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Diagnostic Problems in Genetics

By Yves Lacassie, M.D., FACMG,
director of genetics services at Children’s
Hospital and professor of pediatrics

and head of pediatric clinical genetics

at LSU Health Sciences Center. This

issue of Pediatric Review is intended for
pediatricians, family physicians and all
other interested medical professionals. For
CME purposes, the author has no relevant
financial relationships to disclose.

OBJECTIVES:
At the end of this activity, the participant should be able to:
1. describe that in Genetics, phenotypic diagnoses are not enough
2. discuss the diagnostic complexities establishing the
specific etiology
3. list the different problems that may make the
establishment of the diagnosis difficult

INTRODUCTION

With the decrease in malnutrition, infectious disease and
other environmental conditions in the last century, genetic
disorders became a very important problem in public health
and especially in Pediatrics. Certainly the advances in molecular
genetics are dramarically changing the way we practice pediatrics
in practically all specialties. However, in spite of the important
advances in molecular genetics and gene therapy, genetic
counseling still plays a very important role in pediatric pracrice.
As a matter of facr, in clinical genetics, prevention through
genetic counseling has been the major goal in the last 40 — 50
years. In order to provide responsible and up-to-date genetics
counseling, establishing the etiological diagnosis is required.
This is a big difference from many other specialties, in which
we treat the manifestations, the phenotype, independently of
the etiology. In some specialties, like Infectious Disease, you
need to establish the specific cause or germ and its resistance
to the different antibiotics. However, you still have the
possibility to use a wide spectrum of antibiotics. To establish
the diagnosis in genetics, you can use some of the new but
still expensive tests, such as Exome sequencing or comparative
genomic hybridization (aCGH) arrays, to look for murations or
deletions/duplications when you do not have a specific diagnosis.
However, this diagnostic method of “testing the universe” is not
what should be done. This makes the cost of medicine much
more expensive. Even though the diagnosis of some genetic

syndromes can be established by “pattern recognition” either by
gestalt or association of main findings, we always recommend
a full evaluation with the method of “diagnostic hypothesis™ as
recommended by the late Frank Oski.

As mentioned, the only way to provide responsible
genetic counseling is establishing the etiological diagnosis. The
importance of differentiating the phenotypic, pathogenic and
etiological diagnoses led the author to publish a multiaxial
diagnostic system in 1994. However, often, in spite of a good
genetic evaluation, it is hard to establish the etiological diagnosis.
In the last 50 years we have been aware of two major diagnostic
problems — one is genetic heterogeneity, which means that a
genetic condition may be caused by different genes. For example,
even though achondroplasia is the most common and best
known of the skeletal dysplasias, there are more than 250 other
conditions with different patterns of inheritance, prognosis, etc.,
that should be considered. The other classic diagnostic problem
has been clinical variability, which means that the genetic
diseases or syndromes rarely present most of the characteristic
features; often they present variable manifestations, even in
affected members from the same family.

In 1994, the author was invited to the Latin American
Congress of Human Genetics in Mexico. There he presented a
classification of diagnostic problems. In this first classification,
we recognized diagn()stic problems due to the observer, o the
patient, to the disorder and to the environment. However,
in 2009, with the advances in genetic testing, we added
a fifth group of problems that are due to informatics. It is
very important that pediatricians are aware of these different
diagnostic problems.

The goal of this review is dual: on one hand, to make
the pediatrician aware of the importance of determining the
etiology; and on the other, to be aware of the existence of
different problems that may make determining the diagnosis
difficult. Also, it will help to demonstrate the importance of
sending proper information to the geneticist when requesting a
consult. Our team, as with many other geneticists, is often faced
with families that have no idea why they were referred. Proper
information can reduce the cost of the evaluation, avoiding

repetition of some testing,

DiacNosTIC PROBLEMS
The first kind of diagnostic problem is due to the observers.
As physicians we often make errors because of incomplete

evaluations. We often see patients that haven't had a full
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Figure 1—Family with Two Different Genetic Conditions

Coffin-Lowry due to RSK2 (c.A865_866delCA) mutation inherited from the mother
and AD Waardenburg type IV due to deletion gene EDNRB inherited from the father.

Father has the
EDNRB deletion

- Shah-Waardenburg

Coffin-Lowry syndrome

Mother has the
RSK2 mutation

WS Clinical Dx + = =
Molecular Dx

CL ClinicalDx - + +
Molecular Dx - +

examination. The evaluation of extremities or private areas, like
gf:ni(;tlia. may often providu important diaglms[ic clues. Another
common problem is subjectivity. For example, low set ears are
often reported; however, more frequently we detect that these are
dysplastic or are posteriorly rotated. Certainly, the capacity of the
observer is directly related to his knowledge and experience. We
still see bias in the diagnoses or frequent stereotypes repeatedly
raised by some physicians.

The second group of diagnostic problems is due to the
patients or the Famil,v. Occasion;llly, we have patients who
provide incomplete or misleading information. We need to
be aware abour false paternity, how to evaluate familial
dysmorphism and how families usually try to justify different
dysmorphic features in the patient. Another occasional problem
is the coincidence of two or more genetic disorders in the
same patient. One of the papers published this year shows the
coincidence of two different disorders in some members of the
family (see Fig. 1). In this group of diagnostic problems we also
include patients, usually newborns who died or stillborns. That
is a unique opportunity to evaluate the patient and to try to
establish the diagnosis.

The third group of diagnostic problems is due to the
genctic disorder. This has been most prevalent and important
in the medical genetic literature. As we mentioned, genetic
heterogeneity exists in many conditions. Diffetent genes,
sometimes with different patterns of inheritance, may produce
a similar phenotype. Furchermore, we now recognize the

importance of gene-gene interaction as well as of epigenetic
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phenomenon. We now better understand pleiotropism, or how
one gene may affect different structures, as well as the clinical
vnriabili[y. /\biotmpism means that not all gem‘tic disorders
are congenirtal or present at birth — some appear at different
ages. There are conditions that may simulate Mendelism, for
example by environmental conditions. These phenocopies
may simulate an autosomal recessive or dominant disorder.
In the last 30 years we have rccognizud the importance of
nontraditional patterns of inheritance, such as the contiguous
gene syndromes, or microdeletions and recently the recognition
of microduplications; the epigenetic mechanism, such as
uniparental disomy or imprinting; dynamic mutations that are
expansions of triplets like the CGG in Fragile X syndrome; and
the importance of mitochondrial or cytoplasmic inheritance. We
need to be aware of gonadal mosaicism in which normal parents
may have two or more affected children with the same autosomal
dominant disorder; and the presence of triallelic inheritance
or maybe even a more complex disorder. In these cases it is
not enough to have two recessive alleles mutated to have the
disorder; sometimes you need three or maybe even more. In spite
of all the recent advances, still there are many genetic disorders of
unknown cause.

The fourth group of diagnostic problems is due to the
environment. This idea was born more than 30 years ago.
In developing and underdeveloped countries, or in regions
where environmental conditions like malnutrition prevail,
these may mask some genetic disorders. Children of families

within a good socioeconomic level in which a child presents
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failure to thrive, developmental delay, etc., the pediatrician
quickly refers the infant to the neurologist, geneticist or other
specialists; while, when the same patient is born in a poor
environment, it was usually thought that the lack of growth or
lack of development was due to malnutrition (Lacassie et al.,
1980). Also, technological limitations play an important role.
There are patients that have undetected abnormalities with old
cytogenetic techniques. As mentioned, there are patients referred
with no information, or with misinterpretation of tests, error
of transcription and communication, etc. Also some rules and
regulations, including time pressure, often prevent detailed,
appropriate genetic evaluation. All these may play a role making
the diagnosis difficult.

The fifth group is diagnostic problems due to informatics.
Problems with the interpretation of results of new techniques,
such as microarray, exome sequencing, etc., due to incomplete
knowledge about phenotype and genotype correlations, is
a common problem that we are secing at the present time
practically every day.

RECENT GENETIC CASES

[ will mention two different problems which were the
subject of two publications during 2014. As mentioned in
Figure 1, we presented two generations in an African-American
family that was identified after the proposita was referred
for diagnostic evaluation at 4-1/2 months with a history of
Hirschsprung and dysmorphic features that were typical of
Waardenburg syndrome. The family evaluation revealed thar the
father had heterochromia iridis and hypertelorism, supporting
the clinical diagnosis of Waardenburg. However, examination of
the mother revealed characteristic facial and digital features of
Coffin-Lowry syndrome (CLS). Molecular testing of the mother
identified a novel 2-bp deletion (c.865_866delCA) in codon
289 of the RPS6KA3, leading to a frameshift and premature
rermination of translation 5 codons downstream. ‘This deletion
also was identified in the proposita and her three sisters with
the clinical suspicion of CLS, all of whom, as carriers for this
X-linked disorder, had very subtle manifestations. The molecular
confirmation of Waardenburg syndrome type 4, also known as
Shah-Waardenburg or WS4, was not as straightforward. After
multiple sequential molecular testing, a new technique (MLPA)
identified a heterozygote deletion of the entire EDNRB gene
in the father. This deletion was also found in the proposita and
the oldest child. Since the heterozygote’s deletion was the only
change identified in EDNRB, this family represented one of
the few cases of an autosomal dominant inheritance of W54
involving the endothelin pathway. Altogether, clinical evaluation
of the family revealed one child to be positive for W54 and
two positive for CLS, while two children were positive for
both diseases simultaneously, including the proposita, while
another pair tested negative for either disease. This kinship is
an example of the coincidence of two conditions cosegregating
in one family, with variable phenotypes requiring molecular
testing to confirm the clinical diagnosis (Loupe et al., 2014). The
coincidence of two or more different conditions in a patient is

not so exceptional.
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In another paper, (Casci et al., 2014), we reported an
unexpected exome sequencing result which showed de novo
TRPS1 mutation in an infant with infanrile scoliosis, mild
developmental delay and history of consanguinity. This was
very interesting as we expected an autosomal recessive disorder,
however, the exome sequencing showed a de novo mutation
in an autosomal dominant gene, the trichorhinophalangeal
syndrome type 1 (TRPI). This was interesting as the
patient didn’t have any of the characteristic features of
trichorhinophalangeal syndrome. This is a well-known condition
in which we had the opportunity to publish the first black
patient with Perthes-like disease and the trichorhinophalangeal
syndrome in 1990, along with Drs. Z.R. Stearns and Dean
MacEwen, who was the chairman of orthopaedics at Children’s
Hospital. This is a good example of finding unexpected results.
This family also illustrates the importance of this new testing, as
in their second pregnancy this couple had a baby with neonaral
severe hyperparathyroidism (NSHPT). A mutation in the CASR
gene was suspected. As the parents had been sequenced, Dr.
Zambrano contacted the laboratory which quickly confirmed
that both parents were heterozygous for a mutation in the
CASR gene: ¢.206G>A (p.R96H). This allowed the team of
nconatologists, endocrinologists and generticsts (Baez et al.,
2015) further support of the clinical diagnosis of NSHPT. The
concomitant occurrence of several of these “diagnostic problems”
in a patient is not exceptional and should be considered in our
professional practice.
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da Vinci changing surgery at
Children’s Hospital

Children’s Hospital recently purchased a da Vinci
Surgical System to help doctors perform minimally invasive
surgery. The tool utilizes advanced robotic, computer and
optical technologies which allows our surgeons to operate
with enhanced vision, precision, dexterity and control. As
a result, it helps present fewer complications and allows
pediatric patients to have smaller incisions with minimal
scarring, a speedier recovery and shorter hospital stay. Since
its introduction, da Vinci Surgery has greatly reduced the
number of open surgeries for common operations.

MINIMALLY INVASIVE SURGERY

da Vinci Surgery is a less invasive technique than
traditional “open” surgery, in which large cuts are made
to get to the surgical site. da Vinci Surgery is therefore
considered minimally invasive. Studies of da Vinci Surgery
have shown the following benefits in comparison to open
surgery:

* ashorter hospital stay

¢ less blood loss

* fewer complications

* less need for narcotic pain medicine

*  a faster recovery

* smaller incisions associated with minimal scarring

S]’E(‘,h\L{Z[i[) INSTRU.’\]EN']"-\'I'I()N

The da Vinci Surgical System offer surgeons specialized
instrumentation designed to help with dissection and
reconstruction deep inside the body. The da Vinci Surgical
System is not programmed to perform surgery on its

own. Instead, its movements are entirely controlled by
the surgeon. With a miniaturized camera that provides a
highly magnified, 3D high definition (3D-HD) image, the
surgeon has a close -up view of the area on which he or she
is operating. The da Vinci’s mechanical wristed instruments
— including scissors, scalpels and forceps — bend and rotate
to mimic the movements of the human wrist — allowing the
surgeon to make small, precise movements inside the body.
Additionally, da Vinci software can minimize the effects of
hand tremors on the instrument’s movements.

SPECIALIZED AREAS
Children’s Hospirtal is currently offering da Vinci
assisted minimally invasive surgery in the fol[owing spcci;llty
areas:
»  Urologic surgery
*  General laparoscopic surgery
*  Gynecologic surgery
* Trans-oral robotic surgery restricted to benign
(non-cancer) and malignant tumors (cancer)
classified as T'1 and T2 (early stage cancer)*
*  Thoracic surgery
*  Some types of heart surgery
For more information about clinical evidence related
to da Vinci Surgery, please visit www.intuitivesurgical.com/

company/clinical-evidence.
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~eok QUtpatient Specialty Care

One phone number for all of your outpatient referrals.

ﬁ- PHONE: (504) 896-2888
KE  FAX:(504) 896-2889
@ REFERRALS@CHNOLA.ORG

*Please ensure you are sending electronic referrals securely.
We can assist your office in sending HIPA A-compliant email referrals.

Adolescent Behavioral Cardiothoracic Surgery Dermatology

Health Unit Caspi, Joseph Clark, Jessica
H : Hanna, Jamie Dorotan, Jaime Poole, Jeffrey
Ancillary Services Wi, Aroew pett, Tl

Cardiology Testing Allergy/lmmunology Children at Risk Evaluation Wong, Joaquin
Office (504) 896-9751 Dimitriades, Victoria (B®) (CARE) Center
Fax  (504) 896-3952 Ochoa, Augusto Jackson, Jamie (BR) Diabetes

o Paris, Kenneth Mb) Mehta. Neha (R Chalew, Stuart

a Sorensen, Ricardo ™ : i

o (00 s30 349 i e e
Fax (504) 896-9704 y, Anne, :

Amputee Clinic Vargas, Alfonso
u ini ; ;
Neurodiagnostics P Cleft/Craniofacial ®®

Office (504) 896-9940 Gonzales, Tony Cavallino, Claudia Down Syndrome

Fax: (504) 896-9763 ; Coreil, Mark Lacassie, Yves ™
s AUtIBSOr;gSC:;:::r Ferguson, Michael Marble, Michael_

Occupational Therapy Coleman, Charles Holmes, Stephen Zambrano, Regina

Office (504) 896-9540 Jeyakumar, Anita

Gentile, Steven

Fax (504) 896-9788 Gray, Christy, BCBA Kanotra, Sohit Endocrinology
i Kamps, Jodi Lacassie, Yves Chalew, Stuart
Physical Therapy ‘ Ledoux, William Felipe, Dania
Office (504) 896-9557 Botox Marble, Michael Gomez, Ricardo MBRI
Fax  (504) 896-2894 Schultz. Scott McBride, Lori Stender, Sarah
Tilton. Ann Moses, Michael Vargas, Alfonso (MER)
Pulmonary Lab Wong, Joaguin Smith, Demarcus
Office (504) 896-9440 ' St. Hilaire, Hugo Epilepsy
. Cardiology Zambrano, Regina McGuire, Shannon
Rad'.°|°gy Ascuitto, Robert (BR)
Office (504) 896-9565 Gajewski, Kelly Cochlear Implants Feeding Clinic
e il Lije, Christian Arriaga, Moises Hyman, Pau
: i Jeyakumar, Anita
Speech & Hearing Ross Ascutio, Nancy ™" /
Fa;ce %504% gt Semich, Steffan Cystic Fibrosis
Siwik, Ernest Levine, Stephen

Stopa, Aluizio %‘ Pepiak, Derek

P

Children’s Hospital New Orleans F | CMC
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Gastroenterology
Alonso, Elizabeth &R
Brown, Raynorda ™:BR)
Hyman, Paul
Keith, Brent
Rosenberg, Allan ™-8R)

Genetics
Lacassie, Yves ™
Marble, Michae| BR-L)
Zambrano, Regina ™8R

Gynecology
Reitan, Rachel
Wells, Lindsey

Hematology/Oncology
Gardner, Renée
Morales, Jaime )
Morrison, Cori
Prasad, Pinki ™
Velez, Maria R
Yu, Lolie @

Hemophilia Clinic
Morales, Jaime
Velez, Maria

Hospitalists Referrals
Beatty, Kathryn
English, Robin
Hescock, Jay
Sandlin, Chelsey

Infectious Disease
Begue, Rodolfo

International Adoption
Clinic
Begue, Rodolfo

Kidney Transplant Clinic
Ashoor, Isa
Aviles, Diego

Metabolic
Marble, Michael

Muscular Dystrophy
Tilton, Ann
Weimer, Maria
Wong, Joaquin

Nephrology
Ashoor, Isa (BR!
Aviles, Diego &R
lorember, Franca

Neurofibromatosis
Lacassie, Yves
Marble, Michael
Zambrano, Regina

Neurology
Deputy, Stephen
Gautreaux, Jessica M BR.L)
McGuire, Shannon
Tilton, Ann
Weimer, Maria ™
Wong, Joaquin
Luke, Wendi, NP ™)

Neuromuscular
Gonzales, Tony
Levine, Stephen
Tilton, Ann
Weimer, Maria
Wong, Joaquin

Neurosurgery
Greene, Clarence
McBride, Lori (BR)
Roberts, 0.A. 1

Ophthalmology
Ellis, Jr., George ™
Eustis, Sprague
Leon, Alejandro ™

Orthopaedics
Accousti, William ML)
Chavez, Manuel, PA
Faust, Donald
Gargiulo, Dominic
Gonzales, Tony &R
Heffernan, Michael )
Heinrich, Stephen
King, Andrew
Lago, Theresa, PA
Lee, Raven, PA (BR)
Nguyen, Jessica, PA
Pappas, Nick

Otolaryngology (ENT)
Arriaga, Moises
Hagmann, Michael ™
Jeyakumar, Anita
Kanotra, Sohit (BR!

Physical Medicine
& Rehab
Schultz, Scott (BR-L)

Plastic Surgery
Moses, Michael
St. Hilaire, Hugo
Tessler, Oren

Psychology
Franz, Diane
Kiracofe, Catherine
Lewis, Courtney
Rothbaum, Rebecca

Pulmonology
Edell, Dean
Levine, Stephen
Pepiak, Derek

Rapid Treatment
Jackson, David
Walker, Mayling

Rheumatology
Brown, Amanda (BRL)
Dimitriades, Victoria
Gedalia, Abraham MBR.L)

Scoliosis/Pediatric Spine
Accousti, William M.L)
Heffernan, Michael )

King, Andrew

Sickle Cell Clinic
Gardner, Renée

Spasticity/Movement
Disorder
Tilton, Ann
Wong, Joaquin

Spina Bifida Clinic
Heffernan, Michael
Martin, Aaron
McBride, Lori
Roth, Christopher
Schultz, Scott

Sports Medicine
Gonzales, Tony BR)

Surgery
Hill, Charles
Valerie, Evans
Yu, David
Carter, Chontel, NP

Travel Clinic
Begue, Rodolfo

Treatment After Cancer &
Late Effects Center
Prasad, Pinki

Urology
Martin, Aaron
Ortenberg, Joseph &%)
Roth, Christopher
Langston, Sherry, CNP

Vascular Anomalies

Heinrich, Stephen
Kanotra, Sohit
Poole, Jeffrey
Sheahan, Claudie
Tessler, Oren
Ward, Kenneth

Vascular Surgery

Sheahan, Claudie
Sheahan, Malachi

Wound Clinic

Valerie, Evans

Transport/Transfer
Service
(855) CHNOLA-1

(855) 246-6521

Children’s Hospital
dispatches a critical

care transport team by
ambulance, helicopter or
fixed-wing aircraft to pick
up and transport critically
ill or injured patients
from referring hospitals.

(BR) - Baton Rouge (L) - Lafayette (M) - Metairie Center

In addition to Children’s Hospital Main Campus, some physicians also hold clinics at other centers.
Children’s Hospital ........ (504) 899-9511 Metairie Center .......... (504) 832-4033 Lafayette Center ......... (337) 289-8289
Ambulatory Care Center. .. (504) 896-9532 Baton Rouge Center . ..... (225) 216-3047

Children’s Hospital New Orleans * www.childrensnola.org




ARTICLE EVALUATION

You must complete the following
evaluation to receive your CME credit.

I enhanced my knowledge of the topic:

Verymuch.................. Very litde
5 4 3 2 1
The author met the stated objectives:
Greatly.........oovvninnnnn. Not at all
5 4 3 2 1
The overall evaluation of the article:
Excellent «uovas s eovum s samaman ¢ Poor
5 4 3 2 1

Did you receive any commercial bias in the
material presented in this activity?
OYes ONo

How long did it take you to read the issue
and complete the quiz:

30 minutes 1 hour

CME Offerings

Pediatric Grand Rounds
Ist, 3rd and 5th Wednesday
of each month, 8 — 9 a.m.
Children’s Hospital Auditorium
[
Child Neurology Case Conference
Ist, 2nd and 4th Wednesday
of each month, 2 -3 p.m.
ACC Room 3302
L ]

Tumor Board
Wednesdays, 4 - 5 p.m.
Children’s Hospital Auditorium
@

Weekly Pathology Conference
Thursdays, 8 — 9 a.m.
Research Center, Room 4222
[ ]

Neonatology Conference
Thursdays, 12:30 - 1:30 p.m.
NICU Conference Room
L ]

Cath Conference

Fridays, 8 — 9 a.m.
ACC Room 3302

Please call the CME office

at (504) 896-9264

for more information.

ProiaTric Riview

CONTINUING MEDICAL EDUCATION m

Children’s Hospital is accredited by the Louisiana State Medical Society to CHILDREN'S
provide continuing medical education for physicians. Children’s Hospital HOSPITAL
designates this enduring material educational activity for a maximum of

1.0 AMA PRA Category 1 Credit.™ Physicians should only claim credic LSMS
commensurate with the extent of their participation in the activity. Please N —

PRINT your personal information.

Name:

Physician ID number or last four SSN digits:

Mailing address:

Topics that you would like to see in furure issues:

Please record your responses to the questions on the form below. Please circle the
best possible answer. CME offer is good until Sept. 30, 2014.

1. Genetic disorders have become an important issue in pediatric public health due to
the decrease in

a. Malnutrition
b. Infectious disease
¢. Other environmental conditions

d. All of the above

2. True or False, establishing etiological diagnosis isn't required in order to provide
responsible and up-to-date genetics counseling
a. True
b. False

3. How many kinds of diagnostic problems did the author present?
a. One
b. Three
c. Five
d

Seven

4. 'The first kind of diagnostic problem discussed is due to
a. Physicians
b. Patients/families
Genetic disorder
d. Environmental factors

To receive CME credit, participants must score 100%.
To receive CME credit, mail, e-mail or fax your completed form to:
CME Office * Children’s Hospital ® 200 Henry Clay Avenue ® New Orleans, LA 70118
E-mail: cmooney@chnola.org * Fax: (504) 896-3932
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Sign up to have

PEDIATRIC%REVIEW
delivered each month by

e-mail or get each issue at
www.chnola.org/pedrev
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