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Introduction: Magnetic Resonance Urography (MRU) is a 
popular method for identifying uropathies in children. 
Some children are not cooperative for such examinations 
and are sedated. We decided to evaluate the effects of 
midazolam as a sedative drug on ureter visualization in 
patients undergoing MRU.
Materials and Methods: The study was conducted in 
Paytkaht Medical Imaging Center, Tehran, Iran. Two 
hundred and three children with urologic diseases were 
divided into 2 groups. Patients in the non-cooperative 
group received midazolam prior to MRU.
Results: Our findings showed that non-cooperative 
children had a better ureter visualization on MRU 
(P<0.01).
Conclusions: Midazolam increased ureter visualization 
possibly by reduction in the ureter peristaltic motility. 
Therefore, its use could shorten the duration of MRU. It is 
beneficial to use midazolam in all children who undergo 
MRU.
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Introduction
Magnetic Resonance Urography (MRU) is used to 
examine physiologic or structural anomalies of the 
urinary tract even in neonates and infants [1]. The 
method is most commonly applied for the 
evaluation of hydronephrosis and provides 
valuable insight into a wide range of obstructive 
uropathies [2,3]. It is also beneficial in tumor 
characterization, in preoperative planning, and in 
the diagnosis of pyelonephritis and renal scarring 
where MRU has been shown to be superior to 
renal scintigraphy [4]. The use of MRU for the 
assessment of urolithiasis, vesicoureteral reflux, 

renal trauma, and fetal urinary tract abnormalities 
is still partially limited [5]. In general, such 
examinations may frighten children and decrease 
their cooperation. Midazolam is one the most 
common sedative drugs both in adults and 
children. This drug acts through stimulation of 
GABAA receptors and causes a significant 
anxiolytic state [6]. In addition, various drug 
combinations have been proved to be useful for 
the sedation of children [7]. Midazolam alone or in 
combination with diphenhydramine is one the 
most popular sedative regimens for MRU [8]. It 
has been shown that midazolam can reduce the 
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peristaltic motion of the esophagus and is of value 
in endoscopy [9].  The aim of this study was to 
evaluate the effects of midazolam on ureter 
visualization in children undergoing MRU. We 
hypothesized that midaozlam administration 
could increase ureter visualization.  

Materials and Methods
Study subjects
The study population was children aged 4 to 8 
with urinary disorders who required MRU. From 
2009 to 2014, 203 children were studied in 
Paytakht Imaging Center, Tehran, Iran. Based on 
the children’s cooperation, they were allocated 
into 2 groups: patients who received midazolam 
as a sedative agent and patients who did not 
require sedation. 
MRU protocol
All children were NPO for 8 hours. They were all 
hydrated with 10-15 cc/Kg normal saline. For 
sedation, patients received an IV dose of 
midazolam (0.15 to 0.3 mg/kg, Chemie 
pharmaceuticals, Iran). Furosemide (0.5 to 0.75 
mg/kg) was given 20 minutes prior to 
administration of the contrast medium. Then, the 
patients underwent MRU by a 1.5T scanner 
(Magnetom Aera, Siemens, Erlangen, Germany) at 
5-minute sequences. Three 5-minute sequences 
were taken.
Statistical analysis
Continuous data was analyzed using the Student’s 
t-test or the Mann–Whitney U test. P-values less 
than 0.05 were considered statistically significant.

Results
Characteristics of the study subjects
Clinical characteristics of the patients are 
presented in Table 1. Both groups had similar 
range of age. About 60% of the patients in the 
cooperative group and 51% in the non-
cooperative group were male. Vesicoureteral 
reflux was the most common indication for MRU 
in both groups. 
Ureter visualization
From a total of 203 children, 127 patients were 
sedated and 76 patients were not. In the 
cooperative group, 10 (12.7 %) patients showed 
ureter visualization in the first sequence while in 
the non-cooperative group, 26 (34.2 %) patients 
had ureter visualization in the first sequence 
(P<0.01). Comparative visualization of the ureter 
is presented in Table 2. In both groups, there were 
3 patients with poor function and no ureter 
visualization.

Table 1. Clinical characteristics of the study groups 
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Age (years) 5 � 1.4 6 � 2.1 Non 
significant

Male 71 39 Non 
significant

Urinary 
disorders

Urolithiasis
VUR
Trauma 
Malignancies

54
70
5
2

23
52
2
1

Data are shown in number or  mean ± SD

Table 2. Ureter visualization in different sequences in 
study groups

Sequence Cooperative 
Group

Non-
Cooperative 
Group

P 
value

1st

sequence
10 (12.7) 26 (34.2) 0.01

2nd

sequence
35 (27.5) 27 (35.5) -

3rd

sequence
82 (64.5) 23 (30.2) 0.01

Data are shown in number or percent (%)

Discussion
In the present study, we showed that midazolam 
administration could increase ureter visualization 
and reduce artifacts in patients undergoing MRU. 
Sedation is very helpful in patients who are not 
cooperative. A considerable body of evidence
supports the role of midazolam as an effective and 
safe drug in children. It has a rapid onset and 
short duration of action [8,10,11]. Midazolam 
alone or in combination with other drugs is 
routinely used for such examinations. However, 
some investigations have reported the untoward 
effects of midazolam even in short term use. It is 
believed that midazolam can rarely initiate 
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paradoxical effects in patients who use sedative 
medications for a long time [12]. Interestingly, a 
recent study by Hyun Tae showed that 2 mg 
midazolam caused paradoxical effects in adult 
patients who underwent endoscopy [13]. Even a 
single dose of midazolam could cause effects like 
excitement, restlessness, and loss of cooperation.  
In our study, we did not experience such 
problems. It is very well established that 
benzodiazepines bind to molecular components of 
the GABAA receptor in neuronal membranes in the 
central nervous System [6]. Electrophysiologic 
studies have shown that benzodiazepines 
potentiate GABAergic inhibition at all levels of the 
neuraxis, including the spinal cord, hypothalamus, 
hippocampus, substantia nigra, cerebellar cortex, 
and cerebral cortex. Benzodiazepines appear to 
increase the efficiency of GABAergic synaptic 
inhibition [6,7]. It is not known with certainty how 
midazolam can increase the visualization of ureter 
or how it is helpful in endoscopic procedures in 
some cases. Midazolam is obviously very lipid 
soluble and can promptly enter the CNS. On the 
other hand, Brown reported a Parkinsonian 
tremor affecting both hands and arms, as well as 
quite marked head titubation in a patient 
receiving the subcutaneous form of midazolam 
[14]. Taken together, the benefits of midazolam 
outweigh its rare side effects. It can shorten the 
duration of MRUI by increasing ureter 
visualization in the first sequences. To best of our 
knowledge, this is the first report of the effects of 
midazolam on the ureter peristaltic motility. 

Conclusions
Midazolam could increase ureter visualization. It 
is suggested that all patients receive midazolam 
for MRU, if not contradicted. Further 
investigations should provide more insight about 
the other off-label uses of midazolam and reveal 
that how this agent increases ureter visualization. 
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