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THE SErUOUS NATtrBE of pulmonary comphcations following general anaesthesia 
has long been recognized and has gained a prominent posltlon m medmal htera- 
ture. Since the earhest writings authors have agreed that aspiration is an 
important factor in the aelaology, but there has been a lack of agreement on 
other points between earher authors and present-day investigators. 

Holseher (1) m 1898 drew the following cenelustons based on observations 
made after ether gnaesthesia: (1) Tracheal tales are due to asplrataon of mouth 
secretaons while under anaesthesia, and can be avoided by proper technique. 
(2)~ Most lung infections after anaesthesia are due to asp~ratlon of secretaons 
from the mouth Support for this theory was given m 1926 by W. S Lemon (2) 
who published experimental evidence to show that aspiration of mouth contents 
during anaesthesia was the cause of postoperative pulmonary eomphcatmns. He 
anaesthetized (or ethenzed) unpre17~edmated dogs, and slowly poured radi- 
opaque or indicator substance into the mouth of the clog In all dogs, except 
those anaesthetized in the Trendelenburg positron, the substance was detected 
in the chest by X-ray and was recovered at necropsy xn t h e  smallest bronchi 

The pathological picture of "aspiration pneumonia" was discussed by Apfelbaeh 
and Christiansen (3) in 1937 and further by Apfelbaeh and Irons (4) in 1940. The 
first paper described the sequelae of flooding the respiratory tract with stomach 
contents whale under anaesthesm. The r~sultmg pathological changes in the 
lungs were haemolysls, oedema, haemokrhage, acute emphysema, and necrosis. 
Commenting on this report, Dr. M. W. Binger of Rochester, Minnesota, referred 
to a survey of postoperatave pneumonm made m 1926-7 by himself and Dr. 
Wdder, and stated that "most were aspiration pneumonia because of the finding 
of haemolytic streptococci and food particles m the lung." The paper of Apfelbach 
and Irons described the pathological finding, at greater length These authors 
found the conchtmn more frequently in eases of coma and acute bowel obstruc- 
tion, and reported that 36 of 150 neeropsies showed entena of aspiration 
pneumoma Bowel obs~uctaon and upper gastTo-intestlnal surgery were most 
frequentjy revolved. Hiccoughs and eructations were more commonly a causative 
factor than was frank vormting. 

In 1946 C. L. Mendelson (5) reported on "Aspiration of Stomach Content~ into 
the Lungs during Obstetrical Anaesthesia." This paper is considered by many 
as the classic work on the "aspiration syndrome," which has sometnmes been 
referred to as "Mendelson's Syndrome" Mendelson reviewed 66 o~eurrences of 
aspiration of stomach contents in 44,016 pregnancies. Of these 45 were recog- 
nized dunng anaesthesia, 5 of these patients aspirated solid food, of whom 2 
died, 6 of the 45 had lung eomplieatmns, one being a lung abscess. Tlae eases 
were grouped as falhng distinctly into the categories of aspiration eft solid or 
of hqmd material. In the frst there was laryngeal or bronchial obstruction which 
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was relieved when th.e obstructaon was removed. The ehnical picture was 
atelectasis, pulmonary collapse, mediastinal shift, cyanosis, dyspnoea and tachy- 
eardia. The second group (liquid material) presented as an. "asthmatac like 
syndrome" with dyspnoea, cyanosls, tachycardla, and a typical X-ray picture of 
dlffusely scattered soft: mottled ,densities. This type progressed to cardiac 
embarrassment-and pulmonary oedema. Chnical improvement in twenty-four to 
thirty-six hours was usual with clearing of the X-ray in seven to ten days. 

Mendelson was able to reproduce tins clinical picture in experimental animals 
using N/10 HC1 or sterihzed liquid vomltus. There was no reaction produced 
when neutralized hqmd vorrtitus or normal saliae was the aspirated fluid The 
pathological picture described was an injected trachea filled with pink frothy 
material, pleural effusion, and sub-pleural haemorrhages. The ilung parenchyma 
showed scattered areas of emphysema. The heart was dalated and there was 
congestion of the abdominal.viscera. The microscopic picture was one of conges- 
tion of the trachea and large bronchi, spasm of the bronchioles, with hae- 
morrhage and exudate The alveolar walls were necrotic. There was, perivascular 
oedema as well as generalized oedema and congestion of the lung parenchyma. 
Mendelson stressed prevention as the wisest method of treatment, and recom- 
mended withholding food and fluid from patients during labour, careful selection 
of anaesthetic method, and neutralLzation of gastric contents. 

Merrill and Hingson (6) m 1951 quoted figures from 2,500,000 births in 183 
hospitals in the United States of America and stated that 1.5 to 2 5 per cent of 
maternal mot ality resulted t'rom aspiration. Edwards, Morion, Park, and Wylie 
(7) publishec a survey of 1,000 deaths associated with anaesthesia reported to 
them in the 5-year period enchng in 1955 They stated that :tl per cent of deaths 
were caused by aspiration, of which 10 per cent were aspsxataon of solid food. 
Of the 110 eases 15 were obstetrical, 14 being emergency procedures 

Culver, Makel and Beecher (8) pubhshed a study of the frequency of aspira- 
taon of stomach contents during surgical anaesthesia. Evans blue dye was gaven 
30 minutes preoperatavely to 300 unselected surgical pataents. Its presence in the 
pharynx or trachea and brc~nchi "was taken to be evidence of regurgitation or 
asplrataon It was found that 26 per cent of pataents had regaargitated and 16 per 
cent had aspirated into the lungs Frank vormtmg occurred :aa 8 per cent of cases 
and silent asptratnon 0ceuned in 8 per cent W A Weiss (9) pubhshed a 
similar study, using the same method of investigation, with similar results. 
Contr~butang factors mentioned by both authors were. po:~ltion of the patient, 
the conduct of anaesthesm, the nature of the surgicabprocedure, and the presence 
of a duodenal tube. 

H F. Chase (10) published a leport of studies of the delayed gastric empty- 
ing time of experimental ammals winch had received vartous combinations of 
drugs. His work showed that the gastric emptymg time was doubled in those 
animals which reoeived a normal preoperatave dose of a narcolac plus one of the 
belladonna alkaloids 

E. J. O'Mullane (11) inwEtigated the actxon of the carchac sphincter and the 
pharyngeal and oesophageal muscles and drew the follo~Sng conclusions. (1) 

I 

The cardmc sphincter acts as a ball valve, which normally will withstan d high 
pressures It is not affected by curare, autonomic nervous system block, or 
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local anaesthettc agents. (2) The cnco-pharyngeal sphincter prevents access to 
the oesophagus more than reflux from the oesophagus to the pharynx, (3) The 
cardmc sphincter is made incompetent by a distended stomaeh, or by obstrue- 
tton to insplralaon. (4) Materml in the oesophagus will regurgitate into the 
pharynx in deep anaesthesia, with muscle relaxation, or when there is a 
pressure gradient between the oesophagus and the p h a r y ~  

In i957 a study was made at the Toronto General Itospltal to determine the 
ineidenee of vormtmg, regurgltalaon, and asptrataon mto the lung in pataents 
under general anaesthesm. Two hundred and mneteen consecutive general surgical 
and obstetrical patients were given Evans blue dye ./0 rag. by capsule, or in 
suspension via a duodenal tube, thirty minutes prior ~to operalaon or dehvery. At 
the end of the anaesthetae the pharynx, and whenever possible the traehea, were 
examined for Evans blue dye. The method of study was effective but not without 
comment from the nursing and professmnal staff 

From Table I it can be seen that of 219 pataents, 36 had evidence of vomiting, 
regurgitataon, or aspiratmn during or immedmtely after anaesthesia. !Of these, l l  
pataents gave no clue to the anaesthetast that anyhhmg untoward was happening 
It is of interest that the gleatest moCence was m obstemeal pataer~ts 

TABLE I 

Type of Number Vomited Regurgitated Asptrated 
operataon of patients post anaesthetic Silent O 1 ~  Silent Obvaous 

Obstetrical* 58 i 1 4 I 0 1 
GGynaeeology _ 50 2 0 0 0 0 

eneral Surgeryl 84 2 5 0 0 0 
Laparotomy 27 1 1 1 1 0 

TOTAL 219 16 10 2 1 1 
Percentage 7 5 1 0 5 0 5 

*Including Caesarean seetaons 
ffExcluslve of laparotomles Much are totalled separately 

TABLE II  

Endo- 
trach- Duo- 

IMam- ea[ denaI 
Operatlon Anaesthesla Induction Lenance tube tube Posltxon Comphcatlon 

Obstetrical Epldural Smooth Smooth No No Llrh Aspiration 
dehvery pluz Call6 Light post- 

operatively 

C3H6 Smooth Smooth No No Llth Regurgitated 
L~ght 

C3H~ Smooth Smooth No No Llth Regurgitated 
Deep 

N20/O.  C~H~ Difficult Deep No No Llth Regurgitated 

N~O tnchlorethy- Difficult Light No No Llth Regurgitated 
lene O~ Retchmg Straining 
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TABLE II (cont,nued) 

Erldo- 
trach- Du p- 

Mare- eal denM 
Operation Anaesthesia [ndactlon tenanee tube tu~oe Pos,tion Comphcatlon 

Caesarean Fpldural Smooth Light No No Trendel- Regurgitated 
sectmn Thmpentone Straining enburg 

O_, 

Burn Smooth Smooth No No Sumne Regurgitated 
dressing Light 

Tonsdlectomy Thmpentone Smooth Smooth Naso-No Supme RegurgLtated 
Succmx lchohne tra- 
N~O/(J2 cheal 

Mastectomv Thmpentone Smooth Ltght Oro- No Supine Regurgitated 
MeperMme traeh- 

Succmylchohne eal 
N.~O/02 

"I horacotomy Thlopentone Smooth Ltght Oro- No R Regurgitated 
a nd Sucmnvlcholme trach- lateral 

bronchoscopy d-tuboc~lrate eal 
Mepend, ne 
N.,O/O~_ 
Controlled resp 

Inguinal Thmpentone Smooth Light 
hernia d-tu bocurare 

N,.O/O~.CaH ~ 

No -Nio Su pine Regurgitated 

Appendmeal Thmpentone 
abscess d-tubocurare 

Call6 

Smooth Variable No No Supine Vomited 

Th.~ rold- Thmpentone 
ectomy Succmx lchohne Smooth Deep 

decanmthomu m 
N.,O/0~. C~H~ 

Yes No Head Vomited 
up 

Colon T-hmpentone 
resectlon Succmylchohne Smooth Deep 

d-tubocurare 
N 20/O,. CaH~ 
Controlled res- 

p~ratmn 

Yes No Supine Aspirated 

H} sterectomy Epldural, 
Thlopentone 
Succmylch,ohne 
d-tubocurare 
Call6 

Smooth Light Yes No Trendel- Regurgitated 
enburg 

Bilateral Thiopentone Smooth Deep Yes No S,apme Regur~;~tated 
adrenal- d-tubocurare 
ectom 3 Meperidme - 

N=O/O,. Coa- 
trolled resplraum 

Chole- f Thlopentone Smooth Variable Yes Yes Supine Vomited 
c 3 stectomy ). dJcubocurare 

N..O/O2 CaH~ 

D and C Thlopentone Smooth Light No No Lith Vomtted 
N..O/O= CaH~ 

Thlopentone Smooth Ltght No No Llth Vomited 
N._O/O~ Call6 
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Table II describes the conduct of the anaesthesia for those patients who 
aspirated or regurgitated. 

DISCUSSION 

Culv~, Makel, and Beecher (8),  and also W A. Weiss (9),  reported in their 
series that the incidence of regur:~ltation into the pharynx was 25 per cent. 
Weiss reported that 79 per cent of t_aose ~vho regurgitated also aspirated. Factors 
which these and other authors reported as being contributory to regurgltataon 
included all phases of anaesthesia and surgery as well as the preoperative 
condition of the patient. A stormy ~ductlon and straining or belching during 
anaesthesia were'  noted as causes of regurgitation. Upper abdominal surgery, 
Trendelenburg, lateral or prone position, manipulation of abdominal organs, and 
the~ presence of a duodenal tube were surgical conditions mentaoned as being 
contributory. A patient who was poorly prepared for operataon or poorly attended 
in the post-anaesthetic period was stated to be in danger of regurgltatang and 
aspirating. In this respect a dilated stomach v, as thought to be the greatest 
threat. 

In our series we attempted to examine each of these factors From Table I it 
is obvious that the obstetrical patients, who are usually poorly prepared and 
more likely to have full stomachs, had by far the greatest incidence of vomiting 
and regurgitation. The admimstration of the anaesthetic appeared to be a lesser 
factor in our series than in others. In none of the surgical cases was there a 
stormy induction or straining.to accoun.t for the regurgitation or aspiration This 
may be explained by the fact that our routine reduction ~Ls a "sleep-dose" of 
thiopentone. The fact that the swallov<i'flg reflex may not have been continuously 
abolished in the patients with "light" anaesthesia may have !been a factor m the 
regurgitation. 

The surgical factors contributing to aspiration were more dafficult to assess. 
Each factor mentioned, Trendelenburg position, manipulation of abdominal 
organs, and insertion of a duodenal tube wa),tthought to have triggered regurgi- 
tation or aspiration. The group of patients undergoing uppel abdominal surgery 
showed a much higher incidence of positive findings than other general surgery 
patients. A follow-up study was done on these patients and compared with a 
similar group of twenty years ago 

Seventy-nine cases of upper abdominal surgery were followed postoperatwely. 
Three patients had scattered rhonchi forty-eight hour,s postoperatively. One of 
these had a duodenal tube m s i t u  during the operation The chest findings did 
not dear  until the duodenal tube was removed one week postoperatively, sug- 
gesting that continual regurgitataon may have occurred about the duodenal tube. 
These findings were compared with seventy-one, cases of upper abdominal 
surgery from July 1938 to June 1939. Of these patient,,;, five were reported with 
collapse of basal segments of either or both lungs, and two had rales and rhonchi 
at both bases. In this latter group the anaesthesia~ in 76 per cent was spinal and 
in 21 per cent spinal plus supplement of ether, cyclopropane or nitrous oxide and 
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oxygen. Three patients only had endotracheal tubes, two of the anaesthetics 
being ethyl chloride and ether and the other a spinal plus endotracheal ether 
supplement. Of the recent group, seventy-four eases were done using a cuffed 
endotracheal tube and controlled resplratxon. The pahents were induced with a 
"'sleep dose" of thiopentone and then a relaxing dose of succm?lehohne or deca- 
methonmm was used for intubat:on. A muscl6-relaxmg agent was used through- 
out for surgmal relaxation and to aid m keeping the p a t e n t  apnoeic. The 
endotraeheal tube was not removed untd the" pahent's cough reflex returned 
and there was adequate return of funchon of the muscles of respiration. The 
phal-ytL,~ and trachea were suctaoned before the e~adotracheal tube was removed. 

This techmque was not developed spectfically to reduce the incidence of 
reg}trgitatlon and asplrataon, but :t does ehmmate most of the factors revolved. 
There is a minimum of strammg on mductnon and during the maintenance of 
anaesthesia. The trachea is protected by the endotracheal cuff trom any material 
regurgitated mto the pharynx Another prevenhve factor is the presence of a 
posit:re pressure gradient between the larynx and the pharynx and oesophagus 
when controlled resptrahon is-used None of these features was present in the 
anaesthehes given in the 1938-9 group. Whether or not . the chest complications 
m this group were tlae result of asptratlon cannot be determined. However, 
when aspiration was adequately guarded against, as m the recent groups, malor 
chest compheatao,ns did not occur. 

St:~t~:ARY 

This paper presents a review of hterature deahng with regurgitation and 
aspiratmn and reports a study of the incidence of regurgitation and aspiration in 
snrgmal and obstetrical anaesthesia The chmeal and pathological findings are 
described and factors contributing to regurgitatmn and aspiration axe discussed 
The anaesthetic factors are described and discussed wath reference to the study 
made by the authors A comparison follow-up study ?f one group of patients 
with a high incidence of regmgitat ion.and aspiratlor_ r is made with a similar 
group of patients anaesthetized twenty years ago A possible reason for the 
marked decrease m postoperatwe pulmonary eomphcations is presented 

A subsequent article will present ease histories and discuss treatment and 
sequelae of asp:rattan during anaesthesia 

Dans la htt61ature la plus anelenne sur le sulet , ceux qm ont trait~ des comph- 
cahons pulmona:res ~t ]a suite d'anesthSsle g~n6rale ont attnbu6, pour une part 
importante, la cause de ees eomplicahons ~t l'asp~ratlon dans les poumons de 
matdnel venant des vines d~gestives Les auteurs ont pass6 en revue la litt~ra- 
ture sur le sujet des r6gurgxtat:ons et de l'aspirahon de d~bris allmentaires durant 
ranesth6sle. En 1957, '~ Toronto General Hospital, on a falt une 6tude pour 
d6terminer la fr~quenee des vomissements, des r~gurgitations et de l'asplration 
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de d6bris ehez les malades sous anesth6sie gdn6rale. Chez 219 malades cons6cu- 
firs, candidats h la chirurgie g6n6rale ou h i'obst6trique, on a donn6 aux malades, 
en capsules ou en suspension par un tube duoddnal, 30 minutes avant rop6ration 
ou raccouehement, ,10 mg. de teinture bleue Evans. Apr6s l'anesth6sie, afin de 
trouver de la teinture bleue Evans, on a examin6 le pharynx et, quand il dtait 
possible, la trach6e. Culver, Makel et Beecher (8) ont d6j~ ddcrit eette m6thode. 

Sur ee nombre de 219 malades, 36 ont fourni des slgnes 6vidents de rdgurgi- 
tation et de vomissements au eours de l'anesthdsm ou imm6diatement apr6s. 
Parmi ces derniers, 12 malades n'ont pr6sent6 ~ l anesth6siste aucun signe qu'll 
se passait quelquechose d'anormal. La chose est arriv6e plus souvent en anesth6sie 
obst6trieale (Table I) 

D'autres autettrs (8, 9) ont mentio[~n6 un certain nombre de faeteurs pouvant 
favoriser les r6gurgitations, entr'autres: une induetmn dfl~efle, des efforts et des 
haut-le-cceur durant l'anesth6sie, la ehirurgie abdommale haute, la positron de 
Trendelenbourg, la position latdrale ou ventrale, les manipulations des organes 
abdominaux et la pr6sence d'un tube duod6na]. On a consM6r6 comme prd&s- 
pos6s ~ des r6gurgitations et ik de l'~spiration de d6bris ceux dont I)a prdparation 
~t rop6ration avait 6t6 moins 61abor6e et dont ]a surveillance p0st-op6ratoire 
avait 6t6 moins attentive 

Parrni les eas eit6s par les auteurs, on a tenu compte de tous ees faeteurs I1 
est 6vident que, ehez les malades en obst6trique, malades morns bran prdpar6es 

l'anesthdsie ~t plus exposdes ~t avoir quelqueehose clans l'estomae, 11 s'observe 
un nombre beaueoup plus grand de 'vomissements et de r6gurgffatlons Dans 
eette s6rie de eas, l'administration de Pagent anesth6slque semble 4tre un faeteur 
moins important ee qui peut 4tre explxqu6 par le fait que l'mduetmn de routine, 
ehez les malades de "ehirurgm g6n6rale, se fait par une dose anesth6slque de 
thiopentone. On a l'impressmn que  eh~ieun des faeteu_rs smvants pent avoir 
d6claneh6 des r6gurgitations et des aspirations la pos~:tion de Trendelenbourg, 
la mani 3ulataon des organes abdomlnaux et la mlse en place d'un tube duoddnal 
On a observ6 que les malades op6r6s clans la partae sup6neure de l'abdomen 
prdsentaient des r6gurgitatmns plus fr6quentes que ceux op6rds en ehlrurgm 
g6ndrale. 

On a observ6, au eours des suites op6ratoires, un groupe de 79 eas de chlrurgm 
abdominale haute et on a not6 une fr6quenee de eompheations pulmonmres bran 
inf6rieure ~ celle qu'on avmt obtenue pour un groupe semblable de malades 
observ6s entre ]uillet 1938 et lure 1939. Bien qu'il solt lmpossable de d6montrer 
ees eonclusions, les auteurs ont la eonvietion que le eontr61e des aspirahons par 
les m6thodes aetuelles d'anesth6sm peut 4tre responsable de la diminution de 

b 

fr6quenee des complieatmns pulmonaires. Pour le premier groupe de malades: 
76fo avaient eu une raehianesth6sie et 21%, une raehmnesth6si[e compl6t6e par de 
l'6ther, du eyelopropane ou du protoxyde d'azote et de l'oxyg6ne Dans ee 
groupe-lh, on-avait plae6 un tube dans la traeh6e & trois eas seulement. Dans le 
dernier groupe, on a plae6 un tube avee ballonnet clans la traeh6e et on a 
pratiqu6 une respiration eontrN6e ehez 74 malades, et ce tube n'a 6t6 efllev6 que 
lorsque le m~lade avait des r6flexes ~t la toux et que ses muscles l:espiratoires 
avaient repris leur tonus: On a pratiqu6 l'intubatm'a en administrant une dose 
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anesth4sique de thiopentone et une dose apn4ique de mygr6solutffs de sorte que 
l'induetion se faisait sans effort et, que la trach4e 4tait [.rot6g4e sans retard en 
gonflant le ballonnet du tube endotrach4al. 

Dans un proch'ain article, nous rapporterons des eas et parlerons du traitement 
et des sequelles de l'aspiration de d4bris alimentaires dans les voles respiratoires. 
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