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Abstract

I infunts and chitdren urinary tract in

fections are conunon and recurrent.
For the first urinary (ract infection e

limination of bucteriuria with chemothera-
peutic drugs is usually simple and ¢ffective. The long-term treatment of patients
With wrinary tract infection showld reflect the individual risk to develop renal
damage. Therefore, individual therapy must be picked out of several therapeutic
schedules : Observation without chemotherapy, chemotherapy of active urinary
tract infection, chemotherapeutic propiylaxis,  suppressive chemotherapy  and
surgery.
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Intreduction

Urinary tract infection is the second
commonest bacterial infection in human.
It is recurrent, may indicate unsuspected
urinary tract malformation or obstruction
and result in renal damage. The basis of
the diagnosis is significant bacteriuria (in
two midstream urine specimens more than
105 organisms/ml; in urine obtained by
urethral catheterization more than 50000
organisms/ml, if the child is less than 3
years old, or more than 5000 organisms/
ml, if the child is more than 3 years old;
in urine collected by suprapubic aspira-
tion any organism present in the culture
media is regarded as significant).

Pathologic leucocyturia (more than 50
leucocytes /mm? in girls and male infants,
more than 10 leucocytes/mm3 in boys
with an age more than 3 years) and patho-
logic erythrocyturia (more than 10 ery-
throcytes/mms3) are additional diagnostic
tools (Olbing, 1981).

Once the diagnosis is established active
urinary tract infection has to be treated.
Now in a second diagnostic step the risk
of a patient to develop renal damage will
be identified. Several diagnostic tools are
helpful. The longterm treatment is based
on the estimation of the individual risk
of a patient to develop renal damage.
Individual therapy must be picked out of
several therapeutic schedules : observati-
on without chemotherapy, chemotherapy
of active urinary tract infection, chemo-
therapeutic prophylaxis, suppressive che-
motherapy or surgery.

Treatment of the first urinary tract
infection

If the patient shows no signs of upper
urinary tract infection we start treatment
with the appropriate drug, when the orga-
nism and the drug sensitivity is known. 1f
the patient presents clinical symptoms of
upper urinary tract infection, we perform
suprapubic urine aspiration and. start
chemotherapy with the drug of first cho-
ice without delay. In oral chemotherapy
the drug of first choice is co-trimoxazol,
the combination of trimethoprim and sul-
famethoxazol, as listed in Table 1. This
drug is absorbed in the upper small intes-
tine. Most pathogen organisms are sensi-
tive and the sensitivity pattern of the in-
testinal bacteriae is not influenced. The
drugs of second choice are cephalexin,
ampicillin, amoxicillin, sulfonamides, ni-
trofurantoin and nalidixic acid. The
dosage used in our department for cepha-
lexin, ampicillin and amoxicillin are
rather high.

Nouman and Smellie (1977) used halt
of our dosages, In parenteral therapy the
choice of the drug 1s based on the sen-
sitvity of the patnogenetic organism. In
recent years there has been great discus-
sion about the adequate duration of tre-
almeni in urinary tract infection. New-
borns should be treated for 14 days as
urinary tract jnfection is usually asso-
ciated with sepsis.

Urinary tract infection with clinical
symptoms of upper urinary tract infec-
tion should be treated for 7 days.

In cystourethritis the adequate dura-
tion of treatment is controversial. Kille-
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nius and Winberg (1979) showed elimi-
nation of bacteriuria with a single oral
dose of 200 mg sulfafurazol/kg in 27 of
29 girls, who showed bacteriuria sensiti-
ve to sulfonamide. Despite this and other
results mainly in women, we think that
it is too early to advise a single oral dose
as a standard treatment (Kunin, 1981).
Whether a chemotherapy lasting 3 or 4
days is adequate is also unknown. We,
therefore, treat our patients with cysto-
urethritis still for 7 days.

Chemotherapy is supported by instruc-
tions to the child. All patients should
have a high fluid intake, frequent and
complete voiding of the bladder and no
constipation.

In girls we recommend further an ade-
quate wiping technique, treatment of vul-
vitis, no tight trousers and no bathing
in cold water for longer than 10 minutes.

Risks and risk factors im children with
urinary tract infection

In children with urinary tract infecti-
on we fear persistance, recurrence and
spreading of infection, renal damage,
urolithiasis and hypertension.

Prevention of renal damage therefore
is the most important aim of long-teim
treatment of urinary tract infection.

In the last decade a lot of work has
been done concerning the pathogenesis
of renal damage in patients with urina-
ry tract infection in order to identify
groups of patients with a high risk to
develop renal damage. Based on these
results the uniformity of the treatment

of “chronic pyelonephritis” has been de-
tached by several schedules for the long-
term treatment of urinary tract infection
reflecting the different risks to develop
renal damage.

Risk factors for the development of
progressive renal damage in urinary in-
fection are listed in table 2. Vesicoure-
teric reflux and renal scarring have been
observed in 12% of family members of
patients with reflux nephropathy (Heale
et al,, 1979). In families, where the index
patient had renal failure, the incidence of
vesico-ureteric reflux and renal scarring
was even more frequent (40%), sugges-
ting an inherited basis for this disease
(Bailey, 1979). But there is no uniform
pattern of inheritence. Recurrent urina-
ry tract infection and symptomatic urina-
ry tract infection in the past are further
risk factors.

The risk to develop renal damage va-
ries with age and sex. The risk is highest
in male infants and lowest in female pu-
pils (Winberg et al, 1975). Enuresis,
vulvitis and urinary tract infection are
correlated. Several syndromes show a
high incidence of urinary tract infection
(Olbing, 1975): Atresia of anus, rectum
or oesophagus, congenital heart diseases
(atrial septal defect, ventricular septal
defect), congenital megacolon, congeni-
tal scoliosis, chromosomal syndromes
(L, D, E, 21, XO), embryopathies due
to alcobol or rubella, epispadia, Fanconi
anemia, hypospadia, oligodactylia, spina
bifida, thoracic dystrophy and the syn-
dromes of Allemann, Apert, Ehlers-Dan-
los, Klippel-Feil, Lesch-Nyhan, Marfan,
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TABLE 1: Chemotherapy of active urinary tract infection

Oral therapy
First choice ) mg/kg/d : doses/d
Co-trimoxazol (TMP/'SMZ) 5/25 2

Second choice

Cephalexin 100 3 — 4
Ampicillin 100 3 — 4
Amoxicillin - 50 3 — 4
Sulfonamides 100 — 125 3

(Sulfadimidine, Sulfafurazole)
Nitrofurantoin - 5 3 — 4

Nalidixic acid 60 3 4

Parenteral therapy

Aminoglycoside 2 — 4 3
Azocillin 75 4
Carbenicillin 300 4

TABLE 2: Risk factors for the development of progressive renal damage in urinary tract
infection (risk increased 1, risk decreased Y,

I. Anamnesis : Urinary tract infection and reflux in relatives 1. In the past: no urinary
tract infection | recurrent urinary tract infection 1 symptomatic urinary tract infec-
tion |

I1. Clinical status: Age: Infants T 1 — 4 years T > 4 ycars i Sex: Male T, Female
| Syndromes 1.

[!1. Bacteriology : Atypical organisms 1, adicrence of bacteria to uro-epithelium 1.

1V, Localization of urinary tract infection: Upper urinary tract infection 1 Cystoure-
thritis |, Asymptomatic bacteriuria |

V. Renal function: Acute decrease of gho nerular filtration rate T, Acute decrease of
rcnal concentrating capacity T

V'L, Renal morphology : Renal scarring 7

Vil. Urinary ‘tract: Anomalies without obstruction 1, Obstruction 7, Utolithiasis T Ve
sicouretcric reflux 7.
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Mayer-von-Rokitansky-Ki{ister, Prune-Be-
lly, Rubinstein-Taybi and Russell-Sliver.

Bacieriuria of an atypical organism is
indicative of special problems. Recently
Hanson et al. (1975) showed that girls
with recurrent UTT may have an incre-
ased adherence of bacteria to the uroe-
pithelium.

Urinary tract infection must involve
the upper urinary tract to cause renal
damage. Therefore, localization of urina-
ry tract infection is of high diagnostic
value. Culture of organisms from remal
parenchyma or selective urine collection
of an ureter are direct, but rare diagnos-
tic procedures.

Other diagnostic methods give only in-
direct evidence of renal involvement in
active urinary tract infection.

Fever and loin pains are good clinical
indications in older children. Proteinuria,
white blood cell casts in urine, leucocy-
tosis, increased sedimentation rate and
increased C-reactive protein are simple
laboratory tests.

In research studies bladder washout
technique, antibody coating of bacteriae,
increased urinary isoenzyme excretion
or an increase of specific serum antibo-
dies against bacterial antigen or Tam
horsefall protein may be helpful.

Impairment of renal function as shown
by an acute decrease of glomerular fil-
tration rate or a transitory decrease of
renal concentrating ability is strong in-
direct evidence of the involvement of re-
nal parenchyma (Berg, 1981).

The measurement of split renal fun-
ction is a useful diagnostic tool especi-
ally for the diagnosis and follow up of
unilateral or asymmetric renal damage.
Klare et al. (1980) correlated kidney
length, split effective renal plasma flow
and split glomerular filtration rate. In
unilateral vesicoureteric reflux grade 3 or
more kidney length of the diseased kid-
nsy was 80% of the size of a normal
kidney, whereas split effective renal plas-
ma flow was 36% and split glomerular
filtration rate was 44% of the function
of a normal kidney.

Apparently kidney size in refluxing pa-
tients is not a good index for function,
since kidney size is not diminished ade-
quately due to the pelvicalyceal dilata-
tion.

In morphology permanent renal dama-
ge in urinary tract infection is represen-
ted by chronic atrophic pyelonephritis
or in excretory urography by renal scar-
ring. Hodson (1979) definad renal scar-
ring as an overall reduction in renal size,
deformation of calyces and an indenta-
tion of the renal surface opposite to the
deformed calyx (Fig. 1). The scars are
usually situated in the polar regions. Ve-
sicoureteric reflux, urinary tract infecti-
on and anomaly of the papillae are the
main pathogenetic factors which induce
renal scarring.

In order to recognize deformed kid-
neys the radiological kidney size of nor-
mal children must be known. Unfortuna-
tely the correlation of kidney length to
body height, published by Hodson et al.
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(1962), spread the standard deviation
much too widely due to a statistical er-
ror. Therefore, radiological kidney size
in normal children was defined recently
by several authors (Chiaesson et al., 1981;
Eklof and Ringertz, 1976; Hodson, 1979;
Klare et al., 1980). Klare et al. (1980)
recommended for practical purpose the
right (left) kidney length to body height
or lumbar segment L, — L, (Fig. 2).
Other measurements of kidney size are
the quotient of the right kidney length
to the left kidney length, the quotient of
the upper parenchymal thickness to the
lower parenchymal thickness or bipolar
thickness (upper parenchymal thickness
+ lower parenchymal thickness) to body
height.

Each disturbance of urinary transport
is a risk for the development of renal
damage. The frequency of anomalies of
the urinary tract other than obsiruction
(e.g. duplication) is about 10 times gre-
ater in infants and children with urinary
tract infection than in the general popu-
lation, as Winberg et al. (1974) pointed
out. Obstruction and urolithiasis are both
important risk factors.

Vesico-ureteric reflux is common in
infants and children with urinary tract
infection. In newborns and infants with
urinary tract infection about 509 show
vesico-ureteric reflux (Winberg et al.,
1974). Most of these refluxes disappear
spontaneously, Classification of vesico-
ureteric reflux according to Heikel and
Parkkulainen {1966) is helpful in deci-
ding whether to use primarily conserva-

tive management or surgical treatment

(Fig. 3). Reflux grade I affects only the

lower part of the ureter. In reflux grade
II urine goes up to the pelvis. In reflux
grade III ureter and pelvis are dilated.
In reflux grade IV the calyces are dila-
ted too, but there is still a bay due to
the top of the papilla. On reflux grade
V the whole upper urinary tract is di-
lated and all calyces are deformed. Pri-
mary conservative management is ade-
quate for children with reflux grade 1
and II, whereas primary surgical mana-
gement is prefered in reflux grade V.

For reflux grades 1II and 1V it is un-
known whether conservative or surgical
management give the better results (Re-
port of the international reflux study
committee, 1981).

Vesico-ureteric reflux is frequently as-
sociated with pathologic ureteric orifice
configuration and scarring. In 208 chil-
dren with urinary tract infection and 308
refluxing and 115 non refluxing ureters
a normal ureteric orifice was associated
with reflux in 26% of cases and with
scarring of the corresponding kidney in
5% i(Stephens, 1979).

A stadium like ureteric orifice showed
reflux in 60% and renal scarring in 5.
If the ureteric orifice looked like a hor-
seshoe reflux was observed in 789 of
the cases and renal scarring in 33%. If
it looked like a golfhole the incidence of
reflux was 1009% and that of scarring
81%.

In summary, patients with urinary
tract infection show an increased risk to

a
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FIG. 1: Renal Scarring

A
~
*

FIG. 2 :  Measurements of kidney size

Overall reduction in renal size, de-
formation of the calyces, indentati-
on of the surface

UPT = upper parenchymal thickness
PW = parenchymal width

LPT = lower parenchymal thickness
KL = kidney length

KW = kidney width

Radiological kidney size in children

without kidney disease*

* B. Kiare, B. Geiselhardt, H. Wesch, K. Schérer,

H. Immich, E. Willich
Pediatric Radiology, Vol. 9, No 3 (1980)
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Relation between kidney length and lumbar segment {L1~La)
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Relation between kidney length and body height
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-y

develop progressive remal damage, if
they show recurrent symptomatic urina-
ry tract infection and if there are distur-
bances of urinary transport including
vesico-ureteric reflux.

Long term treatment of urimary tract
infection

Observation  without chemotherapy
may perhaps be possible in the highly
selected group of girls with asymptoma-
tic bacteriuria (Kunin, 1981; Olling et
al., 1981). But the therapeutic experien-
ces in this group of patients is too short
to give valid recommendations.

Chemotherapy of active urinary tract
infection is indicated in infants and chil-
dren with few recurrence of oligosym-
ptomatic urinary tract infection and
without vesico-ureteric reflux. The treat-
ment corresponds to the first urinary
tract infection.

choice are nalidixic acid, sulfonamides
and methenamine hippurate. The che-
motherapeutic prophylaxis should be
carried out for 6 months in children with
normal kidneys and recurrent urinary
tract infections.

It should last for 12 months in chil-
dren with normal kidneys with minor
abnormalities and recurrent urinary tract
infection.

In children with reflux this treatment
should be continued for 12 months after
the disappearance of the reflux.

In renal scarring the prophylaxis sho-
uld last to the end of kidney growth.
Urine controls should be imposed witho-
ut interruption of the chemotherapeutic
prophylaxis.

Suppressive chemotherapy of urinary
(ract infection is recommended, if the in-
fection can not be eradicated. This the-
rapy suppresses only the spreading of the

FIG. 3: Classification of vesicoureteric reflux in children. Heikel, P.E. and Parkkula-

inen, K.V.. Ann. Radiol. 9, 37 (1966).

I. Reflux into the lower part of ureter

II. Reflux into a pelvis of normal size

ITI. Reflux into a dilated ureter and pelvis
IV. Reflux into a dilated ureter, pelvis and calyces. Single calyces may be deformed
V. Reflux into a dilated ureter, pelvis and calyces with deformation of all calyces

TABLE 3: Chemotherapeutic prophylaxis in

urinary iract infections in children

Chemotherapeutic prophylaxis of uri- o e il " Treatment
nary tract infection is indicated in chil- in ection. 1t 1s indicate e -1(nliren wft] Instructions
dren with vesico-ureteric reflux, in chil- 1ong-term catheter or in children with ,
dren with renal scars. in children with Urinary obstruction or urolithiasis before Chemotherapy mg/kg/d doses/d
frequent recurrence of urinary tract jn- SUTEETy or where surgery cannot be done. Cotrimoxazol (TMP/SMZ) 15 210 !
: . . cr. Nitrof toif 2
fection (4 reinfections within 12 months) . . lr. .u.ran o.me ! 5 !
and in some children with symptomatic Surgery should be considered in cases Nalidixic acid 15 — 20 2
L i of obstruction and urolithiasis. Children Sulfonamides 20 — 25 2
cystourethritis (Smellie et al., 1978; Smel- . . . .
with reflux should undergo an operation Methenamine hippurate 20 — 30 2

lie, 1981). The treatment is based on che-
motherapy and instructions.

Co-trimoxazol and nitrofurantoine are
the drugs of the first choice 'l(Table 3).
They were given in a single low oral
dose in the evening. Drugs of second

if they show vesico-ureteric reflux grade
V, perhaps grade III and IV, if they
have recurrent urinary tract infection
despite chemotherapeutic prophylaxis or
if there are side effects or non compli-
ance of chemotherapeutic prophylaxis.



246

1.

10.

TREATMENT OF NONOBSTRUCTIVE URINARY IRACT INFECTION

REFERENCES

BAILEY, R.R. : An overview of reflux
nephropathy; in Hodson, J., Kincaid-
Smith, P., Reflux nephropathy, p. 3
(Masson, New York 1979),

BERG, U. : Renal function in acute fe-
brile urinary tract infection in children:
Pathophysiologic aspects on the reduced
concentrating capacity. Kidney int, 20 :
753 (1981).

CLAESSON, 1.; JACOBSON, B.; OLS-

SON, T.; RINGERTZ, M. : Assessmeni
of renal parenchymal thickness in nor-
mal children, Acta radiol. (Diag.) 22:
305 (1981).

. EKLOF, O.; RINGERITZ, H, : Kidney

size in children. A method of assessment.
Acta radiol. (Diag) 17 : 617 (1976).

HANSON, L.A; AHLSTEDTS.; JO-
DAL, U.; KAIJSER, B.; LARSSON, P.;
LIDIN-JANSON, G LINCOLN, K.
LINDBERG, U; MATTSBY, I.; OI-
LING S.; PETERSON, H.; SOHL, A.:
The host-parasite relationship in urinary
tract infections. Kidney int. 8:28 (1975).

. HEALE, W.F.; SHANNON, F.T.; UT-

LEY, W.LF; ROLLESTON, G.L.: Fa-
milial and hereditary reflux nephropathy;
in  Hodson, J., Kincaid-Smith, P., Ref-
lux nephropathy, p. 48 (Masson, New
York 1979).

HEIKEL, P.E.; PARKKULAINEN, K.
V. : Vesico-uretericreflux in  children.
Ann. Radiol. 9 : 37 (1966).

HODSON, C.J.; DREWE, J.A.: KARN,
M.N.; KING, A.: Renal size in normal
children. Archs Dis. Childh. 37 : 616
(1962).

HODSON, C.J. Reflux nephropathy:
scoring the damage; in Hodson, J., Kin-
caid-Smith. P., Reflux nephropathy. p.
29 (Masson, New York 1979),
KALLENIUS, G.; WINBERG, J.: Uri-
nary tract infections treated with single

12.

15.

16.

18.

. KLARE, B,

. KUNIN, CM. :

dose of short acting sulphomamide. Brit
Med, J. 1 : 1175 (1979),

AMMANN, P.; REIN-
BOLD, F.; GEORGI, P, MANZ, F.,
MOHRING, K.; SCHARER, K. : Kid-
ney size and split renal function in ref
lux nephropathy; in Hollenberg, N.XK.,
Lange, S., Radionuclides in nephrology.
p. 7 (Thieme, Stuttgart 1980).

KLARE, B.; GEISELHARDT, B.; WE-
SCH, H.; SCHARER, K.; IMMICH, H.;
WILLICH, E. : Radiological kidney size
in childhood. Pediatr. Radiol. 9 : 153
(1980).

Duration of treatment
of urinary tract infections. Am. J. Med.
71 : 849 (1981).

. NORMAND, I.CS; SMELLIE, JM. :

The child with urinary tract infection,
Medicine 29 : 1588 (1977).

OLBING, H. : Harnwegsinfektionen bej
Kindern und Jugendlichen. p. 55 (Thieme,
Stuttgart 1979).

OLBING, H. Nichtobstruktive Harn-
wegsinfectionen im Kindesalter: diagnos-
tische und therapeutische Probleme. Di
agnostik Intensivtherapie 6 : 364 (1981).
OLLING, S.; VERRIER-JONES, K.;
MACKENZIE, R VERRIER-JONES,
E.R.; HANSON, L.A.; ASSCHER A.W. :
A four-year follow-up of schoolgirls with
untreated covert bacteriuria: bacteriolo-
gical aspects. Clin, Nephrol. 16 : 169
(1981).

Report of the International Reflux Study
Cominittee: Medical versus surgical tre-
atment of primary vesicoureteral reflux,
Pediatrics 67 : 392 (1981).

- SMELLIE, JM.; KATZ, G.; GRUNEL-

BERG, RN, : Controlled trial of pro-
phylactic tredtment in childhood urinaty-
tract infection. Lancet ii : 175 (1978).

FRIEDRICH MANZ AND OTTO MEHLS 247

20. SMELLIE, JM. : Antibiotische Prophy-

21.

22.

laxe rezidivierender Harnwegsinfektionen
bei Kindern. Mschr. Kinderheilk. 129 :
328 (1981).

STEPHENS, F.D. : Cystoscopic appear-
ances of the ureteric orifices associated
with reflux nephropathy; in Hodson, J.,
Kincaid-Smith, P., Reflux nephropathy.
p. 119 (Masson, New York 1979).
WINBERG, TJ., ANDERSON, H.J;
BERG§TRC)M, T.; JACOBSON, B,;

\

LARSON, H.; LINCOLN, K. : Epide-
miology of symptomatic urinary tract in-
fection in childhood. Acta Paediat. Sup-
pl. 252 (1974).

23. WINBERG, J.; BERGSTROM, T.; JA-

COBSON, B. : Morbidity, age and sex
distribution, recurrences and renal scar-
ring in symptomatic urinary tract infec-
tion in childhood, Kidney, int. 8 : 101
(1975).



	20170216153626
	20170216153648
	20170216153710
	20170216153831
	20170216153852
	20170216153915
	20170216153935
	20170216153955
	20170216154015
	20170216154035
	20170216154055
	20170216154115

