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specimens are compared, show that this form of vulval prepara-
tion is satisfactory at all levels of bacteriuria, and avoids the
bacterial inhibition which may result if an antiseptic solution
is used. This evidence is of particular value to the clinician
when it is considered that the specimens were collected by an
unselected group of nurses.
The evidence presented shows that both diuresis and time of

day when the specimen is taken may considerably affect the
bacterial colony count. Though Stamey et al. (1965) doubted
whether hydration could reduce the colony count below 1,000
organisms per ml., this had occurred in several of our cases,
and this has also been reported by Goldberg et al. (1965).
O'Grady and Cattell (1966) and O'Grady and Pennington
(1966) have shown in vivo and in vitro that the initial reduc-
tion is usually maximal shortly after the start of diuresis and
gradually becomes less obvious with succeeding micturitions.
It is likely that the greater reduction in the level of bacteriuria
as compared with the creatinine concentration in the dilution
studies may be due to the additional effect of an increase in
the frequency of micturition, as suggested by Cox and Hinman
(1961). The increased frequency of micturition during the day
may also account for the reduction in the colony count at this
time. This effect and that of diuresis have an obvious practical
application, since they may increase the problem of diagnosis
of urine infection. Thus a patient with a colony count of
100,000 organisms per ml. in an early morning specimen of
urine could have a colony count reduced to below 1,000
organisms per ml. if the specimen had been collected later in
the day or when the patient was well hydrated.

In all the seven patients studied over four days who had an
asymptomatic bacteriuria similar to the case shown in Fig. 2
the early n.rning specimen had the highest level of infection.
Fig. 2 shows that even after a day of hydration the level of
bacteriuria in the early morning specimen exceeded 100 million
organisms per ml. It is also apparent during the day that in
general the longer the time interval between each micturition
the higher the colony count is likely to be. From this evidence
it is advisable that, when possible, urine passed on waking in
the morning should be used for diagnostic purposes. If this

is not possible, at least two hours should have been allowed to
elapse since the previous micturition before collecting the speci-
men. The practice of instructing patients who have recently
micturated to drink large amounts of fluid in order to save time
before taking a midstream specimen should be avoided.

Summary

Vulval cleansing with a 1: 2,000 solution of chlorhexidine
(Hibitane) has been shown to result often in a marked reduction
in the bacterial colony count of midstream urine. Cleansing
with sterile water has been shown to provide a satisfactory
alternative for this procedure.

Urinary diuresis greatly reduces the colony count of infected
urine.
The early morning specimen of urine constantly has the

highest level of infection, and this gradually declines during the
day.

We are grateful to Professor S. G. Clayton for allowing us to
study patients under his care, and to the nursing staff on 4th East
Ward and in the outpatient department for their assistance in
collecting the midstream specimens of urine.
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Synchronized Micturition and Antibiotic Administration in Treatment of
Urinary Infection in an In Vitro Model

FRANCIS O'GRADY,* M.D., M.SC., M.C.PATH.; J. H. PENNINGTONt M.A., M.D.
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In laboratory estimations of the minimum inhibitory concentra-
tion of antibacterial agents it is common practice to make
dilutions of the agent and to seed them with a fluid culture
of the organism in such a way that the fully grown culture
is diluted at least a hundredfold. The concentration of anti-
bacterial agent required to inhibit bacterial growth commonly
increases if the concentration of bacteria against which it is
tested is increased (Garrod, 1958). Fully grown cultures may
not be affected by concentrations of agent greatly in excess of
that necessary to inhibit dilute cultures. Infected urine com-
monly constitutes a fully or near fully grown culture, and it
is possible that the effect of an antibacterial agent on such
urine may be very much less than anticipated from testing the

* Reader in Bacteriology, St. Bartholomew's Hospital, London.
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agent in vitro against diluted cultures of the organism. It
follows that antibacterial agents excreted into the urine when
the bladder is already partly filled with infected urine will be
discarded when the bladder is next emptied, having exerted
little effect.

Relatively little dilution often sharply reduces the resistance
of a fully grown culture to an antibacterial agent (O'Grady and
Cattell, 1966). When infection is confined to the bladder the
infected bladder urine is continuously diluted by the ingress
of sterile ureteric urine, and this dilution effect is maximum
immediately after micturition. Substantially better therapeutic
results might therefore be obtained if drug administration and
micturition were so synchronized that the drug reached its
maximum concentration in urine immediately after the bladder
was emptied, when the remaining infected urine was subjected
to the greatest diluting effect of ureteric urine.
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With a model simulating conditions in the bladder (O'Grady

and Pennington, 1966) we have tested this hypothesis and
calculated the difference in effectiveness of an antibacterial
agent (ampicillin) given at different times in the micturition
cycle.

Methods

A strain of Proteus mirabilis recently isolated from infected
urine was used throughout. The minimum inhibitory con-

centration of ampicillin when tested against diluted cultures
(106 organisms/ml.) was 3 jtg./ml. The organism was inocu-
lated into 30 ml. of broth and incubated overnight. This
culture was transferred to a flask having a tubular prolongation
at the base which was fixed in the light beam of a Spekker
photometer. The flask was enclosed in a transparent water-
jacket maintained at 370 C. by a circulating pump and the
contents of the flask were continuously stirred. The light
falling on the photocell on the sample side of the photometer
was determined by the combined opacity of the culture and the
setting of the wedge. The wedge was initially set to give a nud

reading on the galvanometer with the culture in position. As
the opacity of the culture increased the wedge setting was

decreased to maintain the nul reading, and vice versa. In this
way frequent measurements of the opacity of the culture were

obtained from the wedge settings.
After a period of stabilization the overnight culture was

diluted (simulating ureteric urine flow) by adding sterile broth
to the flask at a rate of 1 ml./min. with a metering pump. At
intervals the contents of the flask were removed by a pump,
leaving a residual volume of 30 ml., a process which for con-

venience we have called " micturition." Ampicillin was added
to the culture in various experiments at different times: (1) to

the mixed but undiluted overnight culture, (2) during broth

dilution, and (3) immediately after micturition. In some

experiments micturition was repeated with or without further

additions of ampicillin. Increasing concentrations of ampicillin
were used in different experiments until comparable effects were

obtained at different times of addition.

Results

The changes in opacity of overnight cultures diluted in this

way have been described in detail elsewhere (O'Grady and

Pennington, 1966). After a rapid initial fall the opacity of

the cultures declined more slowly, since the rate of dilution

by the constant flow of sterile broth decreased as the volume

of the culture expanded. If a killed culture is diluted at a

constant rate the reciprocal of its opacity plotted against time

is a straight line (see Appendix). If, on the other hand, a

living culture is similarly diluted the reciprocal opacity follows

a curve which deviates further and further from the straight

line of the dead culture and, if growth is sufficient to outpace

the dilution effect, turns over and reverses its direction.

Fig. 1 shows the reciprocal opacity of an overnight culture

of Pr. mirabilis killed by the prior addition of formalin (curve A)

compared with that of the living culture (curve B) diluted

at the same rate. If an antibacterial agent which has some

inhibitory effect on growth is added to the culture the reciprocal

opacity on dilution will follow a curve lying somewhere between

that of the living culture and the straight line of the killed

culture. An agent which completely inhibits growth will be

characterized by giving a reciprocal opacity curve on dilution

which is a straight line. Curve C in Fig. 1 shows the effect

of adding ampicillin to the culture in a concentration of 1,000

jtg./ml.-more than 300 times the minimum inhibitory con-

centration. The dilution effect was slightly greater than on

the uninhibited living culture, but the curve quickly turned

away from the straight line of the killed culture, indicating

active growth.

Conditions resembling those in the bladder, where the culture
is continuously diluted by ureteric urine, are shown in Fig. 2.
The culture was diluted at 1 ml./min. for two hours, and in
different experiments various concentrations of ampicillin were
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FIG. L.-(A) Straight-line dilution curve character-

istic of complete inhibition of growth when

culture of Pr. mirabilis was treated with formalin.

(B) Curve given by uninhibited culture diluted at

same rate. (C) Curve given by culture treated with

1,000 jAg. ampicillin/ml. showing growth is not

completely inhibited.
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FIG. 2.-Overnight cultures (30 ml.) of Pr. mirabilis diluted

with broth at 1 ml./min. for 2 hours, and sufficient ampicillin

added to produce 750 .lg./ml. (112 mg. ampicillin added) or

330 ,ug./ml. (50 mg. ampicillin added). At the open

the bladder volume was reduced to 30 culture

receiving 112 mg. ampicillin the straight-line dilution curve

indicates inhibition of growth.

added. In those illustrated, 750 and fig./ml. used.

After a further period of two
reduced

to 30 ml. As a result of this micturition
dilution

increased, but in both cases was quickly overtaken by growth.

At the point of micturition-because period

vening dilution-the concentration of ampicillin
fallen

from 750 to 375 fig./ml. After micturition,
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was reduced to 30 ml., the concentration of ampicillin was
again halved in the next 30 minutes, at which time active growth
was still occurring. Hence, even with this degree of dilution,
the organism grew in a concentration of ampicillin 60 to 70
times its minimum inhibitory concentration. When the micturi-
tion cycle was repeated growth again occurred in the culture
initially treated with 330 jug./ml., but in the culture receiving
750 jug./ml. linear dilution occurred, indicating complete
inhibition of growth. At the point at which growth was

inhibited the concentration of ampicillin had been reduced
during the two micturition cycles to about 30 jug./ml.

Fig. 3 shows the effect of adding ampicillin immediately after
micturition in two cycles. Two experiments are illustrated in
which the concentrations were 100 and 80 jug./ml. In the
culture receiving the smaller amount growth continued after
each addition; but in the culture receiving the larger amount
linear dilution occurred, indicating complete inhibition of
growth after the second micturition. At the point of complete
inhibition the concentration of ampicillin had again fallen with
dilution to about 30 jug./ml.
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FIG. 3.-30 ml. overnight culture of Pr. mirabilis diluted with
broth at 1 mi./min. for two hours; "bladder" emptied at
30 ml. and sufficient ampicillin added to produce 80 or 100
/Ag./ml. After a further two hours bladder was again emptied
to 30 ml. and similar additions of ampicillin were made. In
culture receiving a total of 6 mg. ampicillin, straight-line

dilution curve indicates complete inhibition of growth.

Discussion

It is well known that patients with structural and functional
abnormalities of the urinary tract respond indifferently to anti-
bacterial therapy. It is also well known that the susceptibility
to antibacterial agents of high concentrations of bacteria is often
much less than that indicated by conventional titrations against
small inocula (Garrod, 1958). It has previously been argued
(O'Grady and Cattell, 1966) that such " inoculum effects"
might play an important part in determining the resistance to
therapy of patients whose urinary tracts harbour large volumes
of urine containing high concentrations of bacteria. On
theoretical grounds it was suggested that antibacterial agents
added to such large volumes of high concentrations of bacteria
would be largely wasted, and that considerable improvement
in antibacterial efficacy should result if care were taken to ensure
that the agent entered the system immediately after micturition,

when the residual volume is subjected to the greatest dilution

by ureteric urine.
These predictions have been substantiated by the behaviour

of the present model, and it has been possible to calculate the

magnitude of the improvement which may be obtained. The
extraordinary difference in susceptibility of fully grown and

diluted cultures is shown by Fig. 1. An organism inhibited by
3 jug. ampicillin/ml. in conventional tube titrations grew in the
conditions described when exposed to a concentration of 1,000
jtg./ml. Though the dilution effect of adding fresh broth was

slightly greater in the presence than in the absence of ampicillin,
indicating some slowing of the, growth rate, the concentration
of bacteria was maintained by active growth throughout the

period of observation. When ampicillin was added to cultures

continuously diluted as in the bladder (Fig. 2), complete inhibi-

tion of growth could be obtained, but the quantity of drug
necessary was large and its greatest effect occurred immediately
after micturition. Hence it appeared that the greatest benefit

would be obtained if the drug were added at the time of

each micturition instead of relying on residual agent from a

remote initial dose.
In the model the effectiveness of repeated additions at the

time of micturition contrasted with the single initial addition

in two ways. The total dose of agent required was much less.

For inhibition by a single initial dose it was necessary to add

112 mg. ampicillin. For the same effect from two additions at
the time of micturition it was necessary to add a total of only
6 mg.-a reduction in total dose of almost twentyfold. What
is more important therapeutically is that the concentration of

drug required for inhibition by multiple additions fell well

within the range commonly achieved in the urine, while the

concentration required for a single effective addition was higher
than that obtained in the urine of some patients. The resistance

of fully grown cultures to antibacterial agents could account

in substantial part for the poor results of treatment in patients
whose urinary tracts harbour large volumes of infected urine.

Whether it will prove possible to manipulate treatment in such

a way as to take advantage of the post-micturition dilution

effect remains to be seen. In practice the ureteric urine not

only dilutes the culture in the bladder but delivers to the

bladder changing concentrations of antibacterial agent. The

interplay between the dilution effect of ureteric urine and the

inhibitory effect of its changing content of antibacterial agent
produces a more complex situation than that examined in

the model. The model findings nevertheless indicate that if

administration of antibacterial agents could be timed so that
their maximum concentration entered the bladder immediately
after micturition, substantially better therapeutic results should

be obtained.

Summary
When diluted cultures were used in a conventional titration

for the determination of minimum inhibitory concentration, a

strain of Proteus mirabilis was inhibited by 3 ,ug. ampicillin/ml.
Fully grown cultures of the same organism were not inhibited

by 1,000 ,ug./ml. It is suggested that this resistance of fully
or near fully grown cultures may account in substantial part
for the resistance to treatment of patients whose urinary tract
harbours large volumes of infected urine.

When infection is confined to the bladder the culture in the
bladder is continuously diluted by ureteric urine, and this dilu-
tion effect is maximum immediately after micturition. It was

shown in a model that the susceptibility to ampicillin of the

fully grown culture of Pr. mirabilis was significantly increased

by the amount of dilution occurring in the post-micturition
phase. It is suggested that better therapeutic results would be
obtained if the administration of antibacterial agent were timed

so that the maximum concentration entered the bladder

immediately after micturition.
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Appendix

If a volume, V, of a killed. bacterial suspension containing N
organisms is diluted at a constant rate, r, the concentration, C, at
time, t, will be given by:

N
V + rt

If under the conditions examined the opacity of the culture is
directly proportional to the concentration of organisms, then the
opacity, 0, will be given by:

0= VwrkN 1 V rt0 V +rt-' where k is a constant, and = kN +

So that O plotted against t will give a straight line with the

V r
intercept kN and slope kN

The slope of the reciprocal curve will increase directly with the
rate of dilution and inversely with the initial number of organisms
present (cf. slopes in Figs. 1 and 3).
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Selective Thymic Venography: New Method for Visualization of the
Thymus

LOUIS KREEL,* M.R.C.P., F.F.R.

[WITH SPECIAL PLATE]

Brit. med. J., 1967, 1, 40-407

The normal adult thymus and most small thymomas cannot be
seen by routine radiological procedures. In myasthenia gravis,
where thymectomy is being considered, it is particularly impor-
tant to exclude the presence of even small thymomas, as these
cases have a better prognosis if radiotherapy to the tumour is
given before operation. At present the only effective way of
excluding these small tumours is by pneumomediastinography
(Kreel, 1966, 1967). Pneumomediastinography is remark-
ably accurate in identifying even small thymomas, but often it
is difficult or impossible to define the limits of the smaller
thymic shadows, especially inferiorly. Linear shadows due to
fibro-fatty tissue also frequently occur, and their exact relation
to thymic tissue cannot be determined.

Furthermore, it is important to note that the innominate vein
may cast a rounded shadow and thus be mistaken for a tumour
in an upper pole of the thymus. To distinguish the innominate
vein from thymus, venography by way of the left arm must
be undertaken. By repeating the appropriate tomographic cut
in the lateral position, the shadow in question will be identified
as the innominate vein or not (Special Plate, Fig. 2).

Because of the inherent limitations of pneumomediastino-
graphy and because it became an important practical issue in
a particular case, selective thymic venography was carried out.
To the best of my knowledge, this is the first occasion on which
this procedure has been performed.

Case Report
A woman aged 31 was admitted to hospital for assessment for

possible thymectomy. She had congenital amblyopia, so that it was
difficult to define the onset of visual symptoms. However, by 1964
it was certain that she had diplopia and right-sided ptosis. Early
in 1966 troublesome dysphagia, dysarthria, and dysphasia developed.
Symmetrical peripheral weakness started approximately four months
later. She has been treated with increasing doses of neostigmine
and pyridostigmine bromide since May 1966.
On examination a myopathic facies, severe bilateral ptosis, and

severe ocular palsy were present. She had marked lisping dys-
arthria, dysphonia, and dysphagia, being unable to swallow her
sputum. She could not keep her head erect or sit up on her own.
The edrophonium chloride (Tensilon) test was markedly positive in

* Consultant Radiologist, New End Hospital, London N.W.3, and the
Royal Free Hospital, London W.C.1.

that half the usual dose gave prompt relief to most symptoms,
particularly those pertaining to her bulbar palsy.

Chest film and local views of the anterior mediastinum appeared
normal.

Pneumomediastinography showed a small thymus (estimated
weight 8 g.), but at its superior pole there was a shadow lying behind
the uppermost part of the sternum, measuring 5 by 2.5 cm. (Special
Plate, Fig. 1). This soft-tissue density was lying in the position of
the innominate vein, but its shape was very much like that of a
thymic tumour. Lateral tomography with venography from the
left arm by means of a catheter introduced into the medial ante-
cubital vein was therefore undertaken next day. This demonstrated
that the shadow was in fact innominate vein (Special Plate, Fig. 2)
and not a small thymoma.

Venography.-While the catheter was in situ it was thought
advisable to attempt selective thymic-vein catheterization. This was,
in fact, found to be quite simple, and venogram films of the thymus
were obtained (Special Plate, Figs. 3 and 4). This confirmed the
presence of a small normal-sized thymus.

Discussion

The anatomy of the thymus has been considered in previous
publications (Kreel et al., 1964 ; Kreel and James, 1965). The
great vein of Keynes was mentioned as being the major draining
vein of the thymus which enters the inferior margin of the
innominate vein. At operation this is found to be a relatively
constant structure (J. E. Piercy, personal communication, 1964).
On the venogram shown (Fig. 3), it can be seen that the point
of entry of the great vein of Keynes lies approximately 1 cm.
to the left of the junction of the left wall of the superior vena
cava and inferior margin of the innominate vein.

Standard textbooks of surgery and anatomy mention no
details of the venous drainage of the thymus. However, its
radiological demonstration produces such a vivid picture that
the branches and subdivisions can be easily identified. It is of
interest to note that there is a lateral vein on each side which
on the right connects with the superior vena cava and on the
left with the innominate vein.

Selective retrograde venography of the left suprarenal can be
performed as a routine procedure (Starer, 1965). A similar
technique is clearly applicable to the thymus. A suitably shaped
radio-opaque catheter, preferably the green Odman, is intro-
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