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The effects of aspirating distilled water, chlo-
rinated distilled water, and sea water on blood
gases and intrapulmonary shunting were studied
for 72 hours in dogs. A severe persistent arterial

not been followed beyond the first few hours
post-aspiration.™¢ Recent observations of nine
human near-drowning victims show that, in
some cases, hypoxia may persist for days.”

hypoxemia followed aspiration of subl thal quan-
tities of all fluids tested. This hypoxemia was as-

ioted with intrapul y shunti Hypoxia
and shunting were more severe with sea water
than with fresh water. Addition of chlorine to
distilled water did not change blood gas values.
Periodic hyperinfiation of the lungs significantly
affected blood gas values after aspiration of fresh
water, but not after aspiration of sea water. The

M ts of alveolar-arterial oxygen gra-
dients were made in four of these patients
during breathing of 100 per cent oxygen. The
findings suggested that the initial lesion in
near-drowning is perfusion of non-ventilated
alveoli, i.e., an intrapulmonary shunt.”

The cause of the pulmonary lesion is not
clear. Three explanations have been proposed:

primary P d for the ti-
lation of alveoli after aspiration of fresh water is
alteration of the normal properties of pulmonary
surfactant with' the collapse of alveoli After
aspiration of sea water the presence of fluid in
the alveoli prevents ventilation. Whereas the
shunt after aspiration of sea water seems to be
due almost entirely to perfusion of non-ventilated
alveoli, uneven ventilation-perfusion ratios owing
to hypoventilation of overperfused alveoli or dif-
fusion abnormalities may contribute to the hypoxia
seen after aspiration of fresh water.

EXPERISENTAL STUDIES of animals following
near-drowning indicate that the major abror-
mality after aspiration of either fresh or sea
water is acute asphyxia with persistent ar-
terial hypoxemia. The duration of hypoxemia
is unknown, because blood gas changes have
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the pr of fluid interferes with ventilation
of alveoli; reflex closure of the terminal air-
ways results; and aspirated fluid alters the
properties of pulmonary surfactant. The pres-
ent experiments were designed to study the
natural history and etiology of the aspiration
lesion.

Methods

This study was conducted in three parts.
In the first, the natural history of the pulmo-
nary lesion was studied in untreated animals
after aspiration of sublethal volumes of vari-
ous fluids. Second, the effect of periodic hy-
perinflation of the lungs after aspiration of
fresh or distilled water or sea water was in-
vestigated (“sigh™treated animals). Third,

‘the effect of continuous mechanical ventilation

following aspiration was studied (respirator-
treated animals). The Iatter study also incor-
porated the effect of a potent bronchodilator.

) UNTREATED ANIMALS

Fifteen mongrel dogs weighing from 13.0 to
92.7 kg. (mean 162 kg.), were divided ac-
cording to a table of random numbers into
three equal groups, lightly anesthetized with
sodium pentobarbitel (24 mg/kg. intrave-
nously), and their tracheas intubated with a
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cuffed endotracheal tube. With the animals
in the supine position, a siliconized polyethyl-
ene catheter (LD. 0.066”) was threaded via
the femoral artery into the abdominal aorta.
The distal end of the catheter was implanted
subcutaneously in the thigh to facilitate sam-
pling for 72 hours.

Heparinized arterial blood was drawn an-
aerobically and analyzed for pH, Pg, and P¢o.
within five minutes by directreading elec-
trodes in the IL 113-S1 micro apparatus ® at
37° C. All electrodes were calibrated immedi-
ately prior to drawing each blood sample.
Hemoglobin was measured by the cyanmet-
hemoglobin method, and hematocrit with the
Guest Weichselbaum microcapillary centrifuge.

The animals then breathed 100 per cent
oxygen via a non-rebreathing valve and reser-
voir bag. Nitrogen washout was assumed to
be complete after 15-20 minutes, and a second
blood sample was drawn and analyzed for
Pag,, Paco, and pHa. The alveolar oxygen
tension (PAo,) was calculated from the modi-
fied alveolar gas equation:

Pags =Py — Pr.o —Paco.""

where Pp = barometric pressure, Pp.o=wa-
ter vapor tension at 37° C., and Pago, =al-
veolar carbon dioxide tension. The Pago, was
assumed equal to the Pago,. The alveolar-
arterial oxygen gradient (A-aDO.) then was
calculated. The portion of cardiac output
representing shunt was calculated from alveo-
lar and arterial oxygen tensions, hemoglobin
concentrations and pHa using the shunt equa-
tion:

A Cco, — Cao, W
QS/Qt - Cca, - CDo=

Pulmonary capillary (Cco,) and arterial (Cao.)
oxygen contents were calculated by a pro-
grammed computer method* The program
assumed that no alveolar end-capillary diffu-
sion gradient exists; the form of the oxygen
dissociation curve was not abnormal; one gram
of hemoglobin fully saturated combines with
1.34 ml oxygen; the solubility of oxygen in
whole blood is 0.0031 volumes per cent per
mm. Hg Po,; and arterial-mixed venous oxy-

gen content difference is 5 volumes per cent.’

Since venous oxygen content (Cv¥g,) was not’

measured directly, the values reported indi-
cate approximate magnitude of shunt rather
than precise values. Shunt calculations also
were performed when the animals breathed
room air. For these calculations, the alveolar
oxygen tension was calculated from the equa-
tion: .

Paoz = Fio, [PB — PA:0]

1 — Fro. | W
— Paco, [FIO: + TIO’ ]

The respiratory exchange ratio (R) was as-
sumed = 1.

After baseline studies were completed the
endotracheal tube was connected via a Y-
adapter to a water reservoir and breathing by-
pass described previously.! At zero time the
bypass was occluded and the animals aspirated
11 ml. of fluid per kilogram of body weight
(equal to the approximate tidal volume).!
Group 1, aspirated distilled water (DW);
Group 2, chlorinated distilled water (CDW)i;
and Group 3, sea water (SW). Three minutes
after aspiration, the trachea was suctioned and
the volume of fluid obtained measured. All
studies were repeated one, four, 24, 48 and
72 hours after aspiration.

After four hours the dogs were allowed to
awaken, extubated and returned to their cages.
For subsequent studies, the animals were
lightly anesthetized with 50 mg. increments
of sodium thiopental until active movement
ceased (lid reflex and respiration remained
active, however). The tracheas were re-intu-
bated, the arterial catheters exposed and stud-
ies performed as described previously.

Post-aspiration results were compared to
pre-aspiration values in order that each ani-
mal might serve as its own control. The re-
sults were keypunched on data cards and ana-
Iyzed for statistical significance with the aid of
a digital computer, according to Student’s ¢
test.2s

“SIGH”-TREATED ANIMALS

Ten dogs, average weight 16.7 =39 kg.,
were divided into two groups and prepared

© [nstrumentation Laboratories Inc., Boston,
Massachusetts.

1 Five parts -trichloro-s-triazinetrione added per
million parts distilled water.
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TanLe 1. Mean Change and Standard Deviation in Pao, B

Pre- and Post-aspiration

Values (Reported as APao, for untreated animals. All measurements were made with the
animals breathing room air. P values for statistical significance between
the pre- and post-aspiration values are based on Student’s £ test.)

Anesthisiology
May-June 1968

Hours Post-aspiration
Group | 1 1 24 18 =
Animals
AP; AP P Py
DW 5 —=56£15| ** [ —51x10|f * | —26x1 * | =218 | ** | —2047 bad
CDW 5 —061=£13] * | —54::23{ ** | —34220]| { | —28x+18( tF | —19%13
SW 3 —63£13| * | —66£15 * | —37Tx14| ** | —2729 * | —25+10) **
*0.001 > P. 10.05 > P > 0.01.

**0.01 > P > 0.001.

exactly as the untreated animals. The animal:

0.1 > P > 0.05.

were calculated at 15-mi intervals for four

in one group were subjected to aspiration of
unchlorinated distilled water, 11 ml/kg., and
those in the other to an equal volume of sea
water.

Seventy-five minutes post-aspiration these
animals were given a forced deep breath by
means of a fourliter reservoir bag connected
to a Y-adapter and pressure manometer. Com-
pressed air was delivered into the tail of the
bag, and when the manometer registered 30
cm. of water the bag was connected to the en-
dotracheal tube. The animal breathed through
this system until the p reached 35 em.
of water. The pmcedure took 5 to 15 seconds
to perform and was repeated at 15-minute in-
tervals from 13 to 3% hours post-aspiration.
The data from these two groups of animals
were compared with those from untreated ani-
mals which aspirated unchlorinated fresh wa-
ter, (DW) and sea water, (SW).

RESPIRATOR-TREATED ANIMALS

~.——Ten animals, average weight 18.7 = 4.9 kg.,
were subjected to aspiration of 11 ml/kg. of
distilled water (five dogs) or sea water (five
dogs). Seventy-five minutes post-aspiration,
these animals were ted to a2 volume-
limited respirator ® modified to deliver 100
per cent oxygen. Their lungs were ventilated
at a tidal volume of 44 ml/kg. (four times
normal) and a rate of 10 per minute. Blood
gases were analyzed and A-aDO. and shunts

° T, ive Ventil 1. H. Em-
erson Co., Cambndge, Masachusetts.

hours post-aspiration. During mechanical ven-
tilation, if spontaneous ventxlatory efforts ap-
peared, succinylcholine was inistered in-
travenously in 10-mg. increments to produce
apnea. The fact that hyperventilation was
achieved in all animals was confirmed by the
low Pagg, values found (20-38 mm. Hg). No
attempt was made to hyperinflate the lungs
periodically during the course of ventilator

therapy, other than the constant ventilation at .

high tidal volumes.

The effect of a bronchodilator on the aspira-
tion lesion was studied as follows. Four addi-
tonal animals (two DW, two SW) were pre-
pared as above. Five minutes post-aspiration,
however, these animals were allowed to breathe
100 per cent oxygen via a non-rcbreathing sys-
tem. Arterial blood gases were determined and
A-aDO, and shunt calculated 30 minutes post-
aspiration and at five-minute intervals there-
after. After the 30-minute blood sample was
drawn, mechanical ventilation was instituted
as above. Fifty minutes post-aspiration an in-
travenous infusion of isoproterenol was started
via a2 Harvard infusion pump at a rate of
0.0033 mg./kg. per minute for 40 minutes.
Mechanical ventilation was continued until
the experiment was terminated 150 minutes
post-aspiration.

During preparation of the animals which
were to be either periodically hyperinflated or
mechanically ventilated, three dogs failed to
show a large A-aDO, after aspiration of dis-
tilled water. Since it was not possible to evalu-
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Number 3

TabLe 2. Mean Change and Standard Deviation in A-aDOs While Breathing 100 Per Cent
Oxygen Between Pre- and Post-aspiration Values (Reported as AA-aDO: for untreated
animals. P values for statistical significance between the pre- and post-aspiration
values are based on Student’s ¢ test.)

Hours Post-aspiration
Group Number 1:15 4:15 21 18 72
Animala

-aDO! A-aDO: -aDO! A-aDO A-aDO
AdaD0: | p | AAADON ) p | SO P | Gmne | P il i
DW 5 437275 * a544145| ** 234101 §F | 244£214| {1 [ 186156 it
CDhW 5 486104 | * | 4482206 ** | 283=:224| § | 161x139 8134 1
SW 3 53144 * | 540255 * | 19087 had 7496 91389 it

*0.001 > P. $0.05 > P > 0.01.

**0.01 > P > 0.001.

ate the effects of “sigh” or respirator therapy
unless a gradient was present prior to therapy,
animals with an A-aDO- of less than 400 mm.
Hg 75 minutes after near-drowning were elimi-
nated from this part of the study. The data
from these animals were included, however,
in the results dealing with all animals in which
blood gases and A-aDO, measurements were
taken 75 minutes after aspiration.

ALL DW AND SW ANIMALS PRE-ASPIRATION
vs., 75 MINUTES POST-ASPIRATION

To define the relationship between acute as-
piration of equal quantities of fresh water and
sea water more clearly, the data from all ani-
mals that aspirated DW or SW and were un-
treated for at least 75 minutes post-aspiration
were combined for analysis; 18 animals in the
DW group and 15 in the SW group. In 14 of
the animals (six SW and eight DW) a second
catheter, threaded via the femoral vein into
the pulmonary artery, was connected to a pres-
sure transducer, and mean pulmonary artery
pressure was recorded on a direct-writing re-
corder (confirmation of the site of the cathe-
ter was determined by the configuration of the
pressure tracing).

Results
UNTREATED ANIMALS

Fourteen of the 15 animals survived the ex-
periment. One died 24 hours after CDW as-
piration. Pre-aspiration baseline vziues for the
15 animals were pHa, 7.41 = 0.06; Paco,, 31.6
+ 6.3 mm. Hg; Pag,, 92.5=11.2 mm. Hg;

11 0.10 > P > 0.05.

A-aDO, during breathing of 100 per cent oxy-
gen, 97 % 39 mm. Hg; and shunt (gs/0t), 6.0
=+ 3.3 per cent while breathing room air and
5.5 18 per cent while breathing 100 per
cent oxygen. This degree of shunt, although
seemingly high for unanesthetized animals, is
within normal limits for anesthetized dogs.1®

Three minutes post-aspiration, no water
could be suctioned from the tracheas of ani-
mals who aspirated DW or CDW. After SW
aspiration, however, 12.7 = 3.9 ml/kg., 115
per cent of the volume aspirated was obtained
by tracheal suction. _

Ore hour post-aspiration, the pHa decreased
in 13 of the 15 animals, mean ApH, — 0.08 =
0.08 (P <0.01); and the Paco, increased in
12, mean APago,, + 7.0 = 121 mm. Hg (P <
0.05). After four hours, however, neither the
pHa nor Pagy, were significantly different from
pre-aspiration levels.

The Pag, decreased immediately after as-
piration and remained below the control value
for the full 72 hours in all animals (table 1).
There were no significant differences in Pag,

among the three groups. ————

The AA-aDO. 75 minutes post-aspiration
exceeded 300 mm. Hg in all animals. The in-
crease in A-aDO, was significant in all groups
75 minutes and 4:15 hours post-aspirdtion, but
by 48 hours significant changes were no longer
detected in any group (table 2).

There was a six- to 12-fold increase in shunt
“one and four hours post-aspiration in all ani-
mals (P <0.05) (table 3). Although the
shunt was slightly less during oxygen breath-
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TanLE 3. Percentage of Cardiac Output Representing Shunt (0s/0t) During Breathing of Room Air

and 100 Per Cent Oxygen (Calculated as described in the text. Mean value and standard
deviation of each group is listed. There was no significant difference between room
air and oxygen shunts at any time period in any group. Each group consisted

of five animals.)
Hours Post-aspiration
Group h :
0 1:15 4:15 24 48 7
A DW 68450 | 567=105* | 503=135* | 21.0+152t | 17.9x135t | 167+148
BreathingRoom | cpw | 63230 | 593xitee | 2110w | 204217 losha | 'siz4s
sw $9%16 | G02% 65+ | G3b=izdr | 26.6%127+ | 162= 6.7t | 139 7.0t
" DW 52503 | 30.0=I88% | 420L17.6% | 19.6£158 | 17.0&112 | 150111
Breathing 100 Per | cnw | 52515 | 4552200f | d0g=222t | 196121 0% 7.0 87+ 0.9
cent Oxygen sW 6.0=19 5523 82¢ | 63.8z:154% 152= 5.8t 9.6% 4.0 102+ 4.6
from pre-aspiration levels wag analyzed for signi difi

TaBLE 4. Mean and Standard Deviation of Pao,

During Breathing of Room Air and A-aDO: After *

15-20 Minutes of Breathing of 100 Per Cent Oxygen for Animals who Aspirated 11 ml. /kg.
Distilled Water or Sea Water (All animals were untreated until after the one-hour®
postaspiration samples were drawn. They were then “sighed” as described in the

text from 14 to 33 hours postaspi

ting shunt was

iration. Percentage of cardiac output
Iated during both room-air

and 100 per cent oxygen breathing.)

[} 1 Hour* 4 Hours 21 Hours 48 bours 72 Hours
Mean | S.D. [ Mean | S.D. | Mean | 8.D. | Mean | S.D. | Mean | §.D. | Mean | 8.D.

Distilled Water |Paos mm. Hg 9% 11 39 11 t 63 15 8

—*€igh" A-aDO: mm. H; 102 2 580 28 |461 33 | 206 32 | 178 152 147 42
(5 Animals) Per Cent Shunt (Air) 61| 54| 509|137 31.4F(109 | 2287 13.3] 152 | 22| 106[ 3.0
Per Cent Shunt (Oxygen)] 53| 15| 35.1| 87 265 {119 | 1.0 L3 91| 20 81| 19

Sea Water— Pary mm. Hg, 91 (3 w (1] 34 4 9 e 11 75 8

“Bigh” A-aDO: mm. Hg 103 43 621 16 [603 22 | 270 190 | 165 73 144 18
(5 Animals) Per Cent Shunt (Air) 53] 15} 652) 69] 57.1 61| 254 239 108 55| 120} 5.1
Per Cent Shunt (Oxygen)] 59| 28| 535 |M.3| 423 | 108 4.2} 101 87| 27| 74] 12

* One bour for data during i hi;

75 mi
1 Post-sigh sample (4 hours) signi CaHUy:liﬂemnl from pre-sigh sample (1 hour) (P < 0.05).

ing than during air breathing, the difference
was not significant in the three groups (P>
0.1).

“SIGH -TREATED ANIMALS

All ten animals survived the study. Peri-
odic hyperinflation after aspiration of sea wa-
ter had no significant effect on the Pag.,
A-aDO., or shunt (P> 0.2) (table 4).

On the other hand, the Pa,, increased at
least 12 mm. Hg from the one-hour sample
to the four-hour sample in all animals that
were “sighed” after DW aspiration (P < 0.05)
(table 4). Only one untreated animal showed
a comparable change. Three of the five dogs
showed a decrease in A-aDO. of at least 150

mm. Hg after hyperinflation. Whereas the
shunt did not change appreciably in the un-
treated group from one to four hours post-
aspiration (table 3), the shunt decreased in
all animals who were “sighed” (table 4).

RESPIRATOR-TREATED ANIMALS

Within 15 minutes of instituting mechanical
ventilation, four of the five DW animals
showed a decrease in A-aDO. and shunt (P
<0.05) (fig. 1). Although there were slight
increases in these measurements from two to
four hours, both were still significantly less at
the termination of the experiment than before
mechanical ventilation (P < 0.05).
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Four of the five SW animals also exhibited
a decrease in A-aDO, with mechanical venti-
lation (fig. 2). Improvement was only tempo-
rary, however, and at the termination of the
experiment the mean A-aDO, and shunt
values were not significantly different from
the values prior to therapy (P> 0.3).

The AA-aDO, values for the four animals
given isoproterenol and mechanical ventilation
are shown in figure 3. An increase in A-aDO.
was seen 30 minutes after aspiration, but
within five to ten minutes of starting me-
chanical ventilation, AA-aDO, decreased to
Jess than 100 mm. Hg in all animals. The
AA-aDO, began to increase again almost im-
mediately, being more marked in the SW than
the DW animals. The AA-aDO, decreased fur-
ther when isoproterenol infusion was started.
The decrease was only transient, however, and
despite continued infusion and mechanical
ventilation, a constantly increasing AA-aDOa
was observed in all animals.

600

5001

mm Hg

400F

3001

200

A-0DO,

100

% SHUNT

0
1] 1 2 3 4
HOURS POST-ASPIRATION

Fic. 1. The mean and standard deviation for
A-2DOs and shunt calculated during breathing of
100 per cent oxygen are plotted against time.
five animals were ventilated mechanicz;lldy from
1-15 to 4 hours after aspiration of distilled water.
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mm Hg

A-0DO,

% SHUNT

0 . 1 2 3 4
HOURS POST-ASPIRATION
Fic. 2. The mean and standard deviation for
A-aDO- and shunt calculated during breathing of
100 per cent oxygen are h})lotted against time.
five animals were ventilated mechanically from
1:15 to 4 hours after aspiration of sea water.

ALL DW anp SW ANIMALS PRE-ASPIRATION
vs. 75 MINUTES POST-ASPIRATION

Prior to aspiration there were no differences
in mean values between the fresh water and
sea water groups (table 5). The volume of
water suctioned from the trachea after DW
aspiration was negligible, whereas 13.9 +=43
ml/kg. was suctioned from the SW animals.

The pHa decreased in both groups (P <
0.05), but no difference was observed between
them (P> 0.6). The Pag, decreased in all
33 animals (P < 0.0001). The difference be-
tween the mean Pag, one hour after aspiration
of sea water (36 mm. Hg) and distilled water
(43 mm. Hg) was of borderline significance
(P <0.08).

The A-aDO. increased after aspiration in
all but one animal (DW). The A-aDO. was
significantly -higher 75 minutes following SW
(602 == 57 mm. Hg) than after DW aspira-
tion (505 = 161 mm. Hg) (P <0.05).

The shunt during breathing of oxygen was
significantly greater in the SW group than in
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8 wsavorov  in pressure in three (2, 5 and 17 mm. Hg),

! swrn on
& iswean o

[
30 40 50 120 150
MINUTES POST-ASPIRATION

Fic. 3. Thirty to 150 minutes after DW or SW

30 &0 $0 120 150

aspiration, the A-aDO: during breathing of 100
per cent oxygen was com] to the pre-aspira-
tion value at 5-minute intervals. The change is
mﬂe& a:fmAa]l.:‘ aDOﬂ.eglll\gedmmao ical ventilation of
our was minutes post-; aspun-
tion and continued throughout the
Isoprolenmol mfusmn (00033 mg./kg/mmute)
intr, to

mmutts post-aspiration.

the DW group (P <0.01). The shunt on
room air was also higher in the SW group
(0.1>P>0.05). When the shunts mea-
sured in room air were compared with those
measured in oxygen, they were significantly
less during breathing of oxygen after DW as-
piration (P < 0.05), but not after SW aspira-
tion (P> 0.05).

Changes in mean pulmonary artery pressure
five minutes following aspiration did not show
a consistent pattern. Of the six SW animals,
four showed a slight decrease 'in pressure
(from 1 to 4 mm. Hg) and two showed no
change. Of the eight animals who had mean
pulmonary artery pressure monitored during
aspiration of fresh “water, there were increases

decreases of 2 mm. Hg in two, and three ani-
mals showed no change.
Discussion

This study quantitates the acute asphyxia
that occurs during near-drowning in chlori-
nated or unchlorinated distilled water, or sea
water. The acidosis and hypercarbia which
developed within the first hour of aspiration
were transient and were no longer present four
hours post-aspiration. The arterial hypoxemia,
however, was both severe and persistent.

The large A-aDO. and calculated shunt
found during breathing of 100 per cent oxy-
gen one and four hours post-aspiration sug-
gest that the hypoxia was due predominately
to absolute intrapulmonary shunting; i.e., per-
fusion of non-ventilated alveoli* \When all
animals that aspirated either DW or S\ were
compared, the total shunt measured during
breathing of air was significantly greater than
that measured in 100 per cent oxygen one
hour after DW, but not after SW, aspiration.
It appears, therefore, that in addition to abso-
lute shunt, relative shunt due to ventilation-
perfusion imbalance or diffusion abnormalities
plays a small role in the hypoxia seen after
DW aspiration.

During recovery from. aspiration of either
fluid, significant hypoxia was present during
breathing of room air even after A-aDO. while
breathing oxygen had retumed to normal
Similar findings have been observed in hu-
mans recovering from near-drowning.? These
findings suggest that ventilation-perfusion im-
balance or diffusion problems persist even after
absolute shunt no longer can be demonstrated.

Periodic hyperinflation of the lungs after as-
piration of distilled water produced a signifi-
cant increase in Pag, and a decrease in shunt.
After aspiration of sea water, however, “sigh-
ing” had no significant effect on these pa-
rameters. Colebatch and Halmagyi® reported
similar results after smaller volumes of aspi-
rated fluid in sheep. Although the end result
(i.e., hypoxia) was the same after aspiration
of either fluid, the causes may have been dif-
ferent. Further evidence for this is that when
all the animals that had aspirated distilled wa-
ter were compared with those that had aspi-
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rated sea water, mean Pay, was lower and
A-aDO. and percentage shunt higher one hour
after aspiration of sea water.

Three possible explanations for the shunting
and hypoxia seen immediately after near-
drowning are: 1) the aspirated fluid alters the
surface-tension properties of the surfactant
lining the alveoli:® 2) presence of the fluid
interferes with ventilation of alveoli? %% and
3) reflex closure of the terminal airways re-
sults.¢

Recent experiments in our hboratory have
shown that although total immersion of the
lungs in sea water or physiologic saline solu-
tion can wash out normal pulmonary surfac-
tant, it does not alter its surface tension char-
acteristics. Sufficient quantities of surfactant
remained after drowning so that material ex-
tracted from the lung still had normal proper-
ties. On the other hand, both chlorinated and
unchlorinated distilled water altered the char-
acteristics of pulmonary surfactant, elevating
the minimum surface tension readings on com-
pression.? Similar changes may occur in al-
veoli that come in contact with the aspirated
fluid during near-drowning. Thus, although
distilled water is removed from the alveoli
rapidly,> 8 its persistent effect may be the re-
sult of alveolar instability owing to alteration
of pulmonary surfactant. This could account
for the decrease in lung compliance and ab-
normal pressure-volume curves reported after
aspiration of fresh water.® If this is the case,
periodic “sighing” should temporarily decrease

shunting-and elevate Pag,. Unless the surface
active material was regenerated, however, un-
even ventilation and recurrent collapse of al-
veoli would occur. This also explains why ani-
mals which were ventilated continuously with
large tidal vol howed a smaller A-aDOa
and less shunting after four hours than those
that were “sighed” intermittently. Even with
continued mechanical ventilation, however,
unless the surface active material were re-
generated, uneven ventilation-perfusion ratios
and alveolar collapse would be expected.
Although distilled water is removed from
the lung very rapidly after aspiration, sea wa-
ter has been shown to remain longer.® Be-
cause of its hypertonicity, it also draws plasma
into the lung.®# The acute effect of this fluid
transfer on blood volume has been reported
previously.® Hypovolemia still can be demon-
strated 48 hours after aspiration of sea water
in untreated animals (unpublished data). If
the alveoli are filled with fluid this would pre-
vent their ventilation, thus explaining the non-
ventilation of perfused alveoli which occurs
after aspiration of sea water. Manual hyper-
inflation of the lung every 15 minutes had no
effect on this group of animals. Although con-
tinuous hyperinflation after sea water initially
decreased A-aDO, and size of absolute shunt,
this was only temporary. Similar findings have
been reported after aspiration of 1-3 ml/kg.
of sea water in sheep, wherein it was pro-

posed that inflation of the lung further dis-

TapLe 5. All Animals Which Aspirated Distilled Water or Sea Water and Were Not Treated for at
Least 75 Minutes (Mean and standard deviation of pHs, Pacos, Pao. and per cent shunt
during room-air breathing, and A-aDO: and per cent shunt during 100 per cent
oxygen breathing, are listed prior to and one hour after aspiration. The
data one hour post-aspiration are compared to the pre-

aspiration data for statistical significance.)

- Paco:
Time pHa mm. Hg

Per Cent Per Cent

Paoz A-aDO:
Shunt Shunt
mm. He mm., Hg (Ai:) (100% 09

Distilled Water 0 7.39x0.07 308
(18 Animals) | 1 hourt [ 7.34:-0.08%% | 37x12**

93:£11 105:£33 6.6+ 4.4 | 56 1.8
43+13* | 505161* | 47.0:15.9* | 33.0£15.1*

Sea Water 0 7.39+0.07 334
(15 Animals) | 1 hourt | 7.32::0.08* | 339

92:£6 101:4:36 58+ 21 | 58+ 1.9
36£12* | 602£57* |56.6£13.2* | 47.5£15.0*

1 hour for data during air breathing; 75 minutes for data during oxygen breathing.

* Significantly different from “0"" time, P < 0.000

* Significantly different from “0” time, P <0.05.

1.
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tributed the fluid which had accumulated,
thereby interfering with alveolar ventilation.5.

Reflex airway closure which responds to iso-
proterenol has been reported to play a major
role in the shunting found after aspiration of
small quantities of water.® After an initial de-
crease, the A-aDO, progressively increased in
spite of continuous isoproterenol infusion in
this study. It is unlikely, therefore, that this
mechanism accounts for a major contribution
to shunting after aspiration of 11 ml/kg. of
either fresh or sea water. ’

Reflex pulmonary hypertension is reported
to occur in sheep following aspiration of small
quantities of fresh water. The increase in
pressure was not related causally to the ac-
companying fall in arterial oxygen satura-
tion.?* In the present experiments, aspiration
of sea water did not elevate mean pulmonary
artery pressure, and following aspiration of
fresh water the changes varied considerably
from animal to animal

The rapidity with which changes in A-aDO.
can occur is stressed by results in animals
which were ventilated mechanically 30 min-
utes post-aspiration. The wide and rapid
changes in A-aDO. recorded emphasize the
necessity of frequent evaluation of arterial
oxygen tension when treating for aspiration.

Conclusions

These studies indicate that severe, persistent
arterial hypoxemia follows aspiration of sub-
lethal quantities of distilled water, chlorinated
distilled water and sea water. The initial
cause of hypoxemia is shunting of blood
through perfused, but non-ventilated, alveoli.
The underlying mechanism for non-ventilation
of alveoli after aspiration of fresh water is an
alteration of the normal surface tension prop-
erties of pulmonary surfactant with collapse of
the alveoli. These alveoli are prone to hypo-
ventilation and recollapse even after reinfla-
tion. After aspiration of sea water, fluid in
the alveoli prevents ventilation. The degree
of hypoxia and shunting is more severe with
sea water than with fresh water. Whereas the
intrapulmonary shunt after aspiration of sea
water is due almost entirely to perfusion of
non-ventilated alveoli, uneven ventilation-per-
fusion ratios due to hypoventilation of over-
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perfused alveoli or-a diffusion abnormality
also may contribute to the hypoxia seen after
aspiration of fresh water. The addition of
chlorine to distilled water did not change the
observed blood gas and A-aDO, values. Fur-
ther study is necessary before conclusions can
be drawn as to whether the continued hypoxia
seen 48 and 72 hours after aspiration is due to
ventilation-perfusion imbalance or to interfer-
ence with diffusion of oxygen. This study
also confirmed that mechanical ventilation
with oxygen initially can decrease the alveo-
lar-arterial oxygen gradient and shunting suffi-
ciently to provide adequate Pay, for full satu-
ration of hemoglobin. The effect is tempo-
rary, however, especially after aspiration of
sea water.

The technical assistance of April V. Showers,
RN., Earlene J. Newby and Bruce C. Ruiz is
gratefully acknowledged.
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tistical analysis of the data, and the suggestions
for preparation of the manuscript by Drs. Leon
Farhi and Lawrence Saidman, are gratefully ac-
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Anesthesia

PORPOISE ANESTHESIA Anesthesia was induced by injecting thiopental
10 mg./kg. into the tail fluke veins of the porpoise. The trachea was then intubated
without the use of succinylcholine because of the reported absence of plasma cho-

linesterase in these

Is. Following thiopental, no more than 2 per cent halo-

thane vaporized with a Mark 2 vaporizer was necessary for induction. Swimming
movements of the free tail flukes were found to be a most reliable indicator of depth
of anesthesia. During induction, swimming movements disappeared after loss of
strong corneal and eyelid reflexes. When these movements disappeared, the animal
was sufficiently anesthetized for surgery to begin. A Bird Mark 9 respirator was used
for ventilation. The use of nitrous oxide was discontinued after three trials, because
it was not reliable as an anesthetic agent and when pushed to high concentrations
was associated with cyanosis. The halothane technique was used satisfactorily in
18 porpoises. (Ridgway, S. H., and McCormick, J. G.: Anesthetization of Porpoise
for Major Surgery, Science 158: 510 (Oct.) 1967.)

FULMINANT HYPERTHERMIA Rapid, progressive hyperpyrexia is becoming
a cause for concern. It occurred in 12 patients, ten of whom did not survive the
acute episode. Conventional anesthetic drugs, including thiopental sodium, succinyl-
choline chloride, nitrous oxide, and halothane, were employed in most of the pa-
tients. No specific signs or symptoms heralded the onset of the hyperthermia. Usu-
ally the first observation was that the skin of the patient felt very hot; cardiovascular
collapse developed shortly thereafter. At the moment, the primary treatment is
prophylactic: continual monitoring of body temperature will detect the beginning
of increases in body heat and permit therapy before the condition becomes irrever-
sible. When the syndrome develops, drastic measures must be instituted at once to
reduce body temperature, provide high concentrations of oxygen with hyperventila-
tion, and combat metabolic acidosis. (Stephen, C. R.: Fulminant Hyperthermia
during Anesthesia and Surgery, J.AM.A. 202: 178 (Qct.) 1967.)
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