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Summary

The use of ultrasound in detecting urinary tract alterations by Schistosoma
haematobium such as hydronephrosis and bladder calcifications was studied in
125 patients of the out-patients department of a district hospital in SE Tanza-
nia, in an area highly endemic for this disease. Ultrasound was compared with
plain abdominal X-ray (in 33 patients), intravenous pyelography (29), cysto-
scopy (31)and simple urine examination (125). Except for bladder calcifications
which could not be demonstrated other than by X-ray, sonography compared
favorably with IVP and cystoscopy and proved therefore to be a valuable tool in
assessing S.A. related morbidity. — In children moderate and advanced hydro-
nephrosis were always associated with an irregular bladder wall and correlated
strongly with the prevalence and intensity of S.A. infections as well as with
haematuria and proteinuria. Important congestive pathology was observed in 1
out of 10 infected children and in 1 out of 20 examined adults.

Key words: sonography; cystoscopy; intravenous pyelography, Schistosoma
haematobium; morbidity; kidney; bladder.

* This work was realized through a grant from the World Health Organization (Nr. IR/ARI/PDP/
013/RB/82.310) and the Swiss Directorate for Technical Co-operation and Humanitarian Aid.
Research clearance has been granted by the Tanzanian National Scientific Research Council as per
Ref. No. NSR/CONF R.C. 29th July 1982 and NSR/CONF R. C. 19th April 1983.

Correspondence: Dr. A. Degrémont, Swiss Tropical Institute, CH-4051 Basel, Switzerland

139



Introduction

Schistosoma haematobium (S.h.) infections can lead to significant patholo-
gy in man, the urinary tract (bladder, ureters and kidneys) being the main target
(reviewed 1n Gilles, 1982). Many studies have been undertaken to describe the
lesions accompanied with S.A4. infections and to investigate their functional
significance (Warren et al., 1979; Gilles, 1982; Degrémont, 1983). Up to now
lesions have been detected mainly by intravenous pyelography (IVP) (Umerah,
1981; Young et al., 1974), cystoscopy, and, more recently computerized tomo-
graphy (Aisen et al., 1983). However, these techniques are invasive or need
sophisticated equipment and high expertise. For these reasons, they have been
used only at a hospital level and almost exclusively for individual diagnosis. IVP
has been used for community and longitudinal studies (Forsyth and Mac-
Donald, 1965; Forsyth, 1969; Rugemalila ct al., 1979), but its large scalc usc 1s
limited due to logistic and ethical problems. Bladder calcifications, which are
very specific of S.4. infections, have also been observed by abdominal X-ray
during morbidity surveys (Holzer et al., 1983), but their functional significance
as morbidity index needs further investigations.

Ultrasonography i1s well known to be a safe, non-invasive and efficient
technique to monitor disease in man and is being widely used in internal
medicine, gynecology and obstetrics. This technique has rarely been used up to
now for investigating urinary tract lesions due to S.4. infections (Abdel-Wahab,
1982; Hanash et al., 1984; Abdul Khair et al., 1980; Meieretal., 1983; Browning
et al., 1984), but its potential application seems remarkable (Degrémont et al.,
1985). Thus, the present study was undertaken to compare ultrasonography
with conventional methods of investigation, such as IVP and cystoscopy.

Patients and Methods

The study was undertaken from July to November 1983 in a rural area of SE Tanzania at St.
Francis District Hospital, Ifakara. Urinary schistosomiasis is endemic in the Kilombero valley and its
epidemiological data are being investigaied (Zumstein, 1983; Tanner et al., 1983; Marti et al., 1985).

Patients

The 125 patients considered in this study were chosen among out-patients of St. Francis
Hospital and, therefore, not selected at random. Ninety-eight of them presented either: 1. .S.4. eggs in
aurine sample, or 2. microhaematuria (concomitant or without excretion of S.A. eggs), or 3. a positive
schistosomiasis serology, or 4. received schistosomiasis treatment during the past year. Another
27 patients with none of the above mentioned criteria were included for comparison. There were 52
children (5-15 years) and 73 adults.

Besides ultrasound examination patients underwent: 1. a short case history with reference to the
urinary tract and a clinical examination, 2. a urine examination by dip stick and by filtration for S.A.
eggs, 3. a blood examination for haemoglobin, creatinine and white-blood cells count, 4. a schistoso-
miasis serology.

X-ray facilities at St. Francis hospital did not allow to screen 50 patients by IVP as scheduled,
but only 29. Sonography plus [VP, sonography plus cystoscopy, and sonography plus IVP plus
cystoscopy were performed on 18, 19 and 11 patients, respectively. Twenty-three out of 29 patients
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who underwent IVP, and 29 out of 30 who underwent a cystoscopy were selected before sonograph-
ical examination. The remaining patients presented pathological findings in ultrasound, which
prompted IVP or cystoscopy.

Furthermore, abdominal X-ray was taken on 4 patients at the end of the study, when it became
evident that sonography was insufficient to detect small calcifications of the bladder wall.

The adult patients or the guardians of the children gave oral consent to participate in the study.
S.h. infected participants were treated with Metrifonate (single dose, 10 mg/kg). For most of the
patients follow-up after therapy was not feasible.

Methods

Urine specimens were collected between 9 and 12 a.m. and examined for blood, protein and
leucocytes by Combur-9 reagent strips (Boehringer Mannheim, FRG). For detection of S.A. eggs,
urine was passed through a 12 um Nucleopore membrane (Nucleopore Corp., Plesanton, CA, USA) as
described by Zumstein (1983). Serodiagnosis of schistosomiasis was performed by ELISA using
S. mansoni egg antigen according to Speiser (1982).

Sonographical examinations were performed with a 3 MHz transportable real time linear
scanner (“Sonoline 10007, Siemens, Erlangen, FRG). Three different contact media were used and
compared: 1. a commercial gel (Aquasonic, Parker Laboratories, Orange, N. J., USA) pure, and 2.
diluted (1:3) with distilled water in order to reduce the cost, and 3. a selfmade gel (Tragacanthum
powder and distilled water, 1:20 with little glycerol to make it smoother for use). The quality of the
echograms was excellent, thus all three media were comparable.

For documentation a Nikon FE camera was used with a 55 mm macro-objective lens and a black
and white film (Kodak Plus-X 125 ASA). Pictures were first printed as contact copies and enlarged
when needed. For each patient examined, at least 4 pictures were taken of each kidney and of the
urinary bladder in transverse and longitudinal sections.

Patients were usually examined in the supine position, but when results were poor, the scanning
was performed in prone position. The examiner (AB) had been trained in Switzerland 3 months prior
to the study. Pictures were blindly interpreted by an ultrasound specialist (RM) in Basel. Interpreta-
tions by the two examiners correlated well with regard to the degree of dilatation of the calico-pyelic
system and the changes on the bladder wall. The only noticeable differences came up in defining
fissures and mild hydronephrosis, where the expert interpreted about 25% of the fissures as mild
hydronephrosis. This did not influence the conclusions at all.

For the kidneys, four types of congestive changes were recorded according to Ellenbogen et al.
(1978): fissure, mild hydronephrosis, moderate hydronephrosis and advanced hydronephrosis
(Figs. 1-4). Congestion of the ureter was also checked. Fissures were considered as normal on the
right kidney and as mild hydronephrosis on the left kidney (Lutz and Meudt, 1984). Advanced
hydronephrosis and hydroureter were regrouped. Where a congestive change was seen, the patient
was asked to empty his bladder and reexamined to prevent the diagnosis of kidney congestion merely
due to a full bladder (Gill and Curtis, 1977; Morin and Baker, 1979). Only the second results were
recorded. Other kidney changes (mainly blurred central echo complex) were recorded, but not
evaluated in this study since they are mostly related to bacterial infection.

Special attention was paid to the structure of the bladder wall (Fig. 5-6): its regularity, thickness
and the appearance of tumors or calcifications. The thickness of the bladder wall was measured and
recorded as pathological when =5 mm. It was also noted if the wall was thickened all overoronlyina
circumscribed region such as the trigonum area.

Intravenous pyelograms (IVP) were performed as usual (Older et al., 1981; Cramer and de
Lacey, 1980) with a plain abdominal X-ray being taken before injection of the contrast medium
(Telebrix 38, Lab. Gerber, Aulnay s/Bois, F), and pictures at 5, 15 and 25 min intervals. Readings
were done in Tanzania and independently by a radiologist in Switzerland.

All cystoscopies were performed without prior knowledge of other results (WS) under short
general anesthesia for patients younger than 15 years. Lesions were described as: inflammation, sandy
patches (specific changes for urinary schistosomiasis), nodules, polyps or papillomas, tumor, an-
omalies of the ureteric ostia (widened or narrowed) with additional mention of their localization.
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Analysis

To compare egg output, the geometric mean of (x+1) eggs per 10ml +standard deviation was
used. Whenever appropriate - test. one way analysis of variance (Anova) and Mann-Withney U-rank
test were applied for statistical analysis.

Results

The prevalence of S. 4. infections among all 125 examined patients was 62%
with a geometric mean (x+1) egg output (=S.D.) of 9 eggs/10 ml= 10. Ninety-
eight (78%) were infected and had either S./4. positive urine and/or positive
schistosomiasis serology and/or microhaematuria. The remaining 27 patients,
not excreting eggs and showing a negative scrology for schistosomiasis, but
living in an endemic area, cannot be conclusively considered as S.4. negative
based on a single urine examination. They may have lost their infection sponta-
neously or after specific treatment. For this reason, all 125 patients were ana-
lysed together. Children had significantly higher geometric mean (x+1) egg
output (31 + 12 eggs/10 ml) compared to adults (2.4 £ 4) (U-test, 2p <0.0001).

Pathological findings of the kidneys detected by sonography and geometric
mean (x+1) egg output are presented in Table 1. Among children, lesions of the
right kidney showed significant correlation with egg output. Out of 125 patients
examined, 28 (22%) showed congestive changes. Of those 28, 13 had only one
kidney affected and 15 both kidneys. There were no significant differences
between the two kidneys with regard to pathologies.

The prevalence of major urinary tract lesions attributed to S.4. was com-
pared with urine findings (Table 2). For fissures and mild hydronephrosis
(Figs. 1, 2) the prevalences of microhaematuria, proteinuria and leucocyturia

Table 1. Pathological findings of the kidneys detected by sonography and S.A. egg output 1n urine
among 125 patients

Right kidney Left kidney
Total  Children** Adults Total  Children Adults
(5-15 vears) (=16 years) (5-15 years) (=16 vears)
N eggs* N cpps® N cpgs* N cpps*
Normal .................. 87 36 30 51 3 84 36 26 48 3
Fissure ................... 5 2 7 3 1 8 4 12 4 3
Mild hydronephrosis ... ... 9 3 5 6 2 8 3 26 5 2
Moderate hydronephrosis . . 5 3 3221 2 0 5 3 473 20
Advanced hvdronephrosis . . 4 3 61 1 0 4 1 140 3 2
Other changes ............ 12 4 9 g 2 15 5 62 10 |
Not judgeable............. 3 1 2 2 3 1 - - I 10

* eggs = Geometric mean of x+1 eggs/10 ml urine
** one-way analysis of variance = 2p <0.02
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Table 2. Prevalence (P) of major urinary tract lesions detected by sonography, intravenous pyelo-
graphy and/or cystoscopy, compared to urinary findings among 125 patients

Findings in sonography, N P % Urinary findings
[VP and/or cystoscopy
S.h Haemat- Protein- Leucocyt-
pos. % uria* uria* uria*
(=+) % =++) % (1) %
Kidneys
Normal or minor lesions both
sides ... 113 90 68 65 15 59
Moderate and advanced
hydronephrosis:
unilateral wempimmssss ez 6 o) 83 100 100 100
bilateral : svseemnsssresssa: 6 5 67 86 86 100
Bladder
Normal ...................... 42 34 54 54 7 48
Thickened wall ............... 70 56 66 66 23 73
Irregular wall . ............... 62 50 68 69 32 76
Irregular and thickened wall . .. 54 43 70 67 30 72
Calcifications: ; coswsvinssiss s 8 8 75 75 13 75
Tumor ..........c.c it 3 2.4 67 100 67 67

* assessed by semiquantitative reagent strips (Combur-9)

showed no significant difference with normal kidneys. Major kidney patholo-
gies (Figs. 3, 4) were always associated with hematuria and leucocyturia, in most
cases also with proteinuria. For bladder alterations (Figs. 5, 6), this was not the
case.

All children with major congestive changes of the kidneys presented an
irregular bladder wall. In comparison to children without kidney lesion the
correlation was significant (y* = 2p<0.001). There was no such correlation
among adults. The geometric mean egg output was significantly higher in chil-
dren presenting sonographically diagnosed bladder thickening (U-test,
2p<0.002), bladder irregularity (2p<0.001) or both (2p<0.001) when com-
pared with normal children.

The results of sonography of the kidney and /VP of 29 patients are pre-
sented in Table 3. “Other changes” seen by ultrasound and described as normal
by IVP are: two cases of bilateral normvariations or malformations of very large
kidneys; one case of bilateral multiple cysts with suspicion of an unilateral
tumor and one case with an inflammatory right kidney. Considering the dilata-
tion of the pyelon and the calices, the results of ultrasound correlate positively
with those of IVP as shown also by Rosenfield (1982) and Amis et al. (1982).
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Fig. 5. Thickened bladder wall (+...+) = 5 mm), transverse section.

Fig. 6. Irregular and thickened bladder wall (+...+ = 6 mm). length section.

One notes only 2 false negative results for mild hydronephrosis by sonography
and one for moderate hydronephrosis by IVP.

There i1s no correlation between ultrasound and X-ray findings of the
bladder. The evaluation was made on 31 cases. Five calcifications were not seen
by ultrasound and 3 patterns of calcifications at sonography could not be con-
firmed by X-ray. Among children, those with “abnormal bladders™ in bladder
X-ray showed a significantly higher geometric mean egg output with 698 + 10
eggs/10 ml compared to normal children with 1718 eggs/10 ml (U-test,
2p<0.02).

The comparison between ultrasound and cystoscopy of the bladder is pre-
sented in Table 4. Among adults, the mean number of eggs was found to be
significantly higher in those presenting pathological lesions such as inflamma-
tion (U-test, 2p<0.02), sandy patches (2p<0.02) and nodules (2p <0.001). The

Fig. 1. Minimal dilatation of the central echocomplex defined as fissure (—).
Fig. 2. Mild hydronephrosis.
Fig. 3. Moderate hydronephrosis with measurement of dilatation of one calix-group (+...+).

Fig. 4. Advanced hydronephrosis with narrowing of the parenchyma (—).
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Table 4. Comparison sonography and cystoscopy of the bladder among 30 patients

Sonography* Cystoscopy™**

Normal Nodular Sandy Fibrosis Inflam- Tumor

patches mation
Normal .................. 6 4 5 2 < 0
Irregular ................. 2 2 2 1 2 0
Thickened (=5 mm) ....... 3 1 2 2 2 0
Thickened + irregular...... 17 12 11 7 16 1
Tumor*** . ... ... ... 2 1 0 2 2 2
Total 30 20 21 14 26 3

* Two bladder sonographies were not judgeable.
** The same patient could have different pictural lesions.
*¥* Tumors at sonography were associated with thickened and irregular bladder wall.

tumor seen by ultrasound as very irregular and thickened bladder wall was
reported by the cystoscopist as a nodule with tumorous aspect. The two other
tumors were diagnosed by sonography and confirmed by cystoscopy, without
prior knowledge of the ultrasonic result. None of them were diagnosed as
tumorous process by abdominal X-ray. One tumor was observed in a 10-year-
old child with more than 3000 .S.4. eggs/10 ml urine. The two others were seen in
adults with positive urines, but very low egg counts (<10 eggs/10 ml).

Discussion

Sonography has proved to be a highly sensitive method for investigating
diseases affecting the urinary tract especially those causing congestive changes
(Ellenbogen et al., 1978; Rosenberg, 1982). We could show that this is also true
for detecting changes due to S. /. as sonography compares favorably with IVP in
visualizing kidney lesions and with cystoscopy in case of bladder lesions.

In defining the degree of congestive changes ranging from mild to severe
hydronephrosis the two methods differ somewhat. While ultrasonography is
certainly more sensitive than IVP in detecting slight congestions, its specificity
as indicator of a pathological process with functional significance related to S.4.
infection is sometimes questionable; especially in cases of “fissure” or “mild
hydronephrosis™ (Figs. 1, 2) where the egg count was not significantly higher
than in all normal patients (Table 1). It is therefore likely to assume that slight
changes of the pyelon are not specific for S.4. infections.

In differentiating “moderate” from “advanced hydronephrosis” (Figs. 3, 4),
ultrasound is superior to IVP as it shows not only the degree of dilatation of the
pyelo-caliceal system, but also the thickness of the renal parenchyma. The latter
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i1s narrowed in case of advanced hydronephrosis as a sign of compression or
fibrosis (Rosenfield, 1982; Peake et al., 1983; Chopra et al., 1980). This dif-
ferentiation is not possible with IVP and thus explains the lack of correlation
between the two techniques in grading congestions. Sonographically confirmed
narrowing of the parenchyma may explain, why among 8 kidneys classified by
ultrasonography as moderate hydronephrosis, only 1 was confirmed by IVP
while 5 presented themselves as advanced hydronephrosis (Table 3). Evidently
the latter cases must be classified as “incomplete” hydronephrosis.

In the case of silent kidney in IVP, sonography was definitely more con-
clusive, as it allowed to visualize this kidney in the state of advanced hydro-
nephrosis (Arafa et al., 1982; Behan et al., 1979).

Sonographical examinations and IVPs were neither performed at the same
time nor the same day. Depending on renal excretion and bladder retention,
short term fluctuations of congestion seem possible and need further studies.
Longitudinal studies will reveal the significance of these different congestive
changes after treatment and possibly explain the interesting findings of Forsyth
(1969), who described that one third of “hydronephrosis” detected by IVP were
spontaneously reversible.

The present study shows that calcifications of the bladder wall, which are
associated with S.4. infections, could not be detected by sonography. This is in
contrast to some recent reports from other endemic areas (Abdel-Wahab, 1982;
Doehring et al., 1985a, b). The reasons for the failure of ultrasonography to
depict calcifications may be technical ones. The linear scanner used for this
study detects calcifications down to 2-3 mm. The calcified plaques in the
bladder wall caused by fibrosed S.4. eggs, however, are below 1 mm size. It
remains to be established, if sector scanners are able to detect calcifications.

In accordance with Hanash et al. (1984) and Egender et al. (1982) we agree
that ultrasound is a valuable and sensitive tool to detect tumorous processes of
the bladder also when related to S./4. Furthermore, 80% of nodules and 75% of
sandy patches as seen by cystoscopy were identified by sonography as thickening
and/or irregular changes of the bladder wall (Table 4). Cystoscopy is certainly a
more sensitive diagnostic means than sonography, but the latter compares well,
is safe (Bang, 1981; Hill, 1981), more convenient for the patient and easier to
perform.

The time required to perform an IVP or cystoscopy made it impossible to
apply these methods to a large scale screening without interfering with the
activity of the hospital. Therefore few patients could be examined during a
3-month period by at least one of these two techniques in order to compare them
with ultrasound. Furthermore around 40% of the patients scheduled for those
examinations did not show up.

The use of common black and white films processed by ourselves revealed
to be very cost effective when compared to more sophisticated means of docu-
mentation using fast processing films such as Polaroid.
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It is well known that S.4. related morbidity correlates with the intensity of
infection as reflected by the egg output especially among children (Gilles, 1982).
The egg output further correlates positively with haematuria and proteinuria.
The correlations between the sonographical lesions and the results of the urine
examination can give indications on the degree of morbidity of S.4. among a
population as well as confirm the value of the method applied.

As described earlier the intensity of infection in the studied area is not very
high when compared with other endemic areas despite of a high frequency of
microhaematuria (Tanner et al., 1983). However, the prevalence of all conges-
tive changes of the kidneys was found to be high (22%). The small number of
pathological cases did not always allow a statistical analysis, but moderate and
advanced hydronephrosis were associated with children showing higher egg
output and important haematuria, leucocyturia and proteinuria. There was no
significant difference for mild hydronephrosis. We may conclude that only
moderate and advanced hydronephrosis as detected by ultrasonography are
predominantly related with S./4. infection.The origin of proteins and leucocytes
1n urine 1s still controversial. Different authors believe them to be related to
upper urinary tract superinfections (Gilles, 1982; Sabbour et al., 1972) while
others suggest postrenal origin (Doehring et al., 1985¢; Dukes et al., 1967). We
can only state that both leucocyturia and proteinuria were always present in
important kidney changes with high egg output, while this was not always the
case 1n bladder alterations. This suggests that both renal and postrenal alter-
ations can cause proteinuria and leucocyturia in S.4. infections.

The comparison between ultrasonographically revealed lesions of the
bladder and urine examinations shows a significantly higher egg output among
children with thickened and/or irregular wall (Figs. 5, 6). Nevertheless, 31 to
34% of the children with a thickened and/or irregular bladder wall showed no
haematuria and/or no S.4. egg in urine. It remains to be established which
proportion refers to parasitologically missed cases (as only one examination was
performed), to inadequate interpretations of sonographical picture or to re-
cently cured infections (spontaneously or after treatment). The fact that all
children with major congestive changes on the kidneys presented an irregular
bladder wall confirms that among children most of the moderate and advanced
hydronephrosis are related to S.A. infection.

Summarizing, the present study supports that ultrasound is a highly valu-
able means to assess S.A. related morbidity. It compares well with conventional
methods of investigation and its important pathological findings correlate posi-
tively with the urinary findings in schistosomiasis. As it is non-invasive, void of
adverse reactions, accurate and easy to handle, it can also be applied success-
fully in field studies within communities as shown recently (Degrémont et al.,
1985; Dochring et al., 1985b). In addition, this allows to carry out longitudinal
studies in order to determine the predicitive value of quantitative and semi-
quantitative urine examinations in assessing morbidity. Its usefulness in man-
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aging individual patients affected by urinary bilharziasis remains to be estab-
lished.
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