www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Higher incidence of hematuria
was observed in female children
with microtia

Na Sun'?, Yang Yang'?, Fengli Jiang®, Yuanyuan Wu?, Bo Pan'*“ & Sien Zhan**

The goals of this study were to investigate the incidence and characteristics of hematuria in patients
with microtia, and to clarify that more attention should be paid to renal dysfunction in patients

with microtia. We conducted a retrospective cohort study of a total 9447 children diagnosed with
microtia (selected as study group, 7037 children) or pigmented nevus (selected as control group, 2410
children) at the Plastic Surgery Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College from January 2009 to June 2021. All of the routine urinalysis report of these children
were reviewed to assess the incidence and characteristics of hematuria in each group. No statistically
significant differences were observed when analyzing the overall incidence of hematuria between
the study and control groups (P> 0.05). However, after grouping by sex, the incidence of hematuria
in female children with microtia was significantly higher than that in femalecontrol group and no
similar results were observed in the male patients. In addition, after further grouping by age in case
group, the incidence of hematuria in girls of all ages with microtia was significantly higher than that
in males with microtia (age 0-10:males: Girls =1.89%:4.14%); age 0-5: males: Girls =1.22%:3.73%;
age 6-10: males:Girls =1.97%:4.14%,P <0.05), while no similar results were obtained in the control
group.(age 0-10:males: Girls =1.39%:2.22%; age 0-5: males: Girls =1.07%:1.95%; age 6-10: males:
Girls=3.38%:3.17%, P >0.05). Higher incidence of hematuria was observed in female children with
microtia.

Microtia is a congenital malformation associated with abnormal migration of neural crest cell in the first and
second branchial arch during the embryonic stage. The presentation of the auricular deformity can range from
mild structural anormality to severe absence of the ear and often accompanied by hearing loss. As the second
most common congenital craniofacial condition after cleft lip?, reported prevalence of the microtia ranges from
0.83 to 17.4 per 10,000 births depending on race**, region>®, sex, and even altitude®. Although microtia com-
monly occurs as an isolated anomaly it can also present as a component of some specific congenital malforma-
tions or syndromes such as Goldenhar, Treacher-Collins, Branchio-oto-renal, Nager syndromes and others”.
Therefore, microtia is known to combine with other organ anomalies.

Urinary anomalies, according to the report, occur 19 times more likely in microtia patients comparing with
general population®. These includes various renal abnormalities®, such as horseshoe kidney, vesicoureteral reflux,
renal agenesis, and so on. Sameer et al. also found that patients with both isolated and syndromic microtia may be
at risk for renal anomalies which may not be undetected at birth'’. Therefore, renal ultrasound screening was not
only recommended in patients with ear anomalies accompanied dysmorphic features, but also in non-syndromic
patients ''. However, there was no clear guidelines concerning an appropriate urinary screening protocol for
patients with microtia''"**. In addition, most previous studies focused on the urological structural abnormalities
in microtia patients. There is little attention has been paid to urinary functional abnormalities. Compared with
structural studies, functional studies are equally important and perhaps more meaningful for the early detection
of diseases of an organ or system. Therefore, more attention should be paid to functional screening of the urinary
system in patients presenting with microtia.

Hematuria, including macroscopic hematuria and microscopic hematuria, is one of the most important
signs of urinary functional abnormalities and may indicate the occurrence of asymptomatic urinary disease at
an early stage'®. Hence, the present study was going to identify the incidence and characteristics of hematuria
in patients with microtia.
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Methods

Study population. We retrospectively enrolled microtia patients and pigmented nevus patients aged
between 0 and 10 years old who were received treatment in Plastic Surgery Hospital of Peking Union Medical
College from January 2009 to June 2021.Patients with definite causes of hematuria such as recent trauma, strenu-
ous exercise, menstruation, metabolic and pharmacologic factors (beets, melanin, bile, porphyrin, iron, and
rifampicin), microtia patients without routine urinalysis reports were excluded in our research. All of the routine
urinalysis reports of these children were analyzed to evaluated the incidence and characteristics of hematuria in
the study population. The subjects were divided into two groups: the case group (microtia group) and the control
group (pigmented nevus group). According to the patient’s sex and age, the patients were also grouped into the
following subgroups: male/femalegroup, 0-5 age male/femalegroup, 6-10 age male /femalegroup.

Urine collection and urinalysis.  All the children in the study were asked to collect at least 10 ml of clean
voided midstream random urine specimens. For children not toilet trained, urine samples were collected with
urine bags. Urine samples were tested by the automatic urine analyzer (UA5800, Shenzhen Mindray Bio-Medical
Electronics Co., Ltd., Shenzhen, China). If occult blood test of urine was positive, this sample should be imme-
diately centrifuged at 1500 revolutions per minute for 5 min, discarded the supernatant and suspended the sedi-
ment in 0.3 ml of supernatant for microscopic evaluation. Urine samples should be detected within 2 h after col-
lection. In addition, the international quality control and the external quality assessment of the instrument were
meet the quality control standard. Hematuria is defined as the presence of>3 red blood cells per high-power
field on microscopic analysis of a properly collected and analyzed urine sample, which is the general defination
of microscopic hematuria'’.

Statistical analysis. The statistical analysis was performed using STATA 16.0 software. Continuous data
variables were described by mean +standard deviation, and categorical variables was expressed using percent-
age. The Fisher’s exact test was used for descriptive univariate statistics, whereas the t-test was used for normally
distributed data. The two tailed p-values were derived from the calculated test statistics, and p <0.05 was con-
sidered significant.

All protocols was approved by the ethics committee of the Plastic Surgery Hospital, Chinese Academy of
Medical Sciences.

Ethical approval. All procedures in this study were conducted in accordance with the Institutional Research
Ethics Board of Plastic Surgery Hospital, Chinese Academy of Medical Sciences, Peking Union Medical College
(No. 2022-139) approved protocols. Individual consent for this retrospective analysis was waived by Plastic Sur-
gery Hospital, Chinese Academy of Medical Sciences, Peking Union Medical College.

Results

The characteristics of the demographics of patients.  Asshown in Fig. 1, a total of 9447 subjects were
enrolled in our study from Jan 2009 to June 2021. The microtia group included 7037 children with 5835(82.92%)
males and 1652(17.08%) girls, whose mean age was7.24+2.00 and 7.48 +1.73 respectively. There were 1151
(47.76%) males and 1259 (52.24%) girls with a mean age of 4.03+2.47 years old in 2410 pigmented nevus
patients. No significant difference of age was found between the case and control groups. However, we found
significant differences in the sex between two groups (P<0.05).

As shown in Table 1, a significantly higher frequency of hematuria was observed in study group {microtia:
pigmented nevus: 2.42% vs 1.83%, P=0.093 (95% CI 0.537-1.050)}, but there is no significant difference was
found between the two groups (p=0.093). The prevalence of hematuria in males with microtia and pigmented
nevus was 1.89% and 1.39% respectively (p=0.244, 95% CI=0.274-0.147). In female group, the prevalence of
hematuria in patients with microtia was nearly two times higher than that in patients with pigmented nevus
(4.12% vs. 2.22%, p=0.005, 95% CI 0.339-0.828). Among the three intergroup comparisons, only the positive rate
of hematuria between female microtia group and the femalepigmented nevus group had statistically significant
differences (x*=8.022, p=0.005), and no similar results were observed in another two intergroup comparison.

The patients were divided into subgroups according to sex and age in order to further investigate the cor-
relation between the incidence of hematuria and patients (Table 2). The number of males with microtia was
significantly higher than that of girls with microtia (5385 vs. 1652). In case group, the incidence of hematuria in
girls of all ages with microtia was significantly higher than that in males with microtia (4.12% vs. 1.89%, 3.72%
vs. 1.22%, 4.16% vs. 1.97%), which were significantly different among the three age groups (all p <0.05) (Table 3).
While no similar results were obtained in the comparison of hematuria positive rate among subgroups of the
control group (all p>0.05) (Table 2).

Auxiliary examination results in microtia patients with positive hematuria. The auxiliary exam-
ination results in microtia patients with positive hematuria were reviewed in Table 4. Among the 170 microtia
patients with positive hematuria, 158 had electrocardiogram results, 126 underwent radiography inspection,
79 had ultrasonography results. A total of 38 patients with microtia had electrocardiogram abnormality. 3.17%
(across the 126 cases, n =4) were accompanied by abnormalities of radiography, consisting of abnormal develop-
ment of auditory ossicles (n=1), aortic regurgitation (n=1), dense mediastinal shadow (n=1), scoliosis (n=1).
Among the 79 microtia patients undergoing ultrasonography examine, 1 case had punctate calcification in the
right lobe of liver, 1 case had patent foramen ovale, 2 cases had little regurgitation of mitral and tricuspid valves.
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Figure 1. The characteristics of the demographics of patients.

Age and sex groups | Microtia Pigmented nevus | P 95%CI OR
All children 7037 2410 - - -
Hematuria (+) 170 (2.42%) | 44 (1.83%) 0.093 | 0.537-1.050 |2.956
Girls 1652 1259 - - -
Hematuria (+) 68 (4.12%) 28 (2.22%) 0.005 |0.339-0.828 | 8.324
Males 5385 1151 - - -
Hematuria (+) 102 (1.89%) | 16 (1.39%) 0.244 |0.274-0.147 | 1.451

Table 1. Intergroup comparisons of the incidence of Hematuria.

Age and sex groups Males Girls P 95%CI OR
Number (age 0-10), N (%) 1151 1259 - - -
Hematuria (+) 16 (1.39%) |28 (2.22%) |0.127 | 0.868-2.998 | 0.571
Number (age 0-5), N (%) 844 975 - - -
Hematuria (+) 9 (1.07%) 19 (1.95%) |0.127 | 0.830-4.098 | 0.474
Number (age 6-10), N (%) 207 284 - - -
Hematuria (+) 7 (3.38) 9 (3.17%) 0.017 | 0.342-2.553 | 0.778

Table 2. Comparisons of the incidence of Hematuria between different age and sex groups in pigmented
nevus group.

According to the above examination results, none of the 170 microtia patients with positive hematuria patients
was complicated with renal structural abnormalities.

Discussion

This retrospective study of a large patient cohort at our hospital serves to investigation of a relationship between
microtia and hematuria. In the aspect of demographic data, the cohort was fairly representative of known
epidemiologic data of microtia patients. Our population was 76.5% male which was consistent with known epi-
demiological trends of this patient population in the word'®-*2. The present study suggested the high incidence
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Age and sex groups Males Girls P 95%CI OR
Number (age 0-10), N (%) 5385 1652 - - -
Hematuria (+) 102 (1.89%) | 68 (4.12%) | <0.001 | 1.628-3.031 | 0.456
Number (age 0-5), N (%) 572 161 - - -
Hematuria (+) 7 (1.22%) 6 (3.73%) 0.034 | 1.480-11.605 | 0.327
Number (age 6-10), N (%) 4813 1491 - - -
Hematuria (+) 95 (1.97%) | 62 (4.16%) | <0.001]0.135-0.573 | 0.473

Table 3. Comparisons of the incidence of Hematuria between different age and sex groups in microtia group.

Auxiliary examination | Total | Abnormality (N, %)
Electrocardiogram 158 38 (24.05%)
Radiography 126 4(3.17%)
Ultrasonography 79 5(6.33%)

Table 4. Auxiliary Examination Results in 170 Microtia Patients with Positive Hematuria.

of hematuria in patients with microtia compared with pigmented nevus patients as control group, esprcially in
female children.

Hematuria, as one of the common clinical symptoms related to urinary system, is the most important labo-
ratory signs of renal disease in children®*-?’. In addition, the hematuria aslo played an important role in the
diagnosis and treatment of chronic kidney disease and acute kidney injury®®. Although the vast majority of
microscopic hematuria were benign especially in children presenting with isolated asymptomatic microscopic
hematuria?**. There are still a proportion of patients could be progressive aggravation, or even progress to
end-stage renal disease (ESRD). In addition, Mastaneh had reported that the incidence of ESRD in children
with persistent asymptomatic hematuria was nearly 20 times higher than that in children without hematuria®’.

Several studies demonstrated that the prevalence rate of hematuria in children were 0.59%, 1.1%, 3.86%,
respectively in China** In addition, the positive rate of hematuria ranged from 0.1% to 1.2% according to epi-
demiological investigation on children’s hematuria in other countries such as Korea, Japan, Iran and so on*.
In the present study the prevalence rate of hematuria in microtia girls was reported markedly increased com-
paring with those in above literature. Many factors can affect the prevalence of hematuria, such as examination
standard, equipment, operators, age groups of selected children, geographic region, ethnic background etc. As
we all known, each study has its own clinical implications. The overall prevalence rate of hematuria in girls was
higher than that in males (4.12% vs 1.89%), and the incidence of hematuria in female children was more preva-
lent compared with males in all age groups. Although some epidemiological studies also found that hematuria
had been more prevalent in girls as compared to males, there is no difference was observed in the positive rate
of hematuria between males and girls in our control group.

Hematuria has a multitude of causes. While, considering the higher incidence of hematuria coexisted micro-
tia, urological dyplasia should still be considered at first step. The association between ear and urorlogical abnor-
malities has been long recognized; however, the connection between these two disparate organs is not always
straightforward®. Although Alport syndrome with auricular and renal manifestation® is the most well-known,
there are over 20 disorders that need to be considered in the differential diagnosis of patients with both ear and
kidney abnormalities. Commonalities are present between the kidney and ear in a number of structural proteins*!
developmentally important transcription factors, ciliary proteins, and channelproteins, and mutations in these
pathways can lead to disease in both organ systems®.

In our study, all the 170 microtia children with positive hematuria underwent ultrasound examination.
There is no renal abnormality observed. While, considering the known relationship between microtia and renal
anomalies, some hidden kidney structural abnormalities might have been missed by ultrasound. Like glomerular
structural abnormalities, thin basement membrane nephropathy caused by collagen chains’ alteration, which
is the common cause of microscopic hematuria in children*>. And its diagnosis is confirmed under electron
microscopy with diffuse basement membrane lamellation of bioposy*. Besides, in terms of another common
urologiccal manifestation accompanied with microtia, vesicoureteral reflux, the accuracy of renal ultrasound
diagnosis is low. The sensitivity is only 18-46% if absence of pyelectasis or other modality change**.

As known, vesicoureteral reflux is the most frequently detected cause in pediatric recurrent urinary tract
infection cases, with an incidence of 30-50%*. The primary concern of Vesicoureteral reflux is the risk of recur-
rent pyelonephritis. Epidemiologically, pyelonephritis is more common in women and girls are outnumbered by
males among young infants. This is may be the underlying cause of significantly higher incidence of hematuria
in girls observed in the present study. Historically, children with any grade of vesicoureteral reflux were thought
to be under substantial risk of permanent renal damage*. And early detection and appropriate management of
vesicoureteral reflux in children is an important approach to improve renal outcomes®.

Therefore, if we only use the renal ultrasound to screen the renal structural abnormalities in patients with
microtia, we may delay the optimal timing of their treatment. And due to lack clear guidelines concerning an
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appropriate renal screening protocol for patients with microtia, not all patients underwent renal ultrasonography
in our study. In addition, even if the structure is normal, functional abnormalities cannot be ruled out. The find-
ing of our study prompted that we should not only pay attention to the renal structural abnormalities, but also
concern about the functional index sign of renal, which will help us to detect, prevent and treat diseases early.

At present, more and more attention has been paid to the study of asymptomatic hematuria. In Japan, Korea
and Taiwan, mass urinary screening programs for children have been established for many years*. Urinalysis
is a simple screening test for kidney diseases in children, which is very useful, inexpensive, widely available and
non-invasive, and easy to be carried out widely in the population. Therefore, we suggest that hematuria can be
used as a supplementary test for screening renal congenital malformation in patients with microtia, which will
help us to earlier recognition of microtia associated renal anomalies, perform earlier nephrological or urological
intervention, and decrease fewer subsequent renal complications.

One strength of our study is that we firstly investigated the incidence and characteristics of hematuria in
patients with microtia in China, which is able to provide valuable insights into the incidence of microscopic
hematuria in female pediatric microtia patients. In addition, our hospital is a leading authority in auricle recon-
struction, attracting most of the country’s microtia patients for treatment. So, the other strength of the study is
a relatively a large sample size and the variety of diseases, which can have certain representativeness. However,
several limitations of this study should be considered when interpreting the present results. Firstly, this study
was a single-center retrospective study. The renal ultrasound results of patients were not all included because of
the large sample size and incomplete data, which might lead to the omission of some factors that would affect
hematuria, such as nephrolithiasis, renal tumor, etc. Secondly, due to methodological limitations, false negative
results could exist. Another limitation was that the origin of red blood cells in urine could not be identified
because of lacking of phase contrast microscopy. Finally, we only analyzed the results of a single urinalysis with
definition involving a lower threshold without continuous monitoring and follow-up of children with positive
hematuria. While we acknowledge the general definition of hematuria involving a higher threshold, our decision
to use a more conservative range aimed to identify even minor occurrences of hematuria that may hold clinical
significance, particularly in the context of pediatric microtia patients. So, we will need to conduct a multicenter
prospective study with a large number of patients and more reliability data to validate our results and offer more
accurate basis for clinical diagnosis, treatment and prognosis.

Conclusion

Higher incidence of hematuria was observed in female children with microtia and no similar results were
obtained in the control group. We suggest that the hematuria can be used as a supplementary test for screening
renal congenital malformation in female children with microtia, which will help us to earlier recognition of
microtia associated renal anomalies, perform earlier nephrology or urology intervention, and decrease fewer
downstream renal complications.
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