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Preface

In the year we celebrate 100 years since the discovery of insulin, we
unfortunately find ourselves in the second SARS-COV2 pandemic year and
also in the middle of the 4th “wave” development, “wave” that at least in our
country seems to be the most aggressive one so far. Under these
circumstances the entire medical sector is subjected to unimaginable
material and human efforts another time. When all the medical attention
is focused on patients with Covid-19 who are desperately knocking on
hospitals’ doors, we must not lose sight of the small patients with chronic
diseases in the records of endocrinology and pediatric diabetes services or
endocrinology and adult diabetes services. Given the needs of these
patients, we are often forced to provide remote consultations through
telemedicine, which requires a continuous professional organization of the
medical staff.

Respecting the principles stipulated in the Statute of the Romanian Society
of Diabetes Nutrition and Pediatric Endocrinology in accordance with the
recommendations to standardize the training of pediatricians in the field of
endocrinology and pediatric diabetes even in these conditions of isolation
and distancing in which the 8t National Congress of Diabetes Nutrition
and Pediatric Endocrinology is taking place, we offer our “participants” a

new “Pediatric Endocrinology and Diabetes — 2021 update” volume.
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NEWBORN ENDOCRINOLOGY SCREENING
for
CONGENITAL HYPOTHYROIDISM
and
CONGENITAL ADRENAL HYPERPLASIA (CAH)
(ADRENOGENITAL SYNDROME [AGS]

Stuart J. Brink

Introduction

Both congenital hypothyroidism and congenital adrenal
hyperplasia are two key congenital endocrine disturbances
and able to be screened in order to prevent lifelong growth and
mental retardation vis-a-vis congenital hypothyroidism and
death in congenital adrenal hyperplasia from unrecognized
severe adrenal insufficiency.

CONGENITAL HYPOTHYROIDISM!

Congenital hypothyroidism?3 can at times be overtly
clinically obvious; but also, many times, can be very subtle so
that clinical diagnosis is frequently missed unless there is a
well-organized, neonatal screening program established and
highly  functional. @ Missed diagnosis of congenital
hypothyroidism where such neonatal screening programs are
not operational or unable to be afforded, results in
longstanding growth abnormalities as well as lifelong mental
retardation so that every analysis done regarding setting up
neonatal screening facilities and cost benefit analysis as well
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as quality of life issues have reiterated the importance of such
screening shortly after birth.4 Looking at pictures of newborns
with congenital hypothyroidism can allow diagnosis under
some (more severe physical abnormalities as shown in figure
1) but most instances of congenital hypothyroidism have
minimal or very subtle abnormalities noted in the nursery or
ambulatory facilities. Classical, yet often retrospective
evaluation of neonatal findings? include “quiet” babies, hoarse
crying, lethargy, constipation, feeding difficulties, dry skin,
cold to touch, skin mottling, umbilical hernia,
large /protruding tongues (macroglossia), large fontanels and
wide cranial sutures, distended abdomen, slow reflexes.
Despite this obvious list, all of which improves once thyroid
hormone treatment is instituted, fewer than 5% of such
neonates with documented congenital hypothyroidism were
suspected of having this problem clinically.?2 Figure 1
demonstrates one neonate with some these subtleties in
hindsight knowing that there were abnormalities on screening
compared to a neonate, presumably with more severe and/or
earlier intrauterine hypothyroidism as the explanation
proposed for “more severe” clinical findings.

Figure 1: Classical (Severe) Newborn Congenital Hypothyroidism

Progression of these same subtle clinical findings in the
untreated and wundiagnosed neonate with congenital
hypothyroidism generally progress during the early months of
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postnatal life and also include excess weight gain as well as
poor linear growth, further delayed bone age and worsening
developmental landmarks.!

Early diagnosis and initiation of appropriate treatment
allows thyroid hormone replacement with oral levothyroxine
shortly after birth to begin correction of this endocrinopathy,
avoids weight excess and linear height challenges as well as
the obvious life-long severe mental retardation and brain
problems associated with unrecognized /untreated
hypothyroidism, cardiac problems, severe constipation and
many other clinical issues. 1 year followup pictures of this
same neonate and then late adolescent followup pictures of
the same girl (figure 2) cared for by the author for all those
years and diagnosed in a highly functioning screening
program in which the author participates, demonstrate this
well; absolutely no symptoms or signs of any problems all
these years!

Figure 2: Normal one year old and adolescent well-treated congenital
hypothyroidism

Congenital hypothyroidism can be grouped into five
broad diagnostic categories as shown in figure 3. Dysgenesis
is divided into athyreosis, hypoplasia and ectopia but specific
incidence data varies from country to country with thyroid
agenesis in the 20-50% range, 25-40% with ectopia, 4-15%
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with dyshormonogenesis. Knowing about them provide the
opportunity for discussions with parents and eventually as
the child matures into adulthood, appropriate genetic
counseling, and rationale for life-long treatment and any
adjustments needed during normal child and adolescent
progression and as needed for any co-morbidities in later
years.56

- Athyreosis: absent thyroid gland; dysgenesis

- Hypoplasia: another type of dysgenesis

- Ectopic: usually along “path” from base of tongue to anterior
neck associated with complete or partial dysgenesis

- Dyshormonogenesis: various disorders of biosynthesis with
many genetically defined mutations

- Transient congenital hypothyroidism: secondary to
maternal TSH or TSH-like suppression

Figure 3: Congenital Hypothyroidism Diagnostic Categories

Congenital hypothyroidism was previously thought to be
mostly athyreosis but now is believed to be mostly hypoplastic
or ectopic hypothyroid varieties when radioiodine or
technetium scans are utilized as well as thyroid
utrasonography. As such, thyroid dysgenesis accounts for
approximately 85% of congenital hypothyroidism in parts of
the world where regular neonatal thyroid screening is
performed. It is estimated that 1:2500-4000 births involve
congenital hypothyroidism. Disorders of hormone synthesis
either full or partial dyshormonogeneis accounts for 1:40,000
births wherein thyroglobulin synthetic defects and
iodothyronine deiodinase defects are the two most common
forms of such dyshormonogenesis. Hypothalamic (TRH:
thyroid releasing hormone) abnormalities and pituitary (TSH:
thyroid stimulating hormone) deficiencies account for another
1:20,000 births.

Hypothalamic congenital hypothyroidism includes series
of known diagnosis including septo-optic dysplasia, pituitary
hypoplasia and HESX1 gene mutations abnormalities.
Holoprosencephalic mutations involving SHH, SIX3 and ZIC1
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mutations also go in this category as do other even more rare
hypothalamic gene mutation syndromes. Pituitary gland
genetic mutations involve embryogenesis with or without
other hormone deficiencies and some of these types of
mutations can be familial patterns. These include TTF1 with
pituitary and thyroid aplasia as their hallmarks, LHX3 and
LHX4 embryogenesis problems, Prop-1 and Pit-1 mutations
associated with programing and pituitary cell mutations as
well as thyroid embryogenesis factors identified so far: NK2.2
(TTF-1), FOX#-1 (TTF2) and PAXS8. Specific conditions that
include syndromic congenital hypothyroidism include
Pendred, Bamforth-Lazarus, Ectodermal dysplasia, Kocher-
Deber-Semilange, glaucoma associated with hypothyroidism,
chorea and choreoathetosis associated with hypothyroidism,
Down Syndrome and Turner Syndrome. (Figure 4)

- Pendred: hypothyroidism, deafness, goiter: chromosome 7

- Bamforth Lazarus: hypothyroidism, cleft palate, spiky hair

- Ectodermal dysplasia: hypohidrosis, hypothyroidism, ciliary
dyskinesia

- Kocher-Deber-Semilange: = muscular pseudohypertrophy,
hypothyroidism

- Benign chorea or choreoathesis with hypothyroidism

- Congenital glaucoma associated hypothyroidism

- Down Syndrome associated congenital hypothyroidism
(different from increased but later-onset autoimmunopathies
associated with Down Syndrome including type 1 diabetes
mellitus, Hashimoto’s thyroiditis, celiac disease

- Turner Syndrome associated congenital hypothyroidism (also
with unrelated and usually not congenital onset increased
autoimmunopathies such as Hashimoto’s thyroiditis)

Figure 4: Syndromic Congenital Hypothyroidism !

Neonatal screening for hypothyroidism

Routine newborn screening in Canada and the United
States started with T4 first then followed by TSH on heel stick
paper blots while most of Europe began with TSH primarily
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then followed by T4. With improved technologies for TSH
measurement, this has changed somewhat with more
programs primarily checking TSH and then T4 followup.
Some programs utilize both T4 and TSH together on spot
testing for more specific diagnoses.l27 T4 screening is
believed to detect the more rare secondary and tertiary
congenital hypothyroidism variants whereas TSH alone
screening would tend to miss such infants since screening
would commonly detect low T4 values caused by all levels of
abnormalities of the thyroxine synthesizing pathways whereas
pituitary and hypothalamic thyroid abnormalities would not
be detected when looking for elevation of TSH and not low
levels of TSH in the neonate. Using absolute cutoff normal
results as well as concomitantly repeat checks on those
automatically below a certain cutoff for laboratory analyses by
standard deviation comparisons helps to minimize day-of-
testing variabilities in the normal changes in T4, TSH and
TRH in the neonate.

It is understood that about 5% of congenital
hypothyroid infants are missed by screening programs
because of “human” errors 8 in specimen handling, missed
screening errors or related to transfer from one hospital to
another hospital, results reporting/notification or variabilities
of thyroid functions dependent upon sample timing post-birth.
Generally testing is done at 1-3 days after delivery to allow for
current common early discharge from hospital units in recent
years. Understanding effects on neonatal thyroid function and
response to labor and delivery as well as effects associated
with prematurity, SGA or neonatal sepsis on thyroid
metabolism 9 also comes into question when thyroid screening
results are evaluated. Pitfalls in such screening program were
presented with recommendations, when adopted, which
minimized such problems.10

Such conditions may be indeed, temporary effects and
the otherwise normal neonate thyroid system makes such
corrections on its own although identifying if this is about to
happen can be challenging at times. Followup laboratory
assessment of total T4, free T4 and TSH usually solve this
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problem. A maternal or other family history of autoimmune
thyroid disease also raises suspicions of the possibility of a
transient congenital hypothyroid condition perhaps related to
transplacental factor(s) transmission and/or autoantibodies
themselves.

Familial thyroid diagnoses, especially those which are
congenital conditions, could suggest thyroid
dyshormonogensis although most of these conditions are
believed to be autosomal recessive conditions rather than
dominant inheritance. @ Other types of congenital
hypothyroidism would also include with mostly elevated TSH
levels and normal or only slightly low T4 levels so that the
type of screening details may not allow all such conditions to
be recognized without further followup levels and perhaps also
assistance of a well trained and experienced pediatric
endocrinologist/thyroidologist.

Transient congenital hypothyroidism is believed to occur
in about 5-10% of screening results and reflect transplacental
passage of autoantibodies effecting the neonate in about 1-
2%. Some such transient problems may reflect how the
infant’s  brain-hypothalamus-pituitary-thyroid system is
functioning or may reflect such abnormalities linked to other
diagnoses: very sick neonates “under stress”, prematurity or
an infant small for gestational age, for instance. Endemic
iodine deficiency of mother and fetus also is not rare in many
parts of the world.!! Maternal iodine ingestion excess can
cause similar problems when it occurs. Maternal anti-thyroid
medication correctly used for maternal hyperthyroidism
during pregnancy can cross the placenta and affect the fetus
and neonate. Any seriously ill neonate can also have
transient thyroid function abnormalities and therefore also
require followup thyroid function tests.12 Prematurity and
small for gestational age (SGA) infants also should be
evaluated as part of the entire neonatal thyroid screening
program but both these latter two categories need followup
assessments according to their progress, treatment needed
and co-morbidities several times post-delivery. Specific
attention to normative thyroid function values for the
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premature infant is also now available.!3 Mandated automatic
retesting protocols in many programs have allowed better
identification of those with transient thyroid function
abnormalities that self-correct on rechecking where these
protocols exist and are faithfully followed.

Data from the Florida state newborn screening program
for 2009-2010°> where both T4 and TSH are routinely
measured in all neonates and provide some interesting
perspective (Figure 5):

2010 2009
Live Births 214,936 | 221,391
High TSH 1,119 1,232
Confirmed Congenital Hypothyroidism 68 68
Congenital Hypothyroidism Incidence 1:3,161 1:3,256

Figure 5: Florida Newborn Screening Thyroid Incidence 2010/2009

Congenital hypothyroidism is one of the most common
preventable causes of mental retardation since early diagnosis
in the neonatal and post-neonatal period would allow earlier
treatment and therefore sooner correction of any hypothyroid
related cerebral damage.

With the overall incidence of approximately 1:2500-
4000 infants, there is an approximately 2:1 female:male ratio
of congenital hypothyroidism for reasons still unexplained.
There also is a slightly higher incidence in Latino populations
(from the Americas and/or Caribbean) and slightly lower
incidence in African-American populations compared to
European based Caucasian populations. Down Syndrome!4
also is associated with slightly higher congenital
hypothyroidism. World-wide with most infants born in low
resource countries (LRC) and medium resource countries
(MRC), iodine deficiency!?2 remains the most common
preventable cause of mental retardation worldwide.

In recognition of this fact, iodination of salt established
by HRC (and some MRC) governments has corrected this now
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preventable problem so hopefully this will continue to increase
worldwide as more and more governments help to establish
formal neonatal congenital screening as well with the
knowledge that only identifying such problems in the neonatal
period post-partum costs less than the lifelong costs that
otherwise accrue.!

History of Newborn Screening 16

Pilot newborn screening programs originally were only
for PKU (phenylketonuria) but in 1974 Quebec, Canada and
Pittsburgh, PA, USA began congenital hypothyroidism
screening added to PKU neonatal programs already in
existence and were soon followed by the New England
Congenital Hypothyroidism Collaborative incorporating the
neighboring states of Massachusetts, Connecticut, Rhode
Island, New Hampshire, Vermont and Maine.

Similarly a multistate program was added in the
northwestern United States as well and soon all parts of the
United States had similar screening programs established.
These programs hoped to prevent growth abnormalities as
well as attempt identification and correction of missed
congenital hypothyroidism with earlier institution of diagnosis
and treatment in an effort to decrease or prevent so many of
the commonly seen issues with congenital hypothyroidism
before such screening. Now such programs, having shown
enormous success in quality of life, CNS functioning, growth
abnormalities and family distress throughout established in
Europe, Asia, Australia, New Zealand, North, Central and
South America and some parts of Africa. In North America
(USA, Canada and Mexico) more than 5 million newborns are
currently screened and approximately 1,400 infants with
congenital hypothyroidism are detected annually! Cost of
screening!” is much lower than the cost of diagnosing and
managing congenital hypothyroidism at an older age because
the financial and social costs of mental retardation and its
associated co-morbidities and education hurdles are
minimized or avoided. For the child/teen/adult with
congenital hypothyroidism and for that person’s family,
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quality of life significantly improves even with lifelong oral
levothyroxine treatment necessary on a daily basis and
appropriate followup medical lab testing and clinical followup
also lifelong. Noncompliance with such daily medication
especially surfaces in or around adolescence with less overt
parental supervision and in adults who can become lax with
such requirements and minimal symptoms when medication
compliance persists until neurologic and/or cardiovascular
problems — preventable - present.

Thyroid Physiology !.2.7

The thyroid gland develops from the buccopharyngeal
cavity fourth brachial pouches between 4 and 10 weeks
gestation. By 10-11 weeks’ gestation, the fetal thyroid is
capable of producing thyroid hormone but fetal thyroid
hormone concentrations are low in the first half of pregnancy.
By 18-20 weeks’ gestation, blood levels of T4 have reached
term levels. As a consequence, during a good portion of fetal
development, the fetus is entirely or partially dependent on
maternal thyroid hormone and iodine for effects of body
development especially neurologic development. Supply to the
fetus is believed to be controlled by the placenta as well as
maternal thyroid-pituitary-hypothalamic feedback loops
working in combination to maintain a “euthyroid” state.

Despite critical importance of thyroid hormone on
multiple organ systems, especially the brain, most infants
with congenital hypothyroidism appear overtly normal at
birth; it is only the most severe neonates who can be readily
diagnosed by examination in the delivery room or nursery:
exceptionally quiet baby/dull affect, large anterior fontanelles,
enlarged and protruding tongue (see figure I). This missed
diagnosis on clinical grounds reflects the subtle clinical
abnormalities documented to be present, in retrospect, when
clinical physical notes are reviewed following newborn
screening notification.

However, except in cases of extremely severe thyroid
function results at confirmation, when clinical suspicion may
already have existed, clinical diagnosis is rare without weeks
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or months of hypothyroid effects on the growing infant — then,
more obvious symptoms present or there is some deterioration
by history or exam. In general, the hypothyroid fetus appears
to be protected somewhat by placental transfer of maternal
thyroid hormone. Infants with some of the dysgenetic causes
of their congenital hypothyroidism who are unable to
synthesize their own thyroxine so that cord blood T4 levels are
5 to Y2 that of normal infants. Also, some studies have
demonstrated what appears to be increased intracerebral
conversion of T4 to T3, resulting in increased local availability
of cerebral T3 despite low serum levels of thyroid hormones
under such circumstances that also may explain lack of
prominent and diagnosable physical findings in the neonate.

Specific neonatal thyroid considerations are somewhat
different than later periods of life. Marked mneurologic
impairment is seen if both maternal and fetal hypothyroidism
are present despite adequate therapy shortly after birth. This
is predominantly from conditions where severe iodine
deficiency exists as is common around the world unless
governments have regulations which are enforced to provide
iodinated salt. In addition, and unrelated to such iodine
deficiencies in the world’s food chain, potent thyrotropin
receptor blocking antibodies also exist, although quite rare,
which affect the fetus. Also, rare maternal-fetal PIT-1
deficiency can occur with pituitary specific transcription factor
errors for somatrope (growth hormone), lactotrope (prolactin)
and thyrotrope (thyroid stimulating hormone) function.

Newborn Screen Protocols! 2718

Hospitals usually obtain heel-stick blood samples and
such small volumes can be sent to centralized laboratories
established specifically for newborn screening analysis.

Many programs have added not only neonatal
hypothyroidism screening program to PKU programs already
in existence but multiple other endocrine and metabolic
screening that can be done at relatively low cost vs. the
extended and enormous life-long costs of missed diagnoses,
missed opportunities for earlier treatment and the
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improvement in health status as well as quality of life for the
child and family that makes them worthwhile to consider.
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Figure 6: Intrauterine and neonatal TFT’s 1.27

Figure 6 - presents some study results evaluating thyroid functions during
intrauterine and neonatal time periods. Understanding these stages of
development and function allows for improved cutoff laboratory values
based not only on individual assay variability and standard deviations, but
also defining potential cutoff values based on gestational age, timing of
birth and post-neonatal age for both screening protocols as well as
evaluation of confirmatory thyroid functions.

Taking into account the normal perinatal changes that
are now well recognized as shown in figure 6, there is some
discussion ongoing about the optimal timing of sampling after
birth. Most program protocols consider sampling of the
neonate after 24 hours of life to try to miss the normal
neonatal TSH surge and allow at least one or more feedings to
take place. This is sometimes not always possible with early
discharges of otherwise normal neonates in many hospitals as
well as when there is some other medical urgency, ie. NICU
admissions or other medical conditions that can interfere with
optimized thyroid metabolism and function.

In the NICU, for instance, one such protocol suggests
thyroid and other screening be done on admission to the
NICU, day 7, day 21 as well as 48 hours after total parental
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nutrition has been completed as well as prior to any blood
transfusion in an attempt to minimize interpretation
dilemmas. Of extreme importance when setting up and
supervising such neonatal screening programs is to establish
methods for oversight 8 to try to minimize neonate missing
screening testing and to make sure that there are sufficient
methods established for being able to communicate with
primary care providers and parents if test results are delayed
until after the newborn leaves the hospital unit. When
neonates are transferred from local facilities to more
specialized centers, sometimes the timing of the transfer also
allows for missed screening of the infant.

Specifically, discharge orders must be established with
protocols for nursing staff supervising newborn discharges to
document that the newborn screen was performed and that
the results obtained also were documented as normal or
abnormal, needing followup with an endocrinologist or
primary provider, thyroxine treatment or repeat blood work
etc.

Thyroxine cutoff values are somewhat different in
different centers and countries but approximately a T4 cutoff
of 6.6 ugm/dl for the first week of life while a T4 cutoff of 5.0
ugm/if the neonatal sampling was obtained after 8 days of
life. TSH cutoffs for such neonatal screening programs are
approximately >23 ulU/ml. requiring followup assessment,
repeat testing and formal decisions about treatment needs.
Knowing the specific assay normative values and paying
attention to sample timing postnatally as well as gestational
age of the newborn, help to make such assessments better
while wusing mathematical laboratory standard deviation
analysis helps make the screening systems better as well as
more cost-efficient.

If the T4 levels are below these cutoffs and/or the TSH
level are too high (or inappropriately too low considering the
T4 levels obtained, specific steps must be taken and
documented per protocol with attention to quality control
requiring periodic independent assessment of any such
program. Individually established interpretation of lab
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determinations should be based on normative data for the
country, state, province and/or city by thyroid specialists so
engaged when the programs and laboratories were set up and
with due consideration for the specific laboratory methodology
in use.

Primary congenital Diagnostic Tests to Consider
hypothyroidism
Core tests Either primary T4 screen with followup TSH

or primary TSH with followup T4

or combination T4 and TSH screening

Followup testing T4, TSH
free T4, T3 uptake

Supplemental testing Serum TBG

Anti-thyroid peroxidase and thyroglobulin

antibodies

1123 or Te% thyroid uptake studies

Thyroid ultrasonography if radioisotope

scans negative

Bone age

Specific genetic and/or molecular

evaluation

Figure 7 - Diagnostic Tests for Congenital Hypothyroidism!9

As with all other such matters, specific protocol follow
up should be reviewed and documented often with a
committee of several interested pediatric endocrinologists,
neonatologists and other specialties of interest. For any
results from screening, follow up confirmatory T4 and TSH
levels should be obtained as recommended. Some would also
include T3 and resin T3 uptake levels as well as free T4 levels
as well as thyroid ultrasonography to document presence and
site of the actual thyroid gland, ectopia and perhaps
pituitary/hypothalamic imaging as well if there are some
suspicions of secondary or tertiary thyroid abnormalities.
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Screen Probable Cause Clinical Special
Results Manifestations evaluation/care

needed
Primary None - severe | Repeat TFTs & 1-T4
T4 low, TSH | hypothyroidism Rx
high Maternal Often none Same + both Ab’s
antibodies
Maternal anti- | Often none Same
thyroid Rx
Maternal iodine | Often none Repeat TFTs
Repeat TFTs
Consider pituitary
20 or hypothalamic
T4 low, TSH | Possible 1 | None - severe | problem or other
ok hypothyroidism transient
? 2 or 3 conditions, sick
hypothyroidism NB, SGA,
prematurity, TBG
deficiency etc.
T4 ok, TSH | Possible None - severe | Repeat TFTs then
high hypothyroidism consider other
testing
TSH very | Primary None - severe | Repeat TFTs and
high with or | hypothyroidism consider other
without low testing
T4 TSH post-natal | None Repeat TFTs and
surge consider other
testing

Figure 8. Interpretation of Initial Newborn Screening Results for

Radioactive iodine and technetium scans 2!
diagnoses

help to

better

Congenital Hypothyroidism 20

define

exact

also can
accordingly.

Ultrasonography and radioactive scanning should not be

delayed for scheduling reasons,

however,

should define such considerations very specifically.

Levothyroxine Treatment!.2.7.22
Any infant with low T4 and elevated TSH is considered
to have primary hypothyroidism and further evaluation
of a pediatric
endocrinologist with experience and interest in pediatric

should wusually be

the

responsibility

and protocols
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thyroid disorders. If no pediatric subspecialist is available,
then discussions with an adult endocrinologist interested in
thyroid disorders should be considered as well as any
knowledgeable neonatologists or general pediatricians so
interested.

With current international telephone communications,
email and zoom meetings can be arranged with pediatric
endocrinologists/thyroidologists to provide such consultation
as individual situations warrant quite readily. Sometimes,
genetic specialists are also involved especially when
syndromic conditions are being considered and here, too,
international cooperation works to fill the gaps in local
expertise. Similarly, neurologists may be called for
consultation although most endocrinologists would be able to
obtain appropriate sampling for consideration of pituitary or
hypothalamic dysfunction and testing. This is especially
important of hypothalamic or pituitary insufficiency is being
considered since subtle secondary or tertiary adrenal
insufficiency under such circumstances can become rapidly
lethal if thyroxine is instituted without prior cortisol. If there
is any suspicion of adrenal insufficiency, then cortisol and
ACTH levels, if available, should be obtained and appropriate
cortisol treatment instituted before levothyroxine is provided.
As Dbefore, emergency consultations with an adult
endocrinologist and/or radiology, genetics, neonatology
should be considered.

If such specialists are not available then consultation or
referral to centers of excellent should be part of the treatment
team. Delay in contacting home medical care teams and
primary providers, especially in MRC and LRC situations
where they may not be easily available because of financial
barriers, socioeconomic or political barriers and simple
nonavailability needs to be avoided.

Confirmatory testing if not done in  the
nursery/hospital, needs to be done without delay as well and
sometimes treatment with levothyroxine should be started
even before such confirmatory results are availability to
prevent further treatment delay.
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Initial neonatal levothyroxine dose is 10-15
ugm/kg/day given usually once each morning with a crushed
pill by the parents prior to the first morning feeding. This be
placed in the infant’s cheek and then breast feeding proceeds
to wash the levothyroxine into the stomach for absorption. If
bottle feeding is the feeding method of choice, the same
protocol can be used and the crushed tablet of levothyroxine
can even be placed in the rubber nipple, and then the milk
from the bottle washes the medication through the oral cavity
for absorption.

More recently there have been some liquid formulation
of levothyroxine that may have some place in the therapeutic
armamentarium of neonatal hypothyroidism as more studies
are done of safety and efficacy as well as bioequivalency and
proper absorption. Soy formulas may be associated with
decreased thyroxine medication absorption and, similarly, for
later consideration, high fiber and higher iron content of food
provided so further testing and dose adjustment may be
recognized and made. There remain some controversies over
the equivalency of generic levothyroxine tables compared to
more expensive brand-name products especially with cost
considerations around the world.23

Goals of Newborn Thyroid Therapy?2*

Ideally, normalizing T4 by 2 weeks and normalizing TSH
by 1 month of age would be reasonable therapeutic goals and
there are several studies which suggest that earlier and more
rapid correction with documented normalization of T4, free T4
and TSH is associated with better neurodevelopmental
outcomes with or without screening identification and
diagnosis. If a higher initial dose of levothyroxine is used, 12-
17 ugm/kg/day, serum T4 normalizes within 3 days and TSH
can return to target by 2 weeks in some published studies.
Some studies have also suggested that rapid correction of TSH
has cognitive benefits but one study also showed
overcorrection with higher T4 results has some deleterious
effects. Most experienced pediatric thyroidologists tend to
rapidly correct neonatal hypothyroidism since this lone study
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has not been replicated elsewhere and clinical evaluations do
not show any obvious harm from more rapid rather than
slower corrections in these infants. T3 (liothyronine) should
not be used for treatment, even though T3 is more biologically
active than T4, since most brain T3 is derived from local
monodeiodination of T4 rather than from circulating T4 itself.

Follow up should ideally be by a board certified
pediatric endocrinologist, assuming one is available soon after
diagnosis, if mnot already evaluated by a pediatric
endocrinologist in the nursery. An adult endocrinologist or
specially trained and interested general pediatricians can also
provide such services if a pediatric endocrinologist is
unavailable if they have appropriate experience.

Follow up free T4 and TSH should be obtained with a
complete history and physical exam at 2 and 4 weeks after
initiation of levothyroxine treatment. Some would also include
total T4 as well as free T4 and TSH and a flow chart should be
part of the computerized medical record (or handwritten
medical/lab chart) to facilitate ongoing analysis and act as a
critical guide for dose adjustments as well as compliance
issues.

Thereafter follow upl-3.7-8,10-13,25 should usually occur
about every 1-2 months for the first 6 months of life, every 3-4
months between 6 months and 3 years of life and then about
every 4 months to follow normal growth and development
needs and adjustments of dosing, optimize compliance. Side
effects with levothyroxine are extremely rare unless an
inadvertent overdose is provided either by parental error or
pharmacist error. When generic levothyroxine is used instead
of brand name levothyroxine products, changes from one
company to another sometimes produce a need for dose
adjustments so this too should be routinely questioned at
followup visits and becomes a potentially important education
issue for parents. Quality control of generic medications
around the world even in HRC sites does not always
guarantee optimal quality control. More frequent followup
should often be arranged whenever dose adjustments are
recommended to document improved lab results and/or
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associated symptoms amelioration. Compliance issues 2¢ with
any chronic illness, congenital hypothyroidism included, must
address financial barriers, insurance barriers and all other
issues involving compliance of a daily task like pill taking.

Developmental outcomes should include expectation for
normal weight and height progress documented by weight and
height charts kept in the medical computer record systems
and/or with written well documented weight and height
charts.

Twenty years ago, there were minor differences in IQ,
school achievement and neuropsychological tests in
congenital hypothyroid adults when congenital
hypothyroidism was treated earlier compared to unaffected
classmates and siblings. Nowadays with more screening
programs including congenital hypothyroidism around the
world, more recent studies testing such youngsters at school
entry showed no difference compared to siblings with the
protocols discussed and with “more rapid” correction of
circulating free T4, total T4 and TSH reached and
maintained.27-28

CONGENITAL ADRENAL HYPERPLASIA (CAH):
ADRENOGENITAL SYNDROME (AGS)%°

Congenital adrenal hyperplasia3?3! in its most common
form, 21-hydroxylase deficiency, can be suspected in children
with three clinically overt problems: in female neonates with
ambiguous genitalia or enlarged clitoris with evidence of
sodium deficiency or dehydration and in any male or female
child with progressive and/or early virilization.32:33 Because
21-hydroxylase deficiency CAH is autosomal recessive for the
CYP21A gene (also called P450c21)34, incidence should be the
same for boys and girls but the absence of genital ambiguity
in males and often the subtlety of any male neonatal or early
infancy virilization is not so apparent on clinical examination
compared to changes in genetic females of the clitoris and/or
labia. Decrease of this loss of 21-hydroxylase enzyme function
interferes with ability to make cortisol and aldosterone so that
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the adrenal cortex is stimulated by hypothalamic and
pituitary factors and overproduces various cortisol precursors.
Some of these precursors are diverted to the biosynthesis and
overproduction of sex hormones which are associated with
androgen excess including the ambiguous genitalia in
newborn girls and rapid postnatal growth in both sexes as
well as early/excessive virilization.

Some but not all forms of the 21-hydroxylase deficiency
also interfere with mineralocorticoid pathways and that
explains the salt wasting and consequent failure to thrive,
hypovolemia, shock and deaths. There is a milder nonclassic
form that may be asymptomatic or associated only with signs
of postnatal androgen excess. Assessment of sodium and
potassium levels as well as acid/base status, usually with
bicarbonate levels as well as hydration and BP status can be
lifesaving, particularly in the more severely affected patients.
Assessing cortisol (low results), ACTH (high results) and 17-
hydroxy-progesterone results (high levels), assuming that
these measurements are available, can lead to early
consideration of this diagnosis; closer clinical monitoring as
well as emergency institution not only of salt and water
replacement but also emergency cortisol replacement corrects
the electrolyte and volume deficits to prevent imminent death.

Congenital adrenal hyperplasia3>36 can be caused by a
variety of enzyme deficiencies in the adrenal cortex. There are
six major forms of CAH 37 each felt to be caused by a mutation
of one of the six enzymes required for the biosynthesis of
cortisol. The enzymatic processes are involved with very
specific clinical signs and symptoms29-37 that depend on
whether the specific enzyme absence is full or partial and
whether the enzyme deficiency results in high or low
production of the various steroid products in the
mineralocorticoid, androgen or glucocorticoid systems. The
decrease in cortisol secretion results in a decrease in negative
feedback at the level of the hypothalamus-pituitary system
such that the resulting increase in hypothalamic CRF
(corticotropin  releasing factor) and pituitary ACTH
(adrenocorticotropic hormone) attempts to produce more
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cortisol — if the mutations allow some degree of enzymatic
activity in the adrenal gland. At the same time, such increases
in CRF and/or ACTH produce elevated production of the
usual cortisol precursors before the blocked pathway site, and
this can add to different clinical manifestations and difficulties
and modified by whether there is a full or only partial
enzymatic block present.

The pathways of steroid biosynthesis in the adrenal
cortex (Figure 9) are now well recognized and confirmed.
Understanding this sequence and which enzymes are involved
allows for better understanding of the pathophysiology and
clinical findings in each circumstance on presentation as well
as which measurements are needed to assess treatment
compliance and efficacy.

21-HYDROXYLASE DEFICIENCY CAH

Approx. 80-95% of all CAH cases

Cholesterol
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Figure 9: Pathways of Adrenal Cortex Steroid Biosynthesis 2945
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21 hydroxylase deficiency presents in girls with classical
CAH having clitoral enlargement, labia majora which can be
partially or totally fused and/or a common urogenital sinus
instead of separate urethra and vagina. Variable extent of
virilization from nearly full male appearance, and thus the
risk of misapplication of gender assignment as a boy with
absent testes, when the newborn is actually a genetic female
with excess androgen causing the problem. More severe salt-
wasting variants show up “sooner” and often in those females
with obvious genital ambiguity - but still with a great deal of
variability from patient to patient.

Electrolyte decompensation and hypovolemia often does
not become apparent clinically until the second week of life so
in the more subtle male clinical presentation there is no
ambiguous genitalia issues to “warn” health care providers of
what’s brewing. As a result, recognition of salt-wasting
clinically seems to occur “earlier” in girls vs boys once a
differential diagnosis of virilization occurs. Since the peak of
such mineralocorticoid insufficiency usually occurs post-
nursery discharge, the males, otherwise usually unrecognized
as virilized clinically, get sick while at home, become
dehydrated, progress to hypovolemia shock and may die
before the diagnosis is actually considered or before treatment
can occur, whereas the girls get diagnosed earlier because of
their more overt virilization. As a result, the diagnosis at birth
of a female with simple virilizing CAH often is made sooner
and more often on clinical grounds because of the apparent
and obvious genital ambiguity.

The clitoris is often enlarged in such genetic females
because of the androgen excess and has an appearance
similar, but not quit a normal penis, at the same time that
there appears to be hypospadius and/or cryptorchidism if the
labia are greatly fused.

Nonclassical partial or later onset females with 21
hydroxylase CAH may present without salt losing but with
unexplained increased pubic hair, clitoral enlargement,
oligomenorrhea, hirsutism and excessive or early acne as well
as accelerated growth and bone age skeletal maturation since
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there is some mineralocorticoid and some cortisol production
possible but still relative androgen excess.

Males with 21 hydroxylase deficiency, even when they
have significant excess androgens measurable on lab testing,
sometimes will appear to have an enlarged penis but males
will usually have normal scrotal sacs and normal appearing
and size of testes. Many time such genital changes externally
are only recognizable in retrospect and after the when the
chemical diagnosis has occurred - or the salt losing crisis has
brought them back to the hospital.

In the nursery most examinations are not sufficiently
abnormal to raise the possibility of early clinical diagnosis and
most of the salt wasting crises don’t happen the first few days
or week of life but rather 1-4 weeks after birth. Such salt
wasters are mostly males, appear as failure to thrive infants,
unable to regain their birth weight, frequently with vomiting,
significant dehydration and hypotension and too often in
shock due to the severe mineralocorticoid and glucocorticoid
deficiency.

Nonclassical males may not always be salt wasting
under usual circumstances but under stress conditions
(illness, surgery) this may appear. They also may present with
unexplained early pubic hair, hirsutism, early or sever acne
and have phallic enlargement, accelerated growth and bone
age skeletal maturation.

CAH/AGS Incidence and Pathophysiology

More than 80-90% of CAH is thought to be caused by a
deficiency of 21-hydroxylase with an incidence of
approximately 1:10,000-1:15,000. It is also thought to be
quite similar all around the world but where there is increased
consanguinity, as in some more isolated tribal communities,
the incidence of rarer forms of CAH increases. For example,
1:300-700 in Alaskan Yupik Eskimos but unknown if this also
occurs in Canadian or Russian indigenous populations.
Classical 21-hydroxylase deficiency, 210HD CAH, is
characterized by too low cortisol levels, increased ACTH levels
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as the body tries to boost cortisol production in standard
fashion and is associated with increased androgens so that
testosterone, dihydrotestosterone and androstenedione levels
are increased with virilization present.

The androgen increase is a consequence of the ACTH
increase and pushing the cortex to make more of these
androgens is “allowed” because of where the 21 hydroxylase
enzymatic block occurs in the synthetic pathway (“towards the
right side”).

The virilization in females can be rather severe and the
more so because 210HD CAH in its most severe
manifestations not only decreases cortisol secretion but also
because the enzymatic block allows exposes of the very early
female fetus to masculinize the genital precursor tissues.
There are also salt losing varieties but with nonspecific
demarcation between the mineralocorticoid deficient varieties
and those who can more or less maintain sodium and
potassium balance unless there are severe condition of stress
that intervene. Someone with a simple virilizing form of
210HD CAH may only show mineralocorticoid imbalance
under such extreme conditions, ie. severe illness, surgery.
Non-classical 210HD CAH may escape detection at birth
(without neonatal screening programs) particularly in males
where the virilization can be significantly more subtle
compared to females; the females may appear more like males
with underdeveloped penises (in fact, virilized clitoral bodies),
labioscrotal sacs devoid of testes since they are, in reality,
females with ovaries overwhelmed by the excessive internally
secreted androgenic hormones.

Usually, such females can be easier to identify clinically
in the nursery compared to the males and so early
mineralocorticoid deficiency crises will then be detected earlier
in females than males when there is no screening taking
place. The virilization of newborn girls with 210HD CAH may
be severe enough that the baby is thought to be a boy — but
without palpable testes (see below).

CAH due to 210HD is the most common cause of
ambiguous genitalia. As reviewed in figure 9, classical 21
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hydroxylase CAH prevents sufficient cortisol and often also
mineralocorticoids to be available and the 17-OH progesterone
used as a screening measurement rises since the
hypothalamus and pituitary gland feedback loops notice the
lack of cortisol presented to them.

Classical salt wasting forms of CAH are thought to have
virtually no 21 hydroxylase activity present in about 75% of
cases while the classical simple virilizing form of CAH has
about 1% enzymatic activity and that appears to be
“sufficient” to prevent routine salt wasting unless a stress
situation like infection or surgery coexists.

Later-onset nonclassical 21-OH CAH is thought to have
about 20-50% of enzymatic activity as its explanation for
much later clinical symptoms and signs. Premature infants,
low birth weight infants can sometimes present with “stress”
false positives on screening and so follow up assessment
should include repeat cortisol and ACTH as well as electrolyte
measurements.

Infants born to mothers actively treated with chronic or
high dose glucocorticoids may also need reassessment of
screening results.

17 hydroxy progesterone (170HP) screening

The goals of newborn screening for 21-OH CAH include
detecting boys at risk of salt-losing crises and preventing the
associated hypovolemic shock and death that can result as
well as preventing incorrect gender assignment of virilized
girls.

Development of methodology to measure whole blood
17-OH-progesterone as a marker of the most common type of
CAH eluted from a dried filter-paper blood spot 38 either by
radioimmunoassay or more recently by use of polyclonal and
monoclonal antibodies and the use of either radioactive,
enzymatic or fluorometric markers of antibody-antigen
interaction.

The immunological measurement of 170HP in neonates
is somewhat nonspecific because the fetal adrenal cortex
secretes a large number of compounds that are
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immunologically similar and cross-react.38 Ln addition to the
problem of assay specificity, circulating levels of 17OHP burst
at delivery, decline rapidly after birth and also decline with
gestational maturity so that normal whole blood screening
vales of 170HP must be determined for neonates of varying
birth weight and gestational duration as well as for postnatal
age, “stress” exposure and assay variability from day-to-day.3°

Examples of 170HP neonatal cutoff values that can be
considered change a bit when considering weight of the
neonate, age when the testing is obtained: if 170HP >120
ng/ml in an infant weighing more than 2000 grams and less
than 12 hours; if > 40 ng/ml in an infant weighing more than
2000 grams but specimen obtained > 12 hours of life; if >153
ng/ml for infants weighing less than 2000 grams at any time
then emergency consultation with pediatric endocrinologist
and repeat blood work including cortisol, 170HP, ACTH if
available as well as BP monitoring, measurement of
electrolytes and re-evaluation of eternal genitalia perhaps also
with karyotyping. Many sch screening programs now exist
adding on to phenylketonuria and congenital hypothyroidism
screening and adding specific genetic analyses for CYP21 as
well.40, 41

CAH Screening statistics

Screening data are presented in figure 10 for the Florida
statewide program for two years as reported as an example of
such results.

Too early timing of the blood screening sample may lead
to false positives because 170HP after birth can stay elevated
for up to 48 hours. This is especially true for premature
infants or very sick infants. Confirmatory testing and detailed
physical examination by neonatologists and/or pediatric
endocrinologists help to make a correct assessment.

As the program became more sophisticated, the
confirmed diagnoses numbers don’t change a huge amount
but the assessments of the low weight infants (premature and
SGA) improve with followup examination and lab results.
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2010 2009

Live Births 214,936 221,391
CAH <12 hours 175 169
CAH >12 hours 220 214
CAH <2000 grams 24 206
CAH 31 94
Confirmed CAH 11 5
Incidence 1:19,539 1:44,278

Figure 10: Florida Newborn 170HP CAH Screening 2010/2009 7

Reports from around the world,42:43:44,45,46,47 confirm
what was originally learned in the Quebec, New England and
then Pittsburgh and Toronto programs: about half of the CAH
patients diagnosed because of screening programs would have
been missed on the basis of clinical presentation and
significantly = fewer  go into adrenal crisis and
hypovolemic/shock situations as a result of these successful
screening efforts.

Salt losing crisis and potential death

Classical hyponatremic crises typically occur in males
with 210HD CAH about 1-3 weeks after birth, out of the
hospital. In circumstances around the world where there is no
available, knowledgeable medical care, such infants in LRC
and/or MRC usually die in coma from severe hypoglycemia,
hyponatremia and hypovolemia and without specific
diagnoses unless detailed autopsies are performed. This also
can occur throughout the more developed nations (HRC).

Over the past decades in most Western countries,
newborn screening has been expanded to include not only
congenital hypothyroidism but also screening for elevated
levels of 17 hydroxyprogesterone (170HP) on the second or
third day of life to detect 210HD CAH before serious salt loss
appears. The test is not available in most countries of the
world or in parts of the world where most births do not take
place in hospitals but at home. After the first few days to a
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week or so after birth, both boys and girls with salt losing
forms of 210HD CAH then may progress to worsening
hyponatremia, hyperkalemia, dehydration, failure to thrive,
vomiting, hypotension, hypovolemic shock, coma and death if
not diagnosed and treated not only with salt and fluids but
with glucocorticoids and mineralocorticoids.

Screening has decreased the occurrence of such
preventable situations by making the diagnosis in many males
which were not being recognized while still in the nursery and
by providing earlier identification of females as well. With
such earlier diagnoses now feasible and well documented in
screening programs around the world, early institution of
cortisol replacement therapy often avoids significant salt
losing crises or makes earlier sodium replenishment possible
with earlier electrolyte evaluation even when neonates remain
asymptomatic.

Because CAH screening is with 170H progesterone
measurements, all of the other kinds of CAH require other
methods for their more rare diagnoses. Screening also
produces a “false positive” rate of about 1:100 even with
statistical methods of interpreting cutoff points for
consideration normal and abnormal results.

Genital ambiguity in females and virilization in males

The finding of genital ambiguity at birth is a medical
and social emergency with family distress, shock,
embarrassment, anger made especially difficult by social
conventions where the first questions after is the baby healthy
involve whether or not the baby is a boy or a girl. So, under
such circumstances, sometimes there can be no apparent
answer at first.

Medical personnel must be trained and equipped to deal
with the familial, social manifestations of this angst in
addition to the best ways to biochemically and genetically
figure out the appropriate strategies for diagnosis and
treatment. Examples of 46XX females with ambiguous
genitalia are presented in figure 11A: clitoral enlargement and
some labia prominence. 10B: more significant clitoromegaly,
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fused labia but absent gonads. 10C: male-appearing external
genitalia but not as prominent clitoral enlargement and
absent scrotal gonads from labial fusion.

Figure 11 - 46XX Ambiguous Genitalia

CAH is inherited in an autosomal recessive fashion
where parents are usually asymptomatic carriers of the gene
mutations responsible. The carrier incidence of 210HD is
thought to be about 1:50 and usually parents are healthy
carriers of the mutated CYP21A genes.

Both sexes are affected equally from a genetic
standpoint despite the fact that more males die in adrenal
crisis because of nonrecognition in the neonatal period
without 17OHP screening protocols.

Misidentified gender

Without neonatal 170HP screening available, one of the
most distressing situations can arise when a newborn female
is clinically diagnosed as a “male with a micropenis and
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undescended testicles” if the labia have fused from fetal
androgenization. So, the announcement from the midwife or
obstetrician to the parents is that they have a “deformed baby
boy” and they may or may not have available knowledgeable
consultation provided to allow a correct diagnosis.

The newborn boy otherwise has not yet presented with
salt losing since that traditionally doesn’t occur until several
weeks later. Only then does the possibility of a correct
diagnosis take place if the family and the baby is fortunate
enough to get treatment for the salt losing disaster. With or
without a salt losing crisis as described, such an “announced
female” when correctly diagnosed and treated must have the
family and community, and especially the parents, introduced
to the idea that the sex presented to them at birth was
incorrect and their baby boy is, in reality, a baby girl with
AGS because of excess androgens. Difficult for the health care
providers and especially difficult for the parents and family.

With well organized and quality run neonatal screening
programs for CAH, such difficulties can be minimized since
results of the neonatal screening are generally available with a
few days to a week postnatally.

Other tests to consider

Presence of a uterus on ultrasonography in a virilized
newborn without palpable testes should raise the diagnostic
possibility of virilizing 210HD CAH and emergency sodium
and potassium levels should be checked as should blood
pressure monitoring.

Blood urea nitrogen and/or serum creatinine should be
checked to rule out renal disease related to electrolyte and
acid-base disturbance.

Ultrasonography can also potentially identify ovaries as
well as inguinal testes. A buccal smear looking for X
chromatin Barr bodies can be done rather quickly but needs
an experienced examiner and may be unreliable in neonates.
Formal karyotypes would be diagnostic but also take some
time for results to return to help established XX or XY
situations.



Newborn endocrinology screening 41

Results of measurements of 17 hydroxyprogesterone
that are elevated would be diagnostic if available and if results
can be reported without long delays. Tests for
mineralocorticoids are expensive and likely will be difficult to
interpret or not available with quick turnaround times from
laboratories under most circumstances. Other tests to be
considered would include assays of other components of the
steroid pathways, ACTH concomitant with cortisol levels,
urinary 17 ketosteroid and urinary cortisol levels as well as
thinking about formal ACTH stimulation testing (if available)
particularly looking at 17 hydroxyprogesterone response and
other intermediary metabolic products of the steroid
pathways, especially the androgens.

Adrenal imaging to rule out adrenal tumors both benign
and malignant - but hormone producing - should be
considered as appropriate in older children and adolescents
who may present only with virilization or premature puberty
without salt-wasting forms of CAH.

Testicular adrenal rest tumors*® in males with CAH do
not typically show up until much later in life, although
frequently present, so are of more concern for followup
endocrinology visits in adolescents and adult male CAH
patients.

Variants and missed diagnosis without screening

Those with simple virilizing but not salt losing forms of
CAH have intermediate forms of 21 hydroxylase deficiencies
affecting more of the glucocorticoid pathways than the
mineralocorticoid pathways. Some of these patients are even
milder and only present for diagnostic consideration after a
severe illness, trauma event, anesthesia or surgical event
where the demands are increased and then mineralocorticoid
insufficiency shows up. Without neonatal screening for
170HP, some do not come to medical attention until later in
childhood or adolescence because of premature adrenarche or
puberty, tall stature otherwise unexplained by family patterns
or accelerated height velocity associated with clinical
androgen excess. Such early adrenarche or full pubarche does



42 Stuart J. Brink

not typically occur in very rapid fashion but in an early yet
progressive pattern so that detailed history may be important
to elucidate from the child, teen and/or parents. With the
variants of CAH, where 170P levels are not elevated, then
current screening methodology is not likely to facilitate
specific mutations and variant CAH situations.

Genital surgery

Surgery to change the appearance of the external
genitalia of female infants with the salt-losing and non-salt-
losing but virilizing forms of CAH is available but experienced
surgeons with support staff that include social workers and
psychologists are deemed very important to assist with such
complex decisions. Initial approaches included clitorectomy as
well as clitoral size reductions but with earlier diagnosis and
more introspection, current impetus allows for the realization
that with appropriate treatment, androgen excess will be
markedly decreased and clitoral size should respond
accordingly.

Changes to the vagina and labia themselves, often
require some gynecological surgical approach with more
attention lately to more preservation of the vascular and
neural supply to enhance sexual responsiveness.?® In girls
who are more completely masculinized, often because of
subtle situations, medication unavailability or noncompliance,
there may be more significant internal anomalies required
multiple step surgical procedures.

In some patients, more virilization occurs than would
otherwise be expected presumably because there is more
intermittent androgenization taking place even with ongoing
glucocorticoid and mineralocorticoid therapy or related to
missed doses. The reasons for such “refractory androgen
suppression” are not well understood but medication
noncompliance especially in adolescents and young adults
may be explanatory.

Therapeutic approaches have considered bilateral
adrenalectomy®® as a means to reduce the androgen excess,
peripheral androgen and blockade accompanied by provision
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of estrogen but optimal treatment is not known with a great
deal of individual variability.

As such youngsters grow and begin to better
understand their CAH and such complex situations,
discussion of details of their diagnosis, treatment options,
self-care involvement with age and maturity often respond
well to psychosocial supportive intervention in addition to
nurturing relationships with the physician and nurse clinical
experts. There is also some discussion of the prenatal
exposure to these excess androgens and whether this
“masculinizes” the fetal brain influencing postnatal,
adolescent and adult sexuality and behavior but there are no
definitive studies and there is much variability in such
outcomes to date.

Types of mutation and surgical procedures which took
place both need consideration for long-term quality of life in
women so affected.5!

Some studies®? have documented as much as 50% of
CAH women claimed that the disease affected their sex life,
were less satisfied with their genitals and felt that clitoral size
and function were affected. Many had narrow vaginal canals
so that sexual intercourse was uncomfortable or even avoided.
This was associated in these women with history of later
sexual debut, fewer pregnancies, fewer children and higher
than expected incidence of homosexuality.>3

Non-classical 21-hydroxylase-deficient CAH

Those with non-classical 210HD CAH are thought to
have milder mutations of the CYP21A alleles on chromosome
6 with signs of androgen excess at varying ages and into
adolescence or even adulthood. And as with all CAH, salt
losing is also variable and sometimes only expressed under
stress conditions as previously stated. Anyone with increased
linear height velocity otherwise unexplained and associated
with even mild androgen excess or irregular periods as well as
poor breast development in females should also be considered
as having some variant of CAH with appropriate
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endocrinologic testing.

Sometimes there is positive family history of such
premature adrenarche.

Girls are not necessarily otherwise virilized at birth and
in both sexes, the variety of clinical presentation is extremely
variable especially if there is no clitoral enlargement or
vaginal/labial changes noted.

Differential diagnosis of older children and adolescents
as well as adults include virilizing carcinomas of the gonads
and adrenal glands, polycystic ovarian syndrome and varying
forms of precocious puberty as well as exogenous steroid
exposure.

Unilateral testicular enlargement as result of testicular
adrenal rest tumors have been reported and routine
examination of testes in males with CAH should be taught for
self-examination by patients as they reach adolescence and
move into adulthood - as well as for health care providers
documenting their discussions and examinations in the
medical records. This is especially true in transition periods
from adolescence when they might normally be cared for by
pediatricians and pediatric endocrinologists compared to late
teenage years and adulthood when they move to new
internists or family physicians as well as adult
endocrinologists.

During such transition periods, there is a higher degree
of medication noncompliance as well as missed office followup
assessments but there are ways to raise awareness of such
problems and to begin discussions and facilitate smoother
transitions.

Some studies have suggested specific high risk ethnic
populations where such late androgen excess conditions may
be as common as 1 in 25-30, ie. Ashkenazi Jews or as
common 1:1000  individuals (PCOS-like,  menstrual
irregularities, hirsutism, clitoral enlargement, severe forms of
acne, etc.)>* with those of African descent may have decreased
CAH.
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Other rarer forms of adrenal insufficiency
differentiate from 21-hydroxylase-deficient CAH

Presence of hypertension rather than hypotension
should prompt consideration of alternative types of CAH such
as classical forms of 11B-hydroxylase deficiency, 17,20 lyase
deficiency, 17a-hydroxylase deficiency with excessive
mineralocorticoids (hypertension and hypokalemia) at the
same time that there is deficient glucocorticoid production
contrasts with other variants where some of these CAH forms
may only present with sexual infantilism or other forms of
gonadal abnormalities (incomplete male differentiation
sometimes to the extent of incorrect female gender
assignment) depending exactly in which tissues and to what
extent such abnormal enzyme aberrations exist.

These rarer forms of enzymatic genetic abnormalities
wouldn’t be detected with 170HP screening of newborns but
may still present with adrenal insufficiency since they
increase mineralocorticoids while decreasing cortisol and
decreasing androgens.

Earlier enzymatic pathway deficiencies such as
cholesterol desmolase deficiency (lipoid CAH) have low levels
of all steroid hormones with decreased or absent ACTH
responses but high circulating levels of ACTH. The absence of
this very early enzyme causes failure of conversion of
cholesterol to pregnenolone very early in the steroid pathway
in the adrenals and gonads.

Very early presentation is  associated with
cardiovascular collapse following increasing severity of
adrenal insufficiency and as with many other of these enzyme
disorders, milder variants are also reported. Low cortisol, high
ACTH levels may offer a clue to this diagnosis.

3B-OH steroid dehydrogenase deficiencies felt to reside
in mutations in chromosome 1 in classical salt wasting forms
(with decreases in both mineralocorticoids and glucocorticoids
as well as androgens) and in non-classical forms (affecting
more as abnormalities of puberty, menses with some
virilization) also mneed to be considered wunder such
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circumstances.
Most of the other enzymatic abnormalities in the
adrenal synthesis pathways including enzymatic

abnormalities in StAR defects of cholesterol synthesis and
P450 SCC would be associated with cortisol deficiency and/or
mineralocorticoid deficiencies as well as elevated ACTH but
related specifically to CAH 170HP neonatal screening, these
would not overlap since 170OHP would not be elevated in those
other conditions. When being considered, repeat cortisol and
ACTH levels as well as other testing will be helpful in addition
to genetic mutation analyses if available.

Diagnostic approach to the infant with suspected CAH
is presented in Figure 11 adapted from Henwood and Levitt
Katz55

CAH Treatment33,55,56,57

In the asymptomatic neonate with confirmed diagnosis,
initial treatment would be with hydrocortisone at a dose of 10-
15 mg/m?2/day divided in two or three doses although under
certain clinical conditions may require up to 25 mg/m?2/day to
start treatment with the dose then tapered downward
clinically.

Caution with higher doses for too sustained length of
time may interfere with growth.

Prednisone can be used at a dose of 2-4 mg/m?2/day
usually in two doses per day and dexamethasone can be used
at a dose of 0.25-0.375 mg/m?2/day once daily. Many pediatric
endocrinologists have experienced problems with prednisone
and dexamethasone providing excessive glucocorticoid
replacement as well as weight excess and decreased height
velocity or growth cessation. However, availability of
hydrocortisone cannot always be guaranteed around the
world.

Fludrocortisone as mineralocorticoid replacement can
be added if sodium levels cannot be maintained with only
glucocorticoid replacement and when there is good compliance
documented at appropriate dosage with a dose range of 0.05-
0.20 mg/day and this can be given only once each morning
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but some clinicians prefer smaller doses given equally twice-a-
day.

Ambiguous genitalia/suspected CAH
Positive (elevated) Newborn Screening 170H progesterone

Na, K,
170H progesterone

170H pregnenolone
11-deoxycortisol
Androstenedione, testosterone
DHEA/DHEAS
cortisol & ACTH
aldosterone, renin
karyotype, pelvic ultrasonography

| Na Normal Na
K 1K
]
I
11170HP 11170H preg J all 1111deoxycortisol 11 DOC
1 ACTH T1DHEA steroids 11 DOC 1 corticosterone
| cortisol | Cortisol tACTH | cortisol | cortisol
1 androstenedione TACTH frenin 1 ACTH 1+ ACTH
| aldosterone | aldosterone | aldosterone l aldqsterone
1 renin trenin | renin | renin
21-OH-lase 3B-HSD StAR 11B-OH lase 17a-OH lase

Figure 11: Suspected CAH Diagnostic Approach

Salt supplements can be supplied intravenously in the
nursery and sometimes are needed at a range of 17-51
mEq/day but again this is highly variable so that clinical
followup and assessment is mandatory.
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All infants with ambiguous genitalia should be closely
monitored for signs of salt wasting until a definitive final
diagnosis is established with appropriate clinical response
either intravenously or orally.

Treatment then would depend upon the exact deficiency
and its severity and for the classical and variant types of AGS
and 21 hydroxylase deficient CAH, screening, awareness,
appropriate lab confirmation and repeat lab electrolyte and BP
followup will be needed.

Attention to potential for salt losing crisis and high risk
of death are the critical issues and these require special
education of parents and other family members with periodic
review and reminders documented at least yearly in the
medical record by health care providers. Poor outcomes and
death occur without adequate medical education and
sophistication, without adequate special (and expensive)
laboratory hormone measurements and without appropriate
pharmacy quality control ongoing.

Cortisol and mineralocorticoid medication replacement
often can be not available, unduly expensive or burdensome
so that these additional barriers also need to be addressed
with the parents and eventually with the adolescent and
young adult on followup. The special risks of noncompliance
with medical followup and with daily medications require
specific attention as previously mentioned.

On sick days, with any significant stress event or with
planned or unplanned surgery, “sick day rules” should be
taught and strictly observed including when and how to
contact health care providers, when to come directly to the
emergency room (or other urgent care facilities) in an effort to
avoid future morbidity and mortality. This includes how and
when to provide extra salt intake, home blood pressure
monitoring as well as when and how to boost glucocorticoid
doses.

Vomiting is an especially problematic issue that also
must be discussed and addressed at least annually.

In any or all of these variants of CAH, if there is
mineralocorticoid and or glucocorticoid abnormalities, then
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sodium chloride, mineralocorticoid replacement, intravenous
fluid blood pressure management and/or glucocorticoids all
are needed as emergency or urgent treatment measures with
appropriate monitoring of all such parameters. Once the
emergency situation is under control and parenteral
administration is no longer required, then maintenance oral
hormone replacement treatment (often with some extra
sodium chloride for awhile) will be needed forever as well as
education for dealing with intercurrent illness, surgery and
other stress situations where extra hormone replacement is
warranted. All of these issues must be specifically addressed
and written into the paper or computer generated medical
records.

When an adrenal crisis occurs, the protocol might
include 100 mg/m? intravenous hydrocortisone or cortisol,
fluid resuscitation with 20 ml/kg normal saline bolus
repeated as needed and then with maintenance saline
according to clinical response. 5% dextrose with boluses or
running as maintenance may also be required if there is
concomitant  hypoglycemia  until the glucocorticoid
replacement  becomes  operative. Repeat doses  of
hydrocortisone may be needed every 4-6 hours until clinical
stabilization.

As a guide, it should be assumed that Solucortef® has
an approximate mineralocorticoid activity of about 0.1 mg of
fludrocortisone.

Treatment of CAH depends upon the age of the patient,
the severity of presentation, whether or not there is need for
only glucocorticoid replacement or also mineralocorticoid
treatment. This would be directly dependent on the site of the
enzyme abnormality and its severity and be reflected in the
known variability of clinical presentation as well as lab
parameters. Glucocorticoids can be replaced with cortisone
acetate, hydrocortisone, prednisone, prednisolone or
dexamethasone alone or in combination depending upon
availability, cost and individual therapeutic considerations
and response.

Overtreatment with glucocorticoids in children can



50 Stuart J. Brink

compromise height but this is no longer a concern in adults
and so longer acting glucocorticoids often are used in
adolescents and adults compared to children with open
epiphyses.

The lowest doses of glucocorticoid to produce the
desired beneficial improvement in day-to-day quality of life,
optimizing energy and growth while at the same time avoiding
the common virilization from underdosing of glucocorticoids
(purposeful or accidental) is the therapeutic goal. Similarly,
paying attention to mineralocorticoid (and salt) needs
particularly in younger babies, infants and children is
important and often there is a need for fludrocortisone in
addition to glucocorticoids replacement to treat CAH. Here,
too, there is great individual variation in need and efficacy;
compliance factors with some patients and families are
another potential treatment barrier.

Specific salt supplementation is often used in neonates,
infants and very young children especially before and up to
about 1-2 years of age depending upon such individual
idiosyncrasies of that child’s type of CAH.

Sex hormone replacement at or around puberty aimed
to mimic normal pubertal progression and optimize final
height also is required in those types of CAH where sex steroid
abnormality co-exists.

Surgical correction of severe ambiguous genitalia (ie.
virilization of genetic females) depends wupon surgical
experience, degree of abnormalities and ability to predict and
optimize adult sexual functioning. There remains much
debate about what should be offered and done, when it should
be done and the entire decision making process under such
circumstances in addition to the debates about sexual
identify, subtle effects of excess or deficiencies of androgens
and estrogens on the fetal and developing brain as well as
societal restrictions, religious and cultural norms. Some
experiments have shown positive effects using combinations
of growth hormone, gonadotropin blockade, aromatase
inhibitors in specific circumstances where there is significant
height compromise, precocious puberty with demonstrated
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improvement in final height and pubertal effects accordingly.
With further scientific progress about identifying specific
mutations and possibly being able to “correct” the specific
genetic defect directly rather than just provide the missing
hormones, this too may prove possible with ongoing research
endeavors in the coming years.

REFERENCES

1. Rapaport R. Congenital hypothyroidism: an evolving common
clinical conundrum. J Clin Endocrinol Metab 95:4223-5, 2010

2. Fisher DA, Grueters A. Thyroid disorders in childhood and
adolescence. In: Pediatric Endocrinology Third Edition.
Sperling MA, ed. Philadelphia, PA USA. Saunders Elsevier,
2008: 198-226.

3. Huang SA, LaFranchi S. Newborn thyroid disorders and
screening. In:_Manual of Endocrinology and Metabolism 4t
Edition. Lavin N, ed. Philadelphia PA, USA: Wolters Kluwer.
Lippincott Williams & Wilkins, 2009: 531-46.

4. New England Congenital Hypothyroidism Collaborative.
Characteristics of infantile hypothyroidism discovered on
neonatal screening. J Pediatr 104:539-44, 1984

5. LaFranchi S. Congenital hypothyroidism, etiologies,
diagnosis and management. Thyroid 9:735-44, 1999.

6. La Franchi SH. Approach to the diagnosis and treatment of
neonatal hypothyroidism. J Clin Endocrinol Metab_ 96:2659-
67, 2011.

7. Silverstein J. Private communication, 2018.

8. Allen DB, Hendricks SA, Sieger J, Hasssemer DJ, Katacheer
ML, Maby SL, Duck SC. Screening programs for congenital
hypothyroidism. AJDC 142:232-6, 1988.

9. MacGillivray MH. Congenital hypothyroidism. In: Pediatric
Endocrinology. Mechanisms, Manifestations and Management.
Pescovitz OH, Eugster EA (eds). Philadelphia, PA USA,
Lippincott Williams & Wilkins, 2004: 490-507.

10.New England Congenital Hypothyroidism Collaborative.
Pitfalls in screening for neonatal hypothyroidism. Pediatrics
70:16-20, 1982.

11.Delange F, de Benoist B, Pretell E, Dunn JT. Iodine
deficiency in the world: where do we stand at the turn of the



52

Stuart J. Brink

century? Thyroid 11: 437-47, 2001.

12.Fisher DA. Euthyroid low thyroxine (T4) and triiodothyronine
(T3) states in premature and sick neonates. Pediatr Clin North
Am 37:1297-1302, 1990.

13.Adams LM, Emery JR, Clark SJ. Reference range for newer
thyroid function tests in premature infants. J Pediatr
126:122-5, 1995.

14.Brink SJ. Pediatric and adolescent chronic thyroid
autoimmune disease. In: Velea I, Paul C, Brink SJ (eds).
Pediatric Endocrinology and Diabetes 2017 Update. Editura
Mirton, Timisoara,11-42.

15.LaFranchi SH, Murphey WH, Foley TP, Larsen PR, Buist
NRM. Neonatal hypothyroidism detected by the Northwest
Regional Screening Program. Pediatrics 63:180-191, 1979.

16.Klein RZ. History of congenital hypothyroidism. In: Burrow
GN, Dussault JH, eds. Neonatal thyroid screening, New York
1980, Raven Press, 51-9.

17.Geelhoed EA, Lewis B, Hounsome D, O’Leary P. Economic
evaluation of neonatal screening for phenylketonuria and
congenital hypothyroidism. J Paediatr Child Health 41:575-9,
2005.

18.Leger J, Olivieri A, Donaldson M, Torresani T, Krude H, van
Vliet G, Polak M, Butler G on behalf of ESPE-PES-SLEP-JSPE-
APEG-APPES-ISPAE and the Congenital hypothyroidism
Consensus Conference Group. European Society for Pediatric
Endocrinology consensus guidelines on screening, diagnosis
and management of congenital hypothyroidism. J Clin
Endocrinol Metab 99:363-84, 2014.

19.Pass KA, Lane PA, Fernhoff PM, Hinton CE, Panny SR, Parks
JS, Pelias M, Rhead WJ, Ross SI, Wethers DL, Elsas LJ. US
Newborn screening system guidelines II: followup of children,
diagnosis, management, and evaluation. Statement of the
Council of Regional Networks for Genetic Services (CORN). J
Pediatr 137(4) (Supplement): S17-19, 2000.

20.Hanna CE, Krainz PL, Skeels MR, Miyahara RS, Sesser DE,
LaFranchi SH. Detection of congenital hypopituitary
hypothyroidism: ten-year experience in the Northwest
Regional Screening Program. J Pediatr 109:95-64, 1986.

21.Muir A, Daneman D, Daneman A, Ehrlich R. Thyroid
scanning, ultrasound and serum thyroglobulin in
determining the origin of congenital hypothyroidism. Am J
Dis Child 142:214-6, 1988.



Newborn endocrinology screening 53

22.Rose SR and the American Academy of Pediatrics Section on
Endocrinology and Committee on Genetics, Brown RS and
The American Thyroid Association and Lawson Wilkins
Pediatric Endocrine Society. Update of newborn screening
and therapy for congenital hypothyroidism. Pediatrics 117(6):
2290-2303, 2006.

23.Carswell JM, Gordon JH, Popovsky E, Hale A, Brown RS.
Generic and brand-name L-thyroxine are not bioequivalent
for children with severe congenital hypothyroidism. J Clin
Endocrinol Metab 98: 610-7, 2013.

24.Polak M, Van Vliet G. Therapeutic approach of fetal thyroid
disorders. Horm Res Paediatr 74:1-5, 2010.

25.Balhara B, Misra M, Levitsky LL. Clinical monitoring
guidelines for congenital hypothyroidism: laboratory outcome
data in the first year of life. J Pediatr 158:532-7, 2011.

26.Kemper AR, Ouyang L, Grosse SD. Discontinuation of thyroid
hormone treatment among children in the United States with
congenital hypothyroidism: findings from health insurance
claims data. BMC Pediatr 10:9-11, 2010.

27.Selva KA, Harper A, Downs A, Blasco PA, LaFranchi SH.
Neurodevelopmental outcomes in congenital hypothyroidism:
comparison of initial T dose and time to reach target T4 and
TSH. J Pediatr 147:775-80, 2005.

28.Gross SD, Van Vliet G. Prevention of intellectual disability
through screening for congenital hypothyroidism: how much
and at what level? Arch Dis Child 96: 374-9, 2011.

29.New MI, Ghizzoni L, Lin-Su K. An update of congenital
adrenal hyperplasia. In: Pediatric Endocrinology. Fifth Edition.
Volume 2. Growth, Adrenal, Sexual, Thyroid, Calcium and
Fluid Balance Disorders. Lifshitz F, ed. New York NY, USA:
informa healthcare, 2007: 227-45.

30.Wilcken B. Congenital adrenal hyperplasia: one hundred
years of data. February 26, 2013.
http://dx.doi.org/10.1016/S2213-85871(13)7009-3.

31.Frias J, Levine LS, Oberfield S, Pang S, Silverstein J.
Technical Report: Congenital adrenal hyperplasia. Pediatrics.
106(6):1511-8, 2000.

32.Thompson R, Sergeant L, Winter JSD. Screening for
congenital adrenal hyperplasia: distribution of 17a-
hydroxyprogesterone concentrations in neonatal blood spot
specimens. J Pediatr 114: 400-4, 1989.

33.Speiser PW, Arlt W, Auchus RJ, Baskin LS, Conway GS,



54

Stuart J. Brink

Merke DP, Mayer-Bahlburg HFL, Miller WI, Murad MH,
Oberfield SE, White PC. Congenital adrenal hyperplasia due
to steroid 21-hydroxylase deficiency: an Endocrine Society,
CARES Foundation, European Society of Endocrinology,
European Society for Paediatric Endocrinology, Societies for
Pediatric Urology and Pediatric Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab 103(11):4043-88.
2018.

34.Gidlof S, Falhammar H, Thilen A, von Dobeln U, Ritzen M,
Wedell A, Nordenstrom A. One hundred years of congenital
adrenal hyperplasia in Sweden: a retrospective population-
based cohort study. Lancet 22-9, 2013.
http://dx.dos.org/10.1016/5223-8587(13)0007-X

35.Yau M, Khattab A, Nimkarn S, Lin-Su K, New MI. Congenital
adrenal hyperplasia. In: Manual of Endocrinology and
Metabolism 5t Edition. Lavin N, ed. Philadelphia PA, USA:
Wolters Kluwer 2019: 257-269.

36.Villee DB, Crigler JF. The adrenogenital syndrome. Clinics in
Perinatology 3(1):211-20, 1976.

37.Miller WL, Achermann JC, Fluck CE. The adrenal cortex and
its disorders. In: Pediatric Endocrinology Third Edition.
Sperling M, ed. Philadelphia, PA USA. Saunders Elsevier,
2008: 444-511.

38.Pang S, Hotchkiss J, Drash AL, Levine LS, New MI. Microfilter
paper method for 17 alpha-hydroxyprogesterone
radioimmunoassay: its application for rapid screening for
congenital adrenal hyperplasia. J Clin Endocrinol Metab
45:1003-8, 1977.

39.Al Saedi S, Dean H, Dent W, Stockl E, Cronin C. Screening
for congenital adrenal hyperplasia: the Delfia Screening Test
overestimates serum 17-hydroxy progesterone in preterm
infants. Pediatr 97:100-2, 1996.

40.Allen DB, Hoffman GI, Fitzpatrick P, Lassig R, Maby S, Slyper
A. Improved precision of newborn screening for congenital
adrenal hyperplasia using weight-adjusted criteria for 17
hydroxyprogesterone levels. J Pediatr 130:128-33, 1997.

41.Nordenstrom A, Thilen A, Hagenfeldt L, Larsson A, Wedell A.
Genotyping is a valuable diagnostic complement to neonatal
screening for congenital adrenal hyperplasia due to steroid
21-hydroxylase deficiency. J Clin Endocrinol Metab 84:1505-
9, 1997.

42.Root AW. Neonatal screening for 21-hydroxylase deficient



Newborn endocrinology screening 55

congenital adrenal hyperplasia-the role of CYP21 analysis. J
Clin Endocrinol Metab 84:1503-4, 1997.

43.Balsamo A, Cacciari E, Piazzi S, Cassio A, Bozza D, Pirazzoli
P, Zappulla F. Congenital adrenal hyperplasia: neonatal
mass screening compared with clinical diagnosis only in the
Emilia-Romagna region of Italy, 1980-1995. Pediatr 98:362-
7, 1996.

44.Van der Kamp HJ, Noordam K, Elvers B, Van Baarle M,
Otten BJ, Verkerk PH. Newborn screening for congenital
adrenal hyperplasia in the Netherlands. Pediatr 108:1320-4,
2001.

45.Kovacs J, Votava F, Heinze G, Solyom J, Lebl J, Pribilincova
Z, Frisch H, Battelino T. Lessons from 30 years of clinical
diagnosis and treatment of congenital adrenal hyperplasia in
five middle European countries. J Clin Endocrinol Metab
86:2958064, 2001.

46.Steigert M, Schoenle EJ, Biason-Lauber A, Torresani T. High
reliability of neonatal screening for congenital adrenal
hyperplasia in Switzerland. J Clin Endocrinol Metab_87:106-
10, 2002.

47.Heather NL, Seneviratne SN, Webster D, Derraik JGB,
Jefferies C, Carli J, Jiang Y, Cutfield WS, Hofman PL.
Newborn screening for congenital adrenal hyperplasia in New
Zealand 1994-2013. J Clin Endocrinol Metab 100:1002-8,
2015.

48.Speiser, PW. Editorial: Improving neonatal screening for
congenital adrenal hyperplasia. J Clin Endocrinol Metab
89(8): 3685-6, 2004.

49.Stikkelbroeck NMML, Otten BJ, Pasic A, Jager GJ, Sweep
CGJ, Nordam K, Hermus ARMM. High prevalence of
testicular adrenal rest tumors, impaired spermatogenesis
and Leydig cell failure in adolescent and adult males with
congenital adrenal hyperplasia. J Clin Endocrinol Metab 86:
5721-8, 2001.

50.Lee PA, Witchel SF. Genital surgery among females with
congenital adrenal hyperplasia: changes over the past five
decades. the past five decades. J Pediatr Endocrinol Metab
15:1473-7, 2002.

51.Van Wyck JJ, Ritzen EM. The role of bilateral adrenalectomy
in the treatment of congenital adrenal hyperplasia. J Clin
Endocrinol Metab 88:2293-8, 2003.

52.Nordenskjold A, Holmdahl G, Frissen L, Falhammar H,



56

Stuart J. Brink

Filipsson H, Thoren M, Janson PO, Hagenfeldt K. Type of
mutation and surgical procedure affect long-term quality of
life for women with congenital adrenal hyperplasia. J Clin
Endocrinol Metab 92(2):380-6, 2008.

53.Almasri J, Zaiem F, Rodriguez-Gutierrez R, Tamhane SU,
Igbal AM, Prokop LJ, Speiser PW, Baskin LS, Bancos I,
Murad MH. Genital reconstructive surgery in females with
congenital adrenal hyperplasia: a systemic review and meta-
analysis. Clin Endocrinol Metab 103:4089-96, 2018.

S54.Meyer-Bahlburg HFL, Khuri J, Reyes-Portillo J, Ehrhardt AA,
New MI. Stigma associated with classical congenital adrenal
hyperplasia in women’s sexual lives. Arch Sex_Behav
47(4):943-51, 2018.

55.Horowitz James N, Nimkarn S, Lin-Su K, New MI. Congenital
adrenal hyperplasia. In: Manual of Endocrinology and
Metabolism 4t Edition. Lavin N, ed. Philadelphia PA, USA:
Wolters Kluwer. Lippincott Williams & Wilkins, 2009: 172-
183.

56.Henwood MJ, Levitt Katz LE. Disorders of the adrenal gland.
In: Moshang T, ed. Pediatric Endocrinology. The Requisites in
Pediatrics. St Louis, MO USA, Elsevier Mosby, 2005: 193-
213,

57.Speiser PW, Brenner D. Congenital adrenal hyperplasia
resulting from 21-hydroxylase deficiency. Endocrinologist
13,4: 334-40, 2003.

Stuart J. Brink, MD, PhD (hon)

Senior Endocrinologist, New England Diabetes and Endocrinology Center
(NEDEC), Newton Centre, MA, USA

Associate Clinical Professor of Pediatrics, Tufts University School of
Medicine,

Clinical Instructor, Harvard Medical School, Boston, MA, USA

Address correspondence to: New England Diabetes and Endocrinology
Center (NEDEC), 196 Pleasant Street, Newton Centre MA 02459-1815
USA.

E-mail: stuartbrink@gmail.com

August 2021




PRECOCIOUS PSEUDO-PUBERTY
CAUSES, POSSIBILITIES FOR DIAGNOSIS AND
TREATMENT

Camelia Alkhzouz

Introduction

Precocious  pseudo-puberty is defined as a
plurietiological syndrome that consists in the appearance of
secondary sexual characteristics, without activation of the
hypothalamic-pituitary-gonadal axis.

The appearance of puberty signs is either due to the
autonomous secretion of sexoid hormones in the adrenal
cortex or gonads or is of iatrogenic origin. !

Precocious pseudo-puberty, depending on the type of
secreted hormones, may be iso (secondary sexual
characteristics are concordant with the sex of the patient) or
heterosexual (secondary sexual characteristics are discordant
with the sex of the patient).

Hypersecretion/excess of androgen hormones induces
isosexual pseudo-puberty in males and heterosexual pseudo-
puberty in females and that of estrogen - isosexual pseudo-
puberty in females and heterosexual in males. 2

Most often, precocious pseudo-puberty is secondary to
hypersecretion of androgen hormones from the adrenal cortex
and rarely gonadal.
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1. Congenital adrenal hyperplasia

Is the best known cause of precocious pseudo-puberty
and is due to the deficiency of enzymes involved in the bio-
synthesis of steroid hormones.3 At the level of the adrenal
cortex, the bio-synthesis of steroid hormones takes place,
starting from a common metabolite, cholesterol. Aldosterone
is synthesized in the zona glomerulosa, cortisol in the zona
fasciculata, and androgen hormones in the zona reticulata of
the adrenal gland.

1.1 21-Hydroxylase deficiency is the most common
cause of congenital adrenal hypertrophy (90%) 4

The incidence of the disease is 1:15,000-20,000
newborns (in some areas the incidence is much higher, even
1:450).4

21-Hydroxylase deficiency is an autosomal recessive
disease. The CYP21A2 gene, which encodes the enzyme 21-
hydroxylase, is located on the short arm of chromosome 6
(6p21.3), near major histocompatibility genes, class C. There
are 2 genes in the same locus, an active CYP21A2 gene and a
pseudogene CYP21A1.5 Mutations in the CYP21A2 gene can
be deletions/insertions or point mutations. Depending on the
remaining enzymatic activity, we can distinguish severe
mutations that do not allow the synthesis of a functional
enzyme and induce severe forms of disease with salt loss
syndrome or milder mutations that allow the synthesis of a
variable quantity of functional enzyme and thus inducing a
more attenuated phenotype - simple virilizing form, or late
onset form.6

21-Hydroxylase enzyme deficiency impedes the
synthesis of cortisol and aldosterone. Intermediate
metabolites accumulated before the metabolic blockade are
diverted towards the synthesis of androgen hormones, thus
inducing hyperandrogenism.

The virilization process begins in the fetal period (from
week 6-10). In genetic female fetuses, masculinization of the
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external genitalia occurs; thus, at birth, girls have ambivalent
external genitalia, from simple clitoral hyperplasia and
posterior fusion of the labia majora (Prader grade 1), to
hypoplastic male appearance (Prader grade 5). In genetic male
fetuses, the external genitalia are normally developed at birth
or slightly pigmented, which may delay the diagnosis 7
Postnatally, virilization continues in both sexes, causing the
emergence of pubic hair between 6 months and 2 years of age
and of axillary hair between 2 and 4 years of age (Figure I).

Figure 1. 4 year and 6 months old boy with type I 21-hydroxylase deficiency

The rate of bone growth and maturation is rapid,
leading to premature closure of the growth cartilage. These
patients are "tall children and short adults." Muscle mass also
develops and the tone of voice becomes lower. The final height
for girls is between 140-150 cm and 145-155 for boys. In the
absence of adequate treatment in girls, female secondary
sexual characteristics do not appear at puberty.8



60 Camelia Alkhzouz

In type II, with salt loss, acute adrenal crisis occurs in
the first 4-15 days of life through loss of appetite, vomiting,
diarrhea, adynamia, severe  dehydration  syndrome,
dyselectrolithemia with hyponatremia and hyperkalemia,
acidosis, arrhythmias. °

1.2. 11-B-Hydroxylase deficiency is the second
leading cause of congenital adrenal hyperplasia (5%).

Its incidence is 1:100,000 newborns. The gene
responsible for the enzyme synthesis is located on the long
arm of chromosome 8.9

The enzyme 11-B-hydroxylase intervenes in the last step
of cortisol synthesis.

In the absence of the enzyme, deoxycortisol does not
convert to cortisol.

Cortisol deficiency induces negative feedback and,
therefore, stimulation of the gland by ACTH.

The enzyme is also involved in the synthesis of
aldosterone. In its absence, deoxycorticosterone does not
convert to 18-hydroxy-deoxycorticosterone, the intermediate
metabolite located before the metabolic block has a strong
mineralocorticoid effect causing sodium retention and
hypertension.

Due to gland hyperplasia and deviation of intermediate
metabolites in androgen synthesis, hyperandrogenism occurs,
responsible for virilization.19

The clinical picture is similar to that described in the
deficiency of 21 hydroxylase, the simple virilizing form (Figure
2.) associated with hypertension, with values usually between
150 mmHg (systolic) and 90 mmHg (diastolic). In some cases
the values may exceed 200 mmHg.10.11
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Figure 2. 5 years 8 months old boy with 11 -hydroxylase
deficiency

Diagnosis.

Cytogenetic analysis is important to be performed
immediately after birth in children with ambivalence of
external genitalia (SRY gene, karyogram), to determine genetic
Sex.

Hormonal workup reveal elevated values of androgenic
hormones of adrenal origin: 17-hydroxy-progesterone,
deoxycortisole and 11-deoxycorticosterone (in the deficiency of
11 beta hydroxylase), dehydroepiandrosterone (DHEA) and
dehydroepiandrosterone sulfate (DHEA-S), androstendione
and testosterone.

Serum levels of morning and evening cortisol are low
and ACTH is high; free urinary cortisol/24h is low; plasma
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levels of aldosterone are low and renin is elevated in 21-
hydroxylase deficiency.

The dexamethasone suppression test 1is positive
(indicated for non-classical forms).

The parameters of hydro-electrolytic and acid-base
metabolism can be modified in the form with "salt loss"
(hyponatremia; hyperkalemia; hypoglycemia, decompensated
metabolic acidosis).

Imaging assay the ultrasound of the adrenal glands
shows their hyperplasia; ultrasound of internal genital organs
- in girls /testicular in boys; genitography.

Hand and wrist x-ray reveals the advance of bone age in
the simple virilizing/non-classical form.

Molecular analysis of the CYP21A2 and CYP11A1l gene,
respectively, allows the identification of the causal mutation.

Treatment goals:
1. Substituting cortisol deficiency and, therefore,
interrupting the gland

stimulation feedback, thus reducing androgen

hypersecretion.

2. Prevention of premature closure of growth cartilage by
improving the

final height.

Glucocorticoid substitution (hydrocortisone, prednisone,
dexamethasone- is used only after the end of growth.
Substitution therapy with  mineralocorticoids (9 a-
fludrocortisone) in 21-dehydroxylase deficiency.”
Antiandrogens such as cyproterone acetate or spironolactone
may also be associated in to reduce hyperandrogenism.

2. Adrenocortical tumors

Adrenocortical tumors are rare in pediatric age group,
usually appearing under the age of 3 most of them being
malignant (adrenocortical carcinoma) and hormonally active.
They constitute about 0.2 % of all pediatric tumors and 5-6 %
of all adrenal tumors, with a reported incidence of 0.2-0.3
new cases per 1 million children per year. There is
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geographical variation in incidence as it occurs remarkably
more frequently in Southern Brazil (12-18 times more than in
United States of America or Europe) probably due to the high
prevalence of a specific germ line pS53 mutation in that
population (12).

2.1. Virilizing adrenocortical tumors they induce
masculinization of the external genitalia in girls (clitoral
hyperplasia but without posterior fusion of the lips); hair
growth occurs in hormone-dependent areas (male insertion of
pubic hair) (Figure 3,4).

Figure 3. 7-year-old patient with a right androgen secreting
adrenal carcinoma

In boys, it causes isosexual pseudo-puberty (adrenarche
and penile hyperplasia without testicular growth).
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In both sexes, bone maturation and growth rate are
accelerated.!3 (Figure 4).

Hormonal workup reveals much higher levels of
androgen hormones of adrenocortical origin (DHEA,
androstenedione) in serum and urine. The dexamethasone
suppression test is negative.

Imaging tests (ultrasound, computed tomography and
magnetic resonance imaging) may reveal the tumor.!4

Carcinomas are suggested by the presence of
metastases and/or vascular invasion on the pathology
analysis.

Large tumor size, internal necrosis, and/or hemorrhage
are also features that suggest of malignancy.l®> The Wieneke
criteria can accurately predicts the clinical course in
childhood adrenocortical tumours and could be considered
the gold standard in their pathological characterization.

|

Figure 4. 2-year 2 months-old girl with a left androgen secreting
adrenal adenoma



Figure 5. 11-year-old girl with right adrenal reticulata zone
hyperplasia

The treatment of these tumors is surgical. After complete
removal of the tumor, the signs of puberty regress rapidly 1617

2.2. Feminizing adrenal tumors they are very rare
and can be benign or carcinomas. Estrogen-secreting
adrenocortical tumors in boys induce precocious heterosexual
puberty (with the appearance of gynecomastia); growth is
normal; signs of virilization such as acne, change in tone of
voice and rapid bone maturation may also be associated. The
testicles are developed according to chronological age. In girls,
these tumors induce isosexual puberty. The ovaries are
normal in appearance and have no follicles. 18 Serum estrogen
and testosterone levels are elevated.

The dexamethasone suppression test is negative.
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Imaging tests (ultrasound, computed tomography) that can
reveal the tumor are needed to clarify the diagnosis.

The treatment is surgical. Symptoms regress rapidly
after tumor removal.

3. Testicular tumors

Leydig cell tumor: is a rare cause of gonadotropin-
independent precocious puberty; it is usually unilateral and
benign.!® The clinical picture is that of isosexual pseudo-
puberty that begins between 5-7 years, sometimes
gynecomastia can be observed; the unaffected testicle is of
normal size.

Testicular ultrasound may reveal the tumor.20

Histological examination of testicular biopsy reveals the
presence of Reinke crystalloids. Hormone workup reveals low
levels of gonadotropins, but testosterone has a high value.

The treatment is surgical and consists of removing the
affected testicle.

4. Ovarian tumors

4.1. Virilizing ovarian tumors they are very rare. They
can be gonadoblastomas, lipoid cell tumors or tumors of the
sexual cord stroma cells.

4.2. Juvenile granulosa cell tumor of the ovary it is
a tumor found on the border between benign and malignant,
in children. In 2009, Shah et al first reported the existence of
a somatic mutation in the FOXL2 gene (C402G; Cys134Trp) in
patients with an adult type of ovarian granulosa cell tumor.2!
Curiously, a decrease and/or loss of gene expression of
FOXL2 has been reported in advanced/aggressive juvenile
granular cell tumors. 22 The FOXL2 gene in the female gonad
is a key factor for the correct differentiation of granular cells
during folliculogenesis, and its expression persists in the
ovary after birth. 23

Clinically, the signs of isosexual puberty appear at an
early age (thelarche, menarche, pubarche), associated with
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abdominal pain syndrome; an abdominal mass can be
palpated (Figure 6.)

Hormonal workup reveals elevated estrogen values and
prepubertal values for the gonadotropines.

From a histological point of view, there is a nodular
architecture, follicle formation, microcysts and necrosis
areas.23

The treatment is surgical. After the tumor is removed,
the signs of puberty regress rapidly.

Figure 6. 2-year-old patient with juvenile granulosa cell tumor

Gonadoblastoma

Gonadoblastoma occurs in the dysgenetic gonad in
subjects with a female phenotype who have a Y chromosome
(46XY, 45, X / 46, XY) in the karyogram or Y chromosome
sequences expressing specific testis Y-encoded protein 1
(TSPY1), but it can very rarely also be observed in people
without sexual development abnormalities (normal karyotype).
The tumor can be uni or bilateral.?3 If the dysgenetic gonad
contains delayed-maturing germ cells and has the TSPY1 gene,
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the cells may undergo a transformation into classical
gonadoblastoma.25

The clinical picture includes virilization (clitoral
hyperplasia and the appearance of hirsutism), accelerated
bone growth and maturation, acne. Hormonal workup reveals
an increase in testosterone and androstenedione. Imaging
examinations allow the diagnosis to be made. Classical
gonadoblastoma can be interpreted as a non-invasive or in
situ neoplasm that is the precursor of germinoma, a much
more aggressive form of neoplasm in some cases. 26

The treatment is surgical. After the tumor is removed,
the signs of puberty regress rapidly.
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HYPOGLYCEMIA & GLUCAGON
TREATMENT OF TYPE 1 DIABETES MELLITUS

Stuart J. Brink

Introduction

As Professor Dr. Mark Sperling has written, the dark
side of treatment regimens for type 1 diabetes, especially with
intensified management programs and tighter glycemic
targets, is that they also increase the risk of hypoglycemia.l
Hypoglycemia is the most frequent morbid event in type 1
diabetes.?

Hypoglycemia is often a limiting factor in the glycemic
management of diabetes as we strive toward improved overall
glycemia to safely reduce time when hyperglycemic and
increase time in (target) range (TIR).3

Hypoglycemia occurs in all patients with Type 1
diabetes mellitus, partly because of the imprecise manner in
which insulin deficiency is corrected, and partly because of a
series of potential estimations based upon the interaction of
food, activity and insulin.

In children and adolescents, as in adults, it is often
bothersome, sometimes embarrassing, always inconvenient
and potentially extremely dangerous and life-threatening.
Healthy respect for hypoglycemia is always warranted.
Attention to frequency and severity of hypoglycemia is
critically important for the overall well-being of youngsters
with diabetes and how their family as well those at school, at
after school and summer times perceive the PWD.
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Hypoglycemia definitions in textbooks, manuals,
research projects and clinical as well as research papers
remain extremely varied related to type 1 diabetes treatment
with differing definitions, and also different ways of counting
how often and how severe such episodes really are, and under
what circumstances they occur.

The International Society for Pediatric and Adolescent
Diabetes (ISPAD), the American Diabetes Association (ADA),
the European Association for the Study of Diabetes (EASD),
Pediatric Endocrine Society (PES), European Society for
Pediatric Endocrinology (ESPE) among other academic
societies have had numerous definitions of hypoglycemia
(approximately < 70 mg/dl or <3.8 mmol/l) and different ways
to determine how severe an episode of hypoglycemia has
occurred.

One of the big benefits of the hugely successful Diabetes
Control and Complications Trial (DCCT)* was the enormous
collaboration that took place between 29 centers in the USA
and Canada. Investigators from each of those centers spent
almost a full year writing the treatment protocol and debating
about definitions to which all these investigators could agree
even though strict scientific definitions did not actually exist.
This would become the basis for the standard treatment
provided to the control group and the multidose or insulin
pump treatment in the investigational group while
maintaining the needed randomization.

The ultimate goal of the DCCT was trying to establish
some of the causes of the short and long term complications
associated with type 1 diabetes in adolescents as well as
young and middle aged adults. Because such definitions
existed but were so varied and because there was no single
definition for a lot of these problems, the consensus that was
forged and the process really was a triumph of the medical
establishment.

One of the key ingredients of the DCCT debates was the
decision to include three agreed-upon definitions of
hypoglycemia <70 mg/dl: mild, moderate and severe
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hypoglycemia according to symptoms and especially
neuroglycopenia findings and need for assistance by others.

Mild hypoglycemia involves self-recognized symptoms:>
heart pounding, fast pulse, shaky, sweaty, not speaking or
responding clearly, tingling of extremities, headache, hunger,
mild confusion are considered to be neurogenic symptoms
and blurry vision, incoordination, lightheaded or dizzy,
nausea, sleepiness, trouble concentrating, slurred speech,
slowed thinking, lightheaded or dizziness but able to
tell/agree something is amiss and able to self-treat with rapid-
acting sugary solution like juice, soda or non-fat (not
chocolate) sugar-containing hard candies or table sugar or
sugar/glucose tablets.

Moderate hypoglycemia still with self-recognition but
needs treatment assistance of family or peers, hospital staff (if
inpatient) or even a passing stranger or police officer and
usually can be treated with oral sugar, tablets or solution,
able to follow specific instructions with prompting. The same
symptoms as listed for mild hypoglycemia although they may
be more or less intense. No loss of consciousness or seizures.

Severe hypoglycemia without self-recognition and
unable to self-treat so needs assistance, same overall list of
possible symptoms with more intensity or greater duration,
shaky, sweaty, worse confusion, may have convulsions, may
lose consciousness. Any loss of consciousness or any seizures
automatically produce a severe classification of hypoglycemia.
With such increased severity, may stop breathing if prolonged
and severe enough, risk of death or neurologic damage much
higher = oral treatment risky since may aspirate - glucagon
(intranasal, SQ or IV) or IV glucose immediately required if
available.

The exact level of blood glucose is often not correlated
with blood glucose levels either in a hospital setting, home
monitoring results or with sensor values. This may reflect the
difference between peripheral glycemia and central nervous
system glucose levels. It also may reflect differences in one’s
perceptions and the vagaries of when different symptoms
occur physiologically, counterregulatory responsivity and
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exact cause of the hypoglycemic event (peak of analog or
regular insulin vs slower-acting insulins, exercise-induced,
complicated by concomitant alcohol etc.) Altered behavior is
commonly recognized by others but difficult to self-determine.
Without education, practice and attention to the possibility
that hypoglycemia can alter one’s sense of well-being or
functioning, hypoglycemia is often not detected in its earliest
stages. Especially in the infant or young child, hypoglycemia
(with presumed neuroglycopenia occurring) may take the form
of a temper tantrum, misbehavior, aggressive play behavior or
naughtiness, drowsiness, apathy or inattentiveness. Of course
these can occur at any age and are extremely variable — and
may occur completely unrelated to hypoglycemia!

Extreme vigilance is needed most in these youngest
patients or any patient with mental compromise (ie. Down
Syndrome) and obviously for those PWD who also have
hypoglycemia unawareness. A working definition or
hypoglycemia unawareness might simply be inability to
always detected documented hypoglycemia with a presumed
lack of symptoms, inability of the brain when neuroglycopenia
occurs to recognize such symptoms or physiologic inability of
the body to produce such symptoms. Parents and baby-
sitters as well as teachers, coaches, peers and family members
should all be taught how to recognize hypoglycemia even if the
patient him/herself does not acknowledge the possibility. This
may allow checking capillary blood glucose levels or sensor
readings and offering oral fact-acting carbohydrate rather
than waiting for self-treatment or ultimate self-recognition
after symptoms worsen or become dangerous.

Causes of hypoglycemia are myriad and frequently, but
not always, there was an obvious (human) error such as
taking the wrong amount of insulin, mixing up the type of
insulin injected, inappropriate food or insulin compensation
for added activity, alcohol or other drugs taken, sleeping later
than usual or delaying food or snacks. The first trimester of
pregnancy also is a time when hypoglycemia can be severe
and recurrent since the developing fetus get “priority” for use
of maternal energy resources.® Health care providers need to
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be aware of this when seeing pregnant patients, especially
adolescents who don’t necessarily always plan getting
pregnant and how this may impact their diabetes needs. New
onset of more severe hypoglycemia in adolescent or young
adult females with PWD should always raise the possibility of
pregnancy as the explanation when reviewed by health care
professionals dealing with such populations.

Those PWD with more episodes of hypoglycemia are also
prone to have further episodes and past history of more severe
types of hypoglycemia also maintains higher risk for the PWD
with recurrent issues. Nocturnal hypoglycemia is especially
worrisome since there is the potential for more missed
warning signals when asleep. Lack of routine bedtime
monitoring is especially worrisome as a predictor of nocturnal
hypoglycemia and not recognizing such patterns even with
insulin pumps and continuous sensor monitoring providing
more and more data for analysis. Of course if the data
available from self-blood glucose monitoring and/or
continuous monitoring systems is not being reviewed regularly
at home by the PWD, if age appropriate and/or family
members, then the potential for recognition of repetitive
episodes of hypoglycemia, as well as repetitive patterns of
hyperglycemia, can’t be prevented and education efforts
should focus on this too.

Further modifications of hypoglycemia classification
were proposed by a consensus committee of the American
Diabetes Association, American Association of Clinical
Endocrinologists, @ American Association of Diabetes
Educators, the Endocrine Society, Helmsley Charitable Trust,
Pediatric Endocrine Society and the T1D Exchange © with
many review articles over the years as referenced therein.
Absolute blood glucose levels cannot be used to describe the
severity of hypoglycemia because glycemic thresholds for the
onset of symptoms differ greatly across individual PWDs and
episodes depending on various mediating variables.
Hypoglycemia can cause acute harm to the PWD or others
especially if it causes falls, motor vehicle accidents or other
types of injury. In addition, there are multiple research
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studies suggesting increased barriers to “tight” glucose
control, hypophobia (fear of hypoglycemia) sufficient to
withhold full needed insulin doses and/or overeating as
compensation for such hypophobia (see below). Risks of
moderate or severe hypoglycemia are higher in very young
children as well as the elderly taking insulin because of
reduced ability to recognize hypoglycemic symptoms and
effectively communicate their needs.

Concomitant alcohol” and/or drug use*8 as well as beta
blockers further interfere with hypoglycemic symptom
recognition and contribute to episode severity. Marijuana and
other drugs which affect awareness and brain function don’t
directly cause hypoglycemia but contribute by interfering with
proper timing of insulin and food, and decision making as well
as appropriate responses. Alcohol also does not cause
hypoglycemia directly (despite myths to the contrary) but has
an inhibiting effect on gluconeogenesis, the ANS response to
hypoglycemia, so that if alcohol is present, then self-correction
of hypoglycemia is partially or totally blocked in the PWD
imbibing as well as interfering with decision and responses
similarly to marijuana and other drugs.

American Diabetes Association Standards of Care 20219
included a modification of hypoglycemia classification into
three “levels” as follows:

e Level 1: glucose <70 mg/dl (3.9 mmol/L) and 254
mg/dl (3.0 mmol/L)

e Level 2: glucose <54 mg/dl (3.0 mmol/L)

e Level 3: a severe event characterized by altered
mental and/or physical status requiring assistance
of another person for treatment of hypoglycemia

This was based on research that suggested 70 mg/dl
(3.9 mmol/L) as the threshold for neuroendocrine responses
to falling glucose in people without diabetes. So, 70 mg/dl was
considered clinically important independent of severity of
acute hypoglycemic symptoms.

Level 2 hypoglycemia is the threshold at which
neuroglycopenic symptoms begin to occur and requires
immediate action to resolve the hypoglycemic event. If a PWD




Hypoglycemia and glucagon 77

has level 2  hypoglycemia without adrenergic or
neuroglycopenic symptoms, they likely have hypoglycemia
unawareness and requires further investigation and review of
the medical regimen focusing on prevention of recurrence,
analogs if available and affordable instead of older insulin
preparations, education review, behavioral intervention and
consideration for wuse of available/affordable diabetes
technology such as CGM, sensors, HCL, CSII.

Oral treatment by the patient him/herself as proposed
by this author® involves approximately 10-20 grams of
glucose, fructose or sucrose (not with chocolate or high fiber
foods or complex foods with slower absorption of metabolites).
LifeSaver ® candies typically contain 2 grams of sugar so
treatment would be 5-10 LifeSavers ®. Typical hard candies
contain about 5 grams of sugar so 2-4 candies would sulffice.
Typical marketed glucose tablets are 5 grams each, so 2-4
tablets. A typical teaspoon of table sugar has about 4-5 grams
of sucrose, so 2-4 teaspoons or 1-1% tablespoons would be
comparable; about 20 grams of sugar in 6 oz of orange
juice.58

By 15 minutes after such treatment, ideally, capillary
blood glucose should be rechecked and with continued
hypoglycemia, the treatment should be repeated.®

Once SMBG or glucose pattern is trending upwards, the
person with diabetes (PWD) should consume a small meal or
snack to prevent hypoglycemia recurring.

The same treatment would also apply for both mild and
moderate hypoglycemia as defined above per the DCCT with
the only exception that moderate hypoglycemic episodes, by
definition, are more severe since they require assistance of
someone beside the PWD themselves. Exact levels of blood
glucose by meter or sensor are very variable at all three levels
although there is an obvious tendency for lower BG values to
be associated with more moderate or severe hypoglycemic
episodes.

Treatment of severe hypoglycemia8? involves emergent
intravenous glucose, if available, intravenous, intramuscular
or subcutaneous glucagon (see below) as well as intranasal
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glucagon (see below) with common expectation of some
nausea and/or vomiting, headache and sometimes
exacerbation of prior symptoms as recovery occurs post
hypoglycemia and post glucagon. Once awake and responsive,
so there is no apparent danger of aspiration, oral feeing with
simple fast-acting carbohydrates plus some slower acting
carbohydrates like crackers or bread plus available protein
and fat (such as peanut butter, cheese, slice of meat) if able to
tolerate. As with all episodes of symptomatic or asymptomatic
hypoglycemia, ideally blood glucose levels should be
rechecked afterwards to make sure that no further treatment
is needed.

Asymptomatic hypoglycemia also is well documented
especially with more extensive capillary home (or hospital)
blood glucose monitoring and even more so with more recently
available sensors providing continuous glucose monitoring.
Asymptomatic hypoglycemia refers to the PWD who does not
report any symptoms; however, any observant family member,
friend or health care provider, camp staff of even passersby,
may notice some of these symptoms and signs of
hypoglycemia even if not self-recognized or even acknowledged
by the PWD. Exact levels of blood glucose don’t exist to
attribute asymptomatic hypoglycemia, like with the mild,
moderate or severe episodes as described previously, although
with CGM 10.11.12,13,14 providing more retrospective analysis of
such levels, some further information that is wuseful for
prevention discussions often arises.

Negative consequences °:8 of severe as well as moderate
or mild hypoglycemia include:

e impaired cognition with daily activities, exam taking,
work/school tasks, sports
embarrassment out in the world
timing of food, sleeping late, partying with peers
emotional trauma, anxiety, bullying
family conflict, overparenting, spouse worries
financial costs of emergency treatment, ambulance,
emergency room costs, glucagon
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e accidents especially when driving as a teenager or adult,
sports injuries, falls
e convulsions and death associated with known severe
hypoglycemia as well as dead-in-bed syndrome
Education about hypoglycemia, likely causes of
hypoglycemia, ways to prevent or minimize severity or
frequency of hypoglycemia and treatment options all are
critically important for the PWD and their family. Knowledge
of symptoms and the common occurrence of missed symptom
recognition either because symptoms themselves have not
occurred or merely not been able to be recognized should be
taught. Everyone should be taught and everyone should have
this reviewed at least annually. Our own practice at NEDEC,
living in a part of the world (Boston) where there were very
cold winters with generally less activity than when the sun
returned with warmer weather in Spring and Summer, we
routinely used the this as a reminder for the annual Spring
hypoglycemia review discussions with our patients. Parents
and older siblings as well as all caregivers (babysitters,
grandparents, other relatives) need to be included in this
process and the same is true for the school situation
(teachers, teaching assistants, lunchroom attendants,
coaches, band and orchestra leaders, school bus drivers,
fellow students) 15 and when the PWD participates in diabetes
camping programs. !¢ Encouraging and discussing age-
appropriate information sharing by the PWD themselves
and/or parents’ involvement in such educational efforts also
needs ongoing discussions and support from health care
providers. When the PWD is old enough to be working either
part-time, summer-time or full-time, then discussions should
also include why and how to pass along information to co-
workers and bosses about living with diabetes, emergency
situations and how assistance may be needed under which
circumstances, contacting 911 etc. All this is a routine part of
our Spring followup visits 8 with the PWD and their family and
is documented very specifically as having been discussed in
the medical record as part of quality care provision. This is
also the time to review glucagon prescriptions, Medic-Alert
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identification necklaces or bracelets and any other related
issues that arise.

In adolescents learning to drive and in older PWD,
driving 17.18,19,20,21,22 gafety should also be routinely discussed
vis-a-vis hypoglycemia awareness and preventive aspects.
Specifically, monitoring should be done to know actual blood
glucose readings prior to beginning to drive. With CGMS and
sensors this is quite easy, of course, but it doesn’t take very
much time to do a quick capillary blood glucose finger test
either if the importance is understood and the PWD is
compliant with making sure that this is a safety priority.

At every followup visit5® there should also be specific
questions about severity and frequency as well as self-
recognition and treatment of hypoglycemia to help maintain
awareness and the importance of hypoglycemia in analysis of
treatment systems being provided. This needs specific and
mandatory documentation in the medical records whether
handwritten or computer generated to ensure better quality
control. The importance of self-blood glucose monitoring
whether by capillary sticks and meters or by the newest
continuous glucose sensors also needs discussions vis-a-vis
hypoglycemia recognition and especially the importance of
home analysis of such data - not just at ambulatory followup
visits - for identifying potential patterns which may be
amenable to prevention efforts.

Benefits of artificial intelligence (AI, see below) with
automatic low glucose suspend (LGS) features and preventive
computer programs now in use show great promise in
achieving more time in range and less hyperglycemia while at
the same time focusing on decreasing nocturnal, overall
frequency and severity of hypoglycemia, increasing safety and
decreasing barriers associated with hypoglycemia and/or
hypophobia.

Education about hypoglycemia should emphasize these
common reasons for hypoglycemia: late meals, missed snacks,
insulin dosing mistakes, association with activity bursts
especially when activity is intermittent or unpredictable and
known peak effects of different insulin preparations.
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Discussions about ongoing use of older NPH and non-analog
regular insulins and how the newer analogs offer more
predictable and uniformity from day-to-day are important.
Also to be reviewed are how multidose insulin regimens and
insulin pumps provide even more physiologic availability of
insulin so that, at least theoretically, there should be less
hyperglycemic bursts and fewer hypoglycemia events
occurring. Options for moving from older insulin preparations
to analogs as well as hybrid closed loop pumps and the
artificial intelligence progress that has been made the past
decade with such increased data sources all suggest that
major barriers vis-a-vis hypoglycemia and glycemic control are
indeed being decreased quite substantially.?23 While there is
more hypoglycemia occurring as near normal glycemia is
approached, there is still significant amount of hypoglycemia
with out-of-control diabetes because of greater glycemic
variability on a day-to-day basis. Motivational interviewing
and focus on preventive education,?* ways to self-identify
potential patterns with home blood glucose monitoring,
graphing with paper and pencil or with meters downloading to
computer programs that highlight such issues and the more
sophisticated data analysis programs now available with
pump and sensor usage increasing all help to identify and
prevent as well as minimize hypoglycemia for the PWD.

It should also be emphasized that there are some other
conditions that may co-exist in the PWD that also increase
susceptibility and severity of hypoglycemia. If the PWD has
concomitant celiac disease, which may be as much 5-8% of a
Type 1 diabetes mellitus cohort, 25 there may also be some
increased problems with hypoglycemia because of food
absorption issues. And this can occur in the asymptomatic or
mildly symptomatic but yet undiagnosed PWD who also has
undiagnosed celiac disease. Thyroid autoimmune disorders
ibid gre also increased in the PWD but don’t directly impact
hypoglycemia incidence or symptoms. However, just like there
is more hypothyroidism and hyperthyroidism associated with
autoimmune related type 1 diabetes mellitus and more celiac
disease as well, there also is more of the rarer condition,
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Addison’s disease?6, where there is autoimmune destruction
of the adrenal cortex and positive adrenal autoantibodies?? so
that there are mild, moderate or severe versions of Addison’s
with glucocorticoid insufficiency/deficiency that may have a
large impact on causing or worsening hypoglycemia.
Especially when Addison’s disease exists but is not yet
diagnosed 28 or when it occurs in a more subtle format,
hypoglycemia risks increase with or without Type 1 diabetes
mellitus. When celiac disease as well as Addison’s disease are
appropriately treated, then the associated increased
hypoglycemia markedly decreases under such circumstances.
Even more rare would be Type 1 diabetes mellitus in a patient
with hypothalamic or hypopituitary insufficiency especially
affecting adrenal?® and growth hormone pathways and
responses.

Work done by the hypoglycemia research group at the
University of Virginia has been extensive and detailed over the
past several decades and includes a hypoglycemia
questionnaire/survey which they developed to help assess
patient risk factors and hypoglycemia beliefs.30 These are
included as helpful queries to consider:

Followup studies from the DCCT/EDIC have continued
and some specific attention has been paid to the increase in
hypoglycemia originally reported in the intensively treated
subgroup compared to the control group who continued on
human insulin but without specific blood glucose targets.
Both groups received educational support about minimizing
hypoglycemia although the experimental group had more
frequent contact and educational opportunities with study
health care providers than the control group as part of the
study protocol and efforts to minimize the excess
hypoglycemia, when it became apparent, were also provided
as part of the DCCT. Originally the DCCT 3 reported about a
3x increase in hypoglycemia associated with intensified
treatment, either multidose insulin regimens or insulin pump
regimens but with targeted blood glucose levels compared to
the control group on standard pre-analog insulin once or
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twice-a-day regimen. This was true for severe as well as mild

and moderate episodes of hypoglycemia.

To what extent do you: Not at Somewhat Great
all Deal

1. Always carry some type of 1 3 S
food or drink with sugar?

2. Skip meals? 1 3 S

3. Skip snacks? 1 3 S

4. Worry about 1 3 S
hypoglycemia?

5. Try to keep BG <100 1 3 5
mg/dl/~5.5 mmol/L?

6. Delay eating when trying 1 3 S
to finish a task?

7. Think low BG is a sign of 1 3 5
good control?

8. Eat extra food when gong 1 3 S
to be more active?

9. Recognize low BG 1 3 S
symptoms?

10. Eat as little as possible to 1 3 S
avoid gaining weight?

11. Increase your insulin when 1 3 S
your BG is too high?

12. Wait until you feel strong 1 3 S
symptoms to treat low BG?

13.Only treat very low BG 1 3 S
levels  (between  40-50
mg/dl/~ 2-3 mmol/L?

14. Believe you can function 1 3 S

fine with a BG <50
mg/dl/~<3 mmol/L?

diabetes treatment regimens3!32.33

Other investigators have confirmed the increase in
hypoglycemia following

successfully adapted
although more recent

intensified

studies using analogs, more adaptable pumps and sensors
have shown that excess hypoglycemia and more severe types
of hypoglycemia can be decreased and minimized (compared
to what was available during the actual 9 years of DCCT
protocol.) 3435 EDIC has continued to follow this same cohort
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but with the control group offered the same options for
intensified treatment the end of the original 9 year study
period. At the 30 year followup point, DCCT/EDIC3¢ analysis
of risk of severe hypoglycemia was carried out and one half of
the DCCT/EDIC cohort reported episodes of severe
hypoglycemia. During EDIC rates of severe hypoglycemia fell
in the former DCCT intensive treatment group but rose in the
former conventional treatment group, resulting in similar
rates (36.6 vs 40.8 episodes per 100 patient-years,
respectively.

During the EDIC followup period all diabetes care was
provided outside of DCCT facilities in the community and
participants have adopted many advances in diabetes
technology including use of raid and long acting insulin
analogs instead of animal or human insulins, improved
insulin pumps, meters, sensors and advances in artificial
intelligence. During EDIC, Alc levels have been ~8.0% in both
groups so it is believed that the key differences are the
approximately 9 years of significantly improved Alc levels in
the experimental vs the control group even though
subsequent levels for Alc were similar in the EDIC extension
period. Interestingly, the control group only opted for insulin
pump treatment in 1.6% of their cohort while the original
experimental group opted for pump use in 41%.

Preceding episode of severe hypoglycemia was the most
powerful predictor of subsequent hypoglycemic episodes. The
adolescent subgroup of the DCCT also persisted with
increased risk of severe hypoglycemia while insulin pump use
was associated with a lower risk. Severe hypoglycemia rates
increased with lower hemoglobin Alc levels similarly among
participants in both treatment groups. Lower overall
hypoglycemia in EDIC is consistent with the results of
randomized clinical trials of analog insulins and improved
methods of continuous glucose monitoring (CGM)37 that have
demonstrated lower Alc could be obtained without increasing
the risk of severe hypoglycemia compared with control
subjects and similarly with intensified insulin pump
therapy3839 over more conventional insulin injections even



Hypoglycemia and glucagon 85

when multiple insulin injections were utilized. Sensor
augmented insulin pumps 4° improved the situation further as
hybrid closed loop (HCL) systems were developed, adopted and
further improved over the past decade.8:13

Hypophobia (fear of hypoglycemia) is a rather common
phenomenon although not often brought up for discussion by
the PWD unless volunteered as a topic of discussion by health
care providers.41:42:43,44 In both children and adolescents, fear
of hypoglycemia 2945 is related to a history of severe
hypoglycemia and there is some relationship with generalized
anxiety. In the child compared to the adolescent, however,
there are some differences with respect to their parents’
concerns. Glycemic control remains a delicate balancing act
because of the more immediate concerns about hypoglycemia
and its implications for overall glycemic control.#¢6 The parents
of a child with diabetes have specific concerns about whether
or not their child can learn and utilize behaviors to prevent
low sugar episodes (ie. finish meals, not skip meals or snacks,
check BG levels and respond) and this is also true for parents
of adolescents as their teens move away from direct parental
oversight. Parents with anxiety issues on their own also tend
to have more fears of hypoglycemia episodes when it comes to
children with type 1 diabetes but parents of adolescents also
worry about their teenagers not carrying rapid acting glucose
treatment with them more than is reported in parents of
preteens. Some studies have also shown in adults that fear of
hypoglycemia was significantly associated with more negative
diabetes-related quality of life and psychological well-being.4”
Despite such concerns, we know that only 8% of future severe
hypoglycemic episodes are predicted from known variables in
the DCCT reports.*829 We also know that only 18% of future
severe hypoglycemic episodes are predicted from previous
history of hypoglycemia, hypoglycemic unawareness or known
autonomic nervous system abnormalities. For the PWD,
hypophobia can lead to unconsciously reducing insulin doses,
omitting insulin doses especially at bedtime or when with
peers away from the family as well as purposeful overeating
with an unstated or denied goal of keeping actual blood



86 Stuart J. Brink

glucose levels so high that low sugar levels don’t occur. Even
though we know that most hypoglycemic episodes, when
evaluated closely retrospectively, would be predicted to occur
because of obvious mistakes as already mentioned: too much
insulin for the situation, not adapting insulin and/or food for
activity changes, missed snacks or meals, under-eating
without decreasing insulin dosing, sleeping late etc. This
means that with open discussions it may be possible to avoid
the extreme thoughts that lead to (surreptitious) hypophobia
and  with motivational  interviewing  and honest,
nonjudgmental discussions, allow learning preventive steps to
minimize hypoglycemia without losing control of the diabetes
situation, ie. more time in range and less time hyperglycemic
without excessive or severe hypoglycemia as well. Hypophobia
as a concept should be discussed in educational settings on a
regular basis, brought up when there is no obvious
explanation for high Alc persistence, persistent absent
glucose monitoring, missed or too low insulin doses, higher
time in range and hyperglycemia than ideal. It also should be
discussed when there is a PWD with recurring hypoglycemia
especially the moderate and severe episodes which require
outside assistance.

Hypoglycemia unawareness®4849 is likely a more
common problem than assumed, not only in the very youngest
infants and toddlers as well as anyone with dementia or
genetic/neurologic compromise of CNS function, but in all
patients with type 1 diabetes mellitus.50.51

The counterregulatory hormone response to
hypoglycemia and the autonomic symptoms tend to decrease
after several years of diabetes so that neuroglycopenic
symptoms become the predominant first manifestation for
many.852 Beta blockers as well as alcohol or any drugs that
impair brain function/decision making also have similar
properties. Recurring hypoglycemia®3, mild, moderate or
severe, also contribute to inability to produce appropriate
basic counterregulatory and autonomic responses so that
reducing hypoglycemic events of any kind, in anyone having
problems with recurring severe hypoglycemia or hypoglycemia
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unawareness, can recover and return to a more basic
response standard if efforts are successful in avoiding
hypoglycemic events of any kind; this may take several weeks
to accomplish. The more blood glucose testing (or
CGMS/sensor use) that is done, the more asymptomatic or
minimal symptomatic hypoglycemia can be identified as long
as the actual data obtained is reviewed by the PWD and/or
family members or health care providers. Doing so only at
office followup visits, however, isn’t likely to be sufficient
except to point out how often it is occurring and now
acknowledged. Many PWD believe that they can “know” when
they are hypoglycemic but with increased glucose testing this
is obviously not a correct assessment.”* Why some can be
better at self-identification and others have convulsions or
lose consciousness is not totally understood scientifically.
Some have convulsions only in the middle-of-the-night whole
others have aggressive or other behavioral changes during the
daytime hours. Dangerous outcomes for such patients occur
when driving, participating in very active or prolonged sports,
sleeping late or also using drugs/medications which have an
impact on hypoglycemia symptoms.

Correct initial and repeat education of about
hypoglycemia 55 is critically important for decreasing severity
and frequency of hypoglycemia especially if there is also
unawareness. Queries about concerns from the perspective of
the PWD but also parents®® and grandparents, their family
members, peers at school, after-school and sporting events all
should be part of the educational discussions. Our own
approach developed at NEDECS8:2441-44 has been fully
documented with hypoglycemia prevention and education
every Spring for everyone, specific queries about hypoglycemia
severity and frequency as well as downloaded meter or
pump/sensor data at each followup encounter with a focus on
identifying, decreasing and preventing future hypoglycemia
episodes and their severity. At the same time reviewing the
importance of MedicAlert identification in wallets, necklaces
and/or bracelets has been emphasized at each encounter and
specifically at the annual Spring sessions and making sure



88 Stuart J. Brink

that emergency glucagon was up-to-date and available. With
the introduction of nasal glucagon kits (see below), less scary
and easier to use plus not needing refrigeration storage, this
has become an easier chore for healthcare providers as well as
patients and their family in recent years in the same way that
prefilled glucagon syringes and glucagon pens have added to
the treatment options to be considered.

The research team at the University of Virginia has had
great success, as have others, producing a system that they
have called BGAT, (Blood Glucose Awareness Training) 57 and
successfully used in the United States as well as several
European  centers. BGAT is a  psychoeducational
programmatic intervention designed to improve the accuracy
of the PWD’s detection and interpretation of hypoglycemic
symptoms and other cues. BGAT has been shown to improve
accuracy of recognition of glucose levels as well as specifically
to improve detection of both hypoglycemia and
hyperglycemia.58:5°® The PWD who is the least accurate in
detecting current glucose levels, such as those with
documented hypoglycemia unawareness, seems to benefit the
most in such studies.®0 BGAT also was specifically studied in
those receiving intensified T1DM management programs, ie.
pumps and targeted MDI regimens; the same benefits accrued
and there was demonstrable improvement in hormonal
counterregulation responses as well.6! Using driving accidents
as an outcome marker in these studies showed only a 5%
collision occurrence in those who participated in the BGAT
program compared to 42% of those who had not.®2 Not only
hypoglycemia detection was affected by BGAT as well as
whether to drive a motor vehicle, but also detection of
hyperglycemia, and how to respond improved with decreased
DKA  episodes reported by participants. Improved
psychological functioning and worry was also reduced
especially quality of life and worry subscales as knowledge
about diabetes improved from baseline. An on-line internet
version of BGAT was also developed and found to be beneficial
in a self-directed and cost-effective manner.63
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Education and awareness are the best ways to help
prevent most episodes of hypoglycemia and, more importantly
to eliminate the most severe types of such episodes.64.65 What
we still need are reliable predictors of future and imminent
hypoglycemia coupled to improved ways of managing
glycemia. These are all moving along and improving in recent
years, at an amazingly quick pace. Since insulin was first
used successfully in PWD in Toronto by Banting and Best one
hundred years ago®®, we have come a long way towards these
goals by moving from animal-source beef and pork insulin
products to human-bioengineered insulin, and then analogs of
such bioengineered insulin that work more physiologically
compared to endogenous insulin. LisPro insulin (Humalog ®)
67,68 as well as aspart insulin (Novolog ® or Novorapid ®) 69:70
have mostly replaced older fast-acting animal and human
insulin with the benefits of bringing down postprandial
hyperglycemia more effectively and, at the same time,
reducing the tail effect so decreasing hypoglycemia several
hours after administration.”’’.72 Even newer rapid acting
insulin (Viajet ®) has also been produced with a more rapid
insulin absorption compared to human regular insulin and
insulin lispro.

Replacing ultralente, lente and NPH “basal” insulins
also involved bioengineered human insulin modified to be
flatter, work more consistently from day-to-day, and help
avoid middle-of-the night insulin peaks. This is not always
possible in parts of the world where donated NPH is the only
affordable option to consider and the newer, beneficial
bioengineered basal insulins like glargine (Lantus ®)73.74 and
detemir (Levemir ®)7576 or degludec (Ideg ®)77:78.79 are simply
not available at all or just too expensive in low resource
countries (LRC) as well as middle resource countries (MRC).
The costs for such newer analog products remain extremely
high in countries like the United States where
biopharmaceutical limits on pricing are not rigorous compared
to better managed health care systems such as in Canada,
Australia, New Zealand and most of Europe. Extra attention to
LRC and MRC round the world is needed to safely improve
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overall glycemia at the same time as minimizing known risks
of increased hypoglycemia with older insulin like animal
based or human insulins regular and NPH insulins.80 This
has been demonstrated to be done successfully in many parts
of the world through the assistance of such programs as LFAC
(Life for a Child®) and CDIC (Changing Diabetes in Children®)
and with educational tools designed to facilitate and
encourage pediatric and adolescent diabetes health care
professionals.8!

Similar progress as noted above include improvements
in smaller and more accurate blood glucose meters, ability to
download most meters to mobile telephones or home
computers as well as office computers at followup visits for
computerized rapid analysis of time in range vs percentage of
time hyperglycemic as well as percentage of time with
hypoglycemia. Many children, teens as well as adults simply
learn easier and can recognize

Glucose Pie Chart

6/5/2018 - 6/26/2018 patterns in circle graphic
_ displays (see below) as well as
A other displays in place of

logbook style visibility. These

tools facilitate self-analysis at

home between visits and also

facilitate  discussions  with

Within Low health care professionals as

43% 20% well as being time-saving. Two

examples of such programs

are shown: to the left, from a meter with an easy glucose pie

chart allowing health care providers easy discussion startups;

the second one below from a pump user with enormous

amounts of data but again easy for the PWD and their family

as well as health care professionals able to focus on the three

prolonged overnight hypoglycemic events as well as mid-day

hypoglycemia patterns and pre-sleep hypoglycemia also which
may be preventable with increased awareness.

Not only are insulin pumps more available and smaller

but they also now have better computer programs with better
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alerts and predictive options because of advancing artificial

The newest pumps can use the faster and more
physiologic insulin analogs and be connected to much
improved continuous glucose sensors (CGMS) automatically
every S minutes.82.83

These newest sensors provide much more information
but they do so automatically so that if analyzed properly once
or twice a week and certainly at followup ambulatory visits
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problems (unrecognized hypoglycemia)8* as well a potential
patterns for both hyperglycemia and hypoglycemia in easier
fashion.

The latest models have bidirectional connections so that
the sensors can allow predictive trend analyses and alerts as
well as automatic low glucose suspend (LGS) functions when
the BG pattern “predicts” 85 that there will be either worsening
hyperglycemia to be expected, therefore increase the insulin
being delivered, or, in the case of hypoglycemia predictions,
slowing down or temporarily stopping insulin delivery. This
can happen safely and reliably in advance of both patterns
with Al advances and this can automatically increase time in
range, virtually eliminate all nocturnal hypoglycemia episodes
and drastically reduce most day-time hypoglycemic episodes
while improving and lowering Alc levels progressively. These
tools are expensive; there are still too many insurance and
government health care benefits that do not automatically
cover such prescriptions. Such barriers are decreasing with
more and more research studies showing improved glucose
metrics with such semi-automatic (hybrid closed loop, HCL)
devices as we continue to move toward fully automatic closed
loop systems. Medtronic ® was the leader in such semi-
automated systems with a Veo ®system and their Guardian ®
sensor that connected to its pumps, and then advanced and
connected bidirectionally with LGS HCL systems. DexCom ®
sensors connected to T-Slim ® as well as Insulet ® pump
systems; and all the data collected can be shared on mobile
telephone applications as well as home and office computer
systems. No DKA risk have been found and pump suspension
programs have satisfactorily and significantly reduced severe
episodes of hypoglycemia, total episodes of hypoglycemia, and
especially, the most dangerous episodes, nocturnal
hypoglycemia, were essentially automatically eliminated.

With what has been learned from several decades of
research studies about hypoglycemia and hypoglycemia
prediction and prevention, about 8% of future severe
hypoglycemia episodes are predicted from known variables as
reported in the DCCT and DCCT/EDIC studies.#36 Current Al
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in use with such HCL and predictive suspend features show
marked improvements in quality of life as well as specific
glucose outcome metrics.

Ongoing hypoglycemia research has also focused on
self-behaviors that increase risk of recurring and/or severe
hypoglycemia. Skipping meals or snacks, delaying meals or
snacks, irregular timing or mis-timing of insulin to food or
eating all are obvious behaviors that should be considered
with educational efforts to motivate improvement for the PWD.
Not always carrying fast acting carbohydrates (glucose tablets,
LifeSavers, gummy bears or Swedish fish) and not having
glucagon available to treat future hypoglycemia also should be
included in this list. Not wearing medic-alert identification
also adds risk for the PWD in the midst of hypoglycemia since
anyone around to assist would not automatically be aware of
the underlying diabetes diagnosis and might easily assume an
alcohol or some other kind of substance abuse especially if
there is loss of consciousness, rambling speech or odd
behavior or convulsions. While emergency medical personnel
have been taught to consider hypoglycemic events, this is not
always the first thought that occurs when there is no
information about the person in distress.

Lack of routine blood glucose monitoring as well as not
regularly reviewing BG monitoring data (or sensor data if
using CGMS) allows missing some obvious episodes that may
reflect a pattern which may be preventable in the future. Any
family chaos, particularly substance abuse, anxiety and
depression adds to the compliance problems that may appear
with any chronic illness, including diabetes. If this is present
in the PWD, then there are obvious added burdens in having
to deal with more than just the demands of life with diabetes.
Most specifically, attention deficit with or without
hyperactivity (ADD and ADHD) and all forms of dyslexia and
dyscalculia can contribute to compliance issues for the PWD
but also to difficulties comprehending the many daily tasks
needed to balance insulin, food, activity, life stress etc.

Physical activity, obviously, also plays a part in
increasing risks of hypoglycemia but can be managed with
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education. But failing to reduce insulin and/or increase food
appropriately for activity adds to the complexity of physical
activity that occurs randomly and not with appropriate
counterbalance of food and insulin or just unscheduled and
random activity changes can all produce more frequent and
more severe episodes of hypoglycemia in the PWD. Alcohol,
marijuana, cocaine, heroin and most other psychoactive drugs
when added to diabetes impairs decision making regarding all
the usual diabetes self-care tasks but then may increase risks
re: driving in addition to making recognition of subtle
hypoglycemia symptoms more problematic, more prolonged
and even increase severity.

Clarke and his colleagues have proposed a seven-step
assessment in order for health care professionals to be able to
address various issues related to recurrent hypoglycemia in
the PWD.5

Step 1 Precursors to low BG include availability and
participation in diabetes education including periodic,
planned knowledge updates, training manuals such as Type 1
Diabetes Manual,8® Learning to Live Well with Diabetes,8”
Type 1 Diabetes for Dummies,8® Understanding Diabetes. A
Handbook for People who are Living with Diabetes,89 American
Diabetes Association Wizdom Kit (For Kids Only and For
Parents Only versions),?© Bright Spots and Landmines. The
Diabetes Guide I Wish Someone Had Handed Me. 2007,
diaTribe Foundation, USA,%! Think Like a Pancras. A Practical
Guide to Managing Diabetes with Insulin.?2 Life for a Child
(LFAC) and Changing Diabetes in Children (CDC) as well as
Walt Disney and many local, national and international
diabetes organizations also have many excellent educational
publications that are geared for young children, school-age
children, teenagers, young adults and older adults with
diabetes to not only help educate but also to help motivate the
PWD and his or her family and acquaintances.

There are also excellent on-line support services such as
cwd (childrenwithdiabetes) that offer support as well. The
LFAC website has a detailed list of such educational tools in
multiple languages.
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As was mentioned earlier, the older animal-based and
human regular and NPH insulins as well as ultralente, PZI,
lente and CZI preparations cause more episodes of
hyperglycemia as well as more episodes of hypoglycemia
because they are not as physiologically absorbed compared to
the newer insulin analogs.

STEP 1: Precursors to Low BG

STEP 2: LOW BLOOD GLUCOSE
with or without symptoms

-

STEP 3: Physiologic consequences: change
in counterregulation and modifiers re:
neuroglycopenia

-

STEP 4: Symptom Awareness vs
Hypoglycemia Unawareness

-

STEP 5: : Low BG Detection vs
Hypoglycemia Unawareness

-

STEP 6: Judgement to Treat Low BG

= =

STEP 7: Self-Treatment Behavior: sugar,
food, glucagon, ER

-

FINAL STEP: SEVERE
HYPOGLYCEMIA
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Unfortunately, these new analogs are priced
significantly higher so that LRC and MRC countries cannot
afford them unless they are subsidized or donated. Similarly,
costs for blood glucose self-monitoring, meters and batteries
fall under the same problematics for affordability and
availability. The more monitoring that can be done and
sustained, the better is the potential for discovering patterns,
asymptomatic situations for both high and low BG results and
ways to reduce both extremes of BG levels as well as decrease
day-to-day variability. All these are part of the step 1
precursors to low blood glucose construct. Hopefully there will
soon be some improvement in affordability and availability in
HRC as well as MRC and LRC sites with increasing attention
being paid by PWD, their families and health care providers as
well as government politicians and general citizenry.

In Step 2, the first appearance of low blood glucose
levels, there can be no symptoms so only ongoing monitoring
would detect such episodes or there can be a variety of
symptoms already discussed. Not everyone has symptoms of
hypoglycemia, not everyone has the same symptoms and at
what levels such symptoms occur, how long they last and how
severe they are is also extremely variable. Any episode of
hypoglycemia also doubles the chances of subsequent low BG
and decreases the intensity of neurogenic symptoms so that
future episodes are more difficult to recognize. More glycemic
day-to-day variability also makes identifying hypoglycemia
more difficult.

Step 3 reflects neuroglycopenia as a brain/central
nervous system response to hypoglycemia physiologically.
This has been documented to produce alterations in brain
waves on EEG 239394 with changes in counterregulation
which have been documented in research studies and possible
modifiers of maximum or absent response to be considered in
the future.?5% In general there is a staged response to
hypoglycemia at approximately these glycemic thresholds in
adult studies: ~80 mg/dl, insulin inhibition (not relevant in
PWD without sufficient endogenous insulin), ~68 mg/dl,
glucagon responsivity (abnormal in many with PWD), ~ 65
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mg/dl, decreased adrenalin and GH responsivity, ~58 mg/dl
decreased cortisol/ACTH as well as adrenergic symptoms, ~
50 mg/dl, neuroglycopenic symptoms, ~30 mg/dl, liver
response, ~28 mg/dl, seizures or coma. How quickly are the
decreases in BG levels also may be an important factor to
consider and only with more CGMS/sensor use have we been
able to consider this factor in recent years. Caffeine intake
seems to increase hormonal counterregulatory responses
while males seem to have a different degree of responsivity
than females, recent low BG dampens responsivity, alcohol
intake dampens responsivity and overt autonomic neuropathy
which can be present subtly or symptomatically with
longstanding hyperglycemia all affect counterregulatory
responsivity. Neuroglycopenia itself is also best described on
a continuum from slowed mental or motor responses which
may or may not be self-recognizable, errors, confusion or
decreased, and finally loss of consciousness with or without
convulsions. The PWD may or may not be aware of these
changes but others with him or her may be able to recognize
them and help the PWD to respond if taught how to do so.
Step 4 involves symptom awareness  or
hypoglycemia unawareness and reflects all of the above
commentary and research progress over the past three
decades with more sophisticated neurologic studies, more
sophisticated hormonal and neuroregulatory measurements
possible in addition to sensor studies concomitantly. Whether
or not an or all of the autonomic/adrenergic (trembling,
shaking, sweating, pounding heart, fast pulse, higher BP,
body temperature changes, extremity tingling, heavy
breathing) or neuroglycopenic (slow thinking, trouble
concentrating and paying attention, blurry vision,
slurred/absent speech, incoordination, numbness, dizziness,
sleepiness/fatigue) symptoms are present, recognized and
responded to remains very variable from patient-to-patient
and even, sometimes, in the same patient. Hunger,
generalized weakness, nausea/vomiting, headaches, anxiety
or mood changes and a generalized feeling of “something not
right” all are a bit more difficult to classify as neurogenic vs



98 Stuart J. Brink

adrenergic. It’s important to stress that not everybody has
symptoms when hypoglycemic, symptoms are not always
reproducible even with the same actual BG levels and
symptoms may worsen with longer duration worsening
glycemic control and rising Alc levels. Hypoglycemia
awareness, 97 may worsen over time if there is no change in
number or severity of hypoglycemic episodes, overall Alc
levels and control. If things improve, and especially if there is
a real decrease in hypoglycemia, then awareness may return
but it may take weeks or months to see this effect.

Step 5 involves low BG detection problems: in the
very young or very old where communication or symptom
recognition may not be possible, more monitoring and sensors
may have a specific benefit even though more costly — but only
if there is concomitant awareness and efficacy in home
assessment of such results; just doing the BG tests and not
responding or wearing sensors without review and response,
has no benefit but large costs. Efforts to minimize or avoid
beta blockers or other medication which can have a negative
effect on hormonal, adrenergic/ANS or brain response
consideration to avoid or change such medications would be
important for health care providers but this mostly affects
adults and the elderly. Similarly, efforts to avoid alcohol,
marijuana and other substances becomes ever more
important in type 1 diabetes for all the reasons already
specified. Family education including grandparents and
siblings, peer education through ambulatory group visits as
well as hotel or camp stays allow such education to proceed
as well and the same for positive programs involving teachers,
school nurse and coaches to help become more aware of type
1 diabetes issues and consider urgent or emergency situation
responses and preparedness.5598,99,100,101,102 School personnel
should specifically be trained that the child with diabetes
requesting to go to the nurse for a BG test and treatment,
should never go alone or else there should be a system in
place to call for nursing assistance from the principal or
nursing office to come escort the child so that symptoms don’t
accidentally escalate. This should all be part of the annual
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school support form in place which parents should review, as
well, annually each start of the school year.5

Step 6 Judgement to Treat can also be problematic.
Some specific questions to present to the PWD (and family):
Am I too slow? Is it suddenly too hard to do? Am I making
mistakes? Am I in need of assistance/help right now? How do
I get help right now?

All such decisions can be taught and practiced so that,
perhaps in an emergency situation, someone may be able to
assist or a simple mobile phone emergency call started. All
such episodes may be worsened when asleep, by certain
medications affecting CNS functioning and by the effects of
hypoglycemia per se. The longer the hypoglycemia and the
lower the hypoglycemia, the more possibility for impairing
judgement. Parent, sibling or other observer’s decisions to
treat, how severe is the episode and which treatment to
consider compared to calling for an emergency medical
response all depend on the open and repeat discussions with
all those people, education of all those people and involving
the PWD and/or family with inviting those folks to be
educated and how to assist/respond. This h to be the
responsibility of both mothers and fathers. The PWD and his
or her significant others may also have some fears of simple
sugar substances that may legitimately be used for mild and
moderate hypoglycemia vs their typical understanding that
“sugar is to be avoided.” For young children, the Disney/Lilly
series of education booklets is excellent in discussing the role
of youngsters and even supervisory adults in situations like
parties, sports events, sleepovers and hypoglycemia episodes.

When considering glucagon treatment, which many
NEDEC patients call “the spear”, concerns are with a relatively
large gauge needle attached to a relatively large syringe
(compared to a typical insulin syringe) adds an added emotion
of “fear” with the older glucagon preparations. The difficulties
of correctly mixing and administering glucagon in
needle/syringe and vial preparations has been “fixed” by more
recent premixed glucagon pens/syringes, smaller or hidden
needles and semi-automatic administration of the newest
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pens and syringes as well as very effective and safe nasal
glucagon. (see below) Expired glucagon preparations,
overpriced glucagon preparations and simply omitting to refill
the glucagon prescription (because it isn’t used on a daily
basis) are all issues to help explain how often glucagon is
simply not available.8:41-45

Step 7 Self Treatment behaviors focus on potential
compromise as in Step 6 or simply insufficient education and
reinforcement vis-a-vis parents, grandparents, siblings, peers,
teachers and school nurses, coaches, camp staff. For the PWD
it cannot be overemphasized the importance of discussions
about hypoglycemia at every ambulatory visit in terms of
downloaded BG data to review frequency/severity of
hypoglycemia as well as information provided as to how to
respond, when to call for assistance etc. Review should
include possible sources of liquid, candy or tablet
glucose/sucrose vs foods like nuts and chocolate that are
loaded with sugar but potentially dangerously slow to be
absorbed because of the fat and/or protein effect slowing
down such absorption and availability to compensate for the
hypoglycemia.>8:15,16,24,41-43 A simple pamphlet or slide show
as part of the annual Spring education review with ice cream,
donuts, meat on sandwiches, peanut butter, pizza,
hamburgers and hot dogs, French fries, coffee with milk and
sugar or cream, chocolate candies, most candy bars, cakes
and pies, bread and bagels and potato or cheese chips are
commonly used to treat hypoglycemia when “nothing else is
available.” While this is better than nothing, it isn’t likely to
boost the low sugar causing the problems very quickly (or at
all for an hour or two) but appropriate options can be taught.

Glucagon has been available manufactured by Eli Lilly,
NovoNordisk and Fresenius Kabi in small, portable red or
orange plastic kits with powdered glucagon and a diluting
solution in vials. A disposable plastic syringe is also included
in the glucagon kits with which to withdraw the appropriate
amount of diluting solution, inject it into the powder glucagon
vial, thoroughly and quickly mix it up without making
excessive air bubbles, then withdraw the correct amount of
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glucagon and inject subcutaneously (or intramuscularly) to
provide glucagon for a moderate or severe hypoglycemic
episode. Any injection site in any part of the body can be used
but most recommendations suggest the buttocks or the
anterior thigh. The glucagon is not always available because
non-routine use makes it more difficult to remember how to
use, especially in the midst of such an emergency, more
difficult to remember to request prescription refills and more
difficult because of the high costs and high co-payment costs
attached to most family health plans. In many of the world,
glucagon is simply too expensive unless being donated, and
then with the older preparations, the problem of refrigeration
and/or lack of reliable electricity is added to the situation.

Glucagon can be used in very young children with a
titrated dose.!93 NEDEC emergency glucagon treatment of
hypoglycemia, if moderate or severe hypoglycemia occurs or if
there is any question of inability to swallow (danger of
aspiration), then physicians and nurses can administer
intravenous, intramuscular or subcutaneous liquid glucagon.
Non-health care professionals can also administer
intramuscular or subcutaneous liquid glucagon with the Lilly,
NovoNordisk or Fresenius Kabi kits as long as they are
available. Typical dose would be 0.5-1 mg glucagon IV, IM or
SQ with an overall dose recommendation of ~10-20 ugm/kg
body weight. Intravenously some have recommended 0.2 g/kg
intravenous glucose @ 4-6 mg/kg/min (very slowly to prevent
rapid osmotic shifts) if a large vein is available already or
glucagon is not available. Studies comparing intravenous
glucagon and dextrose showed both to be effective with
glucagon taking just a few minutes longer to raise BG levels
when compared.104.105

The typical Lilly, NovoNordisk and Kabi glucagon kits
are shown on the left. More recently, Gvoke ® by Xeris, middle
pictures above, has a prefilled syringe formulation and also a
prefilled glucagon pen while G-Pen ® on the right also has a
prefilled glucagon pen (shown next to a typical syringe for size
comparison).
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The benefits of the newer prefilled preparations are that
there is no scary, confusing preparation needed in the midst
of a severe or moderate hypoglycemic emergency. The same
with the prefilled syringe by Gvoke although it still has a
relatively large syringe and needle to be used during this type
of crisis. Gvoke does not need refrigeration and Gvoke comes
in a 0.5 mg dose form for 2-11 year olds and a 1.0 mg dose
form for older children, adolescents and adults. The Gvoke
and G-Pen also has a hidden needle and simple 2 step
administration. How available are the G-voke and G-Pen
formulations of injectable glucagon is also yet unanswered
and similarly, what kind of insurance coverage and cost
barriers will exist for these newer products is yet to be
determined. The newest glucagon preparation is a nasal
powder that does not require refrigeration or any liquid
vehicle. It is sprayed into
the nose, comes “already
loaded” in a small, single
disposable plastic
dispenser and does not
require any special or
scary  preparation or
injection.
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Our patients who participated in the clinical trials named this
nasal glucagon “NasaGluc” in an unofficial “contest” we had at
the time at NEDEC. Multicentered study data with
participation from children, adolescents and adults all showed
equivalent, positive and rapid glucagon uptake through the
nasal mucosa and blood glucose increased as shown with
rising glucose levels as seen in the three pediatric age cohorts
studied when compared to minutes from actual nasal
glucagon administration; Locemia ® developed the mnasal
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glucagon spray. This has been approved and brought to
market by Eli Lilly as Bagqsmi® nasal spray glucagon. No
needles, no refrigeration, not scary and “everyone” already
knows “how to use nasal spray devices” so the chances of
missed doses or partial missed doses with injectable glucagon
are decreased with the nasal glucagon working in equivalent
fashion. There was minimal nasal irritation and occasional
temporary sneezing which did not affect the blood glucose
rise. As with any glucagon preparation some mild to moderate
headache and nausea but no differences in the comparable
trials reported. There was nearly 100% approval from
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participants and their family members for nasal spray
glucagon over injectable forms of glucagon when asked which
was their preferred treatment if glucagon was needed. FDA
approval for nasal glucagon includes 4 year old children,
school-age children, teenagers and adults with the same 3 mg
nasal spray dosage for all ages.

: More recently there has also been
some interest, especially in the
small percentage of PWD who have
recurring episodes of severe
~ hypoglycemia, recurring seizures or
loss of consciousness, and all
strategies seem unable to stop the
recurring crises. Specially trained
dogs 106 called diabetes assist dogs,
who are able to smell something as
yet unidentified in the PWD having
hypoglycemia, has allowed such
dogs to alert the PWD even if
hypoglycemia unawareness does not allow this to happen on
its own.

NEDEC strategies to prevent severe hypoglycemia
incorporate initial teaching and then followup teaching
sessions for all newly diagnosed type 1 diabetes patient and
their families. At every ambulatory followup visit afterwards,
blood glucose meter or sensor data is reviewed very
specifically focusing on average blood glucose for the prior two
weeks, time in range (TIR), percentage hyperglycemia and
percentage hypoglycemia as well as any specific problems
voiced by the PWD or family. Discussions about food and
snacks, insulin administration, medic-alert tags, logbooks or
computer/mobile phone systems for record keeping and
motivational interviewing geared to help with mutual problem
solving. At a minimum, every Spring, there is a more in-depth
discussion around medic-alert identification, hypoglycemia
causes, prevention, glucagon refills needed and who else
besides the immediate family needs to get a glucagon review
session: peers, friends, other relatives, scoutmasters, coaches,
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school staff, school bus drivers etc. Specific questions about
refills for glucagon and reminders about free
coupons/waivers/programs for high copayments for glucagon
are an important part of these annual sessions because we
know from a recent survey following a significant episode of
hypoglycemia that only 11% had filled the provided
prescription following the hypoglycemic episode.l97 Asking
people to practice mixing the diluent with the powder vial,
withdrawing the correct dose for the PWD and answering any
questions helps to emphasize the importance of having
glucagon and filling refills. Similarly, finding out if school
systems will want and be able to use emergency glucagon kits
need specifically to be discussed too.

Hypophobia 4143 also needs specific discussion to be
started by health care professionals since it is quite rare for
the PWD or their family to bring up this topic. Appropriate,
and not overtreatment of hypoglycemia, is important to try to
prevent hyperglycemia that often follows such overtreatment
and also for helping to minimize excess weight gain from such
increased calories. Purposeful excess insulin underdosing also
comes into question under such circumstances. Indifference
towards hypoglycemia 30 may also jeopardize physical well-
being particularly when such hypoglycemia is related to
alcohol or substance abuse, sloppy treatment adherence
and/or lack of monitoring (ie. omitted bedtime blood glucose
levels).

All members of the diabetes health care team need to
have the same approach and message about known causes of
hypoglycemia and prevention as well as treatment.24
Consistency by team members allows different motivational
discussions to empower better compliance, better
understanding, review subtleties of each PWD and
family/peers involved and optimal use of technologies for
monitoring and review between visits. The overall goal for type
1 diabetes involves optimizing glucose target ranges possible
with more time in range as well as less time hyperglycemic as
well as hypoglycemic to be able to minimize long term
complications associated with type 1 diabetes mellitus. At the
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same time, it must be recognized at present that we do not
have the ability to completely avoid all episodes of
hypoglycemia, although we are much better at doing so with
the newest insulins and the newest technologies utilizing
artificial intelligence and predictive algorithms for semi-
automatic or automatic responsivity.
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BONE HEALTH
IN CHILDHOOD AND ADOLESCENCE

Oana Alexandra Velea - Barta, Iulian P. Velea

Introduction

The bone is a very “dynamic” and specialized connective
tissue which has a certain stiffness and resistance that
provides mechanical support for the muscle activity. At the
same time it provides physical protection for the internal
tissues and organs and it is a deposit for systemic mineral
homeostasis. !

From a morphological point of view, the skeleton has
two components: the cortical (compact) bone with mechanical
and protection functions and the trabecular (spongy) bone
with mainly metabolic functions (Figure I).

The cortical bone represents almost 80% of the
skeletal mass and is situated in the long bone’s diaphyses (ex.
the femur, the radius). Histologically it is composed of dense
collagen fibers concentrically arranged in cylindrical
structures (Haversian systems), surrounding a central canal
inside which there are blood vessels, lymph vessels and
nerves. 2 (Figure 1)
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Figure 1 — Bone structure (after 3)

The trabecular bone predominates in the axial skeleton
(rib cage, spine, long bone epiphysis) being formed by a
network of thin threads called trabeculae, their position being
determined by the pressure exerted on the bones during
development.3

From the histological point of view, the bone has three
main components: bone cells, organic matrix and the mineral
part (forming 2/3 of the dry matter of the bone). The mineral
part is composed of: calcium and phosphate crystals in the
form of hydroxiapatite and also from small amounts of
magnesium, carbonate and sodium.*>

In both children and adults, the bone is constantly
“active” meaning it undergoes a remodelling process that
involves the continuous replacement of “old” bone with “new”
one. This entire process takes place in the so-called
“remodeling units”. This remodeling process involves the
resorption by osteoclasts of a mineralized surface followed by
the recruitment of osteoblasts that secrete a new matrix
capable of replacing the resorption cavity.4

After reaching the final height, this process is able to
maintain the whole bone mass of the individual. After
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reaching the final waist this process is able to maintain the
bone mass of that individual.3

In the growing child, the formation of new bone is
predominant leading to neoapposition which ensures the
longitudinal growth of the skeleton and also changes in the
size and shape of the skeleton.®

During childhood until puberty, bone mass development
depends on several factors: main factors (genetic, ethnicity,
sex), hormonal factors (growth hormone, IGF-1, primary
hiperparathyroidism) and also a series of secundary factors:
nutrition (calcium intake, vitamin D, other dietary factors),
autoimmune, kidney, gastrointestinal diseases, diabetes
mellitus, obesity, medication (glucocorticoids, proton pump
inhibitors, anticonvulsants), physical activity.

During puberty and adolescents, stages with a
fundamental role in the acquisition of bone mass, adequate
thyroid hormone, growth hormone and sexual steroids
production is required.3

It is proven that bone mass accumulation continues
even after the complete longitudinal growth of the individual.
The exact age at which bone mass is finalized in different
areas of the skeleton is not determined precisely. It is
estimated that at the spine and femur level, it is between 16-
18 years old while at the level of the skull it is around the age
of 35. 7 (Figure 2)

All these observations support the idea that the higher
the bone mass at the age of the young adult, the further the
risk of osteoporosis.

Main factors of bone mass accumulation.

The first distinctive phase in bone development is
represented by the embryonic period in which the position
and form of the skeleton elements are determined by the
regulatory genes expression and also by the local growth
factors.

The second phase begins with the mineralization whose
location is influenced by the mechanical deformation. In this
context, the theory of the mechanostat was issued according
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to which the bone tissue is regulated in order to maintain its
integrity and structural strength.8

Peak

bone mass

Final height

Bone mass

Fracture zone

| | | | |
0 10 20 30 40 50 70
Age (years)
Figure 2 — Schematic representation of changes of bone mass with
age as measured by DEXA.
The dotted line shows the theoretical consequence of a reduction in
peak bone mass.8

Fetal development and bone mass

Several longitudinal studies have shown that there is a
correlation between low birth weight and low mineral bone
density (BMD) in adult age suggesting that intrauterine
scheduling influences the risk of osteoporosis later in
adulthood.

Genetic factors of bone mass.

Genetic predisposition determines up to 80% of the
peak bone mass, the rest of 20% is influenced and modulated
by environmental factors and by the level of sexual
hormones.910

Identification as early as possible of the negative impact
factors on the bone health can help children and adolescents
to increase their mineral density before reaching the peak
bone mass. (PBM) (Peak bone mass).
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In 2012, the genome-wide association study (GWAS)
developed on a cohort of children in Holland!!, established
that WNT16 rs917727_T is associated with systemic BMD in
2660 children. This locus is also associated with BMD in
adults.

Rare variants next to EN1, identified for the first time in
adults, have been confirmed to be associated with a big bone
mass in children.12

Chesi et al.l3 have reported two loci (rs7797976 in
CPED1 in girls and rs7035284 at 9p21.3 in boys) associated
with BMD.

The fact that the effect of genetic variants associated
with BMD in childhood are associated with BMD in adults
suggests that these can act during the entire life.

Hormonal factors with impact upon bone mass.

The Growth Hormone (GH) is a peptide hormone
synthesized and secreted in a pulsating manner by the
anterior pituitary gland, and has as primary effect, promoting
linear growth in children. 14

It’s secretion is controlled mainly by growth hormone
releasing hormone (GHRH) which has a stimulating effect and
by the somatostatin which has an inhibiting effect. To a small
extend: grelin (stimulating), IGF-1, leptin, free fatty acids and
the central nervous system that regulates GH secretion
through endocrine and paracrine/autocrine mechanisms and
then stimulates linear bone growth, are involved.14

GH acts at the bone epiphysis level in order to achieve
the linear growth by diferentiating precondrocytes and
expanding osteoblasts.15

GH - IGF-1 axis represents the main endocrine system
of regulating linear growth in children;!® however, the exact
cellular targets for the direct effects of GH remain imprecisely
defined in complex tissues, such as growth plate. The
contribution of direct and indirect actions of GH is still being
discussed.1”
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In the liver, activating the GH receptor leads to a high
production of IGFBP-3 and the acid-label (ALS) unity links
IGF-1 in a ternary complex, thus increasing its half-life. 18

During childhood, until final growth, the GH is the
hormonal factor having the major impact regarding bone mass
accumulation.

In the development of each long bone there are two
secondary ossification centers- “the growth plates” located at
each end of the long bones in the metaphyseal area, centers
that have the endochondral ossification area.

From an anatomical point of view, the growth plate has
three types of components: a cartilaginous component (the
epiphyseal plaque), an ossified component (in the metaphysis)
and a fibrous component (consisting of the Ranvier groove and
the La Croix perichondral ring) that surrounds the periphery
of the plate.

During childhood, the growth plate connects the
cartilage thus permitting the long bone to grow both in length
and in diameter.

The endogenous and exogenous effects of GH involve
four main domains:

e They stimulate the linear bone growth,

e They grow the bone mass,

e They act on adipose tissue to increase lipolysis, inhibit
lipoprotein lipase, stimulate hormonal lipase, reduce
glucose transport and reduce lipogenesis.

e They act on muscles in order to grow the transport of
amino acids and can affect muscular fiber distribution!®
Thus in patients with GH deficit (GHD), GH therapy not

only increases the linear growth speed but also promotes and
maintains a healthy body composition, a reduced weight,
normal levels of blood glucose and a favorable lipid profile.

If before puberty, bone growth depends mainly on
growth hormone, sexual steroids are essential for completing
the maturation of the epiphysis and for fixing bone minerals
during puberty and adolescence. 20

During childhood, height increase is relative stable;
until the age of 4, girls grow slightly faster than boys; then,
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until puberty, the growth process has a medium speed of 5-6
cm and 2.500 kg per year for both sexes. From early
childhood to late adolescence there is a constant
accumulation of skeletal mass that increases from 70-95 g at
birth to 2.400 grams in women and 3.300 in young men,
respectively. !4

Actually between early puberty and adulthood, the
skeletal mass doubles. This “accumulation” takes place at
different speeds depending on the considered skeletal
segment. Limb growth is finalized before the axial skeleton
growth, after which, under the influence of sexual steroids, a
spine growth. Taking into consideration that during puberty
bone mass growth is achieved according to the maximum
growth rate, the bone is sub-mineralized but this period is
transient because bone mass accumulation continues even
after length increase of the individual is finalized.3 The exact
age at which bone mass is maximum in different areas of the
skeleton is not precisely defined and it varies from 16-18
years (spine) even until 35 years (the skull). 520

Nutritional and environmental factors

All this complex succession of hormonal changes can be
influenced by nutritional and environmental factors, which
are capable to modify the genetic potential of the individual.

Vitamin D and bone growth

Vitamin D performs the intestinal absorption of
calcium, this being essential for the growth plate calcification
and osteoid mineralization at the trabecular and cortical bone
level.21

It is well known that Vitamin D sources are either
exogenous (vitamin D2- ergocalciferol that comes from vegetal
sources and vitamin D3 - colecalciferol that comes from
animal sources), or endogenous (colecalciferol that is
synthesized in the skin by transforming 7 dehydrocholesterol
under the action of ultraviolet rays). Regardless of their origin,
they reach the liver where they suffer a hydroxylation under
25-hydroxylaze action, therefor forming 25(OH)D that reaches
the kidneys where it suffers the second hydroxylation under
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the action of another enzyme (l-alpha-hydoxylaze),
1,25(HO)2D active metabolit being obtained which increases
calcium and phosphorus absorption at the intestinal level,
increases tubular re-absorption of Ca by the kidneys and
contributes to calcium ions deposition in the bone.

In case of low serum vitamin D concentration, intestinal
absorption of calcium and phosphorus is decreased with low
levels of ionic calcium. Under these conditions there is an
increased secretion of PTH, important regulator of 1-alpha-
hydroxylase that helps in maintaining a normal range of
1,25(OH)D in order for an optimum intestinal calcium
absorption to be achieved.

Generally, serum level of 25(HO)D or calcidiol is
considered to be a good indicator of the nutritional status of
vitamin D.22 Depending on the serum level of 25(HO), vitamin
D status can be:23

e sufficient > 50 nmol / L (>20ng/ml)
e insufficient: 30 — 50 nmol/L (12-20 ng/ml)
e Deficient < 30 nmol/L (< 12 ng/ml)

Despite the consensus on these vitamin D levels, there
is a considerable disagreement regarding the optimum level of
25(0OH)D that should be reached and maintained throughout
the year.24 Nevertheless it can be states that 20 ng / ml (50
nmol / L) represents a threshold value that should be reached
throughout the year by all individuals regardless their age.

With puberty onset and throughout adolescence,
1,25(0OH)2D increases calcium absorption according to the
increase of bone mineral accumulation. Several studies
regarding calcium absorption in children and adolescents,
ages between 4.9 and 16.7 years old with 25(OH)D levels
between 28 and 197 nmol / 1, have not identified a
relationship between circulating levels of 25(OH)D and
calcium absorption. 2526

Winzberg et al. have reported in an extended meta-
analysis,??” developed on six studies with 541 persons that
received vitamin D and 343 that received placebo, aged
between 1 month and 20 years that dietary supplementation
with vitamin D affects bone mineral density increase in
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lumbar spine level but not in the hips and forearm.
Individuals with vitamin D deficit can benefit from vitamin D
supplementation, the benefit not being found in children and
adolescents with vitamin D normal levels. 27

Vitamin D receptor

In children in comparison with adults, vitamin D
receptor polymorphisms have a greater influence on bone
mineral density (BMD).

In a study developed on prepubertal girls, dietary
calcium intake has been correlated with bone mineral density
modification which suggests that there is a variation of the
response to calcium supplementation. 8

On the other hand, estrogen receptor polymorphisms in
adolescents, IL-6 and osteocalcine genes are independent
predictors of bone mineral density.

Calcium effect on bone growth

Calcium represents 1% —2% of the human body weight
in adults, more than 99% from the body total calcium being
found in bones and teeth.28 Calcium trans-epithelial
absorption is performed in the epithelial cells from the
intestinal lumen under vitamin D action.

In a double-blind randomized study with a duration of
12 months Dibba et al. evaluated in children aged 8,8-11,9
years the effect of calcium supplementation upon bone
mineral content (BMC) and established that the group with
calcium supplement had BMC and BMD greater at the distal
race and medium ax comparing to the control group. 29

In the randomized study developed by Prentice et al.
conducted on a period of 13 months, found that in boys aged
16-18 years, calcium carbonate supplementation (1000 mg
calcium / day) led to an increase of bone mineral content in:
the lumbar spine, hip and intertrochanteric comparative to
the control group that received placebo. 30

Body exposure to the glucocorticoids.

Bone mass loss after exposure to glucocorticoids
(glucocorticoid osteoporosis) is the result of supressing bone
formation and improvement of osteoclast activity.
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Glucocorticoids lower IGF-1 and sexual steroids expression,
and on the other hand inhibit renal reabsorption of tubular
calcium.3!

Type 1 Diabetes Mellitus

Osteoporosis pathogenesys in long-term unbalanced
type 1 Diabetes Mellitus is complex and is related to the
calcium, vitamin D metabolism and most likely to the
subinsulinization of the organism, having as consequence,
blood calcium and phosphorus levels decrease. Hyperglycemia
seems to stimulate excess formation of IL-1 and IL-6 pro-
inflammatory cytokines that can promote osteoclast activity
inhibiting osteoblast differentiation and mineralization.32

Gastrointestinal diseases

Celiac disease in children is often found in those who
have type 1 DM, due to the nutritional deficiency secondary to
malabsorption being associated with bone loss.33 The decrease
in calcium absorption and the increased level of inflammatory
cytokines including IL-1, IL-6 and TNF-a, seem to be
responsible for increase bone resorption. 34

Ulcerative colitis and Crohn disease are also associated
with bone loss. The mechanisms responsible for bone loss
include the inflammatory activity linked to the disease and
also should be mentioned the secondary effects linked to the
treatment including glucocorticoid therapy and nutritional
deficiencies.

Autoimmune diseases

The underlying mechanisms of bone loss from
autoimmune diseases (eg. Rheumatoid arthritis, ankylosing
spondylitis, lupus erythematosus, multiple sclerosis) are
multiple and complex. On one hand, the severity of the
underlying disease comes into question and on the other hand
the use og glucocorticoids in long-term schemes. TNF-o, IL-1,
IL-6 pro-inflammatory cytokines levels, increased in patients
with autoimmune diseases stimulate the osteoclast activity
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that secrete proteolytic enzymes and HCIl that induce bone
mass decrease and even osteoporosis.3>

Kidney diseases

Renal tubular acidosis is characterized by a
hyperchloremic metabolic acidosis.

Increasing the concentration of hydrogen ions when
prolonged causes the activation of the buffer system in the
bone with the activation of osteoclasts and the mobilization of
calcium ions in the bone leading to metabolic bone disorders
that can range from osteomalacia to osteoporosis and even
fractures. 35

In children with CKD, abnormal mineralization begins
early during CKD [12], but, unlike adult patients, the risk of
fracture does not exceed 10%. 35

CKD is a systemic inflammation, triggered by the
accumulation of uremic toxins, immune cell defects, intestinal
dysbiosis, dialysis factors and other associated
comorbidities.3¢6 All these factors lead to osteoclast
differentiation and bone resorption, inhibiting osteoblast
differentiation by mobilizing a large amount of calcium from
the bone, resulting in a deficit of bone mineralization.3”

Anorexia in CKD is related to an imbalance between
orexigenic and anorexigenic circulating hormones. There are
studies that suggest that leptin (anorexigenic hormone), which
controls bone mass, associated with high levels of
proinflammatory cytokines, promotes bone resorption and
inhibits osteoblast proliferation through a hypothalamic

relay.38
Vitamin D deficiency and secondary
hyperparathyroidism

In CKD, vitamin D deficiency induces mineral deficiency
and secondary chronic hyperparathyroidism, which eventually
induce altered bone metabolism.

In children with CKD, both low levels of 25(HO)D and
high levels of parathyroid hormone (PTH) were correlated with
low bone mineral density (BMD), lower cortical volume, and
ultimately a higher risk greater fracture.35
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Secondary hyperparathyroidism also affects skeletal
muscle structure, proteins, amino acids and energy
metabolism by stimulating muscle proteolysis, increasing the
release of alanine and glutamine and affecting energy
production, transfer and utilization3® which explains the
reduced muscle strength of these patients.40

Chronic metabolic acidosis leads to the dissolution of
bone calcium carbonate, activation of bone resorption and
inhibition of bone formation mediated by osteoblasts.

May contribute to the suppression of renal synthesis of
1,25(HO)2D. It appears to disrupt the GH-IGF-1 axis at the
growth plate, disrupting longitudinal growth.

Disruption of the G-IGF1 axis

Systemically, IGF-1 secreted by the liver, as well as IGF-
1 produced locally by osteocytes / osteoblasts and myocytes /
myoblasts, has pleiotropic effects on the musculoskeletal
system. In CKD, there was an insensitivity to GH and
resistance to IGF1.

In a recent study*! IGF-1 was positively correlated with
lean mass and negatively associated with the occurrence of
bone fragility in children with CKD.

Insulin resistance (IR)

Insulin is also an anabolic factor for bone tissue,
promoting the proliferation and differentiation of osteoblasts
and inhibiting osteoclastic activity, while stimulating collagen
synthesis, alkaline phosphatase production and glucose
absorption.42

Data in pediatric patients are limited. A recent study
showed that IR was negatively correlated with poor relative
mass. 43

Therapeutic strategies in CKD

Given the results of the studies, the therapeutic targets
for improving musculoskeletal integrity in CKD are:

* Regulation of homeostasis of calcium, phosphorus,
vitamin D and PTH,

e Correction of metabolic acidosis,

* Recombinant growth hormone (rGH) therapy

* Physical activity,
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* Optimizing the nutritional status of the patient,
* Dialysis with low inflammatory impact.

Medication

A form of secondary osteoporosis is also drug-induced.
In addition to glucocorticoids, a number of other drugs with
an impact on bone metabolism are implicated in bone loss.

Proton Pump inhibitors by increasing gastric pH reduce
calcium absorption thus having a negative impact on bone
metabolism.

Anticonvulsivants commonly used in pediatrics can lead
to bone loss. Although the mechanism is incompletely
elicated, they increase vitamin D metabolism, so they lead to a
low level of 25(OH)D and implicitly induce a secondary
hyperparathyroidism, thus increasing bone loss.

Obesity

In early childhood, body weight can be an important
indicator of a child's bone health.

Current research investigating the impact of fat on BMD
is contradictory. Previous studies have concluded that adipose
tissue has not been beneficial to bone structure,** while
another study suggested that fat mass would have a positive
relationship with bone mass in children.4>

Some studies have found positive correlations between
bone mass / density and overweight / obesity,4® while others
have shown opposite conclusions.

In most of these studies, bone mineral density was
measured in several places by DXA which may better reflect
the bone mineral density of adolescents.

It was found that obese girls had both a higher
concentration of serum leptin and a higher BMD.

On the other hand, overweight / obese children have
several risk factors (vitamin D deficiency, inadequate calcium
intake, sedentary behavior) that could lead to accelerated
bone loss. 47
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Physical activity

A number of studies have shown that physical activity
can increase bone metabolism, increase bone mineral density,
form a good bone structure and thus strengthen bone mass.48

In the US Report of the Advisory Committee on Physical
Activity Guidelines, it is recommended that children between
the ages of 6 and 17 engage in moderate to vigorous physical
activity for 60 minutes or more each day.4°

In addition, it is recommended to promote regular
physical activity associated with adequate calcium intake in
children and adolescents to improve bone health. This
combined effect was more pronounced when the initial level of
calcium intake was low and in the early stage of puberty.

For weight-bearing bones, the effect of high-calcium
physical activity on bone mass was greater than that of
exercise or calcium supplementation alone.

For non-bearing bones, calcium supplementation,
whether or not accompanied by an increased level of physical
activity, was more effective.

Prospective studies are needed to establish the dose-
effect relationship on bone mass of both physical activity and
calcium intake to determine calcium supplementation and the
level of physical activity that leads to improved bone health.>0

Conclusions

Since bone mass ends at the end of the individual's
longitudinal growth, bone accumulation during childhood and
adolescence is an essential factor in determining the risk of
adult osteoporosis.

Consequently, more attention should be paid to
prevention strategies, from the earliest age of children and the
promotion of at least moderate physical activity lasting 60
minutes daily.

Ensuring a normal bone density should be a priority
when dealing with children and adolescents. To achieve this
goal it is necessary to ensure adequate nutrition that brings a
sufficient intake of calcium, vitamin D, with the removal of
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secondary (pathological) factors with possible negative impact
on bone mass accumulation.

9.
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UPDATE IN HYPOPHOSPHATEMIC RICKETS

Simina Mihuta, Corina Paul

Introduction

Rickets is a condition that occurs commonly in small
children as a result of vitamin D, calcium, and phosphorus
deficiency.! Bone mineralization is thus affected through
abnormalities of the growth plate cartilages, most evident in
long bones?. In children, rickets may often associate
osteomalacia, while in adults, osteomalacia is referred to as
the equivalent of rickets.

Based on its primary pathologic mechanism, rickets is a
disease that ca be classified into two categories: calcipenic
and phosphopenic. Common calcipenic rickets is basically a
Vitamin D deficiency or defect in efficiency of various
etiologies, which translates into low Calcium and Phosphorus
intestinal absorption associated with low efficiency of bone
mineralization, these two roles being played by Vitamin D.
Moreover, low Calcium sets off parathormone (PTH) secretion
which has the main role of elevating Calcium serum levels by
mobilizing bone Calcium, increasing intestinal absorption and
renal reabsorption. High levels of PTH also lead to renal loss of
phosphates, leading to hypophosphatemia.3

All in all, calcipenic rickets is a deficiency disorder,
manifesting in low serum Calcium and Phosphorus, low
25(0OH) Vitamin D (and/or low 1.25(OH)2 Vitamin D) and high
PTH levels. Most importantly, all these imbalances are easily
corrected with Vitamin D supplements, correct exposure to
sunlight or management of the underlying disease which
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prevents Vitamin D absorption or activation. Should
intervention occur under the age of 1, calcipenic rickets
resolves without massive sequelae, however, with no
treatment, it resolves itself on its own, but with evident
sequelae.*

On the other hand, in hypophosphatemic rickets, a
disease with multiple inherited or acquired etiologies, the
primary defect is phosphate deficiency, which occurs by
increased renal phosphate loss.2 Associated to this is a deficit
of Vitamin D renal activation which translates in a reduced
intestinal absorption of Calcium and Phosphorus>.
Hypophosphatemia affects the growth plate by preventing
apoptosis and thus, causing accumulation of hypertrophic
cells which form the rachitic bone.3 The usual laboratory
findings would be hypophosphatemia, normal 25(OH) Vitamin
D, but low 1.25(0H)2 Vitamin D, normal/slightly low serum
Calcium and normal/slightly elevated PTH levels. Another
clue for a general practitioner would be the lack of blood
parameters and clinical correction after administration of
25(0OH) Vitamin D supplements.

Hypophosphatemic rickets is considered either a
disease on its own, either a complication of other
hypophosphatemic disorders caused by proximal tubular
dysfunction. Clinical setting and correct identification are
extremely important for detecting the cause and the most
appropriate course of therapy. Most phosphate renal wasting
disorders are inherited as isolated defects or associated with
generalized proximal tubular dysfunction (Fanconi syndrome),
but some may be acquired (tumor-induced osteomalacia,
Fancony syndrome induced by drugs).

Phosphate loss

The pathophysiology of phosphate renal loss is intricate,
involving many key players and key pathways. The Fibroblast
growth factor 23 (FGF23), PTH and 1.25(0OH)2 Vitamin D
(calcitriol) are the most important players in keeping the
phosphate homeostasis.
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e FGF23 is a phosphatonin secreted by osteocytes,
normally as a consequence of increased calcitriol. This
phosphatonin is involved in phosphate excretion and
down-regulating the renal activation of vitamin D,
reducing thus the 1.25(OH)2 Vitamin D levels.6.”

e FGF23 binds to tyrosine kinase receptors (FGFRs 1-4),
of which FGFR1lc is the most proeminant. These
receptors need full-length klotho proteins to convert
into full FGF receptors with specific affinity, in order to
determine downstream signaling molecules.8:2.10 Klotho
has a co-receptor function because it binds to FGF23
and FGFR1c simultaneously and thus, confers stability
to the entire complex.!!

e In the proximal renal tubules, FGF23 binds to FGF
receptor-klotho complexes and activates two kinases —
“extracellular signal-regulated kinase-1/2” (ERK) and
“serum/glucocorticoid-regulated kinase-1” (SGK). SGK-
1 determines the “Na‘*/H* exchange regulatory cofactor-
1”7 to down-regulate the membrane expression of the
“sodium-phosphate co-transporter” in charge of
phosphate reabsorption. Therefore, phosphate urinary
excretion will increase.12.13,14

e On the other hand, suppression of la-hydroxylase
expression which is responsible for 1,25(OH)2 Vitamin
D production, is done also by FGF23 binding with
klotho and signaling downregulating mechanisms in the
proximal tubules. Less active serum Vitamin D means a
decrease in intestinal phosphate absorption, an
addition factor to low serum phosphorus levels.15:16

HYPOPHOSPHATEMIC RICKETS EVALUATION
REGARDLESS OF CAUSE

Hypophosphatemic rickets can be diagnosed and
managed by blood, urine and imagistic analysis.
In the Table 1, showed below, the panel of useful parameters.
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Table 1. Necessary parameters in evaluating XLH

Type of analysis

Specific parameter

Usual findings

Serum

Phosphorus

Calcium

PTH

Alkaline phosphatase

low

slightly low/normal
normal/slightly elevated
very elevated

FGF23 elevated
1,25(OH)2 Vitamin D low/inappropriately
normal
25 (OH) Vitamin D normal
TMP/GFR low
Urine exam /24 h  Urine phosphate normal/low
Needed for Serum creatinine normal
calculation of Urinary creatinine normal
tubular
phosphate
reabsorbtion rate
Radiology Bone age retarded

Bilateral anteroposterior

Wrist Rx and Knee Rx

Rickets severity score
(Figure 2, Table 4)

hypertransparent bones
enlarged epiphysis

ill defined zone of
provisional calcification

0-10, 10 being the worst
modifications

Renal phosphate transport is evaluated by the ratio of

tubular maximum reabsorbtion of phosphate to glomerular
filtration rate (TmP/GFR). This ratio is influenced by dietary
phosphate, PTH, Vitamin D and FGF23 levels, and metabolic
disorders like acid base disorders or extracellular fluid volume
disturbance. Calculation of TmP/GFR assumes that serum
phosphate concentration is equal to its concentration in the
glomerular filtrate, and that creatinine clearance is a close
approximation to GFR.17.18,19

Another useful tool in assessing tubular health is the
fractional tubular reabsorbtial of phosphate (TRP). A low
TRP in the context of hypophosphatemia points to a renal
tubular defect.1?
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Calculate the ratio of phosphate clearance to creatinine
clearance (CP/CCr):

CP/CCr = serum creatinine X urine phosphate
urine creatinine x serum phosphate
This ratio is normally less than 0.15 and is often

elevated in primary hyperparathyroidism.1”

The fractional tubular reabsorption of phosphate (TRP)
is calculated by this formulal7:

TRP= 1 - serum creatinine x urine phosphate
urine creatinine x serum phosphate

If TRP is < 0.86, phosphate reabsorption is maximal and
there is a linear relationship between plasma phosphate
concentration and excretion and TmP/GFR which is
calculated by the fomula:

TmP/GFR = TRP x serum phosphate!”

If TRP is > 0.86, relationship between plasma phosphate
concentration and excretion is curvilinear and
TmP/GFR is defined as follows:

TmP/GFR = o x serum phosphate,
where o = 0.3 x TRP
1- (0.8 x TRP) 7

TmP/GFR can also be determined using a nomogram
after = measuring fasting plasma and  urine
concentrations of phosphate and creatinine.
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Actual plasma phosphate conc. [POy)
Renal threshold phosphate conc. (Tmeg, /GFR)

Figure 1. Nomogram to determine tubular maximum reabsorption rate
TmP/GFR given plasma phosphate (PO4) concentration and tubular
reabsorption of phosphate (TRP). On the vertical axes, the inner scale
is in mmol/L, whereas the outer scale is in mg/100 mL. TRP is
calculated as detailed in text. A straight line joining plasma
phosphate concentration, TRP and the right vertical axis gives the
TmP/GFR.17

Interpretation: Low levels suggest renal phosphate
wasting.17?
Age-related reference ranges for TmP/GFR are given below

(taken from reference.l”
Table 2. Adult ranges 17

Male Range Female
Age (mmol/L) n range n
(mmol/L)

25-35 years 1.00-1.35 15 0.96-1.44 15
45-55 years 0.90-1.35 15 0.88-1.42* 15
65-75 years 0.80-1.35 15 0.80-1.35 15

* Premenopausal
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Table 3. Paediatric Ranges 17

Age Range (mmol/L) n
Birth 1.43-3.43 20
3 months 1.48-3.30 20
6 months 1.15-2.60 20
2-15 years 1.15-2.44 101

The Rickets Severity Score (RSS) was developed by
Thatcher et al. and is useful in the therapy efficiency follow-
ups.20

The schematic picture below is taken from his
published work and so is Table 4.20

A
bc—:_)

WRIST ( } W

GRADE 0

KNEE

GRADE 0

Figure 2. Schematic representation of wrist and knee destruction of
bone, by Thatcher et al. 20



144

Simina Mihuta, Corina Paul

Table 4. Calculation of RSS according to Thatcher et al 20

Grade definitions for radius & ulna

0 Normal growth plate without changes of rickets

0.5 Lucency of metaphyseal margin without fraying or irregularity

1 Widened growth plateZ irregularity of metaphyseal margin, but
without concave cupping

15 Partial metaphysseal concavity or incomplete fraying of
metaphyseal margin

2 Metaphyseal concavity with fraying of margins

Grade radius 0 0.5 1 1.5 2

Grade ulna 0 0.5 1 1.5 2

SCORE: Radius grade ___ + Ulna grade___ = Total wrist___

Grade definitions for femur & tibia

= Total knee____

0 Normal growth plate without changes of rickets
1 Partial lucency, smooth margin of metaphysis visible
2 Partial lucency, smooth margin of metaphysis NOT visible
3 Complete lucency, epiphysis appears widely separated from
distal metaphysis
Grade femur |0 1 2 3
Grade tibia 0 1 2 3
Femur &
s 0.5 if < one condyle or 1 if two condyles or plateaus
tibia
L. plateau affected affected
multiplier
SCORE: (Femur grade ___ x multiplier ) + (Tibia grade___ x multiplier )
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X-LINKED PHOSPHATEMIC RICKETS (XLH)

Firstly described by Albright in 1939, the most common
cause of inherited rickets with an incidence of 1:20.000 live
births, this type of hypophosphatemic disorder is caused by
an X-linked dominant mutation of the PHEX gene.2!

Mutated PHEX (Phosphate regulating gene with
Homologies to Endopeptidase on X chromosome) genes
present inactivation mutations. PHEX contains information
for a metalloprotease that cleaves small peptide proteins with
expression in bone, teeth and parathyroid glands. Although
this metalloprotease does not cleave FGF23 directly, it is
involved in the downregulating of FGF23 secretion and activity
by a yet unknown mechanism.2?2.23 Should the gene containing
information for this metalloprotease be inactivated, levels of
FGF23 and of other small peptide hormones become higher
than normal. As mentioned before, FGF23 induces
hypophosphatemia by increased urinary phosphate excretion
and low phosphate intestinal absorbtion via defective Vitamin
D activation. Moreover, an intinsic osteoblast defect
contributes to the disastrous effect of hypophosphatemia on
bone mineralization, without response to conventional
therapy. Mutations of PHEX can pe found in 50-70% of
affected patients and up to 300 mutations of PHEX can
occur.?425 This is why severity of symptoms can vary even
among families. There is a very important place for research in
the area of which PHEX mutations produce which XLH
phenotype.26

Clinical aspects of XLH rickets

The only evident finding in the first year of life is the
frontal bossing, which can appear as early as 6 months of age.
Craniotabes or rachitic rosary are absent. After the child
starts walking, progressive lower limb deformities leading to
bilateral coxa vara, genu varum, and very rarely, genu
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valgum, become more and more apparent. Many children
present dental abnormalities as well (abscessed noncarious
teeth, enamel defects, enlarged pulp chambers or
taurodontium), but this is not a rule.2? In adulthood, patients
have short stature due to very evident genu varum and may
present bone pains and even pseudofractures.?8

Paraclinical aspects of XLH rickets

Blood analysis shows low phosphorus, normal calcium,
normal PTH (or slightly elevated), low 1,25(OH)2 Vitamin D,
decreased TmP/GFR. If possible, FGF23 should be done as
well, with elevated values.

Genetic testing may detect a PHEX mutation, but quite
often, one can get a negative result. This does not infirm the
presence of hypophosphatemic rickets, it postpones the
etiologic diagnosis. When clinical and paraclinical signs are
clear, genetic testing should be repeated.

Radiological investigations show signs of severe
carential rickets, and, without treatment, the rickets severity
score aggravates progressively as the child ages. In the
presence of correct treatment, radiological cure happens
slowly, over the course of at least 2 years.20

Treatment

Treatment is based on phosphate and 1.25(OH)2
Vitamin D replacement. In Romania, phosphate supplements
are not available on the market, but phosphate solutions can
be prepared in some pharmacies. Phosphate tablets can be
procured from abroad (EU), quite easily, through certain
pharmacies (Phosphate Sandoz, effervescent tablets 500 mg)
and we highly recommend that patients procure them because
compliance to the treatment is much better.

Doses of phosphate should be 20-40 mg/kg/day,
divided in 3-5 doses (maximum of 2-3 g/day). Doses of
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1,25(0OH)2 Vitamin D should be 1-3 ug/day [2]. Both products
should be titrated progressively, by monthly monitoring the
normalizing of serum phosphorus levels and alkaline
phosphatase, and keeping calcium, and PTH in normal
ranges. To achieve this, monthly blood and 24 h urine
samples must be given until normal targets are achieved, and
afterwards, check-ups every 3 months are recommended
(serum phosphorus, calcium, alkaline phosphatase, creatinine
and urine phosphorus and creatinine). PTH levels should be
checked once a year. Adverse effects of phosphorus
supplement is diarrhea, while excess vitamin D causes
asthenia, nausea, headache, diarrhea/constipation, muscle
pain or excess sweating. Potential complications of therapy
are nephrocalcinosis and tertiary hyperparathyroidism,
therefore, renal ultrasounds are necessary before starting
treatment and every yearly afterwards.29:30

Due to the fact that this replacement treatment is
complicated, with low compliance and many unpleasant
adverse effects, a biological, etiological treatment in the form
of monoclonal antibodies anti-FGF23 (Burosumab, Crysvita)
was developed. Burosumab is taken into consideration when
conservative replacement therapy does not work. These
antibodies bind the circulating excess FGF23 and blocking
thus their activity, blocking excess renal phoshpate loss and
improving activation of Vitamin D.3!

Burosumab

e Dosage forms: subcutaneous injectable solution, single-
dose vials: 10mg/mL, 20mg/mL, 30mg/mL

e Dosage: 1 mg/kg SC every 4 weeks; round dose to
nearest 10 mg. Not to exceed 90 mg/dose.

+ After treatment initiation, assess fasting serum
phosphorus monthly, measured 2 weeks post dose, for
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the first 3 months of treatment, and thereafter as
appropriate.

Discontinue oral phosphate and active vitamin D
analogs 1 week before initiating treatment. Do not administer
active vitamin D analogs during treatment.

Monitor 25-hydroxy vitamin D levels. Supplement with
cholecalciferol or ergocalciferol to maintain 25-hydroxy
vitamin D levels in the normal range for age.

Concerns: Being a new therapy, there is little information
on long-term effects.
+ Tissue calcifications? 31
* Dental abscess? (31% Burosumab vs. 6% placebo,
according to Imel EA et al. 32

OTHER HYPOPHOSPHATEMIC TYPES OF
RICKETS

AUTOSOMAL DOMINANT HYPOPHOSPHATEMIC
RICKETS (ADHR)

ADH rickets is the cause of a mutated FGF23 gene,
dysplaing incomplete penetrance and different individual age
onset. The cleavage of intact FGF23 molecule is impaired,
leading to its prolonged activity, and thus, renal phosphate
loss.33

There are two groups of ADHR patients, classified by
age of onset. One group presents hypophosphatemic rickets
signs since childhood and, thus, have many similarities to
XLH rickets. The other group presents signs in their
adolescence or young adulthood. They do not present bone
deformities, but bone pains and even pseudofractures.33

Biochemical and radiological findings, as well as
treatment, are the same as in the case of XLH rickets.
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AUTOSOMAL RECESSIVE HYPOPHOSPHATEMIC
RICKETS (ARHR)

ARH rickets occurs by mutations of DMP1 and ENPP1
genes. When dentin matrix protein 1 (DMP1) is mutated, the
disease is called ARHR type 1. DMP1 is a bone matrix protein
present in osteoblasts and osteocytes,3* responsible for
downregulating FGF23 and proliferation of osteocytes. Its
mutation impairs leads to loss of it function.

ARHR type 2 is a consequence of mutated
ectonucleotide pyrophosphatase/phosphodiesterase 1
(ENPP1).35 This phosphodiesterase has the role of generating
pyrophosphate, the essential inhibitor of -calcification.
Therefore, its loss of function leads to abberant ectopic
calcifications.?© Both DMP1 and ENPP1 mutations can
associate high levels of FGF23. Biochemical and radiological
findings, as well as treatment, are the same as in the case of
XLH rickets.

HEREDITARY HYPOPHOSPHATEMIC RICKETS WITH
HYPERCALCIURIA (HHRH)

HHRH is the cause of mutated SLC34A3 gene, the gene
responsible with encoding NaPi2c.36.37

The manifestations of this type of hypophosphatemic
rickets include bone pains, weakness and pseudofractures,
but no dental abcesses or other abdnormalities.

This type of rickets has the most increased risk of
nephrolitiasis.3® Apart from hyperphosphaturia, these patients
present hypercalciuria as well. FGF23 levels are normal, as
are 1,25(0OH)2 Vitamin D kevels. The management and
treatment differs from XLHR: phosphate replacement is done,
but no analog of active Vitamin D is needed because it only
worsens hypercalciuria and increases the risk of
nephrocalcinosis.
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FANCONI SYNDROME

When hypophosphatemic rickets is associated with
generalized proximal tubular dysfunction, the diagnosis may
be Fancony syndrome of various etiologies (cystinosis, Lowe's
syndrome, proximal renal tubular acidosis type II, tyrosinosis
type 1, drugs, Fanconi Bickel syndrome, etc.).3°

Manifestations include  glycosuria, hypokalemia,
proximal renal tubular acidosis, hyperuricosuria and
generalized aminoaciduria. Treatment is etiological.

TUMOR-INDUCED OSTEOMALACIA OR
ONCOGENOUS OSTEOMALACIA

Unlike the disorders described above, this acquired
paraneoplastic disorder occurs as a result of phosphatonins
produced by mesenchymal tumors of long bones, distal
extremity, sinuses, nasopharynx, groin, etc.

These are benign tumors that may present at any age
and the patients usually have a long history of bone pains and
muscular weakness. The younger the onset, the more similar
manifestations are to XLH rickets.#0

Biochemical findings are similar to XLHR.

Curative treatment is possible through surgery, but
when tumors are not located, replacement therapy similar to
XLHR can provide symptom relief.

Localization of these type of tumors is done most often
through whole-body MRI, but octreotide scintigraphy, 18F-
fluorodeoxyglucose positron emission tomography or whole-
body venous sampling of FGF23 are efficient as well.4!

Case report

We present the case of a 3 years and 8 months old girl,
with XLH rickets. She has been in foster care from the age of
2 due to severe negligence from her parents. Signs of rickets
were present at first consult, with bowing of her legs after the
age of one, according to her family doctor.
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Family history: Both parents intellectualy disabled, an
older sister with lower limbs deformations (affirmatively).

Clinically: Mild facial dysmorphia: narrow forehead, low
anterior hairline, bilateral epicanthus, no frontal bossing.
Short neck. Oral and dental status according to her age, no
abnormalities. Flaring thorax at the basis. Rachitic rosary.
Thickened wrists and ankles. Short stature (<Sth%tile, SD=-
3.17) due to marked bowing of her lower limbs. Bilateral genu
varum and coxa vara.

Other diagnosis: myopia forte, mild mental retardation
and speech development disorder, probably due to low
stimulation.

Paraclinical findings:
BLOOD TESTS 24 h urine exams
Calcium (ion & total) Urine Phosphate: N
N/|
Alkaline phosphatase 111 Urine Calcium: N
Phosphorus l Phosphate Reabsorbtion Rate: N
25 (OH)- D3 Vit !
1.25 (OH)2 D3 Vit l
PTH N
FGF-23 i)
BONE AGE Lower limbs + | Orthopedic GENETIC TESTS
basin RX consult
Bone age | Specific Excluded Ist testing ->
corresponding modifications for | Blount’s disease | Excluded X-linked
to an age of 2. sequelae of | due to the Rx | (PHEX), autosomal
(Bone age - | rickets. aspect. dominant (FGF23)
chronological Recommended and autosomal
age = 1 year bilateral orthoses. | recessive  (ENPP1)
and 8 months) mutations, as well
as
hypophosphatasia
(ALP 1171).
2nd testing ->

CONFIRMED PHEX
MUTATION.




152

Simina Mihuta, Corina Paul

Recommended treatment:
1.25-dihydroxycholecalciferol 1-1.5 ng/day

Phosphate Sandoz effervescent tb, 2 x 500 mg/day
Calcium carbonate 80mg/kg/day

Magnesium 75mg/day

Currently in the works for BUROSUMAB initiation.

Orthopedic treatment: bilateral orthoses; recovery
osteotomies only after radiological recovery and ALP
normalization.

Re-evaluations at intervals of 3 months.

Renal phosphate wasting disorders are important

causes of rickets to be thought of in appropriate clinical
setting. Correct identification of these disorders is important
for determining therapy.

In the last few years, our knowledge of a number of new

inherited phosphate wasting disorders has expanded. This
has contributed to the identification of previously unidentified
regulators of renal phosphate reabsorption.

Yet, many more mechanisms are to be unraveled and

the world of phosphate homeostasis is getting fascinating day
by day.

REFERENCES

. Sahay M, Sahay RK. Refractory rickets in the tropics. J

Pediatr Endocrinol Metab. 2010 Jun; 23(6):597-601.

. Sabbagh Y, Carpenter TO, Demay MB. Hypophosphatemia

leads to rickets by impairing caspase-mediated apoptosis of
hypertrophic chondrocytes. Proc Natl Acad Sci USA. 2005 Jul



Update in hypophosphatemic rickets 153

5;102(27):9637-42. doi: 10.1073/pnas.0502249102. Epub
2005 Jun 23. PMID: 15976027; PMCID: PMC1172249.

. Tiosano D, Hochberg Z. Hypophosphatemia: the common

denominator of all rickets. J Bone Miner Metab.
2009;27(4):392-401. doi: 10.1007/s00774-009-0079-1. Epub
2009 Jun 6. PMID: 19504043.

Dahash BA, Sankararaman S. Rickets. [Updated 2021 Aug
10]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2021 Jan-. Available from:
https:/ /www.ncbi.nlm.nih.gov/books/NBK562285/

Quarles LD. Endocrine functions of bone in mineral
metabolism regulation. J Clin Invest. 2008;118: 3820-8.
Benet-Pages A, Lorenz-Depiereux B, Zischka H, White KE,
Econs MJ, Strom TM. FGF23 is processed by proprotein
convertases but not by PHEX. Bone. 2004;35: 455-62.

. Liu S, Guo R, Simpson LG, Xiao ZS, Burnham CE, Quarles

LD. Regulation of fibroblastic growth factor 23 expression but
not degradation by PHEX. J Biol Chem. 2003;278: 37419-26.

. Ornitz DM, Itoh N. The Fibroblast Growth Factor signaling

pathway. Wiley Interdiscip Rev Dev Biol. 2015;4(3):215-66.
Urakawa [, Yamazaki Y, Shimada T, lijima K, Hasegawa H,
Okawa K, Fujita T, Fukumoto S, Yamashita T. Klotho
converts canonical FGF receptor into a specific receptor for
FGF23. Nature. 2006;444(7120):770-4.

10.Kurosu H, Ogawa Y, Miyoshi M, Yamamoto M, Nandi A,

11.

12.

13.

Rosenblatt KP, Baum MG, Schiavi S, Hu MC, Moe OW, et al.
Regulation of fibroblast growth factor-23 signaling by klotho.
J Biol Chem. 2006;281(10):6120-3.

Chen G, Liu Y, Goetz R, Fu L, Jayaraman S, Hu MC, Moe
OW, Liang G, Li X, Mohammadi M. alpha-Klotho is a non-
enzymatic molecular scaffold for FGF23 hormone signalling.
Nature. 2018;553(7689):461-6.

Deliot N, Hernando N, Horst-Liu Z, Gisler SM, Capuano P,
Wagner CA, Bacic D, O'Brien S, Biber J, Murer H.
Parathyroid hormone treatment induces dissociation of type
IIa Na+-P(i) cotransporter-Na+/H+ exchanger regulatory
factor-1 complexes. Am J Physiol Cell Physiol
2005;289(1):C159-67.

Larsson T, Marsell R, Schipani E, Ohlsson C, Ljunggren O,
Tenenhouse HS, Juppner H, Jonsson KB. Transgenic mice
expressing fibroblast growth factor 23 under the control of
the alphal(l) collagen promoter exhibit growth retardation,



154 Simina Mihuta, Corina Paul

osteomalacia, and disturbed phosphate homeostasis.
Endocrinology. 2004;145(7):3087-94.

14.Andrukhova O, Zeitz U, Goetz R, Mohammadi M, Lanske B,
Erben RG. FGF23 acts directly on renal proximal tubules to
induce phosphaturia through activation of the ERK1/2-SGK1
signaling pathway. Bone. 2012;51(3):621-8.

15.Shimada T, Kakitani M, Yamazaki Y, Hasegawa H, Takeuchi
Y, Fujita T, Fukumoto S, Tomizuka K, Yamashita T. Targeted
ablation of Fgf23 demonstrates an essential physiological role
of FGF23 in phosphate and vitamin D metabolism. J Clin
Invest. 2004;113(4):561-8.

16.Murali SK, Roschger P, Zeitz U, Klaushofer K, Andrukhova O,
Erben RG. FGF23 Regulates Bone Mineralization in a
1,25(0OH)2 D3 and Klotho-Independent Manner. J Bone Miner
Res. 2016; 31(1):129-42.

17.Kemp H. Measurement of TMP/GFR. North Bristol Blood
Sciences — Department of Clinical Biochemistry. Reference
No: BS/CB/DCB/PROTOCOLS/38, Version NO: 1

18.Manghat P. Phosphate homeostasis and discorders. Ann Clin
Biochem. 2014

19.Payne RB. Renal Tubular reabsorption of phosphate,
(TmP/GFR): indications and interpretation. Ann. Clin.
Biochem. 1998; 35: 201-206.

20.T.D. Thacher, P.R. Fischer, J.M. Pettifor, J.O. Lawson, B.J.
Manaster, J.C. Reading. Radiographic scoring method for the
assessment of the severity of nutritional rickets. J. Trop.
Pediatr., 46 (3) (2000), pp. 132-139 (PubMed PMID:
10893912)

21.Chandran M, Chng CL, Zhao Y, Bee YM, Phua LY, Clarke BL.
Novel PHEX gene mutation associated with X linked
hypophosphatemic rickets. Nephron Physiol. 2010; 116:17-
21.

22.Benet-Pages A, Lorenz-Depiereux B, Zischka H, White KE,
Econs MJ, Strom TM. FGF23 is processed by proprotein
convertases but not by PHEX. Bone. 2004;35: 455-62.

23.Liu S, Guo R, Simpson LG, Xiao ZS, Burnham CE, Quarles
LD. Regulation of fibroblastic growth factor 23 expression but
not degradation by PHEX. J Biol Chem. 2003;278: 37419-26.

24.Drezner MK. Hypophosphatemic Rickets. In: Hochberg Z,
editor. Vitamin D and Rickets. Endocr Dev. Vol. 6. Basel:
Karger; 2003. pp. 126-55.



Update in hypophosphatemic rickets 155

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Consortium TH. A gene (PEX) with homologies to
endopeptidases is mutated in patients with X-linked
hypophosphatemic rickets. The HYP Consortium. Nat Genet.
1995; 11:130-6.

Morey M, Castro-Feijoo L, Barreiro J, Cabanas P, Pombo M,
Gil M, et al. Genetic diagnosis of X-linked dominant
Hypophosphatemic Rickets in a cohort study: Tubular
reabsorption of phosphate and 1,25(0OH)2D serum levels are
associated with PHEX mutation type. BMC Med Genet. 2011,
12:116.

Sattur A, Naikmasur VG, Shrivastava R, Babshet M. Familial
hypophosphatemic rickets. J Indian Soc Pedod Prev Dent.
2010;28: 302-6.

Pereira CM, Andrade CR, Vargas PA, Coletta RD, Almeida OP,
Lopes MA. Dental alterations associated with Xlinked
hypophosphatemic rickets. J Endodontics. 2004; 30:241-5.
Maéakitie O, Kooh SW, Sochett E. Prolonged high-dose
phosphate treatment: A risk factor for tertiary
hyperparathyroidism in X-linked hypophosphatemic rickets.
Clin Endocrinol. 2003; 58: 163-8.

Imel EA, DiMeglio LA, Hui SL, Carpenter TO, Econs MJ.
Treatment of X-linked hypophosphatemia with calcitriol and
phosphate increases circulating fibroblast growth factor 23
concentrations. J Clin Endocrinol Metab. 2010; 95:1846-50.
Schindeler A, Biggin A, Munns CF. Clinical Evidence for the
Benefits of Burosumab Therapy for X-Linked
Hypophosphatemia (XLH) and Other Conditions in Adults
and Children. Front Endocrinol (Lausanne). 2020; 11:338.
Published 2020 May 28. doi:10.3389/fendo.2020.00338

Imel EA, Glorieux FH, Whyte MP, Munns CF, Ward LM,
Nilsson O, et al. Burosumab versus conventional therapy in
children with X-linked hypophosphataemia: a randomised,
active-controlled, open-label, phase 3 trial. Lancet. (2019)
393: 2416-27. 10.1016/S0140-6736(19)30654-3

White KE, Carn G, Lorenz-Depiereux B, Benet-Pages A,
Strom ™, Econs MJ. Autosomal-dominant
hypophosphatemic rickets (ADHR) mutations stabilize FGF-
23. Kidney Int. 2001; 60: 2079-86.

Feng JQ, Ward LM, Liu S, Lu Y, Xie Y, Yuan B, et al. Loss of
DMP1 causes rickets and osteomalacia and identifies a role
for osteocytes in mineral metabolism. Nat Genet. 2006; 38:
1310-5.



156 Simina Mihuta, Corina Paul

35.Levy-Litan V, Hershkovitz E, Avizov L, Leventhal N, Bercovich
D, Chalifa-Caspi V, et al. Autosomal-recessive
hypophosphatemic rickets is associated with an inactivation
mutation in the ENPP1 gene. Am J Hum Genet. 2010; 86:
273-8.

36.Bergwitz C, Roslin NM, Tieder M, Loredo-Osti JC, Bastepe M,
Abu-Zahra H, et al. SLC34A3 mutations in patients with
hereditary hypophosphatemic rickets with hypercalciuria
predict a key role for the sodium-phosphate cotransporter
NaPi-IIc in maintaining phosphate homeostasis. Am J Hum
Genet. 2006; 78: 179-92.

37.Lorenz-Depiereux B, Benet-Pages A, Eckstein G, Tenenbaum-
Rakover Y, Wagenstaller J, Tiosano D, et al. Hereditary
hypophosphatemic rickets with hypercalciuria is caused by
mutations in the sodium-phosphate cotransporter gene
SLC34A3. Am J Hum Genet. 2006; 78: 193-201.

38.De Beur SM, Levine MA. Molecular pathogenesis of
hypophosphatemic rickets. J Clin Endocrinol Metab. 2002;
87: 2467-73.

39.Mohandas Nair K, Sakamoto O, Jagadeesh S, Nampoothiri S.
Fanconi-bickel syndrome. Indian J Pediatr. 2012; 79: 112-4.

40.Jagtap VS, Sarathi V, Lila AR, Malhotra G, Sankhe SS,
Bandgar TR, et al. Tumor Induced osteomalacia- Single
center experience. Endocr Pract. 2011; 17: 177-84.

41.Seufert J, Ebert K, Muller J, Eulert J, Hendrich C, Werener
E, et al. Octreotide therapy for tumor induced osteomalacia.
N Engl J Med. 2001; 345: 1883-8.

Corina Paul MD, PhD

Lecturer,”Victor Babes” University of Medicine and Pharmacy Timisoara,
Romania.

Senior Pediatrician, Clinic II Pediatrics "Pius Branzeu” Emergency Clinical
County Hospital, Timisoara, Romania.

Address: 1 - 3, Evlia Celebi str, 300226, Timisoara, Romania

E-mail: corinapaull 7@gmail.com

september 2021



THYROID NODULES AND CANCER IN CHILDREN

Hilary Seeley

Outline:

* Thyroid nodules

* Thyroid vs non-thyroid
* Initial evaluation

* When to biopsy

* Malignant vs benign

* Thyroid cancer

* Types

* Risk factors

* Pediatric guidelines

* Diagnosis and staging
* Treatment

* Surgery

» Radioactive iodine ablation
* Molecular markers

e Tumor markers



Hilary Seeley

158

piojuels
|endsop sUa1pIYD | YileaH SUSIPIYD ey
pAe3ded 310N piojueis w

ewouldied v_Umr_\_umwr_ Jllelsela|N

ewouuemyds snwAy) 21d03123 / 1sA2 a1wAy |

sewol|Suedeled 92203uhie]

(p1noJed) pue8 Aiealjes Ajlewoue Jejnasep

(ryesemey ‘pioddes) (322U Jol23ue Ul SSew aul|piw)

ewoydwA SNOI129juUl-UON 15A2 19np |esso|SoJAyL
(INIDS 01 Joli=ue)

proJAylL SNOI3034u| 1sAd Yoo je1ydueag

|enuasuo)

onsejdoan Alojewwejju)

:p10JAY1-UOU SA PI0JAY]L — SSeW YO8N



159

Thyroid nodules and cancer in children

plojuels
lendsoH sUSIPIIYD) | YHEaH SUIPIYD ey
paexRRg 31N projuers €3

aseus8oipAysp a1e3oe| ‘pIoe J1uN
‘|aued o1j0qelaw aAIsuayasdwod -/+

1SEJIU0D INOYIIM ISBYD
“1SBJIUOD YIIM 33U

uluol|es -/+ D -/+
|eryuasayip Jejngipuewqns ‘|eaIAIa9
Y}IM Junod poojq a1a|dwo) Aei-x1sayd -/+ :sapou ydwaA| Jo 9duasaid
qv OdL ‘av 81 suoidaldjoau ||e pue plosAyy
‘9n3] (81) ulingo|304Ays ‘19943 ‘HSL :punoseJy|n 3o9N SSEW 23U JO UOI3ed0T]

:salpnis Alojesoqer :SuiBew ‘uonjeujwexy

:UOIJBN[BAS [BI}IUl — SSBW YOON




Hilary Seeley

160

piojuels
[esdsop sURIpIYD | YieoH SUBIPIYD 2y
piedPERy 212N plojuels w

“KouvuSiew jo ysu pue suzaned swderSouos apou VIV T "OLL

%T>
uBjuag

saines,

snopIdsRaU sk Allene

%E>
woiidsng
mo| Asap,

>1iaas yym opsda Audied
%01-S
uodidsng
Mo

%0Z-0T
uopdidsng
ajeipaundiy|

oriuaLxe
oS tm _-n.,-o,_ pesIxe “‘Suidiew -
» %06-0L<
- uolddsng
ydiH

_cﬂ_mngchucmnﬂw.

suibtew Jejnbauyj
MOJ} JB|NIOSBA [eulalu|
ojey a1e|dwosulpuasay

(wo ¢ ueyy seyealb) sinpou abie «

:Asdoiqg 01 usypn



161

Thyroid nodules and cancer in children

plojuelsg
|esidsop suaIppIyD)
TLMV_UMQ 0__UD|_

YHESH SUSIPIYD e
pojuers €53

e e RO

wo G’} 2 PN
snojadsng Ajejesapoy

j2-18

Wa G’} < J mojiog
W GZ IPYNS
snojadsng Apiin

£yl )

WN4ON
snoaidsng JoN

[4-18

VN4 ON
uBlusg

,\_.

12427 SOVY-L|euiuiziaq o3 seuoBaje) |Iy woid Siuiod PPY

00}

suiodg  awsboyoss slepunyg
suoeayed

sjuiod Z () jesaydusg
juiod | SUOIEIYIOEICIOBYY
SIOBJIE JIEjBLICD

sjuiod afiie| Jo auoN

(Aiddy jeuy i1y asooup)
(1204 JIN3DOHD3|

UOISUSXd
sjuod ¢ leprokug-enxg

Jegnbaun
suiod 7 10 paje|ngo
sjuiod paulap|
sjuiod 9 yioows

(1 mmeccm‘y

sjuod ¢ apw-ueyl-ajeL

suiod 0 FEV-UBL-330

(1 asooy)

pios Agjerduwoo
spuiod 7 1SOW[E JO PIOg

sjuiod 20 Ay Asg,
£ 10yo30dAy Aiap e e
sjuiod 2 2i0y030diH juiod | 2sko paxipy
210425081 spuied o usoyBuodg
yuied | 40 oysasediy asho Asjeydwio
sjuiod g 2A0403UYy sjuied o Jsowe 1o 9gsho

(1 8sooy9) (¢ 8sooy9)

_ ALIDINIOOHO3 _

_ NOILLISOdWOD _

SAVYd-IL ¥4IV

W91SAS B3EQ pUY SUnJoday Suisew| ploJAy] ASojoipey JO a89||0) Uedlauly




Hilary Seeley

162

piojuels
m_mmo suaJapjl B3 suaJpjl
i ?__M_v_u.mn_ m_vu___.u;:mv_ S ?&ﬂm_uw ) '020¢ ‘uewyoly
7. az1s 3|qispaf N\ wWd G0 < fi mojjoq
Aqpowy2a) Aup 1of N4 wd 0L < ft YN4 snopidsng AlYSIH  GiL
wo 01 < Ji mojjoq
wy O’ <t VN4 wl Gl < fiyNd snopidsns A@1e1apoN  PAL

wo G [ < Ji mojjoqf
\_ ud G <fiyNd /) wd§Z < i yNd

snopidsng AP €41

VN ON VN4 ON snopidsng 10N ZiL
VN4 ON VN4 ON usiuag YL
Savy-1L aid SAvy¥-1L ¥V [9A7 SAVY-IL

1ad yN4q J0jJ suonepuawIlIoday

(6] 19A97

SAvY-1L 1ad YN4 10j SUOnEpUIWIW0IdY SAVY-IL A3d PUB YIV 2y Jo uosuredwo)

:SAVvY-11L d3d psesodold



163

plojuels

[endsoH sUIpIYD | YeaH suaIppyD Wur

1202 'H PewYY

Thyroid nodules and cancer in children

p4edoRy 319N piojuels
¥ 0 4 £ z (g1 = u) ASojoyred JuEUSIEIN PasSIA
(o1 = u) ASoj03k)
L 0 L € L JueuSifely Jo snopidsng passiy
134 ¥6 %9 43 40! (8€1 = u) papuawiwiodas YN #
(P£06-01°€9) (S#'S6-90°65) (e€€6-21%9)
%00'08<.£8 %00°001 %7978 %EE'ES (2z'98-8L°E1) %00°0S aN[eA ATIPIJ dA1RSIN
(92°08-LS€h) (L0'19-6L°TF) (LS'¥9-06'6€) (eLLL-TEWY)
%6T79 %00'ZS %8£°TS %05°79 (E1'EP-59°0€) %L9°9€ an[eA AIIPald ANISO]
(z1'L8-¥9°SS) (SZ'08-6¥9%) (sZ'08-6%'9%) (Z1'L8-+9°5S)
%ES'EL %LLPY %1L'Y9 %ES'EL (PP95-L1°2T) %PT'8E foeinddy
(8£'16-£8°2S) (86'69-28'12) (6T¥L-8L6T) (zL88-28'Ly) (8€0€-L11)
%61'9L %98'T¥ %8€'TS %EV'LL %756 fpynads
(16'06-,58¢)  (0000L-6T°SL) (80'86-55%S) (96 ¥6-619%)
%ET69 | %00°001 | %T9Y8 %T6'9L (80°86-55'%S) %7978 Ananisuag
¥ < savy-iL _m < savy-iL savy-1Ladd Savy-IL VAN

‘(s0°0 < d [e) 'sisayjualied ur [BAIIU] dUIPYUO) %56 ‘ASojoyred [ed1Sins jueuSijew SulAjUSaPI Ul BLUIALD Jo uosuedwo)

'Swie1sAs Jo uosliedwon



Hilary Seeley

164

piojuels
[endsop SUSIPIIYD) | YiesH SUSIPIYD ey
paedjoey 312N piojuelg w

([ 18 SBQID) :82In0S

ueubiepy

Asueufijews 10} snoioidsng

wsejdoau Jejnaijjoy 1o} Snodidsns Jo wsejdoau Jejnoj|o4
aoueallubis paulwialepun Jo uoiss| Jenaljjoy/eidAly
ubiuag

alenbapeul Jo onsoubeip-uoN

IA
A
A
I
I
|

:AbojoyredoiAn piolAy] Joj BuSllD BpSayleyg

AioBaye



165

Thyroid nodules and cancer in children

plojuels
[esidso suasppiyD
prexory 3j1on

YHERH SURIPIYD Ay
piojues €3

'gL0g ‘Bueny

(D14 “D1d) @WoIpUAS Jown] ewopeweH NILd e
(014 “21d) uonenw 1¥3I2IQ «
(014 D1d) x3|dwod Asule) «
(01d) sisodAjod pa1e1d0ssY-DdV «
SJ9PJOSIP 213U
A9 6Z-0¢ 01 dn sasop yym pue (g 23e 21043q)
98e 198unoA e je Adesayy uoneipes paAIaas OYM 350Y] Suowe 1591343 SIHSIY «

2Jnsodxa Jaye
siedA gz-GT 2ouapioul yead yum Ajjenuue 9 7., 21ed e je dojaAp Sa|Npou pIoJAY]L .

siowny SND pue ‘ejwayna| ‘ewoydwA| uSpoH .
Adeiayy uoneipes yiim paieall SIOAIAINS JBIUBD POOYp|IYd

110108 YSIJ — J22UBD ploJAYl paleinualayiq



Hilary Seeley

166

piojuels
|endsopy suaippyD
T‘_ mv_Umn_ m__ujl_

YHERH SUSIPIYD e
projuess

NV aof yyoagy proafiy g pouaydoy
NOILLVIDOSSY dIOYAHL NVOIdANWY

IDNIDS 9009

6102 — (ONS3) ASojoouQ |edipa 404 A12100S ueadodny .
9T0Z ‘900C — (V1V) uoneidossy pioJAyl uedlswy «

:S1|npe — saul|apIng Jaosued ploJAy |



167

Thyroid nodules and cancer in children

plojuels
[esidsopy suaJpyD | YiesH suaipliyD) nfu

paejded 3j1onT piojuels
NV 4of yywapy proafiy g pourydey
NOILLVIDOSSY AdIOYAHL NVOIHANWY

‘Juswilea.]
-18A0 0} anp Alpigiow jueoiiubis BuidopAasp alem oym Jedued pPIoJAy)
UlIM ualp|Iyd ul usas sisoubold poob 01 esuodsal ul pareal) :GLOe

y @'Ud “Q'IN ‘BUSBWEA IYdlunys pue ‘. "'\ ‘uosdwoy] ‘g Aauyoeo ‘. "a’IN
‘[elwyoey euueuel ‘, 'P3 'S’ “A'IN ‘Isied "L @juenbiey ‘) "a’IN “JeisnT snyep
's’Q'ud “Q'W ‘AeH ‘g ue| ‘;Q’'W ‘uoyiweH |Iir ,'A'N Jeneulq v sulsyie) ‘,'a'ud

‘e ‘N |euer ‘A’ _mw:oz._mm_ alojeAles ', 'A'ud “A’'IN ‘sojebuy Jeyed ‘.. A’
‘Jlaneq [ malpuy ‘L, d’IN Moedsanbep 'O UsASIS ‘|, 'A’ud “a’IN ‘sioueld "] e
Jaoue) ploJAyyL
Jll]eIpad UO 82104 Y}SB] Saul|aping UoIBId0SSY PIoJAY] ueduswy ayl

Jaoued ploJAyl pajenjualasyig pue sa|npoN ploJAyl
YlIM uaipjiyo Joj sauljaping juswabeuey



Hilary Seeley

168

lewdsopy suaipjiyd

‘u reebufue) ‘dns

piojuels
YHESH SUIPIYD ey
pae3joed 1o piojuels w

nwAy L

/B 9jeujwouU|

‘B pliosed
uowwon

40 youeiq X3 ~—auoq pioAH

'600¢ 'S Aued
'+202 "0 ®El’isy9

9SBaSIp PSOUBAPE JO S9SBI SWI0S
ui A1eb.ns 01 Joud syusbe o1we)sAs Jo asn awos aq Aepy -

"(%91) esesas|p [eialeeuod JO pooyI|ay| Jemo)
aney sapou ydwA| anisod Inoypm siowny [eaopun ¢
"AW0}09qo| 10} SUOIBIIpUI BWIOS -

11-resu

Japisuod ‘pue|b pioJAY} UIYIM JOowN} [eJSe|iuUn ||eWS | *
"Juawijealy

|enul se papuawwodai si (11) AwojoapiosAy; [ejol -

:A1abuns - Juswieal |



169

Thyroid nodules and cancer in children

piojuels
lendsop] sua.piyD
Tng_Umn_ m__Ujl_

WEaH SURIPIYD ey
piojuess b=

| sepou [eabeydose-ones

s 3
7 (umoys jou)

A
| A. J pue [eabufieyd-oney

(uewydieq)
eabukie]
ploduo-ald

‘6002 ‘S Aue)

Asdoiq apou ydwiAj jo inoysem yN-4 ui 6] -
SaSe)SelaW JO 8ouspIne 2160j01AD sI aiay) J| -
A Joudue ‘Al ‘Il ‘Il SI9AS] — UOIIIISSIP }odU [eIdie] -/+ *

[eJo1e|Iq SA [eiale|Isd) -
uonoassip apou ydwA| paseqg-juswipedwod pue aaisuayaidwo) -

siselselal [euolfal-000| J0/pue UoISeAUl [eploJAyIRIIXe SI 818y} J| «
sopou ydwA| [eayoese.ed
pue ‘reayoeneld ‘jeabuiieaid - UOIIDBSSIP }IBU [RIIUSD -/+

:A1abuns - Juswieal |



Hilary Seeley

170

piojuels
epdso suaJpyD | YiesH suaipyd N\ e e - . = i Eoo - TR —
plexjoey 3j1on piojuels w *2seasip | 93e1S dARY 0) PAIPISUOD
L ) PRYnudpt 2Ie SISEISLIdUI JUBISIP JT ASBASIP [ 25BIS JARY 0} PAIAPISUOD aIe sjuaned JLneipad,
sIse)sejow Jue)siq TIN
SISB]SEJOW Juelsip ON 0N
passasse jou SISeISeldw Juelsiq XN

(W) Sisvrsviow JupISI

TITA [9A9]) SopoU QUUWA[ [EUTISEIPald JOLIodNs 10 [eosUATeqdonad

10 (A 10 ‘AT ‘TIT ‘TI ‘T S[PAQ[ [BOIAIRD [BIJR[ENUOD 10 ‘[BIAJE[Iq ‘[BIdJR[IUN O) SISEISBIAA
(sapou ydwA| uerydjaqq /eaSukieaid pue ‘[eayoenered ‘[eayoenaid) [A [9A3] 0] SISBISBION

SISEISEJOW opou YAWA| [EUOISaT ON
passasse jou sapou ydwA] [euorday

S[3SSAA [BUNSBIPAW 10 AIdMIR PrjoIed S3Isedud I0 BIISE) [BIqalasard sapeaur towny,
aa1au [eaduAre] Juarmodar 1o ‘sndeydosa ‘eayoen

‘xuAIe| ‘sanssn 1Jos snoauenogns apeaur o} nsdes proify) 2y puokaq SpuIxa Jowng,

UOISUR)X? PIOIAYIRIXD [BWIUIW YIm Jown) AUe 0 ‘ProiAy) ay) 0} pajiwi] ‘wdf <

proify) ay) 0) payIWI] ‘WIH S INQ WIT <

PIoIAY) 3y} 0) pAIWI] ‘WO T S INq WD | <

proiAy) a1 0) paywii] ‘wo | S

PIOIAY) 9Y) O} PAIIWI] ‘PISSISSE Jou ZI

qIN
BIN IN
ON
XN
(N) sapou ydwudy

qpL
BpL AN
€L
L

qI1L
BIL IL
XL

(1) 40wm Livwirig

¢ VIWONIDHEVD) dIOYAH], d4LVILNIYIIAI d0d

WHILSAS NOLLVOHISSVT) JAN.L 490NV NO FALLINWOD) LNIOf NVOIMAWY °C 714V ],



171

Thyroid nodules and cancer in children

piojuels prosedenu ‘-ued Jejnounessd
|e4idsop] SUSIPIIYD) | YileaH SUSIPIIYD Ay Risumnd esduleydeied
paexjoeq ajion plojuels Rﬂ $dn0IB N JOUIO

|eunseipaw jaddn - [aAa7 “|IA
|eaypesnesed
‘-geud ‘|esbuliepesd

|es@0sIA Jaddn - |gAe -

piooLD BA0qe

ajbueu) Jouaisod - PAST A
(sp1nepo - pioous)

senbnl sjemol - pAs Al
(P109UD - PIOAH)

JenBnl e|ppiw - |@AeT |||
(pioAy - aseq jnys)

seinBnl saddn - jeAe |l
Jeingpuewgns § [eluawgns

eae

SOSNLW PIOISBLLIOPIFDOUIRIS

k

SISVLSVLIN
INVILSId

[IA ‘A-1 S|9A3] {qTN
IN [9A9] ‘BTN

T-ON

/
I‘D%, wnugnuew jo doy.
&
i

obejpes ploouo

Jo uwibiew semo

auoq pioAy jo
19pI0q JoMoT

pue|6 Jejnqipuewgns jo
Aiepunoq Joussod

AdVIAIYd



Hilary Seeley

172

plojuels
[esidsopy su1pjiyD
T._mv_um& m__osn_

YileaH sua4p|yD
plojuels

5

punoseyn=sn suouuioy Bupenwps plosAyi=Hs L ‘ujingoBolAyi=61 ‘ewoujoies plosAy) Jenaoj=oLd
‘weysAs uonedYISSeId WNL DOrY 103 G 8|qeL 0} 18j8. asea|d

Iy, UMM
pejess; sjusiyed u siesk z-| Ul uess
I;z, 2Nsoubeip 3 B pejeinwns-HsL

Ajlenuue uayj pue sieak

€ 10} syjuow g-¢ A1ene 1 uo By
Anuenbalyj sse| uayy

pue ‘sieah G 10} syuow Z -9 Alaae
‘Aleanesadoysod syjuow 9 je SN

J/niw Lo >

(z eunB)4 ees)
sjuaned |je u) ueass
(% ansoubelp pue
Bl peareInwns-HSL

s|sejsejsw

juelsIp JNOYIM 1o

yum ‘(siowny ¢1) aseasip
aAl|seAu] Ajjeao| Jo

(gLN @AISus)xa) aseasip
aAlsuaixe Ajjeuo|bey

ASI4-YBIH

1y, UM pejeal) sjusijed

uj sieak z-| uj ueoss ki oansoubelp
ﬂmm._. pajenwns-HS1 Jepisuo)d
Alenuue uey) pue siesk

€ 10} syjuow g-¢ Kisaa p1 uo 61

UNIWS0- L0

(z @unB4 ses)
sjuaped ysow uj uess

Iz, 2soubeip pue

Hsiy

eseasip LN -aje|pauLIauy

|eWIUIW 10 BLN 8AISUS)XT

ouelped viv -

Anuenbaly sse) uayy ;61 pereInwps-HSL JUIEIPed VIV
pue ‘sieak G 10) syjuow Z|-9 A1aae :
‘Kleaneiadojsod syjuow g je SN

(sepou
ydwé| ¥oeu |enuad
Ajlenuue usyj pue sieak JO Jaquinu |jews e 0}

OM] 10} syjuouw g-¢ Asaaa ¢ uo B sisejsejaw 21doosoldiw) }S14-MmOT]

sieak g x Ajjlenuue cw:u Vniw o'k —5°0 sBL 8seas|p BLN |ejuspioul  oLlelped ViV
pue Ajeanesadojsod syjuow g je SN ylim sjueijed 1o eseasip
XN/ON Uim ploifyy ey o3
pauyuod Aissoib aseesig

aseas|q JO 8duaplAg Buibeys |eAe

ON UM SiUened JO edUR|jeAINS d®OOHSL  gapeiedoisod reniul AS—— HSIH VLY

ewouldien pioiAy) Asejndeg

Yaim uaipliys ui Juswebeuep aaneladolsod pue sjeAs )siy Jeoued plolAy] sueipad Y1y 9 318v.L



173

Thyroid nodules and cancer in children

piojuels
endsopy suaipiyD | YiesH SUIPIYD ey
paexoeq 3j1oNT plojuels W

siseiselaw apou ydwA| wouy anssil ploJAyl Jueuwal 31eijudlapp diay ue) .
(1D/103dS) AydeaSowoy paindwod uolssiwa uoloyd 3|3uls yum suidew puUgAq .
uess Apoq ajoym osnnsousdelq .
ulnqo|30JAyl paleINnwWIlS .
:syuaned ysiy-ys8iH pue -21eipawJalu] d1leIpad VIV e
uiinqo|3oJAy3 pale|nwiis-uou :syuaiied YSI1Y-MmoT d1leIpad VIV o

A1281ns 191)e SH29M ZT UIYHUM

:Buibe)s aAleIado-1S0d



Hilary Seeley

174

piojuels
[endsop suaIppy)
T-_mv_UmQ w__U_.._l_

WERH SuRIPYD &
piojuers 5

Ja1e| sSAep /- UBOS JUBWIBSII-ISOd e

Aiawisop Apog ajoym sA ouidwae :Buisoq «

(019 ‘Aleuownd) soselselowW JUBISIP IO

P8109sal 8Q 10UUBD JBey] 8SEaSsIpP |epou JO [euoifaloo0] uajsisiod 104
uolle|ge auIpol SAllOBOIP. | EL-| -/+

Jold syeem g IO} 18Ip SUIPOl MOT e

(uabolAyl) HSLUJ JO BSN BWOS

BUIXOJAYIOAS| 1O SABD 17| = [|leMBIPYIM 8SN I1SO

7/NIW0E< HSL [B0H)
uonesedald .

uBOS oye1dn auIpol £21-| «

(|YY) 2uIpol 8ANOBOIPR. — JUBWIeal |



175

Thyroid nodules and cancer in children

plojuels
lesdsoH susippy
T._mv_nvm& w__U__..l_

YHeSH sURpIYD
plojuelg

5

ueds axeydn aulpol €ZT-| -/+ «

puUNOSeJ}|n Jo3N e

qv 31 pue (31) ulingqo|304Ay] :siaxdew Jown] .
:Ajlonnesado-isod J01IUON

:90UR|[IDAINS BAIRBISd0-1S0(



Hilary Seeley

176

piojuels
[exdsoH sUIpIIYD) | YiesH sUSIPIYD ey
plexoed ajion piojuelis w

uoos Sulwod

alepdn — Jaoue) pue sa|NPON PIOJAYL Y1IM UB.P|IYD O} SBUIIBPIND V1V STOT
soselselowl apou

ydwaA| jo 92439p 03 paie|dJ S| 9SLISIP JUDIINIDL JO ¥ SI :1dued plolAyy Auejjideqd .
S213S14912B18YD pUNnoseJyn Sujuiaduod yum azis Auy .
HO (w2 €<) 3|npou agie] .

Asdoiq 01 uaym\ .

Alrewuuwing



Thyroid nodules and cancer in children 177

References:

— Ahmad H, J Ped Surg, 2021.

— Cherella C, JCEM, 2021.

— Eastman CJ and Zimmermann M, Endotext, 2018.

— Francis GL. Thyroid. 2015 Jul;25(7):716-59.

— Huang Y. J Natl Cancer Inst. 2018 Apr 1;110(4):362-370.

— Martinez-Rios C. Pediatr Radiol. 2018 Jan;48(1):74-84.

— Moore KL, Dalley AF, Agur AM (Ed), Clinically Oriented
Anatomy, 6th ed, Lippincott Williams &Wilkins, Baltimore,
2010.

— Richman DM, Radiology, 2020.

— Shirley LA. Front Oncol. 2017 Jun 19; 7:122.

— Veschl V. Front Endo. 2020.

— Wang Z. Eur J Clin Invest. 2016.

— Zimmermann M and Boelaert K. Lancet Diab Endo, 2015.

Hilary Seeley, MD

Clinical Assistant Professor, Pediatrics

Division of Pediatric Endocrinology & Diabetes Stanford University School
of Medicine

Address correspondence to: Center of Academic Medicine Division of
Pediatric Endocrinology, MC 5660

453 Quarry Road, Palo Alto, CA 94304-5660, USA

E-mail: hseeley@stanford.edu

September 2021






Colectia

Medica

ISB |9|7|8|3’73||i|2|198?||1
897351219871



	Cop1
	00 Prefata 2021
	01 Brink_Newborn Screening  Management 2021
	02 Pseudo-precocious puberty - Camelia Alkhzouz
	03 Brink_Hypoglycemia and Glucagon
	04 Bone Health_Velea_2021
	05 Hypophosphatemic rickets, Corina  Paul
	06 Hilary Seeley_THYROID NODULES  AND CANCER IN CHILDREN
	Cop4



