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IN the Republic of Ireland patients with spinal injuries are flown by a helicopter
service to the National Medical Rehabilitation Centre as soon as possible after
injury so the Centre is responsible for the management of the patient’s bladder
from the very early stages of spinal shock. For many of the cases, intermittent
catheterisation is used for the early treatment of retention associated with the
paraplegia, (Guttmann & Frankel, 1966), and while with the use of this technique
a sterile urine can be maintained for a long period of time, urinary infections do
still occur (Wilmot & O’Flynn, 1967).

The possible modes by which bacteria gain access to the bladder during
catheterisation have been the subject of much discussion (Guze & Beeson, 1956;
Miller, 1965; Roberts, Linton, Pollard, Mitchell & Gillespie, 1965; Desautels,
1969).

There seems to be general agreement that given proper sterilisation of the
catheter, good aseptic technique by the operator, and adequate disinfection of the
external genitalia infection might still be introduced into the bladder from the
urethra. The present study was undertaken to determine (a) whether in the case
of paraplegics undergoing intermittent catheterisation, the organisms eventually
responsible for the infection do in fact become part of the flora of the urethra and
its external meatus prior to their invasion of the bladder and (b) whether the
regular bacteriological examination of the urine and the urethra of such patients
would give early warning of an impending urinary infection.

METHODS

Catheterisation. Intermittent catheterisation was carried out with a size 14
or 16 plastic catheter on an eight hourly basis. Occasionally, if the patient was
producing large quantities of urine, then the catheterisation was more frequent.
The catheter was passed with the usual aseptic precautions (Guttmann & Frankel,
1966), the glans being cleansed with an aqueous solution of hibitane (0-06 per cent.).

Collection of Samples. As far as possible the following samples were taken
daily up to the time of development of a urinary infection. During the first
catheterisation of the day swabs were taken from the urethral meatus before and
after the penile cleansing. The urethra was then irrigated with sterile saline
(10 ml.) using a sterile glass syringe and the washout collected into a sterile
container. It was considered that these washout samples registered not only the
urethral flora but also organisms from the area around the external meatus. This
was not entirely satisfactory, but the other methods that have been devised for
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examining the urethral flora, e.g. using the first § to 10 ml. of the voided urine
(Stamey, Govan & Palmer, 1965), or the use of a special rubber cot which can
exfoliate into the urethra (Cox, Lacy & Hinman, 1968), could not be applied to
the patients in the present study.

Bacteriological Procedures. The samples were stored at 4° immediately
after collection and were cultured aerobically at 37° on blood and MacConkey
agars. Viable counts of bacteria were made on the urines and urethral washouts
and the various organisms isolated were identified using the methods of Cowan
and Steel (1965). Strains of Pseudomonas aeruginosa were typed by the pyocine
method of Govan and Gillies (1969).

Criteria of Infection. A level of 100,000 bacteria/ml. of urine recorded on
two or more consecutive samplings is considered as an established urine infection,
bacterial growth having occurred in the stagnant bladder urine. In the neurogenic
bladder this is dangerous and likely to lead to a genuine urinary tract infection,
which is detected as 100,000 bacteria/ml. of urine plus pyuria.

RESULTS

A total of nine patients were examined and the data accumulated are presented
here as a series of case reports (figs. 1-9). The following abbreviations have been
used in tabulating the results: —S = Staphylococcus, Ps = Pseudomonas, P =
Proteus, B = Bacterium, K = Klebsiella. The nomenclature used is that
recommended by Cowan and Steel (1965). S. epidermidis was formally referred
to as S. albus and Ps. aeruginosa as Ps. pyocyanea. Of the patients in this study
only one (Patient N. 8) had been circumcised prior to catheterisation.
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Thus the urine remained sterile until the 8th day when P.mirabilis at 10501'(8./-1.
was recorded. The following day a pyogenic infectiom was observed.

FiG. 1
Results from patient 1, J. W., 19 years of age, with an incomplete lesion at T12.

The accident-admission interval was 7 hours and the patient started to micturate
on day 8.
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Results from patient 2, M. M,, 52 years of age, with a complete lesion at T3. The accident-admission interval was 16 hours.
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Results from patient 3, E. F., 18 years of age, with an incomplete lesion at C4. Accident-admission interval was
12 hours.
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All 1solates of Ps.serugincea were pyocine type 3.

Ps. srriginoxs thus reached infection level in the urine on the 12th day.

Samples net taken.

The same strain had however, been

18ulated on the three previous days from the urethral washout and there was a #low build up in the urinary
concentration of this organism from the 10th day.

A pyogenic infection eventually developed.
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Results from patient 4, R. W., 21 years-of age, with an incomplete lesion at T8. The
accident-admission interval was 16 hours.
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Results from patients 5, G. N., 44
years of age, with an incomplete
lesion at C6. Retention that had
followed cervical laminectomy had
been relieved by anindwelling cath-
eter for 7 days prior to admission.
This catheter was removed and

catheterisation

carried out.
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nitrofurentein and nalidixic acid.
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Results from patient 6, P. M., 15 years of age, with an incomplete lesion at C4. The accident-admission interval
was 4 hours and the patient started to pass urine on the 17th day.
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Thus the urine remained sterile until the 8th day, wheo P. mirabilis appeared at 10° organisms /ml.
Fi1G. 7
Results from patient 7, P. W., 47 years of age, with an incomplete lesion at C3. The

accident-admission interval was 8 hours.

The patient started to pass urine on the 6th day.
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Thus the urine remained sterile until the 11th day when P.mirabilis was present at 25,400 organisms /ml.. The
following day 109 organisms ml. was reached in the urine by a mixed culture of P.mirabilis and P.morganii and on
day 13 a pyogenic infection was present.

accident-admission interval was § hours.

FiG. 8
Results from patient 8, M. McG., 25 years of age, with a complete lesion at T3. The

patient.

Urethral washouts were not taken from this
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Thys the urine remained sterile until the l1th day, when K. aerogenes appeared at
10" organisms ,ml. and 2 days later a pyogenic infection developed.

FiG. 9.

Results from patient 9, P. W., 26 years of age, with an incomplete lesion at C6. The
accident-admission interval was 12 hours. Urethral washouts were not taken from this
patient.

DISCUSSION

Govan, Butler and Engelsjerd (1968), observed the pathogenesis of urinary
tract infections associated with neurogenic bladder dysfunction in patients that
had recovered from spinal shock and were fitted with a condom drainage apparatus
for the transfer of the voided urine from the urethra to a container. In four
patients they found that bladder infection developed with the same species of
bacteria that had previously been documented in urethral cultures. The results
of the present investigation indicate that a similar situation can be observed in
patients undergoing intermittent catheterisation. Thus with patients 2, 3, 4 and §
the organisms eventually responsible for the infection were isolated from the
urethral washouts or swabs prior to their appearance in the urines. In the cases
of patients 6 and 8 the infecting organisms were isolated from the swabs or washouts
when the number of organisms in the urine was below 10°/ml.

It is perhaps surprising that Escherichia coli was not isolated from any of these
patients, however, the spectrum of organisms responsible for urinary tract infec-
tions in paraplegics tends to be different from that in non-paraplegic cases (Milner,
1963). The organisms isolated during the present study are similar to those
considered by Gould (1968) to reflect contamination of the urinary tract to some
external source in the hospital environment rather than self-contamination from
the intestinal tract of the patient. An interesting feature of these results is that
they seem to suggest that the various organisms introduced into the urinary tract
proliferate at different rates. Proteus mirabilis (patients 1, 7 and 8) and Klebsiella
aerogenes (patients § and 9) multiply rapidly and quickly reach a level of more
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than 100,000 organisms/ml. of urine. Other organisms, for example Pseudomonas
aeruginosa on introduction into the tract do not always establish themselves in the
urine and if they do, then they take time to reach a urinary level of 105 organisms/ml.
(3 and 5 days in patients 4 and 6 respectively) Bacterium antitratum has been
reported as a urinary pathogen for paraplegics (Milner, 1963), but it too appears
to take considerable time to build up to an established urine infection (patient 2).
Staphylococcus epidermidis is generally considered as a skin commensal that can
only occasionally act as a low-grade pathogen in the urinary tract (Cowan & Steel,
1965). In the case of patient 3, it was isolated from the urine on five consecutive
occasions and for the last three days at greater than 10° organisms/ml. However,
it took 24 days from the time of the introduction of this organism into the urinary
tract to reach infection levels in the urine. Further, although this species was
isolated from all the other patients in the study only in the one case did it establish
an infection. This reinforces the view that S. epidermidis has only a low level of
virulence for the urinary tract. A number of organisms were isolated during the
course of this study, e.g. Alcaligenes, Flavobacterium, Micrococcus and diphtheroids,
which apparently have no ability to cause infection.

The slow development of some organisms in the bladder urine and the fact
that in patients I, 4, 6, 8 and 9 the invading bacteria were present in the urine
at 10° organisms/ml. prior to their producing a pyogenic infection suggests that
with the regular examination of urines and the close co-operation between
bacteriologists and clinicians, as advocated by Tribe and Silver (1969), many of
the bacterial invasions of the urine might be detected and treated before they have
infected the tissue of the urinary tract.

An observation of practical importance is that the penile cleansing with
hibitane was seldom sufficient to sterilize the external meatus of the urethra prior
to the introduction of the catheter. Attempts are now being made to improve
these disinfection procedures.

SUMMARY

Observations have been made on the development of urinary infections in
nine patients being intermittently catheterized during the early stages of paraplegia.
The results indicate:

1. In four of the nine cases the organisms eventually responsible for the
infection could be isolated from the urethra or its external meatus before they
invaded the urine.

2. There is variation in the rate at which different organisms establish them-
selves in the urinary tract and reach a level of 10° organisms/ml. in the urine.

3. In five of the nine cases studied the invading bacteria were present at 10°
organisms/ml. of urine prior to the production of a pyogenic infection.

4. The penile cleansing performed before the insertion of the catheter rarely
sterilised the external meatus of the urethra.

RESUME

Des observations ont été effectuées en ce qui concerne des infections urinaires chez 9
malades traités par sondages intermittents pendant la phase du début de la paraplégie.
Les résultats indiquent que:
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1. Chez 4 des 9 cas, les organismes responsables de I’infection ont pu étre isolés de
Purétre ou au niveau du méat avant ’infection urinaire proprement dite.

2. Il y a une variation de croissance des différents organismes jusqu’a ce qu’ils
atteinnent un chiffre de 10° organismes par ml d’urine.

3. Chez 5 des 9 cas étudiés, les bactéries responsables étaient présentes i un chiffre
de 10% par ml avant I’apparition d’une pyurie.

4. Le méat est rarement désinfecté par le nettoyage avant l’insertion de lasonde.

ZUSAMMENFASSUNG

In 9 Patienten, die wihrend des Frithstadium der Paraplegie mit intermittierender
Katheterisierung behandelt waren, wurden Beobachtungen tiber die Entwicklung von
Urininfektionen gemacht. Die Resultate ergaben:

1. In 4 von g Fillen konnten fiir die entgiiltige Infektion verantwortlichen Organismen
von der Urethra oder dem dusseren Meatus isoliert werden, bevor sie in den Urin eindrangen.

2. Die Geschwindigkeit mit der sich die verschiedenen Organismen im Urine etablieren
und einem Grad von 10° Organismen/ml im Urine erreichen, variiert.

3. In 5 von 9 untersuchten Fillen waren die eindringenden Bakterien bei 10° Organis-
men/ml in Urin vor der Produktion einer pyogenen Infektion vorhanden.

4. Die Reinigung des Penis bevor Insertion des Katheters sterilisiert den Meatus
externus der Urethra nur selten.
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