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Abstract. In developing countries, it is difficult to rally a radiologist to conduct field studies. Here, we report how
a radiologist taught a clinician to carry out the ultrasound examination as defined by the World Health Organization
(WHO) record sheet for Schistosoma haematobium related lesions. In a population infected with S. haematobium, the
learner and teacher performed two ultrasound exams and the results were compared. One hundred thirty-two children
were prospectively included, during 8 ultrasonography sessions split over 23 days. After 51 examinations the learner’s
sensitivity was above 90%. After the fifth session the specificity reached 100% (results remained stable until the end of
the study period). This study shows that a clinician can quickly learn how to carry out a simple ultrasound examination to
gather the items needed for the follow-up of S. haematobium related lesions, suggesting that clinicians could implement

networks of ultrasound-based surveillance on the field.

INTRODUCTION

In African countries affected by schistosomiasis, there is a
shortage of radiologists. These radiologists are often confined
to public or private hospitals and are difficult to mobilize to
participate in the screening or monitoring of patients infected
with Schistosoma haematobium on the field. A radiologist is
required to establish a diagnosis by means of an ultrasound
machine. However, searching specific items to screen for par-
ticular pathologies or reporting on a local lesion are probably
achievable by clinicians in the field. In this study, we investi-
gated the ability of a clinician who is new to vesico-urinary
ultrasonography to perform the clinical examination, and the
number of examinations that he must complete to become
efficient. If successful, this method would facilitate the delo-
calization of portable devices on the field to better monitor
patients, the detection of severe forms of the disease, and the
implementation of mass treatment.

The impoundment of the Diama dam in 1986 was the begin-
ning of the epidemic/endemic schistosomiasis (urinary and
digestive) in the Senegal valley. Numerous studies have shown
a very high prevalence of patients with S. haematobium schis-
tosomiasis'; the monitoring of such a population, particularly
the assessment of the disease severity remains tricky. The dif-
ficulty lies not in the diagnosis of schistosomiasis, which is sim-
ple and based on the detection of the parasite in the urine, but
in the morbidity appraisal, based on the vesico-urinary ultra-
sonography, hardly implemented in the field. Unlike schisto-
somiasis caused by Schistosoma mansoni, for the diagnosis of
which ultrasound has a recognized place and has been used for
many years in studies of morbidity (Symmer fibrosis), the use
of ultrasound for S. haematobium morbidity assessment is rarer.
Yet it should be more systematic because, as with the infections
caused by S. mansoni, lesions observed by ultrasonography in
the infection with S. haematobium are more common than the
simple detection of the parasite in the urine and the incidence
of microhematuria is greater than the findings of macrohema-
turia. Indeed, a study conducted in 10 villages in the Senegal
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River Valley showed that even if microhematuria was present
in all the villages, whereas macrohematuria was reported in
7 villages.? In addition, the finding of high infection rates a
year after an adequate treatment®* suggests that the presence
of eggs in urine or macroscopic hematuria are not sufficient to
describe the severity of S. haematobium related lesions. Thus,
we believe that use of ultrasound could be widely spread to
study schistosomiasis, especially in a context of re-emergence
of this infection in many African localities.

A record sheet was developed for the “universal” codifica-
tion of this test,? but the use of this sheet requires the expertise
of a senior radiologist to carry out the examination.

The advantage of this classification is to assess the severity
of lesions induced by S. haematobium. It tracks not only the
early forms of the disease (isolated bladder lesions) but also
looks for the impact on the upper urinary tract (dilatation of
the urethras and renal lesions). The upper urinary tract lesions
begin to show later than the bladder, but they also take lon-
ger to disappear after treatment. This ultrasound examination
can thus produce an “index of severity” by adding the urinary
bladder intermediate score and the upper urinary tract inter-
mediate score. The first corresponds to the recognition of blad-
der lesions and is very supportive of S. haematobium related
lesions when it is greater than three. The second is related to
the severity of lesions of the upper urinary tract, and is of poor
prognosis. In this sense, the finding of a dilated urethra has a
score range of +3 to +4 (+6 to +8 when it is bilateral), and the
presence of kidney damage is listed +6 to +8 (+12 to +16 when
it is bilateral).

The objective of this study was to analyze how fast the items
included in the “WHO S. haematobium ultrasound grid” was
learned by a clinician, by comparing its results with those of a
professional radiologist.

PATIENTS AND METHODS

Patients. Patients included were children of a cohort
followed up for S. haematobium infection in the Senegal River
Valley. The inclusions were made prospectively during a visit
planned as part of a routine follow-up, 4 months after the last
treatment (a single administration of 40 mg/kg of praziquantel,
p.0.). All the included children were from an area along the
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River Valley between the St.-Louis and Ross-Béthio region,
where S. haematobium is hyperendemic.

Methods. Two ultrasound examinations were performed
for each child. The first one by the learning clinician (PB,
later referred to as “learner”) and the second by the referent
radiologist, usually in charge of monitoring children (ID, later
referred to as “teacher”). The examinations were conducted
by means of a General Electric Healthcare device, United
Kingdom: LOGICe with a 4C-RS probe. Results were compiled
using the WHO record sheet for S. haematobium-associated
ultrasound findings published in 1996.° Anomalies observed on
ultrasound images elicit the establishment of a score ranging
from 0 to 34 (Figure 1). A normal ultrasound image has a score
of zero. The result of the learner is considered acceptable if
it is the same as the teachers. Two error types were possible:
the learner spotting lesions not observed by the teacher, or
the learner missing lesions recorded by the teacher. Informed
consent was obtained from parents or legal guardians, and
the Senegalese National Committee for Ethics and Scientific
Research (CNERS) approved the project on November 23,
2010.

For each day of the study, three variables were compared:
the difference in scores between the two operators (teacher
and learner), the sensitivity of the learner (% of odds that the

learner finds an injury when the teacher sees one), and speci-
ficity of the learners (% of odds that the learner does not see
any damage when the teacher does not find any).

Statistical analysis. For quantitative variables the difference
between both operators was calculated. For categorical
variables the numbers and percentages were also calculated
(similarity of ultrasound results between both operators,
normal ultrasound per operator). To evaluate the learner’s
detection ability of Schistosoma lesions throughout the
study period, calculations of sensitivity and specificity were
performed for each study day. The y” test and Fisher’s exact
test were used for qualitative variables, whereas Wilcoxon and
Student’s ¢ test were used for quantitative variables. Statistical
analysis was performed using the STATA/IC 11.0 software
(College Station, TX).

RESULTS

One hundred thirty-two children (8.8 + 0.8 years of age, gen-
der ration M/F = 2) were included in the study, which lasted
8 days, spread over a 23-day period. During these 23 days,
8 ultrasound sessions were performed in 3 periods of 5,2, and
1 days during which respectively 91, 26, and 15 examinations
were performed. Concerning the intensity of infection, 35% of

http://apps.who.int/tdr/publications/training-guideline-publications/ultrasound-in-

schistosomiasis/pdf/ultrasound-schistosomiasis.pdf (last access on July 2011).

Urinary bladder

Score

FiGure 1.

Shape normal (rectangular) =0  round (distorted) = 1

Bladder wall: record each lesion observed in one of the following categories

Wall irregularity  (inner surface, thickening < 5 mm)
No=0 focal =1 multifocal / diffuse = 2

Wall thickening  ( >5mm, <10 mm)

No(<5mm)=0 focal =1 multifocal / diffuse = 2

Mass (>10mm) (do not record as wall irregularity or focal thickening at the same time!)

no=0 single =2 multiple: number of masses (=n)+2
Pseudopolyp (do not record as wall irregularity, thickening or mass at the same time!)
no=0 single =2 multiple: number of pseudopolyps (=n) + 2
Urinary bladder intermediate score
Ureters

dilated; visualized at proximal and / or distal third = 3
grossly dilated and /or entirely visualized = 4

Right ureter not visualized = 0;

Left ureter not visualized = 0; dilated; visualized at proximal and / or distal third = 3

grossly dilated and /or entirely visualized = 4

Renal pelvis (if dilated , record only after voiding)

Right pelvis  not dilated, fissure < 1Tcm =0
moderately dilated; parenchyma thickness ( 1-sided)>1cm=6
marked hydronephrosis; parenchyma compressed: thickness < 1cm =8

Left pelvis not dilated, fissure < 1cm=0
moderately dilated; parenchyma thickness ( 1-sided)>1cm=6
marked hydronephrosis; parenchyma compressed: thickness < Tcm =8

Upper urinary tract intermediate score

Final S. haematobium score

Record sheet for Schistosoma haematobium-associated ultrasound findings. Available at: http://apps.who.int/tdr/publications/
training-guideline-publications/ultrasound-in-schistosomiasis/pdf/ultrasound-schistosomiasis.pdf (last accessed on July 2011).
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the children had S. haematobium eggs in urine, of whom 33%
had a count > 50 eggs/10 mL.

The frequency of normal ultrasound images was 58% for
the teacher and 59% for the learner. Mean score of teacher
was 0.94 + 2.01 [0-17], and mean score of learner was 1.11 +
2.77 [0-19] without any statistical difference between them
(P = 0.08). Of the 132 ultrasound examinations, only 12 dis-
crepancies (9%) were found. Among these 12 discordant
ultrasound images, 8 scores had 1 point difference (67%),
2 had 2 points difference, and 2 were found to have a discrep-
ancy of more than 2 points (8 and 10 points). Moreover, in 9 of
these discordant ultrasound images, it was the learner who had
not seen the lesions seen by the teacher (underestimation) and
in 3 cases it was the learner who reported injuries not found by
the teacher (overestimation).

The learning curve and the evolution of sensitivity (Se) and
specificity (Sp) of the learner in comparison to the teacher
during the study period is shown in Figure 2, attesting the
improving ability of the learner to reach teacher’s results.

DISCUSSION

The possibility to train clinicians to perform ultrasound
images for this purpose on the field is attractive for developing
countries. The idea here is not to replace ultrasound imaging
for a diagnostic purpose, which must remain under the respon-
sibility of the radiologist, but to detect simple lesions known
by the learner and to count them. The interest is of course to
guide mass interventions and to follow-up in an easy way the
regression of lesions or the identification of patients requiring
special monitoring.

This study shows that within a few sessions (8 days divided
into 3 periods of 23 days), a clinician could become indepen-
dent in carrying out the examination and find the same results
as the referent radiologist. The differences are mostly moder-
ate (10 differences out of 12 are of 2 points or less), and the
two most important differences are related to dilatation of the
ureters missed by the learner at the beginning of the study
period (D1 and D5).

By the third day of the study, after 50 examinations con-
ducted by the learner and teacher (51 were conducted dur-
ing the first 3 days), the learner finds the same result as the

100 %

80

1 2 3 4 5 15 16 23
Days of the study
FiGure 2. Learning curve (LC) of the learner (% concordance),

sensibility (Se), and specificity (Sp) of the learner compared with the
teacher.

teacher in over 90% of the cases. Furthermore, the sensitivity/
specificity analysis shows that after Day 3 the learner screens
100% of healthy subjects, and within two more days of learn-
ing, he manages to find all the lesions seen by the teacher with-
out making any mistake.

Finally, this learning appears to persist over time because
results were still satisfactory in the last days of the study, even
though there was a period of 10 days without ultrasound
between period 1 and period 2, and 7 days between period
2 and period 3. However, these results should be interpreted
with caution because the proportion of normal ultrasound
images (without injuries) was higher during the last days of
the study, and it is probably easier for the learner to recognize
a normal examination than to detect anomalies.

There is no literature available on the transfer of ultrasono-
graphic skills between a radiologist and a clinician in develop-
ing countries. However, 50 tests to learn a simple ultrasound
technique are consistent with the literature. For example,
65 examinations are sufficient for residents to learn how to
find an abnormality in a fetal cardiac evaluation,® 40 are nec-
essary to detect a complication of pregnancy during the first
trimester,” and only 30 are needed to learn how to detect an
obstructive uropathy.®

This study suggests that the information contained in the
evaluation record sheet established by the WHO is readily
transferrable to a clinician. Although a regular control of the
learner by the teacher should be implemented, these results
indicate that diagnosis and basic surveillance of S. haemato-
bium related lesions are feasible by clinicians on the field after
a short training.
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