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Editorial
Predictive Medicine in Paediatrics
"Medicine is a science of uncertainty and an art of probability", said Dr William
Osler more than a century ago. Uncertainty is embraced in art as there is ample
room for interpretation, perception, and reflection. Wellbery opined that art is
an illustration of an interpretive process that can also apply to the medial context.1
This process leads to resolution of uncertainty through defining the nature of
the piece of art, identification of missing information, recognition of the
dynamic nature of interpretation, and acknowledging contributions of other
aspects of the context. Notwithstanding, in the twenty-first century, the goal of
medicine has moved beyond resolution of uncertainty to striving for accurate
medical prediction.
Through identification of patients at risk of developing a certain disease,
predictive medicine aims to offer potentials and hopes for timely initiation of
preventive measures or therapeutic interventions. Paediatric clinical studies
commonly explore outcomes and associations, but less so predictions, as
illustrated in this issue of the Journal. Gunes et al performed a retrospective
analysis of about 300 overweight and obese adolescents and found relationships
between the level of thyroid stimulating hormone and indices of glucose
metabolism, although the mechanism is unclear.2 In other studies, Su et al
examined the efficacy and safety of rituximab in the treatment of children with
steroid dependent or frequently relapsing nephrotic syndrome,3 while Yu et al
reported the outcomes of 121 adolescents with acute lymphoblastic leukemia
treated with the Chinese children leukaemia group protocol.4 In one study with
a predictive component, Coban et al reported that the renal resistive index as
assessed by Doppler ultrasonography was highly predictive of the development
of kidney injury in children in the intensive care unit.5
The concept of predictive medicine is not new. The Framingham heart study,
launched in 1948, has provided dataset that not only enable the monitoring of
patterns, trends, and outcomes of heart disease, but importantly also allow the
prediction of 10-year cardiovascular risk score in an individual.6 In the paediatric
intensive care unit, the PRISM (Paediatric Risk of Mortality) score based on
physiological variables has been used for the prediction of mortality.7 Another
example in paediatrics is the use of risk scores based on clinical and laboratory
parameters, proposed primarily by Japanese investigators, to predict the
development of resistance to intravenous immunoglobulin therapy and
development of coronary artery aneurysm.8 Nevertheless, the predictive value
of these scores outside of Japan is limited. This is only one of the many examples
that illustrates the challenges of making prediction based on a defined set of
data.
Abraham Lincoln said, "The best way to predict the future is to create it". It
seems counterintuitive though for one to create a disease for oneself in the
distant future as a self-fulfilling prophecy. A more meaningful perspective while
reading the statement in the context of medicine is perhaps the need to explore
in depth all available data inherent to an individual, in a hypothesis-free fashion,
and to understand what these active parameters are and how these active
parameters interact with each other for the prediction of future medical events.
Much has been said in the previous editorials about the potentials of big data9,10
and artificial intelligence11 in the transformation of health care. At an individual
level, the advent of precision medicine has prompted development of predictive
algorithms based not only on conventional demographic and clinical parameters,
but also on the wealth of genomic and wearable sensor-based biometric data,
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social data, and personal health data stored in a longitudinal fashion in electronic
health records. Evidence of benefits of these predictive algorithms to patients
remains, however, to be substantiated.
Amid the expectation and perhaps an inflated expectation of technology-driven
advances in predictive medicine,12 clinicians need to be cognizant of the caveats
of making forecast in a branch of science known to be coloured by uncertainties
and probabilities. Nonlinear behaviour is the norm in human body systems that
operate in a complex dynamic fashion.13 Given the non-linearity of body systems,
the chaos theory could explain why predictive algorithms, even taking in account
of an abundant amount of data, may remain imperfect. A tiny variation in one of
the apparently trivial initial, yet deterministic, factor may result in significant
alteration of outcomes, this being the butterfly effect that underlies the chaos
theory. As paediatricians, we are mindful that if we were to forecast, we would
be trying to predict outcomes in the distant future of our patients well beyond
their childhood. Prediction is never easy. The regulatory bodies in North
American and UK are treating artificial intelligence- and machine learning-based
clinical decision software as medical device, which requires scrutiny by due
processes before and after marketing.14,15
Predictive medicine in paediatrics remains in its infancy. There is no doubt
that scoring systems that have been developed for different cohorts of paediatric
patients have defined roles in risk stratification. Nevertheless, even with iterations
of prediction models, evidence that predictive algorithms may translate into
better clinical care and alteration of outcomes of patients remains to be seen.

List of Reviewers
ABDULLAH V (
)
BELARAMANI KM (
CHAN CF (
)
CHAN CC (
)
CHAN HS (
)
CHAN TW (
)
CHAN WH (
)
CHAO SY (
)
CHENG WT (
)
CHEUK KL (
)
CHONG CY (
)
CHOW CM (
)
CHOW LY (
)
CHUA GT (
)
CHUI SL (
)
CHUNG HY (
)
FONG NC (
)
FUNG CW (
)
FUNG LW (
)
FUNG PG (
)
HON KL (
)
IP P (
)
J ALAL K
)
KWAN YW (
KWAN YW (
)
KWOK SY (
)
LA M HS (
)
LA M LN (
)
LA M TS (
)
LEE A (
)
LEE LK (
)
LEE MY (
)
LEUNG KY (
)
LEUNG WY (
)
LEUNG TF (
)
LI AM (
)
LI CK (
)
LIU PY (
)
LIU SW (
)
LOUIE HT (
)
LUK CK (
)
LUK HM (
)
MA LT (
)
MAN E (
)
NG KK (
)
SHI Z (
)
SIU KK (
)
SIU KL (
)
SOU DA ROSA DUQUE J (
TONG PC (
)
TUNG YL (
)
WONG CP (
)
WONG NW (
)
WONG SC (
)
WONG SM (
)
WU SP (
)
YEUNG WL (
)

)

YF CHEUNG
Chief Editor

References
1.
2.
3.
4.
5.
6.
7.
)

The editors like to acknowledge with gratitude the
major contributions of the reviewers who have
rendered their valuable service in reviewing the articles
submitted to our Journal in 2022.

8.
9.
10.
11.
12.
13.
14.
15.

Wellbery C. The value of medical uncertainty? Lancet 2010; 375:1686-7.
Gunes AO, Alikasifoglu M, Erginoz E, et al. Relationship between TSH level and cardiometabolic
risk factors in overweight and obese adolescents. HKJ Paediatr (New Series) 2022;27:22632.
Su QX, Qi XJ, Shen YN, et al. The efficacy and safety of rituximab in the treatment of
steroid-dependent or frequently relapsing nephrotic syndrome in children. HKJ Paediatr (New
Series) 2022;27:241-8.
Yu JL, Zhang YY, Lin W, et al. Long-term outcome for Chinese adolescents with acute
lymphoblastic leukaemia treated with paediatric regimen of CCLG-ALL 2008 Protocol. HKJ
Paediatr (New Series) 2022;27:249-63.
Coban Y, Yilsizdas D, Horoz OO, et al. Can renal resistive index be used as an early predictor
of acute kidney injury at paediatric intensive care units? HKJ Paediatr (New Series) 2022;27:
233-40.
Andersson C, Johnson AD, Benjamin EJ, Levy D, Vasan RS. 70-year legacy of the Framingham
Heart Study. Nat Rev Cardiol 2019;16:687-98.
Pollack MM, Patel KM, Ruttimann UE. PRISM III: an updated pediatric risk of mortality
score. Crit Care Med 1996;24:743-52.
McCrindle BW, Rowley AH, Newburger JW, et al. Diagnosis, treatment, and long-term
management of Kawasaki disease: A scientific statement for health professionals from the
American Heart Association. Circulation 2017;135:e927-e999.
Cheung YF. Making sense of digital portraits of clinical data. HKJ Paediatr (New Series)
2021;26:185-6.
Cheung YF. Small kids with big data. HKJ Paediatr (New Series) 2022;27:161-2.
Cheung YF. Paediatric diagnosis: when human mind meets artificial intelligence. HKJ Paediatr
(new series) 2018;23:155-6.
Chen JH, Asch SM. Machine learning and prediction in medicine - beyond the peak of inflated
expectations. N Engl J Med 2017;376:2507-9.
Higgins JP. Nonlinear systems in medicine. Yale J Biol Med 2002;75:247-60.
Benjamens S, Dhunnoo P, Mesko B. The state of artificial intelligence-based FDA-approved
medical devices and algorithms: an online database. NPJ Digit Med 2020;3:118.
Phillips SP, Spithoff S, Simpson A. Artificial intelligence and predictive algorithms in medicine:
Promise and problems. Can Fam Physician 2022;68:570-2.

HK J Paediatr (new series) 2022;27:226-232

Original Article
Relationship Between TSH Level and Cardiometabolic Risk
Factors in Overweight and Obese Adolescents
AO GUNES, M ALIKASIFOGLU, E ERGINOZ, O ERCAN
Abstract

Purpose: To investigate the relationship between TSH levels and cardiometabolic risk factors in
overweight/obese adolescents by gender. Methods: We performed a retrospective cross-sectional analysis
of the data from 343 overweight/obese adolescents aged between 11 and 18 years. The degree of obesity
was calculated as the body mass index standard deviation score (BMI-SDS). Hypertension, dyslipidaemia,
hyperinsulinaemia, hyperglycaemia and insulin resistance were defined as cardiometabolic risk factors.
The patients' TSH and free T4 levels were recorded, and the subjects with normal free T4 levels were
included. Findings: A positive correlation was found between TSH level and homeostatic model
assessment of insulin resistance (HOMA-IR), insulin and triglyceride levels (p=0.001, 0.001, 0.006,
respectively). In the linear regression analysis, in which age, gender and BMI-SDS values were taken as
covariates, a 10% increase in the geometric mean of TSH was associated with a 0.13 fold increase in
HOMA-IR, and a 10% increase in TSH level was associated with a onefold increase in geometric mean of
insulin level (p=0.003, 0.002, respectively), but the relationship between TSH and triglyceride levels
disappeared. Conclusions: TSH levels were found to be related to the glucose metabolism. Further
prospective studies are needed to clarify the mechanism of this relationship.
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Introduction

AO GUNES

The frequency of overweight and obesity is gradually
increasing worldwide.1 According to the data of the World
Health Organisation, obesity has nearly tripled since 1975.1
Among overweight or obese children and adolescents,
cardiometabolic risk factors, such as hypertension, insulin
resistance, dyslipidaemia are more prevalent than those of
normal weight peers.2-5 Also, high serum TSH and normal
thyroid hormone concentrations have been reported in
obese children and adolescents, and this situation has been
referred as "isolated hyperthyrotropinaemia (IH)" when this
hormone profile is not accompanied by circulating thyroid
antibodies.6,7 High serum TSH levels were found to be
normal after weight loss indicating the association of the
presence of high TSH levels in obesity.6,7 Also, it was
ultrasonographically shown that thyroid structure was
altered in overweight and obese children, and improved
after weight loss.7 Lundbäck et al found that there was a
positive association between TSH levels and degree of
obesity in obese children even if the TSH levels were within
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the normal range.8 Still, the reasons for alterations in thyroid
hormone levels in obese children remain unclear. 9
Thyroid hormone resistance, mutations in TSH receptor
gene, increased leptin levels, alterations in peripheral
thyroid hormone deiodinase activity, impaired
mitochondrial functions, and various other mechanisms
such as iodine deficiency, autoimmune thyroiditis and
defects in hypothalamic-pituitary axis might be the causes
of increased TSH levels among obese children.9
Among overweight/obese children and adolescents,
higher serum TSH concentrations were found to be
associated with cardiometabolic risk factors, and it is
controversial whether the morbidities frequently associated
with obesity might be negatively influenced by
concommitant presence of hyperthyrotropinemia.6,8,10-14 The
primary aim of this study was to investigate the relationship
between thyroid hormones, degree of obesity and
cardiometabolic risk factors in overweight and obese
Turkish adolescents by gender. The secondary aim of this
study was to assess the demographic and cardiometabolic
risk factor differences in overweight and obese adolescents
with TSH levels within the normal range, in comparison to
patients with high TSH levels.

Materials and Methods
We obtained data retrospectively from medical records
of overweight or obese adolescents aged between 11 and
18 years who attended Istanbul University-Cerrahpasa
Medical Faculty Adolescent outpatient clinic from January
2012 to December 2015 to evaluate the association between
TSH level and cardiometabolic risk factors among
overweight and obese adolescents. Ethics committee
approval was obtained for the study: Cerrahpasa Medical
Faculty Deanship Clinical Research Ethics Committee,
Date: 20.06.2016, number: 29430533- 604.01.01-225233.
In our country, parents can schedule appointments for
their teens via a telephone call or online, and adolescents
can be examined, investigated and treated at adolescent
outpatient clinics regardless of their complaints. In our
adolescent outpatient clinic, we routinely calculate the
body mass index (BMI) of patients whatever the reason of
admission is, and if we determine that the patient is
overweight/obese, we evaluate him/her in terms of
cardiometabolic risk factors that might be associated with
obesity. The patients who were included in this study were
either admitted to our clinic for weight management or
for an acute transient health problem, and were found to be
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overweight/obese during routine evaluation. We used the
same methods to grade obesity and to define
cardiometabolic risk factors as in our previous study as we
described below.15 Three hundred forty-three overweight
or obese adolescents who met the Cole at al's overweight
and obesity criteria according to age and gender and who
were in puberty, were included in the study. 16 The
adolescents who had any chronic disease, who were using
any medication that could affect thyroid functions, and
whose free T4 levels were not in the normal range, were
excluded. The blood samples for thyroid function tests
were drawn after the acute illness period passed, in the
morning and after 8-12 hours fasting. Age, gender, weight,
height, blood pressure, total cholesterol, triglyceride, HDL
cholesterol, LDL cholesterol, fasting blood glucose,
insulin, TSH, and free T4 levels of the participants were
recorded from the patients' files.16 The normal range of
values reported in the kit used (Roche modular system
electrochemiluminescence method) for TSH was 0.4-4.2
mIU/L, and TSH levels higher than 4.2 mIU/L were defined
as high TSH levels.
Weight status was classified on the basis of the measured
height and weight obtained at the time of physical
examination, and BMI was calculated using the following
formula: BMI=[weight/height2 (kg/m 2)]. 1 According to
Cole et al's. criteria, BMI values between the 85th and 95th
percentiles were accepted as overweight and BMI values
above the 95th percentile were accepted as obese.16 The
degree of obesity was calculated as the body mass index
standard deviation score (BMI-SDS) using age and gender
specific Turkish BMI percentiles, which were generated
by using lambda, mu, sigma (LMS) method, to standardise
the degree of obesity.16,17 The LMS method provides a way
for obtaining normalised growth centile standards which
simplifies the assessment of growth standards and
summarises the data in terms of three smooth age-specific
curves called L (lambda), M (mu), and S (sigma).17
Hypertension, dyslipidaemia, hyperinsulinaemia,
hyperglycaemia and insulin resistance were defined as
cardiometabolic risk factors. We used standard cut-off
values for levels of fasting blood glucose (>5.6 mmol/L),
total cholesterol (≥5.17 mmol/L), HDL cholesterol (<1.03
mmol/L), LDL cholesterol (≥3.36 mmol/L), and
triglycerides (≥1.47 mmol/L) to define abnormal values.18
Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated using the equation: HOMAIR=Fasting insulin (µU/mL) x Fasting glucose (mmol/L)/
22.5.19,20 Seated blood pressure (BP) was measured by
auscultatory method after the participant had been resting
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quietly for 10 minutes. We used standardised blood
pressure tables in which abnormal BP values were defined
as >95th percentile.21

Statistical Analysis
The Statistical Package for Social Sciences version 21.0
statistical package was used for statistical analyses. The
data were assessed for normality using visual and analytic
methods. Continuous variables were defined as mean±SD,
and categorical variables were defined as percentages. In
the assessment of the relationship between cardiometabolic
risk factors and TSH level, Spearman's correlation test was
used. A series of linear regressions were conducted to
determine whether TSH level significantly contributed to
the cardiometabolic risk factors. Sex, age and BMI-SDS
were considered as covariates in the aforementioned
models. Because insulin and TSH levels did not show a
normal distribution, logarithmic transformation of insulin
and TSH were included in the search for correlations and
linear regression analysis. The UCLA Institute for Digital
Research and Education was used in interpreting
logarithmic models.22 Student's t test was used in groups
with normal distribution and Mann-Whitney U test was
used in the groups without normal distribution. Comparison
between the groups was done using Chi-square test.
A p value of <0.05 was considered statistically significant.
Table 1

Results
Among the 343 adolescents with a BMI at the 85th
percentile or higher, 25.1% were overweight, and 74.9%
were obese. In the study group, the mean age was 14.03±1.76
years, and 59.8% of the subjects were female. The mean
BMI value was found to be 30.39±4 kg/m2 and the BMISDS value was found to be 2.4±0.64. In this study sample,
86% of the subjects exhibited normal TSH levels and 14%
exhibited high TSH levels.
The correlations between TSH levels and
cardiometabolic risk factors are presented in Table 1. Using
Spearman correlation test, it was shown that HOMA-IR,
insulin and trygliceride levels increased as the TSH
level increased (p=0.001, 0.001, 0.006, respectively). No
significant correlation was found between TSH and BMISDS, total cholesterol, HDL-cholesterol, LDLcholesterol and fasting blood glucose level. In the
correlation analysis in which 295 subjects with normal TSH
levels were evaluated, TSH levels were only found to be
positively correlated with insulin levels and HOMA-IR
(both r, p values=0.161, 0.006). No statistically significant
correlation was found between TSH levels within the
reference range and BMI-SDS and other cardiometabolic
risk factors (data not shown).
The results of the linear regression analysis in which
the relationship between the cardiometabolic risk factors
and TSH level was evaluated, and sex, age and BMI-SDS

Relationship between the cardiometabolic risk factors and TSH level
Whole group
r
p*

µIU/mL)
TSH (µ
Female
r
p*

Male
r

p*

BMI-SDS

0.007

0.891

0.000

0.995

0.107

0.211

SBP (mmHg)

-0.056

0.307

-0.049

0.495

-0.083

0.334

DBP (mmHg)

-0.052

0.344

-0.054

0.453

-0.068

0.430

Total cholesterol (mmol/L)

0.074

0.183

0.088

0.218

0.056

0.530

HDL-cholesterol (mmol/L)

-0.062

0.265

-0.095

0.184

0.052

0.554

LDL-cholesterol (mmol/L)

0.047

0.391

0.076

0.287

-0.026

0.769

Triglyceride (mmol/L)

0.149

0.006

0.153

0.031

0.112

0.196

Fasting blood glucose (mmol/L)

0.074

0.173

0.057

0.419

0.094

0.273

Insulin (pmol/L)
HOMA-IR

0.186
0.190

0.001
0.001

0.203
0.205

0.004
0.004

0.168
0.173

0.049
0.043

*Spearman's Correlation Test
DBP: diastolic blood pressure; HOMA-IR: homeostatic model assessment of insulin resistance; BMI-SDS: body mass index standard deviation
score; SBP: systolic blood pressure
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were considered as covariates, are presented in Table 2.
In the linear regression model used to determine
the contribution of TSH to HOMA-IR, TSH (β=2.93,
p=0.004) and BMI-SDS (β=4.63, p=0.0001) were found
to be significant contributors to the model (adjusted R2=
0.080), which meant that a 10% increase in the geometric
mean of TSH was associated with a 0.13 fold increase in
HOMA-IR, and one unit increase in BMI-SDS was related
to an increase of 1.546 units in HOMA-IR. In the linear
regression model used to determine the degree of the
relationship between the TSH and insulin levels, TSH
(β=3.17, p=0.002) and BMI-SDS (β=6.15, p=0.0001) were
found to be significant contributors to the model (adjusted
R2=0.122), which meant that a 10% increase in TSH level
was associated with a 2% increase in the geometric mean
of insulin level, and one unit increase in BMI-SDS was
related to a 32% increase in the geometric mean of insulin
level. In the linear regression analysis, the relationship
between TSH and triglycerides disappeared.
Homeostasis model assessment of insulin resistance and
insulin level were lower in the subjects with a TSH level
below 4.2 µIU/mL compared to those with a TSH level
above 4.2 µIU/mL (p=0.035, 0.043, respectively) (Table
3). No statistically significant difference was found
between the subjects with a TSH value within the reference
range and the subjects with a TSH value higher than the
upper normal limit of the reference range in terms of age,
gender, BMI-SDS and other cardiometabolic risk factors.

Discussion
In this study, we aimed to retrospectively investigate
the relationship between TSH level, which is commonly
found to be increased in obese adolescents, and
cardiometabolic risk factors, in a group of overweight and

obese adolescents. In our study sample, 86% of the subjects
exhibited normal thyroid function and 14% exhibited high
TSH levels. The frequency of hyperthyrotropinemia
observed in this sample was similar to the frequency found
by Souza et al.10 Souza et al reported that 13.63% of the
overweight and obese adolescents had high TSH levels
and they used the term "subclinic hypothyroidism (SH)"
in the presence of high TSH levels and normal free T4
levels, - though they did not evaluate thyroid antibodies.10 The
consequences of elevated TSH levels in obesity remain
unclear, and it was shown that weight loss in obese children
was associated with a decrease in TSH levels.23 The most
common thyroid disorder in obese subjects is an increase
in TSH and free T3 (fT3) levels, and these changes could
be interpreted as a defence mechanism of the body against
weight gain. An increase in deiodinase activity due to fat
deposition results in elevation of fT3 level by way of
conversion of T4 to T3.7 In our study fT3 level was not
measured.
In the current study, no relationship was found between
TSH and the degree of obesity, which was in line with
some previous studies12,14 but not with another study.8 This
discrepancy might be due to different sample sizes and
different methods used in these studies. It was suggested
that TSH level was related to visceral adipose tissue volume
in overweight and obese adults. 24,25 Also, it has been
reported that weight is not proportional to height squared
in adolescence, casting doubt on the accuracy of BMI
percentiles, and suggesting that the tri-ponderal mass index
(TMI= [weight/height3 (kg/m3)]) estimates body fat levels
better than BMI-SDS, especially in males.25 Therefore, we
explored if there was any relationship between TSH level
and the TMI, but we could also not find any relationship
between TSH and TMI.
In our study, it was found that fasting insulin level and
insulin resistance increased as TSH increased, but it was

Table 2 Multivariate Linear Regression Analysis [dependent variables were HOMA-IR and insulin; independent variables were age,
gender (1=male, 2=female), degree of obesity (BMI-SDS) and TSH in each model]
Variable

HOMA-IR

Insulin (pmol/L)

Beta

Significance

Beta

Significance

Gender

-0.622

0.534

-1.13

0.256

Age

-1.571

0.117

-1.36

0.173

BMI-SDS

4.63

0.0001

6.15

0.0001

TSH (µIU/mL)

2.93

0.004

3.17

0.002

HOMA-IR: homeostatic model assessment of insulin resistance; BMI-SDS: body mass index standard deviation score

Gunes et al

difficult to ascertain a casual relationship between TSH
and insulin and insulin resistance among obese adolescents.
After regression, TSH levels remained significantly
associated with fasting insulin level and HOMA-IR
independent of age, gender and BMI-SDS. As expected,
insulin level and HOMA-IR were found to be lower in the
subjects with a TSH level below or equal to
4.2 µIU/mL compared to those with a TSH level above
4.2 µIU/mL. Since thyroid autoantibodies were not
evaluated in our study, the subjects with subclinical
hypothyroidism or autoimmune thyroiditis could not be
excluded, so the subjects with normal TSH levels were
evaluated seperately to find out if normal TSH levels were
associated with cardiometabolic risk factors. We found that
TSH levels were associated with insulin and HOMA-IR even
in the presence of normal TSH levels in overweight and
obese adolescents in both genders. Similar to our study,
Souza et al found a significant correlation between TSH
and HOMA-IR in euthyroid overweight and obese
adolescents. 10 Radhakishun et al also reported that
increasing TSH levels were associated with impaired
glucose metabolism in euthyroid obese children and
adolescents. 26 Javed et al reported that increasing
concentrations of TSH, even in the normal range, were
associated with deterioration of insulin sensitivity in
Table 3
levels
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nondiabetic obese adolescent males.12 Nader et al reported
that increasing TSH levels were associated with higher
fasting insulin and insulin resistance in euthyroid children
and adolescents. 13 Hyperinsulinaemia was reported in
subclinic hypothyroid subjects and interpreted as an early
sign of impairment of glucose metabolism.10,27 Souza et al
showed that the subjects with "SH" had higher waist
circumference (WC) when overweight and obese
adolescents with "SH" were compared with euthyroid
overweight and obese adolescents.10 They emphasized WC
as one of the best predictors of obesity-related
comorbidities in adolescents, so they speculated that the
correlation of TSH with WC might contribute to the possible
relationship between TSH and insulin resistance.10
In this study, dyslipidaemia and hypertension among
obese adolescents did not seem to be related with high
TSH levels. It can be speculated that dyslipidaemia and
hypertension are secondary to obesity rather than thyroid
dysfunction. Similar to our study, Özer et al reported that
there was no relationship between TSH level and blood
pressure in Turkish obese adolescents.14 Ünüvar et al also
did not found any significant difference between lipid levels
and blood pressure in obese children and adolescents with
or without hyperthyrotropinemia.6 The finding of a lack of
association between TSH and lipids is also similar to that

The demographic and cardiometabolic risk factor differences of the overweight and obese adolescents with or without high TSH

Demographic variables and cardiometabolic risk factors

Age (years)

TSH≤4.2 µIU/L
Mean

±SD

Mean

±SD

14.09

1.78

13.06

1.56

Gender (female/male)
BMI-SDS

TSH>4.2 µIU/L

182/113

23/25

P

0.2*
0.81**

2.41

0.63

2.3

0.7

0.54*

SBP (mmHg)

116.75

13.56

116.41

15

0.8*

DBP (mmHg)

75

11.7

73.91

10.443

0.39*

Total cholesterol (mmol/L)

4.22

0.83

4.41

0.79

0.96*

HDL-cholesterol (mmol/L)

1.28

0.32

1.31

0.35

0.29*

LDL-cholesterol (mmol/L)

2.52

0.69

2.61

0.68

0.52*

Triglyceride (mmol/L)

1.19

0.63

1.44

0.82

0.11*

Fasting blood glucose (mmol/L)

5.08

0.48

5.21

0.45

0.45*

Insulin (pmol/L)

144.5

97.72

179.66

125.03

0.043***

HOMA-IR

4.76

3.61

6.07

4.5

0.035*

*Student T test, **Chi-square, ***Mann-Whitney U test
DBP: diastolic blood pressure; HOMA-IR: homeostatic model assessment of insulin resistance; BMI-SDS: body mass index standard deviation score; SBP:
systolic blood pressure; SD: standard deviation
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of reported by Javed et al in their study.12 In contrast to
our study and others' studies, Radetti et al found that TSH
elevation in overweight and obese children and adolescents
was associated with higher total cholesterol and blood
pressure.6,11,12,14 Further studies are needed to highlight this
relationship.
We examined a range of cardiometabolic risk factor
variables in a clinical-based population. However, our
study has certain methodologic limitations. Firstly, it was
a cross-sectional study, which prevented the evaluation of
permanent relationships between the variables under
investigation, and the cross-sectional design did not allow
us to examine the effects of these abnormal values on future
morbidity or mortality. Secondly, visceral adipose tissue
was not measured, so it was not possible to assess whether
TSH level and insulin resistance were associated with
visceral adipose tissue. The final limitation was that the
TSH levels were checked only once per patient, as TSH
levels could vary with time in response to iodine levels.

Conclusion
In conclusion, the finding of a positive association
between TSH and insulin resistance is intriguing, though
a casual relationship is difficult to assess. In the present
study, TSH levels appear to be associated with impaired
glucose metabolism in a sample of overweight and obese
adolescents. Prospective longitudinal studies should be
conducted to protect future adults by way of finding the
mechanism of the relationship between thyroid hormones
and obesity-associated cardiovascular complications, and
to understand whether a need for intervention exists in
subjects with high TSH levels.

Informed Consent
Informed consent was not obtained because the study
was conducted retrospectively.
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Original Article
Can Renal Resistive Index Be Used As An Early Predictor of
Acute Kidney Injury at Paediatric Intensive Care Units?
Y COBAN, D YILDIZDAS, OO HOROZ, N ASLAN, AK BAYAZIT
Abstract

The purpose of this study is to assess the predictive ability of renal resistive index (RRI) based on a
comparison of RRI measurement values with the Kidney Disease: Improving Global Outcomes (KDIGO)
stages in critically ill children. This prospective study included 56 paediatric intensive care patients at
high risk of kidney injury, and was conducted between June 2018 and September 2019. The mean age of
the 56 study patients was 4.8±5.4 years, with an F/M ratio of 23/33. There were 12 patients in the group
without kidney injury based on the KDIGO criteria, and 24 patients with KDIGO stage I, 12 patients with
stage II and eight patients with stage III. The mean left kidney resistive index (RI) was 0.68±0.006 in the
group without kidney injury according to the KDIGO criteria, 0.59±0.15 in the stage I group, 0.58±0.27
in the stage II group and 0.65±0.06 in the stage III group, while the mean right kidney RI was 0.68±0.10,
0.58±0.13, 0.57±0.02 and 0.65±0.07, respectively. A cut-off point of <0.66 for the left kidney RI had a
sensitivity of 92%, a specificity of 72%, and a positive likelihood ratio of 3.4 in detecting all kidney
injuries according to KDIGO. A cut-off point of <0.68 for the right kidney RI had a sensitivity of 83%,
a specificity of 82% and a positive likelihood ratio of 4.58. The present study found RRI to be highly
predictive in the early detection of KDIGO stages I and II in critically ill children.
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Background

Y COBAN

Acute kidney injury is the most common organ failure
during paediatric intensive care stay and follow-up,
although there is as yet no early predictor of acute kidney
injury.1 Early-stage acute kidney injury was first assessed
based on the risk, injury, failure, loss and end-stage (RIFLE)
criteria in 2004, and then by the Acute Kidney Injury
Network (AKIN) criteria in 2007. The Kidney Disease:
Improving Global Outcomes (KDIGO) classification, based
on both the AKIN and RIFLE criteria, was introduced in
2012, offering an assessment based on baseline creatinine
and urine output.2 Before creatinine is elevated, however,
several biomarkers are released from the kidney into the
blood and urine, the most emphasized of which are
neutrophil gelatinase-associated lipocalin (NGAL), cystatin
C and kidney injury molecule-1 (KIM-1), although these
biomarkers are not yet available in routine practice.3,4

MD

Pediatric Intensive Care, Cukurova University Balcal
Hospital, Turkey
D YILDIZDAS
OO HOROZ
N ASLAN

MD
MD
MD

Pediatric Nephrology, Cukurova University Balcal Hospital,
Turkey
AT BAYAZIT

MD

Correspondence to: Dr Y COBAN
Email: yasemincoban83@gmail.com
Received August 16, 2021
*We presented the work at XVI. Pediatric Emergency Medicine and Intensive
Care Congress, TURKEY, 2-5 October 2019.

Coban et al

The renal resistive index (RRI) is a parameter that can be
measured by Doppler ultrasound in a quick and non-invasive
manner. The RRI indicates the intrarenal arterial resistance
to blood flow, revealing tissue perfusion and oxygenation.5,6
In a previous study involving adult patients, an RRI of >0.70
in those with intraparenchymal diseases was considered a sign
of kidney injury,7-9 although other studies have demonstrated
an association between increased RRI and end-stage renal
failure and prognosis.10,11 There has to date been no study
assessing children with kidney injury.
The present study evaluates the efficacy of RRI, measured
by bedside Doppler ultrasound, in detecting kidney injury in
high-risk paediatric intensive care patients.

Methods
This prospective study included 56 paediatric intensive
care patients at high risk of kidney injury, and was conducted
between June 2018 and September 2019.
The study included patients with risk factors for acute
kidney injury, which were accepted as: use of inotropic agents,
diuretics, NSAIDs and nephrotoxic drugs; the presence of
hypotension, multiorgan failure (MOFS), coagulopathy, fluid
overload (2%) and increased intra-abdominal pressure; and
being on mechanical ventilation.12,13
The patients' demographic data were recorded, as well
as urine output per hour, urea, creatinine and glomerular
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filtration rate (GFR), according to the Schwartz equation.
Acute kidney injury was staged according to the KDIGO
criteria,14 and RRI values were compared based on the
KDIGO stages.
RRI was calculated at the time of admittance to the intensive
care unit, and after 24 h, acute kidney injury was staged
according to KDIGO.
Excluded from the study were cases with failed effective
measurement due to massive intraabdominal gas, patients with
hypotension despite inotropic therapy, patients with renal
anomalies and patients with congenital heart disease.
The study was approved by the Local Ethical Committee
of the Medical Faculty of Çukurova University, and all patients
provided written informed consent for their inclusion in the
study.
Renal Resistive Index Measurement Method:
Ultrasonographic examination and Doppler ultrasonography
(ACUSON S300, Siemens Medical Solutions USA Inc.)
were performed using a convex transducer. First, the kidney
was localised in the flanks with conventional B-mode
ultrasonography, after which, color Doppler images were
acquired. The interlobar arteries were visualised, with the
wavelength obtained by creating a 90-degree right-angle
with the interlobar artery using a power Doppler. After the
manual determination of the peak systolic and end-diastolic
velocities, the RRI was calculated by the device using the
formula: RRI = (peak systolic velocity - end-diastolic
velocity) / (peak systolic velocity) (Figure 1).

Figure 1 Doppler ultrasonographic assessment of arcuate renal artery. A) Interlober artery; B) Peak systolic velocity;
C) End-diastolic velocity
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The Doppler measurements of the kidneys were
performed at three different kidney positions (upper,
middle and lower), three times for each kidney. The
Doppler ultrasound measurements were taken at the level
of the arcuate artery in the right and left kidneys at three
different positions, and the mean RRI values were
calculated.
Prior to the present study, a radiologist was given
training in RRI measurement, with whom 50 measurements
were made. The RRI measurements of all study patients
were made by a paediatric intensive care specialist (Y. C.).
Statistical Analysis

The association between the renal resistive indices of
the left and right kidneys was evaluated with an analysis
of Pearson's correlation coefficient. A one-way analysis of
variance (ANOVA) was used for the analysis of parametric
data, and a Duncan's multiple range test was applied for
multiple comparisons between groups. Non-parametric
analyses were conducted using a Chi-square test. A receiver
operating characteristic (ROC) curve analysis was
performed to determine RRI based on the KDIGO stage.
Using the cut-off points, Positive Likelihood Ratios
(Sensitivity/1 - Specificity) were calculated. All statistical
analyses were conducted using IBM SPSS Statistics
(version 20.0. Armonk, NY: IBM Corp.).

Results
The mean age of the 56 study patients was 4.8±5.4 years,
with an F/M ratio of 23/33. The mean paediatric logistic
Table 1

organ dysfunction (PELOD II) score was 26.72±1.79, the
paediatric risk of mortality (PRISM IV) score was 39.33±
3.38, the GFR was 82.81±4.53 ml/min per 1.73 m2 and
lactate was 2.03±0.17 mg/dl.
In the non-kidney injury group, four patients were
ventilator-dependent children with cerebral palsy, two had
spinal muscular atrophy, one had Leigh syndrome and
sepsis, three had acute respiratory failure and two had
encephalitis. In the acute kidney injury group, intensive
care units follow-up was required due to sepsis in 20
patients, haemolytic uraemic syndrome in one patient,
cystinosis in one patient, rhabdomyolysis in two patients,
severe dehydration in four patients, trauma in six patients
and surgery in ten patients (Table 1).
There were 12 patients in the group without kidney
injury based on the KDIGO criteria, and 24 patients with
KDIGO stage I, 12 patients with stage II and eight patients
with stage III. The mean age was 2.8±1.5 years in the nonkidney injury group, 4.1±1.4 years in the stage 1 group,
9.6±4.7 years in the stage II group and 6±2.5 years in the
stage III group. The F/M ratio in the groups was 7/5, 8/16,
5/7 and 3/5, respectively. The mean PELOD II score was
24±5 in the non-developed kidney injury group, 25±3 in
the stage I group, 35±1 in the stage II group, and 30±5 in
the stage III group (p>0.05). The mean PRISM IV score
was 33±5 in the non-developed kidney injury group, 34±7
in the stage I group, 50±20 in the stage II group and 74±9
in the stage III group (p<0.01). The mean lactate, in turn,
was 1.6±0.3 mg/dL, 2.4±0.4 mg/dL, 2.1±0.2 mg/dL, and
1.3±0.3 mg/dL in the non-kidney injury stage I, stage II
and stage III groups, respectively (p>0.05) (Table 2).
An examination of the need for diuretic infusion,

Underlying diseases according to the presence of kidney injury

Non Acute Kidney Injury Group

Acute Kidney Injury Group

N

Underlying Disease

4

Ventilator-dependent children with cerebral palsy

2

Spinal muscular atrophy

1

Leigh syndrome and sepsis

3

Acute respiratory failure

2

Encephalitis

20

Sepsis

1

Haemolytic uraemic syndrome

1

Cystinosis

2

Rhabdomyolysis

4

Severe dehydration

6

Trauma

10

Post-surgery

Coban et al
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continuous renal replacement therapy (CRRT), mechanical
ventilation and blood product transfusion in the patients
was carried out according to the KDIGO stages, and all
parameters were found statistically significant, aside from
the need for mechanical ventilation (p<0.01).
There was a very strong positive (r=0.90) correlation
between the right kidney and left kidney RIs (p<0.01).
The mean left kidney resistive index (RI) was 0.68±
0.006 in the group without kidney injury according to
the KDIGO criteria, 0.59±0.15 in the stage I group,
0.58±0.27 in the stage II group and 0.65±0.06 in the
stage III group, while the mean right kidney RI was
0.68±0.10, 0.58±0.13, 0.57±0.02 and 0.65±0.07,
respectively (Figure 2) (Table 3).
The AUC (area under the ROC curve) for the left kidney
RI was 0.74 (95% CI 0.62-0.87) and 0.82 for the right
kidney RI (95% CI 0.70-0.93) in all groups with kidney
injury according to the KDIGO criteria. A cut-off point of
<0.66 for the left kidney RI had a sensitivity of 92%, a
specificity of 72%, and a positive likelihood ratio of 3.4 in
detecting all kidney injuries according to KDIGO. A cutoff point of <0.68 for the right kidney RI had a sensitivity
of 83%, a specificity of 82% and a positive likelihood
ratio of 4.58 (Figure 2).
When the stage III kidney injury group was removed
from the data set due to the increased RRI range of the
KDIGO stage III patients, the AUC for the left kidney RI
was 0.82 (95% CI 0.69-0.94) and 0.90 for the right kidney

Table 2

RI (95% CI 0.80-1) in the kidney injury group. The left RI
of <0.66 for kidney injury had a sensitivity of 92%, a
specificity of 80% and a positive likelihood ratio of 4.7.
The right RI of <0.66 for kidney injury had a sensitivity of
92%, a specificity of 86% and a positive likelihood ratio
of 6.6 (Figure 3).

Discussion
Acute kidney injury (AKI) is one of the most common
organ failure syndromes in critically ill children, requiring
a prolonged intensive care stay and mechanical ventilation.
The incidence of AKI is reported to range from 8% to 89%
in paediatric intensive care units, and this broad range can
be attributed to the lack of a biological marker or a
sufficiently sensitive classification system for the detection
of AKI.15-20 The recent Awareness During Resuscitation
(AWARE) study of paediatric patients admitted to
paediatric intensive care and cardiac intensive care units
in several countries made use of the KDIGO classification,
and reported an AKI incidence of 26.9% and 11.6% in turn
for KDIGO stages II and III. The study also highlighted such
biomarkers as neutrophil gelatinase-associated lipocalin
(NGAL), cystatin C and kidney injury molecule-1 (KIM1) due to the low sensitivity of creatinine and GFR, and
the lack of information on the previous creatinine levels
of the patients. Although it has been stated that the degree

Patients' demographic data according to KDIGO stage

Stage of kidney injury

N

Sex (F/M)

Age (years)

PRISM IV

PELOD II

Lactate (mg/dL)

Non acute kidney injury

12

7/5

2.8±1.5

33±5

24±5

1.6±0.3

KDIGO stage I

24

8/16

4.1±1.4

34±7

25±3

2.4±0.4

KDIGO stage II

12

5/5

9.6±4.7

50±20

35±1

2.1±0.2

KDIGO stage III

8

3/5

6±2.5

74±9

30±5

1.3±0.3

<0.01

>0.05

>0.05

P

Table 3

Mean left and right RRI values according to KDIGO stages

Stage of kidney injury

N

Mean RRI for right kidney

Mean RRI for left kidney

Non acute kidney injury

12

0.68±0.10

0.68±0.006*

KDIGO stage I

24

0.58±0.13*

0.59±0.15*

KDIGO stage II

12

0.57±0.02*

0.58±0.27*

KDIGO stage III

8

0.65±0.07*

0.65±0.06*

0.017

0.032

P

*

*mean values followed by different letters within a column are significantly different (p<0.05)
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of detection of AKI in critically ill patients is low when
these biomarkers are used alone, but that their sensitivity
and specificity can increase when used together, they are
not considered sufficiently predictive for routine use.3
Patients requiring treatment in intensive care units are
mostly those with impaired tissue perfusion but without
hypotension who may progress to organ failure. To assess
tissue perfusion in these patients, clinical parameters such
as capillary refill time, urine output, the difference between
the peripheral and core temperatures, as well as values such
as lactate, cardiac index (CI) and central venous oxygen
saturation (ScVO2), are monitored. Prior to the

development of these signs, it is believed that renal RI,
assessed by Doppler ultrasound, can reveal impaired organ
perfusion. Doppler RI assessment especially of the spleen
and kidneys is one of the approaches that have been used
in recent years.21
Among the studies of critically ill patients, Haitsma
Mulier et al,8 in their assessment of RRI, established an
RRI of 0.71 (95% CI 0.69-0.73) in a group with AKI and
0.65 (95% CI 0.63-0.68) in a group without AKI, according
to KDIGO (p=0.001). Lerolle et al,9 in turn, evaluated RRI
after six hours of inotropic therapy in a group of patients
with sepsis, and reported that the RRI increased

Figure 2
AKI.

Renal resistive index (mean, 95% CI) for patients without Acute Kidney Injury (AKI) and patients with different stages of

Figure 3

A) ROC curve of RRI for AKI stage 0, 1, 2 and 3; B) ROC curve for AKI stage 0, 1 and 2 RRI.

Coban et al

significantly from the risk group towards injury and failure
in the group with renal failure according to the RIFLE
criteria on day five. When the risk group and the healthy
group were evaluated together in the same study, the RRI
was statistically significantly higher than in the injury
group. The authors determined that an RRI of >0.74 was
significant in detecting renal failure, although they were
unable to establish a relationship with the dose of inotropic
agents. The mean arterial pressure was found to be inversely
proportional to RRI, leading the authors to believe that
RRI increased as a compensatory mechanism, aiming to
increase GFR when the mean arterial pressure decreased.
Only in this study, the authors identified a decreased RI in
the group with acute prerenal kidney injury (RI: 0.68) than
in others (RI: 0.77) in the prerenal kidney injury patient
group.9
The study by Örmeci et al of infants undergoing cardiac
surgery compared RRIs with renal and brain near-infrared
spectroscopy (NIRS), lactate and urine output, and serum
creatinine, and identified a strong negative correlation with
NIRS in the two groups, a high level of lactate in the group
with RRI > 0.8 (p<0.05) and low urine output (p<0.05), but
no association with creatinine. AKI was not staged in the
said study.22 Aside from this research,22 no studies of on
critically ill patients in the paediatric age group could be
identified.
Our study found RRI to be higher in patients without
kidney injury, according to the KDIGO staging, and lower
in stage I and stage II patients, while an increase and a
greater variation were noted in stage III patients. Similarly,
when the first ROC curve analysis (including all KDIGO
stages) and the second analysis (after the removal of KDIGO
stage III) were compared, the explanatory power of the
model, as well as its specificity and sensitivity, were found
to be increased, despite the similar cut-off points. In contrast
to previous studies involving adults, a decreased RRI was
noted in stage I and stage II patients, but this could either
increase or decrease in KDIGO stage III patients. The
decreased RRI in stage I and stage II patients established
in the present study, unlike in previous studies involving
adults, suggests relative hypovolemia, regardless of the
underlying cause other than cardiac failure and anuric renal
failure. We think that the lower total body fluid ratio and
smaller volume of cardiac output in children than in adults
may lead to a decrease in vascular resistance to organ
perfusion in children, in contrast to the increase seen in
adults. The only study carried out to date with children
was conducted by Örmeci et al,22 in which cardiogenic
shock was prominent. Vasoconstriction is seen more
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common in cardiogenic shock. In addition, Örmeci et al
did not mention the level of inotropic agents taken by the
patients in this study.22 Perhaps their patients had received
high dose inotropic agents. Therefore, they found higher
RRI compared to our study secondary to vasoconstriction.
The patients in the present study developed acute kidney
injury mostly secondary to sepsis or hypovolaemic shock,
and it was thus concluded that the decreased RRI was due
to different physiopathologies. In addition, only one study
was found which compared prerenal and renal injury in
terms of RRI. In that study, RRI was lower in prerenal injury
group than those renal injury group. 9 Our study was
consistent with these studies.9,22
RRI appears to either increase or decrease in the KDIGO
stage III kidney injury group in the present study, and it
was concluded that RI cannot be determined based only
on systemic or intraparenchymal factors, but may also
increase or decrease depending on the underlying cause.
In a case report by Anile et al,23 it was reported that RRI
increased first before the development of hypotension, with
no changes noted in ScVO2, CI or lactate levels in an adult
patient with septic shock. The authors reported that RRI
increased when oxygen excretion increased in the initial
period before macrovascular deterioration was observed
in sepsis or shock. The authors stated, however, that the
splenic artery resistive index should be examined, being
affected by such systemic and intrarenal factors as age,
vascular disease, pulse pressure, systemic vascular
compliance, heart rate, cardiac function, end-stage renal
failure or renal capillary wedge pressure.
No clear values for RRI have been reported in previous
studies of healthy children.24-27 At the outset of the our
study, no healthy group was included, as no optimal value
could be determined in the healthy and awake patient group
as a result of both abdominal breathing and the cooperation
problems associated with paediatric patients. The study by
Murat et al24 provided measurement ranges together with
median values for four age groups in which the RRI ranges
were very wide, and so this parameter cannot be considered
reliable in the awake child patient group. However, since
critically ill children hospitalised in the intensive care unit
are mostly immobile on mechanical ventilator or sedated,
we think that this parameter can be evaluated more
accurately than those healty children.
We are aware that kidney injury scores and new
biomarkers for kidney injury in critically ill children may
not be appropriate for every patient for present knowledge,
but believe that ultrasound, as a non-invasive method and a
routine part of a physical examination for intensive care
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professionals, can provide an early warning in assessments
of renal function through RRI in the determination of a
treatment modality.
The limitations of our study include the small sample
size, and the lack of multiple comparisons of the risk factors
and the underlying causes of kidney injury. Further studies
are needed involving larger patient groups to facilitate
clearer determinations in this area.
This is the first study which evaluated RRI for the
identification of acute kidney injury in critically ill
children. Renal RI had higher sensitivity and specificity,
especially in detecting KDIGO stages I and II. We believe
that there is a need for further studies should be conducted
into this issue involving larger patient groups.

4.

5.

6.

7.

8.

9.

Conclusion
Our study is the first to evaluate RRI for the
identification of acute kidney injury in critically ill
children. Renal RI had higher sensitivity and specificity,
especially in detecting KDIGO stages I and II, although
further studies should be conducted into this issue
involving larger patient groups. We wanted in the present
study to underline that renal resistive index is a potential
parameter for use in acute kidney injury.
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Original Article
The Efficacy and Safety of Rituximab in the Treatment of
Steroid-dependent or Frequently Relapsing Nephrotic
Syndrome in Children
QX SU, XJ QI, YN SHEN, ZY DOU, ZH RONG, X ZHAO, B YU, YX WANG, XL WANG
Abstract

Purpose: To analyse the efficacy and safety of rituximab (RTX) in the treatment of children with steroiddependent or frequently relapsing nephrotic syndrome (NS). Methods: A total of 44 children were eligible
for inclusion in this study, and they were randomly divided into the control group and the RTX group in
a 1:1 ratio. The children in the control group received traditional treatment, that is, steroid and/or
calcineurin inhibitors. As well as the traditional treatment, the RTX group was given RTX (375 mg/m2/
time, maximum 500 mg/time, once a week) after the urine protein turned negative. Findings: After one
year of follow-up, there were 17 cases (77.27%) in the RTX group who maintained continuous remission
for six months, and 7 cases (31.81%) in the control group. The difference was statistically significant
(p<0.1). The annual recurrence rate was 54.54% (12/22) in the RTX group and 95.45% (21/22) in the
control group, and the difference was statistically significant (p<0.01). Compared with the control group,
the recurrence-free survival time of the RTX group was significantly longer (p=0), the cumulative amount
of steroid was reduced (p<0.05), and the period of being steroid-free was significantly longer (p=0). One
case of pneumocystis pneumonia occurred in the RTX group, and there were no serious adverse events.
There was no significant difference in the incidence of adverse events between the two groups.
Conclusions: Rituximab is safe and effective in treating children with frequently relapsing or steroiddependent NS.
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CD19; Children with nephrotic syndrome; Rituximab; Steroid-dependent or frequently relapsing
nephrotic syndrome
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Introduction
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Nephrotic syndrome (NS) is a common glomerular
disease in childhood. It is a group of clinical syndromes in
which the permeability of the glomerular filtration
membrane is increased due to various reasons, leading to
the loss of a large amount of plasma protein in the urine. It
can be divided into primary and secondary NS, according
to its aetiology. Primary NS (PNS) accounts for about 90%
of nephropathy in childhood, and its basic clinical features
are massive proteinuria, hypoalbuminaemia,
hyperlipidaemia and varying degrees of oedema. 1 At
present, the recognsed first-line treatment for PNS is
adequate oral glucocorticosteroids (GC) to induce
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remission. Depending on the child's response to the GC,
the NS can be classified as steroid-sensitive NS (SSNS),
steroid-dependent NS (SDNS), frequent relapse NS (FRNS)
and steroid-resistant NS (SRNS). Among them, SDNS
accounts for about 45% to 55% of PNS. These children are
sensitive to steroids, and those who have relapses within
two weeks of two consecutive dose reductions or
withdrawals, more than twice in six months or more than
four times in one year are called FRNS. For the treatment
of children with FRNS/SDNS, large doses of steroid or
combined immunosuppressive agents (ISA) are required.
Due to repeated illness, the treatment with steroids or
immunosuppressants will be prolonged, which will
inevitably increase the toxic and side effects on children,
and the combined use of multiple drugs will reduce their
compliance. In addition, about 35% of children with FRNS/
SDNS treated with immunosuppressive therapy still have
no remission,2 causing a bottleneck in clinical treatment.
Therefore, it is necessary to explore new therapeutic drugs.
Rituximab (RTX) is an anti-CD20 monoclonal antibody
commonly used clinically to treat children with refractory
nephrotic syndrome. A review of relevant research at home
and abroad has found that the vast majority of studies have
explored the dosage and use of RTX, its efficacy, its adverse
reactions, the correlation between B cell exhaustion and
disease recurrence and related factors affecting the efficacy,
and relatively positive results have been achieved,3-7 but
there are few reports of randomised controlled studies. In
view of this, this single-centre randomised controlled study
was conducted in 44 children, aged between 1 and 18 years
old, who were treated in the Paediatric Nephrology and
Rheumatology Professional Group of the Second Hospital
of Hebei Medical University and were clinically diagnosed
as having SDNS or FRNS, with steroid dependence or
frequent relapses lasting more than two years. The aim of
the study was to explore the efficacy and safety of RTX in
the treatment of children with FRNS/SDNS in order to
guide clinical treatment.

Materials and Methods
Materials

Research Subjects
A total of 44 children with FRNS/SDNS, attending the
Paediatric Nephrology and Immunology Rheumatism
Professional Group of the Second Hospital of Hebei Medical
University between September 2017 and September 2019,
were selected for the study. They included 33 males and
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11 females, with an average diagnosis age of 4.55±1.99
years old, and an average age of enrolment in the study of
10.34 ±2.64 years old.
Medicine
Generic name: rituximab injection; product name:
MabThera; English name: rituximab injection;
specification 500 mg/50 ml or 100 mg/10 ml; approval
number: National Medicine Standard J20120020,
produced by Shanghai Roche Pharmaceutical Co., Ltd.
Inclusion Criteria
a. Aged <18 years old
b. Met the NS diagnostic criteria of the Nephrology Group
of the Pediatric Branch of the Chinese Medical
Association in 2016
c. With clinical manifestations of FRNS/SDNS8
d. Steroid-dependent or frequently relapsing >2 years
e. Receiving RTX treatment for the first time
f. At least 12 months follow-up after RTX treatment
Exclusion Criteria
a. Estimated glomerular filtration rate <60 mL/min/1.73 m2
b. Active or chronic infection
c. Neutropenia or thrombocytopenia
d. Hard to control hypertension
e. Potential cardiovascular or pulmonary infection
f. Vaccination of live attenuated vaccine one month or
less before the start of the study
g. Previous RTX treatment
h. Hereditary causes of NS (WT1, NPHS1, NPHS2, LAMB2
gene mutations)

Methods
Experimental Grouping

The 44 cases finally selected were randomly divided
into two groups: A (the control group) and B (the
experimental group). SPSS 22.0 was used to generate
random numbers, and then these numbers were written on
cards, which were sealed in opaque envelopes. The patients
randomly selected an envelope and were placed in either
group according to the number on the card.
Group A only received traditional treatment, namely
glucocorticoids and/or calcineurin inhibitors (CNIs). A
total of 22 children were included in this group, including
16 males and 6 females, with an average enrolment age of
10.18±2.36 years old. As well as glucocorticoid and/or
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CNI treatment, group B received RTX treatment. A single
dose of RTX treatment was given after the urine protein
turned negative. A total of 22 children were included in
this group, including 17 males and 5 females, with an
average enrolment age of 10.5±2.94 years old.

creatinine levels were reviewed once every three
months after enrolment.
c. The CD19+ cell count was checked once in group B
children before RTX treatment and then once every
three months after the RTX treatment.
d. Record adverse events.

Treatment Plan

With respect to group A, the treatment plan for
glucocorticoid and/or CNI followed the evidence-based
guidelines for the diagnosis and treatment of steroidsensitive, relapsed/dependent nephrotic syndrome in
children published in the Chinese Journal of Pediatrics in
2017 (2016),8 while for group B the RTX treatment plan
started at 375 mg/m2 each time, with the maximum dose
being 500 mg/time, and one infusion was given in the first
week. Whether another dose of RTX was needed depended
on the CD19+ cell count level. Ibuprofen was given orally
one hour before the RTX to relieve fever and pain, oral
cetirizine hydrochloride (<6 years old 5 mg 1/day, ≥6 years
old 10 mg 1/day) and methylprednisolone sodium
succinate 40 mg were administered by intravenous
injection for anti-inflammatory and anti-allergic treatment,
and there was continuous ECG monitoring during the
infusion of RTX 375 mg/m2 by intravenous drip (diluted
in 5% glucose solution or 0.9% normal saline to a
concentration of less than 1 mg/ml). The instillation rate
was 50 mg/h in the first hour, and then it could be increased
by 50 mg/h every 30 minutes, up to 400 mg/h. If an allergic
reaction or a reaction related to the infusion occurred, it
was temporarily slowed down or stopped. If the child's
symptoms improved, the infusion rate could be increased
by half, and the subsequent infusion rate could be 100 mg/h,
increasing by 100 mg/h every 30 minutes, up to 400 mg/h.
One week after one dose of RTX injection, the CD19+
cell count level was closely checked (the reason for
choosing the CD19+ cell count is that it is considered to
be a useful B lymphocyte marker after RTX treatment9). If
the B cells had recovered (CD19+ >5%), a second dose of
RTX (same usage and dosage as the first dose) was
recommended, or oral mycophenolate mofetil (1000-1200
mg/m2/d, divided into two doses) was added. If the child
relapsed, a second dose of RTX was recommended (the
same dosage as the first dose).

Observation Indicators
Efficacy: maintenance remission rate 6 months before
and after treatment, number of recurrences (6 months, 12
months), annual recurrence rate, cumulative quantity of
steroids (12 months), steroid-free duration and recurrencefree survival time within one year of treatment were
recorded.
Safety: Any adverse events were recorded.
Main Experimental Equipment
a. The 24-hour urine was processed, using the pyrogallol
red colorimetric method, and placed in the Beckman
Coulter AU-5800 biochemical analyser for the 24-hour
urine protein level to be detected.
b. The fasting blood from the child was processed using
the scattering rate turbidimetric method and then placed
in a special protein analyser (model Siemens BNII-02)
for the level of immunoglobulin to be detected, and the
peripheral blood CD19+ cell count was detected using
the BD FACSCalibur automatic flow cytometry system
(the USA).
Related Definitions
a. Maintenance remission rate = complete remission rate +
partial remission rate; no remission: morning urine
protein ≥(3+); partial remission: morning urine protein
positive ≤(2+) and/or disappearance of oedema and
serum albumin >25 g/L; complete remission: blood
biochemistry and urine examination are completely
normal.
b. Relapse: 24-hour urine protein ≥50 mg/kg, or morning
urine protein/creatinine (mg/mg) ≥2.0, or morning urine
protein changes from negative to (3+) to (4+) for three
consecutive days.
c. Relapse-free survival time: the time from enrolment to
the first recurrence.
d. B cell depletion: CD19+ cell count <5/µl or <1%.

Follow-up and Observation Indicators

Clinical Laboratory Indicators
a. Blood routine, and liver and kidney function were
reviewed once every three months after enrolment.
b. 24-hour urine protein quantification and urine albumin/

Statistical Analysis Methods
SPSS 22.0 statistical software was used for statistical
analysis. Count data was expressed as a percentage, and a
χ 2 test or Fisher's exact probability test was used for
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comparison between groups. Measurement data
conforming to the normal distribution were expressed as
mean ± standard deviation (x ± s), and those of non-normal
distribution were expressed as the median (upper quartile,
lower quartile) [M (P25, P75)]. A t-test was used to
compare the two groups with normal distribution data, and
a Mann-Whitney U test was used for non-normal
distribution data. The survival curve was constructed using
the Kaplan-Meier method, and the comparison between
survival curves was performed using a Log-rank test. A
value of p<0.05 was regarded as statistically significance,
and p<0.01 means a significant difference, while p>0.05
means no statistical significance.

After one year of medication, the frequency of
recurrence in the two groups was lower than before
enrolment, and the difference was statistically
significant (p<0.05). Compared with group A, there was
no significant difference in the frequency of recurrence
within 6 months and 12 months, the sustained remission
rate within 6 months, and the annual recurrence rate in
group B before enrolment, while the differences
between the two groups after enrolment were
statistically significant (p<0.05). See Table 2.

Results

The Comparison of the Cumulative Quantity of Steroids
and Steroid-free Duration

The Comparison of the Continuous Remission Rate in 6
Months, the Recurrence Frequency in 6 and 12 Months
and the Annual Recurrence Rate

The accumulation of steroids in both groups was lower
than it was before enrolment (p<0.05). There was no
significant difference in the steroid-free duration of group
A before and after enrolment (p>0.05), but there was a
significant difference in the steroid-free duration of group
B after enrolment (p<0.01). In group B, the steroid levels
were decreased within three to four months of the treatment.
Compared with group A, there was no significant difference

General Baseline Data

The clinical case data of 44 children with FRNS/SDNS
are shown in Table 1. There was no significant difference
in gender composition, age at diagnosis, age at enrolment,
course of disease before enrolment, previous steroid and
immunosuppressive treatment, and pathological
composition between the two groups.

Table 1

Comparison of general baseline data between the two groups

Item

Group A (n=22)

Group B (n=22)

Statistics

P value

16/6

17/5

χ2=0.121

0.728

Age of diagnosis (years)

4.50±1.90

4.59±2.13

t=-0.150

0.882

Age of enrollment (years)

10.18±2.36

10.50±2.94

t=-0.396

0.694

Course of disease before enrollment (years)

5.68±1.81

5.59±2.04

t=0.156

0.876

MCD (cases)

4

7

FSGS (cases)

1

1

Not performed (cases)

17

14

χ2=1.034

0.083

Oral GC (cases)

20

20

GC granules (cases)

9

8

CTX (cases)

6

8

CsA (cases)

2

3

TAC (cases)

15

16

MMF (cases)

6

6

Leflunomide (cases)

3

2

χ2=0.019

0.997

Male/female (cases)

Pathological type

Past medication history

MCD: minimal change nephropathy; FSGS: focal segmental glomurular sclerosis; GC: glucocorticoid; CTX: cyclophosphamide; CsA: cyclosporine
A; TAC: tacrolimus; MMF: mycophenolate mofetil
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children treated with RTX, 10 cases (45.45%) had mild
infusion reactions, such as fever, chest discomfort,
vomiting or a rash, which was alleviated by the
administration of antihistamine or a reduction in the
infusion rate. There was no need to stop the infusion, and
all the children were able to tolerate the subsequent RTX
administration. Seven children (31.82% of those receiving
RTX treatment) had infections (mostly mild ones) after
the RTX treatment, and 14 children developed
pneumocystis pneumonia 54 days after the treatment,
which was alleviated after active treatment, and there were
no deaths. Overall, 14 children (63.64% of those receiving
RTX treatment) had adverse reactions.

in the cumulative amount of steroid and the steroid-free
duration of children in group B before enrolment, but the
difference between the two groups after enrolment was
statistically significant (p<0.01). See Table 3.
Survival Analysis

The recurrence-free survival curves of the two groups
are shown in Figure 1. A Log-rank test was used to compare
them (χ2=16.233, p=0), and the survival curves of the two
groups were significantly different. The cumulative
recurrence-free survival rate of group B (the RTX treatment
group) was significantly higher than that of group A (the
traditional treatment group), and the recurrence-free
survival time was significantly prolonged. The median
recurrence-free survival time of group A was five months,
95% confidence interval (3.894, 6.106). Since the
cumulative recurrence-free survival rate of group B was
greater than 50% after one year of follow-up, the median
recurrence-free survival time of group B could not be
obtained.

Discussion
Children with FRNS/SDNS account for about 50% of
children with PNS, which is a common refractory NS in
clinical practice. At present, immunosuppressant agents are
commonly used in clinic to alleviate the disease, mainly
by affecting the immune pathway of T lymphocytes.
However, the immune dysfunction of B lymphocytes also

Adverse Reactions

The adverse events are shown in Table 4. Among the 22
Table 2

Comparison of remission rate, recurrence frequency, and annual recurrence rate between the two groups

Item

Group A (n=22)

Group B (n=22)

Statistics

P value

Maintenance remission rate within 6 months

7 (31.81%)

17 (77.27%)

χ =9.167

0.002

Complete remission

2 (9.09%)

9 (40.91%)

Partial remission

5 (22.72%)

8 (36.36%)

Before enrollment

2 (1,2)

2 (1,2)

Z=-0.283

0.777

Frequency (times / half a year)

After enrollment

1 (0,1)

0 (0,0.25)

Z=-3.170

0.002

Recurrence within 12 months

Before enrollment

3 (2,4)

3 (2,4)

Z=-0.254

0.800

Frequency (times / half a year)

After enrollment

2 (1,3)

0.5 (0,1)

Z=-4.484

0

χ =0.121

0.004

Recurrence within 6 months

Annual recurrence rate

a

c

21 (95.45%)

b

d

12 (54.54%)
a

2

2

b

Note: The frequency of recurrence within 6 months is compared with that before enrollment, Z=-3.365, P=0.001, Z=-5.520, P=0. The
frequency of recurrence within 12 months is compared with that before enrollment, cZ=-2.015, P=0.044, dZ=5.188, P=0.

Table 3

Comparison of the cumulative amount of steroid and steroid-free duration between the two groups

Item
Cumulative amount of steroid (mg/(kg*d))
Steroid-free duration (month)

Group A (n=22)

Group B (n=22)

Statistics

P value

Before enrollment

0.39±0.11

0.37±0.17

Z=-0.823

0.411

After enrollment

0.27±0.16

0.15±0.13

Z=-2.949

0.003

Before enrollment

2.45±1.07

2.94±1.31

Z=-1.344

0.179

After enrollment

1.60±1.69

Z=-3.740

0

e

e

f

5.91±3.52

g

h

f

Note: Compared with the cumulative amount of steroid before enrollment, Z=-2.525, P=0.012, Z=-4.333, P=0; Compared with the steroid-free duration
before enrollment, g Z=-1.934, P=0.053, hZ=-2.955, P=0.003.
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plays an important role in the pathogenesis of the disease.
Therefore, taking B cells as a therapeutic target is a feasible
approach.
CD20 is a surface antigen expressed during the
differentiation of B lymphocytes as they mature. RTX is a
human mouse chimeric anti-CD20 monoclonal antibody.
The main mechanism of RTX is as follows:
a. It binds and aggregates with the Fc segment of
macrophages, monocytes and natural killer cells in the
human body to induce the lysis of CD20+
B lymphocytes;
b. RTX binds to CD20 and complement C1q to activate
the complement cascade to form a membrane attack
complex, thereby promoting the lysis of CD20+
B lymphocytes;
c. The combination of RTX and CD20 can also initiate
the signal transfer pathway mediated by Caspase-3,
thereby inducing CD20+ B lymphocyte apoptosis. In
addition, some researchers have discovered a
mechanism of action independent of CD20+ B
lymphocytes, that is, RTX can directly affect
glomerular podocytes to reduce urine protein;

Figure 1

Comparison of survival curves between the two groups.

d. It immediately recognises the acid sphingomyelinaselike phosphodiesterase 3 expressed by podocytes and
stabilises the podocyte skeleton by binding to its side
chain amino acids;10
e. It can be combined with the acid sphingomyelinase
expressed by Th17 cells to inhibit Th17's release of
the inflammatory factor interleukin-17 through
transmembrane signal transduction, reduce the damage
of inflammatory response to podocytes and reduce
podocyte apoptosis. 11 Of the above five items, the
mechanism of item four is an important theoretical
basis for the application of RTX to NS.12,13
Table 4

Comparison of the safety of the two groups

Item

Group A
(n=22)

Group B
(n=22)

Total (cases)

12

14

Infusion reaction

NA

10

Infection

4

7

Serious adverse events

1

1

NA: cases without infusion treatment.

P value

0.572
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At present, the research and application of RTX
treatment for children with FRNS/SDNS by scholars at
home and abroad is becoming more extensive. Ito et al14
conducted a multicentre retrospective study and included
55 children with FRNS/SDNS who were treated with RTX.
During follow-up, 51% (28 cases) of children relapsed. A
multi-centre randomised controlled study in South Korea15
studied the efficacy of RTX in the treatment of children
with FRNS/SDNS. The results showed that the 6-month
sustained remission rate of the RTX group was significantly
higher than that of the control group, and the recurrence
rate of the RTX group was significantly lower than that of
the control group. Fujinaga et al16 used a single dose of
RTX as a rescue treatment for 10 children with SDNS to
study its efficacy. The results showed that the number of
relapses at 12 months was significantly reduced. In this
paper, a single-centre randomised controlled study method
was used to randomly divide 44 children with FRNS/SDNS
with a course of more than 2 years into a control group and
an RTX group in a 1:1 ratio. The control group used
traditional treatment programs (steroids and/or CNIs), and
the RTX group was given RTX as well as traditional
treatment. The maximum dose was no more than 500 mg/
time, and the second dose could be given after B cell
reconstitution or recurrence. The results showed that there
were 17 children (77.27%) in the RTX group who
maintained continuous remission for six months without
recurrence, while there were only 7 children (31.81%) in
the control group (p=0.002); the annual recurrence rate in
the RTX group was 54.54% (12/22), and in the control
group it was 95.45% (21/22), which was similar to the
results of the multicentre randomised controlled study in
South Korea carried out by Fujinaga et al. In their study,
the number of patients with steroid resistance in group A
was 20 (partial remission + no remission), and the number
in group B was 13. Moreover, the combined use of RTX
was found to reduce steroid resistance.16 reported a study
of 10 children with SDNS who were given a single dose of
RTX treatment and also showed that RTX treatment could
reduce the cumulative quantity of steroids. During the
follow-up period of more than one year, the average
quantity of steroids was reduced from 0.39 mg/ (kg•d) to
0.15 mg/ (kg•d). This is similar to the results of this paper.
Iijima et al17 reported the results of a randomised placebocontrolled study that found the median time to recurrence
in the RTX treatment group was longer than that of the
placebo group. The survival time of the two groups in this
paper showed that the RTX group was significantly longer

than the control group, but because the cumulative
recurrence-free survival rate of the RTX group was greater
than 50% after one year of follow-up, the median
recurrence-free survival time of group B could not be
obtained. At present, most studies have concluded that RTX
is safe in the treatment of SDNS in children, and its adverse
reactions are relatively mild, most of them being infusion
reactions.18 There are still some shortcomings in this study.
First, the sample size is relatively small, so there may be
some errors in the research results, and second, because
of the short follow-up time of some children, the longterm prognosis could not be studied.

Conclusion
RTX is effective in the treatment of children with FRNS
or SDNS. It can increase the remission rate, reduce the
annual recurrence rate, reduce the quantity of steroids taken
and prolong the recurrence-free survival time. In addition,
the incidence of adverse events is small, and they tend to
be mild. Most of the manifestations are allergic-like
reactions during the infusion process, and only a few
children have serious adverse reactions such as
pneumocystis pneumonia. However, it is necessary to
expand the sample size and extend the follow-up time in
the future to understand the long-term prognosis after RTX
treatment.
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Original Article
Long-term Outcome for Chinese Adolescents with Acute
Lymphoblastic Leukaemia Treated with Paediatric Regimen
of CCLG-ALL 2008 Protocol
JL YU, YY ZHANG, W LIN, Y WU, XL ZHENG, HB HE, PJ QI, J FAN, SY CAI, RD ZHANG, HY ZHENG
Abstract

Background: Adopting paediatric-based protocol for adolescent acute lymphoblastic leukaemia (ALL)
patients has been reported leading to superior prognosis, however, large group of study in Chinese
population has not been documented. Purpose: To analyse the clinical characteristics, prognostic factors
and outcome of adolescent patients with newly diagnosed ALL treated with paediatric-based protocol in
a tertiary centre in China. Methods: We summarised our data of 121 adolescent ALL (aged 10-16 years)
treated with Chinese Children's Leukemia Group (CCLG-ALL 2008) protocol from 2008 to 2013.
Results: During 2008-2012, a total of 121 adolescent patients with ALL were enrolled in our study. The
5-year overall survival rate (OS) and event-free survival rate (EFS) was 82.64% and 80.78%, respectively.
The 5-year EFS rate was 89.05% in intermediate risk patients, whereas, it was significantly lower for the
high risk group (59.54%). High initial leukocyte count (WBC >50 x 109/L), T-immunophenotype, BCR/
BAL and poor response to prednisone at Day 8 were associated with inferior prognosis. Conclusions:
Adolescent ALL patients achieved satisfactory outcome using paediatric-based protocol of CCLG-ALL
2008.
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Introduction
Acute lymphoblastic leukaemia (ALL) is the most
common cancer diagnosed in children, accounting for
approximately 25% of paediatric cancers. With the
optimisation of risk stratification, risk-based therapeutic
regimen, treatment response monitoring and supportive
care, event-free survival (EFS) rates for childhood ALL
exceed 80% and overall survival (OS) rates are
approximately 90%.1 Compared with childhood ALL, the
outcome of adolescent and young adult (AYA) ALL is
significantly inferior. To circumvent this adversity,
adolescent ALL attracts emerging interest due to their
unique disease characteristics. Recently, paediatric-based
regimens have been shown to lead to superior prognosis,2
however, relevant study in Chinese population has not
been well documented and existing data included only
relatively small patient number.3 We summarised our data
of 121 adolescent ALL treated with Chinese Children's
Leukaemia Group (CCLG-ALL 2008) protocol and
focused on the clinical features, prognostic factors and
long-term outcome.
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cytogenetic abnormalities and central nervous system
(CNS) status according to the risk-stratification criteria of
CCLG-ALL 2008 protocol (Table 1).

Methods
Patients

During February 1, 2008 to December 31, 2013, 121
patients (10- to 16-year) with newly diagnosed ALL were
admitted in Hematology Oncology Center, Beijing
Children's Hospital, Capital Medical University. Diagnosis
was confirmed by the examinations of morphology,
immunology, cytogenetic and molecular studies. The
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist for cohort studies was
implemented in this study.
Risk Stratification

Patients were assigned to intermediate risk (IR) and high
risk (HR) based on presenting leukocyte count,
immunophenotype, prednisone treatment response at Day
8; remission status at Day 15 and Day 33, minimal residual
disease (MRD) at Day 33 (end of remission induction) and
Day 84 (beginning of consolidation) by flow cytometry,

Table 1

Treatment

All patients received the treatment of CCLG-ALL 2008
protocol consisting of remission induction, early
intensification, consolidation, delayed intensification and
continuation courses. Duration of therapy was 24 months
for IR female, 30 months for IR male, and 36 months for
HR patients, respectively. The treatment protocol of CCLGALL 2008 was described previously4 and the schema was
briefly shown in Figure 1. Written informed consent was
obtained under the approval of the Beijing Children's
Hospital Ethical Committee.
Response

Treatment response was evaluated according to
prednisone response at Day 8; bone marrow morphology
study at Day 15, Day 33 and Day 84; MRD and cytogenetic

Risk stratification

Risk group

Stratification criteria

Standard Rick (SR)

Age: ≥1, <10 years
+WBC count >50x109/L
+B-cell ALL
+Absence of t(9;22) or t(1;19) or MLL rearrangement
+Non CNS3
+Prednisone good response
+Bone marrow blasts <5% by cytological study at Day 15 of induction
+MRD <10-4 at Day 33 of induction

Intermediate Risk (IR)

Age: <1 year or ≥10 years
or WBC count ≥50x109/L
or T-cell ALL
or t(1;19)
+Absence of t(9;22) or MLL rearrangement
+Prednisione good response
+Bone marrow blasts <25% at Day 15 wiht IR protocol or <5% with SR protocol
+MRD <10-2 at Day 33 of induction
+MRD <10-3 at the beginning of consolidation

High Risk (HR)

t(9;22)
or MLL rearrangement
or Prednisone poor response
or Bone marrow blasts ≥25% at Day 15 wiht IR induction or >5% at Day 33 of induction
or MRD ≥10-2 at Day 33 of induction
or MRD ≥10-3 at the beginning of consolidation

WBC, white blood cell; ALL, acute lymphoblastic leukaemia; CNS, central nerve system; MRD, minimal residual disease
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Figure 1
Treatment schema of CCLG-ALL 2008 protocol. Abbreviations: IR, intermediate risk; HR, high risk; Pred, prednisone; VCR,
vincristine; L-Asp, L-asparaginase; DNR, daunorubicin; CTX, cyclophosphamide; Ara-C, cytarabine; 6-MP, 6-mercaptopurine; MTX,
methotrexate; DEX, dexamethasone; VDS, vindesine; IFO, ifosfamide; VP16, etoposide; DOX, doxorubicin; HSCT, haematopoietic stem cell
transplantation.

Yu et al

results. Peripheral blast >1.0x109/L at Day 8 after initial
prednisone treatment was considered as poor response. The
presence of blast in bone marrow <5% by cytological study
was defined as complete remission. Patients with MRD
>1x10 -2 at Day 33 or MRD >1x10 -3 at Day 84 by flow
cytometry were upstaged to HR.
Statistical Analysis

The endpoints of this study were overall survival (OS)
and event-free survival (EFS). OS was defined as the time
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from diagnosis to death or the last follow-up from any
cause. EFS was defined as the time from diagnosis to the
date of either the first adverse event or the last follow-up.
Adverse events were relapse, death, the development of
secondary malignant neoplasm and loss of follow up.
Survival rate was evaluated and represented with KaplanMeier plots. Comparison between groups was performed
with Log-rank test. A value of 2-tailed p-value <0.05 was
considered statistically significant. All statistical analyses
were performed with SAS JMP 14.0 software.

Figure 2
Five-year overall survival (a) and Event-free survival (b) for the whole group of patients, intermediate risk (IR) and high risk
(HR) patients, respectively. (c) 5-year OS rate was 91.57% in IR patients, whereas, significantly decreased in HR patients 59.71%.
(d) Similarly, the 5-year EFS rate was dramatically declined in HR (59.54%).
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Results
Patient Characteristics

genetic data were not available in a few of patients.
However, relevant techniques have developed and already
been used routinely in our patients during the past ten
years.

A total of 121 adolescent patients with newly diagnosed
ALL were enrolled on CCLG-ALL 2008 protocol between
February 1, 2008 to December 31, 2013. Median age at
diagnosis was 11.5 years (range, 10-15.8 years) and mean
age was 11.8 years including 72 males and 49 females.
The median follow-up is 8.5 years. The clinical
characteristics were summarised in Table 2.
Approximately one third of patients were assigned to
HR group based on the risk-classification criteria. The
frequency of high initial leukocyte count (>50x109/L) was
29.8%. B cell immunophenotype (81%) was more frequent
than T-ALL (17.4%). Nine patients (7.4%) had BCR/ABL
signature and 11 patients had ETV6-RUNX1. The incidence
of MLL rearrangement was low (2.5%) (Table 2). Molecular

In the whole cohort of patients, 10.7% of adolescent
patients had poor response to prednisone at Day 8. The
complete remission rate was 88.4% by morphology study.
Fifteen patients did not achieve complete remission after
induction phase. The 5-year OS was 82.64% and EFS was
80.78%, respectively (Figure 2). The relapse rate was
10.7% and death rate was 17.4% (Table 3). Three patients
relapsed within 6 months. One patient relapsed twice. A
total of 21 patients died. Twenty patients died after achieved
the first CR. Only one patient died during induction phase
due to severe infection. Total 11 patients died due to

Table 2

Table 3

Characteristics of patients

Treatment Response and Outcome

Treatment response and outcome
Number (%)

Number (%)
Day 8 Peripheral Blood Blast Count

Total N=121
Gender
Female

72 (59.5)

Male

49 (40.5)

<1x109/L

108 (89.3)

>1x10 /L

13 (10.7)

9

Day 33 BM with <5% Blast
CR

Risk Group
IR

85 (70.2)

HR

36 (29.8)

107 (88.4)

Day 33 MRD

WBC Count

<1x10-2

92 (84.4)

-2

>1x10

17 (15.6)

Day 84 MRD

Median (x10 /L)

14.15

Range (x10 /L)

0.17-732

<1x10-3

95 (91.3)

>50x10 /L

36 (29.8)

-3

>1x10

9 (8.7)

<50x10 /L

85 (70.2)

Death (Total)

21 (17.4)

9

9

9
9

Death

Immunophenotype
B-lineage

98 (81.0)

Induction Death

T-lineage

21 (17.4)

Death after Achieved CR

Mixed Lineage

2 (1.7)

Cytogenetics
ETV6-RUNX1

11 (9.1)

BCR/ABL

9 (7.4)

TCF3/PBX1

9 (7.4)

MLL rearrangement

3 (2.5)

IR, intermediate risk; HR, high risk; WBC, white blood cell.

1 (0.8)
20 (16.5)

Death after Relapse

11 (9.1)

Death due to Severe Infection

5 (4.1)

Death after HSCT

8 (6.6)

Relapse
13 (10.7)
BM, bone marrow; CR, complete remission; MRD, minimal residual
disease; HSCT, haematopoietic stem cell transplantation.
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disease relapse. Among these 11 patients, four patients
(4/11) died due to the progressive Leukaemia, five patients
(5/11) died of haematopoietic stem cell transplantation
(HSCT) complications, and two patients (2/11) died due
to the abandonment of treatment. Six HR patients received
HSCT after CR1 and three of them (without relapse) died
due to the complications of HSCT. Severe infection
including septicemia and fungal infection was the major
cause leading to non-relapse death (5/21). Two patients
died due to the abandonment of treatment. Secondary
neoplasm, pancreatitis and severe osteonecrosis were not
observed during the follow up period.
The outcome of HR patients was notably inferior to IR
patients. The OS was 91.57% in IR group, whereas,
significantly lower in HR group (59.71%, p<0.0001).
Similarly, the 5-year EFS was dramatically worse in HR
patients (59.54% vs. 89.05%, p=0.0002) (Figure 2). The
cumulative incidence of relapse (CIR) of HR patients was
remarkably higher than IR patients (26.4% vs. 5.1%). High
initial leukocyte count and poor response to prednisone at
Day 8 were strongly related to inferior prognosis. The 5year EFS was significantly declined in patients with high
presenting leukocyte count (61.77% vs. 88.89%, p=0.0021).
Compared to the other patients (84.25%), the 5-year EFS
of patients with poor response to prednisone was 46.15%
(p=0.0006). T cell immunophenotype was considered as
unfavourable factor. The EFS rates of T-ALL trended to be
much lower than B cell immunophenotype (66.67% vs.
83.65%, p=0.1306). Both of two patients with mixed
lineage ALL survived. One patient was treated with HR
protocol and the other patient achieved complete remission
after HSCT. For the cytogenetic analysis, 5-year EFS rate
was significantly worse in BCR/BAL positive patients
(54.55% vs. 82.6%, p=0.011). Although the difference was
not significant, there was a notable trend towards the
correlation between ETV6-RUNX1 and better outcome,
being 100% and 77.76% in with or without ETV6-RUNX1
ALL (p=0.0884). Significant superior outcome was
observed in MRD <1x10-2 group at Day 33 (86.54% vs.
50.68%) and MRD <1x10-3 group at Day 84 (85.52% vs.
44.44%) (Table 3 & Figure 3). For HR group, 45.16% of
patients were observed with MRD lower than 1x10-2 at
Day 33 and 60.97% of patients' MRD at Day 84 was lower
than 1x10-3.

Discussion
The incidence of ALL is more common in early
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childhood. It peaks at 3-5 years and declines dramatically
afterwards. However, it remains the predominant subtype
of Leukaemia among adolescents and is among the leading
causes of cancer-related death in AYA. 5 The clinical
characteristics, treatment response and outcome of
adolescent ALL are distinct from paediatric ALL.
Historically, the outcome of adolescent ALL patients
has been inferior to childhood patients. This discrepancy
could partially explained by the unique feature of the host
and ALL biology. The disparities in disease biology
between adolescent ALL and paediatric ALL has been
documented in some retrospective studies, however, the
disease profile of Chinese adolescent patients has not
been reported. Twenty-one patients (17.1%) had
T-immnunophenotype and is higher than that of the younger
children (usually <10%). In addition, high initial leukocyte
count (>50x109/L) was present in 29.8% of patients which
is again a higher proportion than younger children. This is
in consistent with previous studies, which found the
incidence of unfavourable factors, such as high leukocyte
count at initial diagnosis, T-cell immunophenotype, BCR/
ABL and MLL rearrangement were more frequent in
adolescent patients. In contrary, favourable cytogenetic
abnormalities (e.g., ETV6-RUNX1) were less frequent in
adolescent ALL, when compared with our large multicentre data for patients aged 0-18 years old.4
Recent improved treatment in childhood ALL has
extended to adolescent patients. Paediatric-based regimen
has been reported leading to much better outcome for
adolescent patients compared with those enrolled in adult
protocols. Retrospective study from UK reported that 5year EFS of AYA patients treated by MRC ALL97 was 65%
versus 49% for those treated on adult UKALLXII/E2993
protocol.6 Recent published prospective cooperative study
in US addressed the tolerance and better outcome of using
paediatric treatment regimen in 318 AYAs patients aged
17-39 years.7 Seventy-eight percent EFS was reported in
58 patients aged 15 to 18 years from Dana-Farber Cancer
Institute.8 Similarly, St. Jude Children's Research Hospital
Total XV demonstrated excellent results in adolescent
patients with 5-year EFS of 71.5%. 9 Several potential
factors are contributing to such improvement. The
combination of myelosuppressive and nonmyelosuppressive regents are commonly utilised during
the induction phase and asparaginase is only used in
paediatric based ALL regimen.10 Intrathecal treatment is
taken early after the diagnosis and high-dose methotrexate
treatment dramatically reduces the risk of CNS disease.
Cranial irradiation has been eliminated in current paediatric
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Figure 3
Five-year event-free survival (EFS) data according to prognostic factors. (a) 5-year EFS rate for whole cohort of patients was
80.78%. (b) High initial leukocyte count and (c) poor response to prednisone at Day 8 were strongly related with inferior prognosis. (d) EFS
rates of T-ALL trended to be lower than B cell immunophenotype, however, without statistical difference. (e) 5-year EFS rate was significantly
worse in BCR/BAL positive patients. (f) The outcome of patients with ETV6-RUNX1 tended to be improved. (g) 5-year EFS was significantly
higher in MRD <1x10-2 at Day 33 and (h) MRD <1x10-3 at Day 84, respectively.
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ALL regimen unless in relapsed CNS disease, which
remarkably decreases the occurrence of secondary brain
tumor and improve the quality of life. Bone marrow
transplantation is usually administered once patients
achieving the first CR in adult protocol, however, majority
of patients treated on paediatric regimen could achieve
long-term remission with chemotherapy alone, which
markedly decreases the transplant-related death. Moreover,
unlike the adult regimen, paediatric protocol contains
maintenance therapy which is beneficial to the long-term
disease remission. Our study is the largest prospective
study of Chinese adolescent ALL with median 8.5 years
follow-up. We demonstrated that adolescents aged 10 to
18 years, treated with CCLG-ALL-2008 protocol had
comparable and ever better 5-year EFS and OS compared
with other published reports. The 5-year OS rate for whole
cohort of patients was 82.64% and EFS was 80.78%. The
death rate and relapse rate was also comparable with
previous paediatric studies. Early death was only 0.83%.
This improved outcome is mainly due to the precise riskstratification, strict treatment response monitoring and
timely response-adopted adjustment. And importantly,
patients treated in our centre were provided with multidisciplinary support and have strict adherence to therapy.
Despite of the improvement, the outcome of
adolescents remains unsatisfactory particularly in HR
group. Significant worse outcome was noted in HR patient
in this study compared with IR patients. Regarding
prognostic predictors, our study indicated that high initial
white blood cell count, poor response to prednisone at
Day 8 and BCR/ABL were strongly related with inferior
prognosis. Since the study was started as early as 2008,
we did not routinely treat the BCR/ABL patients with
Tyrosine kinase inhibitors (TKI) at that period. However,
the TKI has been regularly used to treat BCR/ABL patients
in our current ALL protocol. Although without statistical
difference, obvious trend associated with poor outcome
was noted in T-immunophenotype, TCF3/PBX1 and MLL
rearrangement. ETV6-RUNX1 was considered as a
favourable factor and was also noted to be related with
better outcome in this study. Currently, more and more
novel cytogenetic abnormalities emerge as promising
prognostic predictors. Philadelphia chromosome-like (Phlike) is identified with similar gene profile with BCR/ABL1 in B-lineage ALL and high frequency of IKZF-1
mutation by genome wide analysis. 11-15 The prevalence
of Ph-like ALL increases significantly with age. It
represents 10-15% among childhood ALL, higher than 20%
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in adult ALL, and with a peak of 25-30% in AYA ALL. Phlike ALL patients have poor outcome and high risk of
relapse rate. Five-year EFS of Ph-like patients was
significantly inferior to Ph-like negative patients (63% vs.
85%).16 In addition, compared with paediatric ALL, IKZF
deletion, MEF2D rearrangement and intrachromosomal
amplification of chromosome 21 (iAMP21) also has
higher frequency in AYA patients and is associated with
dismal outcome. 13 Screening of genetic abnormalities
including Ph-like, IKZF deletion, CRLF2 and iAMP21 will
be beneficial to precisely identify AYA patients with highrisk features and improve their outcome by early
interventions. Since those genetic marker were gradually
recognised throughout the study period, only few of
patients were screened with IKZF1, Ph-like, CRLF2 and
iAMP21, however, such genetic predictors have been
adopted in new risk stratification criteria of our current
multi-centre clinical trial.
Currently, there is no universal consensus on the
administration of HSCT in high-risk group of patients.
Previously, HSCT in first complete remission (CR1) is
commonly used in adult based protocol. A meta-analysis
reported survival benefit in AYA patients with HSCT
comparing with chemotherapy alone.17 MRC and ECOG
supported the benefit of matched sibling allogeneic
transplantation HSCT in standard-risk adult patients in
CR1, with OS 53%. However, this study did not show any
significant advantage of HSCT in high-risk patients.
Moreover, this trial demonstrated the poor outcome of AYA
patients, with OS 44% of patients younger than 20 years
and 45% of patients aged 20-29 years, suggesting the
limited role of HSCT in CR1 AYA patients.10,18 Importantly,
such studies were limited to adult chemotherapy regimen
but not to the paediatric-based chemotherapy treatment.
Recently, the role of HSCT in AYA patients after CR1 is
controversial. More evidence argued the role of upfront
HSCT in AYA patients' treatment. Study from US and
Canada demonstrated paediatric-based therapy achieved
71% OS compared with 40% OS in patients with HSCT
after CR1 and with significant lower treatment-related
mortality (6% vs. 37%).19 Moreover, AYA patients were
presented with higher susceptibility to graft-versus-host
disease induced by HSCT.20 These evidence support the
general consensus that paediatric-based therapy is superior
and well tolerated by adolescent patients,21 and HSCT is
recommended only for very high-risk patients and relapsed
patients.22,23 Instead of HSCT, increasing treatment options
have been emerging during the past decade. Targeted
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therapy and immune therapy based on the precise
genotyping and comprehensive treatment provide
promising chance for some refractory adolescent ALL
patients. In our patients with BCR/ABL fusion gene, the
outcome was significant inferior than BCR/ABL negative
patients during the study period, however, with the adoption
of tyrosine kinase inhibitors in our regimen during past
years, the prognosis of such patients has been dramatically
improved and HSCT has not been considered as the first
choice.
Adolescent ALL patients face the great developmental
challenges and experience the transition from child to
adult. In addition to health services, age-appropriate social
and emotional support is equally essential and might
impact on outcome of AYA patients. However, majority of
countries have not established specific program providing
multidisciplinary care for AYA cancer patients. Long-term
physiological and psychological support is far from
satisfactory. Patients younger than 18 years generally are
treated in children cancer centre, however, patients older
than 18 years have to be admitted in adult hospital. This
incoherency in treatment and follow-up significantly
impacts the outcome of AYA patients. Collaborative efforts
among paediatric and adult haematologists are essential to
overcome this hurdle.
The limitation of this study is the age limit in our centre.
To overcome this limitation, currently, a multi-centre AYAALL clinical trial has been conducting and is leaded by
our hospital in China. With the participation of both
paediatric and adult centres, age-appropriate regimen
designed for AYA patients will further improve the
prognosis of patients.

Conclusion
Adolescent ALL patients are a unique subgroup with
distinct disease biological characteristics and host features.
Paediatric-based regimen could dramatically improve the
outcome of adolescent ALL patients, however, the highrisk group treatment remains a challenge. With the
development in precise risk-stratification, continuous
monitoring of treatment response and targeted therapy,
further improvement will be achieved by optimising the
treatment and minimising the toxicity. Moreover,
multidisciplinary collaboration between paediatric and
adult cancer centres is needed to design more ageappropriate supportive care.
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Case Report
A Traumatic Spinal Epidural Haematoma in a Child with
Magnetic Resonance and Computed Tomography Findings:
A Case Report
S ÖZKAçMAZ
Abstract

Spinal epidural haematomas most commonly occur secondary to neoplasms, arteriovenous malformations,
epidural haemangiomas, coagulopathies and infections. But traumatic spinal epidural haematoma is an
extremely rare entity which leads to major neurological conditions such as hemiparesis, paraparesis,
quadriparesis and paraplegia. In this report we present the non-enhanced computed tomography (CT)
and magnetic resonance (MR) imaging findings of a paediatric case of a traumatic spinal epidural
haematoma extending from the 3rd cervical to the 10th thoracic vertebral level, which was associated
with multiple vertebral body fractures due to a high-energy trauma. To the best of our knowledge, this
case had the longest caudocranially spreading, traumatic spinal epidural haematoma detected in children,
compared to previous reports in the literature. A spinal epidural haematoma is a challenge for patients,
especially those with a non-traumatic origin. For this reason, the spinal epidural space must be properly
examined for the presence of haematomas on the CT and MR images in patients with trauma.

Key words

Computed tomography; Magnetic resonance; Spinal epidural haematoma; Trauma

Introduction

Case Report

A traumatic spinal epidural haematoma is a very rare
entity, with only a few published reports in the literature.1,2 In
this report we present the computed tomography (CT) and
magnetic resonance (MR) imaging findings of a paediatric
case of a traumatic spinal epidural haematoma extending
from the 3rd cervical to the 10th thoracic vertebral level,
which was associated with multiple vertebral body
fractures.

A 12 year-old female with a high-energy trauma was
admitted to the emergency department after a traffic
accident. Her heart rate was 110 beats/minute, blood
pressure was 130/80 mm Hg and respiratory rate was 25/
minute. Results of the laboratory examinations were within
normal limits. She reported a pain in her chest and left
shoulder, and a right-sided headache. She also developed
numbness in both her lower extremities in the emergency
room, 25 minutes after the injury. However, she had a
normal motor strength, and normal deep tendon reflexes
in all the four extremities. A non-enhanced CT examination
revealed a fracture in the left humerus, contusions in the
bilateral posteriobasal segments of the lower lobes of the
lungs, and a subcutaneous haematoma in the cranium.
Fractures were also detected in the 7th cervical, and the
3rd and 4th thoracic vertebral bodies. However, indentation
of the spinal canal by bony fragments, narrowing of the
spinal canal, or spondylolisthesis were not detected. There
were no signs of osteoporosis, rhematic diseases or vertebral
lesion which could lead to a pathological fracture on
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imagings. A linear hyperdensity which was located in the
spinal canal posterior to the spinal cord was detected
(Figure 1). A non-enhanced MR imaging was performed to
rule out any haematoma or oedema within the spinal cord.
T1- and T2-weighted images did not show any signal
abnormalities within the spinal cord, thus suggesting no
contusion or oedema. However, a haematoma with a
thickness of 6.3 mm, which was mildly hyperintense
compared to the spinal cord in T1-weighted images, and
mildly heterogeneous-hyperintense to the spinal cord in
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T2-weighted images, was detected (Figures 2 & 3). This
haematoma elevated the posterior dura mater between the
levels of the 3rd cervical and the 10th thoracic vertebral
bodies.
After the intravenous administration of dexamethasone,
the numbness in her extremities regressed dramatically
within 20 minutes. However, because of the marked lenght
of the haematoma, after 1,5 hours of the injury, an
emergency laminectomy performed and about 25 ml
haematoma evacuated from the epidural space. No

Figure 1 Sagittal reformatted (a) and axial CT images of the cervical spine (b) showing a hyperdense haematoma located in the
posterior epidural space of canalis spinalis (short arrows) and a fracture in 7th cervical vertebral body (long arrow) (a). A sagittal
reformatted (c) and axial (d) CT image of the thoracic spine showing an epidural haematoma (arrows).
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Figure 2 A sagittal T2-weighted MR image of cervical spine (a) shows an epidural haematoma (long arrows). Furthermore, elevation
of the dura secondary to the haematoma is seen (short arrows). A sagittal T1-weighted image of the cervical spine (b) demonstrates a
mildly hyperintense haematoma, compared to the spinal cord (long arrows). Note that there are hyperintense foci within the haematoma.
Also fractures in the 7th cervical and 3rd-4th thoracic vertebral bodies are seen (short arrows).

Figure 3
A sagittal T2-weighted MR image (a) showing an epidural haematoma (long arrows), and fractures in vertebral bodies (short
arrows). Note that there are hypointense foci within the haematoma. Also, elevation of the dura due to the expansion of the epidural
haematoma is seen (arrowhead). A sagittal T1-weighted MR image (b) demonstrates an epidural haematoma (long arrow) and fractures in the
vertebrae (short arrows). Note that there are hyperintense foci within the haematoma. Also, elevation of the dura due to expansion of the
epidural haematoma is seen. An axial T2-weighted MR image (c) shows an epidural haematoma located posteriorly to spinal cord (arrows).

Özkaçmaz

underlying vascular malformation was detected on surgical
exploration and also on MR imagings. The patient had no a
history of coagulation disorders also her preoperative PT
(Prothrombin Time) and aPTT (Activated Partial
Thromboplastin Time) results were within normal limits.
The patient was discharged with full recovery 11 days after
the hospitalisation. On 1 month follow-up there was a mild
neck and back pain but no sensorial or motor deficit.

Discussion
Most of the spinal epidural haematomas occur
secondary to non-traumatic conditions. Non-traumatic
spinal epidural haematomas are associated with neoplasms,
arteriovenous malformations, epidural haemangiomas,
coagulopathies, and infections.1 A traumatic spinal epidural
haematoma is very rare in children, with only a few cases
reported in the literature.1 The most common symptoms
are those associated with compression of the spinal cord
or the spinal roots, which include neck stiffness, neck pain,
a decrease in neck movement, irritability, crying,
hemiparesis, paraparesis, quadriparesis, and paraplegia.2
Tamburelli et al, reviewed the clinical and radiological
findings of seven patients with traumatic spinal epidural
haematomas. Epidural haematoma was detected in the
thoracic spinal canal in five of these seven patients. In one
patient the epidural haematoma was located in the cervical
canal, and in the seventh patient it was in the lumbar spinal
canal. In six patients, the haematomas were associated with
spine fractures. 3 Similarly, in our patient also the
haematoma was associated with a spinal fracture. However,
there were spinal fractures at three levels (7th cervical,
and 3rd and 4th thoracic vertebrae) in our patient, which
may have contributed to the more caudal (10th thoracic
vertebra) and cranial (3rd cervical vertebra) extension of
the epidural haematoma.
Lim et al, reported a 20-month-old girl with a nontraumatic spinal epidural haematoma which was
extending between her 7th cervical and 4th thoracic
vertebral levels. They also reviewed the clinical and
radiological findings of thirteen infants in the literature,
who had a non-traumatic spinal epidural haematoma. In
most of their cases (10 of 13) the haematoma was
located in cervicothoracic region. 4
Raasck et al, reported their six cases with spontaneous
spinal epidural haematomas by reviewing 65 patients from
twelve different studies in the literature. While 16 of these
71 patients with spontaneous epidural haematoma were

262

treated conservatively, in the remaining 55 patients, surgery
was performed.5
Non-enhanced computed tomography findings of a
spinal epidural haematoma are a hyperdense (50-70 HU),
extradurally located mass. MR imaging features depend on
the age of haematoma. However, acute spinal epidural
haematomas are iso-hyperintense to the spinal cord on T1weighted images, and heterogeneously hyperintense to the
spinal cord with hypointense foci on T2-weighted images.
6-8
In our patient the haematoma was heterogenous, mildly
hyperintense to the spinal cord with marked hyperintense
foci on T1-weighted images, and heterogenous, mildly
hyperintense to the spinal cord with hypointense foci on
T2-weighted images. Furthermore, an anterior
displacement of the dura mater is an important finding for
the detection of spinal epidural haematomas.9
To the best of our knowledge, in the literature, this case
had the longest (from C3 up to T10) caudocranially
spreading, traumatic spinal epidural haematoma detected
in children. This is probably due to bleeding from epidural
veins10 in different levels due to multiple vertebra corpus
fractures. Despite the marked craniocaudal length of the
haematoma, there was only a mild numbness in her lower
extremities but no motor function impairment with normal
deep tendon reflexes. We think that this occurred because
the haematoma extended craniaocaudally rather than
anteroposteriorly which reduced the compression of the
medulla spinalis. Sometimes even a small but more
expansive epidural haematoma leads more compression and
associated symptom and deficits. Elevated dura mater by
the expansion of the epidural haematoma is well
demonstrated at the cranial and caudal end-points of the
haematoma. Also, non-enhanced computed tomography
findings of the haematoma are well delineated. In our
patient there was an excellent outcome which may be due
to also the lack of spinal contusion or oedema and the
limited compression to spinal cord which was removed
early.
A spinal epidural haematoma is a challenge for patients,
especially those with a non-traumatic origin. For this
reason, non-enhanced computed tomography images of
such patients with neurological findings must be carefully
examined. Spinal epidural haematoma must be kept in mind
when a hyperdensity located peripherally in the spinal
canal is seen on axial and sagittal reformatted CT images.
Furthermore, urgent non-enhanced spinal magnetic
resonance imaging must be performed in these patients to
detect haematomas, and an elevated dura mater. In addition,
cerebrospinal fluid pulsation artefacts on T2-weighted
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images may cause confusion, but in these cases diffuse or
focal hyperintensity (as in our case) on T1-weighted
images, and also elevation of the dura mater will be helpful
for the diagnosis of haematoma.

Conclusion
The spinal epidural space must be properly examined
for the presence of haematomas on the CT and MR images
in patients with trauma. Also the suspicion of epidural
haematoma secondary to vertebra fractures must be raised
in the trauma patients with even minor sensory or motor
deficits.
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Case Report
A Case of Mitochondrial Encephalopathy, Lactic Acidosis and
Stroke-like Episodes Caused by m.1630A>G Mutation with
Initial Presentation of Chronic Kidney Disease and Gradual
Progressive Predominant MNGIE-like Gut Dysmotility Features
CTW WONG, JCK CHOW, BWM BUT
Abstract

Mitochondrial diseases related to mutations of the mitochondrial tRNAVal (MT-TV) gene are not common.
We present the clinical features and disease course of the third reported case, as well as the first Chinese
case, of mitochondrial disease with m.1630A>G mutation of the MT-TV gene that added to the phenotype
spectrum of this particular variant. Our patient had an initial presentation of renal failure, and eventually
development of stroke-like episode, followed by progression into significant MNGIE-like gastrointestinal
dysmotility symptoms. We highlight the importance of recognising mitochondrial disease as one of the
differential diagnosis when approaching children with chronic kidney disease or other renal disorders of
unknown cause as it could be one of the first manifestations.

Key words

Chronic kidney disease; MELAS syndrome; Mitochondrial disease

Introduction
Mitochondrial disease is a group of heterogeneous
genetic disorders that causes defective oxidative
phosphorylation. Often mitochondrial disease has a
multisystem involvement that could present with a variable
combination of features, while some manifest as a
recognised clinical syndrome. Mitochondrial
encephalomyopathy with lactic acidosis and stroke-like
episodes (MELAS) is one of the most common syndromes
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among the others. The hallmark feature is the occurrence
of stroke-like episodes, together with symptoms such as
focal or generalised seizure, short stature, encephalopathy
and muscle weakness. The m.3243A>G is the most common
mutation that accounts for 80% of MELAS cases. On the
other hand, mitochondrial neurogastrointestinal
encephalomyopathy (MNGIE) is a rare syndrome caused
by mutation in the nuclear TYMP gene. It has cardinal
features of gastrointestinal dysmotility, cachexia,
peripheral neuropathy, myopathy, ptosis, ophthalmoparesis
and leukoencephalopathy. An entity related to it, called
MNGIE-like disease, is labelled as patients do not fulfil all
clinical features of MNGIE, in particular without
leukoencephalopathy nor mutation of TYMP gene being
identified. It has been associated with a number of nuclear
and mitochondrial gene mutations.1,2
Here we present a case of mitochondrial disease with
mutation m.1630A>G detected in the mitochondrial
tRNAVal (MT-TV) gene. This mutation was reported in two
cases before, with a phenotype of MELAS and MNGIElike syndrome respectively. Our patient had presenting
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features predominant of chronic kidney disease, followed
by development of stroke-like episode about 1.5 years
after onset of symptoms, and progressive evolution to more
prominent MNGIE-like gastrointestinal dysmotility
features several years on.

Case
A 12-year-old girl, who was the only child born to nonconsanguineous Chinese parents at 36 weeks gestation with
a birth weight of 2.2 kg. Her perinatal course was
unremarkable except a transient heart murmur, with
echocardiogram showed trivial pulmonary incompetence
only. She had normal growth and development up to one
year of follow up after birth. She first presented at 7 years
and 11 months old with sudden onset of disorientation
evident by confused or unintelligible speech without
associated neurological deficits. Symptoms resolved soon
after admission spontaneously. Computed tomography of
the brain performed upon admission and
electroencephalogram were normal. Blood and urine tests
were unrevealing on metabolic aspect except a mildly
elevated lactate level at 3.8 mmol/L (normal range 0.52.2 mmol/L) and alanine level at 521 umol/L (normal range
159-472 umol/L) which both normalised on second
samples. Acylcarnitine profile, ammonia, pyruvate level
and urine organic acids were all normal. The exact cause
of disorientation was not identified. However, she was found
incidentally to have hypertension (blood pressure readings
up to 130/90 mmHg), hyperkalaemia (highest at 6.2 mmol/
L), normal anion gap metabolic acidosis (worst with pH
7.12 and base excess of -15.1) and a persistently deranged
renal function of elevated creatinine and urea level (up to
91 umol/L and 18.6 mmol/L respectively despite adequate
hydration) and an eGFR of down to 58 ml/1.73 m2/min.
She had normal urine output with no proteinuria nor
microscopic haematuria all along. She subsequently
underwent further investigations for her stage 3A moderate
chronic kidney disease (CKD) and hypertension. Notable
findings from the investigations include a left ventricular
concentric hypertrophy on echocardiography, which was
thought to be secondary to the hypertension at that time, a
mild generalised increase in echogenicity in both kidneys
without evidence of renal arteries stenosis from ultrasound
and also a mildly decreased uptake in lateral aspect in
upper third of right kidney without volume loss from DMSA
scan. She was started on hydrochlorothiazide for her
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hypertension and hyperkalaemia, supplemented with oral
sodium bicarbonate and was discharged with follow up for
her chronic kidney disease.
She was admitted the second time at nine years old for
episode of focal seizure presented with intermittent
twitching of right fingers and a fluctuating Glasgow Coma
Scale (GCS) level range from 10-15/15, preceded by nausea,
vomiting and epigastric pain for two days. Magnetic
resonance imaging (MRI) and magnetic resonance (MR)
arteriography of the brain performed after admission
showed a large acute left parieto-occipital infarct with no
steno-occlusive lesions in the neck or intracranial vessels
to account for the presentation. An MRI brain and MR
spectroscopy repeated about 10 days later showed gyral
swelling and T2-hyperintensity in left posterior parietal
and occipital regions, and posterior aspect of bilateral
thalami, with decreased N-acetylaspartate (NAA), elevated
choline and presence of lactate peak at left occipital region
(Figures 1 & 2). Mitochondrial disease in particular
MELAS was suspected. She was found to have an elevated
CSF lactate of 5.5 mmol/L with normal paired serum lactate
of 1.9 mmol/L. In fact, her serum lactate and alanine level
remained normal throughout her stay. Her renal impairment
remained static, and her eye examination was unremarkable.
She was found to have bilateral severe sensorineural
hearing loss confirmed by pure tone audiometry. In
retrospect, mother recalled a worsening of hearing since
about eight years old. Echocardiogram showed a
progressive biventricular hypertrophy that could not be
explained by hypertension alone. She was diagnosed to
have hypertrophic cardiomyopathy likely related to her
suspected mitochondrial disease. Electroencephalogram
revealed diffuse cerebral dysfunction without epileptiform
discharge. Renal biopsy was performed, which showed a
mild to moderate global glomerulosclerosis, moderate
tubular atrophy with thyroidisation pattern and moderate
to marked interstitial fibrosis, suggestive of chronic
tubulointerstitial nephritis. Upon further questioning,
mother reported that maternal grandmother suffered from
recurrent symptoms of ileus or intestinal obstruction and
died at the age of 63 from complications associated with
her abdominal surgery. Mother remained healthy and
asymptomatic all along. During this admission, the patient
was treated with a course of arginine infusion followed by
oral arginine and coenzyme Q10 supplement. She recovered
from the stroke-like episode with no neurological deficits.
She was also started on atenolol for her hypertrophic
cardiomyopathy.

Wong et al

We had proceeded with genetic studies to investigate
the underlying mitochondrial disease. Initial testing on eight
common mitochondrial hot spot mutations (including
m.3243A>G, m.3252A>G, m.3271T>C, m.8344A>G,
m.8356T>C, m.8361G>A, m.8363G>A, m.8993T>G and
m.8993T>C) were negative. Targeted next generation
sequencing for renal diseases panel was also performed
and found no clinically significant variants. Long-range
polymerase chain reaction did not show large deletions or
structural rearrangement in mtDNA. Eventually next
generation sequencing of the mitochondrial genome was
performed and detected the pathogenic variant m.1630A>G
in both proband and her mother. The heteroplasmy levels
for the proband and her mother were 92% and 24% in blood,
and 99% and 66% in urine respectively. Whole exome
sequencing was also performed for both of them, and
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reported no significant variants identified. Targeted analysis
on nuclear genes associated with mitochondrial diseases
were also unrevealing for both patient and her mother.
Over the years, the patient did not have florid
neurological symptoms but very mild proximal muscle
weakness, minimal upward gaze palsy and subtle cognitive
decline only. There was no recurrence of seizure after the
stroke-like episode. However, she ran a downhill clinical
course characterised by worsening of her hypertension with
stage 4 severe CKD and hypertrophic cardiomyopathy. Her
eGFR deteriorated to 25-30 ml/1.73/m 2 and her left
ventricle mass increased from 157.1 g/m2 at diagnosis to
226.6 g/m2 by 12 years 10 months old. In addition, she
developed growth failure around 10 years of age and
became progressively more cachexic with a BMI of 11.8
kg/m 2 latest. Initially she had a dropping body weight

Figure 1 Magnetic resonance imaging showing gyral swelling with T2-hyperintensity over left posterior parietal and left occipital
regions. Involved gyri show hyperintense signal on diffusion weighted imaging and hyperintense-to-isointense signal on ADC map.
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Figure 2
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MR-spectroscopy showed decreased NAA, elevated choline and presence of lactate peak at left occipital region.
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despite normal oral intake, but eventually developed
prominent symptoms from feeding intolerance and gut
dysmotility by 12 years 6 months old. She had very
significant ileus and pseudo-obstructions of her bowel that
rendered her parenteral nutrition dependence.

Discussion
We report a case of mitochondrial disease from a
heteroplasmic mutation m.1630 A>G detected in mttRNAVal with an initial presentation of CKD, followed by
MELAS phenotype and subsequently developed more
predominant MNGIE-like features.
tRNAVal is a transfer RNA encoded by mitochondrial MTTV gene. This gene is a 69 nucleotide RNA, located in
position 1602-1670 bp in the mtDNA. Its function is to
insert the amino acid valine to suitable locations in order
to assemble proteins that are involved in oxidative
phosphorylation. 3 Mitochondrial diseases related to
mutations of the MT-TV gene are not common. There were
11 mutations reported to-date, and associated with a range
of phenotypes including MELAS, Leigh syndrome,
Chronic progressive external ophthalmoplegia, MNGIE
and hypertrophic cardiomyopathy.3
This particular variant of m.1630A>G that we identified
in our patient had been reported in two other cases before,
with functional studies performed to prove its
pathogenicity. The first case was reported by Horvath et al
in 2009, 4 with a clinical phenotype of MNGIE-like
syndrome. Muscle biopsy was obtained and demonstrated
a severe combined deficiency of complexes I and IV in
skeletal muscle and myoblasts. The second case was
reported by Glatz et al in 2011,5 with a clinical phenotype
of MELAS. Functional study was performed by creating
cybrid lines using the patient's fibroblast mtDNA and
demonstrated a reduction in electron transport subunit
COXI activities and an impairment in oxygen
consumption. From the analysis of secondary structure of
MT-TV, the m.1630A>G mutation was predicted to
interfere with tRNA folding by disrupting a conserved basepairing in the anticodon stem, resulting in instability of
MT-TV. 4 Often there may not be a clear genotypephenotype correlation in mtDNA mutations. It could be
explained by a number of factors, such as the heteroplasmy
levels, presence of modifiers in nuclear genes, various
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tissue distribution of the mutation and the mtDNA
haplotype. However, there are a number of similarities
noted between our case and the other two reported case of
m.1630A>G (Table 1). Compared to the two other cases,
our patient had a higher heteroplasmy level in blood and
urine and an earlier onset of disease. She did not suffer
from much neurological symptoms but instead she had
more predominant clinical features of significant
hypertrophic cardiomyopathic, chronic renal failure and
gut dysmotility symptoms. Her gastrointestinal
dysfunction gradually became the most symptomatic and
significant among organs involved.
We would like to highlight the atypical initial
presentation in our patient predominated by CKD with
hypertension, hyperkalaemia and metabolic acidosis. To the
best of our knowledge, only a few cases of paediatric-onset
mitochondrial disease have been reported to initially
present with renal involvement6,7 and they were diagnosed
as Fanconi syndrome or tubular dysfunction. Indeed, it was
considered to be rather uncommon for children with
mitochondrial disease to have renal disorder as the first
manifestation. It was reported in two paediatric studies
where only 2%8 and 0%9 of their cohort had renal disorder
as the presenting symptom, while in the same studies,
eventually 25% and 50% respectively developed renal
involvement during their disease courses. There is now an
increased awareness of renal involvement in a number of
mitochondrial cytopathies, and its wide range of renal
features, such as proteinuria/nephrotic syndrome,
hypercalciuria, cystinuria, haematuria, nephrocalcinosis,
glycosuria, Bartter-like syndrome as well as Fanconi
syndrome. Nevertheless, when approaching children who
have renal disorder without an underlying cause identified,
unlike other patients with unexplained neurological
symptoms, mitochondrial disease is rarely on the list of
differential diagnosis. This illustrates the importance of
increasing the familiarity of this uncommon yet devastating
multi-systemic disease in other subspecialties apart from
metabolic physicians and neurologists, as well as the
involvement of nephrologists in the multidisciplinary
management of mitochondrial disease.
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Table 1

Comparison of clinical features of three reported m.1630A>G cases

Features

Our patient

Horvath et al's
patient (2009)

Glatz et al's Patient (2011); Updated
report by Uittenbogarrd et al (2019)10

Age of diagnosis

9 years old

16 years old

15 years old

Stroke-like episodes

Once, over left posterior parietal
and occipital regions and
no subsequent recurrence to date

No

Yes, over right occipital and
posterior temporal lobes at diagnosis.
Reported 2 additional infarcts
by 24 years old

Sensorineural hearing loss

Yes, require hearing aids

Yes

Yes, on hearing aids

Seizure

Focal seizure during SLE, put on
antiepileptic drug transiently

Focus in left parieto-occipital Status epilepticus at presentation,
cortex in EEG
and subsequently seizure under control

Cognitive

Attended normal school, with
subtle decline after diagnosis

Mild psychomotor delay

In age-appropriate education requiring
support in math at diagnosis.
Reported cognitive function younger
than age by 24 years old

Hyperopia, astigmatism,
generalised hypotonia
without weakness

Myopia at presentation.
Reported ataxia, headache, tinnitus,
unsteady gait, weakness, positive tremor,
ankle clonus, loss of peripheral vision,
upward gaze palsy, nystagmus on
extreme right gaze by 24 years old

Other neurological symptoms Mild proximal muscle weakness
at diagnosis, and developed
mild upward gaze palsy by
11 years old

Growth

Height at 75th and weight at 50th Cachexia, BMI 14.4
centile at diagnosis, progressed
to cachexia with BMI 11.8 by
12 years 10 months old

Short stature given GH supplement and
delayed puberty

Lactic acidosis

Transient and mild only
during decompensation

Yes (6.4 mmol/L at presentation)

Renal involvement

Chronic kidney disease, eGFR
~60-70 ml/1.73 m2/min at
diagnosis and declined to
~25-30 ml/1.73 m2/min
by 12 years 10 months old

By 24 years old, reported chronic renal
failure and underwent renal transplant

Cardiomyopathy

Hypertrophic cardiomyopathy
LV mass 150 g
(157.1 g/m2) at diagnosis,
progressed to 247g (226.6 g/m2)
by 12 years 10 months old

LV hypertrophy reported
by 24 years old

Gastrointestinal symptoms

Asymptomatic at diagnosis,
progressed to significant gut
dysmotility and TPN dependent
since 12 years 6 months old

Chronic motility problem,
ileus, abdominal pain,
megacolon

Reported GERD and bloating
by 24 years old

Heteroplasmy

Blood 92%
Urine 99%

Skeletal muscle >90%
Blood 70%
Myoblasts 80%

Blood 75%, Urine 95%, Fibroblast 60%
at diagnosis; Fibroblast 89.63% at 24
years old

Maternal heteroplasmy

Blood 24%
Urine 66%
Mother asymptomatic

Blood 60%
Mother asymptomatic

Blood 93%, Urine 98% in 2011;
Fibroblast 94.8% in 2019
Mother asymptomatic

Yes (3.1-3.6 mmol/L)

SLE: Stroke-like episode; EEG: Electroencephalography; BMI: Body mass index; LV: Left ventricular; eGFR: estimated glomerular filtration rate; GH: Growth
hormone; GERD: gastroesophageal reflux disease
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Case Report
Effective Treatment of Refractory Chorea in GNAO1
Variants by Folinic Acid
WT CHENG, CW LAM, CH KO
Abstract

Folinic acid is known to affect synthesis and catabolism of neurotransmitter, but its role in movement
disorder is unknown. In our case study, we found significant clinical improvement of refractory chorea in
a girl with GNAO1 variant after therapeutic trial of folinic acid. This novel therapy not only provides safe
pharmacological means for potentially lethal and debilitating condition, but spares the need of surgery
for control of involuntary movement. The benefit of folinic acid was found not secondary to the cerebral
folate deficiency. Future study will be required to delineate the mechanism of folinic acid in controlling
movement disorders.

Key words

Chorea; GNAO1 mutation; Folinic acid

Case Report
A thirteen month old girl presented with global delay
with dystonia. Her birth history was normal and her parents
were nonconsanguineous. She had poor truncal tone and
persistent fisting at five months. At age one she could
vocalise but not yet babble. There were brief episodic lower
limb spasms associated with fisting. Extraocular
movements were normal. Vision and hearing were normal,
and she had no history of seizure. Her elder sister, age
eleven at the time, was healthy. Examination showed
normal head circumference and growth parameters. There
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were no dysmorphic features or neurocutaneous stigmata.
There was axial hypotonia with extremity hypertonia and
brisk jerks. Systemic examinations were otherwise normal.
Complete blood counts, renal and liver function tests,
muscle enzymes, thyroid functions, lipid profiles, prolactin,
glucose, venous blood gas, lactate, ammonia, plasma and
urine creatine, plasma amino acid pattern, carnitine profiles,
very long chain fatty acid assays, transferrin isoform, antiacetylcholine antibody assays and urine organic acids were
normal. Cerebral spinal fluid (CSF) assays were normal for
protein, glucose, lactate, amino acids, neurotransmitters
and 5-methyltetrahydrofolate (5-MTHF). Cranial magnetic
resonance imaging was unremarkable. Nerve conduction
study, electromyography, repetitive stimulation, brainstem
and visual evoked potentials were normal. Her karyotype
was 46XX.
Throughout the years, she remained non ambulatory.
She had good head control and some voluntary arm
movement. She only vocalised with no expressive
speech. Oral feeding was satisfactory. There was no
developmental regression. She remained stable until age
eight when there was a sudden onset of intractable
generalised chorea and ballismus movement,
precipitated by an apparently trivial viral febrile illness.
Creatine kinase rose to 47343 iu/L with myoglobinuria.
Renewed investigations, including cranial computer
tomography and magnetic resonance imaging (MRI),
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electrovideo oencephalography, sepsis workup,
virology study, ceruloplasmin, peripheral smear, antistreptolysin-O titre, anti-NMDAR study, CSF protein,
glucose, lactate and culture, and urine organic acid assay
again did not reveal any abnormality.
Neurodevelopmental disorder with involuntary
movements (NEDIM; OMIM # 617493) was suspected and
sequencing of the GNAO1 gene showed that the patient is
heterozygous for a mutation in the GNAO1 gene,
NM_020988.2:c.736G>A(p.Glu246Lys). This was not
identified in the parents and elder sister, suggestive of de
novo mutation.
The movement disorder (MD) remained intractable four
weeks after onset. It persisted throughout the day, and only
temporarily ceased during sleep. She did not respond to
empirical treatment with antibiotics, antiviral agents,
immunoglobulin infusion, and pulse methylprednisolone.
There was no response to levodopa and carbamazepine.
Despite combination treatment with risperidone,
nitrazepam, tetrabenazine and clonazepam, she required
deep sedation with midazolam infusion. Neurosurgeon was
consulted for consideration of deep brain stimulation (DBS)
to abort the MD. Folinic acid was administered as a
therapeutic trial for secondary cerebral folate deficiency.
Within two days there was marked reduction in MD,
improvement in awareness and oromotor functions, and
voluntary upper limb movements. Interestingly,
pretreatment CSF 5-MTHF level was normal. The MD
remained well controlled with folinic acid (75 mg per day),
low dose nitrazepam, carbamazepine and risperidone. Two
mild relapses were precipitated during febrile illnesses two
months after discharge, which were easily aborted by shortterm sedation and transient escalation of folinic acid. In
the ensuing ten months, no further relapse was observed
despite intercurrent febrile illnesses, obviating the need
for DBS.

Discussion
GNAO1 encodes the alpha subunit of the heterotrimeric
guanidine nucleotide binding proteins (G-proteins). G0 is
expressed in neurons and implicated in the modulation of
synaptic transmission. Gα0 subunit encoded by GNAO1
is widely expressed in brain tissue. GNAO1 mutations
were first reported to be associated with early onset
epileptic encephalopathies, in particular Ohtahara
syndrome. Subsequent reports expanded the GNAO1
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variants to be associated involuntary chorea, ballismus, or
athetoid movements in children with hypotonia and global
developmental delay. Literature review identified 13
GNAO1 cases presented predominantly with MD. All
presented with hypotonia and severe global developmental
delay, and only one achieved ambulation with walker.1,2
Twelve cases had chorea onset between 6 months to 4
years; one developed MD at age 14. Eleven cases never
had seizures. Initial cranial MRI were normal in 12 cases;
follow-up studies revealed global atrophies in 4.
Choreoathetosis and ballismus were often precipitated by
febrile illnesses and infections, and the ensuing MD were
typically intractable requiring repeated Intensive Care Unit
admissions. Most were refractory to pharmacological
treatment with anticonvulsants, antidystonic agents
including benzodiazepines and neuroleptics. Only two
patients showed reduction in chorea after addition of
tetrabenazine. Two cases succumbed to MD related
complications during hospitalisation. Three patients
required DBS implantation to control the intractable MD,
with subsequent reduction in medication dosages, hospital
stay and severity of MD during exacerbations. 3,4 The
mutations causing MD are recurrent de novo missense
substitutions affecting residues Arg209 or Glu246.
To our knowledge, this is the first reported case of
successful pharmacological control to achieve long-term
sustained remission of intractable MD in GNAO1 variants
p.Glu246Lys without concomitant cerebral folate
deficiency. In the present case, baseline CSF 5-MTHF levels
was normal at age 2, and repeated assay at peak of chorea
before folinic acid trial was again normal (performed by
MNG Laboratories in Atlanta). Nevertheless, the
movement disorder is not secondary to cerebral folinic acid
deficiency as evidenced by the normal CSF 5-MTHF levels
in our case. A case was reported in 2017 on a patient with
the same GNAO1 variant with co-existing cerebral folate
deficiency who responded to folinic acid treatment. 5
However, there are conflicting results from another study
of 7 patients with GNAO1 mutation,6 in which 2 patients
with low 5-MTHF level did not show clinical significant
improvement with folinic acid. It seems that the mechanism
of folinic acid does not solely depend on CSF 5-MTHF
status.
Though folinic acid can affect synthesis and catabolism
of neurotransmitters,7 further studies will be required to
delineate the mechanism of folinic acid in controlling MD.
The mutation, p.Glu246Lys is a recurrent activating
GNAO1 mutation8 and it is likely that folinic acid can
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suppress, directly or indirectly, the hyperactivity of the
G-proteins. In fact, folate is known to interact with cerebral
G-proteins.9 G0 is the most abundant membrane protein in
CNS and is important in synaptic transmission. Further
studies will be needed for the elucidation of mechanism
for the interaction of GNAO1 with folate.10

Conclusion
Patients with neurodevelopmental disorder with
involuntary movements should be treated initially with
folinic acid before DBS for MD control.
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Case Report
Do Inhaled Pesticides Cause Dystonic Reactions?
Case Report from a Paediatric Emergency Room
P ELIBOL, A CICEK, O DEMIR, E BERKSOY
Abstract

Dystonia is a movement disorder in which intermittent muscle contractions cause twisting, repetitiveabnormal movements, or postures. It can be inherited or acquired. Intoxication also plays a role in
aetiology. In this report, we describe two siblings who presented to the paediatric emergency room with
acute dystonia after 5-10 minutes of pesticide exposure via inhalation. The clinical symptoms of the
patients with suspected acute dystonia were controlled with biperiden. Pesticides containing permethrin,
tetramethrin, and cypermethrin can cause acute dystonic reactions even with short-term exposure via
inhalation.

Key words

Acute dystonic reaction; Biperiden; Insecticide; Pyrethroid poisoning

Introduction
Dystonia consists of intermittent-sustained muscle
contractions, often seen as involuntary and causing
abnormal posture and abnormal body movements.
Dystonia can be congenital or acquired and is commonly
caused by drug use.1 Here we discuss acquired dystonia
caused by the insecticides classified as type 1 and type 2
pyrethroids. Permethrin, tetramethrin, and cypermethrin
Department of Paediatrics, Division of Emergency Medicine,
Ege University Faculty of Medicine, Izmir, Turkey
P ELIBOL

MD

Paediatric Emergency Clinic, University of Health Sciences,
Izmir Tepecik Education and Research Hospital, Izmir,
Turkey
A CICEK
E BERKSOY

MD
MD

Medical Pharmacology and Rational Therapeutics Clinic,
University of Health Sciences, Izmir Tepecik Education and
Research Hospital, Izmir, Turkey
O DEMIR

MD

Correspondence to: Dr. P ELIBOL
Email: pelin_elibol@hotmail.com
Received September 16, 2021

are types of neurotoxic agents used as insecticides. They
are active against mosquitos, ticks, mites, lice, and fleas.2
Their effects are dose-dependent and treatment is
supportive and symptomatic. Here we present a case of
two siblings who were admitted to the paediatric emergency
room for acute dystonic reactions after a very short exposure
to pesticides. To our knowledge, there are no descriptions
of an association between inhalation of pesticides
containing permethrin or cypermethrin and acute dystonic
reactions in the literature.

Case Reports
Case 1: A 6-year-old female patient was admitted to the
paediatric emergency room with bizarre, seizure-like
behaviour. There were no illnesses in her medical history
and she was not taking any prescribed drugs. There was no
history of herbal supplement use or accidental drug
ingestion. She had no known allergies. Vital signs and blood
sugar were in the normal range. Our physical examination
did not show anything other than neurological findings.
Her score on the Glasgow Coma Scale (GCS) was 15.
Pathologies of the extrapyramidal system were prominent
on neurologic examination. The patient showed a confused
mental state and could not answer questions. She kept her
face pointing in the same direction throughout. She was
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unable to focus her eyes and made an effort to talk but
could not do so. She was diagnosed with an acute dystonic
reaction. A detailed history was taken. She had been
exposed to two insecticides via inhalation during 15
minutes of spraying at her grandmother's house. The
insecticides were ANGEL 25 EC (15% permethrin, 2%
tetramethrin, 8% piperonyl butoxide) and CYPERKILLER
250 EC (cypermethrin 250 g/L). She had no previous
exposures to pyrethroid insecticides. Her parents had not
been exposed to the insecticide. It was learned that her
grandmother and grandfather did the spraying with the
insecticide solution obtained by mixing 1/200 ratio with
water without professional support and assistance. No signs
of pyrethroid compound poisoning were seen (e.g., tremors,
hyperexcitability, sympathetic activation, paresthesia,
choreoathetosis, salivation, seizures). 3 The results of
laboratory tests, such as complete blood count, liver
enzymes, renal function, C-reactive protein, and
electrolytes, were within the normal range. Urinalysis was
normal. Electrocardiography (ECG) showed no
pathologies. Her brain was scanned using computed
tomography (CT) and T1-, T2-, and diffusion-weighted
magnetic resonance imaging (MRI). The results were
normal. We administered 0.04 mg/kg biperiden
intravenously. The patient showed a complete clinical
recovery. An hour later, the dystonic reaction repeated,
and the second dose of 0.04 mg/kg biperiden was given
intravenously. The patient returned to a clinically normal
condition 15 minutes after administration. We discharged
the patient after she had remained asymptomatic for a 12hour observation period.
Case 2: Eleven hours after the arrival of the first patient,
her 10-year-old sister was admitted to a similar clinical
condition. We learned that she had begun acting strangely
30 minutes before arriving and was unable to focus her
eyes on a point. There were no illnesses in her medical
history and she was not taking any prescribed drugs. There
was no history of herbal supplement use or accidental drug
ingestion. She had no known allergies. She had been
exposed to the same sprayed insecticides as her sister:
ANGEL 25 EC and CYPERKILLER 250 EC. She had not
previously been exposed and neither of her parents had
been exposed. Her score on the GCS was 15. Although
most of the examination was normal, her arm and leg
movements were with waxy flexibility, and her right eye
deviated inward. Her mouth was shaped as if she were
pronouncing the letter 'o', even though she was not talking.
The patient could understand our speech, but could not
obey commands or control her muscles. She had slurred
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speech and was catatonic. Laboratory results were in the
normal range. ECG recorded no pathological changes. She
underwent a CT scan of the brain, as well as T1-, T2-, and
diffusion-weighted MRI. The results were normal. We
diagnosed the patient with an acute dystonic reaction
involving the mouth and facial muscles. We administered
0.04 mg/kg of biperiden intravenously. The patient' clinical
condition returned to normal within 2-3 hours of the first
dose. A neurological examination after the second dose of
intravenous biperiden showed normal findings. We
discharged the patient home after she had remained
asymptomatic for a 12-hour observation period.

Discussion
Pyrethrin pesticides are used in veterinary medicine,
the agriculture sector, and household pest control. They
are not generally considered toxic to mammals, but in large
doses, they can be toxic to humans.2 The mechanism of
action of pyrethroids is thought to be delayed closure of
the sodium channels, resulting in failure of depolarisation.
Skin, gastrointestinal, cardiac, and neurological symptoms
can be seen after dermal exposure, ingestion, or inhalation.
Symptoms of dermal exposure are burning, itching, and
tingling sensations on the face. Ingestion can cause more
serious symptoms, such as paresthesia, muscular
fasciculations, palpitations, blurred vision, anorexia,
fatigue, headache, nausea, vomiting, pulmonary oedema,
drowsiness, convulsions, or coma.3
Permethrin is the most commonly used agent because
of its low mammalian toxicity and high efficacy as an
insecticide. Type 1 pyrethroids (permethrin, tetramethrin)
are toxic to animals and often cause hyperexcitation,
paralysis, ataxia, tremor. Type 2 pyrethroids (cypermethrin)
mainly cause choreoathetosis, salivation, and
hypersensitivity reactions.4 Our patients had a short period
(5-10 minutes) of exposure via indoor air to insecticide
inhalants containing permethrin, tetramethrin, and
cypermethrin. We observed intermittent dystonic reactions
in both patients. One patient began experiencing symptoms
on the day of exposure and the other became symptomatic
the day after. Neither patient could speak at the time of
admission. Their clinical condition indicated that primarily
the neck and oro-facial muscles were affected. Although
we cannot explain the isolated muscle involvement, we
can attribute the dystonia to a combination of insecticidal
agents containing permethrin, cypermethrin, and
tetramethrin. No other family members were exposed to
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insecticides, so they did not experience the symptoms
afflicting the siblings. There have been few cases of
pyrethroid poisoning documented in the literature. There
is only one case report of a patient who developed dystonia
after local permethrin administration.1 Type 2 pyrethroids
have been described as more likely to produce paresthesia,5
but Hudson et al6 found that paresthesia was more common
with exposure to type 1 pyrethroids.
Significant pesticide exposure via inhalation can occur
in isolated areas and closed environments with less
ventilation, as well as in greenhouses. Elevated ambient
air temperatures can increase the amount of vapour
generated by pesticide application, thereby increasing the
inhalation of the agent. Therefore, pesticide application is
not recommended at temperatures above 30oC. 5,7 Both
patients had a short period of indoor exposure to agents
containing permethrin, tetramethrin, and cypermethrin
during insecticide spraying at their grandmother's house
in July when the daytime air temperature in that region of
Turkey was frequently above 35 o C. Also, the high
concentration of the insecticide is thought to be the reason
for the clinical appearance. Emulsifying concentrations
(shortened as EC) should be pre-diluted and used by pest
control operators even for indoor and outdoor usage.5
There are no diagnostic indicators for pyrethroid
poisoning. However, our patients were the only members
of their family who were exposed to inhaled pesticides.
There was no history of the use of other drugs or herbs. In
addition, the air temperature was consistent with inhaled
pesticide toxicity. Moreover, using the Naranjo algorithm,8
we found a probable relationship between dystonia and
permethrin, tetramethrin, and cypermethrin. Permethrin has
a score of 6 and cypermethrin and tetramethrin have a score
of 5, so any of the agents could plausibly explain this
clinical problem. There are several methylenedioxyphenyl
synergistic agents as piperonyl butoxide (PBO) used mixed
with pyrethrin.9 These agents strengthen the activity of
pyrethrins. PBO blocks the enzyme that breaks down the
pyrethrins inside the mosquito and the pyrethrin molecule
remains stable for a longer time, so this is more effective
against the insects.9,10 PBO alone has no toxicity for insects.
But it can affect additively or synergistically pyrethrin
toxicity.9 Depending on the information obtained from
the literature we can say that PBO cannot be the reason for
dystonia in these patients. We conducted brain imaging to
exclude possible central nervous system causes. We gave
our patients 0.4 mg/kg biperiden, and the findings of
physical examinations were within normal limits 10
minutes after administration of the second dose.
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Conclusion
Despite the widespread use and perceived harmlessness
of pesticides, emergency physicians should question about
exposure to pesticide inhalation in patients presenting with
acute dystonia. Pesticide exposure, if pesticides are not
prepared in the right concentration by non-professionals,
should be considered as the underlying cause of this
situation. Appropriate handling, personal protective
equipment, educational strategies, and regulations are
needed to decrease unwanted adverse effects of pesticides.

Conflict of Interest
Authors report no conflict of interests to disclose.

References
1.

Coleman CI, Gillespie EL, White CM. Probable topical permethrininduced neck dystonia. Pharmacotherapy 2005;25:448-50.
2. Lessenger JE. Five office workers inadvertently exposed to
cypermethrin. J Toxicol Environ Health 1992;35:261-7.
3. Chen SY, Zhang ZW, He FS, et al. An epidemiological study on
occupational acute pyrethroid poisoning in cotton farmers. Br J
Ind Med 1991;48:77-81.
4. Ray DE, Forshaw PJ. Pyrethroid insecticides: Poisoning
syndromes, synergies, and therapy. J Toxicol Clin Toxicol 2000;
38:2:95-101.
5. US Environmental Protection Agency Office of Pesticide
Programs. June 23, 2008. Reregistration Eligibility Decision (RED)
for Tetramethrin. Available from: https://www3.epa.gov/pesticides/
chem_search/reg_actions/reregistration/red_PC-069003_23-Jun08.pdf
6. Hudson NL, Kasner EJ, Beckman J, et al. Characteristics and
magnitude of acute pesticide-related illnesses and injuries associated
with pyrethrin and pyrethroid exposures - 11 states, 2000-2008.
Am J Ind Med. 2014;57:15-30.
7. Kim KH, Kabir E, Jahan SA. Exposure to pesticides and the
associated human health effects. Sci Total Environ 2016;575:52535.
8. Naranjo CA, Busto U, Sellers EM, et al. A method for estimating
the probability of adverse drug reactions. Clin Pharmacol Ther
1981;30:239-45.
9. Giddings J, Gagne J, Sharp J. Synergistic effect of piperonyl
butoxide on acute toxicity of pyrethrins to Hyalella azteca. Environ
Toxicol Chem 2016;35:2111-6.
10. Gleave K, Lissenden N, Chaplin M, Choi L, Ranson H. Piperonyl
butoxide (PBO) combined with pyrethroids in insecticide-treated
nets to prevent malaria in Africa. Cochrane Database Syst Rev
2021;24;5:CD012776.

HK J Paediatr (new series) 2022;27:277

Clinical Quiz
What is the Diagnosis?
WWL LO, IHY NG, SSW CHENG, IFM LO
The proband is a 7-year-old boy. He was born preterm
(33 weeks) to a non-consanguineous Chinese couple due
to antepartum haemorrhage. Antenatal check-up all along
showed intrauterine growth restriction. His birth weight
was 1.42 kg. He was referred to clinical genetic service at
the age of 3 due to failure to thrive and global
developmental delay. Physical examination at that time
revealed microcephaly (47 cm, <3 rd centile), short stature
(78.7 cm, SD -4.3), low body weight (9.258 kg, SD -3.0).
He had triangular face, bitemporal narrowing, midface
hypoplasia, prominent eyes, epicanthic fold, long nose with

broad tip and short philtrum and thin lips. Skeletal features
included short neck, brachydactyly, fifth finger
clinodactyly and hyperextended proximal interphalangeal
joints (Figure 1). He had micropenis with descended testes.
He also had mild bilateral grade hearing loss, myopia, and
astigmatism. Cardiovascular and abdominal examinations
were unremarkable. X-ray of hands showed delayed bone
age. He had mild to moderate grade intellectual disability
and studied in a special school. Hypernasality and
dysarthria were noted.

Figure 1
(A) Facial profile at 3 years of age. (B) Proportional short stature. (C) Brachydactyly, 5th clinodactyly (with consent for publication
by parents).

The clinical quiz was prepared by:
WWL Lo
IHY NG
SSW Cheng
IFM Lo
Clinical Genetic Service, Department of Health, Hong Kong SAR

Answer to "Clinical Quiz" on Pages 281-282
N.B. The Editors invite contributions of illustrative clinical cases
or materials to this section of the journal.
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MCQs
Instruction:
1. Please use pencil to shade the box for the best and correct answer (only one answer for each question).
2. Send back the answer sheet (see loose leaf page) to the Hong Kong College of Paediatricians. One point will be awarded
to each article if ≥3 of the 5 answers are correct. The total score of the 4 articles will be 4 CME points.

(A) R e l a t i o n s h i p B e t w e e n T S H L e v e l a n d
Cardiometabolic Risk Factors in Overweight
and Obese Adolescents
1. W h i c h o f t h e f o l l o w i n g p r o b l e m s i s n o t a
cardiomatebolic risk factor among overweight/obese
children and adolescents?
a. Hypertension
b. Insulin resistance
c. Disordered eating attitudes
d. Dyslipidaemia
e. Hyperglycaemia
2. Which of the following is not one of the possible
mechanisms for higher TSH levels among obese people
than normal weight peers?
a. Thyroid hormone resistance
b. Lower free T3 levels
c. Mutations in TSH receptor gene
d. Increased leptin levels
e. Alterations in peripheral thyroid hormone deiodinase
activity
3. Which of the following sentences is correct?
a. High serum TSH levels might be found normal after
weight loss
b. It was ultrasonographically shown that thyroid
structure was altered in overweight/obese children
c. High serum TSH and normal thyroid hormone
concentrations have been referred as “isolated
hyperthyrotropinaemia (IH)” when this hormone
profile is not accompanied by circulating thyroid
antibodies
d. Autoimmune thyroiditis might be a cause of increased
TSH levels among obese children
e. All of the above

4. In this study, what is the rate of high TSH levels in
overweight/obese adolescents?
a. 5%
b. 10%
c. 14%
d. 25%
e. 50%
5. According to this study, higher TSH levels among
overweight/obese adolescents might be related to?
a. Hypertension
b. Dyslipidaemia
c. Insulin resistance
d. Degree of obesity
e. Abnormal fasting blood glucose
(B) Can Renal Resistive Index Be Used As An Early
Predictor of Acute Kidney Injury at Paediatric
Intensive Care Units?
1. Which is the most commonly used classification in renal
failure?
a. K-DIGO
b. RIFLE
c. GFR
d. Renal anjina index
e. Creatinine clearance
2. What is the formula of the renal resistive index?
a. (Peak systolic velocity - end-diastolic velocity) / enddiastolic velocity
b. (Peak systolic velocity - end-diastolic velocity) /
peak systolic velocity
c. (End-diastolic velocity- peak systolic velocity) / peak
systolic velocity
d. (End-diastolic velocity- peak systolic velocity) / enddiastolic velocity
e. Peak systolic velocity / end-diastolic velocity
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3. Which of the following is not a parameter indicating
kidney failure?
a. Neutrophil gelatinase-associated lipocalin (NGAL)
b. Cystatin C
c. Kidney injury molecule-1 (KIM-1)
d. Nefsatin
e. Creatinine
4. Which of the following parameters is not used to
evaluate tissue perfusion?
a. Capillary refill time
b. Urine output
c. The difference between the peripheral and core
temperatures
d. Lactate
e. Bispectral Index
5. Which method is the renal resisitive index measured
by?
a. Doppler Ultrasonography
b. X- ray graphy
c. Computed tomography
d. Magnetic resonance
e. Urinary creatinine level
(C) The Efficacy and Safety of Rituximab in the
Treatment of Steroid-dependent or Frequently
Relapsing Nephrotic Syndrome in Children
1. The clinical manifestations of primary nephrotic
syndrome in children are:
a. Massive proteinuria
b. Hyperlipidaemia
c. Oedema
d. Hypoalbuminaemia
e. All the above
2. Refractory nephrotic syndrome refers to:
a. Hormone-dependent nephrotic syndrome
b. Frequent recurrent nephrotic syndrome
c. Hormone-resistant nephrotic syndrome
d. Recurrent nephrotic syndrome
e. (a), (b), (c)
3. The following drugs belonging to biological agents are:
a. Cyclophosphamide
b. Tacrolimus
c. Glucocorticoid
d. Mycophenolate mofetil
e. Rituximab

4. Rituximab belongs to:
a. B lymphocyte stimulating factor antagonist
b. TNF-α antagonists
c. IL-6 receptor antagonist
d. CD20 antagonists
e. JAK pathway inhibitors
5. The most common pathological type of primary
nephrotic syndrome in children is:
a. Mesangial hyperplasia
b. Membranous nephropathy
c. Focal segmental sclerosing nephropathy
d. Minimal change nephropathy
e. Membranous proliferative nephropathy
(D) Long-term Outcome for Chinese Adolescents
with Acute Lymphoblastic Leukaemia Treated
with Paediatric Regimen of CCLG-ALL 2008
Protocol
1. Which of the following is NOT a true statement?
a. Adolescent acute lymphoblastic leukaemia has
distinct biological features.
b. Haematopoietic stem cell transplantation is the
optimal treatment option for all adolescent patients
with acute lymphoblastic leukaemia.
c. Paediatric-based therapy could improve the outcome
of adolescent patients with acute lymphoblastic
leukaemia.
d. The cytogenetic abnormalities including Ph-like,
IKZF deletion and iAMP21 are closely related with
poor prognosis of acute lymphoblastic leukaemia.
e. Historically, the outcome of adolescent leukaemia
patients has been inferior to childhood patients.
2. According to this study, which of the following factors
is not part of risk stratification system of acute
lymphoblastic leukaemia?
a. Immunophenotype
b. Minimal residual disease
c. Gender
d. Central nervous system status
e. Bone marrow morphology
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3. How many percent of blast in bone marrow is used to
define complete remission?
a. 5%
b. 10%
c. 15%
d. 20%
e. 25%
4. Which of the following is related to superior prognosis
of acute lymphoblastic leukaemia?
a. BCR/ABL
b. ETV6-RUNX1
c. T-ALL
d. TCF3/PBX1
e. MLL rearrangement

5. What is special about clinical characteristics in children
and adolescent patients with acute lymphoblastic
leukaemia according to this study?
a. The incidence of T-immunophenotype, BCR/ABL and
MLL rearrangement is higher in adolescent patients.
b. ETV6-RUNX1 is more frequent in adolescent patients.
c. The prevalence of Ph-like ALL increases in
adolescent.
d. (a) and (b)
e. (a) and (c)

Answers of July issue 2022
(A)

1. a; 2. d; 3. a; 4. b; 5. e

(C)

1. b; 2. c; 3. b; 4. b; 5. c

(B)

1. b; 2. e; 3. d; 4. e; 5. e

(D)

1. c; 2. e; 3. d; 4. b; 5. a
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CLINICAL QUIZ (p277) ANSWER
What is the diagnosis?
The clinical features of this child (short stature, global developmental delay, delayed bone age, brachydactyly,
typical facial features including triangular face, bitemporal narrowing, midface hypoplasia, prominent eyes, epicanthic
fold, long nose with broad tip and short philtrum and thin lips) were suggestive of Floating Harbor Syndrome (FHS).
FHS is a rare genetic disorder characterised by distinctive craniofacial features, short stature, delayed bone age,
variable skeletal anomalies, expressive and receptive language delay and mild to moderate grade intellectual disability.1
Molecular testing by Next Generation Sequencing (NGS) on extracted DNA from proband's peripheral blood detected
a heterozygous pathogenic variant c.7330C>T in exon 34 of the SRCAP gene. This is a de novo nonsense mutation
that changes the 2444th codon from Arginine to STOP. This variant has been reported multiple times in literatures as
disease causing. The molecular diagnosis of FHS (OMIM#136140) was substantiated.
The exact prevalence of FHS is unknown. Over 100 cases have been reported worldwide.2

How is the clinical diagnosis established in FHS?
FHS should be suspected in individuals with the following clinical and radiographic features.3
Clinical features

Radiological features

Characteristic craniofacial appearance

Bone age delay (≥-2 SD) with= normalisation between 6-11 years old

Skeletal anomalies
Short stature
Speech and language delay
Mild to moderate grade intellectual disability

Characteristic craniofacial features include triangular face, deep-set eyes, short philtrum, wide mouth with thin
lip, long nose with broad base and tip, low-hanging columella and low-set ears. Variable skeletal anomalies include
brachydactyly, broad fingertips that give the appearance of clubbing, clinodactyly, prominent joints and clavicular
abnormalities. Speech and language delay are commonly presented features. Severe receptive and expressive language
impairment can be across all domains of function. Patients with FHS may also have dysarthria, verbal dyspraxia with
phoneme imprecision, hypernasality and high-pitched voice.
Other features such as hyperopia, strabismus, conductive hearing loss, seizures, gastroesophageal reflux, renal
anomalies (e.g., hydronephrosis. cysts, renal agenesis) and genital anomalies (e.g., hypospadias, micropenis,
undescended testes) can also be present in FHS patients.

Molecular diagnosis of FHS and Genetic counselling
The diagnosis of FHS is established in a proband with aforementioned suggestive findings by identification of a
heterozygous pathogenic variant in SCRAP on molecular genetic testing.
The SRCAP gene (OMIM*611421), located on chromosome 16p11.2, encodes an SNF2-related chromatinremodelling ATPase which serves as a transcriptional activator via binding to CREB-binding protein. It is believed
that the truncated SRCAP variant disrupts the binding of wild-type SRCAP to both DNA and chromatin targets, thus
affecting gene expression that controls the onset of differentiation and developmental processes.4
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Nearly all reported pathogenic variants were located in exons 33 and 34 of SRCAP that are predicted to cause
truncation of the protein resulted in the FHS. FHS is inherited in an autosomal dominant manner, although most cases
are sporadic. The offspring of an affected individual is at a 50% risk of inheriting the pathogenic variant. Once the
pathogenic variant has been identified in an affected member, prenatal testing and preimplantation genetic diagnosis
for a pregnancy at increased risk are possible. There are no silent carriers of FHS.

What are the management issues for FHS?
Management of FHS requires a multi-disciplinary approach. Depending on the clinical manifestations,
paediatricians, endocrinologist, ophthalmologists, ENT specialists, audiologists, dental surgeons, urologists, clinical
geneticists, speech therapists, clinical psychologists' inputs are important.
Treatment and surveillance are suggested as follows.3
Treatment

Surveillance

Treatment for refractive errors and strabismus, hearing loss, seizures,
renal disease, cryptorchidism, orthopaedic complications and dental problems

Annual ophthalmologic, audiology, blood
pressure and renal function evaluations

Growth hormone (GH) therapy

Growth evaluation for every visit

Early intervention programmes, special education and vocational training

Bone age examination

Communication rehabilitation
Behaviour management

To date, over 100 FHS cases have been reported worldwide, and only a few of these patients were GH deficient.
Short stature is the core feature of FHS; however, there are limited data on the GH-IGF-1 axis in FHS. It was suggested
that FHS may lead to impaired IGF-1 signalling because of the discrepancy between the modest growth response to
GH therapy and serum IGF-1 level (upper limit of the normal level during therapy). For use of GH treatment in FHS,
a few case reports have shown improvement in growth velocity and height. However, caution is indicated since
further studies are necessary to clarify the real effectiveness and safety.5
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