion; and
dexanet hasone. Pul nonary oederma was treated by end-expiratory pressure of 8 cmwpg
added to artificial ventilation. After about 30 m nutes PaQ, was 450 torr. PaCQ2
44, pH7.36, base deficit 0. The only initial problemat managenent was mai nt ai ni ng
an adequate serum potassiumlevel as it tended to be about 3.0 mml/I. Wth the
appropriate treatnment he made a very rapid recovery fromhis pul nonary and cerebral
oedenmas and was satisfactory for transfer back to the other hospital on the fifth
nmorning. Hi s nental retardati on was not apparently worsened by this episode.

Case 4: An 11 nonths infant was found at 1830 hours in a home swi mm ng pool pallid
and apnoei ¢ but spontaneous breat hing comenced only after 7 m nutes of mouth-to-
mout h resuscitation. Wen adnmtted via the Accident and Energency Departnent of
Princess Mary Hospital after 3 hours he was unconsci ous, barely respondi ng t o pai nf ul
stimuli, but pupils were reacting to light. Managenment consisted of oxygen,
antibiotics, intravenous fluids (but no dexanet hasone). Bl ood pressure was 150/ 100
mmHg, heart rate 140/ m nute and breathing rate 40/ m nute. The infant was initially
inert with noisy breathing but |ater becane responsive to painful stinuli, was
irritable, restless and crying. At 0230 hours generalisedfitting occurred for about
90 seconds and half an hour later the patient was given diazepam 2 ng and
dexanet hasone. He sl ept nore deeply after this and gave a slight response t o pai nf ul
stirmulation but follow ng two further fits breathing was shal |l ow al t hough the child
was said to rouse to painful stinuli “easily enough”. After further fitting at 1000
hours next nmorning the patient was referred to our departnment, and when first seen
was comatosed and generally flaccid wth focal convulsions; cyanosed and
vasoconstricted; and markedly hyponatraemic (Na ion 113 mmol /I at 0900 hours).
Systolic bl ood pressure was 180 nmHg, heart rate 125 per m nute, tenperature 37.5°C.
The i nfant was sedat ed, curarised, i ntubated and recei ved constant hyperventil ation
wi th oxygen, anticonvul sants and dexanet hasone were given, and 14 m of nolar
bi car bonat e sol ution rai sed the serumsodi uml evel to 120 mmol /I by 1230 hours. The
hyponatraenia further slowy inproved over the next 2 days. Opiates were required
occasionally for sone haenodynamic instability.

On the norning after transfer an el ectroencephal ogramwas reported as very severely

abnormal “even by Departnment of Critical Care standards”. By the 9th day the patient
seened | i ghter neurol ogi cal ly though his cardi ovascul ar systemwas still irregular.
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A first trial of decurarisation that day was abandoned because of bizarre and
persi stent abnornmal spontaneous novenents but these were of a | esser degree 3 days
| ater so decurarisation was proceeded with and the patient finally satisfactorily
extubated on the 14th day after transfer. Consci ousness rapidly inproved but
peri pheral tone was nmarkedly depressed, probably because of the | arge quantities of
di azepamand sedati ng drugs he had requi red. He was transferred back tothe paediatric
war d and when seen t wo weeks | at er before | eavi ng hospi tal was descri bed by hi s not her
as being perfectly normal and havi ng acquired new skills and new words.

Summary

An account of near-drowning has been presented to enphasise the dysfunctional
sequel ae of hypoxaem a, hypovol aeni a and aci dosis - rather than rapid fluid shifts,
el ectrol yte changes and ventricular fibrillation. Specifictreatnent can be applied
to treat brain swelling subsequent to hypoxaem c cerebral insult.
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* *x * *x * * *x *

FCETAL DECOVPRESSI ON S| CKNESS?

Test s on sheep have shown, by i nference, that whileit is probably safe for a pregnant
woman to nmake a shal lowdive it may not be safe for her baby if she makes deeper ones
even though they are within the no-deconpression limts of the US Navy tables.
Experiments at the Texas A and M University's Sea Gant facility, under the
supervi si on of physiologist WlliamFife, have i nvol ved nonitoring of the unbilical
arteries by inplanted sensors when pregnant sheep were “dived” in a chanber to 30
metres for 25 m nutes. Although such a dive profil e does not require a human t o make
deconpressi on stops on ascent (though careful people mght include a stop), sheep
foetuses were shown to have nassive bubble flow of a degree likely to be fatal had
not the sheep been reconpressed pronptly and then brought up at a slower rate. This
work is to be reported in detail at a later date in Undersea Bi omedi cal Research,
but inthe interima warning i s reasonabl e to wonen who propose to dive in even the
earliest stages of pregnancy |lest their babies, |like those of the sheep, are nore
suscepti bl e to bubbl e production than are they thensel ves. There are, however, no
known i nstances of such damage occurring.
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ADDENDUM  UPDATI NG FOR 1978

Enphases i n managenent altered fromthe above regi me which woul d be applied today
to patients with post-ischaem c/hypoxic encephal opathy, eg. after a water accident,
are:

1. Early | oadi ng of the patient with barbiturate to confer “cerebral protection”.

The agent used for this is preferably thiopentone, to 30ng/kg in an hour.

This may require circulatory support with vasopressor agents. See the Brain
Resuscitation Synposi umissuein Critical Care Medicineto be publishedinJuly,
1978, especially the paper by Breivik et al. which details sone very interesting
cases of resuscitation fromnear-drowning. See also the issue “Minagenent of
Acute Intracranial Disasters” in International Anesthesiology dinics, Volune
16 to be published in early 1979 (Editor: RV Trubuhovich) for the general
backgr ound.

2. Cl oser attention to nanagenent of serumosnolality in the presence of cerebral
oedensa.

(a) A hyper-osnolar state is nmanaged by the administration of near-isotonic
saline to reduce serumosnolality gently at the rate of 10(-20) nmol/day.

(b) A hypo-osnolar state i s nanaged by fluid restriction, and possi bly the use
of mannitol 20% (0.5-1.0 g/kg) or even frusenide.

Severe di sturbances of osnolality and inappropriate managenent of them can cause
fatal deterioration in cerebral oedena.

RN Trubuhovi ch

* *x * *x * * *x *

FOURTH ANNUAL CONFERENCE on the CLI NI CAL APPLI CATI ON OF HYPERBARI C OXYGEN

The Fourth Annual Conference on the dinical Application of Hyperbaric Oxygen is
schedul ed for Thursday through Saturday, 7-9 June 1979.

In addition to Plenary Sessions dealing with clinical applications of hyperbaric
oxygen, nursing and technical applications, and origi nal conmuni cations, a Plenary
Sessi on devoted to “What’'s New in Diving Medicine” is added this year.

The first call for Abstracts (200 words or |ess) on original papers in hyperbaric
nmedi ci ne i s nade. The deadline for recei pt of Abstracts is 15 January 1979. Abstracts
shoul d be sent to:

M chael B Strauss, M

Chai rman Program Conmi ttee

Fourth Annual Conference on the dinical Applications of Hyperbaric Oxygen
C/ - Baronedi cal Departnent

Mermorial Hospital Medical Center

2801 Atlantic Avenue

Long Beach, CA 90801
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