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Purpose: To investigate the validity and reliability of a home-based, guardian-conducted video voiding test for assessing postop-
erative voiding function after hypospadias surgery.
Materials and Methods: In a single center, patients who had undergone urethroplasty by a single surgeon and postoperative 
uroflowmetry and video voiding tests conducted between 2008 and 2016 were retrospectively reviewed. Urinary stream was cat-
egorized into five grades by three pediatric urologists in a blinded manner. The primary outcome was statistical correlation across 
raters as measured by Spearman correlation coefficient to validate the interpretation of the video voiding test. The secondary out-
come was the reliability of the voiding video test compared with maximum urinary flow rate assessed by uroflowmetry.
Results: Thirty-one patients with hypospadias were enrolled. The patients’ average ages were 12.3±3.2 months (range, 8–21 
months) and 42.8±3.9 months (range, 35–48 months) at the time of surgery and voiding video tests, respectively. Hypospadias 
was anterior, penile, and proximal in 1 (3.2%), 18 (58.1%), and 12 (38.7%) patients, respectively. The number of patients with each 
voiding stream grade was as follows: very poor, 4; poor, 4; fair, 13; good, 4; and very good, 6. All intraclass correlation coefficients of 
the stream grade among the three observers were >0.95. Correlation between the maximum flow rate obtained by use of conven-
tional uroflowmetry and the video voiding stream grade was validated (rho 0.778, p<0.001).
Conclusions: The home-based guardian-conducted video voiding test is easy to perform and the present results demonstrate its 
validity and reliability for assessing patients' post-urethroplasty voiding pattern.
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INTRODUCTION

Urethral stricture is the second most common complica-
tion of hypospadias surgery [1,2]. In general, assessments of 

functional outcome are performed on the basis of patients’ 
complaints about stream of micturition and the results of 
uroflowmetry tests after urethroplasty [3]. The measurement 
of urinary flow is a simple and noninvasive procedure that 
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provides an objective evaluation of the urinary stream, and 
it has been used for a long time in urologic practice [4,5].

Even after patients acquire an appropriate caliber of 
neourethra after repair of hypospadias, the peak flow rate 
can still be reduced [4,6]. In the pediatric population, the 
maximal flow rate (Qmax) is significantly related to the 
voided volume, and nomograms of expected flow rates have 
been developed in pediatrics for this reason [7,8]. For pediat-
ric patients, however, uroflowmetry is occasionally not easy 
to perform repeatedly when voiding volume is insufficient. 
Therefore, the results of a single test may not reflect the 
patients’ usual urination. We thus considered the use of a 
video device to support our clinical interpretation of voiding 
patterns after hypospadias surgery in addition to the con-
ventional uroflowmetry test. 

A previous study in which parents video recorded their 
children’s urination showed that this method decreases hos-
pital anxiety in children and reduces clinic time at follow-up 
visits [9]. The authors showed that the prerecorded voiding 
video could be used to evaluate the voiding pattern instead 
of the uroflowmetry test results. However, no study has been 
conducted to determine whether home voiding video affects 
the surgeon’s decision-making process at follow-up.

We hypothesized that the video voiding test would be of 
great support in diagnosing a patient’s voiding pattern. We 
therefore evaluated the validity and reliability of a home-
based, guardian-conducted video voiding test in investigating 
postoperative voiding function. 

MATERIALS AND METHODS

1. Study population 
This retrospective study protocol was approved by the 

Institutional Review Board of Asan Medical Center (approval 
number: 2019-1495) and complied with the principles of the 
Declaration of Helsinki. The requirement for informed con-
sent was waived owing to the retrospective design. Between 
2008 and 2016, consecutive patients with hypospadias who 
underwent urethroplasty in the pediatric urology depart-
ment of a single tertiary center were screened retrospective-
ly. Children were included in this study only if they were 
toilet trained, were able to void volitionally for a uroflow-
metry test, and were required to undergo a voiding video 
taken at home by their guardians, who would send the video 
by e-mail to the physician. We excluded children who did 
not return for follow-up, or children with <50 mL of voided 
volume during the uroflowmetry test. A total of 31 pediatric 
patients were enrolled in our study.

2. Surgical procedures
Hypospadias repair was performed by tubularized in-

cised plate (TIP) urethroplasty for mid- to susceptible proxi-
mal penile hypospadias without severe curvature [10]. Staged 
urethroplasty was performed for proximal hypospadias 
with severe curvature [11,12]. All surgical procedures were 
ultimately determined in the operating room, although they 
were provisionally determined in the outpatient clinic. An 
erection test was performed to determine whether chordee 
was present; thereafter, the penile curvature was corrected 
by dorsal albuginea plication. For staged urethroplasty, the 
second operation, tubularization of  neourethra, was per-
formed 6 months after the primary surgery. 

3.  Patients’ postoperative follow-up with  
uroflowmetry and voiding video
We followed patients after toilet training. At the first 

uroflowmetry test, parents were requested to obtain a void-
ing video. Parents used a cellular phone to take the voiding 
videos while their children were urinating. All videos were 
captured under calm circumstances with the boys in the 
standing position during the entire micturition. Parents 
were asked to take the best three videos showing enough 
voided volume and a good stream before coming to the out-
patient clinic. Patients who had a good voiding pattern (bell 
or plateau shaped) on uroflowmetry with a voiding video 
grade of more than fair were recommended to return to the 
clinic 6 to 12 months later. Patients with a low Qmax with 
an obstructive pattern were recommended to visit the clinic 
within <3 months. Patients were requested to undergo uro-
flowmetry at each outpatient office visit. For all patients 
with an unsatisfactory voiding result, the parents were 
asked to carefully observe their children’s voiding.

4. Video voiding test and interpretation 
Three observers performed the evaluation retrospectively 

without knowing the patient’s clinical course. Voiding flow 
was categorized into five grades (very poor, poor, fair, good, 
and very good) by three urologists trained in pediatric urol-
ogy (a: fellowship doctor, b: resident doctor, and c: pediatric 
urology professor) who viewed the videos on a desktop com-
puter monitor. Before the urologists evaluated the videos, 
we presented a standardized voiding video of patient 1 and 
patient 2 (Fig. 1), each representing very poor and very good 
grade, respectively. The observers reviewed the video once 
for the entire micturition. A uroflowmetry test was per-
formed to assess the voiding function of the patients in the 
outpatient clinic within a <2-week interval from the video 
voiding test. Uroflowmetry data were measured on a rotat-
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ing disk system, and each patient’s urinary flow pattern was 
determined; in addition, the Qmax and average flow rate 
(Qave) were measured. Qmax was calculated from the flow 
curves in mL/s. The urinary flow patterns were classified as 
bell-shaped, plateau, or intermittent. The validity and reli-
ability of the video voiding test were evaluated on the basis 
of the measured grade from the three observers and the 
Qmax (mL/s) of uroflowmetry.

5.  Follow-up strategy of patients with obstructive 
voiding pattern
During the follow-up, patients with a low Qmax (<3 mL/

s) and obstructive flow pattern were recommended to un-
dergo surgical repair. All urethrectomies were performed by 
urethroscopic surgery with the patient under general anes-
thesia. With a pediatric urethroscope, a cold knife was used 
to make an incision in the 12-o’clock direction of the urethra. 
Afterward, the uroflowmetry test was performed again to 
assess for improvement of voiding.

6. Statistical analysis
Continuous variables are expressed as means±standard 

deviations. Categorical variables are shown as percentages. 
All p-values <0.05 were considered statistically significant. 
The Kruskal–Wallis test was used to assess the validity of 
the voiding video stream grade. The intraclass correlation 
coefficient was calculated with a kappa value. Data were 

analyzed by using IBM SPSS Statistics ver. 19.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS

The patients’ baseline characteristics are shown in Table 
1. The patients’ average ages were 12.3±3.2 months (range, 
8–21 months) and 42.8±3.9 months (range, 35–48 months) at 
the time of surgery and the voiding video tests, respectively. 
The mean follow-up period was 53.4±26.5 months (range, 
21–127 months). Hypospadias type was anterior, penile, and 
proximal in 1 (3.2%), 18 (58.1%), and 12 (38.7%) patients, re-
spectively. Uroflowmetry data were successfully obtained 
from 31 patients, all of whom had no early postoperative 
complications and urinated >50 mL. All patients underwent 
a postoperative uroflowmetry test more than once.

Fig. 1 shows examples of two patients’ video voiding tests 
that were evaluated as very poor and very good, respectively. 
Patient 1 underwent TIP urethroplasty at 11 months of age 
for penoscrotal hypospadias without severe curvature (Fig. 
1A). His uroflowmetry data showed a flat pattern suggesting 
obstruction with a low maximal flow (2 mL/s, voided volume 
of 68 mL, and residual volume of 31 mL) at 39 months of 
age. He showed a straining pattern of voiding. All observers 
gave him a grade of very poor. After more than two uro-
flowmetry tests had been performed, he underwent urethro-
scopic internal urethrotomy for relief of urethral stricture. 

A

B

Fig. 1. (A) Very poor stream grade; voided 
volume (mL)/Qmax (mL/s)/residual urine 
volume (mL) was 68/2/31. (B) Very good 
stream grade; voided volume (mL)/Qmax 
(mL/s)/residual urine volume (mL) was 
76/6.6/0. Parents and patients consented 
for these photographs to be used in medi-
cal publications. Qmax, maximal flow rate. 
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Patient 2 underwent TIP urethroplasty for distal penile 
hypospadias at 13 months of age. The result of his uroflow-
metry test after toilet training showed a plateau pattern of 
voiding with a voided volume of 76.6 mL and a Qmax of 6.6 
mL/s with no residual urine at 33 months of his age (Fig. 
1B). His stream was graded as very good by all reviewers.

The validity of  the voiding stream grade among the 
three observers is demonstrated in Fig. 2. Because of some 

disagreement in grading among the three judges, we chose 
a representative grade for study analysis. The number of 
patients for each grade were as follows: very poor, 4; poor, 4; 
fair, 13; good, 4; and very good, 6. The mean Qmax (mL/s) of 
the representative voiding stream grades were as follows: 2.15 
for very poor, 4.05 for poor, 5.83 for fair, 8.5 for good, and 12.7 
for very good. The Kruskal–Wallis H test showed a statisti-
cally significant difference between the Qmax of the repre-
sentative voiding stream grades (χ2(2)=18.584, p=0.001). 

Table 2 shows the reliability of the three observers for 
the three videos (first, second, and third) from each pa-
tient. For all videos, intraclass correlation coefficients of 
the stream grade of the video voiding test among the three 

Table 1. Patients’ baseline characteristics

Variable Value Type of surgery and surgical site
No. of patients 31
Age at urethroplasty 12.3±3.2 (8–21)
Type of hypospadias
   Anterior
      Glandular 1 (3.2) MAGPI 1/1
   Penile 
      Distal penile 9 (29.0) TIP 9/9
      Mid-penile 5 (16.1) TIP 4/5, duplay 1/5
      Proximal penile 4 (12.9) TIP 3/4, onlay island flap 1/4
   Proximal 
      Penoscrotal 11 (35.5) TIP 11/11
      Scrotal 1 (3.2) Staged urethroplasty 1/1
Age at uroflowmetry and video voiding tests (mo) 42.8±3.9 (35–48)
VV (mL) 110.6±53.6 (51.8–262.7)
PVR (mL) 17.6±18.7 (0–72.0)
Qmax (mL/s) 6.8±4.7 (1.2–24.4)
PVR/VV (%) 15.4±16.1 (0–54.4) 
No. of internal ureteroscopic urethrotomies 5 (16.1) Distal penile 2/5

Mid penile 1/5
Penoscrotal 1/5
Scrotal 1/5

Follow-up duration (mo) 53.4±26.5 (21–127)

Values are presented as number only, mean±standard deviation (range), or number (%). 
MAGPI, meatal advancement and glanduloplasty; TIP, tubularized incised plate; VV, voiding volume; PVR, postvoiding residual; Qmax, maximal flow rate.
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Fig. 2. Mean maximal flow rate (Qmax) (mL/s) by grade of the voiding 
video stream (Spearman rho=0.778, p<0.001).

Table 2. Intraclass correlation coefficients of the stream grade of the 
video voiding test among the three observers

Video voiding test  
session

ICC 95% CI F test p-value

1st video evaluation 0.971 0.948–0.985 34.839 <0.001
2nd video evaluation 0.965 0.937–0.982 28.857 <0.001
3rd video evaluation 0.967 0.940–0.983 30.503 <0.001

Reader 1: fellowship doctor (JHH), reader 2: residency doctor (JHL), 
reader 3: professor (KSK).
ICC, intraclass correlation coefficient; CI, confidence interval.
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observers were high (0.971, 0.965, and 0.967). A correlation be-
tween the maximum flow rate obtained by the conventional 
uroflowmetry method and video stream grade was validated 
by the Spearman bivariate analysis with a rho of  0.778 
(p<0.001). 

DISCUSSION

In the era of easy video recording with cellular phones, 
interest in evaluating and examining patients by use of this 
technology is high [9]. This study investigated the clinical 
value of performing a video voiding test after hypospadias 
surgery, as it is helpful for surgeons to observe patients’ 
urination and detect urethral stricture by a method other 
than only the uroflowmetry report. Although surgeons can 
observe the voiding pattern during patients’ urination in a 
uroflowmetry test, it is often difficult to observe patients’ 
voiding directly owing to many factors, including a busy 
clinical practice, insufficient voided volume with a low 
Qmax, and patient anxiety. Video recording of micturition 
in normal conditions is not biased by artificial conditions (as 
occurs when the patient is asked to void in a stressful medi-
calized situation), which may give efficacious information 
for detecting obstructive voiding patterns after hypospadias.

For diagnosing lower urinary tract dysfunction in male 
patients, one article previously introduced a novel video 
voiding device to document key voiding parameters like 
instantaneous flow rate [13]. However, use of that device 
is not practical at home. In our practice, surgeons usually 
ask parents at the time of the outpatient clinic visit to take 
video after the child is toilet trained. Our study showed the 
reliability and validity of a video voiding test for evaluating 
patients’ voiding stream pattern after hypospadias surgery. 
We analyzed uroflowmetry to evaluate the role of Qmax in 
providing valuable information for following up patients. 
Even though other parameters including residual urine vol-
ume were studied, no significant correlation could be estab-
lished.

The urethra, if reconstructed, should have an adequate 
caliber and be enlarged as the patient ages [7]. However, ure-
thral obstruction due to stricture is a common complication 
of hypospadias surgery, and the urethral meatus or anasto-
motic site of the neourethra is a possible site of obstruction. 
In cohort of TIP urethroplasty, a meta-analysis of hypospa-
dias complications showed meatal stenosis complication rates 
of 3.6%, 4.4%, and 8.3% for primary distal, primary proximal, 
and secondary hypospadias, respectively, after more than 1 
year of follow-up [14]. The incidence of urethral strictures 
was 1.3%, 2.0%, and 3.0% for primary distal, primary proxi-

mal, and secondary hypospadias, respectively [14]. Often, no 
apparent symptoms are present until complete obstruction 
occurs [15].

Urinary flow rates after hypospadias surgery were first 
reported in older patients in the 1970s [4]. The weak flow 
rate is caused by stenosis, low intravesical pressure, rigidity, 
and lack of elasticity of the neourethra, pseudo-obstruction, 
and lack of a corpus spongiosum [4]. In our study, patients 
with hypospadias also showed a decreased urine flow rate, 
and they were characterized by a fractionated flow pattern. 
Uroflowmetry data include several parameters as defined 
by the International Children’s Continence Society [16]. Au-
thors have reported that patients with hypospadias show 
abnormal (though subclinical) flow patterns postoperatively 
[4,17,18]. Some authors have also noted a frail correlation 
between flow and clinical symptoms [3]. Because of this, a 
single uroflowmetry test or single voiding video test cannot 
represent the long-term result of hypospadias surgery. Chil-
dren with an obstructed or borderline voiding pattern must 
be followed until young adulthood. 

In uroflowmetry, Qmax is affected not by voided vol-
ume, but rather by total bladder volume including residual 
urine volume. Uroflow is based mainly on the weight of the 
stream falling on the rotating drum, which is objectively 
translated into speed in mL/s. This is completely absent in 
home-based video voiding. So, what looks like a nice flow in 
a video could be very misleading if we do not measure the 
amount voided. Whether due to a small amount of voided 
volume without obstruction or whether due to real obstruc-
tion with large residual urine, it is difficult to obtain an 
accurate assessment by predicting the flow rate with only 
subjective visual inspection without knowing residual urine 
volume. Even though we excluded children with <50 mL of 
voided volume during the uroflowmetry test as a compara-
tive marker, the lack of measurement of volume of video-
recorded voiding will lead to falsely including patients with 
low volumes of <50 mL. For this reason, we asked the guard-
ians to obtain the three best videos to reduce errors. 

Among all patients, five patients (16.1%) had urethral 
stricture with obstructive symptoms within the mean 
50-month follow-up. They underwent direct-vision internal 
urethrotomy afterwards [19]. Three of them were graded as 
poor or less and two of them were graded as fair on the ini-
tial video voiding test. At the initial evaluation of voiding, 
patients who had a good or very good grade did not require 
a second intervention. The postoperative follow-up sched-
ule was recommended initially at 6 months and then after 
toilet training until puberty [20]. In our series, to recognize 
patients’ obstructive symptom presentation and obtain infor-
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mative uroflowmetry, it was essential to observe a voiding 
pattern after toilet training. We categorized voiding videos 
according to the initial presenting position of hypospadias, 
single or staged urethroplasty, and presence of curvature. 
However, there was no correlation of severity of hypospadias 
with voiding pattern. 

There were some limitations to our study. In this article, 
we attempted to prove the validity and reliability of the 
home-based video to evaluate the uroflow after hypospadias 
repair. This was a retrospective study with a low number 
of 31 patients. For a more reliable outcome, a larger cohort 
and prospective study will be needed. However, our results 
showed the reliability and usefulness of the video voiding 
test with significant statistics. Second, each of the three re-
viewers subjectively measured and in conclusion confirmed 
the reliability of the video voiding test grade. We proposed 
two video clips as a milestone for the grading system. For 
this reason, further discussion on selection of the standard 
video clip is essential to improve our test. With the guide-
lines we presented here, such discussion to establish a stan-
dardized concept would be easy to accomplish. 

The current study did not investigate follow-up serial 
video voiding tests after the initial results. Among the pa-
tients who underwent urethral stricture repair afterward, 
we found that the primary evaluation of voiding does not 
always indicate the long-term follow-up result. There are a 
few studies of the long-term evaluation of the TIP urethro-
plasty/Snodgrass technique [21,22]. According to those results, 
most of  the urodynamic problems with the TIP urethro-
plasty technique may revert to normal spontaneously in the 
late postoperative period. In our study, before performing an 
urethrotomy, all patients were symptomatic and were fol-
lowed for a sufficient length of time. Even with the limita-
tions noted above, to our knowledge, our study is the first to 
show the validity and reliability of a video voiding test for 
the evaluation of voiding patterns after hypospadias repair.

CONCLUSIONS

The home-based, guardian-conducted video voiding test 
is a validated and reliable method for evaluating children’s 
voiding stream with ease and repeatability at home. This 
test will serve as a supportive tool to conventional uroflow-
metry and can help physicians assess children’s post-ure-
throplasty urination. Our findings are helpful in showing 
that video recording of micturition in normal conditions is 
not biased by “artificial” conditions and can be efficacious in 
detecting obstructive voiding patterns after hypospadias.
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