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Case Report
A 6-month-old girl was admitted to the intensive care unit of a tertiary pediatric hospital for shortness of breath and respiratory distress for three 

days following one month of cough. A�er �ve days antibiotics therapy (amoxicillin sulbactam for three days followed by meropenem for two days), 
chest CT scan showed severe pneumonia with local consolidation. A�er �beroptic bronchoscopy and alveolar lavage, she was intubated for ventilation 
and transported by ambulance to our hospital because of persistent cyanosis. �e girl was gravida 2 para 2 and vaginal delivered spontaneously at full 
gestation age to a gravida 2 para 2 mother with Apgar score of 10 at �rst minute and birth weight 4000 g. Her non-consanguineous parents and elder 
brother were healthy. �ere was no family history of tuberculosis. She was vaccinated at birth for BCG and hepatitis B and no other vaccinations 
were given because of recurrent infections with oral herpes, bronchitis and pneumonia a�er one month old.

Physical examination revealed le� sub-axillary lymphadenitis (Figure 1) and bilateral pulmonary rales, no rash and no hepatosplenomegaly 
were observed and failure to thrive (6000g at admission). Peripheral blood routine test showed: white blood cell counts 9.7 × 109/L, lymphocytes 
di�erential 8%, hemoglobin and platelet were normal. C-reactive protein, procalcitonin, serum electrolytes, biochemical enzymes of organs, liver 
and renal function and coagulation function were normal. Chest radiographs showed bilateral in�ltration pneumonia. Abdominal sonography was 
normal. Super�cial sonography showed le� sub-axillary lymph node enlargement and liquefaction. High-throughput sequencing on Bronchoalveolar 
Lavage Fluid (BALF) identi�ed 697 sequences of Mycobacteruim tuberculosis complex and 95146 sequences of Pneumocystis jiroveci, respectively. 
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Introduction
There are an estimated 75,000 genetic testing products on the market currently, representing approximately 10,000 unique test types. 

Approximately 10 new genetic tests enter the market every day [1], making genetic testing the fastest growing group of laboratory tests in 
recent years [2]. Many private payers have coverage criteria for a defined set of genetic tests [3-6]. However, payers frequently require prior 
authorization (preauthorization) which necessitates payer review of genetic tests on an individual basis, requiring the submission of the patient’s 
clinical information and an explanation of how the requested test would alter the patient’s medical management. Some hospitals have established 
laboratory stewardship programs [7] whereby doctoral-level consultants or genetic counselors perform a systematic review of send-out tests. Such 
programs address the confusion caused by a large number of genetic test options, mitigate the difficulty of test selection by non-genetic providers, 
and decrease the uncertainty of reimbursement. These stewardship programs have also been shown to control substantial genetic testing costs to 
institutions and to the healthcare system [8,9]. Healthcare providers, patients, payers, health systems, and laboratories are all stakeholders in the 
genetic testing process and outcomes. Collaboration among these stakeholders is necessary for the success of a laboratory stewardship program and 
for the efficient operation of the healthcare system overall.

In this paper, we present four cases that demonstrate current challenges with genetic test orders, prior authorizations, and reimbursement. We 
then demonstrate the benefits of having a laboratory test stewardship program. Each case has been modified for illustrative purposes, and to prevent 
any identification of patients.

Case presentation 
Case 1: Test naming

A 50-year-old Caucasian male developed pain and redness in his right calf after a trans-Atlantic flight. His physician noted swelling and 
tenderness in the leg. Doppler ultrasound revealed deep vein thrombosis. The patient was treated and investigated for possible causes of venous 
thromboembolism (VTE). Other than the history of prolonged immobilization, the patient had no other predisposing factors for VTE. A preliminary 
screen for VTE, the activated protein C (APC) resistance test, was positive. His medical team wanted to know if the patient had the F5 gene Factor 
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V Leiden (Leiden) variant, the most common cause of inherited VTE. The Leiden variant, c.1691G>A (legacy R506Q), eliminates the APC cleavage 
site on Factor V, slowing down its inactivation, leading to the production of more thrombin, and thus more clots. Instead of ordering to test for 
the Factor V Leiden variant, the test for Factor V Level was ordered. It is possible that the wrong test was mistakenly chosen because the two tests, 
Factor V Leiden and Factor V Level, were adjacent to each other on the order screen. It is also possible that because the test was ordered by a 
trainee, they were unsure of which test to order [7]. Factor V levels are useful in cases of Factor V deficiency, which are rare, and it is important to 
note that such cases are associated with a bleeding tendency, not thrombosis. Since the Factor V Level assay is not a genetic test, the order failed to 
trigger a prospective review by the genetic counselling service, another mechanism to check for appropriateness of test orders. Once the Factor V 
Level result was available, the provider realized that the wrong test had been ordered. They knew a genetic test was needed and placed an order for 
the F5 R2 variant. A genetic counselor reviewed this order and modified it to a Factor V Leiden test that reflexed to testing for the F5 R2 variant. 
Besides the delay in diagnosis, the patient had an uneventful course. The patient was found to be heterozygous for the Leiden variant and R2 
variant. Compound heterozygosity of Leiden/R2 adds an additional 10-fold risk of thromboembolic disease. However, an R2 variant by itself adds 
no additional thromboembolic risk. Hence the F5 R2 variant test is not a first level test for inherited VTE but is only indicated in patients known 
to have a Leiden variant. Even so, it is often mistakenly ordered at the same time as the Leiden test. Taken together, the exact test and the order in 
which the testing is performed is important.

There are other instances where similar test names have led to confusion in test ordering. For example, the RET gene has been analyzed in 
cases of suspected Rett syndrome. The correct gene to the sequence in Rett syndrome is the MECP2 gene, and the RET gene is involved in Multiple 
Endocrine Neoplasia type 2 (MEN2) disease [10]. Along similar lines, the GLUD1 gene analysis has been sought in cases of suspected GLUT1 
deficiency syndrome (caused by mutations in the SLC2A1 gene) (Author personal communication). Thalassemia screen often refers to a test for 
haemoglobin variants by electrophoresis, but clinicians might expect it to include a haemoglobin gene analysis. Careful naming of tests, along with 
providing indications for test use in the display name where possible, would help avoid confusion, misuse, and overuse of tests.

Case 2: Direct to consumer (DTC) vs. clinical testing

A 55-year-old female had an enlarged spleen. During her medical evaluation, she mentioned that her brother had a direct to consumer (DTC) 
test that identified a heterozygous common variant associated with Gaucher disease, a condition associated with splenomegaly and other features 
that may include hepatomegaly, anemia, thrombocytopenia and bone anomalies. The provider recommended Gaucher GBA gene testing. The 
patient requested the same DTC panel her brother had because it was inexpensive and she was interested in other health and wellness information 
that that test may provide. Blood was collected for the DTC test and sent to the provider’s sendouts laboratory for shipment. The laboratory genetic 
counselor (GC) reviewing test orders contacted the provider to recommend that clinical laboratory testing should be performed rather than DTC 
testing. Per the institution’s Clinical Laboratory Improvement Amendments of 1988 (CLIA) policy, the lab director must approve clinical reference 
laboratories - the DTC company was not an approved lab. Although this DTC panel did include a few common GBA variants, this panel would miss 
other GBA common and uncommon pathogenic variants. Full GBA sequencing was the optimal first test based on the patient’s ethnic background 
and sibling’s detected variant. There was no clear clinical utility of testing the remaining gene variants included on the DTC test for this patient. 
The provider confided that he did not want to order the DTC test but wanted to retain his positive relationship with the patient, so ordered it as a 
first step. He intended to order full GBA sequencing if the DTC panel detected one or no GBA variants. The lab GC discussed that their institution 
supports patient-centered care, but this is different than patient-driven care: this order felt like the latter. The lab also supports providers in ordering 
the optimal test for the patient and retaining positive relationships with patients when possible. The provider agreed that GBA gene full sequencing 
was a more appropriate order for the patient’s clinical evaluation. The lab GC empowered the provider to inform the patient that the institution’s 
lab did not approve the DTC order, but she could seek such testing independently and then counsel the patient regarding the utility of GBA full 
gene sequencing. This transferred the onus of test cancellation to the lab instead of the provider. The GBA sequencing identified one heterozygous 
common pathogenic variant and one heterozygous uncommon pathogenic variant that would have been missed on the DTC test.

Direct to consumer testing is blurring the lines of clinical testing for providers and patients [11]. While the number of gene variants tested in a 
DTC test may initially seem like a good monetary value, the cost of the test is unlikely to be reimbursed by insurance payers. Even when DTC testing 
is performed in labs accredited and certified by the College of American Pathologists and CLIA, the clinical value of the majority of the results can 
be unclear, especially with very large panels. Such results may necessitate clinical confirmatory testing, thus adding to costs. There is also the risk 
that a medical provider without genetics expertise may not understand when the test includes targeted variant analysis versus full gene analysis 
[12]. Taken together, for a patient who has a focused differential diagnosis, it might be best to order genetic testing targeted to that diagnosis from 
a clinical reference laboratory.

Case 3: Payer reimbursement

A new-born female presented with congenital heart disease and abnormal facial features, inclusive of cleft lip. The paediatrician did not have 
much knowledge of genetic syndromes and did not have a genetic counselor or geneticist within 200 miles to consult. The infant had feeding 
difficulties and required considerable medical support. Upon studying the literature, the paediatrician suspected CHARGE syndrome and 
ordered CHD7 gene sequencing. The patient’s insurance covered this test given it was single gene testing with matching phenotype. The family had 
a relatively low out of pocket cost. The result of this test was negative.

As the infant grew, she showed motor and language delays. Her parents continued to follow up with the pediatrician every quarter and began 
early intervention services. Given the infant was on an estimated one-year waitlist for the pediatric geneticist located 200 miles from their home the 
paediatrician considered a new genetic test that had recently become available and discussed whole-exome sequencing (WES) as a potential genetic 
test with the family. The pediatrician’s medical assistant (MA) called a reputable clinical genetic testing lab who instructed the MA to submit a prior 
authorization before ordering WES. The MA filled out the correct paperwork and submitted it to the patient’s insurance. WES was denied, as the 
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payer considered that specific test investigational and experimental. The patient’s mother received a call from the paediatrician’s office letting her 
know about this denial and was frustrated by this decision. She spoke with her husband about the possibility of changing insurances at their next 
enrolment period and began researching other payers. Unfortunately, none of the payers that were available for her or her husband included WES 
as a covered test.

The child was continuously monitored and at age 4 developed seizures. These quarterly visits to the paediatrician’s office caused significant 
costs to the family’s insurance but these visits were justified given the geneticist appointment never occurred as there was still a long waiting list, 
even 2 years after the referral was made. The patient’s mother was then pregnant again, and the parents needed a better understanding of their 
daughter’s diagnosis and outcomes, as well as their chances for recurrence with this pregnancy. Given the family was unable to change their payer 
and they had still not seen the geneticist, the parents decided to pay out of pocket for WES trio testing: a pathogenic variant in KMT2D was found, 
diagnosing the child with Kabuki Syndrome. The patient’s mother called her payer to inform them that WES was a valuable test that confirmed a 
rare diagnosis with management guidelines and provided prenatal testing options to their family. The patient’s mother encouraged the payer to 
reconsider coverage for WES for other covered members who may benefit from the same test.

Payer policies play a large role in test selection by both genetics and non-genetic providers. In this case, healthcare dollars were spent on 
additional testing and provider visits because WES was considered investigational and experimental by the payer and clinical genetics resources 
were out of reach for the patient. Some payers cover WES because they have completed a systematic assessment of the evidence. This assessment can 
lead to increased genetic test coverage, reduced spending of healthcare dollars, more appropriate test orders [13], and tailored patient management.

Case 4: Prior authorization

A 40-year-old male had been experiencing shortness of breath and fatigue. After the presentation to his provider and referral to cardiology, 
where he underwent an echocardiogram, he was diagnosed with dilated cardiomyopathy. Upon examination of his family history, it was revealed 
that his mother died at age 35 and a maternal uncle died of heart failure at 50. His cardiologist recommended a dilated cardiomyopathy gene panel 
as there are many different genes that may explain his personal and family history. Prior authorization is a required process for most genetic tests. 
In order to obtain prior authorization, a patient’s clinical records demonstrating a need for a genetic test as well as evidence that test results would 
change medical management must be provided to the payer for review and possible approval. The genetic counselor within the hospital laboratory 
obtained prior authorization for this testing with the required documentation, including the test’s Current Procedural Terminology (CPT) billing 
codes from the outside reference laboratory’s website. Despite the prior authorization, payment for the testing was ultimately denied by the patient’s 
health plan. This denial occurred because the billing codes in the claim were not consistent with the billing codes from the testing lab’s website that 
were submitted for prior authorization. The patient was now responsible for payment for a test that was already authorized by the payer.

In this case example, the reference laboratory provided one plausible CPT code that insurance payers are likely to approve on their outward-
facing website but changed to a different plausible CPT code for the direct insurance billing. The laboratory website disclaimer suggests that 
the billing codes listed on their website may not be the codes that are ultimately included with a claim, but this does not help the patient avoid 
unreimbursed charges. A review of other reference laboratories’ websites revealed that two different laboratories list different billing codes for a similar 
dilated cardiomyopathy gene panel, e.g., one laboratory submits four billing codes and the other submits one billing code [14,15]. The provider may not 
understand this variation in the process from lab to lab, and a family may receive unnecessary charges when the performing lab uses CPTs that are different 
from their insurance payers’ approved CPT list. This creates an unfair disadvantage for patients seeking similar medical care.

Special expertise is often required to identify these nuanced reasons for the denial. Collaborative efforts between all stakeholders are needed to 
develop a transparent CPT billing and prior authorization process that minimizes waste and maximizes value within the healthcare system.

Discussion
The cases described in this review illustrate multiple factors that impact the genetic testing process and some of the opportunities where 

laboratory stewardship by individuals with genetic expertise can add value (Figure 1). Figure 1 represents stages in the genetic testing process that 
require scrutiny for the success of the entire process of laboratory testing. These stages include optimal test selection and ordering for the patient’s 
suspected diagnosis, determining whether appropriate steps have occurred to ensure payer authorization, navigating patient-driven test requests, 
and weighing testing alternatives when payer authorization is not granted. Even if all needed tasks have been performed to ensure that the best test 
for the patient is performed within the context of payer authorization, subsequent events can affect whether the patient will be responsible for the 
bill incurred by the test that was ordered.

Healthcare providers, patients, insurance payers, health systems, and laboratories are all stakeholders in the genetic testing process and outcomes 
therein. Additional resources are needed to inspire processes where all stakeholders have a greater opportunity to benefit. Genetic counselors can 
often provide a communication bridge among these stakeholders within a laboratory stewardship program. Collaborative communication between 
laboratories and payers can facilitate shared strategies to create policies for coverage and CPT coding of medically necessary genetic tests to alleviate 
billing discrepancies and other barriers to test reimbursement [16].

Billing and reimbursement of genetic testing is a complicated and opaque process. Multiple variables prevent both the ordering provider 
and the patient from making an informed financial decision and ultimately obtaining optimal insurance coverage for tests. While test coverage 
approval or denial may at first appear straightforward, variability in CPT billing code interpretation and use creates opportunities for confusion. 
Analyzing the payer’s denial information can guide the provider in determining whether the denial was due to specific medical record details that 
did not provide medical necessity evidence or whether the billing codes themselves were a barrier to coverage. Follow up of claims data can prompt 
additional communication between payers and laboratories to confirm coverage outcomes.
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Many insurance payers are heavily burdened with navigating waste and fraud within the healthcare system [17]. Laboratories struggle with 
antiquated billing systems that often do not provide an accurate representation of the testing performed, making reimbursement of their services 
complicated and can add to fraud and waste within the system. The large and increasing number of genetic tests are ordered using a computerized 
order entry system that provides limited information beyond the test name that can lead to confusion such as is demonstrated in the Factor V 
Leiden case above. Miscellaneous test orders add further opportunities for errors in ordering. Providers in a busy clinic setting may not have time to 
access informative resources such as a test catalog or consult with their genetics colleagues to obtain guidance about test selection [18]. Additionally, 
unique contracts between laboratories, health systems, and payers create variability in billing codes and reimbursement that add complexity to the 
process. The policies in place to limit fraud and waste can also impair the ability of providers to navigate this system to successfully obtain a testing 
for their patients and is an opportunity for stakeholders to address how working more transparently together can improve the system as a whole.

As genetic testing is constantly evolving and becoming more applicable to all areas of medicine, the evidence of the utility of a test may not be 
published at the time of testing. A more individualized evaluation of the medical necessity of that test for a patient may need to occur as genetic 
testing is increasingly utilized in personalized medicine. The partnership between provider and payer is an important building block in providing 
tools to navigate optimal testing options for patients. The skills of genetic counselors, including genetic test review and understanding of payer 
policies, can be utilized to establish working relationships between different stakeholders involved in payer policy development.

The limitations presented by the current billing and reimbursement system itself can present an additional impediment to the timely 
adaptation to the changing landscape of genetics. Our case study review provides insight into the common pathways in which optimal testing 
and reimbursement failures occur. Health systems can implement a laboratory stewardship program to shore up those missed opportunities. We 
propose that stakeholders seek opportunities to collaborate to improve the system.
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