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Abstract

There are few published case reports where telehealth was used for inpatient genetic consultations as well as to disclose a rare genetic condition that might come from a hospital inpatient workup after a patient has been sent home. Here we discuss a female patient with X-linked muscular dystrophy (Duchenne), thought classically to impact 1/3,500–1/5,000 males. In this report, the patient was discharged from her second hospital stay for muscle breakdown (rhabdomyolysis). Genetic test results came back a week after discharge. In this case report, we discuss how a telehealth visit was used to overview the results and review literature on telehealth and genetic diagnoses in non-cancer patients. Even before the COVID-19 pandemic, telegenetics—genetic risk assessment and counseling remotely using telephones or video communication was an option, giving patients access to genetic testing without traveling a long distance. This availability was important, as many geneticists are employed at academic centers in cities. Numerous studies have focused on how this medium can be convenient and cost-effective and help to mediate care for patients with cancer, where guidelines such as the National Comprehensive Cancer Network® clearly guide who should have testing and algorithmic steps that optimize cancer screening and care for patients with a high-risk pathogenic variant (colloquially known as a mutation). However, less has been published about telegenetics for non-cancer genetics encounters. For non-academic hospitals, which might not have a geneticist on staff, inpatient consultations might not be feasible for patients who undergo diagnostic odysseys with extensive testing. The model for genetics professionals has historically been that they work at academic centers where they might offer in-person consultations to determine at the most cellular level if there is a mutation that explains a patient’s physical symptoms after other imaging and lab work has been exhausted with no diagnostic answer.

Plain Language Summary

Pediatric patients and their families can have meaningful genetics visits via telehealth. In this report, the authors present a female child with X-linked muscular dystrophy (Duchenne). They discuss the benefits of a telehealth visit to care for patients with cancer.


	convenient,

	cost-effective,

	patent consultation with a geneticist in non-academic hospitals.



The model for genetics professionals has historically been that they work at academic centers. Telehealth serves as an option for patients and geneticists who cannot meet for direct in-person consultation.
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A PubMed literature review was conducted with the search terms of telemedicine + genetics + physical examination. Of the 52 articles retrieved, three pertained to telemedicine for genetic diagnosis of patients with complicated medical histories (Figure 1).1

Fig. 1.PRISMA Diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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This literature review was conducted because there is a shortage of physicians specializing in medical genetics. Telemedicine potentially offers a solution for hospitals that do not have a geneticist to diagnose patients with complicated genetic diseases.

At present, in Detroit, where our Henry Ford St. John Hospital is located, the wait time for a pediatric or adult general genetics visit ranges on average from 6 months to 1 year. Our community hospital, HF St. John, is part of the Henry Ford Health (HF) System, which serves patients in the Detroit metro area as far as the surrounding suburbs up to 75 miles (119 km) (Figure 2). There are two geneticists at Henry Ford Main, the primary headquarters for our health system, one geneticist at Henry Ford St. John, and one genetics provider at Henry Ford Southfield.

Fig. 2.Southeast Michigan Henry Ford Health System locations.
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The geneticists at Henry Ford Main primarily see outpatient prenatal and cancer testing consultations, while the provider at Henry Ford Southfield primarily sees outpatient cancer genetics patients at the Henry Ford Southfield location and the Henry Ford Providence Novi Hospital. The physician at our community hospital (Henry Ford St. John) primarily sees cancer genetics patients but will also conduct inpatient genetic consultations at Henry Ford St. John. While much has been published about cancer genetics and telehealth, less has been studied about using telemedicine for complicated genetic disorders.

Genetics Specialty and Shortage of Providers

A clinical geneticist is a physician and trained in medical genetics at an Accreditation Council for Graduate Medical Education-accredited residency program.2 During their training, residents learn skills in diagnosing and managing genetic disorders such as Down syndrome, cystic fibrosis, neurofibromatosis, and metabolic storage disorders such as Hurler and Hunter syndromes. In addition, they learn about different genetic testing methodologies and how to interpret genetic results in the care of their patient.

Furthermore, a critical skill learned in residency is how to counsel the patient and their family on the genetic condition, implications for health, and potential risks to other family members. Geneticists often collaborate with intensivists, surgeons, pediatricians, family medicine physicians, and internal medicine physicians to ensure their patients get holistic care.

The shortage of geneticists in Detroit mirrors a national workflow shortage of genetic providers, as well as an international shortage of providers (Appendix A), showing distribution of clinical genetics providers in the United States as reported by the American College of Medical Genetics and Genomics.

Presently, there are approximately 2,000 medical geneticists certified by the American Board of Medical Genetics and Genomics from 1982 to 2023 (Table 1). There are between 0.2 and 0.4 geneticists per 100,000 people, compared to 80 to 85 primary care physicians/100,000 people.3,4




Table 1.American board of medical genetics and genomics certificates: 1982–2023.


	Medical Genetics, MD
	1,965



	Medical Genetics, PhD
	155



	Clinical Biochemical Genetics, PhD, MD
	389



	Medical Biochemical Genetics, MD
	167





Telehealth

Szigety et al.5 at the Children’s Hospital of Philadelphia published that pediatric patients and their families could have meaningful genetics visits via telehealth. Common genetic consultations for pediatrics include identifying a genetic cause for autism spectrum disorders, feeding difficulties, speech developmental delays, abnormal growth, dysmorphic features, and metabolic disorders. Sziegety and colleagues found that telemedicine resulted in equivalent molecular diagnoses as in-person pediatric genetics consultations. This might be surprising because telemedicine lacks the input of anthropometric measurements and physical examination, which was traditionally thought to be needed to optimize genetic evaluation. Many geneticists are hesitant to accept telegenetics over concern that it might be suboptimal given that analysis of genome sequencing is phenotype-driven, and without an in-person physical examination, it is anticipated that genetic testing yield would be diminished.

Supporting Szigety’s findings, Tan et al.6 published “Telehealth Is Effective in the Evaluation of Individuals With Undiagnosed Rare Disorders: An Undiagnosed Diseases Network Study.” The authors reviewed data from 26 individuals being evaluated for rare, medically complex disorders and found telehealth was comparable to in-person examinations. Furthermore, patients reported high satisfaction with telehealth. Their conclusion was that for patients with rare and complicated histories, virtual care may limit disparities for patients in rural areas and resource-limited countries.

Finally, Campbell et al.7 published their analysis of 1,104 new genetics evaluations. A total of 434 patients were seen over a ten-month period before COVID, and 670 patients were seen over a ten-month telemedicine period after the onsent of the COVID pandemic. When in-person genetics visits were compared with telemedicine visits, there was no difference in completion of molecular genetic testing. The geneticist did order more testing in telemedicine patients given uncertainty in the differential, but due to prior authorization challenges, the actual number of tests was roughly equivalent.

Equity and Telegenetics

Szigety et al.5 discuss concerns about equity in telegenetics, given that they found significant differences in telehealth use based on ethnicity, language, and income. Their team found that patients using telegenetics were more often non-Hispanic White, English-speaking, and living in areas with high median income. Campbell et al.7 found telemedicine patients more often reported a non-Hispanic white background and reported English as a preferred language. Telemedicine patients were also more likely to live in more affluent zip codes. More work and study might be needed to engage patients in telegenetics for patients who come from diverse and lower-income households.

Jay et al.,8 have publicized their genetics service in metro Detroit, which has been successful in engaging patients through multiple outreach phone calls, follow-up calls to check on health status, and ease of access by providing a direct number, as opposed to a telephone tree, when patients call. Multiple points of contact contributed to success in their program’s ability to successfully offer genetics care to cancer patients. We followed this established model with telegenetics, which contributed to the success we have for the patient described here who was hospitalized for rhabdomyolysis and had extensive testing to determine the cause. They were given our direct number and utilized phone encounters with the geneticist and oncology financial counselor at the cancer center to help navigate the application for health insurance and choosing an insurance plan once approved. This was an important concern because of the genetics consultation, where this patient was diagnosed with a genetic condition that impacted many organs, including the heart.

Duchenne Muscular Dystrophy

Briefly, Duchenne muscular dystrophy typically presents in young male children who experience delays in motor development and do not develop the ability to walk by themselves or stand from a sitting position.9 Children not treated are typically in wheelchairs by age 14 years and do not survive beyond their thirties due to respiratory compromise and cardiomyopathy contributing to their demise.

Because our patient was female and presented at 33 years old with a condition that usually presents in male children, and results came back after discharge, telehealth was optimal to communicate the results to the patient in a timely manner. The patient and her husband appreciated the convenience of being able to use telehealth given that there was much anxiety about results. A prior study by Payvandi et al. (2022)10 explored the significant infrastructure and support needed for successful inpatient consultations using telehealth. We found this to be true for telehealth follow up of inpatient consultations; and our patient’s satisfaction with telehealth mirrored the satisfaction of the Spanish speaking and English speaking populations in Payvandi’s cross sectional survey demonstrating the work put into these experiences positively impacts patient care. Patients who are motivated to end their diagnostic odyssey might be even more engaged in using telegenetics to help find an answer to their health condition and contribute to the literature, which suggests that patients from minority populations may positively receive telehealth.10

Patient’s Clinical Presentation

The patient presented here signed a consent for publication of their medical history. This was sent to the Henry Ford St. John Investigational Review Board, which has this on file. This report was not considered research. A 33-year-old African American female with muscle pain presented to a local hospital in Detroit where she was found to have an elevated creatine phosphokinase (CPK) consistent with muscle breakdown. She had previously been functioning at baseline and was active in her church community. She denied any triggers for her complaints such as physical activity. An extensive workup for autoimmune, viral, and drug-related causes was negative. She was hospitalized for one week with no diagnosis and no genetics consultation and ultimately was sent home when her muscle complaints improved, and her laboratory tests for rhabdomyolysis (muscle breakdown) improved.

After discharge from the hospital, the patient rested at home for 1 week and then presented to our hospital in Detroit—again with the same complaints of muscle pain and muscle breakdown. At that time her CPK level was >3,000U/L (normal: 30–135 units/L).11 Becuase of concerns that the muscle breakdown could cause kidney damage, she was admitted to our community hospital as an inpatient to receive IV fluids with Lactated Ringer’s Solution.

The internal medicine team predicted that the CPK would trend down with an intravenous infusion of Ringer’s lactate solution. When they could not determine an underlying cause for her persistently high CPK, the director of internal medicine recommended consulting our community hospital’s geneticist, who primarily worked at the Cancer Center, coordinating genetic testing for patients with cancer.

The geneticist spoke with the patient and her husband at her bedside and took a three-generation family health history, asking about other family members with musculoskeletal concerns. Family history revealed that the patient had two maternal uncles who died early and were in wheelchairs (Figure 3).

Fig. 3.A three-generation pedigree remarkable for two uncles who died young.
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The geneticist asked the patient to ask her mother if her uncles’ diagnosis was Duchenne muscular dystrophy, as her mother had taken her sons to a doctor before they passed. At the time of the initial consultation, the patient did not know the name of their condition. The geneticist wrote down Duchenne muscular dystrophy, and the following day the patient confirmed that her mother recalled this was the diagnosis affecting the patient’s maternal uncles.

The patient reported that she did not know she too could be at risk for this X-linked condition, which had affected her two maternal uncles, and had some disbelief that this was the diagnosis. Classically, because females have two X chromosomes, the chromosome with the mutation in Duchenne muscular dystrophy is often inactivated through the process of lyonization.10,12 For males because they have one X chromosome and one Y chromosome, they are more severely affected because the mutated X chromosome is active.

To determine the cause of her recurrent muscle breakdown, a muscle biopsy was proposed. The patient preferred to do a blood draw for genetic metabolic myopathies, rhabdomyolysis, and exercise panel. One “purple top” vacuum-sealed blood collection tube containing ethylenediaminetetraacetic acid (EDTA) was drawn at the bedside and sent to the laboratory with a turnaround time of 6 to 7 days when “immediately” was selected. Because of a working diagnosis of Duchenne muscular dystrophy and an improving creatine phosphokinase or creatine kinase (CPK) the patient was sent home and advised she would be contacted when the genetic results came back.

Results after Discharge

A week later the genetic results showed a 67.4 kilobase deletion within the Duchenne muscular dystrophy gene on the X chromosome. The deletion was predicted to be out of frame and to disrupt synthesis of dystrophin, an important muscle structural protein. The patient’s deletion included exons 48 to 50 of the DMD gene; and the laboratory noted similar deletions of exons 48 to 50 have been reported in several individuals with Duchenne muscular dystrophy.

A neurologist at a large academic center was contacted; he reported the following three female patients with Duchenne muscular dystrophy who are classified as manifesting carriers. He concluded the patient’s clinical presentation and genetic results were consistent with Duchenne muscular dystrophy and offered to see the patient in person or via telehealth if travel was a barrier. This neurologist noted that while there are medications approved for treatment in males, management for females is largely supportive.

Telehealth Visit: From the Physician’s Standpoint

A telehealth visit was made to give the patient and her husband the results in a timely manner. This allowed them to take next steps to address her care and ensure documentation in the electronic medical records so that if she went to the ER in the following weeks and consulted specialists, her diagnosis was documented and they could give her personalized care.

Telehealth allowed us to accommodate the patient’s schedule and communicate important information to her mothers and sisters. Females with Duchenne are at risk of cardiomyopathy. In addition, we wanted to ensure they had the opportunity to discuss this with their primary care providers and also make them aware that females in the family could give birth to males with Duchenne muscular dystrophy. We counseled her that if she had a son, the son would have a 50% chance of having the X chromosome with the pathogenic variant. If she had a girl, she too would have a 50% chance of having the pathogenic variant, and it is unknown if she would also be a “manifesting carrier,” i.e., a female with physical manifestations of muscular dystrophy.

We discussed the term “lyonization,” which describes how, in females, one X chromosome is inactivated so that they functionally have one active X chromosome equivalent to men.12 All males with Duchenne have one mutated X chromosome; however, depending on skewed inactivation, females may have a “silenced” mutated X chromosome so that the normal X chromosome is active in their cells (Figure 4). From the clinician’s perspective, this telehealth visit allowed us to educate healthcare providers and the patient and coordinate care with the academic specialist who helped to ensure that the patient saw reproductive medicine to discuss implications for future pregnancies.

Fig. 4.Females have two X chromosomes. Lyonization refers to the phenomenon when one X chromosome is inactivated. Skewed X inactivation may occur, which means one X chromosome is preferentially inactivated over the other chromosome in cells of the body. Males have one X chromosome.
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Telegenetics from Point of View of the Patient

The patient and her husband were contacted and expressed that there was considerable anxiety about getting the results and anxiety about getting to the hospital given the family had malfunction car problems affecting their ability to have reliable transportation. The patient also noted that in Detroit the weather can be a barrier to hospital visit and that telehealth offered a convenient way to get information about her diagnosis in the comfortable atmosphere of her home.

Discussion

A literature review reveals multiple specialties that use telehealth for inpatient consultations.13–15 There are numerous publications on dermatology, which lend themselves to these mediums, the given images of skin can be assessed and a diagnosis can be made visually. As noted previously, Szigety et al.5 found comparable rates of a molecular diagnosis for pediatric patients seen in person versus virtually, and Gorrie et al.16 performed a literature review and found the benefits of telegenetics included cost effectiveness, reduction in times to have an appointment, and convenience.16

Furthermore, for inpatient consultation, geneticists might have more time to take a family history. In the case of our patient, the family history of two maternal uncles in wheelchairs with musculoskeletal complaints helped narrow the differerntial diagnosis to Duchenne muscular dystrophy. In our patient’s case the family history made the diagnosis. As previously observed, even without physical examination, the time the geneticists spend reviewing laboratory results, records, and patient history may be of significance and result in a genetic diagnosis. One significant concern in Szigety’s study was telegenetics visits often had a delay in getting the result of genetic testing sample.5

Other practical considerations for widespread implementation of inpatient genetic consultations include obtaining consent from the patient or patient’s parents for images to be sent to a consulting physician and review of the treating healthcare provider’s physical examination. In addition, financial considerations must be negotiated by the hospital as to how telehealth inpatient consultations will be reimbursed.

Policies must also be implemented for malpractice coverage, documenting patients’ consent to a telehealth consultation, documentation of informed consent for the genetic test, and follow-up on results of genetic testing ordered from the said consultations. Finally, some literature suggests that patients with limited English proficiency have poorer outcomes with telehealth compared to English-speaking patients. In such cases an interpreter would be required to ensure that they receive the best care and an infrastructure to help ensure successful video login.8,10

In our patient’s case, a genetics consultation was valuable because while the inpatient medicine team was focused on supportive care with fluids and monitoring laboratory values reflective of rhabdomyolysis, no one obtained a family history. While we were able to go to the bedside, there might be patients going through diagnostic workups where virtual genetics encounters could provide critical information to the inpatient hospital team caring for the patient.

Conclusion

For our patient’s clinical care, telehealth was essential in being able to convey positive results to the patient in real time and help coordinate her care with specialists for cardiac, gastroenterology, and neuromuscular follow-up, as well as having a reproductive evaluation to discuss potential impact on future pregnancies.

While many publications center on cancer genetics, care, and telehealth, this patient’s experience highlights the value of telehealth in non-cancer genetic diagnosis and highlights how telehealth may be valuable for patients with inpatient genetic consultations and for hospital follow-up of inpatient consultations. Further study is needed for telegenetics success in patients from diverse socio-economic backgrounds to identify barriers to this medium and how care can be improved.

The HF system of which our community is one hospital, is committed to caring for patients from diverse backgrounds from all over Michigan. Henry Ford has a total of 13 hospitals that serve patients in Michigan. At our center, we will explore the feasibility of a hub and spoke model for the delivery of inpatient/telehealth conversations, which might also work for other health systems that have many satellite locations, by working with our administrators and hospital support staff. The main headquarters for our system is Henry Ford Detroit, where our patient was originally prior to being admitted to our hospital, Henry Ford St. John. It might be most feasible to do a pilot between these two hospitals and then expand.
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Appendix A.Distribution of clinical geneticists in the U.S. by state as reported in January 2024 by the American College of Medical Genetics and Genomics.


	State
	# Clinical Geneticist Providers
	State
	# Clinical Geneticist Providers
	State
	# Clinical Geneticist Providers





	Alabama
	13
	Kentucky
	11
	North Dakota
	2



	Alaska
	0
	Louisiana
	10
	Ohio
	68



	Arizona
	13
	Maine
	4
	Oklahoma
	6



	Arkansas
	6
	Maryland
	105
	Oregon
	23



	California
	216
	Massachusetts
	80
	Pennsylvania
	64



	Colorado
	22
	Michigan
	36
	Rhode Island
	3



	Connecticut
	23
	Minnesota
	33
	South Dakota
	23



	Delaware
	8
	Mississippi
	7
	Tennessee
	6



	Washington, DC
	26
	Missouri
	30
	Texas
	25



	Florida
	56
	Montana
	2
	Utah
	87



	Georgia
	23
	Nebraska
	10
	Vermont
	23



	Hawaii
	7
	Nevada
	5
	Virginia
	3



	Idaho
	5
	New Hampshire
	3
	Washington
	22



	Illinois
	36
	New Jersey
	24
	West Virginia
	47



	Indiana
	20
	New Mexico
	7
	Wisconsin
	0



	Iowa
	10
	New York
	103
	Wyoming
	19



	Kansas
	3
	North Carolina
	43
	Puerto Rico
	0
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