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FROM THE EDITOR

doi:10.3949/ccjm.93b.10026

A historical irony—
quantitative measurement 
in critically ill patients 
is not a panacea

In this issue of the Journal, Ho1 discusses the results of the EVERDAC (Early Versus Deferred Arte-
rial Catheterization in Critically Ill Patients With Acute Circulatory Failure) trial,2 which demon-
strated that providing arterial cannulation to all patients who present with clinical shock does not 
improve their clinical outcome as compared with those who receive cannulation selectively based 
on the decision of their attending physicians. This fi nding represents a blow to the concept that 
having more quantitative objective data always contributes to improved patient outcomes. And it 
follows decades after an observational study in the 1990s suggested that initial pulmonary artery 
catheterization using the Swan-Ganz fl oated catheter does not provide signifi cant benefi t to the 
management of most patients with hypotension (and in fact seems to increase adverse outcomes).3 

It is striking that at a time when technology seems to be king (witness the fear of artifi cial 
intelligence taking the place of nonprocedural clinicians and the ubiquitous use of point-of-care 
ultrasonography), the evidence doesn’t support a benefi t in routinely obtaining a maximal amount 
of objective quantitative data, even in critically ill patients. Perhaps the main problem is that we 
need better directed therapies. But what tools and skills should we be using in making diagnostic 
assessments and management decisions? 

When I was a resident in the early 1980s, there was still an emphasis (and a bit of pimping) 
around performing an appropriate physical examination. In our intensive care unit at the Uni-
versity of Pennsylvania, I well recall 2 cardiologists, Nate Reichek (a seminal expert in advanced 
cardiac imaging) and Mark Josephson (arguably the father of cardiac electrophysiology in the 
United States), who would round with us demonstrating how to obtain and interpret neck vein 
pulsations and other examination features to estimate a patient’s cardiac pressures. And then we 
residents would use the available Swan-Ganz measurements, amazed that they usually confi rmed 
our mentors’ physical examination–based estimates and physical diagnoses. I accepted that I would 
never have their skill, but I believed that there was value in trying. I still listen purposefully to the 
second heart sound. In my patients with a systemic autoimmune disease, its characteristics may 
provide a clue to the presence of pulmonary hypertension, and it warrants an internal fi st pump 
to occasionally recognize the presence of left or right bundle branch block based on the physical 
examination.

One might think that as the Swan-Ganz catheter lost some of its glitter and promise, the perceived 
value of a well-done physical examination would be restored to its throne. On the contrary, there 
is a documented, seemingly progressive diminution of cardiovascular system and general physical 
examination skills in trainees and faculty4,5 that goes back over a decade. The irony is striking: some 
major tools that were supposed to render the bedside examination less relevant have themselves 
failed the test of necessity. Meanwhile, the bedside skills they supposedly would displace seemingly 
have also atrophied among clinicians (nb, stethoscopes are more effective if not used while listening 
through shirts). It may well be that the expectations for current technologies, including imaging 
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modalities such as positron emission tomography and high-Tesla magnetic resonance imaging as well as more 
proletarian tools such as point-of-care ultrasonography, are well founded (but I recall we had the same enthusiasm 
about the Swan-Ganz catheter). Under some circumstances, are we now less able to both measure and perform 
a physical examination with confi dence that it will make a difference? Perhaps. But we should not consider this 
a mutually exclusive, winner-takes-all contest between technology and human evaluation as the driver of the 
clinical decision process. There should hopefully be an intellectual interactive synergy between the two, while 
recognizing that both have limitations. Without a thoughtful directed physical examination (and history taking), 
it is quite likely that excess and undirected laboratory and imaging tests (technology) will be obtained.

There is one more important aspect of clinical evaluation that warrants consideration when thinking about tech-
nologic tools supplanting the physical examination—the human touch. In the 1990s, when Swan-Ganz catheter 
use was high and the trend of developing more technologically sophisticated intensive care units was in full swing, 
the Harvard cardiologist Bernard Lown voiced concern with his statement that “We now practice the laying on 
of tools rather than the laying on of hands” (discussed in The Lost Art of Healing6). Dr. Lown, recipient of the 
Nobel Peace Prize for his social activism, was no Luddite. He invented the direct current defi brillator (which he 
declined to patent, feeling that it should be available to all without any restrictions). He and others7 recognized 
that a critical component of successful care of the patient, in addition to the thoughtful use of technology and the 
laboratory, should be the laying of hands as part of the physician’s therapeutic approach. Appropriately applied, 
the clinician’s touch can be both an inquisitive tool and a statement of empathy.

So while I fully accept that there are limitations to many of the diagnostic technologies that we have embraced 
with enthusiasm, and that my examination skills are not what I’d like them to be, I try to remember the signifi -
cance of that last noted aspect of patient care, empathy. I try to have a hypothesis driving the key features of my 
physical examination,8 and most importantly, I try to perform the examination with a serious intent that both 
I and the patient are aware of.

1. Ho AK. Interpreting EVERDAC: deferring arterial cannulation in critically ill patients with shock. Cleve Clin J Med 2026; 93(10):597–602. 
doi:10.3949/ccjm.93a.25108

2. Muller G, Contou D, Ehrmann S, et al. Deferring arterial catheterization in critically ill patients with shock. N Engl J Med 2025; 393(19):1875–1888. 
doi:10.1056/NEJMoa2502136

3. Connors AF Jr, Speroff T, Dawson NV, et al; SUPPORT Investigators. The effectiveness of right heart catheterization in the initial care of critically ill 
patients. JAMA 1996; 276(11):889–897. doi:10.1001/jama.276.11.889

4. Vukanovic-Criley JM, Criley S, Warde CM, et al. Competency in cardiac examination skills in medical students, trainees, physicians, and faculty: 
a multicenter study. Arch Intern Med 2006; 166(6):610–616. doi:10.1001/archinte.166.6.610

5. Oliver CM, Hunter SA, Ikeda T, Galletly DC. Junior doctor skill in the art of physical examination: a retrospective study of the medical admission 
note over four decades. BMJ Open 2013; 3(4):e002257. doi:10.1136/bmjopen-2012-002257

6. Lown B. The Lost Art of Healing: Practicing Compassion in Medicine. Houghton Miffl in Company; 1996.
7. Verghese A, Brady E, Kapur CC, Horwitz RI. The bedside evaluation: ritual and reason. Ann Intern Med 2011; 155(8):550–553. 

doi:10.7326/0003-4819-155-8-201110180-00013
8. Yudkowsky R, Otaki J, Lowenstein T, Riddle J, Nishigori H, Bordage G. A hypothesis-driven physical examination learning and assessment procedure 

for medical students: initial validity evidence. Med Educ 2009; 43(8):729–740. doi:10.1111/j.1365-2923.2009.03379.x

Brian F. Mandell, MD, PhD
Editor in Chief
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Painless sternoclavicular osteitis 
in fever of unknown origin:
A clue to probable SAPHO syndrome

Taisuke Kamiyoshikawa, MD
Department of General Internal Medicine, 
Hyogo Medical University College of 
Medicine, Nishinomiya, Japan

A 72-year-old man presented with a 2-month his-
tory of fever of unknown cause. Before presenting 

to our clinic, he had been evaluated for this concern at 
another clinic. He had no respiratory, abdominal, uri-
nary, or focal musculoskeletal symptoms, and no known 
personal or family history of malignancy, infl ammatory 
musculoskeletal disease, or pustular skin disease. His 
regular medications were mirogabalin, valsartan, rosu-
vastatin, and triazolam, all of which were discontinued 
at his initial visit to our clinic because drug fever was 
considered.

He had a 3-year history of intermittent erythema-
tous eruptions on the trunk and extremities, without 
palmoplantar, psoriatic, or acneiform lesions. The rash 
resolved after a 1-month course of minocycline pre-
scribed by physicians at the previous clinic; the patient 
completed the minocycline course 2 weeks before he 
presented to our clinic. 

There was no tenderness or swelling of the sterno-
clavicular joints. 

 Laboratory testing showed a white blood cell count 
of 5.9 × 109/L (reference range 4–11) with 66.9% 
neutrophils, C-reactive protein level of 7.99 mg/dL 
(0–0.3), and an elevated erythrocyte sedimentation rate. 
Renal function tests, testing to evaluate for liver injury, 
thyroid-stimulating hormone level, and urinalysis were 
within normal limits. The alkaline phosphatase level 
was 110 U/L (38–113). Results of serial blood cultures, 
interferon gamma release assay, and relevant viral serol-
ogies were negative. 

Contrast-enhanced computed tomography (CT) of 
the chest, abdomen, and pelvis showed no abscess or 
malignancy.

 ■ POSITRON EMISSION TOMOGRAPHY 
AND PROBABLE DIAGNOSIS 

The patient was prescribed acetaminophen. After more 
than 1 month of acetaminophen, fever and elevated 
infl ammatory markers persisted. The workup for fever of 
unknown origin included 18fl uorine-fl uorodeoxyglucose 
positron emission tomography–CT (18F-FDG PET/CT), 
which showed focal intense uptake at the sternocla-
vicular joints bilaterally without additional abnormal 
foci (Figure 1A). Targeted rereview of the chest CT 
images identifi ed juxta-articular cortical thickening and 
subchondral sclerosis compatible with osteitis or hyper-
ostosis, without cortical breakthrough, fl uid collection, 
or lytic destruction (Figure 1B). 

Other causes of sternoclavicular osteitis were 
considered, including septic arthritis or osteomyelitis, 
malignancy, crystal-induced disease, and Paget disease. 
These alternatives were less likely given the bilateral 
involvement; nondestructive CT fi ndings; negative 
microbiologic studies; absence of weight loss, local 
tenderness, or an identifi ed primary tumor; and normal 
alkaline phosphatase. Although a biopsy was not per-
formed, the anterior chest wall involvement supported 
a probable diagnosis of SAPHO (synovitis, acne, pus-
tulosis, hyperostosis, osteitis) syndrome.1 Biopsy was 
reserved in the event the patient did not show clinical 
improvement with SAPHO-targeted medical therapy.

 Naproxen was started and acetaminophen was 
stopped, resulting in prompt defervescence and 
improvement in infl ammatory markers, further sup-
porting the clinical diagnosis.

The absence of classic SAPHO-related skin lesions, 
peripheral arthritis, or infl ammatory back pain made the 
diagnosis challenging. Dermatologic evaluation after doi:10.3949/ccjm.93a.25110
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SAPHO syndrome was suspected, including review of 
a previous skin biopsy specimen, showed nonspecifi c 
perivascular dermatitis with vascular changes and der-
mal eosinophils, without evidence of SAPHO-related 
skin disease. Human leukocyte antigen (HLA)-B27 
status was not assessed.

 ■ UTILITY OF 18F-FDG PET/CT IN SAPHO SYNDROME

SAPHO syndrome is a rare autoinfl ammatory disorder 
with heterogeneous bone, joint, and skin manifesta-
tions.2 The anterior chest wall is a characteristic site 
of bone lesions in SAPHO syndrome, typically with 
pain. However, in some patients, the lesions do not 
cause pain, which may contribute to the diagnosis going 
unrecognized.3 When the workup of fever of unknown 
origin reveals focal 18F-FDG uptake in the sternoclavic-
ular region, clinicians should seek structural correlates 
of osteitis or hyperostosis and add SAPHO syndrome 
to the differential diagnosis, even without classic 
skin fi ndings. In addition to highlighting the ster-
nocostoclavicular region, 18F-FDG PET/CT provides 

practical whole-body infl ammatory mapping in fever 
of unknown origin and can identify clinically silent 
lesions, complementing CT and helping to diagnose 
SAPHO syndrome.4

 In clinically stable patients with imaging concor-
dant with SAPHO syndrome and negative cultures, a 
trial of nonsteroidal anti-infl ammatory drugs as fi rst-line 
therapy is reasonable, reserving biopsy for atypical, pro-
gressive, or refractory cases. Recent consensus supports 
the early use of 18F-FDG PET/CT in patients with fevers 
of unknown origin to localize elusive infl ammatory foci 
and guide targeted management.5      ■

 ■ DISCLOSURES
Dr. Shojima disclosed teaching and speaking for Daiichi Sankyo, Inc. 
Dr. Nagasawa disclosed teaching and speaking for Bayer, Boehringer 
Ingelheim, Daiichi Sankyo, Inc., Eli Lilly, KOWA, Kyowa Hakko Kirin Co. 
Ltd., Mitsubishi Tanabe, Mochida Pharmaceutical Co., Ltd., Novartis 
Pharmaceuticals, Otsuka Pharmaceuticals, Shionogi Inc., Taisho Phar-
maceutical, and Teijin. The other authors report no relevant fi nancial 
relationships which, in the context of their contributions, could be 
perceived as a potential confl ict of interest. 

The authors disclosed use of ChatGPT (GPT-5.4) for language editing and 
translation. The authors take full responsibility for the published content.

Figure 1. Imaging fi ndings of bilateral sternoclavicular osteitis 
and hyperostosis. (A) Whole-body maximum-intensity-projection 
18fl uorine-fl uorodeoxyglucose positron emission tomography–
computed tomography (CT), obtained during the workup of fever 
of unknown origin, showing focal intense uptake limited to the 
bilateral sternoclavicular joints. (B) Axial chest CT bone-window 
image showing bilateral juxta-articular cortical thickening and 
subchondral sclerosis at the sternoclavicular joints (arrowheads), 
without cortical breakthrough, lytic destruction, or fl uid collection. 

A B
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How can I differentiate delirium 
from altered mental status 
in hospitalized older adults?

in hospital settings, bedside screening tools 
can be used to distinguish delirium from other 

causes of altered mental status, enabling timely care and 
reducing costs.

Altered mental status is an intentionally nonspecifi c 
clinical term describing any changes from a patient’s 
baseline level of cognition or behavior. It broadly 
describes cognitive or behavioral changes due to med-
ical or psychiatric causes, including conditions such as 
dementia, depression, psychosis, metabolic encephalop-
athy, substance intoxication or withdrawal, and central 
nervous system insults.1,2 

Delirium is a subtype of altered mental status charac-
terized by acute disturbances in attention, consciousness, 
and cognition. It is typically precipitated by illness, hos-
pitalization, medication effects, or alcohol withdrawal.1 
Because delirium often is not recognized and is associated 
with increased mortality, prolonged intensive care unit 
stays, and higher healthcare costs, rapid, cost-effective 
differentiation in hospitalized older adults is essential.2

 ■ MAGNITUDE OF PROBLEM, COSTS OF MISSED 
DELIRIUM

Delirium is substantially underdiagnosed in geriatric 
patients. In a study that included 2,115 hospitalized 
patients age 70 to 74, the incidence of delirium based 
on retrospective chart review was more than 9 times 
higher than the incidence based on discharge coding.3 

Missed delirium increases downstream utilization 
and costs, with excess intensive care costs of $17,838 
per patient within 30 days and an estimated annual 
national burden exceeding $164 billion.2,4 

About 18% of the US population is 65 or older, and 
this proportion is projected to exceed 20% by 2030.5,6 
Geriatric patients are particularly susceptible to delirium 
due to age-related reductions in cholinergic neurotrans-
mission, underlying microstructural brain changes, and 
impaired cerebral autoregulation.2 Data indicate that 8% 
to 17% of geriatric patients in emergency departments 
and 40% of nursing home residents experience delirium.2 

Delirium is misdiagnosed as psychiatric illness in 
up to 65% of cases,7 delaying treatment of reversible 
causes and increasing mortality (associated mortality 
rate 10%–65%) and cognitive decline.8 Hypoactive and 
fl uctuating presentations further contribute to missed 
delirium cases in the emergency department, with a 
prospective study fi nding a 30.8% increase in 6-month 
mortality in patients whose delirium was not detected.9

Other studies show that untreated delirium is associ-
ated with increased morbidity and mortality, with mortal-
ity 5.23 times higher during admission, 2.72 times higher 
at 12 months, and 3.34 times higher at 5 years.10 Patients 
with delirium have longer hospital stays and ventilator 
time, higher rates of complications, and increased like-
lihood of discharge to long-term-care facilities.2 On the 
other hand, prompt recognition and treatment of delir-
ium reduces morbidity, mortality, and healthcare costs.11

 ■ DIFFERENTIAL DIAGNOSIS

Delirium has an acute onset with fl uctuating impair-
ments in consciousness, attention, and cognition, often 
triggered by illness or hospitalization.1,11 In contrast, 
dementia develops insidiously, attention and orientation 
generally are preserved in depression and psychosis, met-
abolic encephalopathy lacks characteristic fl uctuation, 

A:
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substance-related altered mental status follows a pre-
dictable set of symptoms, and central nervous system 
insults produce focal defi cits.1,2,7 

Table 1 summarizes key differences between delir-
ium and other types of altered mental status.1,7,11,12 
Figure 1 presents a practical bedside approach to 
rapidly and cost-effectively assessing older adults for 
delirium in emergency, hospital, or intensive-care 
settings.1,11,13–18

 ■ INITIAL WORKUP

Etiologies of delirium and other forms of altered 
mental status may overlap, so a basic workup should 

include a detailed history and physical examination, 
complete blood cell count, comprehensive metabolic 
panel including renal and liver panels, urinalysis, and 
electrocardiography.1 These tests yield results quickly, 
allowing for earlier intervention. A basic workup 
typically costs between $10 and $60 per individual; 
however, bundled emergency department workups may 
exceed $100 to $200.19 

A thorough review of recent medication changes, 
including prescription and over-the-counter drugs, 
should be conducted to quickly identify triggers or exac-
erbating factors for altered mental status.1,11 Detailed 
substance use history from corroborating sources must 

TABLE 1
Key similarities and differences between delirium and other causes of altered 
mental status

Altered mental status Delirium

Onset and course1,11,12 May be rapid (seconds to days), subacute (weeks to 
months), or chronic (years) depending on etiology

May or may not be reversible 

Sudden onset (hours to days)

Often due to reversible causes, but poor prognosis if not 
addressed 

Consciousness11,12 May be normal or altered with reduced wakefulness 
and awareness 

May fl uctuate between impaired and baseline level 
(classically seen in delirium) or remain persistently 
impaired (more likely due to a structural or severe 
global process)

Impaired wakefulness and awareness, a hallmark of 
delirium 

Fluctuates throughout the day with disturbances in 
sleep-wake cycle

Attention12 May range from mild inattention to severe 
impairment

Inability to sustain, focus, and shift attention, often with 
marked distractibility

Cognitive course12 May include impairments in memory, orientation, 
language, visuospatial ability, perception, or 
psychomotor function 

Hallucinations, delusions, or both may or may not be 
present depending on etiology

Cognitive and arousal abnormalities vary by 
underlying cause and may or may not follow specifi c 
patterns

Impairment in attention and awareness with associated 
defi cits in memory, orientation, and executive function 

Disorganized thinking and disturbances in perception, 
often with psychomotor changes (hyperactive or 
hypoactive) 

Hallucinations may be present, most commonly visual 
or tactile

Fluctuating course with symptoms varying over hours to 
days, often worse at night

Etiology1,7,11 Includes metabolic, infectious, toxic and substance-
related (including medications), vascular, structural 
or traumatic, neurodegenerative, psychiatric, and 
neoplastic causes

Often multifactorial; a single etiology may be 
responsible, but often results from the additive effect 
of coexisting conditions

Includes infection, metabolic derangements, 
medication effects (especially benzodiazepines and 
anticholinergics), alcohol withdrawal, dehydration, pain, 
surgery or anesthesia, and sleep-wake disruption

Often precipitated by hospitalization or acute 
physiologic stress, particularly in patients with 
predisposing factors such as advanced age, dementia, or 
functional impairment



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 93  • NUMBER 10  OCTOBER 2026  583

KICHLOO AND COLLEAGUES

be completed to evaluate all possible causes of altered 
mental status and guide effective intervention.1,11

Imaging usually is an unnecessary expense, but com-
puted tomography of the head is indicated when there is 
trauma history or new focal defi cits are present. Median 
costs are estimated at $400 to $450, but there is substan-
tial variability driven by facility-related charges.1,11,20

 ■ SCREENING FOR DELIRIUM

When delirium is suspected, the course of changes 
in consciousness, attention, and cognition should be 
assessed (Figure 1).

Consciousness
The Glasgow Coma Scale (GCS) and Richmond 
Agitation–Sedation Scale (RASS) are simple, cost-
effi cient bedside tools that provide reliable assessment 
of consciousness and sedation status, helping identify 
patients appropriate for delirium screening. They can be 
administered rapidly, typically taking less than 2 minutes 
and less than 30 seconds to complete, respectively, do 
not require specialized equipment, and are supported by 
freely available scoring resources.13,14 The GCS assesses 
consciousness based on motor and eye and verbal 
responses and should be used in initial evaluation of 
altered mental status.21 

In intensive-care settings, sedation level should be 
assessed before the delirium evaluation. The bedside 
RASS has demonstrated strong interrater reliability 
(weighted kappa 0.91) and has been shown to correctly 
identify fl uctuations in levels of consciousness over time 
(P < .001).22 Patients with a RASS score of 3 or greater 
are considered alert enough to undergo assessment for 
delirium with the Confusion Assessment Method for the 
Intensive Care Unit (CAM-ICU), as discussed below.22 

Attention
Bedside direct attentional tasks quickly and cost-
effi ciently operationalize attention, allowing the clini-
cian to assess memory and executive function. Patients 
with delirium demonstrate signifi cantly poorer per-
formance on the following bedside tests of attention 
compared with those without delirium (P < .001)15:
• Digit span (forward and backward number repe-

tition assessing immediate attention and working 
memory)

• Serial 7s subtraction (repeated subtraction from 100 
assessing sustained attention and concentration)

• Vigilance “A” test (detection of target letters within 
a spoken sequence assessing sustained attention)

• Months of the year backward (MOTYB, reverse 
recitation assessing divided and sustained attention)

• Global clinical subjective rating of attention (cli-
nician judgment during brief conversation). 
In particular, MOTYB combined with global 

clinical rating yields the best performance, correctly 
classifying 85.5% of Confusion Assessment Method 
(CAM)–defi ned delirium cases.15 These tasks are 

Hospitalized geriatric patient with acute altered mental status

If reversible cause found, treat
If unexplained, continue with delirium screening 

Assess consciousness
• Glasgow Coma Scale (< 2 minutes)
• Richmond Agitation–Sedation Scale (RASS; < 30 seconds):

RAAS < 3: optimize sedation and reassess
RAAS ≥ 3: continue with delirium screening

Assess attention (< 2 minutes)
• Months of the year backward
• Digit span
• Serial 7s
• Vigilance “A”
• Clinical subjective rating

Assess cognitive course
• CAM-ICU (1–2 minutes)
• CAM (5–10 minutes)
• IQCODE (5–7 minutes)
• DRS-R-98 (20–30 minutes) to quantify severity

Evaluate for underlying medical etiology
• Complete history and physical examination (15–30 minutes)
• Order complete blood cell count, comprehensive metabolic
    panel, urinalysis, electrocardiogram (30–90 minutes)
• Order computed tomography of the head ONLY if history of
    trauma or new focal neurologic defi cits present (30–60 minutes)
• Review medications (10–30 minutes)
• Review substance use history (10–30 minutes)

Diagnosis: impairments in
consciousness + attention + cognition = delirium

Figure 1. Flowchart to effi ciently distinguish
delirium from other forms of altered mental status.

CAM = Confusion Assessment Method; CAM-ICU = Confusion Assessment 
Method for the Intensive Care Unit; DRS-R-98 = Delirium Rating–Scale Revised-98;
IQCODE = Informant Questionnaire on Cognitive Decline in the Elderly

Based on information from references 1, 11, and 13–18.
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designed to take less than 2 minutes, require no special 
training or equipment, and reduce reliance on expen-
sive diagnostics.15

Cognitive course
CAM-ICU is the standard diagnostic bedside tool 
for delirium in the intensive-care setting. It enables 
rapid assessment of acute onset and fl uctuating course 
without requiring verbal responses, while also further 
evaluating attention. CAM-ICU typically takes 1 to 
2 minutes to administer and has no added equipment 
costs.12 Alternatively, the standard CAM may be used 
in non–intensive care settings and relies more on verbal 
interaction to detect delirium23; it takes 5 to 10 minutes 
to administer.16

Additional tools can further establish baseline 
cognitive function for distinguishing acute cognitive 
change in delirium from dementia. The Informant 
Questionnaire on Cognitive Decline in the Elderly 
(IQCODE) has shown excellent sensitivity (0.91) and 
specifi city (0.93) in detecting dementia, and can aid 
in triaging cognitive impairments and reduce unnec-
essary diagnostic testing in older adults.17 IQCODE 
typically takes 5 to 7 minutes to complete, requires 
no proprietary materials, and has minimal labor and 
training costs. 

The Delirium Rating Scale–Revised-98 (DRS-
R-98) was also shown to provide both criteria-based 
diagnosis and a continuous severity score, which helps 
clinicians track symptom burden over time.12 The 
DRS-R-98 takes about 20 to 30 minutes to administer 

and does not require proprietary materials; however, 
it is a more comprehensive assessment tool and is best 
suited for quantifying delirium severity rather than for 
rapid bedside screening.18

 ■ THE BOTTOM LINE

GCS and RASS provide reliable and cost-effi cient 
assessment of consciousness and sedation status, help-
ing identify patients appropriate for delirium screening. 
Brief, low-cost attention tasks, particularly MOTYB 
combined with clinical judgment during brief conver-
sation, can rapidly and cost-effi ciently identify delir-
ium. CAM-ICU enables rapid identifi cation of acute 
delirium in the intensive-care setting, while IQCODE 
and DRS-R-98 help distinguish baseline dementia and 
quantify delirium severity. 

Standardized, ongoing assessment is essential once 
delirium is identifi ed. In the intensive-care setting, daily 
use of tools such as CAM-ICU is recommended to guide 
management,24 while in non–intensive-care settings 
brief attention tasks (standard CAM and MOTYB), 
repeated clinical assessment of attention and cognition, 
or the DRS-R-98 for delirium severity should be used 
to ensure timely recognition of clinical changes. ■
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How should I evaluate allergic 
disease in patients with asthma?

Q:

Asthma is a heterogeneous syndrome with 
multiple infl ammatory and noninfl ammatory 

drivers. Allergic disease is common in patients with 
asthma and frequently contributes to poor symptom 
control, recurrent exacerbations, and impaired qual-
ity of life.1 Identifying allergic mechanisms matters 
because results of allergy testing may alter environmen-
tal interventions, eligibility for allergen immunother-
apy, and selection of biologic therapies. Conversely, 
indiscriminate testing can lead to misinterpretation of 
results, unnecessary escalation of therapy, and increased 
cost without clinical benefi t. Primary care clinicians 
should follow a practical, guideline-based approach to 
determine when and how to evaluate allergic disease 
in patients with asthma and then use these results to 
make decisions regarding advanced therapy.2–4

 ■ TYPES OF ASTHMA

Asthma is increasingly classifi ed by infl ammatory 
endotype based on levels of type 2 infl ammation rather 
than symptoms alone. Broadly, patients may exhibit 
a type 2-high phenotype, which is often associated 
with allergic sensitization, eosinophilia, and elevated 
fractional exhaled nitric oxide, or a type 2-low pheno-
type, which may be driven by obesity, smoking, irritant 
exposure, or non–type 2 infl ammation. Allergic asthma 
represents a common type 2-high phenotype, particu-
larly in childhood-onset disease, and is characterized 
by immunoglobulin (Ig) E–mediated sensitization with 
a clear correlation between symptoms and exposure.5 

 ■ WHEN DO GUIDELINES RECOMMEND 
IgE AND ALLERGY TESTING?

Guidelines emphasize that IgE and allergy testing should 
be performed only when results are likely to infl uence 

management.2–4 The Global Initiative for Asthma2 
recommends assessment of allergic sensitization using 
skin-prick testing or serum allergen-specifi c IgE as part 
of the structured evaluation of diffi cult-to-treat or severe 
asthma. Similarly, the National Asthma Education and 
Prevention Program3,4 supports testing when allergic 
triggers are suspected and confi rmation would guide 
environmental control strategies, immunotherapy eli-
gibility, or selection of biologic therapy.

See related article, page 589

Measurement of total serum IgE alone has lim-
ited diagnostic value. Total IgE neither confi rms nor 
excludes allergic asthma and should not be used as a 
screening test. Its principal clinical role is for deter-
mining eligibility and dosing for anti-IgE biologic 
therapy.2,6,7 Very high IgE levels (eg, > 1,000 IU/mL) 
are not specifi c for allergic asthma, but may warrant 
further evaluation for alternative diagnoses such as 
allergic bronchopulmonary aspergillosis or parasitic 
infection, depending on the clinical context.8

 ■ WHEN SHOULD I TEST FOR ALLERGIES 
IN PATIENTS WITH ASTHMA?

Allergy testing is most useful when the clinical history 
suggests IgE-mediated, exposure-related symptoms. 
Guidelines advise history-directed testing rather than 
indiscriminate screening, as sensitization alone does 
not equate to clinically relevant allergic disease.2 Test-
ing is reasonable in patients with any of the following:
• Seasonal asthma exacerbations
• Symptoms triggered by pets, dust mites, molds, or 

occupational exposures
• Persistent asthma with comorbid allergic rhinitis
• Childhood-onset asthma persisting into adulthood 

with allergic features.

A:
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In contrast, testing is typically low yield in asthma 
driven by exercise, irritants, obesity, or smoking unless 
the history suggests an allergic contribution.

 ■ SHOULD I CHOOSE BLOOD OR SKIN TESTING?

Both inhalant skin-prick testing and serum allergen-
specifi c IgE testing are acceptable methods for evalu-
ating allergic sensitization in asthma. Guidelines do 
not mandate one approach over the other; selection 
should be guided by clinical context and feasibility 
(Table 1).2–4

For most primary care clinicians, serum allergen-
specifi c IgE testing is the most accessible initial option. 
Testing should be limited to inhalant allergens rele-
vant to the patient’s symptoms, exposures, and local 
environment, such as pollens, dust mites, animal 
dander, and molds; common inhalant panels typically 
include these substances. Broad screening panels are 
discouraged. Food allergy testing is not indicated for 
routine asthma evaluation unless there is a history of 
food-induced anaphylaxis or respiratory reactions.

Skin-prick testing offers rapid results and high 
sensitivity but typically requires referral to allergy and 
immunology specialists, temporary discontinuation of 
antihistamines, and absence of dermatologic conditions 
that limit interpretation. Serum testing is preferred 
when skin testing is unavailable, when antihistamines 
cannot be stopped, or when skin disorders such as der-
matographism interfere with testing.9 

Regardless of modality, positive results indicate 
sensitization, not disease. Results must be interpreted 
in the context of exposure history, symptom timing, 
and seasonality. For example, sensitization to fall pollen 
in a patient with exclusively spring exacerbations is 

unlikely to be clinically relevant. Low-level positive 
serum IgE results (eg, < 1.0 kU/L), although reported 
as positive, are frequently not clinically relevant and 
should not drive management decisions.2 

 ■ WHAT SHOULD I DO WHEN ASTHMA IS 
DIFFICULT TO CONTROL?

Before escalating therapy, guidelines emphasize sys-
tematic reassessment. Clinicians should confi rm the 
diagnosis, assess adherence and inhaler technique, 
identify and treat comorbidities, and optimize inhaled 
controller therapy. Only after these steps have been 
taken should asthma be classifi ed as diffi cult-to-treat 
or severe.2–4

Evaluation should also include assessment of 
which infl ammatory endotype the patient’s asthma 
corresponds to by using targeted allergy testing and 
type 2 biomarkers, such as blood eosinophil count and 
fractional exhaled nitric oxide, to guide selection of 
advanced therapies.

 ■ SHOULD I USE BIOLOGICS OR ALLERGEN 
IMMUNOTHERAPY FIRST?

Although both target allergic mechanisms, biologic 
therapy and allergen immunotherapy serve distinct 
roles. Biologic therapies target downstream infl amma-
tory pathways and are indicated for moderate to severe 
asthma that remains uncontrolled despite optimized 
inhaled therapy, particularly when characterized by 
frequent exacerbation or systemic corticosteroid depen-
dence. Selection is guided by biomarkers, including 
total IgE level, blood eosinophil count, and fractional 
exhaled nitric oxide.7 

TABLE 1
Guideline-based approach to allergy testing and advanced therapy
in patients with asthma

Clinical scenario Recommended approach

Well-controlled asthma, no allergic features No routine immunoglobulin E or allergy testing

Diffi cult-to-control asthma Targeted inhalant allergy testing; reassess diagnosis
and controller therapy

Allergic rhinitis with asthma Consider allergen immunotherapy if asthma is controlled

Severe asthma with exacerbations Assess asthma endotype (type 2-high vs type 2-low); prioritize 
biologic therapy

Severe allergic asthma stabilized on biologic medication Consider adjunct allergen immunotherapy on a case-by-case basis

Based on information from references 2–4.
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Allergen immunotherapy targets upstream allergic 
drivers and is primarily indicated for allergic rhinitis, with 
asthma considered a comorbidity. It is a desensitization 
strategy aimed at inducing long-term immune tolerance 
to specifi c allergens and has disease-modifying potential, 
although clinical benefi t develops gradually.10–12

Allergen immunotherapy should be considered in 
patients with documented IgE-mediated sensitization, 
clear exposure–symptom correlation, persistent allergic 
rhinitis despite pharmacotherapy, and asthma that is 
controlled or only mildly to moderately severe.10,12–14 

Uncontrolled asthma is the strongest predictor of 
systemic reactions during immunotherapy and is a con-
traindication to starting immunotherapy. In patients 
with severe asthma, biologic therapy generally takes 
precedence. Immunotherapy may be considered only 
after asthma stability has been achieved and allergic 
rhinitis remains clinically signifi cant.2,11,12

 ■ CONCLUSION

Targeted evaluation of allergic diseases in patients with 
asthma improves phenotyping and guides appropriate 
use of advanced therapies. IgE and allergy testing should 
be selective, inhalant-focused, and clinically driven. In 
diffi cult-to-treat or severe asthma, biologic therapies 
address disease severity, whereas allergen immunother-
apy addresses upstream allergic drivers and should be 
reserved for patients with stable disease. ■
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Immunoglobulin E:
From horses to myeloma
L et me tell you a story about a horse. In 1919, 

 a previously healthy man living in New York City 
developed an undisclosed anemia that caused fatigue. 
He received a blood transfusion from an individual 
donor, and his fatigue symptoms improved. Two weeks 
after the transfusion he felt well enough to go to Cen-
tral Park and take a horse-drawn carriage ride. Upon 
entering the carriage, he felt his chest tighten and his 
breathing became more laborious. Understandably 
concerned, he walked home and called on a doctor, 
who likely heard wheezing on examination of the 
man’s lungs, leading to an injection of epinephrine, 
“bringing the paroxysm to a rapid end.”1 The man had 
never experienced anything like this before.

A few days later he went back to Central Park, and 
his symptoms returned as soon as he was near the 
horses. At this point, he was seen by allergy expert 
Dr. Maximilian Ramirez, who “tested him against a 
large number of food and bacterial proteins, pollens, 
etc., with negative results, fi nally … obtaining a pos-
itive reaction to horse dandruff.”1 Perplexed, Ramirez 
reached out to the man who donated his blood to 
treat the anemia, and the man told the doctor he was 
allergic to many animals, including horses. He came 
into Ramirez’s offi ce and also underwent a skin-prick 
test, again revealing the same reaction to horse dan-
der. Ramirez was shocked, wrote about it in a case 
report published in the Journal of the American Medical 
Association,1 and even cautioned people with allergies 
against donating blood. 

What was this mysterious reagent that seemingly 
transferred allergies from one person to another?

Most people know immunoglobulin (Ig) E to the 
extent that we blame it for allergic reactions. Weird 
rash after eating an almond? Probably IgE-mediated. 
A simplifi ed framework looks like this: a person sen-
sitized to a certain allergen produces IgE, which then 
binds to mast cells in tissues (such as in the airway). 
When the IgE is exposed to the allergen again, it binds 
to the allergen and triggers mast cell degranulation, 
releasing histamine and other mediators that result in 
bronchoconstriction. Understanding this immune sys-
tem response took decades of work, from astute clini-
cal observations to painstaking translational research. 

In this article, we’ll explore the unusual history of 
IgE, including how diffi cult it was to isolate, and elu-
cidate its interaction with mast cells and histamine. 
But fi rst we need to talk about a technique developed 
to trigger a reaction to fi sh, which became a way to 
conduct reproducible research on allergies in the 
laboratory.

 ■ THE FISH TEST

In 1921, German physicians Dr. Heinz Küstner and 
Dr. Carl Prausnitz, inspired by the story of the horse 
allergy, designed an experiment. Küstner, it turns out, 
was severely allergic to fi sh, so he took a sample of his 
serum and injected it subcutaneously into the skin of 
Prausnitz’s arm. A few days later, he injected boiled 
fi sh extract subcutaneously into Prausnitz’s arm in the 
area where Küstner’s serum was previously injected 
and into the other arm to act as a control. Within 
minutes, the area on the arm that received Küstner’s 
serum erupted into a wheal and fl are, whereas the 
other arm had no reaction.2 The observed response 
became known as the Prausnitz-Küstner reaction, and 
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the experiment showed researchers how to reliably 
reproduce an allergic response in a controlled manner 
within a laboratory setting. 

 ■ THE DISCOVERY OF IgE

It would take 45 years to discover what was being 
transferred from person to person, well after IgG, IgA, 
IgD, and IgM were identifi ed. IgE was discovered in 
1966 by Dr. Kimishige Ishizaka and Dr. Teruko Ishi-
zaka in Denver, Colorado. Taking advantage of tech-
nology, they used rabbit antibody to the unknown 
reagin and radiolabeled ragweed antigen, performed 
immunodiffusion through agarose gel, and found that 
the antibody to the unknown protein aligned per-
fectly with the radiolabeled ragweed antigen.3 IgE was 
also discovered independently around the same time 
by another group in Sweden who were trying to iden-
tify the antibody in a patient with multiple myeloma. 
It was not IgG, IgM, or the recently described IgD, 
but turned out to be an extremely rare form of IgE 
myeloma.4

After IgE was discovered, it quickly became clear 
why it was so diffi cult to fi nd—IgE makes up the 
smallest fraction of circulating immunoglobulin.5 In 
fact, researchers struggled to experiment with IgE 
because of its scarcity. It took the willingness of the 
second patient ever described with an IgE myeloma to 
donate his plasma weekly for a year before he died for 
researchers to acquire enough IgE to conduct exper-
iments on the newly discovered antibody.6 To prove 
IgE was the transferable reagin in the Prausnitz-Küstner 
reaction, it was isolated from an individual with a 
ragweed allergy and transferred into the skin of a per-
son without the allergy, triggering the wheal and fl are 
when exposed to ragweed pollen.7

 ■ HOW DOES IgE TRIGGER AN ALLERGIC 
RESPONSE?

To understand how IgE works, we must begin by turn-
ing to mast cells, which were fi rst described by Fried-
rich von Recklinghausen in 1863.8 In 1878, they were 
named by Paul Ehlich who, as a medical student at the 
time, recognized an unusual granular cell attached to 
various tissues. He incorrectly thought the granules 
inside the cell were nutrient stores and named the 
cells mastzellen (well-fed cells).6,8 

The link between mast cells and histamine stor-
age was clarifi ed in 1953 when tissues with higher 
amounts of mast cells were found to have a corre-

sponding greater ability to release histamine when 
triggered by an antigenic stimuli, but the mecha-
nism that triggered the release remained a mystery.9 
Because of the known association between mast cells 
and histamine, once IgE was discovered, mast cells 
were quickly suspected of somehow interacting with 
the antibody. 

In 1974, IgE was radiolabeled by researchers and 
then exposed to tissue with a high concentration of 
mast cells; repeated washing to clear any unbound 
immunoglobulin revealed abundant IgE binding.10 
IgG, IgA, and IgM, which were radiolabeled as con-
trols, were not bound to mast cells. Another study 
from France used mouse peritoneal tissue with mast 
cells that were either incubated with anti-ovalbumin 
IgE or control IgE and then exposed to ovalbumin.11 
The mast cells incubated with anti-ovalbumin 
IgE were the only ones to release histamine. These 
experiments demonstrated the IgE–mast cell–histamine 
framework of allergic reactions.

 ■ THE FINISH LINE

The road to unraveling the connection among IgE, 
mast cells, and histamine took nearly a century of 
work. A clinical scenario of a man suddenly becom-
ing allergic to a horse after a blood transfusion piqued 
scientifi c curiosity, leading to the development of the 
reproducible Prausnitz-Küstner reaction, aiding scien-
tifi c investigation of allergies. While mast cells, his-
tamine, IgG, IgA, IgD, and IgM were all discovered 
much earlier, technology had to advance to the point 
where it could detect a type of antibody that makes up 
a small fraction of all serum immunoglobulin. Once 
IgE was isolated, with help from a patient with an 
extremely rare IgE myeloma, a working framework 
of allergic reactions fell into place relatively rapidly, 
fi nally explaining how one man’s IgE to horse dander 
was transfused into another, binding to the recipient’s 
mast cells and then triggering an allergic response 
once he was exposed to the allergen. 

Now the next time you accidentally ingest that 
almond you’re not supposed to have and you feel your 
face begin to swell, you can appreciate the work it 
took to understand the reaction you’re experiencing 
while you desperately search for your EpiPen.          ■
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Acute vertigo in a 67-year-old 
woman: Peripheral or central?

doi:10.3949/ccjm.93a.26035

A 67-year-old woman with a history of hyperten-
sion, thyroid disease treated with partial thyroid-

ectomy, and osteoarthritis was brought by emergency 
medical services to the emergency department with 
sudden-onset dizziness that began that morning. The 
dizziness started when she rose from bed to use the 
bathroom, persisted after she returned to bed, and 
worsened with head movement. She also reported 
nausea, vomiting, mild epigastric discomfort, head-
ache, and mild neck pain. She had no chest pain or 
shortness of breath. Her medications included aten-
olol and methimazole. She had no signifi cant family 
history of disease.

 ■ INITIAL EVALUATION

On arrival, her temperature was 98.1°F (36.7°C), heart 
rate 82 beats per minute, respiratory rate 18 breaths 
per minute, and oxygen saturation 97% on room air. 
Her blood pressure was elevated at 230/107 mm Hg. 
Body mass index was 31.42 kg/m2. She was alert and 
oriented to person, place, and time.

A cardiac evaluation was performed to assess for 
arrhythmia or myocardial ischemia as potential causes 
of her symptoms, particularly given her advanced age, 
severe hypertension, and signifi cant cardiovascular risk 
profi le. In addition, myocardial ischemia was consid-
ered because women, especially those with diabetes or 
multiple cardiometabolic risk factors, may present with 
atypical or nonspecifi c symptoms, including epigastric 
discomfort, nausea, and dizziness. Cardiovascular exam-
ination did not reveal murmurs, pulse defi cits, or other 
fi ndings suggestive of aortic dissection, and there were 
no clinical signs of acute heart failure. Electrocardio-
gram showed normal sinus rhythm without evidence of 
arrhythmia or acute ischemia, and serum troponin lev-

els were within normal limits. A previously obtained 
transthoracic echocardiogram showed normal cardiac 
structure and function, with no intracardiac thrombus 
or other potential cardioembolic source. 

Initial laboratory studies were obtained to evaluate 
alternative causes of dizziness and to assess for evidence 
of hypertensive emergency, given the patient’s mark-
edly elevated blood pressure. A basic metabolic panel 
was performed to assess for electrolyte disturbances, 
renal function, and dehydration related to vomiting, 
and a complete blood cell count was obtained to eval-
uate for anemia and hematologic abnormalities. Both 
studies were within normal limits, with no abnormal-
ities to explain her symptoms and no laboratory evi-
dence of nonneurologic end-organ injury. 

Dizziness is a common but diagnostically challeng-
ing symptom. Initial descriptions are often nonspecifi c, 
and patients may use terms such as “dizziness,” “light-
headedness,” or “spinning” interchangeably.1–5 Because 
symptom quality alone is unreliable, we explained the 
different types of dizziness to the patient in simple 
terms—vertigo (a sensation of spinning or motion), 
presyncope (a feeling of impending faint), and dis-
equilibrium (a sense of imbalance)—and asked her 
which best matched her experience. With this guided 
approach, she identifi ed her symptoms as most consis-
tent with vertigo. 

 ■ DIFFERENTIAL DIAGNOSIS

The patient’s vertigo was spontaneous, continuous for 
more than 24 hours, and worsened with head move-
ment. Once vertigo is established, a useful diagnostic 
framework is the TiTrATE approach, which relies on 
timing, triggers, and targeted examination fi ndings to 
classify dizziness into vestibular syndromes that guide 
the differential diagnosis.2,6
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1 Which vestibular syndrome best describes this pa-
tient’s presentation?

 □  Benign paroxysmal positional vertigo 
 □  Spontaneous episodic vestibular syndrome
 □  Acute vestibular syndrome

The answer depends on whether her symptoms are 
episodic or continuous, and whether they are triggered 
or spontaneous.

Benign paroxysmal positional vertigo was consid-
ered because her symptoms worsened with head move-
ment. However, benign paroxysmal positional vertigo is 
characterized by brief, triggered episodes of vertigo lasting 
seconds, with patients typically asymptomatic between 
episodes. This patient had continuous symptoms, mak-
ing benign paroxysmal positional vertigo unlikely.

Spontaneous episodic vestibular syndrome is char-
acterized by recurrent spontaneous episodes of vertigo 
lasting minutes to hours, with symptom-free intervals 
between episodes. Common causes include vestibular 
migraine and Ménière disease. This patient’s symp-
toms were continuous with no symptom-free intervals, 
making a spontaneous episodic syndrome unlikely. 
Vestibular migraine was considered within this cat-
egory. It typically presents with recurrent episodes of 
vertigo, often associated with migraine features such as 
photophobia, phonophobia, or headache. The patient 
had no history of migraine and no recurrent episodes, 
arguing against this diagnosis. 

Ménière disease was also considered; it is charac-
terized by episodic vertigo associated with auditory 
symptoms, including fl uctuating hearing loss, tinnitus, 
and aural fullness. The absence of auditory symptoms 
in this patient makes this diagnosis unlikely.

Acute vestibular syndrome, defi ned by continu-
ous symptoms lasting days to weeks, best fi ts with this 
patient’s sudden onset of continuous vertigo lasting 
more than 24 hours and the associated nausea, vom-
iting, and head-motion intolerance.3,4 Once acute 
vestibular syndrome is identifi ed, the diagnostic focus 
shifts from syndrome classifi cation to determining the 
underlying cause. The key task then is to distinguish 
peripheral from central causes.1,7,8

 ■ CASE CONTINUED: FURTHER ASSESSMENT

Distinguishing central from peripheral causes of acute 
vestibular syndrome relies heavily on history and phys-
ical examination. The most common peripheral causes 
include vestibular neuritis and labyrinthitis, while the 
central cause of greatest concern is posterior circulation 
stroke.

We further reviewed the patient’s history to refi ne 
the differential diagnosis. She had no hearing loss, tin-
nitus, or aural fullness, making labyrinthitis less likely. 
She reported no recent upper respiratory infection, 
which is commonly associated with vestibular neuritis. 
While these fi ndings reduce the likelihood of periph-
eral causes, they do not exclude them.7,8 A comprehen-
sive neurologic examination, including assessment of 
mental status, cranial nerves, pupils, motor and sensory 
function, and refl exes, revealed no focal neurologic 
defi cits. However, the absence of focal defi cits also 
does not reliably exclude posterior circulation stroke, 
as these strokes may present with isolated vestibular 
symptoms.7,8

2 On examination, which fi nding would most 
strongly suggest a central cause of vertigo in this 
patient?

 □ Direction-changing gaze-evoked nystagmus
 □ Unidirectional horizontal nystagmus
 □ Positive head impulse test
 □ Vertigo worsened by head movement

The HINTS (head-impulse, nystagmus, test of skew) 
examination is a bedside tool used to differentiate 
peripheral from central causes of acute vestibular syn-
drome.8–12 It should be applied only in the appropriate 
clinical context; that is, in patients with continuous 
symptoms and spontaneous nystagmus. Nystagmus 
consists of involuntary repetitive eye movements that 
have a slow phase in which the eyes drift away from 
the target followed by a fast corrective phase that 
brings the line of sight back to the target.

The HINTS examination is not intended for use in 
brief, triggered episodic vertigo, such as typical benign 
paroxysmal positional vertigo. The HINTS examina-
tion is highly technique-dependent; clinicians unfa-
miliar with its performance and interpretation may 
fi nd instructional video demonstrations helpful.13 It 
has 3 components:
• Head impulse test. This evaluates the vestibulo-

ocular refl ex. The patient is asked to fi x their gaze 
on a target while the examiner rapidly turns the 
head horizontally to one side. A positive test, 
defi ned by the presence of additional eye move-
ments to maintain gaze (ie, corrective refi xation 
saccades) after the head turn, indicates impaired 
vestibulo-ocular refl ex function on the side to 
which the head was turned and typically sug-
gests a peripheral vestibular lesion. In contrast, a 
normal (negative) head impulse test in a patient 
with continuous vertigo is concerning for a cen-
tral cause.8,9 
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• Nystagmus assessment. Peripheral causes typi-
cally produce unidirectional horizontal nystagmus 
(ie, eye movement to the side and then back to 
center) that does not change direction with gaze 
and usually follows Alexander’s law (ie, nystagmus 
intensity increases when gazing in the direction 
of the fast corrective phase and diminishes with 
gaze in the slow-phase direction).14 In contrast, 
direction-changing gaze-evoked nystagmus—for 
example, right-beating nystagmus in right gaze 
and left-beating nystagmus in left gaze—suggests 
a central lesion. Vertical (upbeat or downbeat) or 
pure torsional (rotary eye movements) nystagmus 
is highly suggestive of a central cause.8,9

• Test of skew. Vertical misalignment of the eyes 
(skew deviation) detected with alternate eye cov-
ering indicates a central cause, often involving the 
brainstem.8,9

Notably, individual components of the HINTS 
examination have limitations. Posterior circulation 
strokes can occasionally produce fi ndings suggestive 
of a peripheral cause of acute vestibular syndrome, 
including unidirectional nystagmus and an abnormal 
head impulse test.12,15 Although a normal head impulse 
test strongly suggests a central lesion, abnormal results 
may occasionally occur in stroke, particularly in infarc-
tions involving vestibular pathways.9,16 This principle 
has been summarized succinctly by Kerber and Baloh17: 
“. . . with only rare exception, central lesions can mimic 
a ‘peripheral’ pattern of nystagmus, but peripheral 
lesions cannot cause ‘central’ patterns of nystagmus.” 

This teaching point underscores the importance of 
recognizing central patterns of nystagmus when pres-
ent, while also appreciating that apparently peripheral 
fi ndings do not entirely rule out a central lesion. Fur-
ther, the clinical manifestations of cerebellar infarc-
tion vary according to lesion size and location, and 
smaller cerebellar strokes may not produce the classic 
ocular motor fi ndings typically associated with central 
vertigo.

 ■ CASE CONTINUED: HINTS EXAMINATION

Our patient’s horizontal head-impulse test was posi-
tive, with corrective saccades, favoring a peripheral 
vestibular process. She demonstrated spontaneous 
unidirectional horizontal nystagmus, which is typ-
ically associated with peripheral causes. The test of 
skew was negative, arguing against a central lesion. 
Taken together, the HINTS examination suggested 
a peripheral vestibular etiology. Two physicians con-
fi rmed the fi ndings independently.

Gait and truncal stability are important compo-
nents of the neurologic examination, as severe truncal 
ataxia or inability to sit or stand unsupported is con-
cerning for central pathology. In this case, gait assess-
ment was deferred because the patient’s severe dizziness 
and active vomiting limited safe evaluation at the time 
of examination. This incomplete component of the 
examination became clinically relevant, as it reduced 
confi dence in excluding a central cause and contrib-
uted to the decision to pursue further evaluation. 

 ■ DIAGNOSTIC REASONING

3 In this patient with acute vestibular syndrome 
and an examination suggesting a peripheral cause, 
which clinical factors would most strongly justify 
further evaluation for stroke?

 □ Advanced age and vascular risk factors
 □ Persistent symptoms despite supportive therapy
 □ Normal neurologic examination 
 □ Absence of auditory symptoms

Despite a HINTS examination suggesting a periph-
eral cause of acute vestibular syndrome, the patient’s 
vascular risk profi le signifi cantly increased the pretest 
probability of stroke. She had long-standing hyper-
tension with medication nonadherence, a greater 
than 30-year smoking history, and obesity (body mass 
index 31.42 kg/m2).

Conversely, a normal neurologic examination does 
not exclude posterior circulation stroke, and the 
absence of auditory symptoms does not reliably dis-
tinguish central from peripheral causes of acute ves-
tibular syndrome.

Given these risk factors and her limited engage-
ment with routine medical care, a lipid panel and 
hemoglobin A1c were obtained to assess for additional, 
previously unrecognized cardiometabolic risk factors. 
Laboratory evaluation revealed marked dyslipidemia: 
• Total cholesterol 311 mg/dL (reference range 

< 200)
• Low-density lipoprotein cholesterol 232 mg/dL 

(< 100)
• Non–high-density lipoprotein cholesterol 252 mg/dL 

(< 130).
Hemoglobin A1c was elevated at 7.2% (< 5.7%), 
consistent with previously undiagnosed diabetes. Fur-
ther, her blood pressure on presentation was severely 
elevated at 230/107 mm Hg.

Taken together, these fi ndings represent a high 
burden of atherosclerotic cardiovascular risk.18 The 
patient’s estimated PREVENT score, incorporating 
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factors such as age, blood pressure, lipid profi le, glycemic 
status, and smoking history, was about 31% (derived 
from the American Heart Association Predicting Risk 
of Cardiovascular Disease Events calculator), refl ecting 
a high predicted 10-year risk of cardiovascular events.19 
This elevated risk further increased concern for an 
underlying cerebrovascular process. 

Also, her symptoms persisted despite initial support-
ive management, including antiemetics and vestibular 
suppressants. These fi ndings lowered the threshold for 
evaluating a central cause. Although benign vestibu-
lar disorders are common, posterior circulation stroke 
must be strongly considered in patients presenting with 
acute vestibular syndrome in the presence of vascular 
risk factors.10,11,20–23

 ■ BRAIN IMAGING AND DIAGNOSIS

Brain magnetic resonance imaging subsequently 
revealed patchy restricted diffusion in the right cer-
ebellar hemisphere, consistent with acute ischemic 
cerebellar infarction (Figure 1).

 ■ CASE DISCUSSION AND TREATMENT 
CONSIDERATIONS

Dizziness accounts for about 4% to 5% of emergency 
department visits, and stroke represents an important 

cause of these presentations.20,22 Observational stud-
ies have shown that posterior circulation stroke may 
present with isolated vestibular symptoms, including 
vertigo, nausea, vomiting, and imbalance, in the 
absence of focal neurologic defi cits, making early diag-
nosis challenging.7,10,15 Small cerebellar infarctions, 
in particular, may closely mimic peripheral vestibular 
disorders such as vestibular neuritis.16,21

Importantly, this patient’s experience does not pro-
vide support for routine neuroimaging in all patients with 
vertigo. Most cases of vertigo are due to benign periph-
eral vestibular disorders, and indiscriminate imaging may 
lead to unnecessary testing and increased healthcare 
costs. However, neuroimaging should be pursued when 
clinical features raise concern for central pathology, 
including signifi cant vascular risk factors, discordant or 
incongruent examination fi ndings, or persistent diag-
nostic uncertainty.1,5 In this patient, the discordance 
between the clinical history, a bedside examination 
suggesting a peripheral cause, and a high-risk vascular 
profi le, along with incomplete gait assessment and per-
sistent symptoms, justifi ed further evaluation for stroke. 

Management of posterior circulation stroke present-
ing with isolated vestibular symptoms can be challeng-
ing. These patients often have low National Institutes 
of Health Stroke Scale scores, which may underesti-
mate the functional impact of severe vertigo and gait 

Figure 1. Diffusion-weighted brain magnetic resonance imaging showed patchy areas of restricted diffu-
sion in the right cerebellar hemisphere (arrows), consistent with acute ischemic infarction.
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instability.24,25 Evidence guiding the use of intravenous 
thrombolysis in this population remains limited, and 
treatment decisions must often be individualized based 
on clinical suspicion, symptom severity, and imaging 
fi ndings.24,25 In this case, the patient was treated with 
dual antiplatelet therapy and high-intensity statin 
therapy, with gradual improvement in symptoms, and 
was referred for vestibular rehabilitation.

 ■ TAKE-HOME POINTS

• Evaluation of vertigo must be approached on a case-
by-case basis, integrating fi ndings from the history, 
physical examination, and overall risk profi le.

• Although most cases of vertigo are benign, clini-
cians must remain vigilant for posterior circulation 
stroke, particularly when clinical features and risk 
factors raise concern.

• Acute vestibular syndrome is characterized by con-

tinuous vertigo, nausea or vomiting, spontaneous 
nystagmus, and gait instability lasting days to weeks.

• The key diagnostic task in acute vestibular syn-
drome is distinguishing peripheral vestibular disor-
ders from posterior circulation stroke.

• Posterior circulation stroke can present with isolated 
vertigo, even in the absence of focal neurologic 
defi cits.

• Even when bedside fi ndings appear peripheral, clini-
cians must interpret them in the context of the patient’s 
vascular risk profi le and overall clinical picture.

• Neuroimaging should not be performed routinely 
in all patients with vertigo but should be considered 
when clinical features raise suspicion for central 
pathology. ■
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ABSTRACT
Patients admitted to the intensive care unit with shock 
do not automatically need to have an arterial catheter 
inserted immediately. This is the main take-away point 
from the Early Versus Deferred Arterial Catheterization in 
Critically Ill Patients With Acute Circulatory Failure (EVER-
DAC) trial, which found that slightly fewer patients died in 
a group randomly assigned to not have an arterial catheter 
inserted unless it was truly needed, compared with put-
ting one in immediately. This result easily met the trial’s 
predefi ned criterion for noninferiority of deferring arterial 
catheterization, and it challenges our standard practice. 

KEY POINTS
EVERDAC compared a strategy of deferred arterial cathe-
terization with the usual practice of early catheterization in 
adult patients with shock. 

Patients in the deferred catheterization group did not 
receive an arterial catheter unless they met criteria 
indicating worsening shock such as needing high-dose 
vasopressors.

The rates of mortality at 28 days (the primary outcome 
of the EVERDAC trial) and organ injuries (the secondary 
outcome) were about the same in the 2 treatment groups.

Noninvasive blood pressure monitoring and venous blood 
analysis, if deemed reliable, are reasonable alternatives 
to guide management in lieu of invasive blood pressure 
monitoring and arterial blood analysis.

Patients with shock routinely receive an 
arterial catheter early in their stay in the 

intensive care unit to monitor their blood pres-
sure and obtain arterial blood samples. Do they 
really need it?

Without an arterial catheter, we can still 
monitor blood pressure noninvasively, but non-
invasive monitoring may be less accurate in those 
with severe shock, and the impact of such inac-
curacies is unclear. We can obtain arterial blood 
samples by arterial puncture, but this is painful. 
We can also obtain central or peripheral venous 
blood samples, but venous blood analysis may not 
be as valuable in complex acid-base disorders and 
cannot deliver accurate oxygenation data, and 
a central venous line may not be justifi ed unless 
vasopressors are being given in high doses or for 
prolonged times, or for venous access. Peripheral 
venous blood sampling can be problematic.1 

But now we have evidence that not all 
patients with shock need an arterial catheter 
right away—or ever. The Early Versus Deferred 
Arterial Catheterization in Critically Ill Patients 
With Acute Circulatory Failure (EVERDAC) 
trial2 was the fi rst randomized controlled trial 
to evaluate whether deferring arterial catheter-
ization is noninferior to routine early catheter-
ization. The fi ndings challenge the strategy of 
refl exive early placement of arterial lines in the 
intensive care unit.

 ■ WHY CHALLENGE ROUTINE EARLY 
ARTERIAL CANNULATION?

Four previous observational studies compared doi:10.3949/ccjm.93a.25108
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the outcomes of intensive-care patients with and with-
out arterial cannulation.3–6 No inference can be drawn 
regarding the timing of cannulation from these studies.

Moreover, arterial catheterization poses risks that 
can be justifi ed only if important clinical outcomes are 
shown to be superior if it is done.

 ■ EVERDAC TRIAL DESIGN

EVERDAC was a pragmatic noninferiority trial com-
paring the standard invasive strategy of early arterial 
cannulation for all patients admitted to intensive care 
with shock, vs a noninvasive strategy of deferring can-
nulation until deterioration reached certain thresholds.

A total of 1,010 patients in 9 French hospitals were 
recruited. The inclusion criteria were as follows:
• Age 18 years or older
• Admitted to intensive care within the past 24 hours
• In shock (systolic blood pressure < 90 mm Hg or 

mean arterial pressure < 65 mm Hg for > 15 min-
utes or initiation of vasopressor therapy, plus at least 
1 sign of tissue hypoperfusion). 
They were excluded for the following reasons:

• Noninvasive blood pressure measurement was not 
possible or reliable

• They needed extracorporeal membrane oxygenation
• They had severe brain injury
• Their body mass index was greater than 40 kg/m2

• They were pregnant
• They were receiving norepinephrine tartrate or 

epinephrine in doses higher than 2.5 μg/kg/minute. 
(One μg of norepinephrine tartrate equals 0.5 μg of 
norepinephrine base, the measure more widely used 
in the United States.2)
Randomization was stratifi ed by center, the need for 

invasive mechanical ventilation, and vasopressor dose 
(< 0.36 μg/kg/minute vs ≥ 0.36 μg/kg/minute).

Noninvasive vs invasive strategies
In the noninvasive-strategy group, arterial catheteriza-
tion was not allowed from the time of randomization 
until 28 days had passed or the patient left the intensive 
care unit. If the patient already had an arterial catheter 
when randomized to this group, it was removed within 
1 hour. However, arterial catheterization was allowed 
during the fi rst 28 days in this group for the following 
reasons:
• Oximetry or noninvasive blood pressure measure-

ments became unreliable
• Arterial blood gas measurements were absolutely 

needed after 5 attempts at arterial puncture had 
failed

• Extracorporeal membrane oxygenation was needed

• Vasopressors (norepinephrine, epinephrine, or both) 
were given in doses higher than 2.5 μg/kg/minute

• Surgery was needed within the following 4 hours, 
in which case the catheter had to be withdrawn 
within 4 hours postoperatively. 
In the invasive-strategy group, an arterial catheter 

was inserted within 4 hours of randomization. Noninva-
sive blood pressure monitoring was not allowed unless 
there was an arterial line infection or thrombosis. 

In both groups, the arterial line, once inserted, was 
maintained for 28 days or until discharge or death or 
its use was considered futile (though futility was not 
defi ned).

Outcomes
The primary outcome was the number of patients who 
had died of any cause at 28 days. The secondary out-
comes were as follows:
• Evolution over the fi rst 7 days of the Sequential 

Organ Failure Assessment (SOFA) score (a measure 
of respiratory, cardiovascular, coagulatory, renal, 
hepatic, and neurologic dysfunction; scores range 
from 0 [no organ failure] to 24 [most severe organ 
failure]) 

• Number of days free from ventilator support, dial-
ysis, and vasopressor therapy from day 1 to day 28 

• Number of infections related to arterial or central 
venous catheters while in the intensive care unit. 
The investigators also recorded pain related to blood 

pressure measurements (invasive or noninvasive) in 
patients who were able to communicate, at a time “suf-
fi ciently distant from any vascular puncture procedure 
unrelated to the arterial puncture.” How much time was 
considered suffi ciently distant was not defi ned.

 ■ RESULTS

The average age of the patients was 66.5 years. The 
2 treatment groups were similar in terms of demograph-
ics, comorbidities before admission, types of shock, 
need for mechanical ventilation, and proportion on 
vasopressors. About 67% of patients were mechanically 
ventilated when randomized, and most were receiving 
vasopressors: 87% in the noninvasive-strategy group 
and 90% in the invasive-strategy group. 

A criticism: the investigators did not present enough 
information about hemodynamics, acid-base disorders, 
and lactate levels on randomization, which refl ect 
the degree of shock. Given the known inaccuracies 
of noninvasive blood pressure measurement in severe 
hypotension, a better picture of how “sick” the patients 
truly were at enrollment should have included acid-base 
data.
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In the noninvasive-strategy group, 504 patients 
were included in the primary intention-to-treat 
analysis. Of these, 2 were excluded because they had 
arterial catheters in place at randomization that were 
not removed, leaving 502 in the fi rst and second 
per-protocol analyses. 

In the invasive-strategy group, 502 patients were 
included in the intention-to-treat analysis. Of these, 
10 were removed, 1 because of brain injury, 1 because 
of catheterization beyond the 24-hour window, and 
8 because no catheterization attempts were made, 
leaving 492 patients in the fi rst per-protocol analysis. 
Two further patients underwent unsuccessful catheter-
ization attempts, leaving 490 patients in the second per-
protocol analysis.

Primary outcome
The primary outcome, mortality at 28 days, was analyzed 
fi rst by intention to treat and then by 2 per-protocol 
analyses. 

Intention-to-treat analysis. By 28 days after ran-
domization, 173 (34.3%) of the 504 patients in the 
noninvasive-strategy group and 185 (36.9%) of the 
502 patients in the invasive-strategy group had died 
(absolute risk difference with adjustment for strati-
fi cation in favor of deferral –3.2 percentage points, 
95% confi dence interval [CI] –8.9 to 2.5, P = .006 for 
noninferiority, P = .2 for superiority). 

Also at 28 days, 74 (14.5%) of the patients in the 
noninvasive-strategy group had undergone arterial 
cannulation as prespecifi ed because of high vasopres-
sor requirements in 33, high-risk surgery (with prompt 
removal of the arterial line postoperatively) in 20, unre-
liable noninvasive blood pressure measurements in 15, 
failing pulse oximetry in 7, more than 5 consecutive 
arterial blood gas samples in 6, and extracorporeal mem-
brane oxygenation in another 6. These reasons clearly 
overlapped in some of the 74 patients.

Per-protocol analyses. The results of the per-
protocol analyses were similar to those of the intention-
to-treat analysis.

Secondary outcomes
The median SOFA score at randomization was 
10 points (interquartile range [IQR] 7–12) in the 
noninvasive-strategy group and 10 points (IQR 8–12) 
in the invasive-strategy group, decreasing to 5 points 
(IQR 3–9) on day 7 in both groups. 

The mortality rate at 90 days was 42.7% in the non-
invasive group and 44% in the invasive group (absolute 
risk difference adjusted for stratifi cation –1.7 percentage 
points, 95% CI –7.0 to 3.5). 

The median number of days free of ventilator treat-
ment, vasopressor treatment, and dialysis at day 28 
and intensive care unit length of stay were also similar 
in the 2 groups. 

Hematomas and hemorrhages. In the noninvasive- 
strategy group, 74 patients (14.7%) had to have an 
arterial catheter inserted, and 5 (6.8%) of the 74 had 
a catheter-related hematoma or hemorrhage. In the 
invasive-strategy group, 41 patients (8.2%) had a sim-
ilar complication. These incidence rates were similar. 
However, the overall incidence of hematoma or hem-
orrhage was 5 of 504 (1%) in the noninvasive-strategy 
group vs 41 of 502 (8.2%) in the invasive-strategy group 
(P < .001). 

Infections. The number of arterial catheter–related 
bloodstream infections per 1,000 intensive care unit 
days was 0.6 in the noninvasive-strategy group and 
2.7 in the invasive-strategy group (difference favor-
ing noninvasive strategy 0.18, 95% CI 0.06–0.54). 
The average duration of arterial catheters remaining 
in place can safely be assumed to be longer in the 
invasive-strategy group. For comparison, a 2014 meta-
analysis reported that when arterial catheters were cul-
tured in suspected bloodstream infection, the incidence 
of arterial catheter–related bloodstream infections was 
0.96 per 1,000 catheter days.7 

Pain. Patients in the noninvasive-strategy group 
endured 742 arterial puncture attempts for blood 
sampling (not including catheter placement) per 
1,000 intensive care unit days, vs 269 in the inva-
sive group (incidence ratio 2.76, 95% CI 2.41–3.16). 
It is unclear whether the arterial punctures in the 
invasive-strategy group were necessitated by arterial 
line–sampling diffi culties. Although the pain specifi c 
to arterial puncture and topicalization was not reported, 
the difference between the number of punctures between 
cohorts (742 in the noninvasive group vs 502 arterial 
cannulations plus 269 arterial puncture attempts for 
blood sampling in the invasive group) is not large.

 More patients in the noninvasive-strategy group 
(66/504, 13.1%) than in the invasive-strategy 
group (45/502, 9%) complained of serious blood 
pressure–related discomfort on at least 1 day (P = .05, 
95% CI 0.3–8.0). A larger proportion of patients were 
coherent enough to answer questions in the noninva-
sive group (22.8%, 66 patients) than in the invasive 
group (15.4%, 45 patients; P = .02), although more 
in the invasive group were not interviewed for undis-
closed reasons; the risk difference was 7.5 (P = .02, 
95% CI 0.0–13.9). In short, noninvasive blood pressure 
monitoring caused pain.
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Post hoc safety and subgroup analyses
In the noninvasive-strategy group, 65 patients 
(12.9%) reached the predefi ned upper vasopressor dose 
limit of 2.5 μg/kg/minute at a median time of 1 day 
(IQR 1–2), including 34 patients who received the dose 
over a period of 2 or more consecutive hours. In the 
invasive-strategy group, 72 patients (14.3%) reached 
the vasopressor-dose threshold at a median time of 
1 day (IQR 1–2). 

Reaching such extraordinarily high vasopressor 
doses suggests severe shock. Their 28-day mortality 
rate was accordingly much higher: 49 (75.4%) of 
these 65 patients in the noninvasive group died, as did 
54 (75%) of the 72 patients in the invasive group.

 ■ DID EVERDAC SHOW DEFERRED CANNULATION 
AS NONINFERIOR TO EARLY CANNULATION?

EVERDAC has moderately high internal validity.
There was central randomization with allocation 

concealment, although there was no way to blind the 
attending clinicians and patients to the treatment. Arte-
rial cannulation was allowed under pragmatic circum-
stances in the noninvasive-strategy group. Exclusions 
after randomization were minimal. Protocol adherence 
was excellent, with 493 (98.2%) of the 502 patients 
undergoing arterial cannulation in the invasive-strategy 
group, 479 within 4 hours. Only 74 (14.7%) of the 
504 in the noninvasive-strategy group received arterial 
cannulation according to rescue protocol, at a median 
time of 22 hours (IQR 6–141). The low per-protocol 
conversion to invasive blood pressure monitoring in 
the noninvasive-strategy group suggests that most of 
the patients did not need arterial cannulation. 

However, the population was heterogeneous in 
regard to the causes of shock: sepsis in 54.1%, cardio-
genic in 11.3%, postcardiac arrest in 9.2%, hemor-
rhagic in 6%, obstructive in 0.8%, and other in 18.3%. 
Grouping diverse shock states and evaluating mortality 
as the primary outcome poses the risk of obscuring 
potential benefi ts of invasive monitoring in selected 
situations.

What does ‘noninferior’ actually mean?
The primary outcome—mortality—was objective. 
However, “noninferiority” is a nuanced concept. 

Citing the possible catheterization-related compli-
cations (ischemia, hematoma, pseudoaneurysm, blood-
stream infections, and possibly more frequent blood 
sampling), before the trial the investigators decided 
that the noninvasive strategy would be “noninferior” if 
the upper limit of the difference between the mortality 
rate in the noninvasive group (presumed higher) and 

that in the invasive group was no more than 5 percent-
age points (a noninferiority margin of 5%). 

This prespecifi ed defi nition of noninferiority—a 
noninferiority margin of 5 percentage points—was 
“fairly large.”8 The investigators did not describe how 
they arrived at this noninferiority margin, only that 
it was based on consensus, taking into account that 
noninvasive treatment would avoid vascular injury 
and infection.2,9,10

Such lack of transparency on how noninferiority is 
statistically and mathematically derived is common.11 
In superiority trials, the hypothetical change in out-
come that renders a statistically signifi cant difference 
(P ≤ .05) nonsignifi cant (P > .05) is called the fragility 
index.12 A low fragility index suggests that the results 
may not be robust and that examination of the number 
of dropouts and protocol violations is warranted. 

The concept of fragility index has never been 
applied to noninferiority studies, in part because sta-
tistical signifi cance depends predominantly on the 
noninferiority margin. Had the EVERDAC nonin-
feriority margin been preset at 2.6%, the noninvasive 
strategy would not have been found noninferior. The 
fragility index for intention-to-treat in EVERDAC can 
be calculated to be 8 (meaning 8 more deaths in the 
noninvasive group compared with only 2 dropouts in 
that group) or more than 12 (meaning all 12 dropouts 
in the invasive group would have survived if they had 
not dropped out). In the per-protocol analysis (recom-
mended for noninferiority trials), the fragility index 
is 7. These fragility indices are not low, considering 
that randomized controlled trials are powered (and 
sometimes halted) for a type-1 (false-positive) error 
of 0.05 or less, ie, a 5% or lower chance of incorrectly 
rejecting a true null hypothesis. 

Based on a noninferiority margin of 5%, the EVER-
DAC mortality results are trustworthy, further rein-
forced by the fact that there were actually relatively 
fewer deaths in the noninvasive group.

Did the investigators turn to central venous catheter-
ization more often to make blood sampling easier in the 
noninvasive-strategy group, thus defeating the purpose 
of deferring or avoiding arterial cannulation? No: the 
rate of central venous catheterization was actually lower 
in the noninvasive group (45 vs 53 per 1,000 intensive 
care unit days; incidence ratio 0.84, 95% CI 0.66–1.06). 

 ■ CAN THE EVERDAC RESULTS BE GENERALIZED 
TO ALL INTENSIVE-CARE PATIENTS?

EVERDAC offers good to excellent external validity. 
However, the results should not be generalized to chil-
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dren, pregnant women, patients with unusually high 
vasopressor requirements, or those with intracranial 
hypertension. 

The protocol included a realistic safety net such that 
cannulation was allowed in the noninvasive group if 
there was clinical need. The exclusion of patients with 
severe shock did not skew the results in favor of deferral 
because in this pragmatic trial, of the 4,183 patients 
recruited, only 57 (1.36%) were excluded for requiring 
epinephrine or norepinephrine in doses of 1.25 μg/kg/
minute or higher. 

All aspects of intensive care unrelated to manage-
ment of the arterial catheter were at the discretion 
of the clinical teams using “established international 
guidelines.”13 Such a pragmatic protocol likely contrib-
uted to the high compliance rate. 

The inclusion criteria of systolic arterial blood pres-
sure lower than 90 mm Hg or mean arterial pressure 
lower than 65 mm Hg for more than 15 minutes or 
initiation of vasopressor therapy, plus at least 1 sign of 
tissue hypoperfusion did not include suffi cient context. 
In real-world practice, a favorable clinical response to 
1 or 2 fl uid boluses in a relatively robust and interactive 
patient may not lead to immediate arterial cannulation. 
For the one-third of EVERDAC patients who were not 
on mechanical ventilation when randomized, arterial 
cannulation might not be a priority. Relatively broad 
inclusion criteria recruiting less unstable or critical 
patients might increase the chance of fi nding no dif-
ference (noninferiority). While this may be a study 
“limitation,” it conveys the message that prioritizing 
arterial cannulation is not always necessary.

Forced removal of an arterial line in situ in the 
noninvasive-strategy group and disallowance of nonin-
vasive blood pressure monitoring after arterial cannula-
tion in the invasive-strategy group do not refl ect real-
world practice but were necessary for clear separation 
of the variables. 

There is no mention of maximal barrier precautions 
to reduce line sepsis,14 in keeping with the fact that this 
was a pragmatic trial. 

Two cases of ischemia or necrosis of digits occurred 
in the noninvasive group, and 7 cases in the invasive 
group; these could have been due to shock, vasopressors, 
vascular disease, or arterial trauma. Use of ultrasonog-
raphy guidance is associated with high fi rst-pass success 
rates (in one study, 83.3% vs 55.6% with palpation 
guidance [P = .02], fewer attempts, and shorter proce-

dure time15), and far less pain and vascular injuries.15–17 
In EVERVAC, use of ultrasonography guidance was left 
to the discretion of clinicians. 

To minimize line sepsis and thrombosis, arterial 
lines should be removed when no longer needed, and 
not necessarily kept in for 28 days or until discharge, 
death, or determination of futility, as reported. The 
investigators provided no additional details about 
deescalating.

 ■ EVERDAC SHOULD CHANGE PRACTICE

EVERDAC should be of great interest to intensivists. 
The objective of this study was to answer whether arte-
rial catheterization can be deferred instead of being 
automatically prioritized. 

Notwithstanding the shortcomings and limitations, 
this study provides the only good evidence to date that 
deferring arterial catheterization in intensive-care 
patients with shock does not compromise care if a 
pragmatic cannulation protocol is in place. Given that 
85.3% of the noninvasive-strategy group never received 
an arterial catheter, one can infer that patients who 
have a stable or improving trajectory can be managed 
with noninvasive blood pressure monitoring, venous 
blood analysis, oximetry, electrocardiography, and 
clinical judgment. In this regard, EVERDAC should 
change practice.

When should we insert a catheter, apart from 
cases of deteriorating shock? Worth reiterating is 
that 14.7% of patients in the noninvasive-strategy 
group did receive an arterial catheter, at a median of 
22 (IQR 6–141) hours after randomization. In real-
world practice, arterial cannulation is but one step 
beyond an arterial puncture and is effi cient under 
ultrasonography guidance. Given the high number of 
arterial punctures recorded in the noninvasive-strategy 
group, and the pain associated with it and with nonin-
vasive blood pressure monitoring, I would argue that 
deferring arterial cannulation may not be prudent if 
multiple blood samplings and frequent noninvasive 
blood pressure cycling (from hemodynamic lability) 
are required. ■

 ■ DISCLOSURES
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ABSTRACT
The 2024 American Heart Association and American Col-
lege of Cardiology multisociety peripheral artery disease 
(PAD) guideline updates the 2016 guideline by clarifying 
clinical terminology, using trial evidence to guide pharma-
cotherapy, and addressing equity and access to care. This 
article summarizes the main clinical recommendations 
and how to implement them.

KEY POINTS
Dual-pathway inhibition with rivaroxaban 2.5 mg twice 
daily plus aspirin 81 mg daily is an evidence-based option 
for selected patients with symptomatic PAD and for those 
who have undergone lower-extremity revascularization.

Management updates include hybrid approaches to super-
vised exercise therapy, individualizing revascularization choices 
(either surgical, endovascular, or hybrid), and forming multidis-
ciplinary chronic limb-threatening ischemia care teams.

High-intensity statins are endorsed; glucagon-like peptide 1 
receptor agonists or sodium-glucose cotransporter 2 
inhibitors are recommended for patients with diabetes.

Routine preventive foot care is essential and should be 
prioritized, as it reduces complications.

PAD disproportionately affects certain populations, and 
racial, sex-based, and socioeconomic disparities should 
be addressed to improve vascular health.  

Lower-extremity peripheral artery disease 
(PAD) is a common atherosclerotic condi-

tion that encompasses a spectrum from asymp-
tomatic disease to acute limb ischemia, a med-
ical emergency that threatens limb viability 
due to a sudden loss of perfusion. PAD is often 
overlooked, especially in underserved commu-
nities, and can lead to signifi cant morbidity and 
mortality.

In 2024, the American Heart Association 
(AHA) and American College of Cardiology 
(ACC) updated their PAD guideline1 with the 
latest evidence-based recommendations and 
introduced ways to optimize care for patients. 
Below we compare the 2024 guideline recom-
mendations with the 2016 guideline,2 review 
the treatment recommendations and imple-
mentation steps, and discuss challenges sur-
rounding health disparities in PAD.

 ■ WHO IS THE INTENDED AUDIENCE?

The 2024 guideline1 targets primary care clini-
cians, hospitalists and other internal medicine 
specialists, cardiologists, podiatrists, wound 
care and rehabilitation teams, and vascular 
medicine physicians and specialists including 
surgeons and interventional cardiologists and 
radiologists. 

Clinicians in outpatient settings are 
responsible for screening high-risk individuals, 
managing risk factors, and having accessi-
ble pathways for supervised exercise therapy 
and revascularization assessment. Clinicians 
in inpatient and acute care settings focus on 

CME MOC
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patients with acute limb ischemia and deteriorating 
chronic limb-threatening ischemia, and provide rapid 
vascular consultation, imaging, and anticoagulation 
therapy as well as expedited reperfusion planning. 

The guideline also applies to healthcare system 
administrators and third-party payers, as the recom-
mendations require organizational investments and 
modifi ed reimbursement workfl ows to be practical.3

 ■ WHO WROTE THE GUIDELINES?

Led by the AHA and ACC with input from other 
specialty societies, the 2024 guideline1 was written 
in collaboration with experts from vascular surgery, 
interventional cardiology, radiology, vascular medi-
cine, podiatry, public health, and health equity. Trial 
summaries, algorithms, and implementation steps aid 
in translating the guideline recommendations into 
practice. This collaborative model enhances appli-
cability across specialties, while the implementation 
material offers practical examples and algorithms for 
clinical program development.7

 ■ WHAT ARE THE MAIN RECOMMENDATIONS?

Highlights from updated recommendations in the 
2024 guideline1 are summarized in the following sec-
tions and in Table 1.2,4–22

Standardized terminology
The guideline encourages adopting the use of 4 stan-
dardized clinical subsets—asymptomatic; chronic 
symptomatic, which includes intermittent claudica-
tion (exertional leg pain); chronic limb-threatening 
ischemia with pain at rest, nonhealing ulceration, or 
gangrene attributable to arterial insuffi ciency; and 
acute limb ischemia. Chronic limb-threatening isch-
emia is now the preferred term instead of critical limb 
ischemia18 to emphasize the presence of wounds and 
infection alongside perfusion metrics. Consistent ter-
minology ensures clear diagnostic thresholds, timely 
referrals, and standardized treatment pathways for 
each PAD subset. The goal is to facilitate triage, inter-
center comparison, and consistent outcome reporting 
in registries and trials.

TABLE 1
Key recommendation updates between the 2016 and 2024
peripheral artery disease guidelines

Topic 2016 guideline2 2024 guideline1

Terminology and classifi cation18 Uses the term critical limb ischemia; 
fewer granular subsets

Standardized categories: asymptomatic, chronic 
symptomatic, chronic limb-threatening ischemia (replaces 
critical limb ischemia), and acute limb ischemia

Antithrombotic therapy4,5,8,9 Single antiplatelet therapy for 
symptomatic patients

Low-dose rivaroxaban plus aspirin (dual-pathway 
inhibition) for selected symptomatic patients and after 
revascularization; clarifi es role of dual antiplatelet therapy

Lipid-lowering therapy13–16 High-intensity statin Add ezetimibe, proprotein convertase subtilisin/kexin type 9 
inhibitor, or both when low-density lipoprotein cholesterol 
remains above thresholda despite maximally tolerated statin 
therapy

Exercise therapy3,10–12 Supervised exercise therapy for 
claudication

Retains supervised exercise therapy recommendation; 
incorporates structured home-based, hybrid, and virtual 
models

Revascularization evidence19 Limited randomized trial integration Incorporates evidence from BEST-CLI6 and BASIL-27; 
emphasizes individualized selection and multidisciplinary 
planning

Risk amplifi ers and health 
disparities3,17,20–22

Limited emphasis Stresses importance; recommends equity-focused 
interventions

aThe 2026 American College of Cardiology and American Heart Association multisociety dyslipidemia guideline13 recommends a lower low-density lipoprotein 
cholesterol goal for patients at very high risk of atherosclerotic cardiovascular disease.

BASIL-2 = Bypass Versus Angioplasty in Severe Ischaemia of the Leg 2; BEST-CLI = Best Endovascular Versus Best Surgical Therapy in Patients With Chronic Limb-
Threatening Ischemia
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Screening and assessment
Targeted screening using the ankle-brachial index is 
recommended for the following high-risk adults:
• Anyone age 65 or older
• Those age 50 to 64 with a history of smoking or 

diabetes
• Those age 50 or younger with diabetes mellitus and 

at least 1 additional risk factor for atherosclerosis
• Those with known atherosclerotic disease in 

another vascular bed.
Postexercise ankle-brachial index is recommended for 
patients with exertional leg symptoms despite a nor-
mal or borderline ankle-brachial index.

A reasonable approach to take with patients at 
increased risk of PAD is performing a resting ankle-
brachial index test, with or without ankle pulse volume 
recording or Doppler waveforms.23 An ankle-brachial 
index greater than 1.40 indicates noncompressible 
arteries rather than normal perfusion, and toe-brachial 
index testing with toe pressures should be obtained 
when available. 

Segmental pressures and multilevel pulse volume 
recording can help localize the disease level, while 
transcutaneous oxygen pressure or skin perfusion pres-
sure may help assess local perfusion and wound-healing 
potential in patients with tissue loss or suspected 
chronic limb-threatening ischemia. A noncompressed 
blood vessel with an elevated ankle-brachial index is 
evidence of microvascular disease, which is associated 
with an increased risk of limb loss and concomitant 
systemic cardiovascular changes. 

Acute limb ischemia is characterized by pain, 
pallor, pulselessness, poikilothermia, paresthesia, and 
paralysis (the 6 Ps); patients with acute limb ischemia 
require evaluation with Doppler waveforms.

Patients with no increased risk of PAD or who do 
not have history or physical examination fi ndings do 
not benefi t from screening. 

Pharmacotherapy
Antithrombotic strategy. For patients with symp-
tomatic PAD, single antiplatelet therapy with either 
aspirin or clopidogrel (a P2Y12 receptor inhibitor) is 
recommended to reduce major adverse cardiovascular 
events.

Patients with acute limb ischemia should receive 
systemic anticoagulation with unfractionated heparin 
when it is not contraindicated.

Low-dose rivaroxaban (2.5 mg twice daily) plus 
low-dose aspirin (81 mg daily), known as dual-pathway 
inhibition, is recommended to reduce major adverse car-
diac events and major adverse limb events in patients 

with symptomatic PAD or after lower-extremity revas-
cularization based on evidence from the COMPASS 
(Cardiovascular Outcomes for People Using Anticoag-
ulation Strategies)4,8 and VOYAGER PAD (Vascular 
Outcomes Study of ASA [Acetylsalicylic Acid] Along 
With Rivaroxaban in Endovascular or Surgical Limb 
Revascularization for PAD)5,9 trials.

Notably, the current PAD outcomes evidence 
from COMPASS and VOYAGER PAD only sup-
ports dual-pathway inhibition with rivaroxaban plus 
aspirin. Although the AGRIPPA (Apixaban Versus 
Clopidogrel on a Background of Aspirin in Patients 
Undergoing Infrapopliteal Angioplasty for Critical 
Limb Ischemia)24 trial was designed to evaluate apix-
aban 2.5 mg twice daily plus aspirin 100 mg once daily 
after infrapopliteal revascularization in critical limb 
ischemia, it has not replaced evidence from the COM-
PASS and VOYAGER PAD trials. 

Because dual-pathway inhibition can increase bleed-
ing risk, clinicians should use structured bleeding-risk 
assessments such as HAS-BLED (hypertension, 
abnormal renal or hepatic function, stroke, bleeding 
tendency or predisposition, labile international nor-
malized ratio on warfarin, elderly [age > 65 years], 
drugs [aspirin or nonsteroidal anti-infl ammatories] 
or alcohol, or both)25 or PAD-specifi c OAC3-PAD 
(oral anticoagulation, age > 80 years, chronic limb-
threatening ischemia, congestive heart failure, chronic 
kidney disease, prior bleeding event, anemia, demen-
tia),26 document shared decision-making, and follow 
monitoring protocols. 

After endovascular revascularization, dual anti-
platelet therapy with a P2Y12 receptor inhibitor 
plus low-dose aspirin for 1 to 6 months is reasonable. 
Full-intensity oral anticoagulation should be reserved 
for patients with infrainguinal disease when prosthetic 
or a disadvantaged autogenous vein conduit is used. 
Additional indications for full-intensity anticoagula-
tion include patients with recurrent thrombotic events 
or thrombophilia. A team-based approach to care is 
paramount in these instances. Long-term dual anti-
platelet therapy is not recommended after prosthetic 
bypass grafting,27 but short-term therapy for 1 month 
improves patency.

Lipid-lowering therapy with a high-intensity statin 
remains fundamental. The 2024 guideline recommends 
adding nonstatin therapy with a proprotein convertase 
subtilisin/kexin type 9 (PCSK9) inhibitor or ezetimibe 
when the low-density lipoprotein cholesterol (LDL-C) 
level remains 70 mg/dL or greater on maximally 
tolerated statin therapy. However, the 2026 ACC/
AHA multisociety dyslipidemia guideline13 identifi es 
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an LDL-C goal of less than 55 mg/dL for patients at 
very high risk of atherosclerotic cardiovascular disease, 
and recommends adding ezetimibe, a PCSK9 inhibitor, 
or both depending on the LDL-C reduction needed. 
PCSK9 inhibitors are among the most effective non-
statin medications for reducing major adverse limb 
events in patients with PAD.14–16 

Antidiabetic agents. For eligible patients with 
type 2 diabetes, glucagon-like peptide 1 receptor 
agonists and sodium-glucose cotransporter 2 inhibi-
tors should be used to reduce cardiovascular risk.28–30 
The STRIDE (Semaglutide and Walking Capacity in 
People With Symptomatic Peripheral Artery Disease 
and Type 2 Diabetes)31 trial showed that semaglutide 

TABLE 2
Pharmacotherapy recommendations for patients with peripheral artery disease (PAD)

Therapy 2024 recommendation1 Clinical application notes

Antithrombotic

  Single antiplatelet4,8 Aspirin or clopidogrel remains fi rst-line therapy 
for symptomatic PAD

Document rationale when continuing

  Dual-pathway inhibition4,5,8,9 Consider 2.5 mg rivaroxaban twice daily 
plus aspirin 81 mg daily for atherosclerotic 
cardiovascular disease prevention and reduction 
of major adverse cardiovascular events in stable 
PAD after assessing ischemic and bleeding risk

Endorsed for selected patients with symptomatic 
PAD and after revascularization when ischemic 
benefi t outweighs bleeding risk

Expand prevention options for patients at high 
ischemic risk after counseling

Use structured bleeding risk assessment, shared 
decision-making, and monitoring before adding 
low-dose rivaroxaban

  Dual antiplatelet therapy Aspirin plus a P2Y12 inhibitor is reasonable for 
1–6 months after endovascular revascularization 
and in selected surgical bypass contexts

Not recommended for long-term therapy; transition 
patients to single antiplatelet or dual-pathway 
inhibition when appropriate

Monitor periprocedural bleeding risk and 
individualize therapy duration

Lipid lowering14–16 High-intensity statin ± ezetimibe, proprotein 
convertase subtilisin/kexin type 9 inhibitor,a or 
both

Add nonstatin therapy if low-density lipoprotein 
cholesterol remains ≥ 70 mg/dL on maximally 
tolerated statinb

Create low-density lipoprotein cholesterol goal and 
workfl ows for prior authorization and follow-up

Antidiabetic28–30 Glucagon-like peptide 1 receptor agonistsc and 
sodium-glucose cotransporter 2 inhibitors to 
reduce cardiovascular risk

Coordinate with endocrinology

Antihypertensive Recommended for patients with hypertension to 
reduce major adverse cardiovascular events

Integrate blood pressure targets (generally 
< 130/80 mm Hg when tolerated) into PAD clinic 
workfl ows

Claudication Cilostazol can improve symptoms and walking 
distance but is contraindicated in patients with 
heart failure; pentoxifylline is not recommended

Screen for heart failure before starting cilostazol; 
avoid pentoxifylline

aAmong nonstatins, proprotein convertase subtilisin/kexin type 9 inhibitors are the most highly effective at reducing major adverse limb events in patients with PAD.
bThe 2026 American Heart Association and American College of Cardiology multisociety dyslipidemia guideline13 recommends a low-density lipoprotein 
cholesterol goal of less than 55 mg/dL for patients at very high risk of atherosclerotic cardiovascular disease. The selection of ezetimibe, proprotein convertase 
subtilisin/kexin type 9 inhibitor, or both is determined by the low-density lipoprotein cholesterol reduction needed. 
cSTRIDE (Semaglutide and Walking Capacity in People With Symptomatic Peripheral Artery Disease and Type 2 Diabetes)31 showed semaglutide improved 
maximal walking distance, PAD symptoms, and quality of life, but these results should not be overgeneralized to all glucagon-like peptide 1 receptor agonists.
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improved maximum walking distance on treadmill 
testing, PAD symptoms, and quality of life in patients 
with symptomatic PAD and type 2 diabetes. However, 
the trial results do not apply to all glucagon-like pep-
tide 1 receptor agonists because they lack PAD-specifi c 
functional outcome evidence.

Antihypertensive therapy is recommended for 
patients with PAD and hypertension to reduce the risk 
of major adverse cardiovascular events. 

Managing claudication with cilostazol may improve 
symptoms and walking distance, but it should not be 
used in patients with heart failure. Pentoxifylline does 
not provide benefi t and is not recommended.

Table 2 provides a summary of the pharmacother-
apy recommendations.1,4,5,8,9,14–16,28–31 

Exercise therapy
Supervised exercise therapy that takes place in a 
hospital or outpatient setting remains a class 1 rec-
ommendation for claudication. When unavailable, 
structured home-based and hybrid supervised pro-
grams that use virtual coaching or wearable remote 
monitoring devices are evidence-based alternatives, 
as data show clinically signifi cant improvements in 
walking distance, functional status, and quality of 
life (Table 3).1,3,10–12 The guideline also recommends 
implementing programs with objective baseline and 
follow-up assessments such as ankle-brachial index, 
6-minute walk test, and treadmill metrics and mech-
anisms to monitor patient adherence. Documenting 
participation and outcomes is important to support 
insurance coverage and reimbursement.3

Revascularization and limb preservation
The decision to undergo revascularization must be 
individualized based on the patient’s presentation, 
anatomy, conduit availability, surgical risk, response 
to medical and supervised exercise therapy, and goals. 

Choices include surgical, endovascular, and hybrid 
approaches.

Patients with intermittent claudication who 
improve adequately with medical and supervised exer-
cise therapy should generally not undergo revascular-
ization based solely on evidence of anatomic disease; 
however, revascularization can be considered for per-
sistent, lifestyle-limiting claudication when a patient 
does not adequately respond to guideline-directed 
therapy. The treatment plan should take into account 
the patient’s reported disability and anatomic level of 
disease (ie, aortoiliac, femoropopliteal, or infrapop-
liteal vessels). Data indicate that endovascular treat-
ment of infrageniculate and infrapopliteal occlusive 
disease may be associated with greater risk of chronic 
limb-threatening ischemia due in large part to proce-
dural failures and the need for repeat interventions.18 

Revascularization, when feasible, is central to limb 
preservation in patients with chronic limb-threatening 
ischemia.3 Based on results from the BEST-CLI (Best 
Endovascular Versus Best Surgical Therapy in Patients 
With Chronic Limb-Threatening Ischemia)6 and 
BASIL-2 (Bypass Versus Angioplasty for Severe Isch-
aemia of the Leg)7 trials, surgical bypass with autolo-
gous vein is favored for selected patients with chronic 
limb-threatening ischemia who have good conduit 
and acceptable operative risk. Endovascular or hybrid 
strategies may be preferred for patients with poor con-
duit, high operative risk, or anatomy favorable to an 
endovascular-fi rst approach. 

For patients with ischemic wounds, revascularization 
can restore direct arterial fl ow to the skin and underlying 
tissue where the wound is located, known as the angiosome, 
to promote healing.19 The guideline emphasizes that pre-
operative vein mapping and multidisciplinary planning 
are imperative before any revascularization procedure in 
patients with chronic limb-threatening ischemia.

TABLE 3
Exercise therapy program recommendations 

Intervention 2024 recommendation1 Implementation notes

Supervised exercise 
therapy10

Remains class 1 for claudication; 
fi rst-line therapy when feasible

Continue referrals; document baseline and postprogram functional 
measures

Structured home-based 
programs10–12

Elevate role when supervised 
exercise therapy access is limited

Use virtual coaching or wearable remote monitoring devices; track 
adherence and outcomes

Hybrid and telehealth 
models3,10–12

Encourages transition from 
supervised exercise therapy to home-
based

Also includes virtual coaching or wearable remote monitoring models

Build hybrid pathways and evaluate local cost-effectiveness and access
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Acute limb ischemia is an emergency that requires 
rapid assessment of limb viability and urgent consul-
tation with a vascular specialist. Imaging should be 
obtained when it will not delay treatment, and revas-
cularization strategy should be determined by limb 
viability, ischemia duration, anatomy, thrombotic vs 
embolic etiology, patient risk, and institutional exper-
tise. Options include catheter-directed thrombolysis, 
pharmacomechanical or surgical thrombectomy, surgi-
cal bypass, endovascular intervention, or hybrid ther-
apy. Irreversible ischemia requires careful assessment 
because revascularization may be futile or harmful.

Implementation and equity
Creating multidisciplinary chronic limb-threatening 
ischemia workfl ows requires collaborating with special-
ists in vascular medicine and surgery, podiatry, wound 
care, infectious disease, endocrinology, rehabilitation, 
nursing, and care coordination; implementing hub-
and-spoke or embedded podiatry clinic models; strat-
ifying outcomes such as amputation rates and time to 
revascularization; and expanding access to supervised 
exercise therapy and revascularization to underserved 
populations.3

Formal chronic limb-threatening ischemia care 
teams are not yet uniformly available across health-
care systems, but implementation can begin with the 
following:
• Defi ning automated electronic medical record–

generated referral pathway for patients with pain 
at rest, tissue loss, or infection that uses best 
practice advisories driven by risk-based tools 

• Expediting noninvasive testing and arterial imaging
• Standardizing wound photography and using 

WIfI staging (risk stratifi cation based on wound, 
ischemia, and foot infection scored on a scale 
of 1–3) for objective evaluation17

• Involving vascular, podiatry, and wound-care 
specialists earlier in the process

• Tracking clinical (time to revascularization, wound 
healing, limb salvage, readmission) and equity 
metrics.
Although establishing multidisciplinary teams 

can be a challenge, creating quality metrics and 
securing fi nancial reimbursement from private and 
public payers may help the process. Registries should 
be used to monitor patient participation and out-
comes (Figure 11,3,10–12,17,19–23).

At Cleveland Clinic, patients with chronic 
limb-threatening ischemia are treated through multi-
disciplinary limb-salvage teams that include vascular 
surgery, cardiology, primary care, podiatry, and wound-

care pathways, although the exact structure varies by 
site and clinical context.

Preventive foot care
Effective programs should educate patients on daily 
foot self-inspection, proper footwear, regular evalua-
tion by podiatry, and prompt referral for wound care 
at the fi rst sign of ulceration or infection.3 Clinicians 
should also inspect patients’ feet during routine phys-
ical examinations, evaluating skin integrity, interdig-
ital spaces, and pulses; looking for deformity, wounds, 
and signs of infection; evaluating for neuropathy; 
and checking for appropriate footwear. Incorporating 
foot-care pathways into multidisciplinary PAD teams 
reduces the incidence of ulceration, infection, and 
amputation, and is an essential component of com-
prehensive secondary prevention.

 ■ WHAT IS DIFFERENT FROM PRIOR GUIDELINES?

The 2024 guideline1 differs from 2016 guideline2 in 
both content and approach. In areas where the 2016 
guideline primarily provided clinical practice rec-
ommendations, the 2024 update integrates evidence 
from trials and provides implementation guidance.

Trial-driven strategies
COMPASS4 was a double-blind, randomized, 
placebo-controlled trial of low-dose rivaroxaban with 
or without aspirin in patients with stable atherosclerotic 
cardiovascular disease, including PAD. Rivaroxaban 
plus aspirin reduced major adverse cardiovascular events 
vs aspirin alone. A subsequent PAD subgroup analysis 
showed that dual-pathway inhibition reduced the risk of 
major adverse limb and cardiovascular events,8 support-
ing the role of dual-pathway inhibition in secondary pre-
vention. However, this strategy requires documenting 
shared decision-making and monitoring for bleeding.

VOYAGER-PAD5 showed that rivaroxaban 2.5 mg 
twice daily plus aspirin in patients with PAD after 
lower-extremity revascularization reduced the inci-
dence of major adverse cardiovascular and limb events 
vs aspirin alone. Although increased bleeding was 
seen, there was an overall net benefi t in many sub-
groups, including a reduction in subsequent ischemic 
events.9 Dual-pathway inhibition should be considered 
in selected patients after lower-extremity revascular-
ization, but will require postoperative antithrombotic 
pathways and bleeding surveillance.

Evidence from both trials supports dual-pathway 
inhibition to reduce the risk of major adverse limb and 
cardiovascular events in patients with PAD and after 
revascularization. This is a substantial change to the 
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secondary-prevention strategy recommended in the 
2016 guideline, and introduces broader requirements 
for bleeding-risk assessment and shared decision-
making processes.25,26

BEST-CLI6 evaluated surgical bypass with vein vs 
endovascular intervention in patients with chronic 
limb-threatening ischemia and found that bypass with 
a suitable autologous vein is superior for limb outcomes 

in selected patients. Surgical bypass should be favored 
when a good autologous conduit and acceptable surgi-
cal risk are present. Preoperative vein mapping should 
also be prioritized.

BASIL-27 was a randomized trial that compared 
surgical bypass with best endovascular therapy for 
patients with chronic limb-threatening ischemia. Out-
comes varied by subgroup and clinical context, but the 

Figure 1. Summary of multidisciplinary care team implementation and responsibilities.

Based on information from references 1, 3, 10–12, 17, and 19–23.

Build multidisciplinary peripheral artery disease team and workfl ows

Create critical limb-threatening ischemia care pathways along with endocrinology, 
infectious disease, nursing, and care coordination to improve wound healing and timely 

revascularization, follow-up, and limb-salvage planning

Address disparities

• Track and prioritize resources for • Ensure access to structured exercise
   high-risk communities     therapy and revascularization
  
• Establish culturally tailored outreach • Monitor outcomes by subgroup

                     Member Purpose Key implementation and outcomes

Primary care clinicians, 
hospitalists, cardiologists,
and internal medicine

Early identifi cation
preventive therapy,
cardiovascular risk
reduction, medical 
optimization, and referral 
coordination

Target ankle-brachial index (ABI) screening protocols
and workfl ows to improve detection in high-risk groups;
follow-up postexercise ABI for those with exertional
symptoms but normal resting ABI and after revascularization;
implement smoking-cessation strategies; and initiate 
pharmacotherapy to achieve lipid and blood pressure
targets

Podiatrists, wound care, 
and physical therapy and 
rehabilitation

Limb preservation, wound 
healing, and functional 
recovery

Multidisciplinary ulcer care pathways, supervised exercise therapy, 
gait training, and prosthetic rehabilitation

Vascular surgery, vascular 
medicine, and interventional 
cardiology and radiology

Evidence-based 
revascularization, decision-
making, and planning

Device selection, procedural appropriateness, and
multidisciplinary care conferences

Healthcare administrators
and payers

System implementation, 
reimbursement, and quality 
tracking

Advocate coverage for medications, structured exercise therapy, 
and home-based programs; participate in registries; integrate 
outcome metrics; build operational pathways for success; and 
develop billing workfl ows and collect cost-effectiveness data
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investigators concluded that modality choice should 
be individualized by anatomy, conduit, comorbidity, 
presentation, patient goals, and local expertise. 

The 2024 guideline translates these fi ndings into 
practice by emphasizing the importance of venous 
conduit quality and patient goals. It also endorses 
hybrid procedures that combine surgical and endovas-
cular approaches to offer improved reperfusion with 
acceptable risk.

Implementation emphasis
The updated guideline devotes more attention to how 
recommendations should be implemented. It includes 
supervised exercise therapy delivery models with 
virtual coaching and hybrid programs, prior authori-
zation and insurance coverage pathways for rivarox-
aban and PCSK9 inhibitors, algorithms for chronic 
limb-threatening ischemia teams, and equity mea-
surements, which refl ect a more pragmatic approach 
than the 2016 guideline.3

Risk amplifi ers and health disparities
The 2024 guideline integrates conditions that amplify 
the risk of major adverse cardiovascular and limb 
events in patients with PAD, which include older age 
(≥ 75), diabetes, smoking and tobacco use, chronic or 
end-stage renal disease, polyvascular disease, micro-
vascular disease, and depression (Table 4).1,3,17,20–22

The guideline emphasizes that social determinants 
of health and other inequities contribute to higher 
amputation rates and worse cardiovascular outcomes.20 
Addressing racial, sex-based, and socioeconomic dis-
parities is essential to improving vascular health in 
these patient populations.17

The targeted screening and community outreach 
recommendations substantially broaden the guide-
line’s public-health scope. 

Key future and ongoing research areas
Screening asymptomatic high-risk adults. The 2016 
guideline was unclear on whether screening improves 
major outcomes like myocardial infarction, stroke, 
amputation, or death. Conducting future cluster ran-
domized trials on linking ankle-brachial index screen-
ing to care pathways, with outcomes including major 
adverse cardiovascular events, major limb events, 
amputation rates, and cost-effectiveness, could inform 
national screening policies and prevention programs.

Implementation of dual-pathway inhibition. Real-
world patient selection, bleeding rates, and adherence 
were previously uncertain. Registry-embedded ran-
domized trials using major adverse cardiovascular and 
limb events and major bleeding are needed, as these 

outcome measures can inform risk stratifi cation for 
initiation and patient monitoring.19 Safe, generalizable 
protocols for routine care need to be clarifi ed.

Exercise therapy delivery. The 2016 guideline 
acknowledged that barriers to access limited expan-
sion. The 2024 guideline uses comparative studies of 
supervised, home-based, and virtually coached exercise 
delivery to determine the most effective and scalable 
approaches in diverse populations,10–12 which can be 
used to guide reimbursement and design exercise pro-
grams to maximize reach.

Effectiveness of revascularization. Questions 
about benefi ts in patient subgroups persisted after 
the results of the BEST-CLI6 and BASIL-27 trials 
were published. To address this, future studies should 
include patients with frailty, those with chronic kid-
ney disease, and underserved populations, and should 
also include rates of limb salvage and wound heal-
ing, quality of life, and treatment costs. This would 
be best achieved with more precise patient-selection 
algorithms. 

Antithrombotic optimization after revasculariza-
tion. The best regimen and therapy duration remained 
unclear for key groups in the previous guideline. 
Research should focus on registry-based randomized 
trials that are stratifi ed by graft type, chronic kidney 
disease, and frailty, with outcomes such as patency, 
major adverse limb events, and major bleeding. Stan-
dardizing postoperative therapy can reduce ischemic 
and bleeding harms.

Telemedicine and remote monitoring have the 
potential to improve access, adherence, and wound 
surveillance, but evidence remained limited in the 
2016 guideline. The 2024 guideline recommends eval-
uating wound monitoring, telemedicine, and virtual 
follow-up pathways that can be scaled. These solutions 
can be particularly benefi cial for underserved areas.

 ■ DO OTHER SOCIETIES AGREE OR DISAGREE?

Most US and international professional societies 
largely endorse the 2024 guideline1 and support 
both the expanded antithrombotic strategies and 
the promotion of supervised exercise therapy. While 
insurance coverage and reimbursement policies will 
vary for medications such as low-dose rivaroxaban 
and PCSK9 inhibitors, the guideline’s emphasis on 
registry surveillance and shared decision-making has 
been widely accepted, even in practice settings where 
operational adaptation will be required.

Debate persists around paclitaxel-coated devices 
for patients undergoing revascularization for fem-
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oropopliteal disease due to late-mortality concerns 
connected to their use.27 Current guidance from the 
US Food and Drug Administration32 states that avail-
able data do not support an excess late-mortality risk 
with paclitaxel-coated devices used to treat PAD; 
however, continuing with shared decision-making, 
routine follow-up, adverse-event reporting, and post-
marketing surveillance is appropriate.

In addition, the 2026 ACC/AHA multisociety 
dyslipidemia guideline13 further refi nes atheroscle-
rotic cardiovascular disease assessment for primary 

risk prevention by using the PREVENT-ASCVD 
(American Heart Association Predicting Risk of 
Cardiovascular Disease Events–Atherosclerotic Car-
diovascular Disease) equations to guide lipid-lowering 
therapy decisions in adults with LDL-C levels 
between 70 and 189 mg/dL without known athero-
sclerotic cardiovascular disease or subclinical ath-
erosclerosis. Unlike the older Pooled Cohort Equa-
tions, PREVENT-ASCVD equations recognize that 
cardiovascular-kidney-metabolic syndrome is a con-
tinuum and incorporate variables such as body mass 

TABLE 4
Amplifi ers of major adverse cardiovascular and limb events

Risk amplifi er Why it matters Practice implications

Polyvascular disease Marker of diffuse atherosclerotic burden 
and higher risk of recurrent major 
adverse cardiovascular and limb events

Screen for disease in other vascular beds and intensify 
secondary prevention

Diabetes Higher risk of chronic limb-threatening 
ischemia, infection, impaired wound 
healing, and amputation 

Coordinate glycemic, cardiometabolic, foot-care, and 
wound-care pathways

Chronic kidney disease Higher cardiovascular, limb, bleeding, 
and procedural risk

Individualize imaging, contrast exposure, 
antithrombotic therapy, and revascularization strategy

Previous lower-extremity 
revascularization

Marker of advanced or recurrent disease 
and risk of future limb event

Ensure ongoing surveillance, antithrombotic 
optimization, and rapid evaluation of recurrent 
symptoms

Previous amputation or chronic limb-
threatening ischemia

Strong predictor of recurrent tissue loss, 
rehospitalization, and major adverse 
limb events

Use multidisciplinary limb-preservation pathways and 
closely monitor wounds

Active or recent smoking Accelerates disease progression and 
worsens cardiovascular and limb 
outcomes

Integrate pharmacotherapy and behavioral smoking-
cessation support

Heart failure Increases competing cardiovascular risk 
and affects medication choices such as 
cilostazol avoidance

Optimize heart-failure therapy and avoid cilostazol in 
patients with heart failure

Age, frailty, or functional limitation Increases treatment risk and affects 
recovery, discharge, and rehabilitation

Incorporate frailty, functional status, and patient goals 
into procedural decisions

Depression or impaired health-related 
quality of life

May reduce adherence, exercise 
participation, and recovery after 
intervention

Screen for barriers to treatment adherence and 
connect patients with rehabilitation and support 
services

Barriers caused by social determinants 
of health

May limit access to medications, 
supervised exercise therapy, wound care, 
transportation, follow-up appointments, 
and revascularization

Track equity metrics and build navigation, outreach, 
and access workfl ows

Based on information from references 1, 3, 17, and 20–22.
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index and estimated glomerular fi ltration rate, with 
urine albumin-to-creatinine ratio, hemoglobin A1c, 
and ZIP code–based Social Deprivation Index as 
optional refi nements. The 2026 dyslipidemia guideline 
also uses lower 10-year risk categories than the Pooled 
Cohort Equations. Lipid-lowering therapy is recom-
mended for adults at intermediate and high risk and 
should be considered for adults at borderline risk after 
a clinician–patient discussion. 

However, this updated model is most relevant to 
primary prevention. Patients with established PAD 
are already considered to have clinical atherosclerotic 
cardiovascular disease and should be treated using 
high-intensity statins for secondary prevention.

 ■ HOW WILL THIS CHANGE DAILY PRACTICE?

Clinicians and healthcare systems should anticipate 
several practical changes.

Shared-decision workfl ows
Starting a patient on dual-pathway inhibition will 
require informed patient consent, bleeding-risk strati-
fi cation tools (HAS-BLED or OAC3-PAD), pharmacy 
protocols, and safety monitoring.4,5,25,26 Clinicians will 
need anticoagulation referral pathways for patients to 
assess bleeding and renal function.

Supervised exercise therapy scaling and diversifi cation
Clinics should implement supervised exercise therapy 
programs and build structured home-based and hybrid 
protocols with remote monitoring and virtual coach-
ing. Tracking adherence and functional end points 
(eg, treadmill and 6-minute walk tests) will be nec-
essary for reimbursement and quality reporting.3,10–12

Multidisciplinary chronic limb-threatening 
ischemia care
As noted previously, healthcare systems should form 
chronic limb-threatening ischemia teams across 
specialties and establish fast-track care pathways to 
reduce time to revascularization and amputation rates. 
This approach should be paired with equity-focused 
outreach.3,17,19

Revascularization patient selection 
and preoperative planning
All patients eligible for chronic limb-threatening 
ischemia revascularization should undergo preopera-
tive vein mapping. Multidisciplinary case conferences 
should be used to determine the appropriate interven-
tion (either bypass, endovascular, or hybrid). Vascu-
lar surgeons and interventionalists must coordinate 
around conduit preservation and staged strategies.6,7

Quality measurement and equity work
Programs should track and publicly report equity-
stratifi ed outcomes like amputation and wound heal-
ing rates and time to revascularization, and tailor 
outreach and access strategies to underserved com-
munities. This will require data infrastructure and 
accountability mechanisms.20–22

Healthcare system and payer engagement
Increased interactions with third-party payers around 
supervised exercise therapy coverage, PCSK9 inhibitor 
access, and rivaroxaban reimbursement are expected. 
Healthcare systems should prepare budget-impact 
analyses and patient-assistance programs.3,14,16

A practical framework to reduce the risk of PAD 
in primary care is provided in Table 5.1,13

 ■ WHEN WOULD THE GUIDELINES NOT APPLY?

High bleeding risk
Patients with recent major bleeding, active bleed-
ing, severe thrombocytopenia, or other signifi cant 
bleeding conditions are typically poor candi-
dates for dual-pathway inhibition. Individualized 
alternative antithrombotic strategies should be 
considered.4,5

Severe frailty or limited life expectancy
In patients with very limited life expectancy or severe 
frailty, the risks of bypass surgery or the burden of long-
term anticoagulation therapy may outweigh potential 
benefi ts. Symptom-directed care or less invasive endo-
vascular approaches may be preferable.6,7

Nonatherosclerotic arterial disease 
Conditions such as vasculitis, nonatherosclerotic 
cardiac embolic disease, or thromboangiitis obliter-
ans (Buerger disease) have distinct pathophysiologies 
that may require different diagnostic and therapeutic 
approaches.1 The guideline recommendations will not 
always apply in these situations.

Low-resource settings or lack of multidisciplinary 
capacity 
The guideline’s recommendations are dependent on 
timely team-based interventions (eg, fast-tracking 
chronic limb-threatening ischemia interventions, 
supervised exercise therapy programs) that may not 
be feasible in centers lacking infrastructure. In these 
settings, prioritize achievable prevention measures 
and referral networks while advocating for changes in 
the healthcare system.1
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Pediatrics and pregnancy 
Research evidence is limited to adult populations; apply 
expert judgment and consult with specialists for younger 
or pregnant patients.

 ■ CONCLUSION

The 2024 AHA/ACC multispecialty PAD guideline1 
preserves core secondary-prevention principles while 
integrating contemporary evidence from randomized 

trials. It emphasizes individualized revascularization 
approaches supported by the BEST-CLI and BASIL-2 
trials; offers an evidence-based dual-pathway antithrom-
botic option for selected patients; and defi nes access to 
supervised exercise therapy, multidisciplinary chronic 
limb-threatening ischemia teams, registry surveillance, 
and equity-focused metrics as operational priorities. 

For clinicians and healthcare systems, the work 
ahead is practical and clear: redesign workfl ows 
to enable safe adoption; collect equity-stratifi ed 

TABLE 5
Practical peripheral artery disease (PAD) risk-reduction framework
for primary care clinicians

Domain Concise action

Confi rm diagnosis and 
urgency

Ankle-brachial index for patients with exertional leg symptoms, decreased or absent pulses, wounds, or at
  high risk; if > 1.40, order toe-brachial index and toe pressures 
Urgent vascular and wound care referral if pain at rest, tissue loss, infection, or acute limb ischemia is present

Antiplatelet and 
antithrombotic therapy

Aspirin or clopidogrel for symptomatic PAD
Consider rivaroxaban 2.5 mg twice daily + low-dose aspirin for selected symptomatic PAD or after
  revascularization with acceptable bleeding risk 
Do not use full-dose anticoagulation for PAD alone 
Dual antiplatelet therapy is usually procedural and time-limited

Statin and low-density 
lipoprotein cholesterol 
therapy

Start or continue high-intensity statin for confi rmed PAD or other clinical atherosclerotic cardiovascular disease
Add ezetimibe, proprotein convertase subtilisin/kexin type 9 inhibitor, or both if low-density lipoprotein
  cholesterol is above goala 

Blood pressure,
diabetes, and kidney-
metabolic risk

Treat blood pressure to < 130/80 mm Hg when tolerated 
Glucagon-like peptide-1 receptor agonists, sodium-glucose cotransporter 2 inhibitors, or both for eligible
  patients with type 2 diabetes mellitus for cardiovascular-kidney-metabolic benefi t 
Track renal function and albuminuria when relevant

Claudication and 
functional limitation

Supervised or structured walking program is fi rst-line
Cilostazol can help, but avoid in patients with heart failure 
Do not use pentoxifylline 
Vascular referral for persistent lifestyle-limiting symptoms despite medical therapy and exercise

Smoking cessation Ask about smoking at every visit and begin treatment if needed, as it is limb- and life-saving therapy
Use behavioral counseling plus pharmacotherapy when appropriate (varenicline, bupropion, or nicotine
  replacement therapy) 

Foot care and wound 
prevention

Remove socks and inspect feet at routine visits 
Educate on daily self-checks, wearing protective footwear, and early reporting of wounds 
Refer early to podiatry and wound care when ulcers, infection, deformity, or neuropathy are present

Longitudinal follow-up Reassess walking distance, wounds, pulses, blood pressure, low-density lipoprotein cholesterol, A1c and
  diabetes medications, smoking status, antithrombotic bleeding risk, and medication adherence 
Escalate care if symptoms progress or wounds fail to heal

Note: This table is a simplifi ed list to use in primary care. Urgent limb-threatening presentations should bypass routine pathways and prompt immediate vascular 
consultation.
aLow-density lipoprotein cholesterol < 70 mg/dL for patients with atherosclerotic cardiovascular disease and < 55 mg/dL for those at very high risk of 
atherosclerotic cardiovascular disease.13

Based on information from reference 1.
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outcomes; and advocate for supervised exercise ther-
apy, rivaroxaban, and PCSK9 inhibitor coverage so 
that all patient populations benefi t from the guide-
line’s recommendations. ■
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ABSTRACT
Telogen effl uvium is a common, nonscarring type of 
diffuse hair shedding that results from a temporary 
disruption of the normal hair growth cycle and is typically 
reversible, with gradual regrowth over time. It can be 
triggered by physiologic or emotional stressors such as 
illness, surgery, childbirth, nutritional defi ciencies, medica-
tions, or systemic infection, though a cause cannot always 
be found. Diagnosis is primarily clinical, and management 
focuses on identifying potential triggers, educating and 
reassuring the patient, and offering supportive therapies 
when appropriate.

KEY POINTS
Shedding is not a disease—it is just a clinical sign.

Shedding may be traceable to a trigger, such as phys-
iologic stress (eg, illness, surgery, nutrient defi ciency), 
emotional stress, or drug therapy. It can also represent 
the early stages of hereditary (androgenetic) alopecia. 

Reassurance regarding the reversibility of the condition, 
empathetic communication, and patient education are 
key components of care. 

The benefi t of treatments such as topical minoxidil or 
nutritional supplements in patients without defi ciencies is 
uncertain.

Telogen effluvium, or hair shedding, is 
a common type of hair loss in which hair 

sheds evenly across the scalp without leading 
to scarring or permanent hair loss. It happens 
when hair goes into its resting phase (telogen) 
too early and falls out sooner than it should, and 
it is one of the most common reasons people see 
a doctor for hair loss.1,2

Telogen effl uvium can affect people of all 
races and backgrounds. It can be triggered by 
things that stress the body, such as major sur-
gery, serious illness, having a baby, poor nutri-
tion, certain medications, or strong emotional 
stress. Sometimes, the exact cause is not known, 
or more than one trigger is involved.1

This condition can be short-term (acute) or 
long-lasting (chronic). 

Acute telogen effl uvium can happen at 
any age, including in children,3 and is usually 
self-limiting, with management consisting of 
identifying the trigger and reassuring and edu-
cating the patient (Figure 1).1 Women are more 
likely than men to seek evaluation for acute 
hair shedding, and the associated psychologi-
cal distress is often more pronounced among 
women.4,5 

Chronic telogen effl uvium is less common 
and is most often seen in women between 30 
and 60 years old. In these cases, further medical 
evaluation and therapy may be necessary.6,7

 ■ THE NORMAL HAIR CYCLE

In a healthy scalp, each hair follicle goes through 
3 stages on its own: a growth phase (anagen), 
a short changing phase (catagen), and a rest-
ing phase (telogen) (Figure 2).1 After about doi:10.3949/ccjm.93a.26008
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3 months in the resting (telogen) stage, the hair natu-
rally falls out.4 About 10% of hair follicles are normally 
in the resting phase at any given time, 90% are in the 
growing phase (anagen), and fewer than 1% are in the 
short changing phase (catagen).8

Hair follicles on the scalp do not all grow and shed 
at the same time, and normally, large amounts of hair 
do not fall out at once. Instead, a small number of 
hairs are shed every day—about 50 to 150 hairs every 
day in healthy people without hair or scalp problems.9 

Triggers that disturb the hair’s normal cycle
Often, a clear cause of shedding cannot be identifi ed 
in people with sudden (acute) telogen effl uvium. 
Determining the cause of long-lasting (chronic) telo-
gen effl uvium can be even more diffi cult, but a careful 
review of the patient’s medical history and recent life 
events often helps uncover potential triggers. Many 
things can trigger hair shedding (Table 1):
• Acute or chronic medical illnesses such as febrile 

illness and systemic rheumatic disease (collagen 
vascular disease)10

• Major surgery1

• Childbirth, miscarriage, abortion, or menopause11

• Strong emotional stress1

• Changes in diet (eg, diets designed for rapid weight 
loss, eating too little protein or calories, or having 

low levels of important nutrients such as iron, zinc, 
or vitamin D)11

• Hormonal problems (eg, thyroid disorders, andro-
gen excess)11,12

• Certain medications or supplements (eg, 
vitamin A—as little as 25,000 IU daily may lead to 
hair shedding)13; see Table 211,13–16

• Exposure to toxins (eg, heavy metals)17

• Systemic infections (eg, COVID-19)18

• Scalp conditions such as dandruff or psoriasis 
• Infections of the scalp.

Low vitamin D and iron levels have been proposed 
as possible contributors to telogen effl uvium; however, 
current evidence remains insuffi cient to establish the 
underlying mechanism.19–22

 ■ DIAGNOSIS: IDENTIFYING THE TRIGGER

Acute telogen effl uvium is typically diagnosed on the 
basis of a detailed patient history, scalp examination, 
and a hair pull test. If the diagnosis remains uncer-
tain or chronic telogen effl uvium is suspected, a scalp 
biopsy may be considered.10 When no clear trigger is 
identifi ed on history or physical examination, labora-
tory testing is often performed to look for contributing 
factors. However, no laboratory test defi nitively diag-
noses telogen effl uvium.

Figure 1. Acute vs chronic telogen effl uvium (shedding).
Reproduced from Bergfeld WF, Mulinari-Brenner F. Shedding: how to manage a common cause of hair loss. Cleve Clin J Med 2001; 68(3):256–261. 
doi:10.3949/ccjm.68.3.256
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Patient history
The patient’s medical history is essential. It helps 
confi rm that the pattern of hair loss is consistent with 
telogen effl uvium, identify possible triggers, and rule 
out other causes of hair loss. Clinicians typically ask 
about the following:
• Course of hair loss: when the shedding began, how 

long it has lasted, and any possible triggering events
• Hair shedding features: estimated daily hair loss 

and the appearance of shed hairs
• Medical history: recent or chronic illnesses; major 

surgery; rapid weight loss; restrictive diets; recent 
childbirth, miscarriage, or abortion; iron-defi ciency 
anemia; nutritional defi ciencies (eg, iron, ferritin, 
zinc, protein, vitamin D); thyroid disease; and a 
review of systems to identify underlying conditions11

• Psychological stressors

• Medication and supplement use
• Exposure history: possible toxic or chemical exposures
• Family history of hair or scalp disorders. 

A detailed medical history can also point to a 
coexisting hair disorder or more than one contributing 
factor. In women, reviewing menstrual and reproductive 
history may help identify androgen-related hair loss or 
hormonal abnormalities.11

Physical examination
Evaluation of hair loss includes careful examination of 
the scalp, hair, and nails.

Scalp. The entire scalp is checked to see how 
much hair has been lost and to look for signs of other 
scalp problems. In telogen effl uvium, the scalp usually 
appears healthy. Redness, thick scaling, pus, or scarring 
are not typical and may suggest another condition, such 
as dandruff or psoriasis.11

Figure 2. The hair growth cycle and shedding.

Anagen (growing) phase
90% of hair follicles are in
this phase.

Catagen (involuting) phase
Less than 1% of hair follicles
are in this phase.

Telogen (resting) phase
10% of hair follicles are
normally in this phase at
any given time. After about
3 months in the resting
phase, the hair naturally falls out.
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Hair strands. The hair itself usually looks normal 
in telogen effl uvium. If many hairs appear broken, this 
may point to damage from heat or chemicals, frequent 
hair pulling, or a different hair condition.23

Nails are also examined because they can give clues 
about overall health. For example, Beau lines (grooves 
or ridges running across the nails) may indicate a 
recent signifi cant systemic illness, while koilonychia, 
characterized by spoon-shaped nails, points to iron 
defi ciency.11

Hair pull test
A gentle hair pull test may be performed to check for 
active hair shedding11:
• Hold about 50 to 60 hairs close to the scalp
• Gently pull the hairs from the roots toward the ends
• Repeat this test in different areas of the scalp, such 

as the sides and front
• Examine the shed hairs under a microscope to con-

fi rm that they are telogen (resting) hairs, which 
have a small, club-shaped bulb at the root; other 
hair changes may suggest different hair conditions.

Finding 5 or more telogen hairs in 1 pull, or more than 
15 telogen hairs after 3 pulls, supports a diagnosis of 
active telogen effl uvium.11

The hair pull test may give a false-negative result 
if the hair was washed or heavily groomed on the day 
of the examination. For best results, the test should be 
done 2 to 3 days after shampooing. On the other hand, 
a false-positive result can occur if the hair has not been 
washed or combed for several days.11

Dermoscopy
Dermoscopic fi ndings in telogen effl uvium are generally 
nonspecifi c. In acute telogen effl uvium, dermoscopy 
may reveal empty follicles and numerous upright 
regrowing hairs of normal thickness. Importantly, 
dermoscopy can aid in differentiating chronic telogen 
effl uvium from female pattern hair loss, in which the 
diameter of the hair shafts typically varies more.14,24

Wood’s light examination
A Wood’s (long-wave ultraviolet) light may help 
identify seborrheic dermatitis, which can be associated 
with telogen effl uvium, and detect hyperpigmenta-
tion, a feature more suggestive of scarring hair loss.11 
In seborrheic dermatitis, scalp scales may become more 
visible and Malassezia yeast can fl uoresce orange under 
ultraviolet light.25

Scalp biopsy
Scalp biopsy can help distinguish telogen effl uvium 
from other causes of hair loss. Biopsies are typically 

obtained using a 4-mm punch and include subcuta-
neous fat. Many dermatopathologists prefer taking 
2 samples—1 vertically and 1 horizontally sectioned—
to allow comprehensive follicular assessment. Samples 
should be taken from areas of hair thinning rather than 
complete alopecia, and bitemporal, frontal, and vertex 
scalp regions should be avoided to reduce overlap with 
androgenetic alopecia.11

Additional tests
Less commonly used tests for telogen effl uvium are 
usually performed in specialized hair clinics or research 
settings.11

Hair collections. This method measures how much 
hair is being shed over time. Patients collect shed hair 
during daily grooming for 2 weeks and store the hair 
in labeled containers. Shedding of more than 100 to 
150 hairs per day supports a diagnosis of telogen effl u-
vium. The hairs can be examined under a microscope 
to confi rm they are telogen hairs, and the process may 
be repeated to track improvement or progression.11

Trichograms and phototrichograms. The phototri-
chogram is a noninvasive photographic technique, 
while trichograms involve physically plucking 50 to 60 
hairs from the scalp for microscopic examination. These 
tests estimate the proportion of hairs in the growth 
(anagen) and resting (telogen) phases on the scalp.11

TABLE 1
Triggers of telogen effl uvium

Physiologic and systemic stressors
Acute or chronic medical illness
Major surgery
Childbirth, miscarriage, or abortion
Psychological or emotional stress
Dietary changes or nutritional defi ciencies, including rapid 
   weight loss or iron, vitamin D, or zinc defi ciency

Hormonal causes
Thyroid disorders
Androgen excess
Other endocrine or hormonal imbalances

Toxins, chemical exposures
Medications, supplements
Toxin exposure (heavy metals)

Infectious causes
Systemic infections, including COVID-19
Scalp infections

Infl ammatory causes
Infl ammatory scalp conditions
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Screening laboratory evaluation
• Complete blood count to evaluate for anemia
• Comprehensive metabolic panel to screen for 

underlying systemic disease
• Thyroid-stimulating hormone to assess for thyroid 

dysfunction
• Ferritin to evaluate iron stores.

Additional laboratory testing is selected based on 
the patient’s history, symptoms, and physical fi ndings. 
Further studies may be used to rule out other causes of 
hair loss, including nutritional defi ciencies (especially 
25-hydroxyvitamin D), toxin exposure, hormonal dis-
orders, or autoimmune disease.11,21,26

For example, a hormonal evaluation may be appro-
priate in women with signs of androgen excess, such 
as acne, virilization, or obesity. Testing for antinuclear 
antibodies may be considered when clinical features 
suggest an underlying immune-mediated disorder.11

 ■ MANAGEMENT STRATEGIES

Address the underlying cause
Telogen effl uvium often improves on its own, especially 
when triggered by a single event such as childbirth or 

illness. When hair shedding is caused by an ongoing 
factor, the trigger should be identifi ed and treated, 
if possible (Table 3).1 This may include managing 
associated medical conditions, correcting nutritional 
defi ciencies, addressing psychological stressors, which 
may require therapy or other supportive interventions, 
stopping a suspected medication (with reassessment 
after at least 3 months), and treating other scalp con-
ditions such as seborrheic dermatitis.11,27

Psychological support and education
Hair loss can cause signifi cant emotional distress, even 
when the amount of hair loss is small. Reassurance 
regarding the reversibility of the condition, empathetic 
communication, and patient education are key compo-
nents of care. Patients benefi t from a simple explana-
tion of the hair growth cycle, emphasizing that telogen 
effl uvium causes temporary shedding—not complete 
hair loss—and that regrowth typically becomes notice-
able within 6 to 12 months once the trigger is removed 
or treated. Scheduled follow-up visits can help provide 
reassurance and identify patients with persistent shed-
ding who may need further evaluation.28,29

TABLE 2
Drug classes commonly associated with hair shedding (telogen effl uvium)a

Category Representative agents

Anticoagulants Heparin, warfarin, low-molecular-weight heparin; possibly direct oral anticoagulants (rivaroxaban, 
apixaban)

Retinoids, vitamin A Isotretinoin, acitretin, excess vitamin A supplementation (as little as 25,000 IU/day)

Antihypertensives Beta-blockers (propranolol, metoprolol), angiotensin-converting enzyme inhibitors

Anticonvulsants, mood stabilizers Valproic acid (11%–28% incidence, dose-dependent), carbamazepine, lithium

Antidepressants Selective serotonin reuptake inhibitors (fl uoxetine, sertraline, paroxetine), tricyclics

Hormonal agents Oral contraceptives (on discontinuation), hormone replacement therapy, androgens

Antithyroid drugs Propylthiouracil, methimazole

Antifungals Itraconazole, fl uconazole

Immunosuppressants, biologics Interferons, tumor necrosis factor-alpha inhibitors, methotrexate

Cytotoxic
chemotherapy agentsb

As a drug class (eg, taxanes, alkylating agents)

Nonsteroidal 
anti-infl ammatory drugs

Ibuprofen, naproxen

aThis is not a comprehensive list. Many additional drugs have been reported to cause telogen effl uvium. For a complete list, see reference 14.
bChemotherapy agents more classically cause anagen effl uvium, but can also produce a telogen-effl uvium pattern, particularly at lower doses or when used with 
targeted or hormonal cancer therapies.

     Based on information from references 11 and 13–16.
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Cosmetic support
Cosmetic strategies can help reduce the visible impact 
of hair loss. These may include hairstyling techniques, 
hair coloring, scalp camoufl age products, or hairpieces. 
Hair transplantation is not appropriate for telogen 
effl uvium.11

Medical treatments
The benefi t of treatments such as topical minoxidil or 
nutritional supplements in patients without defi ciencies 
is uncertain. Some clinicians use topical 5% minoxidil 
once daily, particularly in chronic telogen effl uvium, 
to support hair density and regrowth, although strong 
evidence is lacking.11 Patients should be counseled 
that results take months to assess and that shedding 
may temporarily increase when starting or stopping 
minoxidil.2,30

Low-dose oral minoxidil (0.25–5.0 mg) has led to 
improvement in small retrospective studies of chronic 
telogen effl uvium, but more research is needed.31–33 
Possible side effects include unwanted hair growth, 
low blood pressure, and swelling.34

Minoxidil is not routinely recommended for acute 
telogen effl uvium, particularly when a reversible trig-
ger is identifi ed or remains unaddressed, given limited 
evidence of benefi t and the potential for unnecessary 
cost, burden, and false expectations. Counseling should 
instead emphasize reassurance, the often self-limited 
course, and correction of contributing factors.

Common nutritional supplementation
Iron supplementation is recommended for patients 
with iron-defi ciency anemia.2,35 Its use in patients 
without anemia remains controversial, though some 
clinicians aim to maintain ferritin levels within the 
higher end of the normal range based on clinical expe-
rience. The benefi t of supplements such as zinc, biotin, 

or vitamin D in the absence of defi ciency is unclear 
(although Sattar et al36 reported positive results with 
vitamin D3 in a study of 40 women in Pakistan), and 
their routine use is not supported by strong evidence.11

Treatment of androgen-driven processes
Of note, early androgenetic alopecia can also present 
with increased shedding, and telogen effl uvium is 
sometimes an early sign or unmasking of androgenetic 
alopecia rather than a completely separate condition. 
When androgenetic alopecia is identifi ed as the cause 
of persistent hair loss, treatment should address the 
androgen-driven process with therapies such as spirono-
lactone or fi nasteride, often together with minoxidil to 
support hair growth. Recognizing this overlap is import-
ant because hair loss may continue to progress if the 
underlying androgenetic alopecia is not treated. ■
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CORRECTIONS

Most elderly patients with subclinical hypothyroidism
do not need to be treated
The article “Most elderly patients with subclinical hypothyroidism do not need to be treated” by Risheng 
Xu, DO, Nicola Abate, MD, Nalini Ram, MD, and Kristina Little, MD (Cleve Clin J Med 2025; 92(4):221–231, 
doi:10.3949/ccjm.92a.24098) contained an error. On page 228, footnote b for Figure 1 should read as follows: Oral 
levothyroxine daily is the treatment of choice. For patients without cardiac disease, 1.5 μg/kg/day should be used. 
For elderly patients with cardiac disease, a dose of 25–50 μg/day is recommended. Increase dose by 12.5 to 25 μg/day 
every 2 to 3 weeks. Target TSH range is 0.4 to 2.5 mIU/L. 

The corrected fi gure appears below. The online article is now correct.

Elevated thyroid-stimulating hormone (TSH),
normal free thyroxine (T4) level

Recheck 2–3 months later
Also check thyroid peroxidase 

antibodies (TPOAb) 

Age ≥ 65

TSH still elevated
Free T4 still normal

TSH normal
Free T4 still normal

TSH > 10 mIU/L
Risk factors presenta TSH 4–10 mIU/L TPOAb negative TPOAb positive

Treatb
Low risk of
progression:
Do not treat

Monitor every 6 months 
with repeat TSH and free 

T4 levels

Age < 65

Generally consider wait-and-see approach

Apply French Endocrine Society method (divide 
age by 10 to estimate age-appropriate TSH level)

Generally 
consider

treatment

Age-appropriate
   TSH within 
   goal range
TPOAb-negative
No symptoms

Age-appropriate 
   TSH within 
   goal range
Symptoms

Age-appropriate 
   TSH within 
   goal range
Risk factors

Patient has 
symptoms

Patient has no 
symptoms, but 
has TPOAb or 
risk factors

Apply wait-and-
see strategy

Consider a trial of treatment Consider a 6-month 
trial of treatment 

and reassess

Consider treatment

Figure 1. Flow chart for clinical decision-making in subclinical hypothyroidism.
aRisk factors: TPOAb-positive, goiter, atherosclerotic cardiovascular disease, heart failure, or associated risk factors for these diseases.
bOral levothyroxine daily is the treatment of choice. For patients without cardiac disease, 1.5 μg/kg/day should be used. For elderly patients with cardiac disease, a 
dose of 25–50 μg/day is recommended. Increase dose by 12.5 to 25 μg/day every 2 to 3 weeks. Target TSH range is 0.4 to 2.5 mIU/L
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