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CLINICIAN’S CAPSULE

What is known about the topic?

The Herreros bladder stimulation technique to obtain

clean-catch urine is effective in approximately 50% of

infants <6 months of age.

What did this study ask?

What was the impact of using point-of-care ultrasound

(POCUS) prior to clean-catch collection in infants regard-

ing the success rate of the procedure?

What did this study find?

This study foundnobenefit of usingPOCUSbefore attempt-

ing stimulated urine clean-catch sampling in infants.

Why does this study matter to clinicians?

Implementation of POCUS for clean-catch collection

would have limited usefulness to improve the success

rate of the procedure.

ABSTRACT

Objective: A new non-invasive bladder stimulation technique

has been described to obtain clean-catch urine specimens in

infants. This study aimed to evaluate if point-of-care ultra-

sound (POCUS) guided feeding protocol to measure bladder

volume prior to stimulation techniques improves clean-catch

urine collection success.

Methods: A prospective randomized controlled trial study was

conducted in a tertiary care pediatric emergency department.

Infants aged less than 6 months needing a urine sample

were randomized to either POCUS group or feeding group

(standard procedure) before performing a standardized

clean-catch urine stimulation technique. In the POCUS

group, a feeding period was permitted if the bladder width

was less than 2 cm, otherwise the clean-catch urine was per-

formed immediately. The primary outcome was the success

of the procedure defined by the collection of at least 2 mL of

urine, obtained within 300 seconds of bladder stimulation

manoeuvres. It was estimated that the recruitment of 200 chil-

dren was necessary to yield 80% power to identify an improve-

ment of 20% in the success rate.

Results: A total of 201 infantswere included. The procedurewas

notmore successful in the POCUSgroup (48%) compared to the

feeding group (54%) (Difference: 6.5%; 95% CI: -7.3 to 19.8%).

The mean time to collect urine samples from randomization

to sample collection was not different between the two groups.

Conclusions: Our study failed to show a benefit of using

POCUS to improve the success rate of stimulated clean-catch

urine. Moreover, the importance of the feeding period prior

to clean-catch urine manoeuvres should be evaluated further.

Clinical Trial Registration: NCT02751671

RÉSUMÉ

Objectif: Une nouvelle technique de prélèvement urinaire non-

invasive par mi-jet stimulé fut décrite pour les nourrissons.

L’étude visait à évaluer si un protocole d’allaitement guidé

par l’échographie au chevet (EC), avant stimulation, pour

mesurer le volume de la vessie, permettait d’accroître le taux

de réussite du recueil d’urine par mi-jet.

Méthode: Un essai comparatif, prospectif et à répartition aléa-

toire a été mené dans un service des urgences pédiatriques de

soins tertiaires. Des nourrissons âgés demoins de 6mois chez

qui devait être pratiqué un prélèvement d’urine ont été répartis

au hasard dans le groupe de l’EC ou dans le groupe d’allaite-

ment (méthode courante) avant que ne soit pratiquée la tech-

nique de stimulation uniforme de recueil d’urine par mi-jet.

Dans le groupe de l’EC, l’allaitement était permis si la largeur

de la vessie était < 2 cm; sinon, l’on procédait immédiatement

au recueil d’urine par mi-jet stimulé. Le principal critère

d’évaluation consistait en la réussite du prélèvement, défini

comme le recueil d’au moins 2 ml d’urine pendant les man-

œuvres de stimulation de la vessie, d’une durée maximum

de 300 secondes. D’après l’évaluation des chercheurs, le
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nombre de sujets nécessaire pour que l’étude atteigne une

puissance de 80% et mette ainsi en évidence une augmenta-

tion de 20% du taux de réussite devait s’élever à 200.

Résultats: Au total, 201 nourrissons ont participé à l’étude. Le

recueil d’urine n’était pas plus élevé dans le groupe de l’EC

(48%) que dans le groupe d’allaitement (54%) (écart : 6,5%; IC

à 95% : -7,3% à 19,8%). Il n’y avait de différence non plus

entre les deux groupes quant au temps moyen écoulé depuis

la répartition aléatoire des sujets jusqu’au prélèvement d’urine.

Conclusion: La supériorité de l’EC dans l’accroissement du

taux de réussite du recueil d’urine non souillée par stimulation

n’a pas été démontrée dans l’étude. Il faudrait aussi évaluer

davantage l’importance de la durée de l’allaitement avant les

manœuvres de recueil d’urine non souillée.

No d’enregistrement des essais cliniques: NCT02751671

Keywords:Midstream, pediatrics emergency, POCUS, urinary

tract infection

BACKGROUND

Urinary tract infection is the most common serious bac-
terial infection in febrile infants.1 Until recently, urethral
catheterization and suprapubic aspiration were consid-
ered the standard methods of obtaining urine samples
from children who are not yet toilet trained, but these
techniques are invasive2,3 and painful.4,5 A new, quick,
and safe technique to obtain clean-catch urine has
recently been described for newborns.6 This procedure
involves combining fluid intake and non-invasive blad-
der stimulation manoeuvres, repeated until micturition
starts. In previous studies, success rates for this technique
varied with age ranging from 86% (<1 month)6 to 58%
(0–3 months)7 and around 25% (3–24 months).8 This
technique’s low success rate in older children is a limita-
tion to its use in the emergency department (ED). The
original stimulated clean-catch urine technique
described by Herreros et al. recommended a 25-minute
delay after an obligatory feeding period prior to stimula-
tion that could delay urine collection and increase the
risk of voiding during the waiting period.6,9,10

A potential reason for failure to obtain urine using
the stimulated clean-catch procedure may be an empty
bladder. Previous studies reported that emergency
point-of-care ultrasound (POCUS) could identify
infants for whom urinary catheterization was unlikely
to be successful.11 Two other studies showed that the
use of POCUS significantly improved success rates of
bladder catheterization.12,13 Accordingly, performing a
POCUSprior to a stimulated clean-catch urine sampling
could potentially increase the success rate by identifying
children who have an empty bladder and require a feed-
ing period prior to collection.
To our knowledge, there has been no study evaluating

whether a POCUS-based clean-catch urine collection
protocol improves success rates compared with standard

bladder stimulation manoeuvres. The primary objective
of this study was to evaluate if a POCUS-guided feeding
protocol prior to stimulated clean-catch urine collection
increases the rate of success of the procedure by 20% in
children aged less than six months who need a urine sam-
ple, compared with children for whom POCUS was not
used.

METHODS

Study design and population

This was a randomized controlled trial. Recruitment
occurred between August 2016 and June 2017 at the
ED of a tertiary care pediatric hospital with an annual
census of more than 80,000 patient-visits.
All infants less than six months of age, who needed a

urinalysis and/or urine culture according to the attend-
ing ED physician, presenting to the ED during the
working hours of the research assistants were eligible
for recruitment. Patients with any medical condition in
which obtaining a clean-catch urine sample was impos-
sible (e.g., urostomy and anuria for 24 hours), any serious
illness or unstable infant (e.g., sepsis), any medical situ-
ation in which the infant could not be fed, and inability
to obtain parental informed consent were excluded
from the study.
The study protocol has been registered on the clinical-

trials.gov website (study number: NCT02751671).

Intervention

All participants were randomized into either a POCUS
group or a mandatory feeding group. In the feeding
group, a 20-minute feeding period (breastfeeding or for-
mula) was enforced prior to clean-catch urine, as
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suggested in the publication of Labrosse et al.7 In the
POCUS group, a clean-catch urine procedure was per-
formed (without a feeding period) only if the transverse
diameter of the bladder measured was ≥2 cm (Figure 1).
If the bladder diameter was <2 cm, a 20-minute feeding
period was enforced prior to a second POCUS. A stimu-
lated clean-catch urine procedure was performed if the
bladder diameter measured ≥2 cm at the second
POCUS. If not, a second and last 20-minute feeding per-
iod was permitted prior to a third POCUS. A clean-catch
urine procedure was performed following the third
POCUS regardless of the bladder diameter. The genital
areas of the infant were cleaned prior to the POCUS,
and the research assistant was ready to collect urine if
the child voided during the ultrasound exam.
Two studies on POCUS prior to catheterization sug-

gested that a transverse bladdermeasurement of less than
2 cm corresponded to a bladder volume of less than
2.5 cm.3,13,14 Consequently, the author of these studies
suggested postponing catheterization until a repeated
measurement reached or exceeded a transverse measure-
ment of 2 cm.
In both groups, infants underwent clean-catch urine

manoeuvres as described by Herreros Fernández et al.6

Examiners alternated between bladder stimulation man-
oeuvres, which consisted of gentle tapping in the supra-
pubic area at a frequency of 100 taps per minute for 30
seconds and lumbar paravertebral massage manoeuvres
for 30 seconds. The two stimulation manoeuvres were
repeated until micturition began or for a maximum of
300 seconds. Clean-catch urine samples were collected
in sterile wide-mouth containers.

Outcome measures and independent variables

The primary outcome was the rate of successful clean-
catch urine sample collection. Success was defined by

the collection of a sample of urine of at least 2 mL,
obtainedwithin 300 seconds of bladder stimulationman-
oeuvres, while cleansing, or again during POCUS prior
to the manoeuvres. Secondary outcomes were times to
collect the urine sample: from randomization to sample
collection (T1); from the beginning of the manoeuvres
to sample collection (T2); and the total time the research
assistants spent with the patients (T3). We also aimed to
determine the transverse bladder dimension associated
with at least an 80% success rate for the procedure. Inde-
pendent variables measured as a potential confounder
were age, sex, low oral intake, and voiding in the previous
hour.

Randomization

Allocation was based on a 1:1 ratio. An independent stat-
istician generated the randomization scheme using a
computer-generated sequence with blocks of variable
sizes. To maintain blinding, the randomization alloca-
tion of each participant was concealed in an opaque
envelope that was opened only following signature of
the informed consent.

Study procedure

Before initiating the study, research assistants were
trained to measure the transverse bladder diameter by
a pediatric emergency physician with considerable
experience using POCUS. The research assistants were
one fellow in pediatric emergency medicine, two nurses,
and one medical student. This training consisted of a
15-minute standardized theoretical training session, fol-
lowed by supervised POCUS of the bladder in five chil-
dren younger than six months of age. All sonographers
were deemed able to measure the bladder width

Figure 1. Intervention diagram for study procedure in POCUS group.
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according to the experienced practitioner (MPD) before
patient recruitment. Research assistants were experi-
enced and trained to perform stimulation manoeuvre
techniques as described by Herreros Fernández et al6

because they collaborated in a previous study.7

After obtaining parental informed consent, multiple
variables were collected including demographics, feed-
ing, and clinical characteristics. Patients were then ran-
domized to their study group. Transverse bladder
dimensions were measured for patients in the interven-
tion group. Time was measured by a research assistant
using a digital chronometer.

Data analysis

Data were entered in an Excel database (Microsoft Inc.,
Richmond, WA) and analyzed using SPSS, v24 software
(IBM Software Group Inc.). To assess the adequacy of
randomization, randomized patients were compared
between arms for baseline sociodemographic character-
istics. The primary analysis compared the proportion
achieving success between the two groups. Secondary
analyses compared the delay in obtaining the urine sam-
ple from randomization to sample collection (T1); the
stimulation time required to obtain the sample in parti-
cipants in whom success was achieved (T2); and the
time spent by the research assistants with the patient to
obtain the sample (T3). Another secondary analysis
was the correlation between the transverse bladder diam-
eter and success. For exploratory purposes, predictive
factors of success were assessed using a multivariate
logistic regression. These factors were identified a priori
as age, sex, low oral intake, and voiding in the previous
hour. A 95% confidence interval (CI) was calculated
for each measurement. An intention-to-treat analysis
was carried out for all analysis.
The sample size was calculated based on a previous

study demonstrating a success rate of 49% for clean-
catch urine technique in children aged less than six
months in our setting.7 To assess the minimal difference
that would be considered clinically significant; we sur-
veyed 23 pediatric emergency physicians. Themain con-
sensus of this survey suggested that an improvement of
20% would be clinically significant enough to change
the current practice and use POCUS before clean-catch
urine. Since this was the first study on POCUS involving
a clean-catch urine technique, there was no evidence to
support specific increases in success rates that would be
beneficial for use in other institutions. Based on this,

and assuming β=0.8 and α=0.05, a total of 188 patients
were necessary for recruitment. Expecting a very low
proportion of loss to follow-up, we planned to recruit a
total of 200 children.

RESULTS

Between August 2016 and June 2017, a urine sample spe-
cimen was ordered for a total of 216 children in the pres-
ence of research assistants. Among those, 201 (93%)
patients were recruited, with 100 in the POCUS group
and 101 in the obligatory feeding group. All completed
the study (Figure 2). The main reason for non-inclusion
was parental refusal to participate. No patient was lost to
follow-up during the study period, and no patient was
excluded from the analysis. The study population
included 104 boys and 97 girls, with a median age of
two months (Table 1). Although parents reported that
children had low oral intake prior to the procedure in
54%, only 2% seemed to be dehydrated according to
the physician in charge. In addition, 64% of the children
had voided in the hour prior to the procedure.
A total of 110 (55%) infants provided a urine sample

within five minutes of the stimulation procedure, includ-
ing 103 (51%) who provided an adequate quantity of
urine. The procedure was equally successful in the
POCUS group (48 of 100 patients; 48%) and feeding
group (55 of 101 patients; 54%) (difference 6.5%, 95%
CI -7.3 to 19.8%). In the intervention group, eight
patients voided during POCUS, but the quantity of
urine caught was ≥2 mL in only four patients.
The mean time to collect a urine sample from ran-

domization to sample collection (T1) was similar in the
POCUS group (11.9 minutes) compared with the feed-
ing group (16.7 minutes) (difference 4.8 minutes, 95%
CI -1.0 to 10.6 minutes). The time from the beginning
of the manoeuvres to sample collection (T2) did not dif-
fer significantly (93 seconds [POCUS] v. 121 seconds
[feeding group], difference 28 seconds, 95% CI -7 to
62 seconds). The time spent by the research assistant
with the patient (T3) for the procedure was also similar
in both groups (9.0 minutes [POCUS] v. 7.8 minutes
[feeding group], difference 1.2 minutes, 95% CI -0.2
to 2.2 minutes). (Table 2). However, 36 of the 101 chil-
dren randomized to the feeding group had been fed
recently when the research assistant came for consent.
Consequently, the 20-minute post-feeding period was
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considered already ongoing at randomization, and this
decreased the delays in that group.
Only 12 of the 100 patients did not reach the two-

centimetre bladder diameter size upon the first
POCUS. Of those, 9 of the 12 attained the mandatory
two-centrimetre bladder size after the second feeding
period, and 3 of the 12 needed three feeding periods.
Fifty percent (6 of 12) was finally achieved success.
A univariate logistic regression analysis showed that

for each one-centimetre increase in bladder size, the
odds ratio (OR) of a successful clean-catch urine
increased by 1.22 (95% CI 0.58–2.56). After adjusting
for age, the association remained non-significant (OR

1.44, 95% CI 0.67–3.17). For two patients, the bladder
diameter was not documented because the child voided
at the beginning of the ultrasound. The association
between bladder size and success is graphically repre-
sented in Figure 3 (web appendix).
A secondary univariate logistic regression analysis

(web appendix, Table 3) showed that success rates of
the clean-catch urine procedure were significantly
higher in the 0–29 day (OR 2.75, 95% CI 1.03–7.36)
and 30–59 day (OR 3.59, 95% CI 1.67–7.69) age groups
compared with children older than 89 days of life. The
success rate in the 60–89 day age group was not different
from that of the group older than 89 days (OR 1.43, 95%

Figure 2. Flow diagram for the study cohort.
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CI 0.66–3.12). Sex of the patient, low oral intake accord-
ing to the parents, and last urine in the previous hour
were not associated with the success rate of the
procedure.

DISCUSSION

This study did not find that the use of POCUS improves
the success rate of stimulated clean-catch urine man-
oeuvres in children less than six months of age. Children
randomized to the POCUS group had no difference in
time to obtain the urine specimen, as compared with
the control group, and there was no impact on the nurs-
ing time involved in the procedure. Further, we failed to
find an association between the bladder diameter and
success rate. An important and unexpected finding in
our study was the absence of a relationship between the
bladder size and success rates. Unlike other urine

sampling methods, success of the clean-catch urine pro-
cedure for children with a measured bladder size of
>2 cm is probably more linked to the ability of the
child to relax his or her sphincter than to the actual quan-
tity of urine in the bladder. This procedure is based on
manoeuvres described for patients with bladder dysfunc-
tions to stimulate bladder emptying through reflex con-
traction of the detrusor muscle.15 It probably also
explains why this technique seems to be more effective
in younger infants. Another interesting finding is that
the 20-minute feeding period did not seem to be necessary
prior to clean-catch urine manoeuvres to reach a bladder
size of ≥2 cm. To save time in the ED, this 20-minute
feeding period could be reserved only if the first clean-
catch failed prior to a second attempt. This could be of
potential interest and should be assessed in future studies.
The impact of a POCUS protocol seems different

for clean-catch urine in comparison with both bladder
catheterizations11–13 and suprapubic aspirations.16,17

These previous studies demonstrated an increased prob-
ability of success with POCUS.The use of a bladder scan
is another potential choice; however, POCUS is increas-
ingly available in most EDs.18 In addition, the success of
clean-catch urine procedures seems to be unrelated to
the bladder size.

LIMITATIONS

Our study had limitations. The relatively small sample
size of our study may have underpowered our ability to
detect differences between both groups that may be per-
ceived as clinically significant to other institutions.
Another limitation is that many children in the control
group were already fed at randomization and did not
wait 20 minutes for further feeding. This may have
biased results toward a smaller difference in delays for
the two groups. Finally, the study was conducted at a sin-
gle site, and only four research assistants were involved in
measuring the bladder size. This small number of POCUS
users allows for reduced interrater variability but limits the
generalizability of the study. Further, these research assis-
tants had variable experience in POCUS.

CONCLUSION

Our study did not demonstrate any benefit in using a
POCUS algorithm to improve the success rates of stimu-
lated clean-catch urine. Assuring a bladder size of >2 cm

Table 2. Outcomes

Characteristics POCUS
group

Feeding
group

Difference (95% CI)

n= 100
(%)

n = 101
(%)

Success 48 (48) 55 (54) 6.5% (-7.3 to 19.8%)
T1 in minutes 11.9 16.7 4.8 (-1.0 to 10.6)
T2 in seconds* 93 121 28 (-7 to 62)
T3 in minutes 9.0 7.8 −1.2 (-0.2 to 2.2)

CI = confidence interval; T1 = delay in obtaining the urine sample from randomization to
sample collection; T2 = stimulation time required to obtain the sample in successful
participants; T3 = time spent by the research assistants with the patient to obtain the
sample.
*n = 50 for group 1 and 55 for group 2.

Table 1. Baseline characteristics

Characteristics POCUS group Feeding group
n = 100 (%) * n= 101 (%) *

Age in months, median (IQR) 2 (1 and 2) 2 (1 and 3)
Sex, male 48 (48) 56 (55)
Circumcision 10/48 male (21) 15/56 male (27)
Low oral intake prior to procedure 54 (54) 56 (55)
Voided in the previous 1 hour 62 (62) 66 (65)
Dehydration 1 (1) 3 (3)
Reason for sampling
Fever 62 (62) 62 (61)
Other ( jaundice, vomiting, etc.) 38 (38) 39 (39)

Urinary tract anomaly 4 (4) 5 (5)

IQR = interquartile range.
*Unless stated otherwise.
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with POCUS prior to stimulated clean-catch urine had
no clinical impact on success rates in our study popula-
tion. In addition, our study confirms that a stimulated
clean-catch urine procedure is effective in about one-half
of infants younger than six months of age. Finally, a feed-
ing period may be unnecessary prior to the first clean-
catch urine collection attempts and could be reserved
for patients requiring a second attempt. Future studies
should explore this issue further.
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