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Abstract
Background Various strategies to mitigate children’s dis-
tress during voiding cystourethrography (VCUG) have
been described. Sedation with nitrous oxide is comparable
to that with oral midazolam for VCUG, but a side-by-side
comparison of nitrous oxide sedation and routine care is
lacking.
Objective The effects of sedation/analgesia using 70%
nitrous oxide and routine care for VCUG and radionuclide
cystography (RNC) were compared.
Materials and methods A sample of 204 children 4–18
years of age scheduled for VCUG or RNC with sedation or
routine care were enrolled in this prospective study. Nitrous
oxide/oxygen (70%/30%) was administered during urethral
catheterization to children in the sedated group. The
outcomes recorded included observed distress using the
Brief Behavioral Distress Score, self-reported pain, and
time in department.

Results The study included 204 patients (99 nonsedated,
105 sedated) with a median age of 6.3 years (range 4.0–
15.2 years). Distress and pain scores were greater in
nonsedated than in sedated patients (P<0.001). Time in
department was longer in the sedated group (90 min vs. 30
min); however, time from entry to catheterization in a non-
imaging area accounted for most of the difference. There
was no difference in radiologic imaging time.
Conclusion Sedation with nitrous oxide is effective in
reducing distress and pain during catheterization for VCUG
or RNC in children.
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Introduction

Distress experienced by children during voiding cysto-
urethrography (VCUG) and radionuclide cystography
(RNC) is well documented despite the short-lived nature
of the procedures [1–4]. Various strategies have been
investigated to mitigate the distress caused by VCUG and
RNC. Midazolam, for example, limits distress without
compromising the imaging quality of the study [5–7].
However, in one investigation, midazolam resulted in
significant behavioral side effects including anger, physical
aggression, and inconsolability in 12% of children under-
going VCUG [7]. In addition, the variable time of onset
(between 10 and 30 min for oral or nasal administration)
and duration of action (60–90 min) match poorly with the
limited duration of a typical VCUG study [8, 9]. Deeper
sedatives such as propofol can affect the test results, as
children are less likely to void to completion [10]. Other

Pediatr Radiol (2007) 37:678–684
DOI 10.1007/s00247-007-0508-z

J. L. Zier : S. C. Kurachek
Pediatric Critical Care,
Children’s Hospitals and Clinics of Minnesota,
Minneapolis, MN, USA

K. A. Kvam
University of Michigan Medical School,
Ann Arbor, MI, USA

M. Finkelstein
Center for Care Innovation and Research,
Children’s Hospitals and Clinics of Minnesota,
Minneapolis, MN, USA

J. L. Zier (*)
Children’s Respiratory and Critical Care Specialists,
2545 Chicago Ave. S, Suite 517,
Minneapolis, MN 55404, USA
e-mail: judy.zier@childrensmn.org



reported methods of reducing distress during VCUG
include introduction of the procedure with a story booklet
[11], formatted play preparation [12], complete procedural
review coupled with distraction [13], and hypnosis [14].
These interventions are of variable success in limiting
distress, and in the case of hypnosis require an additional
pretest visit.

Nitrous oxide as an inhalational agent has attractive
properties for limiting distress in children by providing
analgesia, anxiolysis, and amnesia. It has a predictable
rapid onset of action within 5 min of initiation of inhalation
with return to baseline function within 5 min of discontin-
uation [8, 15]. Nitrous oxide has an excellent safety record
in alleviating childhood pain and anxiety during dental
procedures as well as a variety of medical interventions
[16–21]. Two preliminary studies suggest that nitrous oxide
as a 50% mixture with oxygen is efficacious in partially
limiting the distress of VCUG in children [22, 23].
Additional studies have demonstrated that nitrous oxide
can be delivered safely in concentrations up to 70% by
appropriately trained nursing personnel [24, 25].

The purpose of this prospective study was to evaluate the
effect of sedation/analgesia on observed and perceived
distress and pain, using 70% nitrous oxide compared to
routine care for VCUG and RNC procedures. If nitrous
oxide administered by appropriately trained nursing per-
sonnel can effectively and predictably minimize distress in
children and not compromise image quality, the agent
might become more widely accepted for use during VCUG
and RNC.

Materials and methods

The study was conducted in the radiology department of a
children’s hospital. Children 4–18 years of age who were
scheduled for VCUG or RNC between November 2004 and
May 2005 were eligible for the study. Children younger
than 4 years were excluded to enhance the accuracy of the
subjective measures (see below). At our facility, VCUG and
RNC are routinely performed without sedation unless
otherwise specified by the ordering physician. Thus,
patients were stratified into two groups prior to presentation
in the department, group 1 scheduled for sedation (sedated
group), and group 2 scheduled for routine care (nonsedated
group). A single investigator recruited a sample of eligible
patients from each group. Patients were enrolled after the
consent of the caregiver and assent of the patient, when
deemed appropriate, had been obtained. Written consent
was obtained prior to entry into sedation or imaging area.
The Institutional Review Board of Children’s Hospitals and
Clinics of Minnesota approved this study.

Patients in the nitrous oxide sedated group were assessed
for specific contraindications to nitrous oxide (e.g., recent
craniotomy, pneumothorax, bowel obstruction). Nitrous
oxide was administered by nurses experienced in deep
sedation monitoring who received additional training
(including didactic and participatory sessions) in nitrous
oxide administration. This training met educational require-
ments prescribed for state licensure of dentists and dental
hygienists for nitrous oxide administration. Nitrous oxide/
oxygen was administered as a 70%/30% mixture using a
continuous flow nitrous oxide/oxygen flowmeter (Porter
Instruments, Hatfield, Pa.) until urethral catheterization was
complete. Catheterization was performed by a radiology
technician. Following catheterization, 100% oxygen was
administered for 2–3 min. As per institutional guidelines,
patients were monitored with pulse oximetry and direct
nursing observation throughout nitrous oxide administra-
tion and afterward until the presedation level of alertness
had been achieved and discharge criteria met according to
the American Academy of Pediatrics guidelines (i.e.
cardiovascular and airway patency were satisfactory and
stable and protective reflexes intact, patient was easily
arousable and could talk and sit up unaided, hydration was
adequate) [26]. VCUG or RNC was then performed
according to the department protocol. All sedated patients
had fasted for at least 4 h before the procedure.

Patients in the nonsedated group underwent VCUG or
RNC according to the department protocol.

The Brief Behavioral Distress Score (BBDS) was used to
quantify procedure-related distress. The reliability and
validity of the BBDS, a total distress score, compared to
other behavioral distress scores (Observational Scale of
Behavioral Distress), provider estimate of distress, and
parent and child self-report of pain were previously
established [27]. Prior to the study, potential procedural
steps were outlined for both VCUG and RNC (Table 1). All
cases were observed by the same investigator to ensure
consistency in applying the BBDS. This investigator had
direct visualization of each patient throughout the proce-
dure and noted the steps that actually occurred as well as
the presence or absence of noninterfering (e.g., crying,
verbally seeking physical comfort from another person or
object), potentially interfering (e.g., screaming, tightly
clenched fists), and/or interfering (e.g., kicking, getting up
from the table) distress behaviors at each step. Because of
the potential for variability in the number of steps within
each group (e.g., a child who required bladder refilling to
complete imaging for RNC would have additional steps
compared to a child who did not require refilling), the total
number of steps that actually occurred during the procedure
were summed and used for distress score calculation. As
described by Tucker et al. [27], the use of percentage scores
supports the comparison of procedures with different
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numbers of steps. The number of steps in which behaviors
from any of the three distress categories occurred were
summed and divided by the total number of steps
multiplied by three (number of distress categories), then
multiplied by 100 to obtain a BBDS score for the procedure
[27]. Because sedation was only administered during
catheterization, steps were also grouped into those encom-
passing urethral catheterization (steps 4–6) and the post-
catheterization procedure (steps 9–19). BBDS scores were
similarly calculated for these portions of the procedure. To
ensure that scoring remained consistent during the entire
study, a second investigator scored a random selection of
ten study patients, resulting in greater than 94% agreement
on 540 BBDS scores.

Patients rated pain using the Wong-Baker FACES pain
rating scale, a series of six facial expressions assigned a
number from 0 (no hurt) to 10 (hurts worst) in even-
numbered increments [28]. Previous reports have estab-
lished the ability of children as young as 4 years to report
subjective symptoms while undergoing nitrous oxide
sedation [29]. The FACES scale has been used to measure
pain before, during, and after nitrous oxide administration
for minor pediatric surgical procedures [19]. The pain
assessment for this study was done (1) immediately
following consent (baseline pain assessment), (2) immedi-
ately following the urethral catheterization, and (3) at time
of discharge.

Four distinct times were recorded by the investigator: (1)
entry into the sedation area for VCUG-sedated and RNC-

sedated groups, the nuclear medicine area for the RNC
nonsedated group, or the fluoroscopy suite for the VCUG
nonsedated group, (2) urethral catheterization, (3) the start
of bladder emptying in the imaging area prior to initial
instillation of contrast agent or radionuclide for each
procedure, and (4) the time of discharge. The investigator
also noted adverse events associated with the sedation or
the procedure.

Analysis

The two-sided Pearson chi-squared or the Fisher exact test
was used to test the significance of differences in the
percentage of male patients between the sedated and
nonsedated groups. The latter test was used when cell
entries did not meet the requirements of the chi-squared
test. The two-sided Mann-Whitney U test was used to test
for significant differences in median values between the
sedated and nonsedated groups including age, BBDS and
pain scores, and procedure times. The nonparametric
method was selected because of the non-normal distribution
of the data determined with the Shapiro-Wilk test. P=values
<0.05 were considered significant. All statistical analyses
were done using SPSS version 11.5 (SPSS, Chicago, Ill.).

Results

Demographics

During the 6-month study period, 1,011 patients were
scheduled for either VCUG (562 patients) or RNC (449
patients) in the radiology department. Of those scheduled,
389 met study criteria based on age (191 VCUG, 198
RNC). Written consent was obtained for 214 patients (107
nonsedated, 107 sedated). Eight patients in the routine-care
(nonsedated) group were excluded from analysis because of
failure to complete the procedure (two RNC, six VCUG).
Two patients enrolled in the VCUG sedated group were
found to have failed testing without sedation in the 2 weeks
prior to the study because of extreme distress and were
excluded from analysis. Data from the remaining 204
patients (99 nonsedated, 105 sedated) were analyzed. There
were no significant differences in age or gender between
the sedated and nonsedated groups within the VCUG,
RNC, or all-patient categories (Table 2).

Observed distress

Overall, children in the sedated group undergoing urethral
catheterization exhibited significantly less distress behavior
(P<0.001) according to the BBDS score than children in the
nonsedated group (Fig. 1 and Table 3). The difference in

Table 1 Procedural steps for BBDS scoring

Step number Procedure

1 Put into room/presedation assessment
2 Education
3 Administer nitrous oxide (if applicable)
4 Position for catheterization
5 Wash/prep for catheterization
6 Catheter placement
7 Wake up from nitrous oxide (if applicable)
8 Discharge to test/awaiting radiologist
9 Bladder emptying
10 Radiologist enters (VCUG)
11 Camera positioning
12 Bladder filling
13 Oblique radiographs (VCUG)
14 Voiding
15 Bladder refilling (RNC) (if applicable)
16 Additional voiding (RNC) (if applicable)
17 To bathroom (unable to void for camera)

(if applicable)
18 Post-void kidney, ureter, bladder (VCUG)
19 Catheter/tape removal
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BBDS score between the sedated and nonsedated groups
was significant for children undergoing VCUG, but not for
children undergoing RNC. During the procedure steps
associated with catheter placement (steps 4–6), the sedated
group experienced significantly less distress (P<0.001)
regardless of the test being performed. There were no
differences in distress between the sedated and nonsedated
groups for procedure steps 9–19 (postcatheterization).
Comparison of distress scores between nonsedated VCUG
patients and nonsedated RNC patients and between sedated
VCUG patients and sedated RNC patients yielded no
statistically significant difference.

Pain scores

All children in the sedated group remained at a level of
minimal sedation, able to appropriately respond to verbal
conversation. Self-reported pain scores were significantly
higher (P<0.001) immediately after catheterization in all
nonsedated children than in sedated children (Table 4 and
Fig. 2). There were no significant differences between the
groups in pain scores at baseline or at time of discharge
from the radiology department (Table 4).

Time in department

Median times for segments of the procedure are shown in
Table 5. The overall procedure time was significantly longer
for the sedated group regardless of procedure (median 90
min for sedated vs. 30 min for nonsedated patients). Time
from entry to catheter placement (median 47 min for sedated
vs. 9 min for nonsedated patients) accounted for most of this
time difference. The 12-min difference between the median
time from catheterization to discharge for sedated patients
(32 min) vs. nonsedated patients (20 min) included sedation
recovery time plus time required to move patients from the
sedation area to the imaging suite. There was no difference
in radiologic imaging time (bladder emptying to discharge)
between groups.

Adverse events

One patient (1%) in the sedated group experienced nausea.
No patients were noted to have vomiting, oxygen desatura-
tion below 92%, airway obstruction or apnea.

Discussion

This study demonstrates that the pain and distress caused
by catheterization during VCUG and RNC can in large part
be extinguished by sedation with a 70%/30% mixture of
nitrous oxide and oxygen which can be administered by
specifically trained nurses. Our findings are consistent with
those of prior investigators who demonstrated that discom-
fort in children during VCUG is suppressed by sedation
with a 50% nitrous oxide mixture. One study in children
older than 5 years undergoing VCUG demonstrated that
sedation with 50% nitrous oxide provides pain relief in girls
but not in boys [22]. In a recent study comparing oral
midazolam with 50% nitrous oxide among children older
than 3 years undergoing VCUG, pain and anxiety scores
measured by observers were comparable with the two
agents [23]. This study, however, was limited by the lack of
a nonsedated control group. Our study builds upon these

Table 2 Demographic data

VCUG group (n=101) RNC group (n=103) All (n=204)

Nonsedated
(n=49)

Sedated
(n=52)

P
value

Nonsedated
(n=50)

Sedated
(n=53)

P
value

Nonsedated
(n=99)

Sedated
(n=105)

P
value

Age (years) Median 6.2 6.2 0.943 6.7 6.3 0.354 6.4 6.3 0.481
Range 4.1–15.2 4.0–14.9 4.0–12.7 4.0–12.9 4.0–15.2 4.0–14.9

Male:female 12:37 18:34 0.266 3:47 6:47 0.489a 15:84 24:81 0.162
Percent male 24.5 34.6 6.0 11.3 15.2 22.9

a Fisher’s exact test
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Fig. 1 Median BBDS scores and scores for catheterization steps in
VCUG, RNC, and all procedures combined
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prior investigations by demonstrating that sedation with a
70% nitrous oxide mixture not only decreases observational
distress scores but also decreases self-reported pain in
children undergoing VCUG and RNC studies compared to
those receiving no sedation for the procedures.

No significant adverse effects were observed during this
study. One child experienced nausea (1%) but none
contended with vomiting. A similar safety profile emerges
from a review of the published literature on the use of
nitrous oxide in pediatric dentistry as well as during an
array of medical procedures including laceration repair,
dressing changes, venous cannulation, lumbar puncture,
bone marrow biopsy, bronchoscopy, otomicroscopic exam-
ination, and gastrointestinal endoscopy [16–25]. The largest
published series of pediatric procedures performed with
50% nitrous oxide (7,511 sedations) noted an incidence of
major adverse events (e.g., oxygen desaturation, over-
sedation) of 0–0.8% and minor adverse events (e.g., nausea,
vomiting) in 1.8–6.4%, depending upon procedure and
concomitant use of psychotropic medications [30]. Al-
though our study had fewer patients, the low incidence of

adverse effects demonstrated is likely a result of the use of
nitrous oxide as a single sedative agent as well as the short
administration time required for urethral catheterization
compared with other procedures such as wound suturing or
incision and drainage.

Although much of the medical literature describes
experience with the use of 50% nitrous oxide for pediatric
sedation, we chose to use 70% nitrous oxide and 30%
oxygen for this study. The premixed 50% nitrous oxide/
50% oxygen system that is commercially available for
medical sedation incorporates a demand valve that must be
overcome to initiate gas flow. This system requires a degree
of cooperation that limits its recommended use to children
older than 4 years [8]. Although this study was limited to
children older than 4 years, our department serves a
significant number of younger children. The nitrous oxide
system used for this study delivers a continuous flow of gas
with the ability to titrate nitrous oxide from 0% to 70% with
the remainder of the gas as oxygen. A scavenging system
that eliminates nitrous oxide to minimize environmental
exposure is an integral part of this nitrous oxide delivery
system. Based on literature review and conversations with
pediatric dental colleagues who use this system on a regular
basis, it was originally anticipated that 70% nitrous oxide
would be most useful for the younger, more uncooperative
toddler-age patients [31]. However, this study and others
[24, 25] substantiate the notion that 70% nitrous oxide is
effective for older children with few side effects. Despite
sedation with 70% nitrous oxide, all of the children
remained able to appropriately respond to verbal conversa-
tion, corresponding to a level of minimal sedation.

This study also demonstrates that nitrous oxide can be
utilized within a radiology department without disrupting
patient flow. Although the total time required to perform
VCUG and RNC was longer in the sedated group, the
difference in time cost was primarily during the preproce-
dure period. On average for all procedures, the nitrous
group required 47 min for entry to catheter placement
versus 9 min for the nonsedated group. This time difference
is somewhat artificial, however, as our scheduling template
for sedated procedures, which allows for 1 h of presedation

 No Hurt Hurts  Hurts Hurts  Hurts Hurts

Little Bit Little More Even More Whole Lot Worst 

Wong-Baker FACES Scale: From Hockenberry MJ, Wilson D, Winkelstein

ML: Wong’s Essentials of Pediatric Nursing, ed. 7, St. Louis, 2005, p. 1259.

Used with permission. Copyright, Mosby.
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Table 3 BBDS scores

VCUG (n =101) RNC (n=103) All (n=204)

Nonsedated
(n=49)

Sedated
(n=52)

P
value

Nonsedated
(n=50)

Sedated
(n=53)

P
value

Nonsedated
(n=99)

Sedated
(n=105)

P
value

Total Median 21 10 <0.001 15 14 0.155 19 12 <0.001
Range 3–72 0–57 0–83 0–38 0–83 0–57

Catheterization
(steps 4–6)

Median 44 11 <0.001 33 11 0.001 33 11 <0.001
Range 11–100 0–67 0–100 0–67 0–100 0–67

Postcatheterization
(steps 9–19)

Median 13 10 0.223 17 20 0.371 13 13 0.881
Range 0–67 0–71 0–100 0–67 0–100 0–71
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time, was originally developed based on nursing time
requirements for patients receiving oral sedatives. Before
the availability of nitrous oxide sedation, urologic imaging
scheduled with sedation at our institution was performed
with oral midazolam, which requires 10–30 min for onset
of action. For this study, patient/family communication,
patient presedation assessment, and catheterization all took
place during this interval in an area within the radiology
department but not in the actual fluoroscopy or nuclear
medicine suites, freeing these areas for other patients. The
rapid recovery from nitrous oxide sedation allowed patients
to achieve discharge criteria and transfer to the imaging
suite expeditiously. Because oral midazolam has a half-life
that exceeds the time required for imaging, nursing time
previously required for monitoring of midazolam-sedated
patients during and after imaging is now freed for other
sedation duties, improving efficiency in the department.
Since equipment costs are nominal (the cost of one nitrous
oxide flowmeter with scavenging system is less than half
that of our standard hospital monitor or intravenous
infusion pump), this increased efficiency translates to
reduced cost compared to midazolam sedation. Additional-
ly, 70% nitrous oxide facilitates scheduling because of its
predictable rapid onset of action and by virtually eliminat-
ing procedure failures caused by patient distress. Although
not formally studied, our impression in speaking with our

radiology colleagues is that the overall impact of nitrous
oxide on the radiology department is positive.

There are limitations to this study. Although children in
both groups received preprocedure education, the children
in the sedated group were given additional attention by
pediatric nurses in a sedation area that is perhaps less
threatening than the fluoroscopy or nuclear medicine suites.
This individualized attention, including encouragement to
play with the nitrous oxide mask prior to sedation, may
have made the entire experience, including the urethral
catheterization, less distressing.

Another limitation to the study is the lack of randomi-
zation to sedated and non-sedated groups. At this institu-
tion, the decision to order VCUG or RNC with or without
sedation rests with the patient’s primary physician and is
scheduled accordingly. Based on prestudy discussions with
parents, families arriving with the expectation that their
child would be sedated for the test would be unlikely to
participate in a randomized study with a non-sedation arm.
Children scheduled for testing without sedation were
unlikely to meet institutional fasting guidelines for seda-
tion. With the anticipated difficulty of enrolling patients in
a randomized study, a convenience sample of patients
scheduled for either routine care or sedation was chosen.
Although this study design invites selection bias at the level
of the ordering physician, it is possible that bias would be

Table 5 Procedure times (times are given in minutes)

VCUG group (n=101) RNC group (n=103) All (n=204)

Nonsedated
(n=49)

Sedated
(n=52)

P
value

Nonsedated
(n=50)

Sedated
(n=53)

P
value

Nonsedated
(n=99)

Sedated
(n=105)

P
value

Entry to catheter
placement

Median 9 50 <0.001 8.5 45 <0.001 9 47 <0.001
Range 4–26 27–162 5–35 22–112 4–35 22–162

Catheter placement to
discharge

Median 22 35 <0.001 20 28 <0.001 20 32 <0.001
Range 14–42 22–64 11–38 17–40 11–42 17–64

Bladder emptying to
discharge

Median 22 22 0.200 20 17 0.168 20 20 0.135
Range 14–42 13–35 11–38 8–32 11–42 8–35

Entry to discharge Median 33 85 <0.001 27 76.5 <0.001 30 79.5 <0.001
Range 21–57 60–195 18–58 51–143 18–58 51–195

Table 4 Wong-Baker FACES pain rating scale scores (after catheterization and at discharge)

VCUG group (n=101) RNC group (n=103) All (n=204)

Nonsedated
(n=40)

Sedated
(n=49)

P
value

Nonsedated
(n=42)

Sedated
(n=51)

P
value

Nonsedated
(n=82)

Sedated
(n=100)

P
value

After catheterization
(mediana)

6 0 <0.001 4 0 <0.001 4 0 <0.001

Discharge (mediana) 0 0 0.701 0 2 0.076 0 2 0.127

a Range for all groups 0–10
Missing patients in subgroups: assessment not done due to patient nonresponse or clinical situation.
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skewed toward ordering sedation for the more anxious
patients (or parents). If this is the case, distress scores might
be expected to be higher rather than lower for the sedated
patients. Conversely, the knowledge that their child will
receive sedation may make parents less anxious, potentially
lowering distress scores as a result. It should also be noted
that the child, the parent(s), and the investigator observing the
patient behaviors were not blinded to the treatment group.

Conclusions

Sedation with nitrous oxide delivered by nurses with specific
training in deep sedation monitoring and nitrous oxide
administration is safe and effective in reducing observed
distress and self-reported pain during catheterization in
children undergoing VCUG or RNC. Although the use of
sedation increased the total procedure time, the time spent in
either the fluoroscopy or nuclear medicine areas did not
differ, and throughput of patients in radiology was not
compromised. Areas fertile for investigation include the
impact of nitrous oxide administration on the incidence of
failed VCUG or RNC resulting from patient anxiety and the
potential use of the agent for other diagnostic and/or
therapeutic procedures in the radiology department.
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