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First-aid boxes, cases, and cupboards for all workers in
factories, at docks, or on building-sites throughout the
country have had important changes made in their contents
from Januarv 1, when new regulations made by the Minister
of Labour under the Factories Acts came into operation.
These changes have arisen from the advances made in
medical and first-aid treatment of injuries during the last
quarter of a century. For example, antiseptics, special burn
dressings, and cocaine eye-drops will no longer be required.
A leaflet giving advice on treatment, which has been revised
in the light of these advances, must be included in each first-
aid box. All materials have to be of a grade and quality
not lower than the standard specified by the Britislh
Phartuaceutical Codex, and specifications for adhesive
dressings for wounds and for eye ointment, for which the
regulations provide, are given in certificates of approval of
the Chief Inspector of Factories (Ministry of Labour).
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Oesophageal tamponade for the arrest of haemorrhage
from oesophageal varices was introduced by Westphal
(1930), who applied local pressure by means of an
oesophageal sound. Later an inflatable rubber balloon
on a modified Miller-Abbott tube was used to compress
the coronary veins in the fundus of the stomach which
drain into the oesophageal varices (Rowntree et al.,
1947; Bixby, 1948; Tocantins, 1948; Barnett and
Cohen, 1949). The introduction by Sengstaken and
Blakemore (1950) of a tube with two balloons enabled
local pressure on the varices by the oesophageal balloon
to be added to the effect on the fundal veins of the
gastric balloon (Fig. 1).
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FIG. 1.-Sengstaken oesophageal compression tube.

The purpose of this paper is to describe and discuss
the indications for and the results obtained with this
apparatus in relation to a group of 101 patients with
alimentary bleeding associated with portal hypertension
seen at Hammersmith Hospital during the years 1954
to 1958.

Apparatlis and Indications for Use.-The Sengstaken
tube was a standard three-lumen instrument made of
stiff rubber with latex rubber balloons (manufactured
by J. G. Franklin and Son, Ltd., London). If possible
a new apparatus was used for every second patient, and
when not in use it was stored in the refrigerator to
maintain its stiffness. The indication for use was
haemorrhage from oesophageal varices uncontrolled by
liberal blood transfusion and bed rest.

Introduction of the Tube
The apparatus was thoroughly tested for leaks. The

alert and co-operative patient was told the purpose of
the manoeuvre and his co-operation obtained. - The
pharynx was sprayed with 40/ lignocaine, the patient
being propped up in bed. A bandage was placed over
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his eyes so that he could not see the size of the
" mouthful " he was being required to swallow. The
well-lubricated tube was then passed, usually through
the mouth, with relatively little difficulty. The intro-
duction was carried out speedily and in a determined
manner to avoid prolonged retching. In those who
were comatose the operation proved more difficult, and
in three instances the patients were so noisy and violent
that the operation proved impossible.
A mixture of 20 ml. of 70%/. diodone and 100 ml. of

water was used to fill the gastric balloon, so makin{; it

FIG. 2.-Plain x-ray film of abdomen showing the Sengstaken tube
in good position. The gastric balloon is distended with 10%

diodone solution.

radio-opaque (Fig. 2). Considerable pressure may be
needed to distend the gastric balloon with this volume
of fluid.
The oesophageal balloon is distended with air at a

pressure of 30 mm. Hg, great care being taken
to observe any respiratory embarrassment following
its inflation. In some patients of small stature the
adult-sized oesophageal balloon produced respiratory
difficulty and a smaller-size tube had to be used.
Sengstaken tubes of various sizes should always be
available. The gastric and oesophageal balloons should
be attached close together on the main tube to prevent
the oesophageal balloon reaching the larynx. Several
methods of fixation have been tried. The tube may be
pulled up and then attached with adhesive tape to the
patient's face, but this leads to ulceration of the corners

of the mouth. A head-mask was devised to which the
apparatus was fixed, but this led to excessive traction
being applied and limited the patient's mov-.ment in bed.
The most satisfactory method has been to suspend

the Sengstaken tube over a pulley-wheel on a ball-
bearing race, allowing the weight of the apparatus to
apply traction (Figs. 3 and 4). This enables the patient
to move his head freely, and by altering the position
of the suspension beam he can be easily turned in bed.
The pulley-wheel is kept above the patient's mouth so

that all friction is avoided. Clip-on weights (150 g.

each) can be applied to the tube if further traction is
necessary; not more than four should be used. The
tubes leading to the oesophageal gastric balloons are

clearly marked and double clamped, and the nursing
staff must never touch them except in an emergency

such as laryngeal obstruction.

The position of the gastric balloon is located by
portable plain x-ray film of the abdomen (Fig. 2). It
muit fit well into the fundus of the stomach, and if it
does not extra weights may be required if bleedirg
continues.

General Management
Once the oesophageal balloon is inflated the patient

must not be left unattended, and a special nurse is
necessary. The pulse and blood-pressure are recorded
every 30 minutes. A mechanical suction apparatus is
used to remove pharyngeal secretions from above the
oesophageal balloon. A careful watch is kept for signs
of respiratory difficulty due to migration of the
balloons causing laryngeal dbstruction. In the event of
such signs occurring the nurse must release the
oesophageal balloon and if necessary cut the tube
across with scissors, so effecting a rapid decompression
of both balloons.
A specimen is aspirated from the stomach every hour,

and these are labelled and preserved in a test-tube in a
rack. If the aspirate is blood-stained the stomach
should be completely emptied. Various therapeutic
agents, such as 20% glucose solution, neomycin,
potassium supplements, and purgatives, are administered
down the gastric tube (Sherlock et al., 1956). A careful
record of these must be kept and also of urine passed
and the nature of the stools.
The patient's position is frequently changed without

disturbing the apparatus. Ideally, in order to minimize
the risks of aspiration of pharyngeal secretions the foot
of the bed should
be blocked. In the

presence of tense

ascites this position
is poorly tolerated

because of respira-

tory distress, and

cautious release of F.....wh e n
to 2 litres of ascitic

fluid may make such

a position more tube
bearable.

Control of bleed-

ing is shown by

improvement in the

patient's general

condition, b I g b d
pressure, and pulse,
and by obtaining a

continuously clear

gastric aspirate.w
After bleeding haS FIG 3t A patient with the Sengt
ceased for 24 hours staken tube in position. The tube

the o esophageal piasses over a pulley-wheel on a ball-
bearing race. Weights aire attached.

balloon is deflated The tubes leading to the oesophageal

and traction taken and gastric. balloons are labelled and

off the tube. After doubly clamped.

a further 24 hours, with the apparatus "lying free, if

bleeding does not recur the fluid from the gastric

balloon is aspirated and the apparatus removed.
Decisions to release the traction or remove the tube are

made by the attending physician and cannot be relegated
to a more junior level.

Results of Treatment
The Sengstaken tube was used in 38 patients with

gastro-intestinal haemorrhage associated with portal

BRITISH
MEDICAL JOURNAL



BLEEDING OESOPHAGEAL VARICES BRrrisH 229
MEDICAL JOURNAL

hypertension. In 32 the haemorrhage was initially
controlled. In the other six the tube was ineffective,
and subsequent examination showed the cause to be a

haemorrhagic gastritis in two patients and gastric
varices in two; the remaining two showed no apparent

reason for failure. Only 10 of the 38 patients treated
survived to leave hospital. In many of those who
eventually died the tube was passed on several occasions

ts..,~~~~~~~~~~~~~~~~~~~~~~~~~~~..-.., .... ...:........

FIG. 4.-Suspension apparatus used for the Sengstaken tube.
The position of the horizontal suspension beam and the height

and angulation of the pulley-wheel can be varied.

in an effort to control recurrent haemorrhage. There
was a marked difference between the initial effect of the
tube and the response to further bleeds. The patients
seemed to develop a state of "tube resistance" and
finally died still bleeding. Evidence of haemorrhage was

in fact noted in 23 of the 28 fatal cases. Despite the
poor results obtained in this group, 5 of the 10 survivors
were later fit enough to undergo porta-caval
anastomosis. Further, it is unwise to generalize, as one

patient, a woman of 51, despite hepatic coma, ascites,
and bleeding varices, made a full recovery after use of
the Sengstaken tube and, without subsequent surgery,
was alive and well five years later, working as a cinema
usherette.
The high mortality must be discussed in relation to

the whole problem of portal hypertension. Between
1954 and 1958 101 patients with portal hypertension and
haemorrhage were seen at Hammersmith Hospital
(Table I). A group of 43 patients had suffered and
recovered from an episode of bleeding oesophageal
varices without the use of oesophageal tamponade.
They were referred for consideration of definitive
surgical treatment. These patients were not jaundiced,
generally, had good serum albumin levels, and rarely
showed fluid retention. They might be considered
good-risk " subjects. Twenty-six were suitable for

some surgical treatment and 20 had porta-caval
anastomoses and six lotal operations on the portal
system. Only one died.
The other group of 58 patients consisted of those who

were referred to Hammersmith Hospital because
bleeding could not be controlled elsewhere or who bled

while in a hospital under treatment for some other

TABLE I.-The Two Groups of Patients Studied

Patients Admitted Patients Admitted
with or Developing having Recovered

Haemorrhage from Haemorrhage

Total .58 43
Portal cirrhosis 54 39
Portal-vein block . . 4 4
Jaundiced 13 0
Mean serum albumin (g./100 ml.) 2-9 3-5
Ascites and/or oedema .. 34 3
Sengstaken tube .38 0
Survived intubation .. .. 10 -

Porta-caval shunts .. .. 5 20
Other surgery .6 6
Deaths .40 1

complication of cirrhosis such as jaundice, hepatic
precoma, or ascites. These patients were therefore often
jaundiced, and usually showed a low serum albumin
level and also fluid retention. They might be considered
" poor-risk " patients. The Sengstaken tube was passed
on 38 patients, and, though bleeding was initially
controlled in 32, only 10 survived to leave hospital.
Only 11 were in a sufficiently good condition for surgical
intervention. Five had porta-caval anastomoses, and
six various operations designed to reduce the blood-
flow to the lower oesophagus; all these latter procedures
proved fatal. Total deaths were 40.

Complications (Table I)
Ulceration of Pharynx anid Lower- Oesophagus.-

Ulceration of the lower oesophagus was seen in 10 of
the 28 patients intubated who came to necropsy

(Table III). It seemed to be related both to the
duration of intubation and to the use of traction. The
average duration of intubation in these 10 patients was

five days. The average duration in 18 patients showing
no ulceration at necropsy was 2.3 days. There were

exceptions, and ulceration developed in two patients
within 24 hours, and was not present in two others even

after six and seven days' intubation. Fixed traction was

used on four occasions, the tube being attached to a

special head-piece. This resulted in deep oesophageal
ulceration in one patient and superficial ulceration in the
three others. Pharyngeal ulcers were noted at necropsy

TABLE II.-Complications of Initubation with the Sengstaken Tuibe
No.

Ulcerative f Lower oesophagus 10
I Pharynx.3
Obstruction ..

Respiratory Aspiration of vomitus
Infection and collapse .

f Delirious patient

Mehnia Tube bitten through
Mechanical Burst gastric balloon.

IGastric balloon migration into oesophagus
Infective Staphylococcal enteritis

5

5

4
3
1
5

5

2

TABLE III.-Pharyngo-oesophageal Ulcerationt Followving
Intubation with the Senigstakern Tlube

Patient Site

2

3

4
5

6
7

8

9

to

Oesophagus

Oesophagus;
pharynx

Oesophagus

Oesophagus;
pharynx

I ,,

Intuba- Traction I Ulcer
tion by

(Days) Head-mask Type Size (mm.)

I No Superficial 2-2
2 Yes 60 15

5 --10
} 8 " {¢ " 15 5; 10x7

7 Deep 60x20;40 20
5 Superficial 10 10
3 No , 3 3
3 5 5
4 ,, , 15 40

1 1 " ( 5 .10f 35 20

}_30 2016 "5x7
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in three patients, all of whom had accompanying
oesophageal lesions (Figs. 5 and 6).

Respiratory Complications.-With the complete
blockage of the oesophagus it is not surprising that
secretions collecting above the oesophageal tube should
be aspirated into the air passages. Such complications
may be prevented by pharyngeal suction, by blocking
the foot of the bed, and by vigorous physiotherapy.
Aspiration is particularly likely to occur while the

apparatus is being
i._..-.passed, for this

................ ....... ...... ..... ... ....... ...
anoeuvre may pro-

ru stch ing If

the stomach is at

the sam tim dis-

. ... I.d.1X.E ! ! IlliS may asphyxiate the

patient. Two of our

subjects died in this

v way. When the

passage of the
Sengstaken tube is

.L5¢j......

s$
stomach with a soft

rubber tube, and
suppress the gag
reflex with a small
intravenous dose (25

-mg.) of pethidine.

FIG. 5.-Patient 3. Necropsy speci- pistaxis is also

men of oesophagus and upper part of potentially lethal,
stomach showing superficial ulceration and as it is common
of the lower oesophagus after eight

days' intubation. in cirrhotic patients
it must be carefully
and energetically
treated to prevent
aspiration. Laryn-

~~~~~~geal obstruction due

to the distended
oesophageal balloon
occurred in four
patients, and in one

other case laryngeal
obstruction associa-
ted with oedema
and laryngeal ulcer-
ation resulted in

death.
i _ __U2- , - I

Mecihanical Com-

1121 plications.-The oral
route was well toler-

FIG. 6.-Patient 3. Two large super- ated and only one

ficial pharyngeal ulcers are seen, patient bit through
the tube. Nasal

intubation may lead to necrosis of soft tissues and
cartilage and possibly initiate epistaxis; this route was

reserved for those with some contraindication to oral
intubation. The gastric balloon was the usual cause of
mechanical difficulties. Bursting occurred five times,
and may be noticed by the patient as a " pop " in the
stomach. A puncture of the oesophageal balloon can

be detected by noting collapse of a small "pilot"
balloon attached to the inlet tube of the oesophageal
balloon. The gastric balloon must be adequately
distended both to exert a firm pressure on fundal varices
and to prevent migration into the oesophagus. Such a

migration tends to occur early if the balloon is not
properly distended, and later if the traction on it over-

comes the resistance of the cardio-oesophageat
sphincter. Migration may cause respiratory distress and
also pain in the chest, felt in the back between the
shoulder-blades. Though discomfort is usual, frank pain
is uncommon, and its occurrence should suggest that
the gastric balloon is in the oesophagus. Weights used
for traction should be suspended just above the level of
the bedclothes. If the apparatus moves up the
oesophagus the weights will then drop on to the bed
and so break the upward movement of the tube.
Provided the balloons are not punctured, once displace-
ment of the tube is diagnosed it can be replaced and the
balloons redistended.

Infective Enteritis.-Two patients developed staphyl-
ococcal enteritis; both of them had been treated with
tetracycline. This complication has not been seen since
neomycin has been used for sterilizing the bowel.

Discussion
The Sengstaken oesophageal compression tube will

usually arrest bleeding from oesophageal varices. The
method has even been used diagnostically to distinguish
bleeding peptic ulcer from bleeding varix (Nachlas,
1955). It is so successful that no patient with bleeding
oesophageal varices should be denied its benefit if blood
transfusion fails.
The tube was effective in the initial control of

haemorrhage, but the ultimate mortality was high-in
32 of 38 patients the bleeding was initially controlled,
but only 10 survived to leave hospital. This can be
related to the type of patient being intubated. In our

series the tube was used on those with very poor
hepatic function. The haemorrhage was a manifesta-
tion not only of portal hypertension but of the bleeding
tendency of advanced hepatic disease. It therefore
recurred and the Sengstaken tube was introduced over

and over again, the patients finally dying, often with
further massive haemorrhage not only from the
oesophagus but also from the stomach generally (Fig. 7).
Loss of tone in the lower oesophagus consequent upon
the prolonged presence of the gastric and oesophageal
balloons may have added to the later failures to control
bleeding. These results contrast with the group of 43
patients in whom bleeding from oesophageal varices had
ceased without use of the Sengstaken tube. In these
patients blood coagulation was presumably adequate
and the haemorrhage was a manifestation of portal
hypertension and not of liver failure. These patients
were often treated in hospitals where facilities for the
use of the Sengstaken tube were not available. It seems

probable that in many of them bleeding would have
ceased sooner had the tube been used. Certainly the
amount of blood necessary for transfusion would have
been much less.
The use of the Sengstaken tube must be considered

in relation to later definitive portal surgery. If hepato-
cellular function permits, a porta-caval anastomosis
should be considered as soon as possible after the first
haemorrhage. In the patient with poor hepatic function
(ascites, jaundice, hepatic precoma, or coma) major
surgery is unlikely to be tolerated. In this group the
bleeding may be repeated and the decision to use the
Sengstaken tube again will have to be made. In
borderline cases it is justifiable to continue if there is a

chance that bleeding will be controlled, hepatic function

BRITISH
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improve, and surgery be possible. Often, however, the
recurrent bleeding produces a worsening of hepatic
function and it becomes clear that the major feature is
hepatocellular failure and surgery will be impossible.
At this stage the apparatus should be withdrawn, as its
further use increases the patient's misery and compli-
cations are likely. In some of these patients local
surgical attack on the varices has been suggested, porta-
caval anastomosis being performed later (Linton, 1953;
Welch, 1957). This was attempted in six of our patients,
but all died after the first operation, a reflection of their
inability to support any form of surgical treatment.

Complications of intubation are common, and in one
series of 50 patients treated with the Sengstaken tube

_ ,~~~~~~4

FIG. 7.-A cause of failure: diffuse haemorrhagic gastritis.

nine died as a consequence of its use (Conn 1958). The
most serious complication in this series was obstruction
to the airway and regurgitation of blood and gastric
secretions into the lungs. Our commonest complication
was oesophageal ulceration. This was related to the
duration of intubation and to the amount of traction.
Nachlas (1955) believes that ulceration may be
decreased by omitting the oesophageal tube and using
a triple-lumen single gastric balloon tube. In our
experience, however, this tube required more traction to
k-eep it in position and the gastro-oesophageal ulceration
rate was increased.

Summary
The Sengstaken oesophageal compression tube

controlled the haemorrhage initially in 32 of 38 patients
with portal hypertension and oesophageal varices.
Only 10 survived to leave hospital, and only five of
these were suitable for porta-caval anastomosis. The
other 28 suffered recurrent bleeds and ultimately died in
hepatic failure. Results are contrasted with a group of
patients with good hepatic function and portal hyper-
tension who also suffered haemorrhage but who
recovered without the use of the Sengstaken tube.

Practical details of the intubation and management of
the patient are described. Complications included
ulceration of the oesophagus and/or pharynx (10 cases),
respiratory complications (14 cases), mechanical diffi-
culties with the apparatus (14 cases), and infective

enerts (2socases).crtin hs a eatdt h
duainoCnuainadt h muto rcin

The method is a useful one for controlling bleeding
from oesophageal varices. Intubation should not be
continued if bleeding recurs repeatedly and liver
failure is obvious. Under these circumstances the
patient is made miserable and complications are many.

We would like to pay tribute to the nursing staff of
Hammersmith Hospital for their meticulous and sympathetic
care of the patients reported.
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The use of a radioactive isotope of oxygen provides a
method of assessing regional variations of ventilation
and blood-flow in the lungs without intubation of the
patient.

This method has advantages over bronchospirometry,
which has hitherto been used to compare the function
of the two lungs, because in the latter procedure the
passage of the catheter into the bronchial tree is
unpleasant, the conditions are far from physiological,
and it is not usually possible to measure local variations
of function within either lung. Kipping et al. (1957)
overcame some of these problems by using the radio-
isotope xenon-133. They measured local variations in
ventilation, in the detection of bronchial tumours, by
observing the distribution of radioactivity over different
parts of the chest during normal breathing of air
containing the radioisotope.

If oxygen is used instead of xenon, local blood-flow as
well as ventilation can be assessed. This has not been
practicable until now because of the rapidity with which
radioisotopes of oxygen decay; the longest-lived,
oxygen-15, has a half-life of only two minutes. However,
the cyclotron built by the Medical Research Council
(Gallop et al., 1957) was sited within a hospital for a
number of reasons, one of which was to make available
*M.R.C. Radiotherapeutic Research Unit, Hamnmersmith

Hospital, London.
tM.R.C External Scientific Staff and Department of Medicino,
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