microviscosity of PL membrane lipids [3, 4]. There is evidence to show that this ratio and
the cholesterol concentration was increased [3] in animals on diets with a low LA content,
whereas the opposite changes are found on diets rich in LA [3].

Diets with diametrically opposite LA content may thus possess antithrombogenic or thrombo-
genic properties on account of chagées in the physicochemical characteristics of the PL mem-
branes and sensitivity of PL to Ca™ .
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TERMINATION OF ANOXIA BY APNEIC OXYGENATION WITH EXTRAPULMONARY
MEMBRANE CO; REMOVAL
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The method of apneic oxygenation with extrapulmonary CO, elimination is used in the treat-
ment of respiratory failure [3-10]. The method essentially enables the body to carry out gas
exchange while the lungs remain relatively at rest, with favorable effects on their treatment.
The combined use of pulmonary and extrapulmonary routes of CO, elimination and O, intake also
has advantages. Oxygen insufflation into the lungs under low pressure, combined with oxygena-
tion of the blood in a membrane oxygenator (MO), ensures an adequate oxygen supply to the body,
and excludes barotrauma and other detrimental consequences of artificial ventilation of the
lungs (AVL). Extrapulmonary removal of CO, with the aid of a MO can be done with small per-
fusion volumes through this device, so that the safe periods of perfusion can be considerably
lengthened. Some aspects of the gas exchange when anoxia is terminated by this method have
been inadequately explained.

This paper describes a study of the gas exchange of animals during apneic oxygenation
and extrapulmonary elimination of CO,, using an improved Sever MO [2] with small perfusion
volumes.

EXPERIMENTAL METHOD

Three series of experiments were carried out on 34 dogs of both sexes, weighing 14-18 kg.
After premedication with pentobarbital (20 mg/kg) anesthesia was maintained by periodic
intravenous injections of hexobarbital (10 mg/kg) and heparin was given in an initial dose

' P. A. Kupriyanov Postgraduate Surgical Clinic, S. M. Korov Military Medical Academy,
Leningrad. (Presented by Academician of the Academy of Medical Sciences of the USSR A. P,
Kolesov.) Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 104, No. 8,
pp. 162-164, August, 1987. Original article submitted May 5, 1986.
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of 8-10 mg/kg, followed by 0.5 mg every 30 min. Succinylcholine was used for muscle relaxa-
tion (initial dose 20 mg, followed by 5 mg on the appearance of signs of restoration of
breathing) and moist oxygen was supplied (200-250 ml/min) through an endotracheal tube under

a pressure of 5-8 cm water (open circuit: O source—lungs—outlet pipe with throttle and manom-
eter). In the corresponding series an arteriovenous shunt was formed between the femoral ar-
tery and vein (AVS) and a venovenous shunt between the femoral and jugular veins (VVS). The
volume velocity of perfusion (VVP) through the shunt varied with the stages of the investiga-
tion: 16.0 + 3,80 — 38.8 * 3,90 ml/min-kg for the AVS and 31.6 * 3.87 — 38.0 * 2.39 ml/min kg
for the VVS. The internal diameter of the cannulas for taking arterial and venous blood did
not exceed 3 mm, and for returning blood 3.4-4 mm. In sll series the MO was included in the
circuit of the shunts. Under AVS conditions blood flowed through MO of its own accord, but
with VVS the roller pump unit of the ISL-4 apparatus was used to transport the blood around
the closed circuit (it was located before the MO). To remove (0O, from MO, O, or air was passed
through it with a volume velocity of gas flow (VVGF) of 1 to 10 liters/min.

In series I apnea and an AVS were created and MO was blown through with oxygen (12 ex-
periments) or air (7 experiments); in series II apnea and a VVS, and MO was blown through with
oxygen (7 experiments) or air (4 experiments); in series IIT bradypnea (4 breaths per minute)
and AVS were created, and MO was blown through with oxygen (4 experiments). The working param-
eters of MO were! priming volume 100 ml per 1 m® of surface, rated capacity of onme unit 1000
ml/min. The total capacity of the extracorporeal system was 350 ml with AVS and 500-550 ml
with VVS. The experimental conditions included normothermia and hemodilution, and no donated
blood was used. The perfusion system was filled with Ringer—Locke, 5% glucose, and rheopoly~-
glucin solutions. Gas exchange, intracorporeal and in MO, was estimated as p0O, and pCO, in
the alveolar air, the partial pressures of 0, and CO; and the hemoglobin saturation with O
in arterial and venous blood, and the acid-base balance (ABB). The ventilation minute volume
(VWMV) of gas and blood passing through MO was determined at the same time. An AME-1 analyzer,
0S M Oximeter (from Radiometer, Denmark), an MKh 6202 mass spectrometer, and an RKE-2M blood
flowmeter were used. The various parameters were investigated under anesthesia, during spon-
taneous breathing or AVL, after 15 min of apnea and insufflation of 0, intc the lungs without
MO, 1, 2, and 3 h after MO began to be comnected, and after its discomnection. The data were
subjected to statistical analysis.

EXPERIMENTAL RESULTS

Previous investigations showed [3, 4] that during insufflation of O, under conditions of
apnea or bradypnea the oxygen balance of the body is maintained for quite a long time at a
satisfactory level, but that hypercapnia quickly develops and substantial shifts of the ABB
of the blood take place. It was also shown that hypercapnia under conditions of apneic oxy-
genation is tolerated more easily than during anoxia, but the metabolic disturbances which
arise nevertheless lead to death of the animals 1.5-2 h after the beginning of apnea.

The results of the present investigation also were very convincing: after 15 min of in-
sufflation of O, into the lungs under apneic conditions, before connection of MO p,CO; and
pvC0O; rose from 37.5 + 2.06 and 42.6 + 1.29 to 80.1 * 4.42 and 84.8 + 3.69 mm Hg, respec-
tively, BE (base excess) fell to 11.9 * 0.64 mmoles/liter, and pH fell to 7.06, although
P30, and Py0. were maintained at high levels (231.0 % 20.60 and 70.5+ 6.21 mm-Hg, respec~
tively) .

Whatever the method of connection of MO (AVS or VVS), its use enables the gas exchange
of the body to be maintained without significant disturbances for a long time (3 h in these
experiments). A combination of insufflation of O, into the lungs during apnea or bradypnea
with gas exchange in MO results in a.stable and high blood O, concentration. With AVS, p,0,
was maintained throughout this time between 283.0 * 37.53 and 369.0 * 64.82 mm Hg, and with
VVS between 254.4 * 11,11 and 279.0 * 10.0 mm Hg. During ventilation of MO with oxygen the
pOz level in the outflowing blood was significantly higher than when air was blown through MO,
and it lay between limits of 279%.0 * 10.0-403.0 % 39.92 and 109.3 * 6.69-166,7 + 6.92 mm Hg,
respectively (p < 06.05). Thus, ventilation of MO with oxygen to eliminate CO; from it can
act as an additional source of 0, (besides insufflation) in respiratory failure. At the same
time, it must be recalled that there is a direct connection between the gas exchange in MO,
pO0. of the arterial blood, and the alveolar gas composition. During perfusion this calls for
careful monitoring of the blood gas composition, for a considerable rise of p0O, of the ar-
terial blood will increase the risk of the toxic action of 0, insullfated into the lungs.
When MO is ventilated with air, insufflation even of pure moist oxygen into the lungs under
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low pressure (5~8 cm water) does not entail such a risk, for under these circumstances pQ, in
the alveolar air is maintained at an optimal level.

Lethal hypercapnia during prolonged apnea or bradypnea was terminated by the use of an
MO and by insufflation of 0, into the lungs. In the first case (in apnea) elimination of CO;
by MO took place without the participation of the lungs, but in the second case it played an
essential auxiliary role.

Elimination of CO; with VVP of 31.6 + 3,87-38.8 + 3.90 ml/min‘kg was studied in experi-
ments with AVS and VVS and with completely disconnected breathing., In the course of observa-
tion for 3 h after comnection of MO the levels of pzC0, and pyCO, under AVS and apneic condi-
tions changed within limits of 48.5 + 1.58-40.1 + 3.96 and 58.7 + 3,53-54.4 + 3.79 mm Hg,
respectively. With VVS and apnea, the corresponding values were 55.9 * 3.62-49.5 *+ 3,80 and
60.0 + 5,55-54,7 = 5,31 mm Hg. Under conditions of AVS and bradypnea, VVP was 16.0 * 3.80
ml/min*kg, and the pyC0. level was maintained between 47.8 % 0.89 and 46.6 * 3.17 mm Hg.
These results were obtained in the experiments of series I and II when VVP amounted to 25-
30% of the minute volume of the circulation (MVC) and when the blood was exposed to MO for
0.9 min. 1In series III VVP through MO was 13-16%7 of MVC and the exposure time was 1.2 min.

In all the series of experiments, incidentally, the CO; level in the blood was kept
stable for 3 h at a somewhat raised value, and showed a tendency to fall toward the.end of
the experiment. This stability suggests a balance between the processes of CO; formation
and elimination during operation of MO. That all the animals tolerated the relative hyper-
capnia satisfactorily under conditions of improved oxygenation of the blood during apnea or
bradypnea was shown both by the rapid normalization of the basic parameters of homecstasis
after disconnection of MO and transfer of the animals to spontaneous breathing. After only
15-20 min these parameters did not differ significantly from their original values. An im-
provement to the design of the gas exchanger [2]) also led to improvement of the parameters
of membrane elimination of CO; compared with data obtained previously with the first model
of the MO [1, 3]. '

In the course of the investigation some general rules were established for CO; elimina-
tion from MO, depending on the intensity of ventilation of MO with gas: if VVP falls below
4 liters/min elimination is significantly reduced, but if VVP rises elimination increases and,
according to our results, it reaches the optimal value at 8-10 liters/min. WNo differences
were found in the intensity of €O, elimination in the case of ventilation with air or with
02, The effectiveness of removal of CO, from MO is affected by the duration of exposure of
the blood in MO: the longer the exposure the more CO, is eliminated. The adequacy of CO:
elimination also depends on the ratio of VVP to MVC.
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