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Abstract: This report proposes a new approach to assess dysarthria in patients with brainstem
infarction by involving familiar individuals. Collaboration provides valuable insights compared to
subjective traditional methods. A man in his 70s presented with resolved positional vertigo. Standard
neurological tests showed no abnormalities, and inquiries with the patient’s friend did not reveal
voice changes. While inquiring about voice changes with family, friends, and acquaintances is a
common practice in clinical settings, our approach involved the patient calling out to his friend
from a distance. Despite the physician detecting no abnormalities, the friend noticed a lower voice.
Subsequent magnetic resonance imaging (MRI) confirmed brainstem infarction. Early and subtle
symptoms of brainstem infarction pose a detection challenge and can lead to serious outcomes if
overlooked. This report provides the first evidence that distance calling can detect subtle voice
changes associated with brainstem infarction potentially overlooked by conventional neurological
examinations, including inquiries with individuals familiar with the patient’s voice. Detecting
brainstem infarction in emergency department cases is often missed, but conducting MRIs on every
patient is not feasible. This simple method may identify patients overlooked by conventional
screening who should undergo neuroimaging such as MRI. Further research is needed, and involving
non-professionals in assessments could significantly advance the diagnostic process.
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1. Introduction

Brain infarction, also known as ischemic stroke, is a significant healthcare concern due
to its high prevalence and substantial economic impact. In the United States, approximately
800,000 individuals annually experience either a new or recurrent stroke [1,2]. Diagnostic
errors in stroke management contribute to adverse outcomes, and the National Academy
of Medicine has highlighted the likelihood of diagnostic errors occurring in the lives of
most Americans, with approximately 50% of these errors leading to serious disability or
death. Failure to promptly diagnose and treat ischemic stroke can lead to higher rates of
morbidity and mortality, especially when acute thrombolytic or endovascular therapy is
not administered within the time-sensitive treatment windows [1,3,4].

Brainstem infarcts constitute 10% of all ischemic brain strokes and encompass a range
of syndromes that are challenging to diagnose and affect the midbrain, pons, and medulla
oblongata. They can manifest with a wide array of symptoms, including cranial nerve
impairments (III to XII), respiratory and cardiac dysfunction, decreased consciousness,
and even death [5–7]. Early diagnosis is crucial due to the high mortality and morbidity
associated with brainstem infarction [8,9]. Brainstem infarction impacts the functionality of
the muscles responsible for mouth, tongue, and throat movements. Thoroughly assessing
speech motor deficits stands as a pivotal screening approach for the early detection of
brainstem infarction. Several speech tests have been reported as effective tools for identify-
ing these deficits associated with stroke. These assessments typically involve analyzing
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speech patterns during natural conversations or instructing the patients to articulate spe-
cific words or phrases to evaluate their pronunciation skills [10–12]. While these evaluation
methods may include soliciting observations from the patient’s family members regarding
any deviations from the patient’s typical speech, the primary responsibility for identifying
speech motor deficits lies with the attending physician. Importantly, the manifestations
resulting from brainstem infarction can sometimes be very subtle, with no clear deficits
apparent during neurological examination [6,9]. In this context, this case report intro-
duces a novel approach to assess dysarthria in patients with brainstem infarction, focusing
on collaboration with individuals familiar with the patient. Traditional methods rely on
professional assessments, including inquiries with individuals familiar with the patient’s
voice [10–12]. However, these methods may overlook subtle voice changes associated with
early brainstem infarction, leading to potential diagnostic challenges and adverse outcomes.
Detecting brain stroke in emergency department cases is often missed, but conducting
magnetic resonance imaging (MRI) on every patient is not feasible.

To address this issue, an approach involving non-professionals in the assessment
process is proposed, specifically using the patient’s calling out to individuals who are
familiar with the patient’s normal voice as an indicator of voice changes. This approach aims
to identify patients who may have been overlooked by conventional screening methods
and require further neuroimaging, such as MRI. By leveraging the observations of non-
professionals, we can enhance the diagnostic accuracy for identifying dysarthria associated
with brainstem infarction and provide timely and appropriate interventions for improved
patient outcomes.

2. Case Presentation

A man in his 70s presented to the emergency room with positional vertigo upon
waking up. Six hours later, when he arrived at the hospital, the vertigo had resolved, and
there were no apparent sensory deficits or motor paralysis. The head impulse test, which
assesses the vestibulo-ocular reflex, was performed and yielded negative results, indicat-
ing no abnormal eye movements. Standard assessments for speech disorders, including
tests for explosive sounds and consonant repetitions, did not indicate any abnormalities.
Examination of the pharynx showed no signs of the “curtain sign”, which is associated
with certain neurological conditions such as brainstem stroke. The patient did not have
dementia and was able to follow instructions accurately. These findings, along with the
absence of other focal neurological deficits, suggested no immediate evidence of a stroke or
significant neurological impairment. During the examination, the patient was accompanied
by his friend, who stated that his voice sounded normal without any changes. Since the
friend mentioned that the patient occasionally calls out to him from a nearby room, the
patient was asked to call out to his friend from a distance of approximately 5 m. The
examining physician did not detect any abnormalities in the patient’s voice. However, the
friend clearly noticed that the patient’s voice was lower than usual. A subsequent head
MRI revealed an acute brainstem infarction in the lateral medulla (Figure 1). After three
hours, the patient’s voice returned to normal.
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Figure 1. Diffusion-weighted magnetic resonance imaging showed evidence of acute brainstem in-
farction in the right lateral medulla. 

3. The “Calling Method” and Results 
A “Calling Method” was employed as a supplementary assessment to further evalu-

ate the patient’s voice. During the conventional neurological evaluation, both the physi-
cian and the friend did not detect any apparent abnormalities in the patient’s voice. How-
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server, who had familiarity with the patient’s usual voice characteristics from a distance, 
carefully listened for any changes in the patient’s voice during the call-out. Meanwhile, 
the examining physician stood approximately 1 m away, observing the patient’s facial 
expressions and voice during the call-out. During the “Calling Method” assessment, the 
physician did not perceive any abnormalities in the patient’s voice, as the patient’s facial 
expression appeared normal, and each word spoken during the call-out was clear. How-
ever, the friend, who was more attuned to the patient’s usual voice characteristics, specif-
ically noted that the patient’s voice was lower than usual and possibly slightly hoarse, 
though the degree of hoarseness was challenging to determine precisely. 

To validate these observations, a reevaluation of the “Calling Method” was con-
ducted three hours later. During this reevaluation, the patient’s voice was noticeably 
higher compared to the initial examination, which the physician clearly detected. Further-
more, upon reevaluation, the physician also noticed that the patient’s voice during the 
initial examination had some degree of hoarseness compared to the second voice assess-
ment. The friend confirmed that the patient’s voice had returned to its usual state. 

4. Discussion 
The consequences of delayed diagnosis in patients presenting with subtle stroke 

symptoms are significant. Failure to recognize a stroke can result in the exclusion of time-
sensitive treatments, such as thrombolytic therapy for acute ischemic stroke. Patients with 
delayed stroke diagnosis also tend to have less favorable outcomes at one year compared 
to those accurately diagnosed [4,13]. This report provides the first evidence that distance 
calling can detect subtle voice changes associated with brainstem infarction potentially 

Figure 1. Diffusion-weighted magnetic resonance imaging showed evidence of acute brainstem
infarction in the right lateral medulla.

3. The “Calling Method” and Results

A “Calling Method” was employed as a supplementary assessment to further evaluate
the patient’s voice. During the conventional neurological evaluation, both the physician
and the friend did not detect any apparent abnormalities in the patient’s voice. However,
recognizing the potential limitations of the conventional evaluation, the “Calling Method”
was utilized.

The patient was instructed to call out to an observer positioned 5 m away. The
observer, who had familiarity with the patient’s usual voice characteristics from a distance,
carefully listened for any changes in the patient’s voice during the call-out. Meanwhile,
the examining physician stood approximately 1 m away, observing the patient’s facial
expressions and voice during the call-out. During the “Calling Method” assessment, the
physician did not perceive any abnormalities in the patient’s voice, as the patient’s facial
expression appeared normal, and each word spoken during the call-out was clear. However,
the friend, who was more attuned to the patient’s usual voice characteristics, specifically
noted that the patient’s voice was lower than usual and possibly slightly hoarse, though
the degree of hoarseness was challenging to determine precisely.

To validate these observations, a reevaluation of the “Calling Method” was conducted
three hours later. During this reevaluation, the patient’s voice was noticeably higher
compared to the initial examination, which the physician clearly detected. Furthermore,
upon reevaluation, the physician also noticed that the patient’s voice during the initial
examination had some degree of hoarseness compared to the second voice assessment. The
friend confirmed that the patient’s voice had returned to its usual state.

4. Discussion

The consequences of delayed diagnosis in patients presenting with subtle stroke
symptoms are significant. Failure to recognize a stroke can result in the exclusion of
time-sensitive treatments, such as thrombolytic therapy for acute ischemic stroke. Patients
with delayed stroke diagnosis also tend to have less favorable outcomes at one year
compared to those accurately diagnosed [4,13]. This report provides the first evidence
that distance calling can detect subtle voice changes associated with brainstem infarction
potentially overlooked by conventional neurological examinations, including inquiries
with individuals familiar with the patient’s voice. This simple method may identify
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patients overlooked by conventional screening who should undergo neuroimaging such
as MRI. Based on our search of several databases, including PubMed, Embase, Scopus,
and Google Scholar, no previous reports documenting this approach were found. Some
of the methods used to screen for voice abnormalities in acute ischemic stroke include
the Frenchay Aphasia Screening Test (FAST), the Aphasia Rapid Test, and the Language
Screening Test (LAST). These tests evaluate the patient’s speech during conversation,
assess their ability to produce phrases or words, and may involve tasks such as repeating
phrases or words [10–12]. However, it should be noted that these methods do not provide
a quantitative assessment of changes compared to the patient’s previous voice state, at
least in the emergency department [10–12]. In this case, in addition to observing any
abnormalities in the patient’s conversation, we conducted a speech assessment using a
method commonly practiced in Japan. This method involves both producing and repeating
explosive sounds, as well as repeating consonants, which is considered slightly more
challenging. However, no abnormalities were found. Even the friend who was familiar
with the patient’s voice did not notice any changes compared to the patient’s usual voice.
This novel approach was developed by asking the patient to call out to his friend, who
was positioned 5 m away, and evaluate his usual calling voice. Since the friend was well-
acquainted with the patient’s typical speech characteristics, their perspective was leveraged
to provide more precise insights into any changes observed, thereby improving the accuracy
and comprehensiveness of neurological assessments. The presence of dysarthria was
successfully detected using this method. If applicable, if the patient has established familiar
phrases such as “make me some coffee” or “close the window” at distances of 5 m or 10 m,
such phrases could also be used as part of the Calling Method. This further enhances the
versatility and potential applications of this approach, expanding its scope. This approach
has the potential to become a valuable tool for speech assessment in clinical settings,
particularly for patients with neurological deficits like brainstem infarction. By enhancing
the accuracy and comprehensiveness of neurological evaluations, healthcare professionals
can improve treatment outcomes and patient care.

Traditionally, healthcare professionals have been solely responsible for detecting
and diagnosing impairments in neurological assessments [1,14–17]. However, this report
demonstrates the potential benefits of including the perspectives and observations of
individuals close to the patient. This collaborative approach has the potential to detect
weak dysarthria that may be missed in traditional neurological assessments.

This approach can also be applied to activities such as singing or playing musical
instruments, as well as to patients who are unable to sit or stand independently. Addition-
ally, in patients who are unable to sit or stand on their own, family members or friends
can observe the patient’s movements, such as turning over or sitting up, and note any
deviations from their usual behavior. In fact, it is important to have family members
perform tasks in the examination room, such as assisting the patient in transitioning from
lying down to sitting, to allow them to determine if there are any differences compared to
the patient’s normal behavior.

The involvement of family members or friends in the assessment process represents a
shift in healthcare, as it recognizes the importance of leveraging the collective knowledge
and observations of those who are closely associated with the patient’s daily life.

Several potential areas of further research and exploration can be derived. Firstly,
future studies could focus on conducting larger-scale investigations to validate the ef-
fectiveness and reliability of the Calling Method as a screening tool for detecting subtle
voice changes associated with brainstem infarction. By including a more diverse patient
population and multiple assessment sites, the generalizability of the approach can be better
understood. Moreover, it would be valuable to compare the diagnostic accuracy of the Call-
ing Method with existing neurological assessments and imaging techniques to determine
its added value in clinical practice. Second, traditional neurological evaluations have been
primarily conducted by professionals, while non-professionals such as family members or
friends have played a supplementary role. It would be important to compare the ability of
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professionals and non-professionals to detect abnormalities in voice assessments. Addition-
ally, the development of evaluation methods that are user-friendly for non-professionals
would be necessary. Third, it is important to acknowledge the potential role of artificial
intelligence (AI) in neurological assessments [18,19]. With advancements in machine learn-
ing techniques, AI has the ability to detect subtle changes in speech characteristics that
may indicate neurological conditions like dysarthria. The utilization of large datasets of
voice recordings, encompassing both everyday speech and voice during call-outs through
the Calling Method described in this report, enables AI systems to potentially predict the
expected normal “call-out” voice during patient examinations. By comparing it with the
actual “call-out” voice of the patient, AI systems have the potential to surpass untrained
human observers and clinicians in identifying these changes. However, it is crucial to
emphasize that the development of an effective and reliable AI system necessitates careful
consideration of ethical implications, including data privacy and informed consent. To
ensure the accuracy and applicability of such systems in healthcare settings, rigorous testing
and validation would be essential. The integration of AI in neurological assessments holds
promise for enhancing diagnostic capabilities and improving patient care outcomes.

Limitations of this study include the reliance on a single case, which restricts the
generalizability of the findings. The inclusion of a larger sample size is necessary to
establish the reliability and effectiveness of the proposed approach. Additionally, potential
biases associated with non-professional observers need to be addressed. To control for
bias, standardized evaluation methods and training for observers could be implemented
to ensure accurate and consistent observations. The relationship between the observer
and the patient may also influence the observations, and further research is needed to
understand how different relationships impact the assessment process. It is important to
acknowledge that involving non-professional observers introduces ethical considerations,
such as privacy, consent, and confidentiality, which should be carefully managed to protect
the rights of the patient and maintain trust in the healthcare system.

5. Conclusions

Involving family and friends in neurological assessments is an unexplored
area [1,14–16,20,21]. The proposed approach utilizes their insights to detect subtle speech
changes, thereby improving diagnosis and patient care. This collaborative approach
strengthens relationships and enhances the comprehensive evaluation of neurological
function. This case report demonstrates the potential usefulness of the Calling Method as a
screening tool to detect subtle voice changes associated with brainstem infarction, which
may be missed by conventional neurological examinations. Further research is needed. The
proposed method may be useful in identifying patients who require further neuroimaging,
such as MRI.

Author Contributions: Y.O. conducted the clinical assessment of the patient, reviewed the relevant
literature, and wrote the manuscript following the CARE13 guidelines. The author has read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares that there is no conflict of interest or financial disclosure
related to this research.



Medicina 2023, 59, 1344 6 of 6

References
1. Saleh Velez, F.G.; Alvarado-Dyer, R.; Pinto, C.B.; Ortiz García, J.G.; Mchugh, D.; Lu, J.; Otlivanchik, O.; Flusty, B.L.; Liberman,

A.L.; Prabhakaran, S. Safer Stroke-Dx Instrument: Identifying stroke misdiagnosis in the emergency department. Circ. Cardiovasc.
Qual. Outcomes 2021, 14, e007758. [CrossRef] [PubMed]

2. Yang, Q.; Tong, X.; Schieb, L.; Vaughan, A.; Gillespie, C.; Wiltz, J.L.; King, S.C.; Odom, E.; Merritt, R.; Hong, Y.; et al. Vital signs:
Recent trends in stroke death rates—United States, 2000–2015. MMWR Morb. Mortal. Wkly Rep. 2017, 66, 933–939. [CrossRef]
[PubMed]

3. Singh, H.; Giardina, T.D.; Meyer, A.N.D.; Forjuoh, S.N.; Reis, M.D.; Thomas, E.J. Types and origins of diagnostic errors in primary
care settings. JAMA Intern. Med. 2013, 173, 418–425. [CrossRef] [PubMed]

4. Liberman, A.L.; Skillings, J.; Greenberg, P.; Newman-Toker, D.E.; Siegal, D. Breakdowns in the initial patient-provider encounter
are a frequent source of diagnostic error among ischemic stroke cases included in a large medical malpractice claims database.
Diagnosis 2020, 7, 37–43. [CrossRef] [PubMed]

5. Gowda, S.N.; De Jesus, O. Brainstem Infarction; StatPearls Publishing: Petersburg, FL, USA, 2022.
6. Ortiz de Mendivil, A.; Alcala-Galiano, A.; Ochoa, M.; Salvador, E.; Milian, J.M. Brainstem Stroke: Anatomy, Clinical and

Radiological Findings. Smin. Ultrasound CT MR 2013, 34, 131–141. [CrossRef] [PubMed]
7. Burger, K.M.; Tuhrim, S.; Naidich, T.P. Brainstem vascular stroke anatomy. Neuroimaging Clin. N. Am. 2005, 15, 297–324. [CrossRef]

[PubMed]
8. Nogueira, R.G.; Jadhav, A.P.; Haussen, D.C.; Bonafe, A.; Budzik, R.F.; Bhuva, P.; Yavagal, D.R.; Ribo, M.; Cognard, C.; Hanel, R.A.;

et al. Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. N. Engl. J. Med. 2018, 378, 11–21.
[CrossRef] [PubMed]

9. Fanning, J.P.; Wesley, A.J.; Wong, A.A.; Fraser, J.F. Emerging spectra of silent brain infarction. Stroke 2014, 45, 3461–3471. [CrossRef]
[PubMed]

10. Enderby, P.; Crow, E. Frenchay Aphasia Screening Test: Validity and comparability. Disabil. Rehabil. 1996, 18, 238–240. [CrossRef]
[PubMed]

11. Azuar, C.; Leger, A.; Arbizu, C.; Henry-Amar, F.; Chomel-Guillaume, S.; Samson, Y. The aphasia rapid test: An NIHSS-like
aphasia test. J. Neurol. 2013, 260, 2110–2117. [CrossRef] [PubMed]

12. Flamand-Roze, C.; Falissard, B.; Roze, E.; Maintigneux, L.; Beziz, J.; Chacon, A.; Join-Lambert, C.; Adams, D.; Denier, C. Validation
of a new language screening tool for patients with acute stroke: The Language screening test (LAST). Stroke 2011, 42, 1224–1229.
[CrossRef] [PubMed]

13. Arch, A.E.; Weisman, D.C.; Coca, S.; Nystrom, K.V.; Wira, C.R., 3rd; Schindler, J.L. Missed ischemic stroke diagnosis in the
emergency department by emergency medicine and neurology services. Stroke 2016, 47, 668–673. [CrossRef] [PubMed]

14. Hurford, R.; Sekhar, A.; Hughes, T.A.T.; Muir, K.W. Diagnosis and management of acute ischaemic stroke. Pract. Neurol. 2020, 20,
304–316. [CrossRef] [PubMed]

15. Sharma, D.; Smith, M. The intensive care management of acute ischaemic stroke. Curr. Opin. Crit. Care 2022, 28, 157–165.
[CrossRef] [PubMed]

16. De Cock, E.; Batens, K.; Hemelsoet, D.; Boon, P.; Oostra, K.; De Herdt, V. Dysphagia, dysarthria and aphasia following a first
acute ischaemic stroke: Incidence and associated factors. Eur. J. Neurol. 2020, 27, 2014–2021. [CrossRef] [PubMed]

17. Kuruvilla, A.; Bhattacharya, P.; Rajamani, K.; Chaturvedi, S. Factors associated with misdiagnosis of acute stroke in young adults.
J. Stroke Cerebrovasc. Dis. 2011, 20, 523–527. [CrossRef] [PubMed]

18. Joshy, A.A.; Rajan, R. Automated dysarthria severity classification: A study on acoustic features and deep learning techniques.
IEEE Trans. Neural Syst. Rehabil. Eng. 2022, 30, 1147–1157. [CrossRef] [PubMed]

19. Song, J.; Lee, J.H.; Choi, J.; Suh, M.K.; Chung, M.J.; Kim, Y.H.; Park, J.; Choo, S.H.; Son, J.H.; Lee, D.Y.; et al. Detection and
differentiation of ataxic and hypokinetic dysarthria in cerebellar ataxia and parkinsonian disorders via wave splitting and
integrating neural networks. PLoS ONE 2022, 17, e0268337. [CrossRef] [PubMed]

20. Brady, M.C.; Clark, A.M.; Dickson, S.; Paton, G.; Barbour, R.S. The impact of stroke-related dysarthria on social participation and
implications for rehabilitation. Disabil. Rehabil. 2011, 33, 178–186. [CrossRef] [PubMed]

21. Calic, Z.; Cappelen-Smith, C.; Anderson, C.S.; Xuan, W.; Cordato, D.J. Cerebellar infarction and factors associated with delayed
presentation and misdiagnosis. Cerebrovasc. Dis. 2016, 42, 476–484. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/CIRCOUTCOMES.120.007758
https://www.ncbi.nlm.nih.gov/pubmed/34162221
https://doi.org/10.15585/mmwr.mm6635e1
https://www.ncbi.nlm.nih.gov/pubmed/28880858
https://doi.org/10.1001/jamainternmed.2013.2777
https://www.ncbi.nlm.nih.gov/pubmed/23440149
https://doi.org/10.1515/dx-2019-0031
https://www.ncbi.nlm.nih.gov/pubmed/31535831
https://doi.org/10.1053/j.sult.2013.01.004
https://www.ncbi.nlm.nih.gov/pubmed/23522778
https://doi.org/10.1016/j.nic.2005.05.005
https://www.ncbi.nlm.nih.gov/pubmed/16198942
https://doi.org/10.1056/NEJMoa1706442
https://www.ncbi.nlm.nih.gov/pubmed/29129157
https://doi.org/10.1161/STROKEAHA.114.005919
https://www.ncbi.nlm.nih.gov/pubmed/25293663
https://doi.org/10.3109/09638289609166307
https://www.ncbi.nlm.nih.gov/pubmed/8743301
https://doi.org/10.1007/s00415-013-6943-x
https://www.ncbi.nlm.nih.gov/pubmed/23673997
https://doi.org/10.1161/STROKEAHA.110.609503
https://www.ncbi.nlm.nih.gov/pubmed/21487118
https://doi.org/10.1161/STROKEAHA.115.010613
https://www.ncbi.nlm.nih.gov/pubmed/26846858
https://doi.org/10.1136/practneurol-2020-002557
https://www.ncbi.nlm.nih.gov/pubmed/32507747
https://doi.org/10.1097/MCC.0000000000000912
https://www.ncbi.nlm.nih.gov/pubmed/35034076
https://doi.org/10.1111/ene.14385
https://www.ncbi.nlm.nih.gov/pubmed/32515514
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.03.005
https://www.ncbi.nlm.nih.gov/pubmed/20719534
https://doi.org/10.1109/TNSRE.2022.3169814
https://www.ncbi.nlm.nih.gov/pubmed/35452390
https://doi.org/10.1371/journal.pone.0268337
https://www.ncbi.nlm.nih.gov/pubmed/35658000
https://doi.org/10.3109/09638288.2010.517897
https://www.ncbi.nlm.nih.gov/pubmed/20831375
https://doi.org/10.1159/000448899
https://www.ncbi.nlm.nih.gov/pubmed/27576326

	Introduction 
	Case Presentation 
	The “Calling Method” and Results 
	Discussion 
	Conclusions 
	References

