
USE OF ETHYL VINYL ETHER FOR GENERAL AND THORACIC 

SURGERY* 

Doms C. GnossKva~trrz, M.D ** and DAvm A. DAws, ~.D.*** 

ALTHOUGH ethyl vinyl ether was studied and its anaesthetic properties reported 
in 1980 by Leake and Chen (,l), it was not until 1947 that K_rantz (2, 8) wol'ked 
extensively with it in ammals and apphed it to man Since 1952 investigataons 
have been made in several clinics throughout the United States and Canada to 
ascertain a place for this hybrid compound in modern anaesthetic practice 

Chemically ethyl vinyl ether is an asymmetric, unsaturated ether containing 
an ethyl racheal and a vinyl radical, thus offering properties sinai-at to clivinyl 
ether and dmthyl ether. It is a clear, colourless liquid wlfla a shghtly pungent but 
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Molecular struehare of ethyl vinyl ethel 

not irritating odour It has a boiling point of 85 8~ ,~ th  a vapor density of 
2.49. Although it tends to polymerize and oxa&ze to aldehydes m the presence 
of acid, light, and moisture, if treated with 0 01 per cent n-phenyl alpha naph- 
thylamine and 8 per cent absolute alcohol it can be stored for a year taghtly 
stoppered in a cool, dark place. It does not form toxac products wuth soda hme 

TABLE I 

PHYSICAL PROPERTIES OF ETHYL VINYL ETHER 

Appearance 
Odour 
Bolhng point 
Specific gravaty 
Molecular weight 
Vapour pressure 
Range of flammablhty 

Colourless, clear 
Shghtly pungent 
35 8~ 
0 759 at 20~ 
72 10 
485 m m  at 22~ 

Lower lmalt m 02 2 1% 

in the presence of heat and thus can be used safely in a dosed system. Like the 
other ethers, it forms explosive mLxtures, its lower limit of flammablhty m oxygen 
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is at 2.1 per cent concentration so that suitable precautions must be taken to 
prevent ignition (4). 

The margin of safety in dogs has been_found by Krantz (2) to be slightly 
greater than diethyl ether and twice as great as dlvinyl ether, while the potency 
of ethyl vinyl ether for induction almost equals that of divinyl ether (8). 
Dornette and co-workers (5) reported no demonstrable pathological changes 
in the hver, kidney, lung, and heart after repeated admimstrations to dogs, while 
in a similar series using divinyl ether Orth (6) found considerable central 
necrosis of the hver. Morch (7) saw depressmn both of respiration and blood 
pressure in deep planes but this was much less marked than that caused at 
similar levels with divinyl and diethyl ether. 

CLINICAL APPLICATION 

Ethyl vinyl ether has been employed in our clinic during the past year on 
289 patients for a wide range of surgical procedures. They were unselected, 
ranging in age from 7 days to 82, years and in weight from 6 to 220 pounds. 
Although 78 per cent were judged to be in a good physical state, it has been 
employed in patients with diabetes, bronchiectasis, tuberculosis, thyrotoxicosis, 

TABLE II  

AGES 

Ages No of patients Ages No of patients 

0-1 13 40--49 35 
1-9 64 50--59 28 

10--19 31 60--69 8 
20-29 33 70-79 2 
30--39 25 80 ,-t- 1 

dtminished liver function, carchac a~rhythmias, hypertension, and pyelonephrilas. 
The surgical procedures carried oat successfully under ethyl vmyl ether-covered 
all types from simple myrmgotorrdes and closed reduetaons t0 pulmonary resec- 
tions and rmtral valvulotomles, and lasted from 10 minutes to 7~ hours. This 
anaesthetic agent has been administered by the open drop, semi-closed with 
nitrous oxide or ethylene, non-rebreathing, and closed carbon dioxide absorption 
techniques for both induction and maintenance. 

Ethyl vmyl ether permitted a rapid reduction in 1~ to 4 mirkttes by both the 
open drop and seml-closed tectmdques. Although the odonr amaoyed operating 
room personnel it was readily acceptable to the patient. Being less of an irritant 
to the respiratory tract than div~ayl' ether, the incidence of breath-holding and 
laryngospasm was low. Too 'rapid adrn~aistration, however, could cause coughing 
but this was easily controlled and never paroxysmal with resultant cyanosls as 
often seen with diethyl ether. 

Open drop ethyl vmyl ether proved to be a satisfactory method of analgesia ta 
burn dressings, simple closed reductions, and obstetrical eases, allowing as steady 
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TABLE III 
TYPES OF PROCEDLmES 

Plastae (including hare lips and cleft palates) 
Eye-E.N T. (including laryngectormes) 
Upper abdominal (meluding chaphragmatm hermas and gastrectomaes) 
Lower abdominal (including ratheal hystereetonnes) 
Neurologmal (including cramotom~es and lannnectormes) 
Urological ( including nephrectonues ) 
Orthopedic 
Thyroid and radical neck chssectmn 
Oral 
Minor 
Obstetncal 
Intrathoracle 

Pneumonectom~es 10 
Lobeetomxes 41 
Deeortacat~ons 4 
Exploratory thoraeotormes 13 
Thoraeo-abdommal procedures 5 
Cardiac procedures 6 

Patent ductus hgation 
Mitral valvulotomles 
Peric~rdectomy 

2 
3 
1 

42 
22 
11 
16 
8 

13 
15 
7 
4 

12 
4 

85 

a mamtenance of this stage as 1S obtained wath davlnyl ether. The intubataons 
performed under ethyl vinyl ether alone were limtted to the younger age group 
under 10 years as the relaxation of the jaw was poor and the cords remained 
active so that considerable skill was required for an atraumatac intubation 
Although unsatisfactory for oral intubation without a muscle relaxant, it proved 
adequate for blind nasal mtubation. Without a previous topicaI apphcation of a 
local anaesthetic agent to the larynx and trachea, insertion of the tube caused 
bucking and bronctuolar spasms which were not, however, as severe as those 
seen in equally light planes with thiopental or cycloplopane The major part of 
these could be subdued within 1 to 8 minutes by deepening of the anaesthetic 
plane. Excessive salivation previously reported (8) was not noted in this series 
but all patients had received either scopolarmne or atropine before reduction 
Vomiting on induction dad not occur even m the emergency patient owing to 
minimal irritative properties although this was not true on emergence Pat:tents 
with known full stomachs, however, were not given ethyl vinyl ether. 

Maintenance of anaesthesia by the various techniques mentioned above was 
satisfactory in all cases not requiring deep planes of anaesthesia. Depth could 
be rapidly altered in 80 to 90 seconds as demonstrated by changes in the electro- 
eneephalographic tracings Muscle relaxation, however, was unrehable and 
although abdominal relaxation was adequate for intaaperitoneal procedures in 
children under 5 years, succinylcholine was required for the opening and closing 
of the peritoneal cavity in the majority of abdominal cases. 

Ethyl vinyl ether was administered to 85 patients undergomg various intra- 
thoracic procedures including cardiac surgery and repair of tracheo-esophageal 
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TABLE IV 

DURATION 

819 

Duration No of cases Duration No. of cases 

-~ hr 15 3--4 hrs 30 

~/z--1 hr 44 4-5 hrs 28 

1-2 hrs. 61 5--6 hrs. 17 

2--3 hrs. 39 6 -4- hrs 5 
~x 

TABLE V 

TECFINIQU2, OF ADMINISTRATION 

Type No of pataents 

Open drop analgesm 
Open drop anesthesia 

Semi-dosed wath N20 or C2I-~ 

Closed CO2 absorption 
Non-rebreathmg 

Endotracheal 

12 

39 
140 
32 

38 

132 

fistulae. After the usual premedicahon of Nembutal |  Demerol,~, and scopo- 
lamine, reduction and intubation were accomplished under thlopental, succinyl- 
choline, and topical Pontocame(~ in all but the infants on whom only inhalation 
agents were employed. For maintenance ethyl vinyl ether was started immediately 
after loss of the eyelash reflex, mainly by the semi-closed technique with nitrous 
oxide or ethylene for the adults and non-rebreathing for infants. Assisted or 
controlled respiration was used as the s:tuatlon demanded and a mechanical 
ventilator was employed in seven of these cases 

Patients were mamtamed at a level light enough to make it possible for them 
to move thetr hands on occasion ol wrinkle their brows but n9 bucking occurred 
unless carinal stimulation was severe Electroencephalographac tracing at th~s 
stage corresponded to level 2 of dlethyl ether anaesthesia. 

The most impressive observataon was Lhe smoothness and quielmess of resptra- 
tion in the hght plane of anaesthesta mamtamed. As deeper planes were attained 
there was a gradual decrease in amphtude but rate d:d not appekr to be affected. 
Adequate inflation of the lung could be accomplished by relahvely low positive 
pressure and an increase in compliance of the lung or a decrease ra atrway resist- 
ance was felt as the respirations were asmsted. Laboratory confirmahon of this 
possibility is under,/vay and will constitLtte a future report. RespiJ-ation could be 
controlled readily within a two-minute period without increasing the anaesthetic 
concentration and similarly, spontaneous respiration was resumed quickly and 
smoothly without the bucking on the endotracheal tube which is often seen 
following the hghtening of the plane of anaesthesia when cyclopropane is used 
to control respiration. 
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The mechanical ventalator could be introduced reachly into the system owing 
to this ease of controlling respiration and of maintaining such control with 
minimal amounts os ethyl vanyl ether vapor Patients would remain on control 
even though they occasionally moved an extremity One case was managed on 
the Jefferson ventilator with semi-closed nltrou,; oxide and ethyl vinyl ether 
using 150 cc. over a 6~ hour period, the pataent responded wlthan 5 minutes of 
discontinuing the anaesthesm 

The rapid shift of the depth of anaesthesm allowed destrable control wath 
the patient coughing at the end of the procedure No increase m bronchial secre- 
tions was noted although bronchiolar spasms developed m 14 per cent of the 
cases, mainly because of pre-existing secretions or inadequate topical anaesthesia. 
Sixty per cent of these responded to suction and e~ shght deepening of the plane, 
40 per cent had to be given additional medication of ammophylhne or succmyl- 
choline because m these patients deepemng was followed by hypotensmn. 

Whde the effect on resp~ratlon was ethyl vanyl ether'~ greatest asset, the effect 
on blood pressure was its greatest detriment. The ]blood pressure remained 
re/atavely stable in 76.4 per cent of the cases, increased from 20 to 60 mm. Hg. 

TABLE VI 

CHANGES IN BLOOD PRESSURE AND PULSE ~ATE 

Blood Pressure 
Increased 20--60 area. Hg 

General Surgical Series 
Thoracic Surgical Series 

Decreased 20--80 ram. Hg 

General Surgical Series 
Thoracic Surgxcal Series 

Due to deepening 
Due to turning 
Due to nb resection 

Pulse 
Increased 20-60 b pm. 
Decreased 20--40 b.p.m. 

Pulse Pressure 
Decreased 20--40 mm Hg 

14 2.~ 
16.4~ 
4 8% 

12% 
lOg 

6% 
25% 

i1 3~ 

12 6~ 

21~; 
9g 

12 9g 

in 11.2 per cent, and decreased from 20 to 80 ram. Hg. in 12.6 per cent. The 
increase in pressure seemed to be associated with severe surgical stimulation 
under light anaesthesia and could be reduced by deepening the plane. In one 
case carbon dioxide accumulation was definitely incriminated. 

Hypotension, for the most part, developed gradually in pro]onged surgxcal 
cases over a 8- to 5-hour period accompanied by an unchanged pulse rate. In 
the thoracic series sudden drops of pressure of 20 to ,t0 rnm. Hg. were noted in 
16.4 per cent of the cases after the patient was turned into the lateral positaon, 
with a spontaneous return to pre-induction levels within 5 minutes in all cases 
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but one. This patient had a hydrothorax and returned to normal only after the 
pleura was opened. In 4.8 per cent of cases there were severe drops of pressure 
of 50 to 80 man. Hg. on stripping the rib and opening the pleura; this was reme- 
died by interruption of surgery and a lightening of the anaesthetic plane. 

Hypotension of 80 to 60 ram. Hg. developed on rapid deepening of the anaes- 
thesia in 14.2 per cent; this responded immediately to washing out the excess 
ethyl vinyl ether. One patient's pressure decreased from 140/80 to 80/40 in 10 
minutes with rapid ethyl vmyl ether administralaon by the closed technique 
but returned to 140/100 m 10 minutes after this agent was discontinued and 
high flow oxygen started. Another patient of poor physical status (Fig. 1) 
could not tolerate the depth of anaesthesia from dieth, A ether or from ethyl vinyl 
ether necessary to control her bronchiolar spasras. When supplied with a nega- 
tive phase to her respiration by means of the mechanical ventilator, however, 
her cardiac output seemed to be kept adequate andL enough ethyl vinyl ether 
could be administered to relax the constriction of the lower respiratory tract, 

The various autonomic reflexes, such as the tfilar reflexes, remained active in 
the light planes, causing sudden hypotensive periods, but could be obtunded by 
adequate doses of atropine. Moreover, patients appeaared more sensitive to blood 
loss, developing hypotenslon from relatively small amounts of haemorrhage and 
requiring melaculous attention to adequate h]~od replacement. Pre-induction 
hypertension was not aggravated, but the presence of hypotension to us repre- 
sented a contraindication to the use of this agefit. 

The pulse pressure showed a decrease of 20 to 40 ram. Hg in 12.9 per cent' of 
the cases. The pulse rate remained unchanged in 70 !per cent with a decrease of 
20 to 40 beats per minute in 9 per cent and an increase of 20-60 beats per 
minute in 21 per cent. This increase was seen especially m the younger age 
group. No arrhythrnias were noted by clinical observation to develop during 
maintenance, while preoperative sinus tachycarcha and ventrieular extrasystoles 
were not worsened. The major disturbance found on serial electrocardiographic 
tracings taken during maintenance with ethyl vinyl .ether revealed a descent of 
the pace maker to the A-V node which was reversed following the termination of 
the anaesthesm Two pataents showed frequent atm.cular premature beats and 
one developed a pulsus blgeminus, all disappeared when the anaesthesia was 
lightened. Four mitral valvulotomies were performed with no arrhythmias 
developing during manipulation of the valve. No disturbance was seen by its use 
in digitalized patients or in a pataent with a bundle branch block resulting from 
a previous myocardial infarction. The arrhythmlas which developed under 
cyclopropane Were not seen after changing to ethyl vinyl ether. 

Ethyl vinyl ether proved itself a satisfactory agent  in 94 per cent of these 
cases. Clonus 6f the legs was noted once and naildtwitch_hags in two other cases, 
response followed a lightening of the anaesthesia and assisted respiration No 
generalized convulsions developed, probably owing to the meticulous attention 
given to adeqYaate oxygenation and prevention of hypercarbia. 

Recovery ~as rapid, with over 50 per cent of the patients awake and moving 
on the table, the remainder responding within 80-45 minutes. Vomiting did 
occur about as frequently as following other inhalation agents but was not 



GROSSKREUq'Z AND DAVIES. ETHYL VINYL ETHER 828 

prolonged. There were no deat[Ls during surgery and only tlxree in the post- 
operative period, one from septicaemia, one from coronary tt~ombosis on the 
fifth day, and one from pulrnonary embolism on the fourth day. 

DISCUSSION 
As expected from the c]hemical st~acture, ethyl vinyl ether possesses prop- 

erties of both the vinyl and the ethyl radicals. Its volatility, near that of 
diethyl ether, allows its effective, use by the open drop technique yet prevents 
frosting of the mask and the sudden dangerously hagh conceatration possible 
wath davmyl ether. Its analgesic properties are useful in burn dressings, minor 
surgical procedures, and obstetrics where anaesthesia is neither desired nor 
required. Its potency allows a much more rapid induction, quicker emergence, 
and more facile changes ot anaesthetic depth than are accomplished by the use 
of diethyl ether. It can be adm~aistered smoothly by all the modern techniques 
employed today over a wade range ot ages (9) and for relatively long periods 
of time. Adequate oxygenation with the elimination of carbon dioxide prevents 
the convulsive tendency inherent in lJae vinyl radical. This radical when com- 
bmed with the ethyl radic;tl seems to lose it~ toxic effect on the liver and kidney 
as demonstrated by the work of Dornel~e (5, 10) and Sadove (11). 

The pbor relaxation develop~ag under ethyl vinyl ether permits orotraeheal 
intubation to be accomplished in only the very young or very weak without the 
use of a muscle relaxant although ~t provides adequate conchtions for blind 
nasotracheal intubations. Intra-abdominal procedures cannot be performed with 
success m a safe plane of ana.3sthesia as deepening anaesthesia for adequate 
relaxahon wdl often cause profound hypotension. Adding succinylchohne for the 
opening and the closing of the peritoneum remedies this problem. 

Respirations are well maintained but without the increase in~ rate often seen 
in children under diethyl ether. The minimal irritation it causes to the respiratory 
tract avoids the breath-holding .and laryngospasm of too rapid administration of 
diethyl ether. It can be used in the asthmatic patient, although some severe 
bronchiolar spasms could not be resolved without causing the hypotension atten- 
dant on the deeper planes of ans esthesla with this agent. 

This hypotensive effect is the drug's greatest deleterious reaction. If deep 
planes are aVoided, this effect is not troublesome and procedures not requiring 
relaxation can be managed for many hours with satisfaction and safety. The 
changes in  the electrocardiogram seen during the procedures are benign and 
mainly limited to a development ot nodal rhythm which is no more marxed 
than that developing in smaflar planes of ether anaesthesia. 

The use of ethyl vinyl ether in thoracic surgery has proven to be satisfactory 
in the majority of cases. The lack of irritative properties to the traeheo-bronchial 
tree and great potency allow a rapid and smooth change of h~vel of anaesthesia 
to meet the demands of surgery. The patient can be carried iJa very light planes 
without a tendency to react on the ,endotracheal tube and without exaggerated 
movements of the diaphragm and mediastinum. The actiqn of the topical agent 
applied to the larynx must, of course, be considered here in judging this tolerance 
that develops. Controlled resplrataon is accomplished with ease without deepen- 
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ing the patient's level and spontaneous re~pirat:on can 'be re-instituted smoothly 
without any disturbance of the field of operation. The ease of tatar:on is quate 
notaceable and although not all bronchlolar spasms carl be controlled at a level 
of anaesthesia not initiating hypotenmon, the relax~tlon of the bronchiolar muscles 
is as satisfactory as w:th d:ethyl ether. The greatest d~sadvantage found in this 
thoracic series is, again, the mstab:hty of blood pressure as hypotension can 
develop on turning the pataent as well as on stripping the rib. It is indeed 
d,ff~cult to evaluate the hypotens:on which develops in these cases, here a 
mtuation exmts where there is concomitant blood loss and severe surgmal trauma 
m pat_tents of poor physmal state usually havrag an inadequate total blood 
volume. But :t seems probable that thas agent has a depressant effect on the 
peripheral vascular system w:th some d:rect cardiac actton resulting m decreased 
heart force. Although the pressure returns to control levels m 5 to 10 minutes 
without medication, the drop m pressure is haghly tmdes:rable especially m 
pat:tents with coronary insufficiency Mechamsms compensating for blood loss 
are depressed and blood replacement must be metmulous. The relative stabihty 
of the conducl:ve system os the heart under ethyl vinyl ether and the ease of 
maintaining hght planes make the drug attract:w; for carchae surgery. The rap:d 
emergence w:th early return of protect:ve reflexes and consc:ousness :s valuable 
in these thoracm procedures The flammabdity, however, deters one from the 
use of the cautery that often is desirable. Postoperatave morb:chty and mortahty 
compare very favourably w:th those for dlethyl ether. 

Although th:s drug is not the answer to our search for the :deal anaesthelac 
agent, it has qnahtaes which make :t useful ff :ts Im~talaons are respected. 
Employing xt for procedures that reqmre only analgesm or ~rst plane anaesthesm 
and avo:dmg those reqtnring relaxation, one has available an agent that has 
des:rable controllablhty and rapxd:ty. Adchtaon of muscle relaxants makes un- 
necessary the bagh concentrat:ons of this agent which can result m an unstable 
penpheral  c~rculatory system W:th str:ct adherence to the principles of good 
anaesthetic management this drug proves valuable particularly m the manage- 
ment of intrathorac~c procedures. 

1 Ethyl vinyl ether is a useful anaesthetac drug m a111 ages and for all operatnve 
procedures not requ:ring muscle relaxataon or the use of the cautery 

2. It is an adequate and safe analgesic agent by the open drop technique or 
as an adjunct to mtrous oxide and ethylene. 

8 It can be employed m the non-rebreathing, semi-closed, or closed carbon 
d:oxade absorption techniques. 

4 Its advantages are rapid induction, emergence, and shift of level of anaes- 
thesia. 

5. Its disadvantages are hypotension in the deeper planes of anaesthesia and 
lack of rehabdity of muscle relaxataon. 

6. It has proven to be a satisfactory agent for thoracic procedures ff one is 
very careful to prevent the hypotension which may develop. 
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P~stw~ 
L'6ther Sthyl vmylique est un 61-_her asymStrique non satur~ contenant un 

radical 6thyl et un radical viuyl; il poss~de ainst des propri~t6s semblables 
l'6ther dlvanyhque et ~t l'6ther di~,~thylique. C'est un liquide clair, incolore, 
possSdant une odeur 16ggrement piquante mais non irritante. Son point d'6bul- 
lihon est ~t 85 8~ et ses vapeurs ont une densit6 de 2.49. Bien qu'~l am une 
tendance ~ se polymerlser et A s'o~Sder en aldehydes e n pr6senee d'acide, de 
lumi~re on de champignons, on peut l 'emmagasmer pendant tm an lorsque, 
ferm~ herm6tiquement et conserv~ dans tm endro~t s et ~t l'abri de la lumigre, 
fl a 6t~ trmt6, au pr~alable, avec 0.01 pour cent n-phenyl alpha n.~phthylamine 
et de l'alcool absolu ~ 8 pore- cent. Avec ,la chaux sodSe, il ne t:orme pas de 
prodmts toxaques ma~s fl est mflamrnable, la'xhrmte inf~rieure de rinflammabilit6 
dans l'oxyg+ne 6tant de 2.1 pour cent 

L'~thef ~thyl vmyhque est un m6dacament utale ~t tons les ~ges et pour toutes 
sortes d'op6rations ne r6qu~rant p as de rel~tchement musculaire ou de caut~re. 
C'est un agent analg6mque de toute s6cunt~ soit en goutte ~t goutte, soit en 
compl~ment du protoxide d'azote ou de l%thyl~ne On peut remployer en circuit 
semi-ouvert, semi-ferm6 ou ferm6 avec absorption du CO2. Ses principaux 
avantages sont" une reduction rapide, un changement rapide de plan d'anesth6sie. 
Ses d6savantages sont: dans les plans profonds d'anesth6sie, de l'hypotension, 
ensmte nne inconstance dans le rel~chement musculaire. En chirurgie thoracique, 
il s'est av6r6 un agent satisfaisant, rams ~1 faut 4tre attentif pour pr6venir l'hypo- 
tension qui peut s'mstaller 
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