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Abstract

Background: Microcephalic osteodysplastic primordial dwarfism type Il (MOPDII) is the most common form of
primordial dwarfism, caused by bialleic mutations in the pericentrin gene (PCNT). Aside from its classic features, there
are multiple associated medical complications, including a well-documented risk of neurovascular disease. Over the
past several years, it has become apparent that additional vascular issues, as well as systemic hypertension and kidney
disease may also be related to MOPDII. However, the frequency and extent of the vasculopathy was unclear. To help
address this question, a vascular substudy was initiated within our Primordial Dwarfism Registry.

Results: Medical records from 47 individuals, living and deceased, ranging in age from 3 to 41 years of age were
interrogated for this purpose. Of the total group, 64% were diagnosed with moyamoya, intracranial aneurysms, or
both. In general, the age at diagnosis for moyamoya was younger than aneurysms, but the risk for neurovascular
disease was throughout the shortened lifespan. In addition to neurovascular disease, renal, coronary and external
carotid artery involvement are documented. 43% of the total group was diagnosed with hypertension, and 17% had
myocardial infarctions. A total of 32% of the entire cohort had some form of chronic kidney disease, with 4% of the
total group necessitating a kidney transplant. In addition, 38% had diabetes/insulin resistance. Ages of diagnoses,
treatment modalities employed, and location of vasculopathies were notated as available and applicable, as well as
frequencies of other comorbidities.

Conclusions: [tis now clear that vascular disease in MOPDII is global and screening of the cardiac and renal vessels
is warranted along with close monitoring of blood pressure. We recommend a blood pressure of 110/70 mmHg as

a starting point for an upper limit, especially if the individual has a history of neurovascular disease, chronic kidney
disease and/or diabetes. Additionally, providers need to be at high alert for the possibility of myocardial infarctions in
young adults with MOPDII, so that appropriate treatment can be initiated promptly in an acute situation.
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Background
Microcephalic osteodysplastic primordial dwarfism type
II (MOPDII; OMIM #210720), first described by Majew-
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USA [2-4]. MOPDII has autosomal recessive inheritance and
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[5, 6]. Aside from the classic features of severe pre- and
post-natal growth failure together with microcephaly,
individuals with MOPDII have characteristic facial fea-
tures, skeletal dysplasia, abnormal dentition, and can
develop insulin resistance as well as truncal obesity [2,
7—11]. There is also a well-documented increased risk for
cerebrovascular disease [2, 7, 12—-16].

Care has changed dramatically over the past decade
for individuals with this diagnosis, and has become more
proactive than reactive in some domains, as associated
medical conditions became known and screening for
these issues could be initiated. With genetic testing now
clinically available, a diagnosis can be quickly confirmed
and recommended care guidelines put in place, to screen
for neurovascular abnormalities, orthopedic manifesta-
tions, and insulin resistance [7]. Appropriate charts are
also available for monitoring of growth [17, 18].

As neurovascular screening by imaging began to be
performed in this population, treatments could be ini-
tiated if moyamoya and/or aneurysms were identified,
oftentimes before clinically apparent. As children became
young adults and survived past these potentially life-
limiting neurovascular concerns, new medical complica-
tions have emerged including: renal failure necessitating
kidney transplantation and coronary artery disease lead-
ing to myocardial infarctions [7, 19, 20]. To date, the fre-
quency of these latter issues have not been extensively
reviewed in this population. Given this, it is clear that
another comprehensive review is necessary at this time,
specifically to ascertain the risk of vascular issues of the
brain, heart, and kidney, as well as systemic hyperten-
sion. The goal is to better understand the landscape of the
medical conditions this population will face, so that even
more robust proactive screening guidelines and/or medi-
cal treatment can pre-empt the life-threatening compli-
cations that may arise.

Methods
To systematically ascertain the medical problems asso-
ciated with MOPDII and other forms of microcephalic
primordial dwarfism (MPD), a Primordial Dwarfism Reg-
istry was established in 2008 at the Alfred I. duPont Hos-
pital for Children. The study has been approved by the
hospital’s ethics board, specifically Institutional Review
Board protocol#: 83142. The registry collects retrospec-
tive medical records. To date, 128 patients with various
forms of MPD have been enrolled via a written consent
process. Fifty five of these individuals have a diagnosis of
MOPDIL

In 2018, we created a MOPDII Vascular Substudy for
those specifically with a clinical and/or molecular diag-
nosis of MOPDII already within the Primordial Reg-
istry. Forty-two families/individuals were able to be
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re-contacted, and written consent was obtained from 40
families for this specific project; 1 had declined outright
after the death of their child, and 1 could not complete
the consent process. Of those consented, 6 partially and
24 fully completed a detailed questionnaire on this topic,
online in REDCap. Information obtained from the ques-
tionnaire was used to document the medical journey of
each, as well as acted as guidance for requesting specific
medical records of interest, to obtain the most vetted rel-
evant data possible.

Of everyone enrolled in the Primordial Registry with
MOPDII, 8 patients were removed from review (75%
were international patients) due to lack of sufficient
medical records. Therefore, 47 individuals’ data was used
for analysis, see Table 1 for demographic information. If
medical records existed in the registry, they were used
in this dataset, independent of enrollment status in the
substudy. For any valid record releases in the registry,
updated records were requested from any known medical
institutions, in order to obtain as much up-to-date data
as possible for analysis. However, some hospitals would
not provide interim information if the record release
was not signed within the year, and we had difficulty in
re-contacting several families. Ages were calculated and
data was collected up to September 15, 2019.

It is worth noting that sometimes the answers to the
questionnaire differed from medical records. For exam-
ple, for some on a multitude of medications, the ques-
tionnaire answer was “no” to any medical issues, both
when provided a list of possibilities and when allowed
to enter the answer as free text. In these instances, we
defaulted to medical records and past personal commu-
nication with the individuals.

Additionally, it became apparent in reading reports
that moyamoya is a somewhat subjective radiographic
diagnosis, as neurosurgeons had differing opinions on
the same imaging. However, once moyamoya was identi-
fied by at least one specialist, we notated it as such. There
were some instances where a child had a documented
ischemic stroke, but was not formally diagnosed with
moyamoya until a later date. For the purposes of this
analysis, in these instances we denoted the date of moy-
amoya diagnosis as the date of the ischemic stroke. We
noted some discrepancy in aneurysm diagnosis as well.
There were instances when an aneurysm was diagnosed,
and in hindsight the neurosurgeon could visualize the
subtle imaging changes, but the prior image report did
not identify that finding. In these instances, we denoted
the aneurysm diagnosis as the later date, once it was
reported without ambiguity.

Locations were tallied for not only those diagnosed as
moyamoya, but also vessels designated as “stenotic’, “nar-
row’, or “hypoplastic” by brain MRA. The location of any
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Table 1 Demographics
% (n) Mean age +/— SD (years) Median age
(min-max)
(years)
Consented Registry 100% (47) 15.96 4+/—9.5 14 (3-41)
Survey 81% (38) 16.034+/—10.1 14 (3-41)
Completed 51% (24) 19.74/-98 18.5 (3-41)
Partially 13% (6) 1434/-99 12 (5-28)
Not completed 17% (8) 63+/—38 5(3-14)
Sex Female 47% (22) 16.14+/—10.0 13.5(3-37)
Male 53% (25) 15.84+/—9.1 14 (3-41)
Status
Living Current age 72% (34) 14.14/—89 13 (3-37)
Deceased Atage 28% (13) 20.8+/—9.6 22 (7-47)
Race n
White 35
Asian 5
Black 2
Hispanic 2
Aboriginal 1
Native Hawaiian 1
Unknown 1
Country
USA 32
UK 5
Australia 2
Canada 2
Ireland 2
Netherlands 2
Guatemala 1
New Zealand 1

aneurysms, as well as outpouchings also known or “tiny
aneurysms” were included as well. When an individual
had “many” or “multiple” aneurysms designated in their
report, they were only counted as 1 for a particular loca-
tion, since the exact number was unknown. When sten-
otic vasculature included multiple branches of an artery
and/or different locations, then each branch was tallied
with a “1” Additionally, some individuals were only noted
to have moyamoya and/or aneurysms, with location
unspecified.

Also, some information was not categorizable, so
unfortunately not all information could be included in
the statistics. For example, a child with a history of both
moyamoya and aneurysms was noted to have had neuro-
surgery in childhood according to parental questionnaire;
as it was unknown if this was a moyamoya or aneurysm
repair, this surgery was not tabulated.

In order to determine survival probabilities, a
Kaplan—Meier survival analysis was conducted using

R (version 3.6.1), the survminer [21] and survival [22]
packages. Data included the age of last contact, the
status at last contact (alive or deceased), and any asso-
ciated categorical data, in this case whether individu-
als had moyamoya and/or intracranial aneurysm(s).
Survival probabilities from one time point to the next
were computed as P(i) =1-d/n where d is the number
who have died since the last time point, and n is the
number of remaining individuals. This probability was
then multiplied by the prior survivability probability
S(i—1) so that the current overall survival probability
S(i) =P(i) x S(i—1). When a subject was lost to follow-
up or censored, the number of deaths for that time
interval was zero, so that the survival curve remains
level. Censored data are marked on the curves by ver-
tical bars while deaths are marked by downward steps
in the survival function. A log-rank statistic was com-
puted to determine if there was a significant difference
in the survival curves in the two groups. Significant
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differences were considered to occur if the resultant p
value was less than 0.05.

Results

As Table 1 demonstrates, the 47 individuals included in
this analysis were composed of 25 males and 22 females,
who were primarily white, and from 8 different countries.
The living individuals ranged in age from 3 to 37 years;
median age was 13 years. The deceased individuals died
at 7 to 41 years of age; median age was 22 years. Forty
four diagnoses were molecularly confirmed with bial-
lelic variants identified in PCNT (4 of these by parental
report). One individual had a clinical diagnosis of MOP-
DII with classic features and MOPDII comorbidities, but
did not have molecular testing as he died before it was
clinically available. The final two individuals did not have
biallelic mutations identified, but absence of PCNT pro-
tein was observed in a research setting [18].

Mortality

A Kaplan—Meier (KM) survival curve was constructed
for this population; see Fig. 1. A shortened lifespan can be
anticipated with a diagnosis of MOPDII, with mortality
predominantly in adulthood. Of the 13 deaths recorded,
causes of death include: ruptured brain aneurysm (5 indi-
viduals, ages 7—24 years), respiratory failure with acute
on chronic renal disease and hypertension (1 individual,
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age 30 vyears), myocardial infarction/coronary artery
disease (3 individuals, ages 18-25 years), heart/mul-
tiorgan failure after surgery (1 individual, age 30 years),
with 3 of unknown cause (ages 13—41 years). Two of the
unknowns had a history of moyamoya revasculariza-
tion surgery, aneurysms, stroke, and hypertension (ages
13 and 24 years; the elder also had a history of coronary
artery disease and prior myocardial infarction); the third
unknown cause had no known neurovascular history but
did have stage 4 kidney failure with a prior myocardial
infarction (age 41 years).

Neurovascular
In this cohort of 47 individuals, 47% (n=22) were diag-
nosed with moyamoya (ages 6 months—24 years of age;
Table 2), and 19 underwent moyamoya revascularization
bypass surgery (ages 7 months—28 years of age; mean:
7.34+/—7.1 years, median: 4 years) by encephaloduroar-
teriosynangiosis or pial-synangiosis. See Fig. 2. A major-
ity (n=15) were documented as bilateral bypasses, but 3
were noted to be unilateral, plus 1 with unknown later-
ality. One individual had more than one surgical bypass
of a side. Also, 13 individuals had stenotic or hypoplastic
neurovasculature that was never ultimately diagnosed as
moyamoya.

Regarding brain aneurysms, in this total cohort of 47
individuals, 53% (n=25) had aneurysms identified (at
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Fig. 1 Kaplan-Meier curve of overall survival, among 47 individuals with MOPDII
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Table 2 Comorbidities
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% of total (n)

Mean age +/— SD (Years) Median (min-

max) (years)

Neurovascular diagnoses

Moyamoya 47% (22)
Intracranial aneurysms 53% (25)
Both 36% (17)
Neither 36% (17)
Other co-morbidities
Hypertension/prehypertension 49% (23)
Diabetes/insulin resistance 38% (18)
Anemia 79% (37)
Thrombocytosis 79% (37)
Hypercholesterolemia 32% (15)

6.6+/—68 3(0-24)
11.9+/—-80 9.5 (2-37)
934/-59 9(2-18)
1344+/—112 12 (3-41)
147 +/—8.0 13 (0-36)
134+/—46 11(8-26)
6.84/—-83 2(0-26)
53+/=73 2(0-26)
18+/—76 18 (5-36)

Fig. 2 Maximum intensity projection (MIP) of 3-D time-of-flight MR Angiogram (MRA) of the brain of a 23 month old female (a) demonstrating
marked stenosis and collateral development; attenuation of both the anterior and posterior circulation is demonstrated (arrows). MIP of MRA of the
same child at 12 years of age (b), 10 years after bilateral pial synangiosis repair; multiple areas of revascularization are now demonstrated (arrows)

2—37 years of age; Table 2). Sixteen individuals had more
than one aneurysm detected, including 5 individuals
with an uncountable multitude of aneurysms/outpouch-
ings per radiology reports. When specifically listed,
some individuals had more than 10 aneurysms identi-
fied by MRA imaging. Fourteen individuals underwent
aneurysm obliteration by clipping, coiling or stenting
(at 9—37 years of age; mean: 15.2+/— 7.1 years, median:
14.5 vyears). Eight have had more than one aneurysm
surgery; the highest number of surgeries for aneurysm
treatment we had documented by any one individual
was 4. One individual additionally had a 3 mm left

middle cerebral artery aneurysm “treated” after moy-
amoya revascularization; it was never again visualized on
subsequent imaging.

A Kaplan—Meier survival curve was additionally con-
structed by stratifying for neurovascular disease status,
specifically diagnoses of intracranial aneurysms and moy-
amoya (“both” vs “neither” diagnosis); see Fig. 3. These
diagnoses contribute to the morbidity and mortality of
this condition. Of all the individuals with neurovascular
diagnoses, 15 were known to have an ischemic stroke,
with an additional 3 individuals noted to have TIAs or
events with TIA-like symptoms. Also, 11 individuals
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Fig. 3 Kaplan—-Meier analysis of survival, according to neurovascular disease status, among 47 individuals with MOPDII. “Both” signifies diagnoses of
both moyamoya and intracranial aneurysms, and “neither” denotes individuals with no known neurovascular disease

were noted to have a hemorrhagic stroke, 3 of whom had
more than 1 hemorrhagic stroke. Overall, six individuals
with ischemic strokes also had a history of hemorrhagic
strokes, and one individual with TIAs also had a history
of hemorrhagic stroke. Of everyone with a diagnosis of
moyamoya, 55% had documented ischemic strokes, and
44% of individuals with aneurysms had a hemorrhagic
stroke.

Not everyone with MOPDII has one of these neurovas-
cular diagnoses. There were 17 individuals (36%) diag-
nosed with both moyamoya and intracranial aneurysms,
but 17 individuals (36%) with neither; Table 2.

In general, the age of diagnosis for moyamoya is at an
earlier age than aneurysms. Aneurysmal risk appears to
increase at a relatively steady rate throughout childhood,
and continues into adulthood, whereas the moyamoya
slope is much steeper prior to age 5 (Fig. 4). About a
quarter of the individuals with moyamoya were diag-
nosed at older than 8 years of age, but each had their
own caveats. Specifically: a 13, 17 and 24 year old were all
diagnosed with moyamoya on their first brain MRA, so it
is unclear how long the moyamoya was present. In addi-
tion, there was a child diagnosed at 13 years of age after
numbness with a TIA had a normal MRA 6 years prior,
but no imaging in between; there was also a child diag-
nosed at 14 years old who had a brain MRA 6 years prior

that was suggestive but not definitive for moyamoya;
lastly, an 18 year old had a history of multiple aneurysms,
with narrowing and dysplastic vasculature noted on a
brain MRA and angiogram 5 years before moyamoya
appeared in her chart, over time, details were difficult to
see in images due to artifact from an aneurysm clip.

Table 3 illustrates the site of neurovascular abnormali-
ties in our cohort of individuals with MOPDIIL. Overall,
of the 35 individuals with moyamoya or a stenosis/hypo-
plasia of neurovasculature, 37% (n=13) had only the
anterior circulation affected, and 6% (n=2) had only the
posterior circulation, with 49% (n=17) having both ante-
rior and posterior vasculature involved, and 8% (n=3)
with an unknown location affected. Given the complex/
compound nature of vessels, one person’s stenotic vas-
culature potentially encompassed multiple vessels and
areas of circulation. However, the data point to anterior
circulation being more involved with moyamoya in this
population. It is also apparent that proximal segments
are more affected. That difference is not seen with aneu-
rysms. There is additionally no clear left to right differ-
ences noted with either.

Cardiac
Of the 47 total individuals, 17% (n=28) had premature
myocardial infarctions (at 17-33 years old, mean age:
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24 +/—5.2 years, median age: 24 years). These included:
3 documented STEMI (ST-elevation myocardial infarc-
tion), 1 NSTEMI (Non-ST-elevation myocardial infarc-
tion) and 4 with no medical details about their specific
cardiac event available. Of the total eight individuals,
three experienced more than one acute coronary syn-
drome event. One additional individual was diagnosed
with coronary artery disease (CAD), but did not have a
known history of a myocardial infarction.

Of these individuals with CAD/MI, 78% (7/9) were
managed with cardiac surgery/catheterizations; the
others may have been, but all records were not availa-
ble to us. These included four with stenting of coronary
arteries, two catheterizations without stenting (given
extremely small vessel size for one, and because the
coronary artery disease was distal for the other), and
one with unknown details. Two individuals had more
than one cardiac catheterization, and one individual
necessitated coronary bypass surgery.

Twenty eight percent (n=13) had a history of ASD,
VSD or PFO beyond the newborn period, and one addi-
tional individual had multiple rhabdomyomas.

Renal

Two percent (n=1) were diagnosed with renal artery
stenosis; 7 others also had this suggested by renal ultra-
sound with Doppler, but subsequent MRA/CTA failed
to confirm the diagnosis. In addition, 4% (n=2) were
diagnosed with renal aneurysms (mean age of 10 years);
one had the aforementioned renal artery stenosis and
went on to have partial infarct of a kidney, and the
other individual subsequently had a kidney transplant.
See Table 3 for locations.

Eight individuals have been diagnosed with chronic
kidney disease, stage III or higher, at a mean age of
22.6 years old. Seven additional individuals had record
of CKD stage I, II, or unknown stage, to total 32% of
the entire cohort with some form of chronic kidney dis-
ease. Two individuals underwent kidney transplants, at
23y7m and 21y2m of age.

Thirteen percent (n=6) were noted to have neph-
rolithiasis (at 19-25 years of age; mean 21.8 years), all
of whom were on anti-hypertensive medications. One
needed treatment by ureter stenting at 21 years of age.
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Fig. 5 MR Angiogram of the abdomen of a 6 year old male, demonstrating an accessory renal artery to the lower pole of the right kidney (arrow)

Regarding structural differences, 28% of males (n=7)
had accessory/duplicated renal arteries (Fig. 5); inter-
estingly no females had this finding. Additionally, 8% of
males (n=2) had hypospadias, and 44% of males (n=11)
had cryptorchidism or retractile testes. Six percent of the
whole cohort (n=3) were noted to have hydronephrosis.

Other Vasculopathies

Beyond that noted in the neurovasculature, renal and
coronary vessels, there have been reports of other vas-
cular issues for individuals with MOPDII. Specifically,
the external carotid artery was identified as stenotic for
3 individuals (Fig. 6), and the site of an aneurysm for one
individual (Table 3).

Additionally, the femoral artery has been a common
location for insult, given the catheterizations needed for
examination and treatment of associated medical con-
cerns. This has occurred for 13% (n=6) of all individu-
als in our cohort. Three individuals were documented
to have femoral artery occlusion after procedures which
then necessitated fasciotomies and thrombectomies to
treat; however, one went on to need patch and bypass,
and after subsequent complications eventually lost the
artery and full use of the leg. Another individual was
found to have collapse of a superficial femoral artery,
treated by bypass; later noted to have thrombosis with
subsequent restenosis and revision. An additional indi-
vidual was noted to have a femoral artery pseudoaneu-
rysm, treated by thrombin injection. Lastly, yet another
individual had focal severe stenosis identified in the com-
mon iliac artery, leading to stent placement, and subse-
quent in-stent restenosis.

KO, 6sp 0, 4/MIP

a

Fig.6 CT Angiogram of the neck with coronal reconstruction along
course of the left (a) and right (b) carotid arteries of a 25 year old
female. There is marked stenosis of the bilateral internal carotid
arteries (arrows) beginning distal to the carotid bifurcation

Blood pressure

Forty three percent of individuals (n=20) in this cohort
had either diagnosed hypertension and/or were treated
with anti-hypertensive medications. Another 6% (n=3)
were diagnosed with “borderline” or “pre-hypertension;”
this was the terminology found in their medical records
to describe their elevated blood pressure. Among those
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diagnosed with hypertension and/or elevated blood pres-
sure, the median age was 13 years (range 0—36 years old);
see Table 2. In addition to recommended lifestyle inter-
vention (e.g., lower salt diet), treatment of hypertensive
patients more commonly included: calcium channel
blockers (CCB), angiotensin converting enzyme inhibi-
tors (ACEi), and/or beta blockers (BB). In addition, cen-
tral alpha agonists (e.g., clonidine), vasodilators (e.g.,
hydralazine), angiotensin II receptor blockers, and diu-
retics were also recorded.

Criteria for diagnosing hypertension was not always
consistent among the population. While some providers
chose the convention of defining appropriate blood pres-
sure based upon height percentile, others chose to uti-
lize a set cut-off value such as 130/80. It is evident that
anti-hypertensive therapy was not always started when a
patient met criteria for hypertension, suggestive of thera-
peutic inertia in this population.

Given the sporadic and sometimes incomplete nature
of data received from some individuals, we are unable
to report by percentile according to height, so instead
tabulated data by the pressures themselves. The aver-
age adult height of males and females with MOPDII is
approximately 100 cm [18]. According to Flynn et al. [23],
a blood pressure of 110/70 approximately corresponds to
the 95" percentile for males and females at this height,
thus we used that as our cut-off measurement for the
analysis.

Seventy two percent (n=34) had at least one docu-
mented blood pressure over 110/70 mmHg (ages
0-24 years of age; mean: 8.6+/—7.5 years, median
7 years), with 66% (n=31) having a documented blood
pressure higher than 120/80 mmHg (ages 0—28 years of
age; mean: 11+4/—7.7 years, median: 11 years), and 47%
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(n=22) having a documented blood pressure higher than
130/80 (ages 0—36 years of age; mean: 15.5+/—8 years,
median: 15 years). A majority of individuals in each blood
pressure range had an elevated measurement recorded
on at least 3 separate occasions.

As Fig. 7 demonstrates, elevated blood pressure was
associated with neurovascular, cardiac, and renal dis-
ease in individuals with MOPDII. Measurements greater
than 110/70 mmHg, were recorded in a majority of indi-
viduals with a history of moyamoya (n=17, 77%), aneu-
rysms (n=21, 84%), myocardial infarctions (n=6, 75%),
and chronic kidney disease at stage 3 or greater (n=7,
88%). These are likely underestimates, as some included
individuals had a prior diagnosis of hypertension but no
blood pressure measurements for analysis (which would
elevate the CKD percentage to 100% for example), and/or
no blood pressure/hypertension information was avail-
able for some individuals at all. Additionally, all eight-
een individuals with LVH and all eight individuals with
dilated aortic root had diagnosed hypertension and/or
record of BP>110/70 mmHg.

Comorbidities

Table 2 delineates the frequency of other comorbidi-
ties in the total cohort, as well as ages at diagnosis when
known. Ninety three percent of individuals (37 of 40 with
results) were noted to have laboratory results consist-
ent with anemia (defined as hemoglobin<12 g/dL) on
at least one occasion. High platelets were also noted in
this cohort, with 90% of individuals (37 of 41 with results)
having laboratory results consistent with thrombocyto-
sis. The highest platelet count recorded was 1803 x 10°/
liter, which occurred in an individual with both MOPDII
and Factor V Leiden.
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Fifty eight percent of individuals (15 of 26 with
results) had hypercholesterolemia (defined as choles-
terol >200 mg/dl), at a mean age of 18 years old; 13 of
these individuals were treated with various statins. The
two not noted to be under treatment were the youngest,
with hypercholesterolemia detected at 5 and 6 years of
age.

Insulin resistance was recorded for 39% (18 of 46 with
results), including some with frank diabetes. Mean diag-
nostic age of insulin resistance was 12 years, and mean
age of type II diabetes diagnosis was 14 years of age.
Treatment included: metformin, insulin, pioglitazone,
linagliptin, ezetimibe, and exenatide, with the majority
treated by metformin and/or insulin.

Discussion

Our primordial registry was conceived over a decade ago
out of the hope from many families with MOPDII, that
by gathering data together, we would be able to better
understand why there did not seem to be any older adults
with this diagnosis. Hall et al’s exhaustive literature
review in 2004 [2] noted the existence of neurovascular
anomalies in those with this clinical diagnosis, but many
details were unknown at that time; for example, it was
unclear if it was congenital or progressive, but it seemed
at that time to be accelerated by puberty. Her group’s rec-
ommendation was to start monitoring for CNS vascular
anomalies at least by mid-childhood. Now, about a dec-
ade and a half later, MOPDII neurovascular screening
guidelines have been more precisely honed, with screen-
ing starting at diagnosis [4, 14, 24]. The data presented in
this cohort should help expand vascular screening guide-
lines for MOPDII yet further.

The questionnaire for our MOPDII vascular substudy
was complicated, given the details needed to make this
review as robust as possible, and the medical complexity
of this condition for some individuals. We are surmis-
ing that it is for this reason that only 63% of families who
consented for the substudy completed the survey in its
entirety, as the duration of time needed for some families
would be lengthy. A few of the families who did not com-
plete the survey likely did not because they were clinic
patients of ours, and we already are well-versed in their
clinical course. However, there were also rather medically
involved individuals for whom we were left with minimal
information. Some individuals enrolled in the Primordial
Registry were not included in this study’s analysis, as no
medical information was known besides their MOPDII
diagnosis; we did not want to skew the results due to an
inflated denominator. However, we posit that the data
that remains is still the most comprehensive compen-
dium of its kind for individuals with MOPDII.
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Through presymptomatic screening as well as with
imaging performed after clinical signs present, our data
demonstrate that about two thirds of individuals devel-
oped neurovascular disease, with half of all individuals
developing intracranial aneurysms, approximately half
identified with moyamoya, and a third with both diag-
nosed (Table 2). Our results also underscore that moy-
amoya presents at younger ages than aneurysmal disease
(Fig. 4), and risk of neurovascular disease continues into
adulthood, therefore identification and treatment of one
issue should not obviate the need of that individual for
future screening [7, 16, 24]. Surgical outcomes for revas-
cularization surgery and aneurysm treatment in MOPDII
have been previously described [16].

As our current data show, MOPDII is also associated
with vasculopathies beyond the neurovasculature. In
our relatively large cohort of an exceedingly rare dis-
ease, renal artery stenosis, renal aneurysms, carotid and
coronary artery disease were noted. These have not been
benign processes; individuals with these findings have
gone on to have kidney infarcts, kidney transplantation,
and/or myocardial infarctions. Therefore, cardiac and
renal screening appears warranted in this population.
Although, the precise nature and frequency of screening
is not yet fully developed.

This association is not isolated to MOPDII. Diffuse
vascular disease has been identified in other genetic
conditions, such as those associated with ACTA2 [25],
YY1AP1 [26], and NF1 [27, 28]. This association is addi-
tionally noted in the general population. On retrospec-
tive review, symptomatic coronary disease was noted in
5% of individuals with idiopathic moyamoya disease in
a Korean population, where the population frequency
of coronary artery disease is less than 1% [29]. There
have also been published cases of individuals with moy-
amoya and peripheral pulmonary artery stenosis with
post-stenotic aneurysms [30]. Additionally, renal artery
involvement has been noted in 5-8% of multiple series
of individuals with moyamoya in Japan and the Republic
of Korea, and a renal artery evaluation has been recom-
mended in general for individuals who have moyamoya
concomitant with hypertension [31-33].

Diabetes and insulin resistance are additional impor-
tant contributing factors, with over a third of individu-
als in our cohort with one of those diagnoses. (Further
detailed study of this association with MOPDII can be
found in Huang-Doran et al, 2011 [9].) These alone are
associated with both microvascular and macrovascular
disease, leading to endothelial dysfunction, smooth mus-
cle cell dysfunction, and platelet dysfunction, with coro-
nary artery disease as the most common cause of death
for people with type 2 diabetes [9, 34]. Since dyslipidemia
and hypertension are also associated with type 2 diabetes
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[23, 34], screening of these would also be important for
individuals with MOPDII, as they all contribute to car-
diovascular complications [9].

Fourteen individuals in this cohort trialed human
growth hormone replacement. Some stopped after a
few months, and others continued for years. Of these,
71% (10) developed insulin resistance and/or frank dia-
betes later in life. While true that eight other individu-
als developed insulin resistance in the absence of growth
hormone supplementation, given the published added
risks and inefficacy of this treatment [9], would recom-
mend not pursuing growth hormone treatment in this
condition.

For the individuals with MOPDII in this study, chronic
kidney disease (CKD) appeared independent from renal
vascular disease, and is at a frequency that warrants
screening as well. CKD itself is associated with a high risk
of coronary artery disease, with an elevated risk of car-
diovascular mortality beyond that associated with often
concomitant hypertension and diabetes [35]. Of our
cohort, there were only 3 individuals who were treated
for hypertension but were not diagnosed with moyamoya
or intracranial aneurysms; two of these three were diag-
nosed with stage IV CKD and are now deceased. CKD
is also known to modify the presentation of coronary
artery disease and myocardial infarctions, such that one
needs to be critical of atypical symptoms [35]. This is all
the more crucial information for individuals with MOP-
DII, as the current study has documented heart attacks
occurring in young adulthood for multiple individuals.
Emergency providers need to be at high alert for this
possibility so that appropriate treatment can be initiated
promptly in an acute situation.

In our MOPDII cohort, approximately half of all the
individuals have been diagnosed with hypertension or
pre-hypertension. More specifically, one of these clini-
cal diagnoses were recorded in 64% of individuals with a
history of moyamoya, 76% with a history of intracranial
aneurysms, 88% with a history of myocardial infarctions,
and 100% with a history of chronic kidney disease (stage
3 or higher). These are not insignificant numbers, and as
we posit above, the true proportions are possibly higher
than this since providers are likely under-diagnosing
hypertension in this population.

There are recommendations to monitor blood pres-
sure in MOPDII [7, 12, 15], though normal ranges for
individuals with this degree of extreme short stature
have never been delineated. Using typical sex and age-
related norms for individuals who have short stature can
lead to misclassification of hypertension as normal [36].
It has been hypothesized that chronic increased pres-
sure of even a moderate amount could be proportion-
ally more damaging to smaller vessels and organs, and
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that chronic hemodynamic stress on abnormal vessels
could drive cerebral aneurysms [7, 14, 15, 24, 37, 38]. It
is additionally problematic to modulate blood pressure in
individuals with risk of both moyamoya and aneurysms.
Anesthesia can be tenuous in these scenarios, as one
cannot drop the pressure too low or let it get too high
without risk of ischemic or hemorrhagic strokes [15, 39,
40]. The difficulty in monitoring and treatment of hyper-
tension in those with extreme short stature along with
a risk of neurovascular disease is — what should the top
systolic and diastolic pressures be? Besides not knowing
the hypertensive range for this population, the difficulty
in monitoring is compounded by the challenge of getting
an accurate measurement on individuals with such small
and slender limbs; oftentimes a neonatal cuff is needed
for school age children and younger with MOPDII.

From what we could deduce with the current data,
110/70 mmHg should be a good starting point as an
upper limit for blood pressure, monitored at each medi-
cal encounter, especially if the individual has a history
of neurovascular disease, chronic kidney disease and/
or diabetes. For individuals with height dramatically less
than the mean for MOPDII, blood pressure should likely
be lower yet. This is an area that needs further in-depth
study. We provide this only as a starting point, as we
implore medical providers to be aware of the complexi-
ties involved for this population. Untreated hyperten-
sion can have catastrophic effects at young ages for those
with MOPDI], so should be monitored closely. Also, it is
important to not overlook that acute hypertension should
be investigated by imaging before treatment, because the
etiology could be neurovascular disease or vascular dis-
ease elsewhere.

As there are so many variables involved, it may be too
difficult to completely tease things out at this juncture.
Given the timeline of events and discovery of the natu-
ral history of disease, today’s adults with MOPDII were
getting their first “presymptomatic” screening for neuro-
vascular concerns in adolescence; many finding treatable
conditions at first image. A majority of the individuals
who had myocardial infarctions as young adults had moy-
amoya diagnosed as teenagers or later, and did not have
neurovascular imaging to screen starting in infancy as
many children now do. This group of individuals likely
had chronic hypertension for years without identification
and treatment, which certainly could contribute to all the
subsequent sequelae of medical complications that are
now evident.

Children with MOPDII entering adolescence right now
may have a different natural history of disease, as one
variable should be eliminated if they have had access to
brain MRA or CTA modalities at birth and onward, given
the recommendations for neurovasculature screening
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starting at diagnosis for moyamoya and aneurysms pub-
lished a decade ago. However, even if neurovascular
disease could be detected presymptomatically, and fully
treated without sequelae, that is likely not the end of the
story as there are multiple people with MOPDII who
have had coronary artery disease or chronic kidney dis-
ease along with normal neurovascular screens.

Limitations

As the registry has been in existence for over 10 years,
many families had consented into the original project,
but had stopped proactively sending medical records
into the repository. Updated consents would be signed
over the years, to allow us to reach out to their treat-
ing physicians for records as needed. There were some
individuals that died between enrollment in the regis-
try and this substudy. Given the nature of this project,
those would be the most important records to identify
and obtain. However, considering the sensitive nature of
the circumstance, multiple of these families were either
not responding to our inquiry, or once contacted, were
not interested in participating in the survey or providing
updated record releases. For these families we are only
aware tangentially of what occurred for their child, which
was not included in the larger analysis because the finer
details could not be obtained.

Conclusions
This data underscores the high burden of vascular con-
cerns in this population. Though screening regimes have
been published and put in place worldwide for neu-
rovascular issues such as moyamoya and intracranial
aneurysms, there are no evidence-based guidelines for
screening for the other vascular manifestations. There
has also not yet been a focused study on hypertension in
this population, which would be an important avenue for
further research.

To this end, we recommend the following care guide-
lines for individuals with MOPDII:

Neurovascular

As previously published, to screen for neurovascular dis-
ease, recommend brain MRA/I at diagnosis and every
12—18 months thereafter in childhood [7, 14]. This inter-
val was chosen following the observation of a child pro-
gress from a normal MRI to stroke in a 2 year period of
time. If moyamoya is detected and treatment is initiated,
we believe that further monitoring for moyamoya be
done at the discretion of the treating physician. Screening
for aneurysms, however, should continue despite identifi-
cation and treatment of moyamoya, due to continued risk
of development of aneurysms into adulthood; screening
should be at least every 2 years after the age of 18 [7].
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Renal

Due to structural abnormalities noted above, recommend
renal ultrasound at diagnosis. Also, because chronic kid-
ney disease appears independent from renal vascular
disease, recommend assessments of renal function start-
ing at age 5 [7]. The most precise way to monitor renal
function and glomerular filtration rates is not clear, but
looking only for elevated creatinine levels will prove
inadequate given the stature and lean muscle mass of
this population. Nephrologists following this cohort have
used testing such as cystatin c level and inulin clearance
to assess and monitor glomerular filtration rates. Addi-
tionally, because kidney stones were noted in individuals
on antihypertensive medicines, would recommend moni-
toring for that complication as well for individuals in that
situation.

Cardiac/HTN

Given structural abnormalities noted, echocardiogram
is recommended at diagnosis. Blood pressure should be
monitored annually [7], with a cuff of appropriate size.
For children, the height equivalent 95th percentile pres-
sure limits from Flynn, et al. [23] can be used. Blood pres-
sure should be considered hypertensive if over 110/70 for
most adults with MOPDII. For some of shorter stature
than average for MOPDII, a lower number could be their
cut-oft, but 120/80 should certainly not be considered
“normal” for anyone with MOPDII, even in adulthood.
Until more precise recommendations can be imple-
mented, we are recommending subspecialist monitoring
and care for the management of blood pressure, typi-
cally by a nephrologist and/or cardiologist with expertise
in hypertension management. Consideration should be
given to the use of echocardiogram and ECG for signs
of hypertension as well. Although blood pressure meas-
urements should begin at diagnosis and continue during
routine check-ups, if non-elevated pressures are found,
the referral to subspecialists can likely be deferred until
5-10 years of age. If elevated blood pressures are noted,
and before hypertension is treated with medication, due
diligence should be performed to rule out the many pos-
sible etiologies associated with MOPDII, specifically
moyamoya disease as well as renal artery stenosis.

Hypercholesterolemia is another comorbidity which
should be screened for and treated appropriately once
detected.

Though not specifically studied here, lifestyle inter-
ventions associated with lower blood pressure could
certainly be considered to minimize other contributing
factors, to include: DASH diet, avoidance of high sodium
foods, physical activity, and weight management [23].

It cannot be underscored enough that any signs of
myocardial infarction (atypical or otherwise) should be
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taken seriously, given the relatively high incidence at a
young age in this population.

Additionally, when performing any needed catheteri-
zations, extreme care should be taken, given the known
postoperative complications with femoral artery stenosis.

Diabetes/insulin resistance

Given the additional negative impact of diabetes for indi-
viduals with already a high risk of cardiovascular disease,
recommend screening to begin at age 5 years, to ensure it
is identified and treated at the earliest stage [9]. Labora-
tory studies for insulin resistance should include studies
of lipids, hepatic function, and glucose homeostasis [7].

Final thoughts

A majority of the authors of this study have been involved
with the national support group for primordial dwarfism
for many years. We have been thrilled to see neurovas-
cular screening protocols appear to save lives, to then
witness with a heavy heart young adults succumbing to
other unanticipated maladies. We are hopeful for the day
that we can be a step ahead of all the life-limiting condi-
tions associated with MOPDII. Knowing the landscape
is one thing, and knowing how to navigate it is another.
We are optimistic this survey is the first step in helping
to unravel the key to best take care of individuals with
MOPDIL
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