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a b s t r a c t

Cardiac autonomic neuropathy (CAN) is a complication of diabetes mellitus, which imposes significant
functional limitations and at times, sudden death. In an evolving healthcare landscape, physical thera-
pists are assuming greater clinical responsibility and thus must be aware of this potential complication
and tailor the plan of care appropriately. The purpose of this case report is to highlight the need for
increased awareness of CAN among physical therapists in order to improve screening, diagnosis, and
treatment. A 41-year-old Spanish-speaking male with uncontrolled type 2 diabetes arrived to the
emergency department (ED) with dizziness and syncope leading to an inability to walk, work, or com-
plete community service hours. After evaluation by the ED physical therapist, the patient was admitted
for further work-up and diagnosed with CAN. After a short hospital course, the patient returned home
symptomatic, fell, and was re-admitted the same day. Throughout the second hospital stay, the patient's
symptoms improved with robust medical management allowing physical therapy treatment and func-
tional independence for safe discharge home. Additionally, patient-specific goals were met with the help
of social work and the medical team. Clinical knowledge of CAN for the non-cardiopulmonary specialist
physical therapist is lacking. As physical therapists prepare to be advanced practice providers in a rapidly
evolving healthcare landscape, increasing awareness has the potential to lead to improved screening,
diagnosis, and treatment of persons with CAN, a severe complication of diabetes.

© 2022 Elsevier Ltd. All rights reserved.
1. Background

Approximately 30.3 million people in the United States have
diabetes mellitus, with one in four people undiagnosed (Centers for
Disease Control and Prevention, 2017). Cardiac autonomic neu-
ropathy (CAN) is a common, yet serious complication of diabetes
mellitus that has no cohesive treatment algorithm (Serhiyenko and
Serhiyenko, 2018; Agashe and Petak, 2018; Spallone et al., 2011).
Given the prevalence of diabetes and its complications and, in light
of the evolving role of the physical therapist in the present
healthcare landscape, physical therapists must be able to recognize
CAN and intervene appropriately.

Autonomic neuropathies are an irreversible complication of
diabetes that affect multiple organ systems and pose a significant
lis, IN, USA.
.edu (G. Herman).
challenge to a person's quality of life and medical management
(Spallone et al., 2011; American Diabetes Association, 2019; Vinik
et al., 2013). CAN is a specific type of diabetic autonomic neurop-
athy characterized as a denervation of the cardiovascular auto-
nomic nervous system (Vinik et al., 2013). Symptoms of CAN may
include dizziness, syncope, poor exercise tolerance, erratic blood
pressure, headaches, and constant fatigue (Serhiyenko and
Serhiyenko, 2018; American Diabetes Association, 2019). In its
early stages, the disease may be silent presenting only as a decrease
in heart rate variability (Serhiyenko and Serhiyenko, 2018; Vinik
et al., 2013). As the disease progresses, signs and symptoms
become more pronounced and include tachycardia, a fixed heart
rate, orthostatic hypotension without an increase in heart rate,
postural hypotension and syncope, asymptomatic hypoglycemia,
electrocardiogram changes, silent myocardial infarction, and sud-
den death (Serhiyenko and Serhiyenko, 2018; American Diabetes
Association 2019; Vinik et al., 2013). CAN is associated with mul-
tiple organ systems and is known to have a high morbidity and
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mortality rate, with a relative risk of 3.65 and 6.2 as reported in
separate meta-analyses (Agashe and Petak, 2018; Spallone et al.,
2011; Vinik et al., 2013; Maser et al., 2003; Vinik and Ziegler,
2007).The presence of CAN increases with length of disease; it is
hypothesized that up to 60% of persons having type 2 diabetes for at
least 15 years may present with symptoms of CAN (Pop-Busui et al.,
2017).

When evaluating for CAN, common differentials include but are
not limited to: peripheral vascular syndromes, various other central
neurological diagnoses, genitourinary syndromes, metabolic syn-
dromes, and cardiorespiratory diseases (Balcıo�glu and
Müderriso�glu, 2015). However, the gold standard for the diag-
nosis of CAN are cardiovascular autonomic reflex tests (CARTs), also
known as Ewing's battery, developed by Ewing and Clarke in the
1970's (Serhiyenko and Serhiyenko, 2018; Spallone et al., 2011;
Duque A et al., 2021). These five bedside tests assess sympathetic
and parasympathetic cardiac function in persons with suspected
CAN (Andersen et al., 2018); they are sensitive, specific, reproduc-
ible, standardized and should be performed by medical practi-
tioners trained in their implementation (Table 1) (Spallone et al.,
2011a,b). Because of its clinical and prognostic significance and
ease of applicability, the orthostatic hypotension test (Spallone
et al., 2009) should be applied yearly by all medical practitioners
in persons with diabetes, regardless of the presence of symptoms
(Spallone et al., 2011). In this test, the patient's blood pressure is
measured after 5 minutes in supine and again after 1 and 2minutes
of standing and is considered abnormal if there is a systolic
decrease �30 mmHg between the supine and the lowest standing
value (Spallone et al., 2011a,b). The presence of one positive CART's
test indicates a possible diagnosis whereas two positive tests are
needed for a definitive diagnosis (Serhiyenko and Serhiyenko,
2018; Spallone et al., 2011). Diagnosis criteria is based on the
strong association between CAN and risk of mortality: in the
presence of one abnormal CART the pooled relative risk is 1.20
(1.02e1.41; P ¼ 0.03), in the presence of 2 or more abnormal tests
the pooled relative risk is 3.45 (95% CI 2.66e4.47; P < 0.001) (Maser
et al., 2003) ). The presence of orthostatic hypotension in addition
to any one positive CARTs test indicates severe disease (Serhiyenko
and Serhiyenko, 2018; Maser and Lenhard, 2005). The feasibility of
CART's tests has recently been called into question andmore up-to-
date tools such as nuclear imaging are under consideration as this
may increase the sensitivity of CART's (Duque et al., 2021). When
using myocardial scintigraphy as a reference standard a cutoff score
of two ormore abnormal CART's tests proved highly sensitive in the
diagnosis of CAN (Sn 100%, Sp 33%) (Didangelos et al., 2018). In the
absence of CART's testing, CAN is a diagnosis of exclusion (Vinik
Table 1
Cardiovascular autonomic reflex tests (Agashe and Petak, 2018; Serhiyenko and Serhiy

Test Administration

Deep breathing heart rate test (Sn 19%, Sp
98%, PPV 88%, NPV 57%, OR 2.34)

Patient supine, patient maximally breathes in
per minute with use of metronome. Heart ra
via EKG.

Lying to standing heart rate test (Sn 96%,
Sp 65%, PPV 72%, NPV 95%, OR 44.07)

With continuous EKGmonitor: Measure R-R i
and 30 after rapid standing from supine pos

Valsalva maneuver heart rate test (Sn
62%, Sp 92%, PPV 76%, NPV 85%, OR
18.56)

With continuous EKG monitor: Patient force
manometer to 40mHg for 15 seconds. Measu
shortest R-R intervals

Orthostatic hypotension test (Sn 51%, Sp
71%, PPV 62%, NPV 61%, OR 2.50)

Measure systolic BP of patient in supine and
minutes of standing. The last BP taken in sup
with the lowest value in standing.

Diastolic blood pressure response to
isometric exercise (Sn 64%, Sp 75%,
PPV 70%, NPV 69%, OR 5.22)

Establish maximum handgrip on dynamome
squeezes hand dynamometer at 30% maxim

Abbreviations: EKG, electrocardiogram; bpm, beats per minute; mmHg, millimeters mer
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et al., 2013; Balcıo�glu and Müderriso�glu, 2015). Because CAN is
often mis-diagnosed, the importance of diagnosis must be over-
stated (Spallone et al., 2011). A clinical diagnosis of CAN allows the
implementation of timely and possibly life-sparing therapies, en-
hances provider and patient motivation to correct glycemic ab-
normalities and cardiac risk factors and provides necessary
information for disease management, such as the safe imple-
mentation of exercise (Boulton et al., 2005).

To date, no consensus nor evidence-based treatment algorithm
exists for CAN (Serhiyenko and Serhiyenko, 2018). Treatment is
multifaceted and interdisciplinary and includes nutrition and life-
style changes in addition to medication management with
emphasis on glycemic control and modification of cardiac risk
factors (Serhiyenko and Serhiyenko, 2018; Vinik et al., 2013). If
orthostatic hypotension is present, non-pharmacological in-
terventions such as fluid volume replacement, liberal salt intake
and compression wear are used in conjunction with pharmaco-
logical care. Slowly titrated sympathomimetics are the first drugs of
choice in the management of orthostatic hypotension (Serhiyenko
and Serhiyenko, 2018).

Physical therapists across all settings must be able to screen and
treat persons with CAN (Lebec and Jogodka, 2009; Vinik et al.,
2013). Although changes in state practice acts have expanded the
scope of direct access to physical therapy Garrity et al., 2020; Magel
et al., 2020; Hon et al., 2021), variability remains (American
Physical Therapy Association, 2016). Some states allow unre-
stricted direct access, that is the evaluation and management of
patients without a physician referral, while others allow provi-
sional or limited direct access (American Physical Therapy
Association, 2016; Mabry et al., 2020). Physical therapists have
successfully acted as advanced practice providers in the United
Statesmilitary formany decades (McLean, 2006;Mabry et al., 2020;
Greathouse et al., 1994), evaluating and managing patients without
a physician referral, ordering imaging and prescribing medication,
performing thrust manipulations, and dry needling (Mabry et al.,
2020). However, this broad scope of practice remains elusive in
civilian settings (Mabry et al., 2020). For instance, physical thera-
pists employed in emergency departments (ED) are prohibited by
federal law from providing triage and initial medical evaluation
(Centers for Medicare and Medicaid Services, 2021) and consulta-
tion of the ED PT occurs only after clearance from the referring ED
provider (Matifat et al., 2019; Kim et al., 2018). However, this
physician-centric model is expected to change (McLean, 2006;
Mabry et al., 2020; Hon et al., 2021). In light of projected physician
shortages (American Academy of Medical Colleges, 2021) and rising
healthcare costs (Dieleman et al., 2017) physical therapists must be
enko, 2018; Spallone et al., 2011; Pafili et al., 2015).

Response

and out 6 breaths
ted is monitored

Normal response: Difference in heart rate >15 bpm.
Abnormal response: A difference in heart rate <10 bpm.

nterval at beats 15
ition

Result is expressed by the 30:15 ratio. Longest R-R interval to
the shortest R-R interval ratio after standing up. Normal
is > 1.03, borderline is 1.01e1.03

fully exhales into
re longest and

Longest R-R interval to the shortest R-R interval ratio with
maximal expiration. Normal is > 1.2, borderline is 1.11e1.2

after 1 and 2
ine is compared

Typical response is fall in systolic of <10 mmHg, borderline is
fall of 10e29 mmHg, and abnormal is fall of >30 mmHg

ter. Patient
um for 5 minutes.

Typical response for diastolic BP is a rise of >16 mmHg on
contralateral arm, borderline is 11e15 mmHg

cury; BP, blood pressure.



Table 2
Vitals.

Day
Service/Unit

Supine BP and HR Seated BP and HR Standing BP and HR

9/10/18
ED PT evaluation

147/92 mmHg
94bpm

119/85 mmHg
96bpm

89/57 mmHga

106bpma

9/11/18
CDU

122/75 mmHg
85bpm

107/70 mmHg
95bpm

92/64 mmHga

105bpma

9/12/18
CDU

132/83 mmHg
89bpm

94/59 mmHg
95bpm

59/32 mmHga

109bpma

9/13/18
Inpatient PT evaluation

106/59 mmHg
83bpm

70/47 mmHg
86 bpm

Standing not tolerated

9/14/18
PT treatment

NT 124/74 mmHg Standing not tolerated

9/15/18
2nd ED visit

141/68 mmHg
107bpm

NT NT

9/16/18
PT withheld

109/77 mmHg
92bpm

NT NT

9/17/18
Inpatient PT evaluation

111/70 mmHg
99 bpm

89/59 mmHg
104bpm

48/33a

104 bpma

9/19/18
PT treatment

120/75 mmHg
98bpm

83/57 mmHg
103bpm

62/29 mmHg
106bpm

9/20/18
PT treatment

117/75 mmHg
84bpm

103/62 mmHg
88bpm

64/42 mmHg
98bpm

9/20/18 after ambulating 400ft NT NT 83/56 mmHg
98bpm

9/21/18
PT treatment

NT 125/80 mmHg
95bpm

80/54 mmHg
100bpm

Abbreviations: BP, blood pressure; HR, heart rate; ED, emergency department; PT, physical therapist; mmHg, millimeter of mercury; bpm, beats per minute; CDU, clinical
decision unit; ft, feet; NT, not tested.

a Denotes crouched standing to avoid syncopal episode.
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prepared to take on the role of advanced practice providers by
assuming greater clinical accountability (Mabry et al., 2020)
through autonomous practice (Sandstrom, 2007), appropriate
medical screening (Mount et al., 2016), and successful management
of patients with multiple complex chronic medical conditions
(Murphy et al., 2005; Lebec and Jogodka, 2009) all-the-while
remaining rooted in a team-based approach to medical care
(Mabry et al., 2020). In light of this evolving healthcare landscape,
increased knowledge of CAN among physical therapists across all
settings is necessary for differential diagnosis and appropriate
medical referral of a condition frequently mis-diagnosed (Spallone
et al., 2011) as well as safe and effective implementation of reha-
bilitation paradigms in a population at risk for disabling disease and
sudden death (Boulton et al., 2005; Maser et al., 2003; Vinik and
Ziegler, 2007).

The following case underscores the role of the physical therapist
in the medical care of a personwith CAN, as well as accentuates the
perils of failure to recognize this type of neuropathy. Although this
case takes place in a physician-centric model of care, its lessons can
be extended to all physical therapists preparing to be advanced
practice providers in a rapidly evolving healthcare landscape. Thus,
the purpose of this case report is to highlight the need for physical
therapists’ awareness regarding the screening, diagnosis, and
treatment of CAN, a severe complication of diabetes.
2. Case description

A 41-year-old Spanish-speaking male with a past medical his-
tory of hypertension, hyperlipidemia, and type 2 diabetes mellitus
presented to the emergency department (ED) with complaints of
dizziness and syncope for 8 months. His last medical follow-up was
one year prior, during which his hemoglobin A1c was 12.5%. It is
unknown if he adhered to his listed daily medications, which
included: insulin, pravastatin, and lisinopril. Per chart review,
multiple provider notes mention that patient frequently confused
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his medication dosing. The ED work up was notable for hypergly-
cemia, with a point-of- care glucose of 262 mg/dL, and tachycardia
at rest as well as a normal chest x-ray, head computed tomography,
basic metabolic panel, complete blood count and thyroid stimu-
lating hormone. The ED physician referred the patient to the ED
staff PT for a safety evaluation and with the expectation that the ED
PT would provide disposition recommendations or request further
assessment if warranted (Ferreira et al., 2018).

During the initial interview with the PT, the patient reported
syncopal episodes multiple times a week, dizziness with upright
postures, and syncope upon near-standing leading to an inability to
walk or work construction. He maintained independence with ac-
tivities of daily living as long as he was sitting or walking in a
crouched position, including navigating five stairs to his basement
living quarters. He denied any red flags, as well as alcohol, tobacco
or illicit drug use. He explained that, six months prior, he was found
by police parked on the roadside slouched over his steering wheel
due to worsening symptoms and was cited for drunk driving after
being unable to fully stand to complete sobriety testing. As an
undocumented person, he was sent to an immigration center for 6
months before being able to post his bond. His goal for the ED visit,
therefore, was to provide his probation officer with a physician's
letter detailing his inability to complete community service hours
related to this citation.

Upon ED PT arrival to the patient's room, he was lying
comfortably in supine and appeared thin, pale, and with normal
muscle bulk. Examination in supine revealed intact sensation,
myotomes, coordination, tone, and reflexes for all extremities.
Passive and active joint mobility of all extremities and cranial nerve
screens were normal. He performed bed mobility asymptomati-
cally, experienced constant dizziness in sitting, and did not tolerate
standing due to feeling like he was going to “pass out”. In supine
and sitting, tests performed to rule out central and peripheral
vestibular causes of dizziness were unremarkable. He ambulated
with dizziness, maintaining a crouched position, while holding



Table 3
Emergency department physical therapist's decision-making tree within a physician-centric model of care.
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items for stability. Vitals demonstrated orthostatic hypotension
(fall in systolic �30 mmHg), and fixed tachycardia (Table 2). The ED
physical therapist determined that symptoms were attributable to
a systemic dysfunction of unknown etiology. Due to pre-syncopal
symptoms, unstable vitals, and orthostatic hypotension, the ED
physical therapist deemed the patient unsafe for discharge home
and referred the patient back to the emergency medicine physician
recommending further workup (Table 3).

The patient remained in the ED for further observation and
symptom control. He received 6L of intravenous fluids over a 48-h
period, but was eventually admitted due to ongoing symptomatic
orthostatic vitals. On the day of admission, neurology, cardiology,
endocrinology, and internal medicine teams diagnosed CAN based
off of exclusion of various other diseases and the presence of severe
orthostatic hypotension with uncontrolled diabetes mellitus. The
medical team then initiated sympathomimetics and insulin titra-
tion, recommended liberal caffeine and salt intake, hydration, and
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advised rising slowly. On hospital admission day one, PT evaluated
the patient but deferred ambulation due to unstable vitals; he was,
however able to transfer bed to chair with stand-by assistance. On
hospital admission day two, the medical team entered their
discharge summary and during physical therapy treatment the
patient performed wheelchair mobility 300 feet independently
with complaints of dizziness. The PT recommended the patient
discharge home at wheelchair level with intermittent assistance as
needed. Five days after the initial ED visit, on hospital admission
day three, the patient discharged home symptomatic, with assistive
devices to maximize safety, but without needed medical/legal
paperwork (Table 4).

3. Outcomes

Six hours after discharge, the patient returned to the ED
reporting syncope upon standing, in spite of rising slowly as



Table 4
Timeline.

Date Medical Course Physical Therapy

9/10/18 First ED visit. Transferred to an observation area. Physical therapy evaluated patient and deemed unsafe to discharge
home. ED PT coordinates with ED social work for legal needs.

9/11/18 In observation: Further medical workup and 4 L of IV
fluids with ongoing orthostatic vitals
and syncope.

9/12/18 In observation: Additional 2L IV fluids given. Admitted
to hospital for ongoing unstable vitals
and syncope. Medicine initiates
titration of sympathomimetics and
insulin

ED PT and social work coordinate with inpatient team regarding
patient-specific goals.

9/13/18 HAD 1. Medication titration continues. During physical therapy patient is only able to sit edge of bed and
performs squat transfers to bedside chair. Vitals are unstable.

9/14/18 HAD 2. Medication titration continues. Medical
team enters discharge summary.

Patient performs wheelchair mobility 300 ft at Mod I. Physical therapy
recommends home at wheelchair level with intermittent assistance; no
standing, gait, nor stairs attempted

9/15/18 HAD 3. Patient discharges home in a
wheelchair with assistive devices and
updated medications, with ongoing
unstable symptoms and without legal/
medical paperwork for probation
officer.

9/15/18 Second ED visit. Six hours after discharge patient
returns to the ED after syncopal
episode. Patient is re-admitted to
hospital. Medicine consults
Endocrinology, PT and Social Work.

9/16/18 HRAD 1. Sympathomimetics and insulin titration
initiated.

Physical therapy evaluation deferred due to unstable vitals, held at MD
request.

9/17/18 HRAD 2. Medication titration continues. Physical therapy evaluation reveals continued OH and inability to
ambulate.

9/18/18 HRAD 3. Continued titration of
sympathomimetics.

Social work confirms legal needs and faxes legal/medical paperwork to
probation officer

9/19/18 HRAD 4. Sympathomimetics titrated. Patient tolerates 2 minutes of standing with ongoing unstable vitals and
near syncope.

9/20/18 HRAD 5. Sympathomimetics titrated. Patient is able to walk 400ft independently and ascend/descend 7 steps
with orthostatic vitals and dizziness, but no syncope.

9/21/18 HRAD 6. Discharged home with adjusted
medications.

Patient is asymptomatic, walking 400 ft independently and negotiating
1 flight of stairs.

Abbreviations: ED, emergency department; PT, physical therapist; HAD, hospital admission day; IV, intravenous; CAN, cardiac autonomic neuropathy; HRAD, hospital re-
admission day; Mod I, modified independent.
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previously instructed. The patient was re-admitted to the hospital
where the medicine teams titrated sympathomimetics daily with
close monitoring and re-consulted physical therapy. On hospital re-
admission day one inpatient physical therapy deferred evaluation
due to unstable vitals. During the physical therapy evaluation on
hospital re-admission day two the patient demonstrated ongoing
orthostatic hypotension leading to the inability to ambulate. During
physical therapy on re-admission day four the patient tolerated
2 min of standing with dizziness, orthostatic vitals, and near syn-
cope. The next day the patient walked 400 feet independently and
negotiated seven steps over the course of two separate therapy
sessions with dizziness, but no syncope. On readmission day six,
the patient was discharged home asymptomatic with all necessary
medical paperwork for pending legal proceedings and adjusted
medications; he was able to safely ambulate and negotiate stairs
(Table 4).
4. Discussion

Physical therapists should tailor the medical screening portion
of their examination with persons at risk for CAN so as not to
overlook this common complication of diabetes. In particular, per-
sons with type 2 diabetes with a history of poor glycemic control
(hemoglobin A1c >7%), and/or cardiac risk factors require focused
inquiry (Agashe and Petak, 2018; Spallone et al., 2011; Pop-Busui
et al., 2017). Although the present case study depicts a male
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patient, the literature does not suggest that sex is an increased risk
factor for CAN (Kempler et al., 2002). The physical therapist should
inquire about common symptoms of CAN such as lightheadedness,
dizziness, visual impairment, weakness or syncope with standing
(Spallone and Ziegler et al., 2011; Andersen et al., 2018; Balcıo�glu
and Müderriso�glu, 2015). Additionally, the physical therapist
should assess vital signs for tachycardia at rest and measure blood
pressure gauging for systolic and diastolic abnormalities and apply
the orthostatic hypotension test (Serhiyenko and Serhiyenko, 2018;
Vinik et al., 2013; Pop-Busui et al., 2017; Spallone et al., 2011). In
light of a positive medical screen suspicious for CAN, or in this
instance when the physical therapist encountered highly irregular
and unfamiliar signs and symptoms in a person with diabetes, the
physical therapist should refer the patient for further work-up
(Spallone et al., 2011). This case evolved within a physician-
centric model of care. However, whether operating within or
outside of physician-centric models of care, physical therapists are
tasked with unique decision-making paradigms that, in the end,
should lead to equivalent outcomes. (Table 3, Table 5).

Once a diagnosis of CAN is confirmed, physical therapists must
be vigilant of the pathophysiological abnormalities of CAN when
prescribing physical activity and lifestyle education (Serhiyenko
and Serhiyenko, 2018; Harris-Hayes et al., 2020). When working
with patients with CAN-induced orthostatic hypotension, physical
therapists in the inpatient setting should be aware that, with failure
of non-pharmacological interventions, treatment of orthostatic



Table 5
Proposed decision-making tree for physical therapists in non-physician-centered facilities.
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hypotension is entirely dependent on the administration of slowly
titrated sympathomimetic medications until symptoms stabilize
(Agashe and Petak, 2018). Then, to optimize safety prior to
discharge home, physical therapists should progress patients with
orthostatic hypotension from recumbent to upright exercise forms,
ensuring tolerance to all functional positions (Serhiyenko and
Serhiyenko, 2018; Pop-Busui et al., 2017). Considering the case at
hand, the physical therapy team upon re-admission carefully
considered patient orthostatic vitals and symptomatology during
evaluation and treatment, ensuring a safe progression of
168
movement and tolerance to all functional positions before clearing
for discharge home. In contrast, during initial hospitalization, a lack
of knowledge of CAN management and treatment led to an
apparently premature discharge at wheelchair level, despite the
patient's specific needs to stand, walk, navigate stairs, work, and
complete community service hours. Arguably, the aforementioned
knowledge deficits jeopardized the PT's clinical recommendations
leading to inadvertent consequences: a preventable fall, a hospital
re-admission, and unmet patient-specific goals (Table 4).

Physical therapists should consider the following general
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guidelines when treating persons with CAN. Ensure symptomatic
patients, with or without abnormal CARTs, are up-to-date with
recommended annual CARTs testing to evaluate for disease pro-
gression (Spallone et al., 2011). Preliminary evidence suggests
aerobic exercise may improve glycemic control, cardiorespiratory
fitness and autonomic function in persons with CAN (Bhati et al.,
2018; R€ohling et al., 2017). However, little else is known on the
efficacy of exercise mode or training parameters (Bhati et al., 2018).
Therefore, avoid implementing any exercise routine above func-
tional baseline in patients with suspected or known disease until
receipt of cardiovascular clearance including an exercise stress test
(Serhiyenko and Serhiyenko, 2018; Spallone et al., 2011). Monitor
exercise intensity using the heart rate reserve method or rate of
perceived exertion (R€ohling et al., 2017; Serhiyenko and
Serhiyenko, 2018). Educate on the risks of exercise in extreme en-
vironments (eg heat or cold), rebound hypotension after high in-
tensity exercise, and the benefits of aerobic exercise to minimize
disease progression (Bhati et al., 2018; Serhiyenko and Serhiyenko,
2018; Agashe and Petak, 2018). Because joint manipulation and dry
needling have a known effect on autonomic nervous system ac-
tivity, physical therapists should exert caution and consider
severity and stability of disease when utilizing these techniques
(Sillevis et al., 2021; Picchiottino et al., 2019; Savva et al., 2014). To
date there are no studies evaluating these techniques in persons
with CAN. Unfortunately, as pertains to this case, the patient was
not offered outpatient physical therapy in spite of persistent
functional incapacity with work and probation-related activities. It
appears outpatient was not suggested due to a lack of awareness
and knowledge surrounding physical therapy treatment efficacy
and CAN.

Given the rise of the diabetes epidemic and in light of an
evolving healthcare landscape, CAN is no longer a problem reserved
for the cardiorespiratory specialist, but must be familiar to the
entire healthcare team. In preparation for their role as advanced
practice providers, it is imperative that physical therapists across
the continuum of care obtain a more thorough understanding of
CAN for the purposes of differential diagnosis and medical referral
for timely and accurate diagnosis (Spallone et al., 2011) as well as
safe and effective treatment implementation in a population at
high risk for disease progression and sudden death (Boulton et al.,
2005; Maser et al., 2003; Vinik and Ziegler, 2007). Future research
could assess the impact of physical therapy-specific treatments on
quality of life in persons with CAN, the development of CAN-
specific functional outcome measures, and the efficacy of mode
and exercise guidelines on CAN disease progression.

Clinical relevance

� In an evolving healthcare system, physical therapists across all
settings must have greater awareness of CAN for improved
patient-centered outcomes.

� Physical therapists may immediately implement screening and
management strategies for CAN after learning clinical tests and
treatment guidelines.
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