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BURNS O(W THE RESPIRATORY TRACT

L~ollowina is the translation o f an article by
Candidate of Medical Sciences, L. M. l1lyachkin,
Candidate of Medical Sciences V. H. Pinchuk,
V. N. Khrebtovich,. and R. N. Katrushonko in the
Russian-language publication -Veatnik Khirurxii
(Herald of Surgery), Lening, Vol69 N1,
1962, pages 41-48]2

From the Department of Thermal Injuries (Head -- Professor
Y~.Ar'yev) and from the Scientific Research burnis LAboratory

(Director -- Doctor of Medical Sciences Ye. V. Gublor) of the,
Miliiary-Medical Order of Lenin Academy imeni S. H. Kirov (Scion-
.1ic 'Director -- Professor N. S. Molohanov)

Burns of the respiratory tract are frequently encountered
in thermal injuries, considerably aggravating their Course.
Cases of such burns have been described for accidents in 1942 in
.&ivton (Aub and Pittman, 1943; Mallory and Brickley, 1943) and
in Cleveland in 1954 (Shenk and Stephens, 1955) on, the American
aircraft carrier !'Bennintgton,' (Enyart and Miller, l959).

in 1945 Moritz and McLean, as a result of expe*riment.s on
animnals, suggested that if the thermal agont,-inhaled is poten-
tially capable of injuriag. the respiratory tract below the
larynx, then it wil1 undoubt edly cause a fatal edema to the
latrynx. This opinion was carried over into the clinical aspect
'of~ burn injury and has been repeated by several authorities up
toa. recent times. (in particulart by Sevitt, 1957), although direct
clinical observations (Aub and Pittman, Enyart and Miller, etc.)
alearly contradict such a view.

It is apparent that because of the inadequate diagnosis of
'otIrns of the respiratory tract lay also in the search for such
'1indispu table" signs of'daliage to the larynx as aphonia and as--

:phyxia.. On the other hand, the regular development in such
'oaktients of more delayed severe, and sometimes even fatal pul-
mzortary complications urgently necessitated a profound study of
the, problem, in particular, in its diagnostic and therapeutic



Analysis of our clinical and pathologo-anatomic observa-
tions has shown that in recent years (up to 1959), when the
symptom complex of burns of the respiratory tract was still not
sufficiently clear, these lesions were diagnosed not for all
cases by far. The diagnostic 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 a most
minimum extent.

Since 1959 only 31 patients with burns of the respiratory
tract have come under our observation. Of these, 22 died.

For most patients the combination of lesion in the reapira-
tory tract with extensive deep burns of the skin was characteristic.
For only five patients was the total area of the burns 10-25%, for
all the others the area varied within the limits of 30-95% of body
surface. Also characteristic was the localization of the burns --
thirty of 31 patients were burned in the face and neck, lit 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 hot cupola furnace. Steam burns
were observed for four patients.

In the clinical picture of the first days following the
burn dypsnea could be noted: respiration was difficult, hoarse,
and at a rate from 18 to 24 times a minute. For individual
patients broken dry rkgAchi in the lungs could be heard. The
patient, spoke with difficulty, in part due to unpleasant sensa-
tions in the throat, in part due to the beginning edema of a
burned tongue, the voice sometimes was hoarse, but none of the
patients had complete aphonia, and the difficulty in respiration
was never due to, 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 possibil-
ities of study, in particular, roentgenological.

The maximum development of the edema of the burned skin
by the second to third day following the burn made possible con-
sideration also of the growing edema of the respiratory tract
affected. Usually the dypsnea-increased. in two patients aphonia
set in. However, none of these patients were troubled by asphyxia.
Physically, a variegation of the percussion data was discovered.
Sections having a box tone alternated with dull tympanites. En-
feebled, and less often hard, breathing and broken dry bronchi
and crepitations were heard. These data were usually treated as
symptoms of bronchitis and broncho-pneumonia. In subsequent days
catarrhal effects in the lungs increased. This entire picture
developed against a background of fever with increase in body
temperature up to 40-410, with delirium, and sometimes with psy-
chotic effects. In the terminal period edema of the lungs
developed with the characteristic gurgling respiration.



In four patients who became victim dwtlr the explosion
of a steam kettle, in spite of a vreaonged exposure (about five
minutes), the damage to the respiratory tract was only very mod-
erate. Pneumonia develop.d only in one of these patients, all of
the victims recovering. It is known that in experiments steam
Causes the most severe lesions of the respiratory tract. It is
obvious that in accidents the steam rapidly condenses in the sur-
rounding air, which sharply reduces its damaging actiop,.

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

Roentgenological examination of the organs in the thoracic
.cavity was carried out for 17 patients. During the first days
changes in the lungas did not appear. Subsequently, a darkening
of the pulmonary fields was observed, which was of a focal chars.
acter. In individual cases, the roentgenological data made it
possible to speak of atelectasis, usually lobular.

Upon autopsy for all the patients who perished in the first
days, the mucous membranes of the respiratory tract were somewhat
edemic, 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
L7 sections of the pulmonary parenchyma were collapsed (Figure 1).
The ordering divisions of the lungs were emphysematously distended.
The pulmonary tissue was continually acutely plethoric, under the
visceral nerve and in the tissues of the lungs there were multiple
foci of hemorrhages; in one of the patients who died numerous in-
farcta 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 of the
first days -- leucocytes as well. The congested plethora of the
lungs was accompanied by the development of capillary staaes 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
subsequently, fibrinoso-suppurative impositions appeared on the
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Figure I. L~UMen Of asmall 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.
Stain used was hiesatoxylin-eosine. Microphotograph.
X 280.

mucous membranes of the trachea and the large bronchi, the edema
by this time decreased, but the hyperemia remained (Figure 2).
it must be noted that in all of the cases studied by us the burns
of the respiratory tract could be qualified as first to second
degree burns. iviicroscopic examination showed that by the tenth
to 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 developed at the site of the
cylindrical epithelium (Figure 3). In the patients, by the end
of the 3econd 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- numerous
abscesses; upon microscopic examination small fociL of suppurative
infilvqation of the pulmonary parench a was discovered in almost
all cases. The inflammatory process arose initially in the bron-
chi, evidenced by the distributed suppurative bronchitis and
bronchiolitis, noted for the patients who died alre~dy during the
first days following the trauma (Figure 5). From the bronchi the
inflammation e"sily moved into the peribronchial tissue (in indi-
viuL cases the entire wal of the bronchus -Droved to be
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Figure 2. Edema and plethora of the submucous layer
of the trachea. On the surface are layers of desqua-
mated epithelium, fibrin, and leucocytes. Death fol-
lowed two days after th* trauma.
Stained according to Van-Gizo.. *icrohotograph.
x 280.

Figure 3. Proliferati on of multilayer flat epi-
thelium ontho surface of the trachoa. Edema and
plethora of the submuccue laytr. Death ort the 12th
day following the trauma.
Stained according to Van-Gizon. Microphotograph.
X 400,
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sixppurrotively iJnflarded) a nd the pa.-anchyma of the lungs, The.
~:eralzeddituiano~;of blood c:uciati*on anid, eopecia.lyi

th'a 6dema of the _nulmollary ticzsue prm-oted a --.pid spread of the
-lmiatior througho'ut the organ, .eadirng to the development of,

e;xtrexiely severe pneumonia, which. proved zo be the cause ol death
of t.he viatirgs. It must be em-ohasized that not in a single obser-
Y.,t.iori was the fatal, outcome a consequence of hsphyxiation on the
irouasda of edema of the lary7nx.A

To exp),ain the role of various factors in the eviergence of'
bu;rus of the respiratory tract 110 experiments were conducted on~

1%tn Te ilmlsidependently inhaled. steam, hot air, or fae
acexcrir. were carried out without narcoais The resiilts of
ta tudies are preaented in the table., LCrmienti See Page 10 of reports

t turrnd out tha* inhalation of stear, causes injury to all
oerlons of the respiratory tract in the lungs for an exposure of

o:l toscuondt). I pon inhaling togues of smokeless flame of
buoL~ ~o.110 for th,4r ty seconds the same injuries developed,
e.s air at a tempoerature of 5000 and an exposure of' four min-~

-cas oused d.n:mage to the cral mucosa, to the pharynx, and onl.Y
.na few caesto the !LLrynx Injuries below the ,lottis were

rot orierved, aupparently as. a. consequence of the low hea-t capacity
oJ' t1 e air and it!. irlntx v, Cooling over the extent of the reopir-

acc tr-,a ct. eiees pulmorr.y changes in the foirm. of atelec-
ts?, s, e-nphysema, abd pneumonia were found for most of the excoer .-

:~: ria iA-2J~nts &s we-II an;n the clnclaspect- fa t,..
;~~niy~iticf 'i' e ;rxounds of glt iledema was. not observed~

esvn in it c-Le, -.s deac,,ibed by Msoitz (_"-;)45) . The main d,;nrgor
of burns.,: of trite respratocry tract 17es in the fact that they rcgu-
1 ax-ly leod to thle development of secondary pulmonary comli cationo,

oon:L~eraly gzravting the course of the buirn affection during
tae instdays.

irne genesiS5 of lung damafre inusually explained by,, noin oninp:-
causred by,/ ourbon monoxide or- oxides of nitroperx (Aub and Pittmorn,

c~',3 alr n 'cly 9+) In our expveriments the aotion
of nit:'ogen ox-ides, wits excluded by iising alcohol as the- source of
co:n',busticn. As far as carbon monoxide Sas is concerned., an exioo-
cure ofr hia: a miueiof course, -Insufficient to cause severe,
nWlI oometimes faital daeto the lungs.

Cn trie other hand, measu rement of tile temperature in riu
ce~tonsof the reopiratory tract in our experiments showea tr)a.t

,on nonahjs f lame the tea:oeratuiLe under the mucosa of the u-.prer
*~'aiors o tne trachea reached 500. in these instances rnecrcr315

cf tie~ Mucosa wn.G observed. On the surface of the mucotsa of the
n~oa brochithe terrperoture rose to 43-470, that is, it dioi not

rJC-n tie ort tical vali;e. This enabled us to consider that hner
tk,,e lunpgs can.not lbe reduced to direct burning of their tissuea.
'9~oa~ydisorders obvio-usly have a more comulex pathogenesis.

.Jevaitt(9 explained the emergoaerce of atelectasis only by the
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Figure 4. Suppurative bronchitis and suppurative
pneumonia. Death on the 15th day following the
trauma.
Stained: hematoxylin-eonine. Microphotograph.
x 280.

-
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Figur 5. SppurIle bo.ita alofbocu
fused~~~~~~~ %vralmtdetn.Daho h hr a

olOwiMte rua
Stained:V heAtoyi-oi Mirpotgah.x 0



plethora of the lungs. However, there is no doubt that the bron-
chiclitis developing soon after the burn, entajing disorders of
the drainage function of the small.bronchi, becomes the cause for
ateleotaeis and emphysema. Worsening of external respiration can
also be related to a decrease in the respiratory-excursions due to
the associated burns of the thoracic cavity. This same fact com-
plicates the elimination of bronchial mucns through coughing.

Early diagnosis of respiratory, tract burns and of their
consequenees increases the e.ff#otiveness of treatment. The main
task in treatment must be'the druinage of the bronchial tree.
Along with thii, it is' nooessary to establish conditions facili-
tating gas exchange in the lungs. Out of the most promising
methods in this regard is traeoeostosy with subsequent, over the
course of several days, aspiration of the broncial cc ;ent, con-
stant inhalation of oxygOn, and if neoessary the admigistration
of antibiotics or nistatine thftqgh tracheostom*. Tracheostomy,
in connection with respiratory tract burns, was earried out for
nine patients. Five of this group vwe operated on in the first
days following the trauma, two patients on the second days, and
further on -- two patients. Following the operation systematic
aspiration of the bronchial mucus was accomplished by means of
deep introduction of a catheter during the tracheostomy, conneoted
wath a pumping apparatus, oxygen being continually adinistered.
A. N. Rhabanov and V. L. Kassil' (1961) presented convincing data
in favor of tracheostomy for manifestations of acute respiratory
insufficiency caused by the accumulation of mucus in the trachea
and the bronchi due to ineffective coughing, disturbance of the
respiratory rhythm, or the depth of respiratory excuasions. The
mechanism of the action of tracheostomy consists in reducing the
dead space of the respiratory tract (Carter and Giuseffl, 1951).
Resistance of the respiratory tract following tracheostomy is
reduced down to less than one-half (Go M. Zentsov and A. I. Yudina,
1955)1 reduction in the exlursions of the thoracic cavity no longer
20ads to a decrease in t6e volume of the air respired. Tracheostomy
increases the oxygen saturation of the blood, especially for aspir-
ation of the bronchial oontent.

In cases in which aspiration of the nuous .through tracheos-
tomy proves to be ineffective in dealing with respiratory insuffi-
ciency, a bronchosoopy is performed. It permits an examination of

.the sucosa of the trachea and the main bronchi and a drawing off
of the mucus accumulated therein. Here, the bronehosope. was adamn-
iutered through tracheostoy, since the passage of the instrument
through the mouth would be imposible 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 poe-
sible to safely eliminate ateleotasi. Thus, for patient X, follow-*
ing distributed burns of the face, neck, hands, trunk, and lesions



of trie respiratory tract, a picture of bronchiolitis anid broncho-

pneumonia with increasing respiratory deficiency developed acutely.

By the tentn day of the affection a tracheotomy was performed, and

on the 16th -- a bronchoscopy, which permitted the discovery of

acute hyperemia, edema of the mucosa of the bronchi, and an accum-

ulation of thick mAuus therein. Aspiration of the bronchi content

was carried out. As a result the ateleoctasis was eliminated, the

patient's body temperature fell off, and res'iration alowed down

and became freer. Expulsion of sputum was considerably eased.
Physically, mild effects of emphysema continued to be noticed.'

The further course of the disease was wholly favorable.
Brenchescepy permitted the recovery of the lungs and

showed that ateloctasis wa'sa consequence of an inflammatory

obstruction of the bronchi, besides preventing the unquestion-

able threat of peeumonia to the patient. Trachoostomy.and brcn-

ohoscopy have firmly become part of the practice of otr clinics

in treating burns of the respiratory tract and their.consequences.

Conclusion

1. Burns of the respiratory tract acutely aggravate the

course of the burn affection during the first days. Their main

consequence is acute trachoobronchitis and bronchiolitis with

disturbance to the passing ability of the bronchial tree, the

growth of atelectasia, 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 signs of its edema, is an indication for emergency tracheos-

tomy with subsequent aspiration of the bronchial content and

inhalation of oxygen through the tracheostomy.
4. Developing respiratory 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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[0emaebt Table referred to on page 6 of this repalt.j
Lesions of the Organs of Respiration for

Experimental Burns of the Respiratory Tract

T eP ui u Gai 
Alt_%

'nap - Bee 10 10 10 10 10 10 10 XabUno -7.6H Cy xu

(/)Vrpumwi 400-450 4 US 11 1I 3 - - 7 6mi I--.e
-oy Jj~ __j ryK

LEGENDi a) Thermal agent; ) Localization of the small
lesions; c.) Kind; d) temperature, in bC; e)
exposure; :!) Number of experiments; g) oral
cavity; h) epiglottis; i) glottis; J) larynx;
k) trachea:1 1) lungs; a) Outcome; n) Steaml
o) Flame; 1)) Heated air; q) seconds; r) minutes;
a) Perished on the ---- day; t) Perished on the
-- day.

10,123
0301 24.3S
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ELECTROSTIMULATIO.TB OF THE DIAPHRAGMATIC NERVES
DURING APNEA.

jollowing is the translation of an article by
Candidate of Medical Sciences, R1. S. Svidler, and

S. A. Geshelin in the Russian-language publication
Vestnik Khirurii (Herald of Surgery), Leningrad,
Vol 89, No 1, 1962, pages 75-80.

From the Surgical Department (Head: Professor B. Ye. Fran-

kenberg) of the Odessa City Clinical Hospital No 1 (Chief Physi-
cian -- A. S. Teslik)

The successes of anaeathesiology, whose tasks in reent
years have gone beyond the limits of anaesthesia 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 organc of the thoracic cavity, have encouraged
many surgeons and anaeathesiologists to regard apnea not only as
a possible, but a desirable and even indispensable attribute of
intubational narcosis.

The deep depression of brkathing to the level of arnea has

departed from the heading of fatal complications to the' category
of inseparable qualities and contro~able properties of modern nar-
cosis. Artificial respiration has-become a usual and habitual

component it the control of the vital functions of the organism

during an operation.
One of the situations dictating the need to use artificial

respiration is apnea for high cerebrospinal anaesthesia.
In spite of the manyl advantages of cerebrospinal anaesthesia

over narcosis (minimum dose of toxin substance administered to the

organism, absence of general-resorptive action of the anaesthetic,
total anaesthesia, and profound relaxation of the musculature), the

decrease in arterial pressure and the possible apnea have thus far

dissuaded many surgeons from this anaesthetic method.
The preventive stabilization of the vascular tonus, suggested

by B. Ye. Frankenberg, by neanu of subcutaneous administration of

- 11 -



tUM a. of a 10% caffeine solution and one ml of a 5% aphedrine
3iolutiou (for 30 minutes before the lumbar puncturt) and the sub-
aremchnoid idministration of two m!, of a 5% ephedrine solution
Aninediately before the Sovoaine injection) prevents the drop in
blood pressure and safely stabilizes the vascular tonus for the
pexiod of cerebrospinal anaesthesia. However, the stabilization
of the blood pressure does not prevent depression and apnea, which
for total and subtotal cerebrospinal anaesthesia are associated
with pharmacological blockage of the motor roots innervating the
enpiratory musculature. The timely use of artificial respiration

permits gas exchange during the period' of the paralysis of the
recpiratory musculature, prevents a secondary drop in vascular
totus associated with hypoxemia, and in the- final analysis, has
a decisive effect on the course and outcome of cerebroapinal
anesthesia (A. Ye. Frankenberg, 1936, 1960, etc.).

In efforts to find a rational method of artificial respir-
at ion, promising for oases of apnea under high cerebroapinal'
ansesthesia, one of us (R. S. Svidler), from the suggestion of
Professor B. Ye. Frankenberg, experimentally developed and physio-
logically substantiated a method of artificial diaphragmio respir-
ati on, induced through rhythmic electroexcitations of the diaphragm-
atic nerves. The work was done in a laboratory under the supervi-

wicr of Professor V. S. Galkin. An a stimulus to the diaphragmic
nervs an apparatus prepared according to our specifications was
miaed, affording the production of rhythmically interrupted direct
,uxrent, 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 electrostimulation of the diaphragmic nerves leads to
rhythmic diaphragmic respiration, whose frequency and depth can
So regulated by the apparatus, by changing the rhythm of the
atimulijand the voltage of the stimulus current. This data agrees
wholly with the results of an experimental investigation of Sarnoff
e al (1948-1950). The constriction of the diaphragm during arti-
:ioial diaphragmic respiration caused a rhythmic reduction in the
Intrapleural pressure during the inhalation phase, which promoted
the sucking action of the thoracic cavity and had a favorable
.fect on blood circulation. In this way, the mechanism of inha-
lation during electrophrenic respiration is physiologically closer
to the natural condition than for artificial respiration on the
basis of insufflation.

Harmoniously combining the reflexstimulation of the respir-
atory center and its supply of oxygen, electrodiaphragaic respira-
ticin proves effective for experimental mechanical and narcotic
asphyxiation and apnea as a result of electrotrauma (R. S. Svidler,
1952,1954)•

In 1957 the ESD-1 apparatus (electrical respiration stimu-
l.ator), intended to induce artificial respiration in man (Figure 1)
was designed by Engineer N. M. Florianovich, with the consultative
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F'igure 1. K'ectrical resp.irationl sti rulatar (~-)

a,93istalce of Carididate of Medical CehCeS R~ ~ Svidler in the

Scientific Research lnE -titute of Medical In~trumentation anid

Equipment.
The apparatua has two channe.LS -- for the stitulation of

active inhalation and exhnJAatiafl. A Sieofimpulse.s7 are gener-

ated in each channel, synchronized in such a way that the moment

of cessation of current it. one chaninel correspousdi to the begin-

ning of current in the other. The ratio of the length of current

duration if, tne chonrnels (that is, the ratio inh(siatiol/exhalatiofl)

is reg~ulated smooth'Ly fronm 0.6 to 1.-5. The frequen1cy of auccesziofl

of' the seriea of impulses (ol~)is regulated from 8 to 32 per

minute. The frequency of impulvs in series varies from 600 to

i140 cycles. Th ai fte length of' t'ie pause to the 1length. of

tiie impulse (duty factor) are varied within the limitz5 of three

degrees: 3, 5, and 10. The apparatues permits the productionl of a

Smooth increase iii current stre±eth for each series of impulses,

for whi~b the period of increase is controlled from 0.2 to 0.7

seconds. The current strena-th for eaeh channel is regulated within

the limits of two ranges: from 0) to 10, and -from 0 to 10 ma /;i c7.

The opportunity of cohan~iflg the current tolarltv for each chaniel

is provided for. The anoparatua is fed, from an altern~ktinp curren~t

network of 50 cyc'les, With a voltage, of 127 or 20 volts. The

maximuml usable power does not exceed 90 Wattd3.

The i~i!-I aPTvaratuz is aurplied eith an array of digital,

buitton, and ,sheet electrodes for ex'citation) of thie motor -ooi-nts



Figure 2. Array of electrodes for the ESD-. appartus.



of the diaphragmic nerves, and also of the intercostal muscles and
musculature of the abdominal walls (Figure 2). We used only the
inhalation channel, stimulating the motor skin points of the d3La-
phragmic nerves by using the digital electrodes; the exhalation
proceeded passively.

The restoration 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 respiration with rhythmic stimu-
lation of the skin motor points of the diaphragmic nerves has
been dependably induced. The possibility of c6ntrolling.the
length of the resiiration phases and the regulation of the period
of current strength increase for each series of impulses (smooth-
ness of inhalation) brings the indices of artificial diaphragmic
respiration stimulated by the ESD-l apparatus as close'as possi-
ble to natural respiration.

Based on the data of the experimental tests, we believed
it possible to use the LSD-! apparatus for apnea during the period
of high cerebrospinal anaesthesia under clinical conditionL.
In all cases, the stimuli were induced at the skin motor points
of the diaphragmic nerves, situated in the supraclavicular reces-
ses of the lateral posterior border of the thoracic-clavicular-
mammillary muscles.

Electrophrenic respiration by means of the ESD-l apparatus
for apnea during the course of high cerebreospinal anaesthesia
has been used by us for seven patients with positive results.

We present a few of our clinical observations
1. Patient X., 74 years old (original patient No 11411),

was operated on 31 August 1959 for cancer of the ascending colon.
Puncture between the III and IV lumbar vertebrae. Two ml of a
5% ephedrine solution with bubbling was subarachnoidally adminis-
tered twice at 8 ml and 0.6 m. of a 1% Sovcaine solution with
bubbling Ix8 ml. Total anaesthesia was recorded by the 15th
minute. After 20 minutes dypsnea set in.

The electrical stimulation of the diaphragmic nerves by
means of the ESD-1 apparatus was used with the following charac-
teristics of the current-stimulus: 60 cycles, 20 ma, 16 stimuli
per one minute , inhalation/exhalation -- 6.8, length of increase
in strength a 0.5 sec.

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

On the 25th minuteof electrophrenic resp iration respira-
tory automatism was restored, and stimulation of the diaphragmic
nerves was haled. A £amikolectomiya L ?_7 was performed.

15 -



r Pigure 3. Kymogram of
Srespiration and blood

pressure of dog under
total corebrospinal anaes-
thoeia, using 6lootrical
atimulatCon of iprgc

LEGENDS a) Experimeni o.
- 13 May 1959, Male, 1 E\?'I

b) EBD-1 Apparatus, 25 ma,
60 cyclei, inhalation

exhalation 1,V Itime of curreut increase a
0.6 'c, rhythm -- 20 strokc-.
per min; c) Aeconds; d) SB1AI - [', 4.0 mi of 2% novocaine
solution; 3) Hind paw; f)K Electrophrriio respiration;
-) Front paw.
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Following the operation the patient reported that he did

not experience unfavorable sensations during the stimulation of
the diaphragmic nerves, on the contrary, at the outset of arti-
ficial diaphragmic respiration the dypsnea disappeared, although
a sensation of heaviness pressing down on the chest did not leave
him. 2. For patient M., 54 years of age (original patient
No 2744), operated on 8 March 1960 for calculous cholecystitis,
total anaesthesia and dypanea 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 al of a 1% Sovcaine solution with
bubbling 3 X 10 ml. Pulmonary ventilation was sustained by the

eleoctrokhrenic respiration for 31 minutes. The stimulus conditiona
60 cycles, 20 ma, 16 inhalations 1er minutes, inhalations/exhala-
tions -- 1, length of increcse of current strength in the series
of impul:-ee (for each individual stimulus) -- i 0.6 sec. Res-
piration was sufficiently deep and regular. I

Te arterial pressuve following an insignificant drop (to
110/80 mm Hg) returned tv the original level (150/90 mm Hg).

Followin' restoration of independent breathing under con-
ditions of total anaesthesia and remarkable relaxation the opera-
tion was performed -- cholecystectomy. The patient recovered.

3. Patient R., 60 years of age, (original patient No 5766),
opesated on 4 May 1960 for cancer of the stomach. Total cerebr9-
spinal anaesthesia dypsnea set in 25 minutes with increased blood
pressure compared to the initial level. Electrophrenic respira-
tion (current frequency a 60 cycles, strength a 30 mas, ratios
inhalation/exhalation -- 1, length of increase of current strength
-- 0.7 sec) 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
anaesthesia and deep relaxation of the musculature.

It must be noted that in this case, the muscles of the up-
per extremity on the side where the negative electrode was applied,
synchronously with the contractions of the diaphragm, contracted.
It was not possible to avoid these accompanying contractions. This
may be explained either by the individual characteristics of the
syntopy of the diaphragmic nerve and the shoulder plexus, or by
the presence of direct anastomoses between these conductors.

4. For patient Z, 49 years of age ( original patient No
3308) afflicted with an ulcerous duodenal, underwent resection of
the stomach under cerebrspinl anaesthesia with hypothermy
on 31 March 1960.

Two ml of a 5% solution oi ephedrine (bubbling 5 X 7 ml) was
3ubarachnoidally administered, as well as 0.7 ml of a 1% Sovcaine
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eolutat.' x,. (bubj~Ainp, I. X 10 nil). The anaesthesia spread tzo the
ae; 4. of the lower jaw and to cooil the patient ice ba,-,s were
lai on him. B3ody temperatuare beg~r~ to fall, and respirz~tion
b-cao~e superficial,

BY 'n-6 35th ninute resplrsatiorx ceased. The rectal tmia
t%;re by thirr time fall from 3? C to 35.5 C.

The p~atient wasn placed under electrophrenic respJiration
(60 Cycles, 30ma.1 16 stimuli per minutes, inbalation/exhEslation

-- 1, lenkgtb of increaae iA current strength -- 0.7 80ec) 0
By thie 60th minute, with a rectal temper ;iture of 32.5 C,

t:rYe ice bags were removed, but the cooling- continued ugto the
mit anutee, when th~e rectal tem~perature fell to 32.1 C.

BY thae 45th irinute of -the electrophreriic respiration
s:.on-)rtPneo is inhalatioa began. Upon hialting the e.rical etiztu-

~.tof t the cfiapnragraic nerves, restoration of re~tAratory
tcn4etjtsm was ..ron-tinced, hoviever, in-jezendent respirzution was

'ftia.an. .h that it did not asfL-ure suffic.ient gas ex-
oh I.rvca I.ncder -the c -onditions of hypotheriyl wi t ci n j of f

Qf the electrotiia2lator led to the a-,'pparance of acrocyiiosa.
In thi,; coneo tion. again-st a backieround of irde±pendent resp.i.ra-
ticn ihe s:~rca timnulation of tiae diak hras;,ic n~erves wns

i:'~eaiidli. electrophrenio res.,-ration dif !-red quali-
;aJ'from controlled arl.ificial respiration, under tihe concii-

ticnr of a&pnea. Uy to the time of restoraztion of res, ;ir -tory
autnaitism', tile U" per level Qf an&.sthesia for our ;a ien~t reachned

teII rib. In tihi& connection, unpleasant sensations were felt
~t th :oi~s ofelecrode Ap2ication daurinr' the n(.rrmen ,of elec-

afcttion, wher, jhe patient ex~t.erienced some Th-in lie C ren
Mck'~ ~oreover, s., ontaneous inhatations disturbed the rhythm

of t electrotrhrenic resplration. Zop~pression of ialependient
re.;rA~nwes achieved onl~y u3-on increaini: the current st r e)i 4;t~h

of t"Ca Vtnuus hich wac. borne poory -on a ,,ubjective bci4% by
th'e pat-ieat, wbo Int-icated csoreness of tie electrificatic"n.

Only- aftpr two hiours 45 i-iinutes from tihA start of the
cerhrsp~sl~~.~5hG~eby the 1215th :'r.ifLnutc of tne ,.:tiriulatioxl

of heC~a~ha ~i irves did t;ie res:oira tion tioioiae sifi cienilvy
re ~i~a ::.h t~ stee1torw.s owj.-;clied off.

it,~ of~ the rlo:e suppresion of res',iration and
to. ~b~ ti~ hy~e~terc Ia, he arterizAl -ce~ue.urink: the

ofI e:*tiLrP reric, o'. (;1ctroil nt'ric rer.,ia o r'ie .
istabl 1'-: 'eeo 190/31.0 and 1- 0/95 faan Ht,)- Csi'eri~ te

I~lly lon,- ,eio of apaea, th'le ortion w a jpo t-.oned. Afte r
wo weeks tha p)tiCeat was efpl 0: erzuted on under incuabational

et.fer-oxyVe',* narCosis.
-21e- loot ofh observrotloze ;xeseited is of inret rom

O~ V~. ~:oteor~.ite par, tdoxicA. pn-.ibility,
±r~~ te ,Ot~ C~vie'; Of th uncdexstanc:ky of hiberneitiori, of



producing' hypotherwy with the use of sympithomimetic substandes
and high blood pressure (B. Ye. Frankenberg). Most indicative
is the effectiveness of electrodiaphragaic respiration during
the course of a prolonged period of respiratory insufficiency.
Observation based on the characteristice of electrophrenic respirm-

tion unde' conditions of restores (although superficial, nonethe-
less spontaneous!) respiration'has revealed several limits to
the use of the method under clinical conditions. The possibility

shown in experiment of suppressing the independent rhythm of
respiration through electrification of the diaphragmic nerves
under clinical conditions comesAinto collibion with thi sore
sensations of the patient, whith does not permit an unlimited

increase in the strength of the current-stimulus. Apparently,
the use of electrophrenic respiration in ahaesthesiological .
practice proves to be most justified under conditions of narcosis
and total cerebrospinal anaesthesia.

The apparatus for the.electrical stimulation of diaphramic..
respiration, in addition to the cases of apnea against the back-
ground of high cerebrospinal anaesthesia, were used by us ten
times for severe disorders of respiration due to traumatic shock
and for fract*ures of the base of the skull. The maximum duration
of the contintuous use of the ESD-l apparatus (artificial respira-
tion) in one of the cases of skull-base fracture amounted to
18 hours.

Changing the characteristics of the current-stimulus, the
rhythm, 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 appears to us that with further im-
provement of the apparatus a long duration of current strength
increase for each stimulus can be planned for, since the maximum
index of the ESD-1 = 0.7 second does not assure for all the pa-
tients a sufficient regularity 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-l appara-
tus practically eliminates.the main dangers of high cerebro-'

spinal anaesthesia and, according to the opinion of Professor
B. Ye. Frankenberg, unfolds grospocts of deliberate use of sub-
total and total cerebrospinal. anaesthesia for suspending paih
in any operative intervention.
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EXPERIEhCE WITH THE USE OF HYDROLYSIN L-103 IN CHILDREN

LJollowin is the translation of an article by N. S.
Anishin in the Russias'-language publication Vestnik
Khirurii' (Herald of Surgery) Lennigrad-t Vo 7,
No 11, 1962, pages 131-134 j

From the Secand Department of Purgcal Clinic (Head: Professor
L. G. Smolyak) of the Donets Medical Institute imeni A. M. Gor'kiy,
at the First City Hospital (Chief Physician: H. M." Khanovich)

Recently protein hydrolysates have tound wide use in the
treatment of adult patients. Only individual 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 L-103 with children.

With regard for data on the mechanism of the action of pro-
tein hydrolysates (nutritLve, stimulative, plasma-substitutive,
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-l03 solution for
sixty-one children, chiefly in the youngest age group. These were
children suffering with affections of the alimentary tract, omaci-
ated, and undernourished.

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

We studied the effect of the transfusion of the L-103
solution into the child's organism on the basis of functional
tests (general condition, weight, several indices of morpholog-
ical and biochemical composition of the blood, and activity of
the cardiovascular 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,
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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 7 7

Diagnosis

Suppurative pleuritis 3
Burns (trunk, face4 .esophagus') 12
Septicopyemia . 13
Peritonitis . 3
Pylorostenobis 17
Suppurative pericarditis . 1
Hirschprung's disease 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 :izants 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
L-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 im'rovement. 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 B1 . The children came out of their debility, they became more

active. Repeated infusions of the L-4O3 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-l03 sblution containing glucose in

large doses promoted the disintoxication of the organism, an increase
in blood pressure, and the end of dehydration. Analogous.favorable
results have been observed by Koecher and others with the use of,

citrate bovine plasma with children.
It is known that the highest sensitivization of the organism

by the products of protein degradationi 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 transfusion, at the. bhight-rof the possible sensi-
tivization. In all, 72 transfusions were carried out with 18
patients.

All these transfusions were borne by the children well and
took place without reaction. It must be' noted that the administra-
tion of a prophylactic dose: of anti-tetanus serum to burned patients
and the subsequent infusion of the -103 solution (after 10-30 days)
did not lead to anaphylactic type reactions.

For subcutaneous infusions of the hydrclysin for all children,
a soreness was noted where the preparation was administered, which
decreased after some days. Even after repeated infusicnsinflamma-
tory reactions at the site of administration were not noticed. The
resorption of the hydrolysin in this case occurred a period of.i0-18
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 3f
large quantities of the hydrolysatesi 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 hemoglobin was noted. After five to twelve days an increase
was recorded in the hemoglobin content of 38% and 700,000, for
the erythrocytes. Inasmuth 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 erythropoiesis (A. N. Filatov and I. R.

Petrov).
Study of the picture of the peripheral blood in the dynamics

of the emaciated 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 thromboestes 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 .ave a negative
effect on the prothrombin forming function of the liver.

The bleeding time following repeated transfusions of the
hydrolysin (QOO-5OO ml) rempined within thei normal limits, Changes
in the direction of ooaulaoility of the blood following the infu.-
sion of L-103 hydrolysin did not 4itfer essentially from those which
we observed in adults (N S, Anishin).

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

The Use of the L-103 solution in pre- and post-operative
periods made it possible for the children to avoid post-operative
hypoproteinemia, appearing following operative interventions 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 0.6 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 L-103 solution promotes their reduction.The L.l03 solution ib an effective medicinal agent, which
can be used along with other forms of therapy.
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