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BURNS OF THZ RESPIRATORY TRACT

.\ .
[fbllowing is the translation of an article by
Candidate of Medical Sciences L. M. Xlyachkin,
Candidate of Medical Sciences V. M., Pinchuk,
V. N. Khrebtovich, and R. N. Katrushenko in the
Russian-language publdoation Vestnik Khirurgii
(Herald of Surgery), Loningrad. Vol 89, No 11,
1962, pages 41-48,

F7om the Department of Thermal Injuries (Head -- Professor
‘7. Ya. Ar'yev) and from the Scientific Research Burns Laboratory
(Director -- Doctor of Medical Sciences Ye. V. Gubler) of the
Military-Medical Order of Lenin Academy imeni S. M. Kirov (Scien=
.¢3.#ic Dirsctor -- Professor N. S. Molchanov)

Burne of the respiratory tract are frequently encountered
in thermal injuries, conaiderably aggravating their courase.
Cames of such burns have been described for accidents in 1942 in
Boston (Aub and Pittman, 1943; Mallory and Brickley, 1943) and
in Cleveland in 1954 (Shenk and Stephens, 1955) on the American
ajreraft carrier "Bennington'' (Enyart and Miller, 1959).

In 1945 Moritz and MclLean, as & resuilt of experiments on
animals, suggested that if the thermal agent -inhaled is poten-
tially capable of injuring the respiratory tract below the
larynx, then it will undoubtedly cause a fatal edema to the
Lnrynx. This opinion was carried over into the clinical aspect
‘of burn injury and has been repeated by several authorities up
to. recent times. (in particular, by Sevitt, 1957), although direct
aiinical observations (Aub and Pittman, Enyart and Hillor, etc.)
cl.early contradict such a view.

It is apparent that bocauso ¢f the inadequate diagnosis of
byrns of the respiratory tract lay also in the search for such
"indisputable' aigns of damage to the lafynx as aphonia and as-
ohyxia. On the other hand, the regular davelopment in such
sutients of more delayed severe, and sometimes even fatal pule
_monsry complications urgently necessitated a profound atudy of
the problem, in particular, in its diagnostic and therapeutioc
aspects.
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Analysis of our c¢clinizal and pathologo-anatomic observa=
tions has shown that in receant years (up to 1959), when the
symptom complex of burns of the respiratory tract wes still not
sufficiently clear, these lesions were diagnosad not for all
casee by far. The diasgnostic difficulties arose for the more
severe burns, when death occurred after one to two days and the
examination of the victims could be carried out only to & moat
minimum extent.

Since 1959 cnly 3% patients with burns of the respiratory
tract have come under our observation., Of these, 22 died. '

For most patients the coambination of lesion in the reapira-
tory tract with extensive deep burns of the skin was characteristiec.
For only five patients was the total area of the burns 10~25%, for
2ll the others the area varied within the limits of 30-95% of body
surface. Also characteristic was the loscalization of the burns =«
thirty of 31 patients were burned in the face and neck, lip burns
were observed, hair was singed. The conditions of the trauma also
deserve attention. Four victims were burned during cooking, seven
~= during various explosions, 15 victims had their clothes set
afire. One patient fell into a kot cupola furnace. Steasm burns
were cbserved for four patients. ,

In the clinical picture of the first days following the
burn dypsnez could be noted: rsspiration was difficult, hoarse,
and at & rate from 18 to 24 times a minute. For individual
patienta broken dry rhqnehi in the ‘lungs could te heard. The
patient spoke with difficulty, in part due to unplasasant sensa~
tions in the throat, in part due to the beginning edema of a
burned tongue, the volce sometimes was hoarse, bdut none of the
patients had complete aphonis, and the diffisulty in respiration
was never due td the direct threat of asphyxiation. During the
course of one to two days ten patients died, not coming out of
shock. The seriousness of their condition limited the pomsibile.
ities of study, in-partiecular, roentgenological,

The maximum davelopment of the edema of the burned skin
by the second to third day following the burn made poasidle con-
sideration aiso of tha growing edema of the reaspiratery tract
affeacted. Usually the dypsrea-increased. In two patients aphonia .
set in, However, none of these patients were troubled by asphyxia.
Physically, a variegation of the percussion data was discsversed. ‘
Sections having a box tone alternated with dull tympanites. En-
feebled,; and less often hard, breathing and broken dry bronchi
and crepitations were hesrd. These data were usually treated as
aynptoms of bronchitis and broncho-pneumonia. In subseguent days
catarrhal effects in the lungs increased. This entire piocture
developed against a background.of fever with increase in bedy
temperature up to 40-419, with delirium, and sometimes with psy-
chotic effacts. In the terminal period edema of the iungs
devaloped with the characterietic gurgling respiration.
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Irn four patiente who became victime durirs the explosion
of a steam kettle, in spite of a pralouged exposure (about five
wminutes), the damage to the respiratory tract was only very mod-
erate. Pneumonia developsd only in one of thease patients, all of
the victime recovering. It is known that in experiments steanm
causes the mogt severe lesions of the respiratory tract. It is
obvious that in accidents the steam rapidly condenses in the sur-
rounding sir, which sharply reduces its damaging action.

Examination of the nose, mouth, pharynx, and larynx was
carried out for 14 patients. For seven of the patients, the
laryngo-cto~rhino-organs could be examined the day following the
trauma. In threa of these cases, dry hyperemic mucous larynx
éovered by a viscous white secretion was observed; hyperemia and
restriction of the mobility of the true vocal cords, as well as
incomplete closure of the cords during phonation. For four
patients only hyperemia of the oral mucosa, alternating with
whitish areas, could be noted, as well as hyperemia of the larynx
ard epiglesiis. Examination by a laryngologist of the remaining
patisuta was carried out by the seventh to tenth day and revealed
hyperemia and a moderate edema of the mucous larynx and false
vocal cords.

Roentgenclogical examination of the organs in the thoracic

- cavity was carried out for 17 patients. During the first days
changes in the lungs did not appear. Subsequently, a darkening
of the pulmonary fields was observed, which was of a focal char-~
acter. In individual caaes, the roentgenological data meade it
possible to aspeak of atelectasis, usually lobular.

Upon autopsy for all the patients who perished in the firast
days, the mucous membranes of the respiratory tract were szomewhst
e¢demic, considerably plethoric, mottled by small hemorrhages and
ulcuscles, Accumulations of thick viscous mucus was found in the
lumen of the bronchi (usually the small bronchi), and sometimes
even in the lower portion of the trachea; the kollabirovannyye
[;2;7 sections of the pulmonary parenchyma were collansed (Figure 1),
The ordering divisions of the lungs were emphysematously disterded.
The pulmonary tissue was continually acutely plethoric, under the
visceral nerve and in the tissues of the lungs there were multiple
faci of hemcrrhages; in one of the patients who died numercus in-
Zarcta were discovered. Microscopic examination revealed the non-
uniformity of the lumen of the bronchi, and the accumulation therein
of mucus, desquamated epithelia, erythrocytes, and by the end ¢f the
first days -- leucocytes as well., The congested plethora of the
lungs was accompanied by the development of capillery atases and
the appearance in the arteries and the veins of numerous thrombi.
In the alveoles and in the stroma of the lungs sizable accumula-
tions of edemic liquid was detected.

In the patients perishing by the second to third day, and
subseguently, fibrinoso-suppurative impositions appeared uwn the
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Figure 1. Lumen of a small bronchus filled with
layers of desquamated epithelium and leucocytes:

at the side -~ a vessel covered with a thrombus,
Death followed 18 hours after the trauma.

Stagn used was hematoxylin-eosine. Microphotograrph.
X 280.

mucous membranes of the trachkea and the large bronchi; the edema
by tals time decreased, but the hyperemia remained (Figure 2).

It must be noted that dn all of the cases studied by us the burns
of the respiratory tract could be gualitied as first to second
degree burns. iicroscopic examination showed that by the tenth
tc twelfth day the epithelial covering of the larynx and the
trachea was restored almost completely, in which, as a rule, in
the trachea a multi-layer plane daveloped at the site of the
cylindriéal epithelium (Figure 3). In the patients, by the end
of the second day after the trauma, small foci of suppurative-
fibrinosic or suppurative-necrotic pneumonia (Figure 4) was found.
In the cases of death after three to four days and later pneumonia
was always of the distributed large-focal, confluent, and even
lobar type. For three of the victims autopsy revealed numercus
absceases; upon microscopic examination small foci of suppurative
inflamation of the pulmonary varenchyma was discovered in almost
all cases., The inflammatory process arcse initiallv in the bron-
chi, evidenced by the distributed suppurative bronchitis and
bronchiolitis, noted for the patients who died already during the
first days following the trauma (Figure 5)., From the bronchi the
inflammation easily moved into the peribronchial tissue (in indi=-
vidual cases the entire wall of the bronchus proved to be
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Figure 2. Edema and plethora of the submucous layer
of the trachea. OCn the surface are layers of desqua-
mated epithelium, fibrim, and leucocytes. Death fol-
lowed two days after the trauma.
.Stagned according to Van~Gizon. Mcrophotograph.
X 28C. .

Figure 3. Proliferation of multilayer flat epi-
thelium on-the surface of the trachea., Edema and
plethora of the submuccus layer. Death on the 12th
day following the trauma.

Stained according to Van-Gizon., Microphotograph.

X 400,
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suppuratively inflamed) snd the parenchyma of the lungs. The
generalized disturbances of blood circulation aad, especially,
the edema of the pulmonary ticsue promoted a rupid spread of the
inflamsation throughout the crgan, lezding to the development of
exirawely severe pneumonia, which proved zo-be the cause of death
of the vietimes., It must be emphasized that rot in a single obser-
vation wss the fatsl outcome a cansequence of asphyxiation on the
sroands ¢f edema of +the larynx, R
To explain the role of various facto-e in the emergence of
burus of the respiratory tract 110 experiments were conducted ou
« The snimals independently inhsled steam, hot air, or flame.
; exnerinents were carried out without narcosis. The results of
tne studies are presented in the f{able. {Comment: See Paze 10 of repord,
It turred out that inhalation of steam enuses injury to all
sections of the redplrator tract in the lungs for an exposurs of
taly two seconds.  Upen inhaling tongues of smokeless flame of
1 wiechel for thirty seconds the same injurles developed,
air at a temperature of 5009 and an exposure of four min-
aaussd dumsge 1o the cral mucosa, to the nharynx, and only
ew ¢casSes to the larynx, Injuries below the plottis were
) srved, apparently as a consequence of the lew heat capacity
i ﬁﬁe air and its intensive cooling over the extent of the respir-
13 ract. Wonetheless, pulmon.ry changes in the form of atelec-
mphysema, and pneumonia were found for most of the experi-

e
’J*‘)

In tns experiments as well am dn the clinical aapect,
mehyxiation on the sunde of glettidisl adema was not observed
gven Ln one cose, 28 described by Meritz {(134%), The main danger
of burns, of the respiratory tract lies in the fact that they regu-
larly lead to the development of sgecondary pulmonary complicatiocng,
oo ;anra 21y aggraveting the course of the burn affection during
4 davs., ' :

“ne genesls of lung damuge 1z usually explained by molsoning
caused by csroon monoxide or oxides of nitrogen (Auwb and Pitbmen,
LGE3: Mallovy and Brickley, 1943). In our experiments the action
of nitrozen cxides was excluded by using alcohol as the source of
coroustion. As far as carbor monoxide gus is concerned, an exuo~
sure of ha;i 2 mirute is, ¢f course, Iinsufficient t¢ cauvse severe,
and sometimes faval damnge to the lungs.

G e other hand, meazsurement cf the temperature in veriocus
cevtions of the reapiratory tract in our experiments showeda tnat
veaon inhaliling ¢lmme the tesperatuse under the mucosa of the upper

i o trachea reached 500. In these instances necrosis
Lhe mucosa was observed. On the surface cf the mucosa of the
ridale brounchi the temperature rose to 43479, that is, it diug not
on the oritical valve. This enabled ug to consider that cucnges
o uhe lunps cannot be reduced to direct burning of tneir tissues.
Pylmonasy diserders cbviously have a more complex pathogeneals.
savitt {(L957) expla ned tihe emergevice of atelectasis onlvy by the
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Figﬁre b, Suppurative bronchitis and suﬁpurative
pneumonia., Death on the 15th day followlng the
trauma.

Stagned: hematoxylin-eosire. Microphotogfaph.
X 230.

Figure 5. Suppurative bronchitis. Wall of bronchus
fused over a limited extent. Death on the third day
following the trauma.

Stained: hematoxylin-eosine. Microphotograph. X 280.



Plethora of the lungs. However, there i’ no doubt that the bron=-
chiolitis developing soon after the burn, entailing disorders of

the drainage functiorn of the small hroachi becomes the cause for
atelectasis aand emphysema. Worssning of oxﬁornal respiration oan
also be related to a decrease in the respiratory excursions dus to
ths agsociated burns of the thoraeic cavity. This same fact com-
plicates the elimination of bronchial mucus through coughing. ‘

Early diagnosis of respiratory tract burns and of their
consequences increases the effeotiveness of treatment. The main
task in treatment must be the drainage of the bronchial tree.

Along with this, it is necessary to establish conditions facili-
tating gas exchange in the luncl. Oné of the most promiaing
methods in this regard is tracheostomy with subsequent, over the
course of several days, aspiration of the bromecial &: ‘ Jent, con-
atant inhalation of oxygem, and if necessary the administration

of antibiotics or nistatine through tracheostomy. Tracheostomy,

in connection with respiratory ‘tract burns, was carried out for
nine patients, Five of this group w:re operated om in the first
days following the trauma, two patients on the second days, and
further on =~ two patients. Following the operation aystematic
aspiration of the dronchial mucus was accomplished by means of

deep introduction 0f & catheter during the tracheostomy, connected
with & pumping apparatus, oxygen being continually administered.

A. N. Bhabanov and V. L. Kassil' (1961) presented convincing data
in favor of tracheostomy for manifestations of acute respiratory
insufficiency caused by the accumulation cf muocus in the trachea
and the bronchi due to ineffective coughing, diasturbance of the
respiratory rhythm, or the depth of respiratory excuxsions., The
mechanism of the action of tracheostomy consists in reducing the
dead space of the reapiratory tract (Carter and Giuseffi, 1951).
Resistance of the respiratory tract following tracheostomy is
reduced down to less than one-half (G. M. Zemtsov and A. I. Yudina,
1955); reduction in the excursions of the thoracic cavity no longer
lesds to a decreaae in the volume of the air respired. Tracheostomy
inoreases the oxygen saturation of the blood, clpociully for aspir=-
stion of the bronchial content,

In casea in which. a-piration of the mucus through tracheos-
tomy proves to be ineffeotive in dealing with respiratory insuffi-
ciency, a bronchoscopy is performed. It persits an examination of
‘the mucosa of the trachea and the main bronchi and a drawing off
of the mucus accumulated therein. Here, the bronchoscope. was admin-
istered through tracheostomy, sinoe the passage of the instrument
through the mouth would be 1npoliib10 owing to the burns of the
face and neck.

In all, a bronchoscopy was carried out by us on five patients,
for two of them it was done twice. For three patients it was pes-
sibleé to safely eliminate atelectasis, Thus, for patiernt X, follow-
ing distributed burns of the face, neck, hands, trunk, and lesions
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of tue respiratory tract, a picture of bronchiolitis snd broncho=
pneumonia with increasing respiratory deficiency deveioped acutely.
By the tentn day of the affection a tracheostomy wae performed, and
on the 16th -~ a hronchoscopy, which permitted the discovery of
acute hyperemia, edema of the muycosa of the breachi, and an accunm-
ulation of thick mucus therein. Aspiration sf the bronchi content
was carried out. As a result the atelectasies was eliminated, the
patient's body temperature fell off, and respiration slowed down
and became freer. Expulsion of sputum was considerably eased.
Physically, mild effects of emphysema ccntinued to be noticed.’
The further course of the disease was wholly favorable.
Brenchescepy permitted the recevery ef the lungs and
showed that atelectasis wélla consequence of an inflammatory
obstruction of the bronchi, besides preventing the unquestion-
able threat of peeumonia to the patient. Tracheostomy and bren-
choscopy have firmly become part of the practice of our clinics
in treating burns of the respiratory tract and their .consequences.

Conclusion

1, Burns of the reapiratory tract acutely aggravate the
course of the burn affection during the first days. Their main
consequence is acute tracheobronchitis and bronchiolitis with
disturbance to the passing ability of the bronchial tree, the
growth of atelectasis, acute emphysema, pneumonia, and respira-
tory insufficiency. ' )

2, From - anamnestic accounts on the possibility of
having inhaled steam, heated air, or flame, and also when deep
burns of the face, neck, and chest are involved a laryngoscopy
must be carried out of necessity.

3, Thermal injuries to the larynx, even in the absence
of eigns of its edema, is an indication for emergency tracheos~
tomy with subsequent aspiration of the bronchial content and
jinhalation of oxygen through the tracheostomy.

4, Developing reepiratory insufficiency, especially for

.“physical and roentgenological signs of atelectasis is an indica-
tion for bronchoscopy to be performed with aspiration of the
mucus through the bronchoscope.
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ELECTROSTIMULATION OF THE DIAPHRAGMATIC NERVES
DURING APNEA. '

[fbllowing is the translation of an article by
Candidate of Medical 5¢iences, R. S. Svidler, and
S, A. Geshelin in the Russian«language publication
Vestnik Khirurgii (Herald of Surgery), lLeningrad,
Vol 89, No 11, 1962, pages 75-80.7 ‘

'Froh the Surgicql Department (Head: Professor B. Ye, Fran-
kenberg) of the Qdessa City Clinical Hospital No 1 (Chief Physi~
cian «- A. S. Teslik)

‘

. ;

The successes of aneesthesiology, whose taska in recent’
years have gone beyond the limits of ansescthesia proper and have
extended to the control of the vital functions of the organism,
have occasioned a reexamination of various viewpoints as to apnea.
The widely known advantages of controlled breathing, especially
in operations on organs of the thoracic cavity, have encouraged
many surgeons and anaesthesiolpgists to regard apnea not only as
a possible, but s desirable and even indispensable attribute of
intubational narcosis.

' The deep depression of breathing to the level of apnea has
departed from the heading of fatsl complications to the category
of inseparable qualities and controlable properties of modern nar-
cosis. Artificial respiration has-become a usual and habitual
component bfi the control of the vital .functions of the organlsn
during an operation. .«

One of the situations dictating the need: to use artifiecial
respiration is apnea for high cerebrospinal ansesthesia.

In aspite of the many advantages of cerebrospinal anaesthesia
over narcosie {(minimum dose of toxin anbstance administered to the
organiem, abaence of generai-resorptive action of the anaesthetic,
total anaesthesia, and profound relaxation of the musculature), the
decreass in arterial pressure and the possible apnea have thus far
dissuaded meny surgeons from this anassthetic method.

The preventive stabilization of the vascular tonus, suggested
by B. Ye. Frankenberg, by means of subcutaneous administration of
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twe m) of & 10% caffeine solution amd one ml of a 5% aphedrine
solution (for 30 minutes before the Lumbar puncture) and the sub-
arachnoid administration of two ml of a 5% ephedrine solution
\immadiately before the Sovcaine injsction) prevents the drep in
bleod pressure and safely stabilizes the vascular tonuas for the
period of cerebrospinal snaesthesia. However, the stabilization
of the tlood pressure does not prevent depression and apnea, which
for total and subtotal cerebrospinal ansesthesia are associated
with pharmacological blocksge of the motor roots innervating the
regpiratory musculature. The timely use of artificial respiration
nermlte gas exchange during the period:of the parslysis of the
respiratory musculature, prevents a secondary drop in vascular
torus associated with hypoxemia, and in the final analysis, has

# Gecieive effect on the course and outcome of cerebroapinal
aneestheala (B. Ye. Frankenberg, 1936, 1960, etc.).

In efforts to find a rational method of artificial respir-
atiion, promising for cases of apnea under high cerebrospirnal’
ansesthesia, one of us (R, S. Svidler), from the suggestion of
Prcfessor B. Ye. Frankenberg, experimentally developed and physio-
logically substantiadted a method of artificial diaphragmic respir-
. atlen, induced through rhythmic electroexcitationas of the diaphragnm-
atic nerves. The work was done in a laboratory under the supervi-
#icrn of Professor V. 5. Galkin., As 2 stimulus te the diaphragmic
nerves an apparatus prepared according to our specifications was
used, affording the production of rhythmically interrupted direct
durrent, with a frequency of 50 cycles,and a voltage from one to
three volts.

In experiments on cats, dogs, and rabbits, it was shown
thet the electrostimulatior of the diaphragmic nerves leads to
rhythmi.c diaphragmic respiration, whomse frequency and depth can
se regulated by the apperstus, by changing the rhythm of the
stimuli -and the voltage of the stimulus current. Thias data agrees
wholly with the results of an experimental investigation of Sarnoff
i al {1948-1950). The constriction of the diaphrage during arti-
ficial diaphragmic respiration caused a rhythmic reduction in the
intrapleural preasure during the inhalation phase, which promoted
the sucking action of the thoracic cavity and had a favorable
sffect on blood éirculation. In this way, the mechanism of inha-
tation during electrophrenic respiration is physiologically closer
to the natural condition than for artificial respiration on the
basis of insufflation. .

Harmoniously combining the reflex.stimulation of the respir-
atory center and its supply of oxygen, electrodiaphragmic respira-
tion proves effective for experimental mechanical and narcotic
asphyxiation and apnea as a result of electrotrauma (R. 8. Svidler,
L952+1954) .

In 1957 the ESD-1 apparatus (electrical respiration stimu-
‘lator), intended to induce artificial respiration in man (Figure 1)
wag designed by Engineer N. M. Florianovich, with the consultative
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Figure 1. Hiectrical respiration stimulator (EsD=1).

assistasce of Candidate of Medical dclences R. Y. Svidler in the
Scientific Research Institute of Medical Instrumentation and
Equipment.

The apparatus has two channels -- for the atimulation of
ackive inhalation and exnalaticen. A series of impulses are gener-
ated in each channel, synchronized in such 2 way that the moment
of cessaticn of current in one channel corresponds to the bagin-
ning of current in the other. The ratio of the length of current
duration in the channels {(that is, the ratio inhelation/exhalation)
is regulated smoothly from 0.6 to 1.5. The freguendy of succession
of the series of impulses {(volleys) is regulated from & to 32 per
minute. The freguency of impulues in series varies from 600 teo
140 cycles. The ratio of the lengih of the pause to the length of
the impulse (duty factar) are varied within the limits of three
degrees: 3, 5, and 10. The apparatus pernits the production ef a
amaoth increase in current strength for each series of impulses,
for which the period of increage is controlled from 0.2 to C.7
seconds. The curvent strength for eaeh channel is regulated'ﬁithin
the limits of two ranges: from O to 10, and from C to 10 ma 1;137.
The opportunity of changing the current polarity for each channel
is provided for. The apparatus is fed cspom an alternating current
network of 50 cycles, with a valtaga of 127 or 220 volts. The
maximum usabie power does not exceed 90 watta.

The EsD-l apparatus i« gupplied with an array of digitel,
button, and sheel electrodes for excitation of the motor points
7 .

-
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Figure 2.

i

Array of electrodes for the ESD-1 appartus.
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of thg diaphragm?c nerves, and alsc of the intercostal muscles and
musculature of the abdominal walls (Figure 2). We used only tne
irhalation channel, stimulating the motor skin points of the 21a-

phragmic nerves by using the digital electrodes; the exhalation
proceeded passively.

The restoraticn of respiratory automatism under conditions
of electrostimulation of the diaphragmic nerves not only was not
inhibited, but even proceeded more rapidly; according to our im-
pression, than for artificial respiration using insufflation of
air.

Artificial diaphragmic réspirution with rhythmic stimu-~
lation of the skin motor points of the diaphragmic nerves has
been dependably induced. The possibility of controlling . the
length of the respiration phases and the regulation of the pericd
of current stirength increuse for each series of impulses (smooth-
ness of inhalation) bringe the indices of artificial diaphragmic
respiration stimulated by the ESD-1 apparatus as close as possis
ble to natural respiration. g

Based on the data of the axperimental testm, we believed
it possible to use the ESD-1 apparatus for apnez during the period
of high cerebrospinal anaesthesia under clinical conditilons.

In all cases, the stimuli were induced at the skin motor pointe
of the diaphragmic nerves, situated in the supraclavicular reces-
s2s Oof the lateral joasterior border of the thoracic-clavicular-
mammillary muscles.

Electrophrenic resgiration by means of the ESD-1l apcaratus
for apnes during the course of high cerebreosypinal anaesthesia
hias been used by us for seven patients with positive results.

We present a few of our clinicazl observationss

1, Patient K.; 7?4 years old {(original patient No 11411),
was operated on 31 August 13559 for cancer of the ascending colon.
Puncture betweer the III and IV lumbar vertebrae., Two ml of a
5% ephedrine solution with bubbling was subarachnoidally adminis-
tered twice ut & ml and 0.6 m. of a 1% Sovcaine solution with
bubbling IX8 ml. Total anaesthesia was recorded bty the 15th
minute. After 20 minutes dypsnea set in.

The electrical stimulation of the diaphragmic nerves by
means of the ESD-1 apparatus wus used with tue fol:owing charace
teristics of the current-stimulus: 60 cycles, 20 ma, 16 stimuli
per one minute , inhalation/exhalation -= 0.8, length of increase
in strenzyth = 0.5 sec.

A rhytnmic, deep, sufficiently smooth diaphragmic respirs-
tion was obtained, which eliminated cyanosis and stabilized the
steeply fal.ing blood pressure.

On the 25th minute..of electrovhrenic res:iration resyirse
tory automatism was restored, and stimulation of the diaphrasmic
nerves was halied. A gamixclectomiya / ? 7 wase performed.
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Figure 3. Kymogram of
respiration snd blood
pressure of dog under
total cerebrospinal anses-
thesia, using electrical
stimulation of diaphragmic
nerves.,

LEGEND: a) Experiment on
13 May 1959, Male, 1 h;:
b) ESD-1 Apparatus, 25 ma,
60 cycles, inhalation s 1
exhalation '
time of curreut increase =
0.6 sec, rhythm == 20 stroke-
per _min; c) seconds; d) SNMA

L[27, 4.0 ml of 2% novocaine
. solution; 3) Hind paw; f)
Electrophrenic resgiration;

g) Front paw.



Following the operation the patient reportcd that he did -
not experience unfavorable sensations during the stimulation of
the diaphragmic nerves, on the contrary, at the outset of arti=-
ficial diaphragmic respirution the dypsnes disapreared, although
a sensation of heaviness pressing down on the chest did not leave
him, :

2. For vatient M., 54 years of age (original patient
No 2744), operated on 8 March 1960 for calculous cholecystitis,
total anaesthesia and dypsnea set in ten minutes after the sub-
arachnoidally administration of two ml of a 5% ephedrine solution.
with bubbling 3 X 6 ml and 0.7 ml of a 1% Sovcaine solution with
budbdbling 3 X 10 ml. Pulmonary ventilation was suastained by the
electroshrenic respiration fer 31 minutes. The stimulus conditions:
60 cycles, 20 ma, 16 inhalations per minutes, inhalations/exhala-
tions -~ 1, length of increcse of current strength in the series
of impulses (for each individusl stimulus) == ; 0.6 sec. Res~
riration was sufficiently deevy and regular. !

Tue arterial pressure following an insignificant drop (to
110/8C mm Hg) returned to the original level (150/90 mm Hg).

‘Following restoration of independent breatining under con-
ditions of total snaesthesia and rsmarkable relaxation the opera-
tion was performed =- cholecystectomy. The patient recovered.

3, Patient R., 60 years of age, (original patient o 5766),
operated on 4 May 196C for cancer of the stomach., Total cerebro-
spinal ansesthesia dypsnea set in 25 minutes with increased blood
pressure compared t¢ the initial level. Electrophrenic respira-
tion (current frequency = 60 cycles, strength = 3C ma, ratios
inhalation/exhalation =~ 1, length of increase of current strength
-« 0.7 Bec) was deep, rhythmical, and sufficiently even.

By the 18th minute of the electrical stimulation of the
diaphragmic nerves independent respiration was restored.

The operation =« a resection of the stomach according to
Raychel = Poliya =~ was performed under conditions of remarkable
shaestihesia and deep relaxation of the musculature.

It nuet be noted that in this case, the muscles of the up~
per extremity on the side where the negative electrcde was applied, .
synchronously with the contractions of the diaphragm, contracted.
It was not possible to avold these accompanying contracticns. .This
may be explained =ither by the individual characteristics of the
syntopy of the diaphragmic rerve and the shoulder plexus, or by
the presence of direct anastomoses between these conductors.

4, For patient Z, 49 vesrs of age { original patient No
3308) aftlicted with an ulcerous duoderal, underwent resection of
the stomach under cerebrospinal eanaesthesia with hypothermy
on 31 March 14%60. ‘

Two ml of & 5% solutionof ephedrine (bubdling 5 X 7 nl) was
subarachnoidally administered, as well as 0.7 ml of a 1% Sovcaine
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golutiin (budbling 1 X 20 ml). The umnaesthesia spread 'to the
angle of the Jower jaw and to cool the patient ice baps were
laid or him. Body temperature began to fall, and reauiru ion
tacame Lacressingly superficial.

By tne 35th ninute rcsp%ratzon ceagod. The rectal tem;:ra-
ture by thls time Zell from 37 C to 35.5 C.

The patient was placed under elecirophrenic resypiration
(60 ¢ycles, %0 ma, 16 stimuli per minutes, inhalation/exhszlation
wm 1, length of increase in current strenpth =~ 0.7 set).

By the £0th minute, with a rectal temper:sture of 32.5 C,
the ioe bags were removed, but the cooling continued ug to the
6Uth m;nuzeq, hen the rectazl temperature fell to 32,1 C.

BY the kSth minute of the electrophrenic reepiration
anteneo s inhalations hegan. Ugon haltiang the elsirical stinu-
tion of the diuwpnraigmic nerves, restor:txcn of respiratory
“ Yemetiem wee .roncunced, however, inderendent respirution was
superficisl sso.zh that it did not aswure suffisient sas ex-
er the conditione ¢f hypothermy switehningy off
timulator led to the appezrance of acrocyancsis.
sen . against a beckpround of indejpendent respira=-
ricezl stimulation of the diaphragmic nerves was

8]
aven und
f the electires
In this connect
tioen Lhe ol
cuntinued,
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~
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auxiliarv elect royhren*c reﬁpiration diffnred uali-

anhts 01 Mfﬁ?d. Uz to the zlme of :estorat;on of resylratory
untmagian, thie ugper level of anasestnesia for cur yutient reached
e IT ribe  In tais connection, unpleasent sensations were felt
Tha <0*uu$ of elactrode application duriny the momen. of elec-
ifiecation, when che patient ex;erienced some.hing like "scurrent
hc@ﬂe“. Moreover, spontaneous iphelations disturbed the rhythnm

" tre electrophrenic respliration.  ESuppression of independent
rezoiration was achleved only uron increasing the current strenpth
of tne ustimulus, which was borne poorly on s subjective busis by
the yauAunt, who inuicated zocreness of tie electrification,

Only after two hours 45 minutes from the start of the
broapxng] sasgatheela, by the 125th winute of tne stimulation
3 L‘e uiay a;vic nerves did the resgirztion bacoume sufiicilenily
verular stinulator waus swiqched off.
of the prolonsed suppresion of resuiration and
hytmrther“(&, the arterisal gres:.are -.uriny the

i i ni slectroyhrenic rec,.iration re-cined
sheen L*j /.HC..' sod 1 0/95 mn Hg). Consicering the
1ong veriod of apaea, the orrrution wus postuoned. After
the patieut was safely o,eruted on under iancubational
en narcosis.

Tact of the ovservitions ;resented is of interest from
. Lg 0y Viwwe xotewort .8 the paradoxical po.oasibiiity,
from the | oint of vies of the understanding cf hibernution, of
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preducing hypothermy witi the use of aympthomimetic, substances
and high blood pressure (B, Ye. Frankernberg). Mcst indicative

is the offectiveneas of electrodiaphragmic respiration during
the course of a prolonged period of respiratory insufficienecy.
Observation based on the characteristice of slectrophrenic respiru-
tion under. conditions of restored (although superficial, nonethe-
less spontaneous!) respiration has revealed several limita to

the use of the method under clinical conditions. The possibility
ghown in experiment of suppressing the independent rhythm of
respiration through electrificaticn of the diaphragmic nerves
under clinical conditions comes: into collision with thd sore
sensations of the patient, whith does not permit an unlimited
increass in the strength of the current-stimulus. Apparently,
the use of électrophrenic respiration in ahaesthesiological
practice proves to be most justified under conditione of narcosis
and total cerebrospinal anaesthesia.

The apparatus for the electrical atimulation of diaphramic,-
respiration, in addition to the cases of apnea against the back-
grourd of high cerebrospinal anassthesia, were used by us ten
times for severe disorders of réspiration due to traumatic shock
and for fractures of the base of the skull. The maximum duration
of the continucus use of the ESD-1 apparatus (artificial respira«
tion) in one of the cases of skull-base fracture amounted to
1& hours.

Changing the charscteristics of the current-stimulus, the
rhytkm, the depth, and the evenness of respiration, as well as
the ratio of the length of the phases of inhalation and exhala-
tion can be controlled. It appesrs to us that with further im=-
provement of the apparatus a long duration of current streagth
incresss for each stimulus can be planned for, since the maximum
index of the ESD=-1 = 0.7 secord does not assure for all the pa-
tients & sufficient regulerity of inhalation. However, even the
present model of the ESD-1 apparatus can be recommended for use
under clinical conditions. :

The preventive stabilization of vascular tonus and the
assurance of artificial respiration by means of the ESD-1 appars-
tus prectically eliminates thre main dangers of high cerebro~
apinal anaesthesia and, according to the opinion of Professor
B. Ye. Ffrankenberg, unfolds vrospecis of deliberate uss of sub-
total end total cerebrospinal anaesthesia for suspending raih
in any operative intervention.
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EXPERIENCE WITH THE USE OF HYDKOLYSIN L-103 IN CHILDREN

érollowing is the translation of an article by N. S.
Anishin in the Russian-language publication Vestnik -
Khirurgii (Herald of Surgery), Leningrad, Vol 89,

No 11, 1962, pages 131-13#_}

From the Secind Department of Surgical Clinic (Head Professor
L. G. Smolyak) of the Donets Medical Institute imeni A: M, Gor'kly,
at the First City Hospital (Chief Physician: M. M. Khanovich)

Recently protein hydrolysates have found wide use in the
treatment of adult patients. Only indiv1dual reports (M. M. Guber-
grits, A. V. Levin, M. E. Kamenetskiy, and V. A. Yur'yev) on the
use of protein hydrolysates with children have been published. In
the present work we present our experience with the use of the hydro-
lysin 1-103 with children.

With regard for data on the mechanism of the action of pro-
tein hydrolysates (nutritive, stimulative, plgsma-substltutlve,
detoxifying), we used a solution of L-103 hydrolysin as a bio-
stimulator in the complex treatment of sick children.

We conducted 202 drip infusions of the L-103 solution for
sixty-one children, chiefly in the youngest age group. These were
children suffering with affections of the alimentary tract, emaci-
ated, and undernourished.

In all, 23,830 ml of the L-103 hydrolysin solution were
used. ‘

VWie studied the effect of the transfusion of the L-103
solution into the child's organism on the basis of functional’
tests (zeneral condition, weight, several indices of morpholog-
ical and biochemical composition of the blood, and activity <f
the cardiovascéular system). The infusions were carried out
according to the instructions of the Leningrad Institute of
Blood Transfusion, using only the drip method at the rate of
20-40 drops per minute, which amounted to 150-200 ml per hour.

In one infusion 40-500 ml were introduced, or 20-25 ml per one
kg of infant weight, at intervals from 2 to 30 days. The L-103
hydrolysin solution was not warmed to body temperature before
infusion., The ampule taken from the refrigerator was joined to
the system and the drip administration of the solution was com=-
menced. Intravenous infusions numbering 25 were performed,

- Rl.
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subcutaneous infusions -- 156, rectal infusions -- 10. The age com-
position of the infants and their distribution according to nature
of affection are presented below.

Age Number of Children
'1-6 months 22
6-12 months 13
1-2 years 8
2-3 years. : 6
3=5 years, . 5
Older than 5 years LT 7
Diagnosis ’
Suppurative pleuritis ‘ 3
Buras (trunk, facey esophagua) . J 12
Septicopyemia ' 13
Peritonitis : S . ‘ a3
Pylorostenosis 17
Suppurative peéricarditis . R |
Hirschprung's disease L 1

Other affections —_— . .11

Of the 202 transfusions 83 were performed before operative
intervention, 80 -- during the post-operative period, and 39 --
infusions for the purpose of disintoxication.

In the treatment of most children, diet, vitamins, antibi-~
otics, and careful nursing were used. At the same time, transfu-~
sion of the L-103 hydrolysin solution with a 5% glucose solution
was carried out. The number of transfusions for each infant was
determined by the severity of its affection. Most infants received
from three to seven transfusions, in individual cases -- up to 30
transfusions.

The studies of N. G. Belen'kiy, A. N. Filatov, I. R. Petrov,
and others have shown that the parenteral administration of plasma
heterogeneous proteins, and hydrolysates permit the maintenance of
hydrogen balance in the organism.

The observations recorded by us show that patients receiving
1-103 during the pre- and post-operative periods, better withstand
operative intervention (N. S. Anishin).

All children with Pylorostenosis were received at the clinic
in a serious condition with signs of hypotrophy of the second to
third degree, when the dystrophic changes had lead to emaciation of
tne organism and the cardiac activity.

It must be noted that from the first transfusion we did not
observe noticable hemodynamic improvement. The effect of the
treatment led to an improvement in the general condition. A usually
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good change in the condition of the child was noted after three to
five drip infusions of L-103 with glucose, ascorbic acid, and vita-
min By. The children came out of their debility, theéy became more
active. Repeated infusions of the L<103 solution for these children
promoted a clearing up of the heart tones, a slowing down of the
pulse, and increased blood pressure.

Administration of the L-103 solution containing 31ucose in
large doses promoted the disintoxication of the organism, an increase
in blood pressure, and the end of dehydration. Analogous. favorable
results have been obsérved by Koecher and others with the use of.
¢itrate bovine plasma with children. "

It is known that the highest sensitivization of the organism
by the products of protein degradation is' possible after 12 days..

To answer the question of the anaphylactogenic properties of
the L-103 solution, we conducted repeated infusions 12-30 days fol-
lowing the initial transfuslon, at the. hpight ‘of the possible sensi-
tivization. In all, 72 transfusions were carried out with 18
patients.

. All these transfuslons were borne by the children well and
took place without reactlon. It must be noted that the administra-
tion of a prophylactlc dose of anti-tetanus serum to burned patients
and the subsecuent 1nfu51on of the 1-103 solution (after 10-30 days)
did not lead to. anaphylactic type reactions.

For subcutaneous infusions of the hydrclysin £or all children,
a soreness was noted where the preparation was administered, which
decreased after some days. Even after repeated infusions 1nf1amma-
tory reactions at the site of administration were not noticed. The
resorption of the hydrolysin in this case occurred a period of. 10-18
hours, depending on the amount of solution.

Hydrolysin, diluted by a 5% glucose solution in. the ratio of
1:2, was administered to children under one year of age.- Our exper-
ience showed that drip transfusion of L-103 containing -glucose has
several advantages. This method makes possible the introduction of
large quantities of the hydrolyesates, not overloading the cardio-
vascular system of the infant., In spite of the duration of the
treatment, the children usually undergo it well and often fall
asleep during it.

" We have noted that following L-103 infusion, during the
first two to three days, a decrease in the amount of erythrocytes
and. hemoglobln was noted. After five to twelve days an increase
was recorded in the hemoglobin content of 348% and 700,000, for
the erythrocytes. Inasmuch as the solution in question does not
contain erythrocytes and hemoglobin, a certain increase in these
components in the blood is a result of the stimulating action of
-the L-103 hydrolysin on erythropo;esms (A. N. Filatov and I. .R.
Petrov).

Study of the picture of the peripheral blood in the dynamics
of the emiaciated children (17 individuals) showed that by the second
to third day following the transfusion of L-103 an increase in the
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amount of leucocytes was noted for an average of 1800-2400, we
noted relative lymphocytosts in 15 cases (for an average of
from 22 to 38%) on the seventh to eighth day following trans-
fusion. For lymphopenia an increase in the lymphocytes was
always noted. -

Regular shifts in the thrombosgtes content could not be
noted.

] The reaction of erythrocyte sedimentation following trans-

fusion of L-103 decreased in 40% of the cases,. and in 60% remained
as before. Infusion of the L-103 solution did not have & negative
effect on the prothrombin forming function of the liver. ]

The bleeding time following repeated transfusions of the
hydrolysin (200-500 ml) rempined within the: normel limits. Changes
in the direction of coagulability of the blood following the infu-
sion of 1-103 hydrolysin did not differ essentially from those which
we observed in adults (N. S, Anishin).

The protein content 4n the blood for emaciated children with
pylorostenosis and hypoproteinemia returned to normal after several
infusions.

"The use of the L-103 amolution in pre- and post-operative
periods madé it possible for the children to avoid post-operative
hypoproteinemia, appearing following operative interwentions on
the organs of the gastro-intestinal tract.

Upon examination of the blood protein in ten patients who
were given L-103, by the third to fifth day an increase in pro-
tein within the limits of from O.6 to 1.1 g% was noted, particu-
larly following repeated infusions. This data signifies that
parenteral administration of the L-103 solution for children
affords a compensation of the suspension of digestion and avoids
protein starvation. _

Our experience in the use of the L-103 hydrolysin with
children ‘does not yet afford grounds for conclusive judgements
as far as indications and counter-indications for the use of
this solution are concerned. Nonetheless it is clear that this
solution has a stimulating, disintoxicating, and substitutive
(in.regard to the liquid fraction of blood) action. The low
toxicity of L-103 and its ability to reduce intoxication make
the L-103 solution valuable. It can be introduced into the
organism if there are counter-indications to the transfusion of
preserved donor blood. In the presence of edemas in the sick
children the 1-103 solution promotes their reduction.

The Lr103 solution i»n an effective medicinal agent, which
can be used along with other forms of therapy.
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