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The children given live vaccine alone, however, gave signifi-
cantly higher antibody responses than when live vaccine was
preceded by a single dose of inactivated vaccine.
This preliminary trial has not given any information on

protection against the disease; this is the aim of a second study
now in progress.

We are grateful to the following general practitioners for finding
time in their busy practices to take part In the study:

Dr. D. M. Baker (Northwood), Dr. A. P. Barter (Bridport), Dr.
S. Bedford (Grimsby), Dr. D. Budge (Leighton Buzzard), Dr. S.
Came (London W.12), Dr. G. Edelsten (Sutton Scotney), Dr. E.
Gancz (Dartford), Dr. M. Goodman (Liverpool 6), Dr. R. P. C.
Handfield-Jones (Haddenham), Dr. D. W. Hendry (Fife), Dr. E. R.
Herst (Woodford Green), Dr. M. E. Holzer (London W.1), Dr. P.
Hopkins (London N.W.3), Dr. S. G. Jeffs (Manchester), Dr. R. D.
Jones (Godalming), Dr. H. Kidd (Buxton), Dr. K. Lane (London
W.C.1), Dr. A. B. Lowther (Porthcawl), Dr. J. K. H. McCullough
(Kings Norton), Dr. G. MacNaughton (Edinburgh 4), Dr. R. L.
Meyrick (London S.E.6), Dr. J. H. Owen (Porthcawl), Dr.
A. Wilson Robertson (Leven, Fifeshire), Dr. Watson Rogers
(Sherborne), Dr. H. S. Samuel (Theale), Dr. M. Schapira
(Keighley), Dr. F. S. Shepherd (Southall), Dr. S. J. Silvey (Coombe
Dingle, Bristol 9), Dr. E. Sklar (London N.W.10), Dr. G. R.
Staley (Hull), Dr. J. M. Stuart (Coleshill), Dr. M. T. Sweetnam
(Stoke-on-Trent), Dr. B. A. Thompson (Chester), Dr. M. K.
Thompson (Addiscombe), Dr. T. J. C. Warriner (Chessington),
Dr. G. I. Watson (Guildford), Dr. J. McA. Williams (Hartington,
nr. Buxton), Dr. W. 0. Williams (Swansea).
We are also grateful to Dr. M. T. Paterson, Dr. S. King, and

Dr. W. H. S. Wallace, of London County Council Divisions 2, 4,
and 8, and to the matrons and nursing staff of the day nurseries in
these divisions for their help.
Our thanks are also due to Dr. J. A. Scott (since deceased), who

at the time of the trial was Medical Officer of Health for the London

County Council, and to Dr. Ian Taylor, of the London County
Council Department of Public Health.

Finally we would like to acknowledge the assistance of Dr. P.
Benson, who obtained blood samples from the children in the day
nurseries.
We are pleased to add our thanks to Glaxo Laboratories, Pfizer

Ltd., and Wellcome Research Laboratories for the vaccines which
they supplied free of charge.
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A Laser Ophthalmoscope for Retinal Phototherapy

H. VERNON INGRAM,* O.B.E., T.D., M.B., F.R.C.S., D.O.M.S.; NEIL MANSON,* M.B., B.S., D.O.;

DESMOND SMART,t M.SC.

[WITH SPECIAL PLATE]

Brit. med. J.,1965, 1, 823-827

The rapid advancement of maser and laser technology has
provided medical science, and in particular ophthalmology, with
a therapeutic coherent light source.
Maser and laser stand for microwave and light amplification

by the stimulated emission of radiation. The maser works in
the centimetre or submillimetre microwave region, and the laser
in the near optical (almost to ultra-violet) frequency range.
Since the media of the eye transmit the radiations in the range
from 4,000 to 9,000 A (Fig. I) the energy from a low-power
laser working in this range can be focused on the retina without
producing any molecular disturbance of the transparent media
of the eye.

Stimulated emission from an atomic assembly was first
suggested by Einstein in 1917 from considerations of thermo-
dynamic equilibrium. In 1953 and subsequently, the theoretical
possibilities of microwave amplification were further considered
by Weber (1953), Townes, Basov, and Prokhorov. Gordon,

Zeiger, and Townes (1954) produced an ammonia gas maser.
The investigation of solid-state masers by Combrisson, Honig,
and Townes (1956) resulted in the production of some discon-
tinuously operating devices. Bloembergen (1956) postulated
the continuous emission maser, and Scovil, Feher, and Seidel
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FIG. I.-Spectral transmission curve of the refractive media
of the human eye.
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Retinal Phototherapy-Ingram et al.

(1957) constructed such a device. The first light-amplifier
appeared as the result of Maiman's (1960a, 1960b) work, and
in the same year a coherent optical oscillator was produced by
Collins, Nelson, Schawlaw, Bond, Garrett, and Kaiser (1960).
A laser is therefore a device which can amplify a light wave,

and, like all other amplifiers, the application of a suitable posi-
tive feedback makes it function as an oscillator. There are

many types of laser-gaseous, liquid, and solid state. The laser
with which we are concerned is the solid-state ruby laser. This
is a sapphire crystal (Al O,) in which 0.05% of the aluminium
ions are substitutionally replaced by chromium ions. It is
these chromium ions which give the red colour and which are

responsible for the laser action in a ruby. They are excited
to a higher energy level by the absorption of the blue-green light
from a xenon flash tube, but they are very unstable at this
level. Consequently they relax rapidly to a somewhat lower,
more stable state, releasing a small amount of energy in the
process and producing heat in the crystal. From this inter-
mediate state the chromium ions eventually relax to their
original ground state emitting a quantum or photon of red
light, so producing the normal fluorescence. On the other
hand, this photon may stimulate another excited chromium ion
to emit a photon with the same phase, direction, and plane of
polarization as the first. In this way a light wavefront can
be built up, and this is the process of light-amplification by the
stimulated emission of radiation.
To prevent the emission being multidirectional the shape of

the crystal is made cylindrical, with flat parallel ends on which
reflecting films have been placed. Any wavefronts which are
not travelling exactly perpendicular to the end mirrors are soon
lost out of the crystal, but those which are are amplified by
being reflected back and forth through the crystal. Thus a very
intense wavefront can be built up between the end reflecting
surfaces, and by making one of them only partially reflecting
some of the light can emerge from the crystal. The light
emitted from a ruby laser is an intense parallel beam of red
light of 6,943 A at room temperature.

Material

In our experiments we used a ruby rod 2 in. (5 cm.) long
and i in. (0.6 cm.) in diameter mounted at one line focus of
an elliptical cylinder and a xenon-filled flash tube mounted at
the other line focus. This arrangement ensures good optical
coupling between the ruby and the flash tube, as one property
of an ellipse is that a ray of light leaving one focus must, after
reflection at the ellipse, arrive at the other focus. The energy
for the xenon flash tube is obtained from a bank of capacitors
in a power supply unit. To produce a discharge from the
dash tube the xenon must be ionized enough to allow the bank
of capacitors, which are charged to 1,700 volts, to discharge
through it. This is brought about by a pulsed trigger voltage
of 7,000 volts applied to a wire wrapped round the tube
(Fig. II).

PIG. II.-The ruby crystal and xenon flash tube in its elliptical
cavity.
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By this means a train of very intense pulses of red light are

produced from the ruby, and these can be focused on the
surface of, say, a metal to produce a very high electromagnetic
field. The effect can vary from minor structural modifications
to explosive volatilization depending on the energy in the
beam.
Our experiments to develop a laser ophthalmoscope were

initially undertaken with a standard Nelas ruby laser measuring
8 in. (20 cm.) long and 4 in. (10 cm.) in diameter, and weighing
13 lb. (5.9 kg.). To this a rather crude ophthalmoscope head
was attached. This instrument was far too cumbersome to use
clinically and was modified several times until the present model
was designed. Our requisites were: (1) the instrument must be
as easily handled as, and comparable in size to, an ordinary
ophthalmoscope; (2) the illumination of the fundus must be
adequate; (3) a localizing device must be projected on to the
exact spot on the fundus on which the laser beam will be
focused ; (4) the laser beam must be in focus on the retina
when the localizing device is in focus ; (5) the diameter of the
laser beam entering the eye should be as small as possible to avoid
cut-off by the iris, particularly if the pupil cannot be maximally
dilated; and (6) there must be no possibility of the laser beam
or any reflection from it entering the eye of the operator or his
assistant. This is achieved by the arrangement of the mirrors
directing the laser beam into the patient's eye.

Fig. III shows the present prototype laser ophthalmoscope
and power pack. The ophthalmoscope is of similar dimensions
and weight to a standard battery-operated instrument. The
ophthalmoscope head incorporates accessory lenses to correct
both the patient's and the operator's refractive error. Variable
reflex-free illumination is provided, and the laser is fired by

FIG. III.-The present model of the laser ophthalmoscope and power
pack.

means of a microswitch on the handle in conjunction with a
foot-switch. The threshold of the ruby crystal has been suc-
cessively reduced from 290 joules in the first model to 120 joules
in the latest. This gives a correspondingly higher maximum
output without any increase in the power pack. Air cooling
of the crystal has been incorporated so that the instrument can
be fired repeatedly every three seconds. The power pack, which
measures about 20 by 12 by 14 in. (51 by 30 by 35 cm.) and
weighs 80 lb. (35 kg.), is set upon a small trolley and is easily
moved about.
We have avoided using dichroic mirrors in the optical system

because up to 8% of the beam may be transmitted instead of
being reflected and may cause damage. For similar reasons we
avoided shutters because they may fail mechanically and must
inevitably interfere momentarily with the view of the fundus.
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H. V. INGRAM ET AL.: A LASER OPHTHALMOSCOPE FOR RETINAL PHOTOTHERAPY

FIG. 1.-Lesion in
rabbit's retina pro-

duced by 0.11 joule
photographed im-

mediately after ex-

posure.

FIG. 2. Rabbit

lesion produced by
0.39 joule immedi-
ately after treat-
ment. Note the

small bubble in the
centre of each

lesion.

FIG. 3.-Human lesion. Arruga encirclage suture in situ with laser
applications (0.2 joule) applied within the line of the suture.

FIG. 5.-Human lesion. An area of peripheral retinal degeneration is
walled off by laser applications. These are five days old and are well

pigmented.

FIG. 4.-Human lesion. Cystic detachment in upper temporal quadrant
with line of laser applications along its lower edge. This was treated
in two sessions and the pigmented lesions in the top right are four days

old. The remainder were done the day of the photograph.

FIG. 6.-Ruby laser lesion produced by 10 joules, photo-
graphed a few seconds after application. Note the bubble

of gas and debris and the haemorrhage.
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H. V. INGRAM ET AL.: A LASER OPHTHALMOSCOPE FOR RETINAL PHOTOTHERAPY

FIG. 7.-Section of a 3-joule lesion, showing extensive dis-
ruption of retinal tissue with hole-formation.

FIG. 9.-Oscillograph trace of a Q-spoiled laser application-a
12-megawatt pulse in 100 nanoseconds (one nanosecond =

1/1,000 of a millionth of a second).

- m l - .. -~~~~~~~~~~~~~~~~~~~.-.
FIG. 8.-Oscillograph trace of a laser application lasting 800

microseconds (with a mean power of 1 kilowatt).

k I_ P, .-. ..

FIG. 10.-Section of a 0.19-joule lesion after 1 week. The
diameter of the lesion was 0.5 mm.

G. W. BEVERIDGE AND A. A. H. LAWSON: BULLOUS LESIONS IN ACUTE BARBITURATE INTOXICATION

:. x R., .

FIG. 1.-Section of an early bulla. (Haemalum and eosin.
x 150.)

FIG. 2.-Section from margin of an intact bulla. (Haemalum
and eosin. X 200.)
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27 March 1965 Retinal Phototherapy-Ingram et al.

Methods

In our animal experiments we have exposed the rabbit's retina
to various energies from 0.09 to 0.49 joule. The best results
were produced by energies between 0.19 and 0.39 joule. The
value at which a lesion could be detected clinically was 0.008
joule. A beam of 0.11 joule produced discrete areas about 0.1
mm. in diameter (see Special Plate, Fig. 1). Higher energies
produce larger areas of coagulation about 0.5 mm. in diameter
(Special Plate, Fig. 2).

Immediately after exposure a white area appeared at the spot
treated. It is sometimes surrounded by a pinkish flush and the
changes become more marked up to about three minutes after
exposure. With the higher energies a pearly bubble appears in
the centre but disappears rapidly-within five minutes. It is
probably steam and carbon dioxide due to the localized disrup-
tion of organic tissue. Only once in these experiments, with
the highest energy, have we seen a haemorrhage. This was quite
small but was pre-retinal, and was reported by one of us else-
where (Ingram, 1964). In none of our experiments with the
ophthalmoscope have we found any damage to the transparent
media of the eye either clinically or histologically. We have
measured the temperature in the retina and found no significant
rise after treatment. A 36 S.W.G. chromel alumel thermo-
couple was inserted under the retina through an opening in the
sclera of the eye of a rabbit. The thermocouple had a normal
spot-welded junction and was insulated up to the junction.
The output of the thermocouple was monitored, using a Cam-
bridge portable workshop potentiometer. The overall response
time of the measuring system was between 1 and 2 seconds.
Although this system does not permit measurement of very
rapid changes in temperature, the temperatures recorded give
a very good indication that the heating with a laser is consider-
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FIG. IV.-Retinal temperature changes produced by 0.11 joule
laser applications.
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FIG. V.-Retinal temperature changes produced by
varying laser energy output.

ably less than with the xenon arc coagulator, which uses up to
20 times as much energy. The laser beam, using various
energies, was focused on the retina at various distances from the
thermocouple junction. The results obtained are shown in
Figs. IV and V.
The exposure time to the laser beam is very short-only 0.8

of a thousandth of a second-so that if the localizing device is
in the right place on the fundus when the beam is released
the patient cannot move his eye in time to do any damage to,
say, the macula. It is quite painless, so that a retrobulbar
injection is unnecessary and the patient can co-operate by
looking in the appropriate direction.
The pupil should be as widely dilated as possible to avoid

its cutting off part of the beam and thereby reducing the effect
on the retina. We use 2% Cyclogyl (cyclopentolate) and 10%
Neophryn (phenylephrine hydrochloride) to dilate the pupil,
and to lessen still further this liability we have reduced the
diameter of the laser beam to 2 mm. by inserting a telescopic
lens system in the path of the beam.

Application to the Human Eye

The laser beam of the latest model of the ophthalmoscope has
been applied successfully to the human eye. The areas of
coagulation are smaller than those produced by either the
xenon arc coagulator or by surface diathermy and vary from
0.1 to 0.5 mm. in diameter, but we think this is an advantage
rather than a disadvantage, and will seal a hole or a tear in the
retina with less disturbance to the function. It certainly means
more individual applications, but the overall operating-time is
not appreciably increased, and in many cases is reduced because
the instrument is so much easier to use.

We have now come to the conclusion after treating 18 human
cases that the effect of the laser beam in rabbits and man is
different. In man a higher energy is needed to give a com-
parable effect. The clinical appearance of the lesion is a much
better guide to the dosage required than the measure of the
recorded output from the machine. Our present opinion is
that the minimum energy which produces a small pearly bubble
in the centre of the lesion is the ideal. This pearly bubble
disappears in a second or two. We have also found that a
higher energy or dose is required the farther out to the peri-
phery we are treating.
The early appearance of the lesion also shows some differences

from those in the rabbit. As soon as the central pearly bubble
disappears, the circular lesion looks pale with a faint dark
ring round it. This, we think, is due to the disruption of the
pigment epithelium and an almost immediate pushing aside of
the pigment granules. The lesion becomes pigmented within
four days and is well marked in seven days.

Fig. 3 (Special Plate) shows a line of 0.2 joule laser appli-
cations to a human retina, placed inside the line of reaction
caused by an encirclage suture. In this case phototherapy was
applied to limit an area of retinal detachment which was recur-
ring across the suture line.

Fig. 4 (Special Plate) shows the fundus of a patient who had
a cystic detachment of the upper temporal quadrant of the
retina of the right eye. The laser applications can be seen all
along the lower edge of the detachment, having been so placed
as to limit further extension of the cyst while it is being treated
by nascent hydrogen from multiple catholysis punctures.

Fig. 5 (Special Plate) illustrates the fundus of a female patient
who has an almost total detachment in the right eye with
vision of hand movements only. Operation elsewhere on two
occasions failed to replace the retina. As she had degenerative
changes in the periphery of the left retina, and it was considered
that these were a potential cause of detachment, prophylactic
treatment was undertaken. She was treated with the laser
ophthalmoscope and adequate scarring has been produced to
seal off the affected area.
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Retinal Phototherapy-Ingram et al.

Hazards in Industry

To investigate the hazards to workers with lasers in industry

we have experimented with various types giving output energies
varying from 1 to 10 joules, some being Q-spoiled.

Application of these higher dosages causes an immediate ex-

plosive disruption of the tissues in a rabbit eye unlike anything

seen with clinical doses. The appearance is of a punched-out

hole in the retina, the destroyed tissue being blown into the
vitreous by the gas formed in the layers of the retina (probably
steam and carbon dioxide). The gas is at first trapped in the
debris, and as a result the vitreous opacity floats upwards
(Special Plate, Fig. 6). The bubbles absorb and the debris sinks
slowly downwards. If the explosion occurs in the vicinity of
a vessel it gives way and produces a large vitreous haemorrhage.
If not, choroidal haemorrhages are nearly always present. The
majority of the vitreous haemorrhages we have produced under

these circumstances have absorbed quite readily.

Sub-explosive yet nevertheless excessive dosage to the retina
results in a central hole where the retina has been disrupted, and
the base of the hole appears white owing to the ischaemic choroid
and underlying sclera. The central hole is fringed by the
damaged edge of the retina and choroid. These damaged tissues
round the hole may swell during the first few days, and this
tends to accentuate the depth of the central depression. By
the third and fourth days pigmentary changes appear in the
walls of the crater, and at the end of one week any haemorrhages
produced are beginning to absorb (Special Plate, Fig. 7).

If the wavelength of these industrial lasers is such that the
laser beam is largely transmitted, the clear media of the eye

have mostly remained unchanged in short-term experiments.
However, low energy but very high power outputs obtained by
Q-spoiling cause a disruptive track through the vitreous with
very extensive tissue damage and massive immediate
haemorrhage. Normally a solid-state laser produces a train of
about 800 or 900 relatively low-power output pulses ("-'50 kW).
Q-spoiling is produced by removing the reflector from the
lasing position at one end of the laser and replacing it when
energy has been built up in the laser. A single giant pulse
about 1,000 times more intense is then produced (.50 MW)
(Special Plate, Figs. 8 and 9).
An increasing number of people are being employed in using

such devices and could consequently be exposed to this new

industrial hazard. Long-term experiments are necessary and
are being performed to determine the effects of both pulsed and
continuous lasers on the transparent media of the eye and the
retina.

Histology of Laser Chorioretinal Lesions

With 6,943 A energy outputs of from 0.11 to 0.29 joule good
chorioretinal adhesion is produced in rabbits. These lesions are

less than 0.5 mm. in diameter, being mostly of 0.1 mm. in
diameter. Chorioretinal lesions of this order allow a uniform
adhesion with the smallest possible area of tissue damage and
functional loss., Higher doses are required to produce compar-

able lesions in man.

The two most important stages of a laser lesion histologically
appear to be immediately after application and from six days
onwards.

An Immediate Laser Lesion

The area of application macroscopically presents a pimple-
like swelling. There is separation of the retinal layers and swel-
ling of the tissue fibres. Cellular disorganization without
cellular destruction occurs throughout the retinal layers and the
innermost part of the choroid. Neither the adjacent vitreous
nor the remaining choroid or sclera shows any change.

BRrsH
MEDICAL JOU&NAL

Laser Lesions at the Stage of Good Chorioretinal Adhesion
(Special Plate, Fig. 10)

Chorioretinal adhesions can be recognized histologically in
some cases as early as four days and in most cases are fairly
well developed by seven days. Such a lesion shows pitting of
the retina over the site of the adhesion. This pitting is en-
hanced by any intraretinal separation produced by handling and
sectioning, but the firmness of an adhesion under these condi-
tions cannot be doubted. Macroscopically the orientation and
architecture of the retina appear surprisingly undisturbed. The
sclera shows no histological change. The terminal capillaries
in the choroid beneath the adhesion show dilatation but no
vessel proliferation or increase in intravascular cell content.
The tissue fibres show some separation, but there is no increase
in. cellularity. The retinal lesion does not involve the subjacent
vitreous " hyaloid " condensation. The nerve-fibre, ganglion-
cell, and inner plexiform layers remain correctly orientated
but there is infiltration from the molecular cell layers. The
molecular layers show pyknotic cells indicative of cell destruc-
tion. The pigment epithelium shows clumping and disruption,
with some migration of pigment into the other retinal layers.
The loss of cellularity, degree of disorganization, and increase
in pigmentation vary from lesion to lesion and with the degree
of pigmentation which pre-existed.
A comparison of the histological changes produced by the

laser and xenon arc photocoagulator shows some differences.
The xenon arc lesions show involvement of the sclera and
internal hyaloid membrane, choroidal intravascular clumping,
and eventually a more extensive fibrous reaction.

Surface diathermy compared with the laser shows even more
marked differences, with greater involvement of sclera and
vitreous, and the chorioretinal adhesions take up to 10 days to
develop.
The tissue separation in the early lesions and the development

of a firm adhesion by seven days suggests that patients even
after prophylactic laser treatment should be allowed only res-
tricted exercise for the first week. Failure to do this may result
in retinal detachment, as has already been noted after prophy-
lactic xenon arc photocoagulation.
The histological difference between xenon arc photocoagula-

tion and laser lesions may be accounted for by the laser lesion
being the result of a molecular disruption in a very high electro-
magnetic field strictly limited to the focused area of the beam on
the retina. With high laser energies the molecular disruption
can be so gross as to be explosive.
The premise that the changes are due to a molecular disrup-

tion in the area of an induced electromagnetic field is supported
by the wedge shape of the lower-energy lesions. Similar shaped
changes occur in metallurgical experiments with lasers. With

higher laser energies the molecular disruption can be so gross
as to be explosive, and the histology of the lesions produced
is very different from those of the lower-power clinical appli-
cations. In the case of lesions produced by energies of 3 to 10

joules from ruby and neodymium lasers, there is a central area

of complete retinal destruction down to, and in some cases in-

cluding, the choroid. Where there is no hole formation a

marked fibrous reaction occurs in the outer part of the lesion,
and contraction of this produces corrugation of the vitreous

surface of the plaque. There is disruption of the pigment
epithelium and migration of pigment, most pronounced
throughout the retinal layers in the periphery of the lesion.

In most cases, but not all of the sections examined, adhesion

of the retina to the underlying choroid and sclera occurs. The

diameter of these lesions produced by the industrial type of laser

which we have sectioned so far have measured up to 1.4 mm. in

diameter.

Conclusion and Summary

A ruby laser may be used to produce good chorioretinal

adhesion of limited dimensions and with minimum structural
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damage to the tissues. The application of this form of therapy
by an ophthalmoscope produces new technical problems, but
when these are adequately solved it could lead to a wider use of
phototherapy.
The history of laser development is reviewed very briefly.

The laser ophthalmoscope designed in Newcastle upon Tyne
is described. The present model is very similar, both in size
and in weight, to a standard battery-operated ophthalmoscope.
The ruby crystal is contained in the handle, which is connected
to the power pack by a flexible lead.

Preliminary clinical experiments which were carried out on
rabbits are described and the results are compared with those
obtained in the limited number of human beings so far treated
with the instrument.
The differences between laser lesions, diathermy lesions, and

lesions produced by the Zeiss xenon arc coagulator are dis-
cussed.
The use of various lasers in industry are referred to briefly,

and some effects of high doses on rabbits' eyes are shown to
illustrate possible hazards which may be encountered as the use
of lasers becomes more widespread.
The histology of therapeutic laser lesions is described and a

brief reference is made to some lesions produced by excessive
dosage.
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Small-intestinal and Gastric Abnormalities in Ulcerative Colitis

S. N. SALEAM,*t M.B., CH.B., M.R.C.P.ED.; S. C. TRUELOVE,* M.D., F.R.C.P.

Brit. med. J., 1965, 1, 827-831

In a previous article (Salem et al., 1964) we reported the results
of a pilot study of the state of the small intestine and stomach
in ulcerative colitis. It was found that during an actual attack
of ulcerative colitis the small-intestinal mucosa frequently
showed villous abnormalities in biopsy specimens and the faecal
fat excretion was often abnormally high; and, correspondingly,
the stomach often showed superficial gastritis. Among the
patients studied in remission the stomach and small intestine
were usually normal as judged by these same criteria.

Since then the study has been considerably enlarged. First,
a bigger group of patients with ulcerative colitis has been
studied, so that some of our tentative conclusions of the pilot
study can be re-examined with the aid of more extensive data.
Secondly, some of the patients have been reinvestigated to see
if any abnormalities in their small intestine and stomach
fluctuate in unison with changes in the severity of their ulcera-
tive colitis. Thirdly, because some of the villous abnormalities
of the small intestine were comparatively minor, various control
subjects have been examined to provide a yardstick of normality
-a necessary step in view of the limited biopsy observations
which have been made upon the healthy human small intestine.

Methods
Small-intestinal Biopsy.-We have continued to use a Crosby

capsule, but one modified by the fitting of a latex sheath to
avoid the occasional loss of the dome of the capsule and by the
use of radio-opaque tubing to facilitate xadiological localization.

These modifications are described in detail elsewhere (Salem
-et al., 1965). The biopsy specimen was fixed and stained as
in the pilot study.

Gastric Biopsy.-This also was performed by means of the
Crosby capsule.

Faecal Fat.-As in the pilot study, the faecal fat excretion
has been based on a four-day collection of stools with the patient
on a standard hospital diet (or on his ordinary diet if an out-
patient), using the method of van der Kamer et al. (1949) to
estimate total lipids. A daily faecal excretion of 6 g. or more
of total fat has been taken as abnormal.

Vitamin-B12 Absorption.-No further observations have been
made since the pilot study, when it was found that most patients
with ulcerative colitis showed normal absorption.

D-Xylose Excretion Test.-In this pilot study it was found
that the standard test employing 25 g. of D-xylose gave rise to
abdominal pain and increased diarrhoea in patients with ulcera-
tive colitis, so that the test was unsuitable in that form. The
modified test of Santini et al. (1961), which employs 5 g. of
D-xylose, has proved to be suitable for use in ulcerative colitis
and has been utilized. Santini et al. (1961) have provided
evidence of the reliability of this test with the smaller dose, a
finding confirmed by others (Sammons et al., 1962).

Electron Microscopy.-Some of the small-intestinal biopsy
specimens have been examined under the electron microscope
by Dr. J. C. F. Poole, of the Sir William Dunn School of
Pathology, Oxford University. For this purpose the biopsy
specimen was immediately cut into two halves on recovery from
the capsule. One half was immediately impregnated with
osmium tetroxide and divided into small portions for fixation

* Nuffield Department of Clinical Medicine, University of Oxford.
t Physician in the Kuwait Government Medical Service on study leave.
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