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FROM THE EDITOR

Potential systemic beneﬁts of
shocking or blocking nerves
While hormone therapy is demonstrably effective for vasomotor symptoms for the vast majority of perimenopausal and postmenopausal
women, for some patients it is not an acceptable choice. In this issue of the Journal,
Lee et al1 discuss stellate ganglion block (SGB), the guided percutaneous injection
of anesthetic to relieve vasomotor symptoms, as an alternative in women for whom
estrogen replacement is not a good option or has failed along with other approaches to
provide adequate symptom control.
Studies supporting the efficacy of SGB are fairly small and of short duration. The
reported efficacy varies, perhaps indicating a need for patient selection criteria, and
perhaps indicating a significant dependence on the skill of the proceduralist. My takeaway is that this is a potential niche therapy for women with few options to control
their significant vasomotor symptoms and improve quality of life.
Digging deeper into the topic of nerve manipulation therapies brings to light fascinating heretofore fringe literature on this and other conceptually related approaches
of neuromodulation. There are reports of SGB benefitting patients with various upper
extremity and facial pain syndromes including migraine. Preclinical research has
suggested that nerve fibers connect this sympathetic nerve way station to parts of the
brain including the hypothalamus, potentially influencing the impact of hormones on
the stress response and the immune system. Isolated reports suggest benefit of SGB in
diverse syndromes including posttraumatic stress disorder, dysautonomia, and longhaul COVID-19. If true, the mechanism is likely far more complex than simply blocking regional sympathetic outflow to modulate regional vasoconstriction and dilation.
SGB is used to treat other conditions and is featured on the websites of several medical
centers.
What has really caught my attention is the expanding research on controlled
regional neuromodulation and its impact on systemic physiology and inflammation.
Using electrical current to directly affect function of nerve and muscle is well accepted
and at least conceptually understandable (eg, electroconvulsive therapy for depression,
deep brain stimulation for Parkinson disease, cardiac pacemaker and defibrillator input
for heart rhythm control). It is far less readily conceptualized how nerve stimulation
can exert effects on systemic inflammation and the immune response.
But fascinating are the studies on stimulating (not blocking as is done with SGB)
the vagal nerve, which can be done percutaneously. Several distinct animal models,
involving different organs and inflammatory triggers, have been used to demonstrate
systemic anti-inflammatory effects stemming from stimulation of the vagal nerve and
some of its branches. One hypothesis with some experimental support explains this
effect via vagal stimulation of the splenic nerve, which causes acetylcholine release in
the spleen. The acetylcholine binds to receptors on macrophages and likely other cells,
resulting in downregulation of inflammatory cytokines such as tumor necrosis factor,
and also in altered cell circulation.2
A recent open-label study3 in human patients with rheumatoid arthritis receiving
doi:10.3949/ccjm.89b.03022
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percutaneous vagal nerve stimulation generated promising (though very preliminary)
beneficial results using well-accepted clinical, laboratory, and imaging techniques.
Larger studies in patients with rheumatoid arthritis are ongoing. A seemingly successful site for percutaneous stimulation is the external ear, where there are branches of the
vagal nerve, making this a far more accessible and acceptable approach compared with
direct activation of the vagal trunk as used in some animal studies.
While I am not yet ready to accept that the electromagnetic aura of body magnets
and copper bracelets may replace methotrexate, it is provocative to wonder whether
controlled neuromodulation may in the future provide a useful nonpharmacologic
adjunct to the treatment of pain and inflammation. A better understanding of it may
even help explain some of the beneficial effects of acupuncture, a procedure that has
also in some studies reduced menopausal hot flashes.

Brian F. Mandell, MD, PhD
Editor in Chief
1. Lee YS, Wie C, Pew S, Kling JM. Stellate ganglion block as a treatment for vasomotor symptoms: clinical application. Cleve Clin J Med 2022: 89(3):147–153. doi:10.3949/ccjm.89a.21032
2. Tynan A, Brines M and Chavan S. Control of inﬂammation using non-invasive neuromodulation: past, present,
and promise. Int Immunol 2022; 34(2):119–128. doi:10.1093/intimm/dxab073
3. Marsal S, Corominas H, de Augustin JJ, et al. Non-invasive vagus nerve stimulation for rheumatoid arthritis:
a proof-of-concept study. Lancet Rheumatol 2021: 3(4)e262–e269. https://doi.org/10.1016/S2665-9913(20)30425-2
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THE CLINICAL PICTURE
Yoshihiro Harano, MD

Mikio Nakajima, MD, MPH, PhD

Department of Cardiology,
Tokyo Metropolitan Hiroo Hospital,
Tokyo, Japan

Emergency and Critical Care Center,
Tokyo Metropolitan Hiroo Hospital,
Tokyo, Japan

Unilateral pulmonary edema
A

Physical
examination
revealed mild
right jugular
venous
distention and
mild pitting
edema of the
lower
extremities

B

Figure 1. (Left) Chest radiography showed a right unilateral consolidation (arrows) and
enlarged cardiac silhouette. (Right) Chest computed tomography revealed diffuse groundglass opacities and consolidation (black arrows) together with a small amount of pleural
effusion in the right lung (white arrow).

48-year-old man was transferred to
our hospital for dyspnea. Although he had
A
no significant medical history, he had been hospitalized for COVID-19 at a local healthcare
facility 1 month earlier. Three weeks after discharge from that facility, he noted progressively
worsening exertional dyspnea and fatigue. He
returned to that facility, where he was afebrile
at presentation and was diagnosed with bacterial pneumonia secondary to COVID-19 infection based on chest radiography and computed
tomography that revealed a unilateral consolidation in the right lung and an inexplicable
enlargement of the heart (Figure 1).
On admission to our facility, he presented
with the following vital signs:
• Clear level of consciousness
• Blood pressure 134/96 mm Hg
doi:10.3949/ccjm.89a.21046
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•
•
•
•

Pulse rate 120 beats per minute
Body temperature 36.1°C (96.9°F)
Respiratory rate 24 breaths per minute
Oxygen saturation 91% on oxygen delivered by nasal cannula at 2 L per minute.
Physical examination revealed mild right
jugular venous distention and mild pitting
edema of the lower extremities. Coarse crackles were noted in the right lung, but no abnormal heart sounds were documented.
Although electrocardiography was unremarkable except for sinus tachycardia with no
ST-segment or T-wave abnormalities, we considered heart failure in the differential diagnosis
given his findings on physical examination and
imaging. Transthoracic echocardiography revealed diffuse left ventricular hypokinesis with
an ejection fraction of 20% and moderate mitral regurgitation toward the posterior left atrial
wall. Additionally, his serum N-terminal pro-
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brain natriuretic peptide level was 6,469 pg/mL
(reference range, 0–125 pg/mL). The patient
was diagnosed with congestive heart failure and
was placed on intravenous furosemide, nitrates,
and noninvasive positive pressure ventilation.
Initial therapy dramatically improved his dyspnea and chest radiograph within 72 hours after
admission without the use of antibiotics (Figure
2). The patient made a full recovery and was discharged on hospital day 11.
■ UNILATERAL PNEUMONIA WITH COVID-19
Approximately 1 out of every 10 patients with
COVID-19 pneumonia presents with unilateral––as opposed to bilateral—pneumonia.1
Generally, one would consider viral or secondary bacterial pneumonia as the most likely diagnosis when a patient presents with unilateral
consolidations on chest radiography. However,
cardiogenic pulmonary edema accounts for
2.1% of unilateral pulmonary edema.2
On imaging, cardiogenic pulmonary edema
generally appears as an opacity involving the
right lung and is frequently attributed to severe
mitral regurgitation.2 The direction of the mitral
regurgitation toward the posterior left atrial wall
could selectively impede the right pulmonary
venous system,3,4 and the regurgitant flow may
focally elevate the pressure in the right pulmonary vein.4 Our patient had retrograde blood flow
toward the posterior left atrial wall. However, we
could not confirm “severe” mitral regurgitation.
Other factors that would affect the distribution of
pulmonary edema include decubitus position of
■ REFERENCES
1. Wu J, Pan J, Teng D, Xu X, Feng J, Chen YC. Interpretation of CT signs of 2019 novel coronavirus (COVID-19)
pneumonia. Eur Radiol 2020; 30(10):5455–5462.
doi:10.1007/s00330-020-06915-5
2. Attias D, Mansencal N, Auvert B, et al. Prevalence,
characteristics, and outcomes of patients presenting with
cardiogenic unilateral pulmonary edema. Circulation
2010; 122(11):1109–1115.
doi:10.1161/CIRCULATIONAHA.109.934950
3. Miyatake K, Nimura Y, Sakakibara H, et al. Localisation

Figure 2. Chest radiograph 72 hours after
admission and initiation of intravenous furosemide, nitrates, and noninvasive positive
pressure ventilation. Unilateral consolidation
in the right lung rapidly improved.

the patient (gravitational effect), position of the
pulmonary veins, and preexisting lung disease.4
When encountering unilateral lung consolidations on chest imaging during the COVID-19 era, one should avoid the common
pitfall of hastily attributing the finding to COVID-19 and instead should consider the full
spectrum of differential diagnoses, including
■
cardiogenic pulmonary edema.
■ DISCLOSURES
The authors report no relevant ﬁnancial relationships which, in the context
of their contributions, could be perceived as a potential conﬂict of interest.
and direction of mitral regurgitant ﬂow in mitral oriﬁce
studied with combined use of ultrasonic pulsed Doppler
technique and two dimensional echocardiography. Br
Heart J 1982; 48(5):449–458. doi:10.1136/hrt.48.5.449
4. Gurney JW, Goodman LR. Pulmonary edema localized in
the right upper lobe accompanying mitral regurgitation.
Radiology 1989; 171(2):397–399.
doi:10.1148/radiology.171.2.2704804
Address: Yoshihiro Harano, MD, Department of Cardiology,
Tokyo Metropolitan Hiroo Hospital, 2–34–10 Ebisu, Shibuyaku, Tokyo 150-0013 Japan; yoshihiro.harano00@outlook.jp
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Q: Does my patient need an allergy
evaluation for penicillin allergy?

A:

Maybe. A detailed clinical history
should be obtained directly from patients to determine their risk of penicillin allergy.
Those deemed at low risk may not require a formal allergy evaluation. The recently validated
PEN-FAST penicillin allergy clinical-decision
rule1 may be useful for clinicians of all specialties to direct appropriate strategies and, for some
patients, to potentially remove the “penicillin
allergy” label from their medical record.

■ HOW COMMON IS PENICILLIN ALLERGY?
Beta-lactam antibiotics, which include the
penicillins, are among the safest and most effective antibiotics and are widely used. HowThose deemed ever, 5% to 10% of the US population has
reported allergies to penicillins, with a higher
at low risk
2
may not require prevalence in older and hospitalized patients.
Patients with a documented penicillin allergy
formal allergy are more likely to receive alternative broadspectrum antibiotics, which can lead to higher
evaluation
healthcare expenditures, longer hospital stays,
higher risk of adverse events, and development of drug-resistant pathogens.
Despite the high frequency of documented
allergy, more than 95% of hospitalized patients
labeled as having penicillin allergy can actually
tolerate this class of drug without adverse reactions.3 This discrepancy between reported and
actual penicillin allergy may be explained by
the waning of penicillin-specific immunoglobulin E (IgE) antibodies over time. It is estimated that up to 80% of patients with a history of
immediate clinical symptoms compatible with
a penicillin allergy become tolerant of it after
a decade if there has been no further exposure.
After 20 years, fewer than 1% of patients continue to maintain their sensitivity.2
doi:10.3949/ccjm.89a.21004
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Other factors contributing to the discrepancy between reported and clinically relevant
allergy may include confounding symptoms
related to the patient’s illness, misclassification of adverse reactions, or both. “Unknown”
is a frequently documented type of reaction in
electronic medical records, as are cutaneous
reactions including rash and hives.3
Although most patients may be able to tolerate penicillins safely, keep in mind that penicillins are the most common cause of druginduced fatal and nonfatal anaphylaxis in
the United States, particularly when they are
given parenterally.4 As a general rule, IgE-mediated allergic reactions typically occur within
minutes after receiving the drug and may present as anaphylaxis, urticaria, bronchospasm,
angioedema, or hypotension. Penicillins have
also been associated with other severe non–
IgE-mediated reactions such as drug reaction
with eosinophilia and systemic symptoms and
Stevens-Johnson syndrome/toxic epidermal
necrolysis.
■ WHAT QUESTIONS SHOULD I ASK
THE PATIENT?
Components essential to an allergic history
include how long ago the reaction occurred,
symptom details, timing of symptom onset,
duration of reaction, treatment of the reaction, and use of same or similar medication
since. When relevant, concomitant medications, diagnoses, laboratory results, and imaging details should be reviewed.
While allergy specialists widely agree on
these components of an allergic history, few
decision tools are available for other clinicians
to direct appropriate diagnosis and management of penicillin allergy. In addition, obtaining such a history may be difficult in many pa-
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tients who are unable to clearly recall the drug
to which they reacted or details surrounding
the reaction.
■ HOW DO I STRATIFY A PATIENT’S RISK?
After the allergy history is determined, patients can be stratified as being at low, moderate, or high risk for penicillin allergy to
determine if skin testing or drug challenge or
both are appropriate. To date, there is no universally accepted definition of risk levels. The
need for the development of validated tools
to support clinical decision-making has been
recognized. However, efforts have been limited by the lack of generalizability across various populations and effective implementation
strategies.5
The PEN-FAST decision rule
PEN-FAST, a penicillin allergy decision rule,
was recently developed to aid clinicians in
point-of-care risk assessment.1 A prospective
cohort of 622 penicillin allergy-tested patients from 2 primary Australian sites and 3
retrospective cohorts from Australia and the
United States were subjected to internal and
external validation, respectively. The following features associated with a positive penicillin test were used to create the mnemonic
PEN-FAST:
• PENicillin allergy reported (proceed with
the assessment below)
• Five years or less since a reaction, or unknown interval (2 points)
• Anaphylaxis or angioedema, or Severe cutaneous reaction (2 points)
• Treatment was required for the allergy episode (1 point).1
A score of 0 indicates a very low risk of a positive penicillin allergy test (< 1%), a score of
1 or 2 indicates a low risk (5%), a score of 3
indicates a moderate risk (20%), and a score
of 4 or 5 indicates a high risk (50%). A cutoff
of less than 3 points was found to have a negative predictive value of 96.3%.1
PEN-FAST has been further validated in a
large European cohort of adult patients reporting a reaction with amoxicillin.6 These studies
suggest PEN-FAST may be an effective tool
for non–allergy-trained clinicians to use in estimating risk in patients across various populations.

■ WHAT TESTING IS AVAILABLE FOR
EVALUATING PENICILLIN ALLERGY?
Figure 1 outlines our approach for a patient
with reported penicillin allergy, starting with
risk stratification using PEN-FAST.
A direct or graded amoxicillin challenge
under medical observation may be performed
in low-risk patients, ie, a PEN-FAST score of
2 or less.3,7,8 Before performing such a procedure, it is essential to obtain informed consent
and ensure appropriate monitoring and access
to medications used to treat allergic reactions.
If no reaction occurs during the observation
period, the patient can subsequently take
any type of penicillin without restriction. For
those with reported allergy to penicillin only,
any other beta-lactam (including cephalosporins, carbapenems, and monobactams) can be
given as indicated. Drug challenge with the
culprit penicillin (if not amoxicillin) is also a
reasonable option.
Penicillin skin testing is recommended
for patients at moderate or high risk (PENFAST score ≥ 3) or with unknown history,
current pregnancy, or hemodynamic instability. The skin test is the most reliable way to
demonstrate penicillin-specific IgE antibodies. However, it does not predict the risk of
non–IgE-mediated reactions or development
of IgE-mediated allergic reactions upon future
exposures to penicillins. For this reason, skin
testing, drug challenge, and desensitization
are not recommended in patients with a history of severe delayed reaction such as StevensJohnson syndrome-toxic epidermal necrolysis,
drug reaction with eosinophilia and systemic
symptoms, interstitial nephritis, serum sickness, or hemolytic anemia.
Penicillin skin testing is performed using
both major and minor antigenic determinants
in a stepwise evaluation with percutaneous
followed by intradermal testing. Medical providers, including clinicians, advanced practice
practitioners, and registered nurses, who have
been adequately trained, can perform penicillin skin testing.
Patients who have a positive skin test result are assumed to be allergic to penicillin and
should not undergo a penicillin challenge test.
However, they can undergo desensitization to
penicillin if they truly need it to induce a state
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PEN-FAST score
(see text for details)
≤2

3 or higher
Moderate or high riskd

Low or very low risk
Direct or graded penicillin challengea,b

No reaction

Proceed with full dosingc
Delete allergy from
patient’s medical record

Penicillin skin testinge
(percutaneous and intradermal)

Has reaction

Positive

Continue penicillin
avoidance, and use equally
effective alternative
antibiotics

Negative

Direct or graded
penicillin challenge

Has reaction

No reaction
Consider desensitization
performed by an allergist
if no appropriate alternative
agent exists

Proceed with full dosing
Delete allergy from
patient’s medical record

Figure 1. Recommended approach to patients with reported penicillin allergy based on PEN-FAST risk stratiﬁcation.
a

A drug challenge can be performed by a non-allergist or allergist under medical observation. Informed consent must be obtained from the patient.

b

For a direct challenge in an adult patient, a single dose of 250 mg of amoxicillin followed by 60 to 120 minutes of observation is a common approach. Graded
amoxicillin challenges are often performed by giving one-tenth of the full dose followed by the remaining dose with 30 to 60 minutes of observation between steps.
In pediatric patients, amoxicillin challenges are performed using weight-based dosing. Drug challenge with the culprit penicillin could also be considered.
c

Any type of penicillin can be given without restriction. For those with reported allergy to penicillin only, any other beta-lactam can be utilized as indicated.

d

Skin testing and drug challenge are contraindicated in patients with a history of severe delayed reaction such as Stevens-Johnson syndrome/toxic epidermal
necrolysis, drug reaction with eosinophilia and systemic symptoms, interstitial nephritis, serum sickness, or hemolytic anemia attributed to penicillin use.
e

Skin testing should be performed only by adequately trained providers.

PEN-FAST = PENicillin allergy reported; Five years or less since a reaction, or unknown interval; Anaphylaxis or angioedema, or Severe cutaneous reaction;
Treatment was required for the allergy episode

of temporary tolerance. It is reasonable to repeat skin testing if many years have passed,
due to the waning of penicillin-specific IgE
antibodies.
Those with negative skin test results
should proceed with a drug challenge as described in Figure 1. The predictive value of
negative penicillin skin testing is approximately 95% and in combination with oral
amoxicillin challenge approaches 100%.3
Serum-specific IgE assays are available
for a number of selected penicillins, but they
have low sensitivity and thus have limited
value and are not commonly used.
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■ THE BOTTOM LINE
In patients with a reported penicillin allergy,
obtaining a detailed allergic history directly
from the patient is essential. Clinical-decision
tools such as PEN-FAST may be useful to identify patients for whom the penicillin allergy label can be removed without a formal allergy
evaluation, thus facilitating optimal antibiotic
therapy and reducing drug costs.
■
■ DISCLOSURES
The authors report no relevant ﬁnancial relationships which, in the context
of their contributions, could be perceived as a potential conﬂict of interest.

M ARCH 2022

OHTOLA AND HONG

■ REFERENCES
1. Trubiano JA, Vogrin S, Chua KYL, et al. Development and validation
of a penicillin allergy clinical decision rule. JAMA Intern Med 2020;
180(5):745–752. doi:10.1001/jamainternmed.2020.0403
2. Broyles AD, Banerji A, Barmettler S, et al. Practical guidance for the
evaluation and management of drug hypersensitivity: speciﬁc drugs.
J Allergy Clin Immunol Pract 2020; 8(9S):S16–S116.
doi:10.1016/j.jaip.2020.08.006
3. Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and management of penicillin allergy: a review. JAMA 2019; 321(2):188–199.
doi:10.1001/jama.2018.19283
4. Castells M, Khan DA, Phillips EJ. Penicillin allergy. N Engl J Med
2019; 381(24):2338–2351. doi:10.1056/NEJMra1807761
5. Stone CA Jr, Trubiano J, Coleman DT, et al. The challenge of delabeling penicillin allergy. Allergy 2020; 75(2):273–288.
doi:10.1111/all.13848

6. Piotin A, Godet J, Trubiano JA, et al. Predictive factors of amoxicillin
immediate hypersensitivity and validation of PEN-FAST clinical decision rule. Ann Allergy Asthma Immunol 2021.
doi:10.1016/j.anai.2021.07.005
7. Kuruvilla M, Shih J, Patel K, Scanlon N. Direct oral amoxicillin challenge without preliminary skin testing in adult patients with allergy
and at low risk with reported penicillin allergy. Allergy Asthma Proc
2019; 40(1):57–61. doi:10.2500/aap.2019.40.4184
8. Cooper L, Harbour J, Sneddon J, Seaton RA. Safety and efﬁcacy of
de-labelling penicillin allergy in adults using direct oral challenge:
a systematic review. JAC Antimicrob Resist 2021.
doi:10.1093/jacamr/dlaa123
Address: Sandra J. Hong, MD, Department of Allergy and Clinical Immunology, Respiratory Institute, A90, Cleveland Clinic, 9500 Euclid Avenue,
Cleveland, OH 44195; hongs3@ccf.org

CL E V E L AND CL I NI C J O URNAL O F M E DI CI NE

V O L UM E 89 • NUM BE R 3

M ARCH 2 0 2 2

129

SYMPTOMS TO DIAGNOSIS
GREGORY W. RUTECKI, MD, Section Editor
Mohammad A. Sohail, MD

Peter Luong

John Sedor, MD

Roop Kaw, MD

Internal Medicine Residency Program,
Cleveland Clinic, Cleveland, OH

Case Western Reserve University,
Cleveland, OH

Department of Kidney Medicine, Department
of Inﬂammation and Immunity, Cleveland
Clinic, Cleveland, OH; Professor, Cleveland
Clinic Lerner College of Medicine of Case
Western Reserve University, Cleveland, OH

Department of Hospital Medicine, Department
of Outcomes Research, Cleveland Clinic,
Cleveland, OH; Professor of Medicine, Cleveland Clinic Lerner College of Medicine of Case
Western Reserve University, Cleveland, OH

Microangiopathic hemolytic anemia
in a female patient with systemic
lupus erythematosus
34-year-old female patient with a history of systemic lupus erythematosus (SLE)
A
presented to the emergency department after

Chest
radiography
showed
signiﬁcant
increase
of the cardiac
silhouette
compared with
previous
radiographs

several days of worsening swelling of the lips
and legs along with decreased oral intake. She
also reported intermittent pleuritic chest pain
and exertional dyspnea for the past 2 months.
The patient was previously diagnosed with
SLE with cutaneous manifestations including
malar rash and discoid lesions of the face and
scalp, recurrent pericardial and pleural effusions, diffuse arthralgias, and positive serologic markers including positive antinuclear
antibody, anti-dsDNA antibody, anti-Smith
antibody, and low complement levels. A previous pericardial pleural effusion resulted in
normalization of complement levels with corticosteroid therapy.
Medical history was significant for hypertension, controlled with amlodipine, as well
as two unexplained consecutive first-trimester
miscarriages and recurrent pulmonary embolism. However, prior investigations were not
consistent with antiphospholipid antibody
syndrome, with the absence of lupus anticoagulant, anticardiolipin immunoglobulin (Ig)G/
IgM, and anti-B2 glycoprotein IgG/IgM on two
separate occasions 6 months apart. Her home
medications included the anticoagulant rivaroxaban, amlodipine, prednisone, hydroxychloroquine, methotrexate, and folic acid. However, the patient had been nonadherent for the
previous 4 months owing to lack of insurance
coverage and instead had been trying alternative remedies including herbal tea.
doi:10.3949/ccjm.89a.21066
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The patient also had lymphocytopenia, which
can be associated with viral infections, active
disease in SLE, and immunosuppressive therapy including glucocorticoids.
■ EMERGENCY DEPARTMENT EVALUATION
In the emergency department, the patient’s
temperature was 36.7°C (98.1°F), heart rate
was 92 beats per minute, blood pressure was
156/103 mm Hg, and peripheral oxygen saturation was 100% on room air.
Physical examination revealed lip-swelling,
aphthous ulcers, pitting edema in both legs
and feet, and a new nontender rash on palms
and soles. There was no appreciable murmur,
pericardial rub, or jugular venous distention.
The patient was alert and oriented to time,
place, and person, followed all commands, and
had no focal neurologic deficits. Funduscopic
examination revealed vessel attenuation, cotton wool spots, and dot-and-blot hemorrhages
without any papilledema, consistent with grade
III hypertensive retinopathy.
Laboratory testing revealed anemia,
thrombocytopenia, and an elevated serum creatinine level of 1.82 mg/dL (increased from
baseline of 0.8 mg/dL).
Urinalysis with microscopic examination
yielded cloudy appearance with high hemoglobin, red blood cells, protein, granular casts, urine
protein-to-creatinine ratio, and urine sediment
with dysmorphic red blood cells and red blood
cell casts. See Table 1 for laboratory results.
A chest radiograph showed significant
increase of the cardiac silhouette compared
with prior radiographs, and subsequent echo-
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TABLE 1

Irregular patient laboratory results
Test

Patient value

Reference range

Hemoglobin, g/dL

11.8

12.3–15.3

Hematocrit, %

36.0

36.0–46.0

White blood cell count, × 109/L

2.62

3.70–11.0

Absolute lymphocyte count, × 109/L

0.55

1.00–4.00

Platelet count, × 10 /L

30

150–400

Serum creatinine, mg/dL

1.82

0.58–0.96

Alanine aminotransferase, U/L

65

7–38

Aspartate aminotransferase, U/L

148

13–35

C-reactive protein, mg/dL

7.3

< 0.9

Lactate dehydrogenase, U/L

1317

135–214

Reticulocyte count, %

8.7

0.4–2.0

Absolute reticulocyte count, × 109/L

348

18–100

Haptoglobin, mg/dL

< 10

31–238

Fibrinogen, mg/dL

411

200–400

D-dimer, ng/mL

2900

< 500

Protein-to-creatinine ratio

1.7

< 0.2

Cloudy

Clear

3+

Negative

Protein, mg/dL

≥ 300

Negative

White blood cell count, cells/high-power ﬁeld

6–10

0–5

Red blood cell count, cells/high-power ﬁeld

> 25

0–3

Protein-to-creatinine ratio

1.7

< .2

C3, g/dL

29

86–166

C4, g/dL

10

13–64

dsDNA, IU/mL

> 1000

< 30

9

Urine
Clarity
Hemoglobin, mg/dL

ADAMTS13, %

54

> 60

ADAMTS13 = a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13

cardiography demonstrated a large pericardial
effusion.
Possible diagnosis
Patient presentation of new aphthous ulcers,
deteriorating kidney function, pancytopenia

with lymphocytopenia, and a new large pericardial effusion was suggestive of an active
lupus flare. The lip-swelling was also concerning for angioedema, which has been reported
as an unusual manifestation of SLE, with the
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□ It may indicate possible development
of thrombotic thrombocytopenic purpura
(TTP)
□ It is related to poorly controlled severe
hypertension
□ It is attributed to acquired complementmediated thrombotic microangiopathy
(TMA) associated with lupus nephritis
□ It is attributed to Shiga toxin-mediated
hemolytic uremic syndrome

Figure 1. Peripheral smear. The yellow arrow indicates a
schistocyte (hematoxylin and eosin stain, magniﬁcation
× 400).

proposed mechanism being acquired deficiency of C1 esterase inhibitor.1,2
Peripheral smear revealed abundant schistocytes and thrombocytopenia (Figure 1). Other
testing showed a reticulocyte index of 0.69%
The diagnosis (indicative of hypoproliferation), a negative direct Coombs test, and prothrombin and partial
of TMA
thromboplastin times within normal limits.
can be inferred
At this point, microangiopathic hemolytic
in patients
anemia (MAHA) was suspected, which is a
descriptive term for nonimmune or Coombswith MAHA
negative hemolysis resulting from intravascuand thrombo- lar red blood cell fragmentation that produces
schistocytes on peripheral blood smear.
cytopenia in
Further laboratory test results included
the appropriate low C3, low C4, high dsDNA, positive Criclinical setting thidia lucillae, negative lupus anticoagulant,
negative anticardiolipin IgG and IgM, negative anti-B2 glycoprotein IgG and IgM,
low ADAMTS13 (a disintegrin and metalloproteinase with a thrombospondin type 1
motif, member 13) activity, and negative
ADAMTS13 inhibitor.
■ IMPLICATIONS OF HEMOLYTIC ANEMIA
WITH THROMBOCYTOPENIA

1

What is the implication of hemolytic anemia with thrombocytopenia in this patient?
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The combination of characteristic laboratory data in our patient, including negative
Coombs test, elevated lactate dehydrogenase
(LDH), low haptoglobin, normal coagulation studies, and peripheral smear showing
abundant schistocytes, were characteristic for
MAHA. The combination with thrombocytopenia and worsening kidney function raised
high suspicion for TMA.
TMA is a pathologic diagnosis determined
by tissue biopsy in which abnormalities of arteriolar and capillary walls subsequently lead to
microvascular thrombosis. As described previously, MAHA refers to Coombs-negative hemolysis resulting from intravascular red blood
cell destruction, which may be caused by abnormalities in the microvasculature or even
by intravascular devices such as prosthetic
heart valves. Consequently, even though not
all MAHA is caused by TMA, the diagnosis
of TMA can be typically inferred in patients
with MAHA and thrombocytopenia in the
appropriate clinical setting.
Causes of TMA
TMA syndrome encompasses many disorders
that include TTP, Shiga toxin-induced hemolytic uremic syndrome, drug-induced TMA,
radiation-induced TMA, and complementmediated TMA, which is also referred to as
atypical hemolytic uremic syndrome.
Systemic disorders that can cause TMA
include scleroderma, severe hypertension,
preeclampsia/HELLP (hemolysis, elevated
liver enzymes, and low platelets) syndrome,
and antiphospholipid syndrome, especially
the most severe form of antiphospholipid syndrome known as catastrophic antiphospholipid
syndrome, which is characterized by disseminated intravascular thrombosis resulting in
multiorgan failure within a short period of time
(usually within 1 week).
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Other causes. TMA is also well described
in transplant recipients, both as a manifestation of transplant rejection and as possible
toxicity from immunosuppressive medications
such as cyclosporine and tacrolimus. Rarely,
this syndrome can be caused by disorders involving regulators of the coagulation cascade
(mutations in the gene encoding diacylglycerol kinase epsilon and thrombomodulin)3
and the molecules responsible for vitamin B12
metabolism (mutations in the gene encoding
methylmalonic aciduria and homocystinuria
type C).4
Evaluation for the cause of TMA
Evaluation to determine the cause of TMA
should initially focus on excluding the aforementioned systemic disorders associated with
MAHA and thrombocytopenia. This should
be followed by an investigation to distinguish
among primary TMA syndromes, including
the following:
• Assessment of exposure to drugs reported
to cause TMA: chemotherapeutic agents
(eg, gemcitabine, mitomycin), immunosuppressive agents (eg, cyclosporine, tacrolimus), vascular endothelial growth factor
inhibitors (eg, bevacizumab), and illegal
agents (eg, cocaine)
• Measurement of ADAMTS13 activity and
ADAMTS13 inhibitor levels; elevations
infer TTP
• Stool testing of Shiga toxin by immunoassay or polymerase chain reaction test to
look for Shiga toxin-induced hemolytic
uremic syndrome, especially in patients
with diarrhea or known infectious diarrhea
exposure
• Measurement of serum homocysteine and
methylmalonic acid for cobalamin C deficiency-mediated TMA, which is caused by
recessive (homozygous or compound heterozygous) mutations in the metabolism of
the cobalamin-associated C (MMACHC)
gene4
• Complement testing for complementmediated TMA, specifically, for antibodies
against complement factor (CF) H protein
(anti-CFH antibody) and for complement
gene mutations, including evaluation of
complement regulatory genes (CFH, CFI,
or membrane cofactor protein [CD46])

and complement effector genes (CFB or
C3).
Kidney biopsy is not helpful for determining cause of primary TMA syndromes and may
not distinguish primary TMA syndromes from
other disorders such as systemic sclerosis or
severe hypertension, which can also manifest
the typical pathologic features of TMA.
What was the cause of this patient’s TMA?
TTP is a primary TMA syndrome caused by severely reduced activity of the von Willebrand
factor-cleaving protease ADAMTS13.5 When
ADAMTS13 protease activity is reduced, large
von Willebrand factor multimers can accumulate on the endothelial surface of small arterioles and capillaries, leading to potentially
fatal platelet accumulation and subsequent
mechanical red blood cell fragmentation.5 TTP
can be acquired, from an autoantibody inhibitor to ADAMTS13, or it can be hereditary,
owing to inherited mutations in ADAMTS13.
Genetic testing of the ADAMTS13 gene is the
definitive means of documenting the diagnosis of hereditary TTP in an individual with severe ADAMTS13 deficiency (activity < 10%
of normal) without an inhibitor. On the other
hand, acquired TTP can be confirmed by severe ADAMTS13 deficiency and the presence
of an ADAMTS13 autoantibody inhibitor in
the appropriate clinical setting (eg, a patient
with MAHA and thrombocytopenia that responds to plasmapheresis).6
Hematologic recovery in TTP can be expected with plasmapheresis, as indicated by
improvement in LDH (often within 1 day)
and platelet count (within 2 to 3 days).7,8
TTP was ruled out in our patient on the basis
of relatively normal ADAMTS13 activity, a
negative ADAMTS 13 inhibitor, poor hematologic response to emergency plasmapheresis,
and lack of hematologic recovery to suggest
resolution of MAHA after 3 days of plasmapheresis.
Severe hypertension can also cause MAHA
and thrombocytopenia with characteristic
pathologic features of TMA in the kidneys.9
Grade III/IV retinopathy is more likely to be
present, and recovery of kidney function and
resolution of MAHA is typical with proper
treatment of severe hypertension.9,10 Furthermore, severe hypertension may also occur in
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primary TMA with severe renal involvement,
so the temporal relationship is important.9 Although the patient did have funduscopic findings consistent with grade III hypertensive
retinopathy, kidney function and MAHA did
not improve despite appropriate management
of blood pressure, prompting us to continue
our investigation into other causes of TMA.
Shiga toxin-producing pathogens (eg,
Escherichia coli O157:H7) can induce hemolytic uremic syndrome and are often related to
exposure to improperly prepared foods, inadequately cooked meats, or farm animals.11 However, our patient did not report any severe
abdominal pain or diarrhea with bloody stool,
and DNA testing performed on the patient’s
stool sample for Shiga-toxin genes was negative. Additional workup investigating nonShiga-toxin-producing infectious organisms
associated with MAHA and thrombocytopenia was also unrevealing, including tests for
bacterial (eg, Clostridioides difficile, Legionella),
viral (eg, cytomegalovirus, hepatitis viruses,
human immunodeficiency virus, varicella-zoster virus, Epstein-Barr virus), and fungal (eg,
Aspergillus) infections.
Complement-mediated TMA or atypical
hemolytic uremic syndrome is a chronic, sysPlasma
temic, life-threatening disease characterized
exchange was
by TMA and severe multiple end-organ damstarted without age caused by dysregulation and uncontrolled
positive results; activation of the alternative complement
pathway. Complement regulatory proteins,
eculizumab was including CFH, CFI, and CD46, prevent inappropriate activation of the complement casadministered
cade.12 The diagnostic workup for determining
for suspected
cause of complement-mediated TMA includes
complementtesting for inhibitory antibodies such as antiCFH antibody, as well as genetic testing, inmediated
cluding evaluation of the CFH, CFI, CD46,
thrombotic
CFB, and C3 genes.13 On the other hand, testmicroangiopathy ing for serum complement biomarkers such as
CH50, C3, and C4 have no diagnostic role
in complement-mediated TMA owing to low
sensitivity and specificity. For instance, a low
C3 level may only be appreciated in certain
mutations such as variants in CFH, CFB, and
C3.14
Complement activation is also common in
lupus nephritis, and a subset of these patients
(17.5%) can present with complement-mediated TMA,15 described as a separate clinical
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entity that can be resistant to treatment with
high-dose corticosteroids, immunotherapy,
and plasmapheresis.16 The pathogenesis of renal TMA in lupus nephritis is yet to be determined and may be multifactorial, potentially
attributable to antiphospholipid syndrome,
malignant hypertension, or scleroderma.17
Our patient had normal plasma levels of
complement factors CFH and CFB, along
with negative anti-CFH antibody. Complement genetic studies were not obtained,
and the patient did not report a family history of TMA disorders suggestive of a hereditary cause. However, one should be mindful
that most complement mutations associated
with TMA are heterozygous, and many family members with heterozygous mutations are
asymptomatic.18 If performed in this patient,
complement genetic studies might have provided a more specific diagnosis.
Although complement testing was unrevealing in this patient, a presumptive clinical
diagnosis of complement-mediated TMA was
made in light of the progressive kidney dysfunction, MAHA, thrombocytopenia, and
absence of an alternate explanation for these
findings (eg, no known drug exposure associated with drug-induced TMA, no antiphospholipid syndrome or scleroderma, no response after adequate control of hypertension,
no ADAMTS13 deficiency, no Shiga toxin in
stool).
■ CASE CONTINUED: CONDITION WORSENED
The differential diagnosis for the patient’s
acute kidney failure included lupus nephritis
and TMA.
Plasmapheresis was performed for a total of
3 days, with no clinical improvement. Then,
administration of eculizumab, a complement
inhibitor, was commenced in light of the suspected diagnosis of complement-mediated
TMA.
C5 inhibitors, including eculizumab and
ravulizumab, prevent the cleavage of cell surface-bound complement protein C5 and inhibit generation of proinflammatory terminal
complement proteins C5a and the membrane
attack complex C5b-9, consequently reducing
endothelial cell activation and thrombosis but
also increasing the risk of developing menin-
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gococcal infections.19 Therefore, in addition
to meningococcal vaccination, the patient received antimicrobial prophylaxis with amoxicillin for the duration of eculizumab administration.
Complications
Pericardial effusion. During hospitalization, the patient required transfer to the cardiac intensive care unit because of pericardial
effusion with tamponade. Pericardiocentesis
was performed, and subsequent pericardial fluid studies were suggestive of an exudative effusion.20 There was a predominance of mononuclear cells as well as negative Gram stain,
bacterial/fungal cultures, and cytology, favoring active SLE flare as the cause of the exudative pericardial effusion.
Mental status changes. Moreover, the
patient’s clinical course was complicated by
the development of altered mental status.
She became less interactive, could not follow commands, and neurologic examination
revealed slightly brisker reflexes in the right
upper extremity. This was concerning for possible primary manifestation of neuropsychiatric SLE, as there was past evidence of systemic
involvement of SLE.
Other potential etiologies that were considered included infectious encephalitis, given the patient’s immunocompromised state,
stroke secondary to central nervous system
involvement by SLE, and posterior reversible
encephalopathy syndrome, given her recent
blood pressure fluctuations with systolic blood
pressure higher than 200 mm Hg.
Magnetic resonance imaging of the brain
was concerning for antibody-mediated striatal encephalitis. This finding is not specific
for SLE, and viral encephalitis should also be
considered in the differential diagnosis.
A lumbar puncture that was subsequently
performed did not show any pleocytosis in the
cerebrospinal fluid, rendering an intrathecal
infection less likely as the etiology of the patient’s acute encephalopathy and favoring the
diagnosis of neuropsychiatric lupus.
Acute kidney injury. The patient’s kidney
function continued to deteriorate, requiring
kidney replacement therapy within 5 days of
initial presentation to the hospital. Kidney
biopsy was considered at this time but was ul-

timately not performed due to severe thrombocytopenia.
■ WOULD KIDNEY BIOPSY HAVE HELPED?

2

What would have been the value of kidney
biopsy in this patient?

□ It would have been helpful in differentiating
a specific type of TMA
□ It would have been unlikely to affect
patient management, as the therapeutic
window was missed early in the disease
course because of bleeding concerns reelated to thrombocytopenia
□ It would have ascertained the extent of
ischemic injury sustained in relationship
to renal TMA to facilitate decision-making
regarding next steps in therapy
□ It was contraindicated in this patient
owing to increased risk of bleeding complications from azotemia and thrombocytopenia
Risk vs potential beneﬁt of biopsy
Biopsy of the kidney may be performed for suspected TMA syndrome.21 However, kidney biopsy may not inform treatment decisions for a
specific TMA as there is no consensus regarding features on kidney biopsy that definitively
diagnose a specific TMA syndrome. Kidney
biopsy is not usually done to evaluate patients
with acute kidney injury, MAHA, and thrombocytopenia unless there is a specific management decision that would be influenced by the
results.
Our patient’s clinical condition was an example of a situation in which a kidney biopsy
may have been helpful: it may have identified the extent of ischemic injury sustained
in relationship to potential TMA, as well
as the degree of irreversible kidney injury to
support decision-making for next therapeutic
treatment steps. Kidney biopsy may have justified the maintenance or discontinuation of
immunosuppressive therapy for lupus nephritis, especially as the patient had not yet developed other systemic manifestations of SLE (eg,
pericardial effusion, neuropsychiatric SLE) at
the time kidney biopsy was being considered.
The presence of extensive interstitial fibrosis
or glomerulosclerosis (class VI advanced sclerosing lupus nephritis), as opposed to focal or
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diffuse proliferative glomerulonephritis (class
III and IV lupus nephritis, respectively), might
have prompted discontinuation of immunosuppression.
Although the association between kidney
dysfunction and bleeding is well recognized,
major complications have been noted to be
less than 1%.22 Our patient did not undergo
kidney biopsy owing to persistent thrombocytopenia, as thrombocytopenia increases the
risk of major complications with kidney biopsy in patients with SLE.23
■ SUBSEQUENT CLINICAL COURSE
Intravenous methylprednisolone and mycophenolate mofetil were initially employed as
induction therapy for lupus nephritis. Mycophenolate mofetil was preferred over cyclophosphamide because mycophenolate mofetil
has been shown to be more effective than intravenous cyclophosphamide in inducing remission of lupus nephritis.24 The patient’s race
was a consideration as it has been demonstrated that African American patients with lupus
nephritis respond better to mycophenolate
mofetil than to intravenous cyclophospha25
The patient was mide (53.9 vs 40%; P = 0.39).
However, concern for neuropsychiatric
discharged to a SLE with antibody-mediated striatal encepharehabilitation litis later prompted the discontinuation of
mycophenolate mofetil in favor of cyclophosfacility on
phamide, as cyclophosphamide is the only
immunotherapy that has demonstrated efficacy for
neuropsychiatric SLE compared with methylsuppressive
prednisolone in a controlled clinical trial.26
therapy
Although high-dose glucocorticoids and
intravenous cyclophosphamide remain the
with cyclocornerstone for patients with neuropsychiatric
phosphamide
SLE, rituximab or intravenous immunoglobulin may be used if response is not achieved.27
Furthermore, even without studies regarding
efficacy of plasmapheresis in patients with lupus antibody-mediated striatal encephalitis,
there is some evidence regarding its use in severe neuropsychiatric SLE.28,29 Consequently,
plasmapheresis was briefly performed together
with administration of cyclophosphamide,
with subsequent improvement in the patient’s
mental status.
Although the hemolytic anemia and
thrombocytopenia resolved after 6 weeks of
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therapy with eculizumab, the patient’s kidney function did not recover for more than
2 months during hospitalization. Eventually
the decision was made to stop eculizumab and
continue immunosuppressive therapy with cyclophosphamide upon discharge to a rehabilitation facility. Although the patient did not
undergo kidney biopsy to guide therapy, the
rationale for continued treatment with immunosuppressive therapy at discharge was owing
to evidence of other systemic manifestations
of SLE during the course of hospitalization,
including pericardial effusion and lupus antibody-mediated striatal encephalitis.
■ WHICH MANAGEMENT STRATEGY?

3

Which management strategy has been
shown to improve kidney outcomes in patients with complement-mediated TMA
associated with SLE?

□ Therapeutic plasma exchange
□ Immunosuppressive therapy specific for
lupus nephritis
□ Complement-inhibiting therapy with
eculizumab
□ Supportive management with red blood
cell and platelet transfusions
Therapeutic plasma exchange
The immediate management decision for a
patient with suspected TMA is whether to
perform plasma exchange for a presumptive
diagnosis of TTP or anticomplement therapy
for a presumptive diagnosis of complementmediated TMA.
Plasma exchange should be initiated in
adults as soon as diagnosis of TMA is suspected. This helps remove ADAMTS13 autoantibodies, factor H autoantibodies, and hyperfunctioning complement components as well
as replaces ADAMTS13 and faulty complement regulators.21
Immunosuppressive therapy speciﬁc
for lupus nephritis
Unfortunately, TMA associated with lupus
nephritis is usually refractory to treatment
with corticosteroids, cyclophosphamide, immunomodulation, and plasma exchange.30,31
However, a 2018 series involving patients
with complement-mediated TMA related to
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SLE reported complete recovery of hematologic parameters in all patients and recovery
of kidney function in 80% of patients treated
with eculizumab.16
Complement inhibition with eculizumab
or ravulizumab
Initial evidence for the efficacy of eculizumab
for treating TMA came from a prospective,
open-label case-series32 of patients with complement-mediated TMA in which eculizumab
improved kidney and hematologic outcomes
and reduced thrombotic microangiopathic
events including requirement for plasma exchange or infusion, reduction in platelet
counts, and initiation of hemodialysis.32
Although C5 inhibitors including eculizumab and ravulizumab are currently the only
effective therapy designed to prevent the underlying mechanism of microvascular damage,
which is dysregulation of the complement
activation system, there are limited data on
long-term outcomes in patients with TMA
treated with terminal complement inhibition. There are also several unanswered questions regarding C5 inhibitor therapy, including optimal duration of therapy, appropriate
strategies for monitoring therapeutic efficacy
in patients with suboptimal response or during periods of infection or inflammation, and
determining tailored therapeutic regimens in
various groups of patients with TMA, including those with complement-mediated TMA.
At Cleveland Clinic, eculizumab therapy
has been used broadly, not only for clinically
suspected complement-mediated TMA, but
also for other TMA syndromes. Owing to the
lack of available information regarding man-

agement decisions for patients with TMA,
investigation into management strategies for
these patients is warranted as is research regarding kidney and hematologic outcomes after therapy.
■ TAKE-HOME POINTS
• Suspect complement-mediated TMA in
patients with MAHA in whom other causes
including TTP, antiphospholipid antibody
syndrome, Shiga toxin-induced hemolyticuremic syndrome, and uncontrolled hypertension have been excluded.
• Kidney biopsy does not help identify a
specific type of TMA and therefore does
not inform treatment decisions for specific
TMAs. However, kidney biopsy may assist
in evaluating the extent of ischemic injury
sustained in relation to TMA and thus may
characterize the degree of irreversible kidney injury and facilitate decision-making
regarding next therapeutic steps, especially
in cases that are refractory to C5 inhibitor
therapy.
• C5 inhibitors, including eculizumab and
ravulizumab, currently represent the only
effective therapy designed to prevent the
underlying mechanism of microvascular
damage in complement-mediated TMA,
which is dysregulation of the complement
activation system. However, data are limited on long-term outcomes in patients with
TMA treated with terminal complement

inhibition.
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Breast cancer risk evaluation
for the primary care physician
ABSTRACT
Primary care physicians are typically the front-line clinicians who assess female patients for their risk of
breast cancer, doing so by using a combination of risk
algorithms and collecting personal and family medical
histories. Patients found to be at increased risk of breast
cancer, deﬁned as > 20% overall lifetime risk, are candidates for enhanced screening. This review notes risk factors, determinants of risk, and a systematic approach for
primary care physicians to assess and manage patients
at risk of breast cancer.

KEY POINTS
A personalized risk assessment for breast cancer should
be performed in all female patients, using a combination
of risk calculators and collecting a complete history of
breast cancer risk factors.
Known breast cancer risk factors include genetic mutations, previous exposure to thoracic radiation, older age,
obesity, breast density, and a ﬁrst-degree relative with a
history of breast cancer.
Many breast cancer risk calculators are available, with
strengths, weaknesses, and variables that impact the
primary care physician’s efﬁciency and accuracy in determining screening and care.
Two commonly used risk calculators include the National
Cancer Institute Breast Cancer Risk Assessment Tool, or
Gail Model, and the International Breast Cancer Intervention study, or Tyrer-Cuzick Risk Model.
doi:10.3949/ccjm.89a.21023

reast cancer (bc) is the most commonly diagnosed cancer in women in the
B
United States and the second most common
cause of female cancer deaths.1 As such, many
female patients present to primary care physicians for further guidance regarding their
concerns and risks of developing BC. Risk
assessment involves a significant amount of
time to complete with many available risk
calculation models, all of which have varied
limitations.2–5
However, a personalized risk assessment for
BC should be performed, to some degree, in
all female patients using a combination of risk
calculators and obtaining a complete medical
history of BC risk factors. Approaching patients systematically; gathering basic information such as age, body mass index (BMI), family BC history, reproductive risk factors; and
gathering specific risk factors such as known
genetic mutations, prior chest radiation, or
history of atypical hyperplasia or lobular carcinoma in situ (LCIS) can help determine
which patients need more formal and in-depth
evaluation. This can be undertaken by the primary care clinician or a high-risk BC specialist
and lead to shared decision making regarding
screening and risk-reduction strategies. Some
patients need not undergo extensive BC risk
calculation if already considered high risk.
It is prudent to consider the patient’s personal values, individual risk factors, as well
as differences in BC screening recommendations by societies and organizations (American Cancer Society [ACS], American College of Obstetrics and Gynecology, National
Comprehensive Cancer Network [NCCN],
and United States Preventative Services Task
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Force [USPSTF]).6–9 When individual risk
is better understood, timing for appropriate
initiation of screening, frequency of screening, implementation of lifestyle modifications for prevention, as well as recommendations for risk-reducing medications can be
determined.
Patients who are found to be of high risk for
BC, defined as an overall lifetime risk greater
than 20%, are also candidates for enhanced BC
screening.10 The ACS recommends that patients with elevated risk (based on family history
risk calculations such as those from the International Breast Cancer Intervention study [IBIS])
should undergo annual magnetic resonance imaging (MRI) breast screening in addition to annual mammography,6 although this recommendation is not currently supported by USPSTF.7
Recent American Society of Clinical Oncology, IBIS, and USPSTF recommendations,
support the use of risk assessment to determine benefit of certain endocrine therapies
(eg, tamoxifen, raloxifene, anastrozole) for
postmenopausal female patients with one or
more of the following: diagnosis of atypical
(ductal or lobular) hyperplasia or LCIS, an
estimated 5-year risk (National Cancer InBreast cancer
stitute [NCI] Breast Cancer Risk Assessment
Tool [BCRAT]) ≥ 3%, 10-year risk (IBIS/Tyris the most
er-Cuzick risk calculator) ≥ 5%,8,9,11 or relative
commonly
risk of ≥ 4 times the population risk for their
diagnosed
age group if 40 to 44 years old, or > 2 times the
population risk if 45 to 69 years old.8 Despite
cancer in
consistent national guidelines, less than 4% of
women in the candidates for endocrine therapy are currently
United States prescribed these medications.12
In this article, we review BC risk factors,
and second
determinants of risk, and a pragmatic systemmost common atic approach to manage patients in the pricause of female mary care setting.

cancer deaths

■ KNOWN BREAST CANCER RISK FACTORS
Gene mutations/hereditary breast
and ovarian cancer genetic syndromes
Approximately 8% to 10% of BCs are attributed to mutations in cancer susceptibility genes;
more than 50% of germline mutations can be attributed to BReast CAncer gene (BRCA1) and
BRCA2 mutations13,14 followed by mutations in
genes such as checkpoint kinase 2 (CHEK2),
ataxia-telangiectasia mutated (ATM), and part-
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ner and localizer of BRCA2 (PALB2). Despite
the minority of BCs being attributable to genetics, BC attributable to mutations can be more
lethal, and genetic counseling with discussion
of genetic testing should be offered and available to patients with a significant family history
of BC and/or ovarian cancer or known familial
gene mutations, and in whom identifying a potential genetic mutation may change assessment
and management options.13–15 For instance,
patients with BRCA1 and BRCA2 should seriously consider surgical options for risk reduction,
whereas BC from mutations in genes such as
ATM, CDH1, CHEK2, NBN, NF1, PALB2, or
STK11 can be followed by enhanced screening
with breast MRI in conjunction with mammography.14,15 There are other gene mutations (such
as BARD1, MSH2, MLH1, MSH6, PMS2, EPCAM, BRIP1, RAD51C, RAD51D) without
clear evidence supporting increased lifetime risk
of BC, and thus guidelines for screening in these
populations are unclear at this time.14
History of high-risk breast lesions
Atypical hyperplasia, which includes atypical ductal hyperplasia and atypical lobular
hyperplasia as well as LCIS are characterized
by dysplastic proliferation of epithelial mammary cells and differentiated based on histologic patterns and cytology seen on pathology. These patterns are significant risk factors
for BC. Atypical hyperplasia is identified in
around 10% of all benign breast biopsies.13,16,17
In the Mayo Benign Breast Disease Cohort
and the Nashville Breast Cohort, incidence of
BC in patients with atypical hyperplasia without chemoprevention was found to be around
1% to 2% per year17 with a cumulative incidence of BC of 30% at 25 years.18 Younger age
at diagnosis of atypical hyperplasia is associated with increased likelihood of developing
BC, as is increased foci of atypical hyperplasia
on pathology.18
LCIS is associated with an increased risk of
BC to varying degrees from 3- to 8-fold higher
risk when compared with the general population, regardless of whether the primary lesion
has been removed.19 Using data from the National Surgical Adjuvant Breast and Bowel
Project P-1 Study, it was found that there was
a 1.3% annual risk of development of invasive
BC among patients with LCIS.20
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Personal history of thoracic radiation
Ionizing radiation is a recognized risk factor
for development of BC; this has been observed
in the past in people exposed to atomic explosions such as Hiroshima or Nagasaki21 as well
as in patients exposed to radiation treatments
for diseases such as Hodgkin disease.22,23 Risk
is inversely associated with age at radiation
exposure and increased in women exposed to
radiation before age 20 years compared with
patients without a history of exposure.23–27
Personal risk in these patients has been shown
to be as high as 56.7-fold greater than in the
general population.28,29
Mantle radiation therapy is a form of extended field radiation and refers to radiation
therapy that is administered to the mantle
field that encompasses lymph nodes in the
neck, chest, mediastinum, and axillary regions
with the breast receiving about 3% to 15% of
the administered dose.30
Most studies demonstrate increased BC
risk 10 to 15 years following radiation treatment with development of secondary BC
being rare within 10 years of treatment.27,30
Current guidelines recommend that patients
who underwent thoracic radiation treatment
between the ages of 10 and 30 begin annual
screening MRI in addition to mammogram
beginning 8 to 10 years after undergoing radiation treatment.9,29,31
Age/menopause
As more risk factors associated with BC are
discovered, age remains one of the most significant.1,13 BC is most frequently diagnosed
among women ages 65 to 74 with median age
of diagnosis at 63.16 Based on data from 2015
to 2017, 12.9% of women will receive a diagnosis of BC at some point during their lifetime.16 Age-related BC risk according to the
NCI Surveillance, Epidemiology, and End Results database between 2013 and 2017 shows
increasing risk associated with each decade
increase (Table 1).16
Breast density
Dense breast tissue is very common, with 35%
to 50% of the population being categorized as
having dense breast tissue based on American
College of Radiology Breast Imaging Reporting and Database System scoring.32 Increased
breast density has been shown to be an inde-

TABLE 1

Annual breast cancer case
distribution by age
Age range
(years)

New breast cancer
cases, %

20–34

1.9%

35–44

8.2%

45–54

19.2%

55–64

25.6%

65–74

26%

75–84

13.7%

> 84

5.4%
Data from reference 16.

pendent risk factor for the development of
BC. The presence of extremely dense breast
tissue on mammogram purports a 4- to 6-fold
increase in BC risk compared with almost entirely fatty breast tissue.5 Owing to this significantly increased risk, breast density has been
added to the most recent IBIS risk calculator
and has been shown to increase accuracy of
the model.5 In addition to increased BC risk
with increased density, mammographic sensitivity is significantly decreased32; therefore,
consideration of density as a component of
risk, particularly in patients with other risk
factors, is important.

A personalized
risk assessment
for BC should
be performed,
to some degree,
First-degree relatives with breast cancer
in all female
Family history is a well-recognized risk factor
for development of BC. A first-degree rela- patients
tive (eg, mother, sister, daughter) with BC increases an individual’s relative risk of developing BC to 1.7 when compared with patients
without an affected first-degree relative; this
relative risk increases to 5 when two first-degree relatives are affected.13 Risk is further increased with younger age of diagnosed family
members.
The risk ratio for BC was analyzed on the
basis of number of first-degree relatives being
affected, with a risk ratio of 1.80 (99% floated
confidence interval [FCI] 1.69–1.91) for patients with one affected first-degree relative
having BC, 2.93 (99% FCI 2.36–3.64) for patients with two first-degree relatives, and 3.90
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(99% FCI 2.03–7.49) for patients with three
or more first-degree relatives.33 Overall, 12.9%
of patients with BC reported having at least
one first-degree relative having BC whereas
7.3% of controls reported having at least one
affected first-degree relative.33 Thus, while
having a family history of BC in at least one
first-degree relative increases BC risk, most
patients with a family history of BC will not
go on to develop BC themselves.

BC risk.34 Weight loss after 18 years as well as
after menopause have both independently demonstrated a decrease in postmenopausal BC
risk.34 Additionally, bariatric surgery was shown
to reduce BC incidence at 5 years postoperatively.34 These data can be used to counsel patients
regarding current risk, as well as possible incentive to pursue weight loss in the future.

Obesity
Obesity is known to be correlated with increased risk of several malignancies, including BC.34 The types of BC, namely hormone
receptor (HR)-positive or HR-negative BC
and the association with obesity can be further stratified by menopausal status. Obese
premenopausal patients have not been shown
to be at increased risk of HR-positive malignancy; however, they do appear to be at an
increased risk of HR-negative/triple-negative
and inflammatory cancers.34
Obese postmenopausal patients, however,
are at a significantly increased risk of HR-positive BC.35 The Million Woman Study followed
1.2 million women in the United Kingdom
Patients found and demonstrated a 39% increased risk of HRpositive BC for postmenopausal women with
to be of high
a BMI ≥ 30.35 Others have demonstrated that
risk for BC,
increased waist circumference and waist-to-hip
ratio are also indicative of an increased risk
deﬁned as
for estrogen receptor (ER)-positive/progesteroverall lifetime one receptor (PR)-positive cancers. Similarly,
risk > 20%, are data from the Women’s Health Initiative ObStudy showed that patients with a
candidates for servational
BMI > 31.1 had an increased relative risk of
enhanced BC
postmenopausal BC (relative risk 2.52, 95%
CI 1.62–3.93) compared with women with a
screening
BMI < 22.6.36 This association is postulated to
be secondary to increased circulating estrogen
levels and secondary to peripheral conversion
of estrogen precursors to estrogen in adipose
tissue despite the menopausal state resulting in
decreased estrogen levels.37 Furthermore, hyperinsulinemia secondary to weight gain may
increase growth factors and cytokine activation resulting in a microenvironment favorable to tumor development. Accordingly, postmenopausal obesity is not as clearly associated
with HR-negative BC.34
Weight loss has been associated with lower

Breast cancer risk calculators
Several BC risk calculators exist; however,
few are used in clinical practice regularly. The
two most commonly used BC risk calculators
in the United States—and what we use regularly in our practice—are the National Cancer Institute BCRAT, also known as the Gail
Model, and the IBIS/Tyrer-Cuzick Risk Model
calculator. Both can be used to identify candidates for risk-reducing medications and for
supplemental MRI screening.2,5,38–42
The BCRAT (https://bcrisktool.cancer.
gov) is validated for patients ages 35 and older
in many different populations2,38–40 but is not
as useful for patients with a biopsy diagnosis
of atypia as it underestimates overall risk.41
BCRAT can be used to calculate an estimated
5-year and lifetime risk and provide a population risk and not an individual risk assessment.
It does not consider extensive family history,
therefore is not recommended to determine
need for enhanced screening with MRI.
The IBIS risk assessment tool (http://www.
ems-trials.org/riskevaluator) considers reproductive history, body composition, and extensive family history; the most recent version includes mammographic breast density. A 5-year,
10-year, and lifetime risk estimate is available
for patients under the age of 85.5 In contrast to
the BCRAT, the IBIS calculator can be used to
“qualify” patients for supplemental BC screening with MRI. However, this model tends to
overestimate risk for patients with a biopsy diagnosis of atypia, and therefore, should not be
used in this population.42
In the office setting, the BCRAT model
offers a quick estimate of BC risk. However,
the IBIS model is more comprehensive and
includes a more in-depth family history. There
are many models available including Claus,
BRCAPRO and BOADICEA models.2–5
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High risk
• High-risk gene mutation
carrier (BRCA1/2, PALB2,
ATM, CHEK2, NF1, NBN,
PTEN, STK11, TP53)
• Personal history of
⦁ Atypical hyperplasia
⦁ LCIS
⦁ Mantle radiation

• Consider referral to high-risk
breast cancer specialist

Further stratiﬁcation
needed
• Strong family history
⦁ Age of onset < 50
⦁ Breast and ovarian
cancer in family
⦁ Ashkenazi Jewish
⦁ TNBC
⦁ Male breast cancer
• Augmenting factors
⦁ Increased
mammogram
density
⦁ Obesity

• Discuss enhanced
surveillance/risk-reducing
strategies
⦁ Annual breast
MRI
⦁ Risk-reducing
medications

⦁ Alcohol use

Calculate risk with risk calculators
• IBIS (Tyrer-Cuzick) version 8
• NCI BCRAT (Gail Model)

Low risk
• No family or personal
history of breast cancer
• No known high-risk gene
mutations
• Minimal alcohol use
• Normal BMI

• No risk assessment needed
• Shared decision-making
regarding age of onset and
frequency of mammography
• Counsel on lifestyle
modiﬁcation
• Consider supplemental
imaging (MBI, US, CEM)
for dense breast tissue

⦁ Prophylactic
surgery

• Calculated risk > 20–25%
lifetime risk (using IBIS model)

• Calculated risk < 20–25% lifetime
risk (using IBIS model)

• Calculated BCRAT 5-year risk ≥ 3.0%
or IBIS 10-year risk of ≥ 5%

• Calculated BCRAT 5-year risk ≤ 3.0%
or IBIS 10-year risk of ≤ 5%

Figure 1. Systematic approach to breast cancer risk evaluation. A step-by-step approach to categorize
patients who require further stratiﬁcation vs patients needing referral to breast specialist.
ATM = arabidopsis thaliana homeobox gene 1; BCRAT = Breast Cancer Risk Assessment Tool; BMI = body mass index; BRCA = BReast CAncer gene;
CEM = contrast-enhanced mammogram; CHEK = checkpoint kinase 2; IBIS = International Breast Intervention Study; LCIS = lobular carcinoma in situ; MBI = molecular breast imaging; MRI = magnetic resonance imaging; NBN = nibrin; NCI = National Cancer Institute; NF1 = neuroﬁbromin; PALB = partner and localizer
of BRCA; PTEN = phosphatase and tensin homolog; STK = serine/threonine kinase; TNBC = triple-negative breast cancer; TP = tumor protein; US = ultrasonography
Data from references 6, 7, 9, 11, 29, and 31.

■ A SYSTEMATIC APPROACH TO RISK
EVALUATION
There is no standard approach to initiate BC
risk assessment in a primary care office setting. We recommend that clinicians periodically reassess BC risk factors, beginning with
the patient’s initial evaluation. Risk should be
re-evaluated if patients have a family history

of BC or ovarian cancer, and/or breast biopsy
or baseline mammogram that demonstrates
dense breast tissue, or if they present with a
new diagnosis of cancer in the family. Assessment should include reproductive risk factors,
prior high-risk breast lesions, exposure to ionizing radiation, lifestyle (eg, smoking, alcohol,
diet, physical activity), and family history of
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Patients who
understand
personal risks
may have
a higher
perceived
beneﬁt
to intervention
and are more
likely to use
risk-reducing
treatment
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cancer. Patients can then be divided into 3
major risk categories, with subsequent evaluation and recommendations appropriate to
their level of risk (Figure 1).6,7,9,11,29,31
The first step of evaluation should be to
identify patients who have clearly significantly increased risk for BC and who would benefit
from a referral to a high-risk BC specialist for
counseling and surveillance. This would include patients with a known gene mutation,
history of thoracic radiation, personal history
of atypical hyperplasia or LCIS on a biopsy,
and/or strong family history of breast and ovarian cancer suggestive of a gene mutation. Owing to known increased BC risk for patients
with these conditions as well as inaccuracy
of models regarding this risk, these patients
would likely benefit from consultation with a
high-risk BC specialist to determine the type
and frequency of BC screening, to discuss options such as prophylactic mastectomy and
preventive medications, and to review indications for genetic consultation and testing. It
has also been shown that female patients at
high risk are more likely to take risk-reducing
medications after a referral to medical oncology/high-risk BC specialists.43
In patients without the above-mentioned
high-risk factors, we recommend considering
other risk factors. The USPSTF recommends
applying the use of a risk assessment tool for
any female patient with a family history of
BC, ovarian, tubal, or peritoneal cancer or ancestrial association with BRCA1/2 gene mutations, such as Ashkenazi Jewish heritage.3 Additionally, the American College of Radiation
and Society of Breast Imaging have recently
published guidelines recommending that African American women undergo risk evaluation with consideration for genetic testing by
the age of 30 years,44 including a discussion on
supplemental screening with breast MRI for
risk evaluation of all patients.44
For all patients, cancers on both maternal and paternal sides should be included in
the history with special attention to BC at a
young age and particular subtypes such as tri-
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ple negative BC, BC in male family members,
cancers in multiple sites. NCCN guidelines
have been expanded to include family history in first- and second-degree relatives and
potentially include extensive involvement of
third-degree relatives. Additional risk factors
discussed above can potentially augment that
risk. Patients at higher risk could benefit the
most from undergoing more formal BC risk
stratification using the many validated BC risk
assessment tools discussed above.
For patients who do not have significant
family history but are found to have a higherrisk lifestyle (eg, obesity, smoking, excessive
alcohol use), extensive risk evaluation with
use of risk calculators is not necessarily needed. But these patients would clearly benefit
from counseling regarding mitigation of these
risk factors and reducing BC risk.
Some patients will come without any significant family history of BC or ovarian cancer and without significant lifestyle factors
that contribute to BC risk. In this situation,
no further risk stratification is indicated. We
do recommend discussing society guidelines
for BC screening in patients with average risk
and using a shared decision-making approach
to determining at what age and frequency patients undergo BC screening.
In conclusion, a systematic approach to risk
assessment will allow the primary care clinician to identify female patients at high risk for
BC and provide an opportunity for shared decision making regarding screening, enhanced
screening, referrals to a specialty clinic, genetic
counseling, and counseling on risk-reduction
strategies including lifestyle modifications and
risk-reducing medications. With knowledge
and understanding of personal risks, patients
may have a higher perceived benefit to intervention and are more likely to use risk-reducing treatment.43
■
■ DISCLOSURES
The authors report no relevant ﬁnancial relationships which, in the context
of their contributions, could be perceived as a potential conﬂict of interest.

M ARCH 2022

KLASSEN AND COLLEAGUES

■ REFERENCES
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J
Clin 2020; 70(1):7–30. doi:10.3322/caac.21590
2. Gail MH, Brinton LA, Byar DP, et al. Projecting individualized probabilities of developing breast cancer for white females who are
being examined annually. J Natl Cancer Inst 1989; 81(24):1879–1886.
doi:10.1093/jnci/81.24.1879
3. Claus EB, Risch N, Thompson WD. Autosomal dominant inheritance
of early-onset breast cancer: implications for risk prediction. Cancer
1994; 73:643–651.
doi:10.1002/1097-0142(19940201)73:3<643::aid-cncr2820730323>3.0.co;2-5
4. Tice JA, Cummings SR, Smith-Bindman R, Ichikawa L, Barlow WE,
Kerlikowske K. Using clinical factors and mammographic breast
density to estimate breast cancer risk: development and validation
of a new predictive model. Ann Intern Med 2008; 148(5):337–347.
doi:10.7326/0003-4819-148-5-200803040-00004
5. Brentnall AR, Cuzick J, Buist DSM, Bowles EJA. Long-term accuracy
of breast cancer risk assessment combining classic risk factors and
breast density. JAMA Oncol 2018; 4(9):e180174.
doi:10.1001/jamaoncol.2018.0174
6. Smith RA, Cokkinides V, Eyre HJ; American Cancer Society. American
Cancer Society guidelines for the early detection of cancer, 2004. CA
Cancer J Clin 2004; 54(1):41–52. doi:10.3322/canjclin.54.1.41
7. Siu AL; US Preventive Services Task Force. Screening for breast cancer: US Preventive Services Task Force recommendation statement.
Ann Intern Med 2016; 164(4):279–296. doi:10.7326/M15-2886
8. Visvanathan K, Fabian CJ, Bantug E, et al. Use of endocrine therapy
for breast cancer risk reduction: ASCO clinical practice guideline update. J Clin Oncol 2019; 37(33):3152–3165. doi:10.1200/JCO.19.01472
9. Bevers TB, Anderson BO, Bonaccio E, et al. NCCN clinical practice
guidelines in oncology: breast cancer screening and diagnosis. J Natl
Compr Canc Netw 2009; 7(10):1060–1096.
doi:10.6004/jnccn.2009.0070
10. Saslow D, Boetes C, Burke W, et al. American Cancer Society guidelines for breast screening with MRI as an adjunct to mammography.
Practice Guidelines. CA Cancer J Clin 2007; 57(2):75–89.
doi:10.3322/canjclin.57.2.75
11. US Preventive Services Task Force, Owens DK, Davidson KW, et
al. Medication use to reduce risk of breast cancer: US Preventive Services Task Force recommendation statement. JAMA 2019;
322(9):857–867. doi:10.1001/jama.2019.11885
12. Amir E, Seruga B, Martinez-Lopez J, et al. Oncogenic targets, magnitude of beneﬁt, and market pricing of antineoplastic drugs. J Clin
Oncol 2011; 29(18):2543–2549. doi:10.1200/JCO.2011.35.2393
13. Bland KI, Copeland EM, Klimberg VS, Gradishar WJ. The Breast:
Comprehensive Management of Benign and Malignant Diseases.
5th ed. Philadelphia, PA: Elsevier; 2018.
14. Manahan ER, Kuerer HM, Sebastian M, et al. Consensus guidelines
on genetic testing for hereditary breast cancer from the American
Society of Breast Surgeons. Ann Surg Oncol 2019; 26(10):3025–3031.
doi:10.1245/s10434-019-07549-8
15. Daly MB, Pilarski R, Yurgelun MB, et al. NCCN guidelines insights.
Genetic/familial high-risk assessment: breast, ovarian, and pancreatic, version 1.2020. J Natl Compr Canc Netw 2020; 18(4):380–391.
doi:10.6004/jnccn.2020.0017
16. National Cancer Institute. Surveillance, Epidemiology, and End
Results (SEER) Program. https://seer.cancer.gov/statfacts/html/breast.
html. Accessed February 8, 2022.
17. Degnim AC, Winham SJ, Frank RD, et al. Model for predicting breast
cancer risk in women with atypical hyperplasia. J Clin Oncol 2018;
36(18):1840–1846. doi:10.1200/JCO.2017.75.9480
18. Hartmann LC, Degnim AC, Santen RJ, Dupont WD, Ghosh K. Atypical hyperplasia of the breast—risk assessment and management options. N Engl J Med 2015; 372(1):78–89. doi:10.1056/NEJMsr1407164
19. Coopey SB, Mazzola E, Buckley JM, et al. The role of chemoprevention in modifying the risk of breast cancer in women with atypical
breast lesions. Breast Cancer Res Treat 2012; 136(3):627–633.
doi:10.1007/s10549-012-2318-8

20. Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for prevention of breast cancer: report of the National Surgical Adjuvant Breast and Bowel Project P-1 study. J Natl Cancer Inst 1998;
90(18):1371–1388. doi:10.1093/jnci/90.18.1371
21. Tokunaga M, Land CE, Tokuoka S, Nishimori I, Soda M, Suminori A.
Incidence of female breast cancer among atomic bomb survivors, Hiroshima and Nagasaki, 1950–1985. Radiat Res 1994; 138(2):209–223.
PMID:8183991
22. Aisenberg AC, Findelstein DM, Doppke DP, Koerner FC, Boivin JF,
Willett CG. High risk of breast carcinoma after irradiation of young
women with Hodgkin’s disease. Cancer 1997; 79(6):1203–1210.
doi:10.1002/(sici)1097-0142(19970315)79:6<1203::aid-cncr20>3.0.co;2-2.
23. Hill DA, Preston-Martin S, Ross RK, Bernstein L. Medical radiation,
family history of cancer, and benign breast disease in relation to
breast cancer risk in young women, USA. Cancer Causes Control
2002; 13(8):711–718. doi:10.1023/a:1020201106117
24. Henderson TO, Amsterdam A, Bhatia S, et al. Systematic review:
surveillance for breast cancer in women treated with chest radiation
for childhood, adolescent, or young adult cancer. Ann Intern Med
2010; 152:444–455; W144–54.
doi:10.7326/0003-4819-152-7-201004060-00009
25. De Bruin ML, Sparidans J, van’t Veer MB, et al. Breast cancer risk in
female survivors of Hodgkin’s lymphoma: lower risk after smaller
radiation volumes. J Clin Oncol 2009; 27(26):4239–4246.
doi:10.1200/JCO.2008.19.9174
26. Tinger A, Wasserman TH, Klein EE, et al. The incidence of breast
cancer following mantle ﬁeld radiation therapy as a function of
dose and technique. Int J Radiat Oncol Biol Phys 1997; 37(4):
865–870. doi:10.1016/s0360-3016(97)00026-6
27. Allen SD, Wallis MG, Cooke R, Swerdlow AJ. Radiologic features of
breast cancer after mantle radiation therapy for Hodgkin disease: a
study of 230 cases. Radiology 2014; 272(1):73–78.
doi:10.1148/radiol.14131789
28. Bhatia S, Yasui Y, Robison LL, et al. High risk of subsequent neoplasms continues with extended follow-up of childhood Hodgkin’s
disease: report from the Late Effects Study Group. J Clin Oncol 2003;
21(23):4386-4394. doi:10.1200/JCO.2003.11.059
29. Bevers TB, Helvie M, Bonaccio E, et al. National Comprehensive Cancer Network breast cancer screening and diagnosis, version 3.2018:
Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw
2018; 16(11):1362–1389. doi:10.6004/jnccn.2018.0083
30. van Leeuwen FE, Klokman WJ, Stovall M, et al. Roles of radiation
dose, chemotherapy, and hormonal factors in breast cancer following Hodgkin’s disease. J Natl Cancer Inst 2003; 95(13):971–980.
doi:10.1093/jnci/95.13.971
31. National Comprehensive Cancer Network. NCCN Clinical Practice
Guidelines in Oncology. Breast Cancer Screening and Diagnosis.
Version 1.2021. May 6, 2021. https://www.nccn.org/guidelines/guidelines-detail?category=2&id=1421. Accessed February 8, 2022.
32. Hruska CB. Molecular breast imaging for screening in dense breasts:
state of the art and future directions. AJR Am J Roentgenol 2017;
208(2):275–283. doi:10.2214/AJR.16.17131.
33. Collaborative Group on Hormonal Factors in Breast Cancer. Familial
breast cancer: collaborative reanalysis of individual data from
52 epidemiological studies including 58,209 women with breast
cancer and 101,986 women without the disease. Lancet 2001;
358(9291):1389–1399. doi:10.1016/S0140-6736(01)06524-2
34. Picon-Ruiz M, Morata-Tarifa C, Valle-Gofﬁn JJ, Friedman ER, Slingerland JM. Obesity and adverse breast cancer risk and outcome:
mechanistic insights and strategies for intervention. CA Cancer J Clin
2017; 67(5):378–397. doi:10.3322/caac.21405
35. Reeves GK, Pirie K, Beral V, Green J, Spencer E, for Million Women
Study Collaborators. Cancer incidence and mortality in relation to
body mass index in the Million Women study: cohort study. BMJ
2007; 335(7630):1134. doi:10.1136/bmj.39367.495995.AE
36. Morimoto LM, White E, Chen Z, et al. Obesity, body size, and risk
of postmenopausal breast cancer: the Women’s Health Initiative (United States). Cancer Causes Control 2002; 13(8):741–751.
doi:10.1023/a:1020239211145

CL E V E L AND CL I NI C J O URNAL O F M E DI CI NE

V O L UM E 89 • NUM BE R 3

M ARCH 2 0 2 2

145

BREAST CANCER RISK EVALUATION

37. Key TJ, Appleby PN, Reeves GK, et al. Body mass index, serum sex
hormones, and breast cancer risk in postmenopausal women. J Natl
Cancer Inst 2003; 95(16):1218–1226. doi:10.1093/jnci/djg022
38. Gail MH, Costantino JP, Pee D, et al. Projecting individualized absolute invasive breast cancer risk in African American women. J Natl
Cancer Inst 2007; 99(23):1782–1792. doi:10.1093/jnci/djm223
39. Matsuno RK, Costantino JP, Ziegler RG, et al. Projecting individualized absolute invasive breast cancer risk in Asian and Paciﬁc
Islander American women. J Natl Cancer Inst 2011; 103(12):951–961.
doi:10.1093/jnci/djr154
40. Banegas MP, John EM, Slattery ML, et al. Projecting individualized
absolute invasive breast cancer risk in US Hispanic women. J Natl
Cancer Inst 2017; 109(2):1–8. doi:10.1093/jnci/djw215
41. Pankratz VS, Hartmann LC, Degnim AC, et al. Assessment of the accuracy of the Gail model in women with atypical hyperplasia. J Clin
Oncol 2008; 26(33):5374–5379. doi:10.1200/JCO.2007.14.8833

42. Boughey JC, Hartmann LC, Anderson SS, et al. Evaluation of the
Tyrer-Cuzick (International Breast Cancer Intervention Study) model
for breast cancer risk prediction in women with atypical hyperplasia.
J Clin Oncol 2010; 28(22):3591–3596. doi:10.1200/JCO.2010.28.0784
43. Trivedi MS, Coe AM, Vanegas A, Kukafka R, Crew KD. Chemoprevention uptake among women with atypical hyperplasia and
lobular and ductal carcinoma in situ. Cancer Prev Res (Phila) 2017;
10(8):434–441. doi:10.1158/1940-6207.CAPR-17-0100
44. Monticciolo DL, Newell MS, Moy L, Niell B, Monsees B, Sickles EA.
Breast cancer screening in women at higher-than-average risk:
recommendations from the ACR. J Am Coll Radiol 2018; 15
(3 pt A):408–414. doi:10.1016/j.jacr.2017.11.034
Address: Christine L. Klassen, MD, Assistant Professor of Medicine, Division of General Internal Medicine, Mayo Clinic, 200 First Street, SW, Rochester, MN 55905; Klassen.christine@mayo.edu

Special Rate! $99 for Residents!

34th Annual

Intensive Review of Internal Medicine
Unlimited online access to recorded presentations after symposium

June 13 – 17, 2022 | Live Stream
Why Attend?
CREDIT

ACCESS
Unlimited online access after symposium

45.75 AMA PRA Category 1 Credits™

Watch any session, anytime, anywhere, from the comfort
of your home or ofﬁce

45.75 ABIM Medical Knowledge points
45.75 ANCC Contact Hours

Downloadable video ﬁles and PDF’s of slides

45.75 AAPA Category 1 CME Credits

100 Board style MCQ for self-assessment
Cleveland Clinic Journal of Medicine clinical case articles

RESULTS
High yield board and clinical practice pearls

ABIM BLUEPRINT MODEL
Clinical case-based sessions & board simulations led by
experts

Acquire enhanced test-taking skills using an interactive
system of board simulation

Register Today! ccfcme.org/GoIRIM

146

C LEV ELA N D C L INIC J OURNAL OF MEDICINE

VOL UME 89 • NUM BE R 3

M ARCH 2022

REVIEW
Yeonsoo Sara Lee, BS

Christopher Wie, MD

Scott Pew, MD

Juliana M. Kling, MD, MPH

Mayo Clinic Alix School of Medicine,
Scottsdale, AZ

Assistant Professor of Anesthesiology,
Department of Anesthesiology and
Perioperative Medicine, Mayo Clinic,
Phoenix, AZ

Instructor of Anesthesiology, Department
of Anesthesiology and Perioperative
Medicine, Mayo Clinic, Phoenix, AZ

Associate Professor of Medicine, Mayo Clinic
Alix School of Medicine, Scottsdale, AZ; Chair,
Division of Women’s Health Internal Medicine,
Mayo Clinic, Scottsdale, AZ; Associate Chair of
Equity, Inclusion, and Diversity, Department of
Medicine, Mayo Clinic, Scottsdale, AZ

Stellate ganglion block as a treatment
for vasomotor symptoms:
Clinical application
ABSTRACT
Vasomotor symptoms, also called hot ﬂashes, hot ﬂushes,
and night sweats, are common during the menopause
transition. Severe symptoms can substantially decrease
quality of life. The authors ﬁrst review current hormonal
and nonhormonal therapies, then review evidence supporting the potential use of stellate ganglion block for
managing vasomotor symptoms in perimenopausal and
postmenopausal women.

KEY POINTS
Stellate ganglion block is a well-established treatment
for pain.
Data indicate that stellate ganglion block reduces the
frequency of vasomotor symptoms by 4% to 90%,
with few adverse events.
Stellate ganglion block is currently recommended with
caution owing to a lack of long-term clinical trial data
on efﬁcacy and safety.

doi:10.3949/ccjm.89a.21032

asomotor symptoms (vms), also called
hot flashes, hot flushes, and night sweats,
V
are common symptoms of menopause. They
1

are described as moments of intense heat, usually accompanied by sweating and flushing in
the upper body, including the head, neck, and
upper torso,1 and they are associated with poor
health outcomes and decreased quality of life.
While hormonal therapies are the mainstay of
treatment for VMS, there is a clear need for
safe and effective nonhormonal treatment options for women who choose not to use hormone therapy and for those in whom hormone
therapy is not effective.
Stellate ganglion block (SGB) is a promising alternative nonhormonal treatment. In
this review, we describe the evidence supporting its use in the management of VMS in perimenopausal and postmenopausal women, particularly in those who have severe symptoms
refractory to more conservative care.
■ THE EPIDEMIOLOGY OF VASOMOTOR
SYMPTOMS
Approximately 60% to 80% of women experience VMS during the menopause transition,1,2 which averages 7 to 9 years, although
some continue to have VMS in their 70s and
80s.2–5 These symptoms can be associated with
a decrease in quality of life, often manifested as
sleep disturbance, depression, and even mental exhaustion.1–6
Demographic and socioeconomic factors
can affect VMS frequency and intensity. The
Study of Women Across the Nation7 revealed
that Black women have the highest prevalence
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and longest duration of VMS and are the most
bothered by the symptoms. Women in lower
socioeconomic positions were more likely to
experience VMS. Also, those with a history
of abuse or neglect, depression, anxiety, smoking, and early premenopausal onset of VMS
have more severe and longer lasting VMS.7
Menopause-related symptoms also have a
financial cost. Direct costs to the patient often
lead to higher annual costs than other medical
concerns in women in midlife.8 A 2015 article
reported that healthcare costs for women with
VMS were $1,346 higher than for their VMSfree counterparts, and women with VMS experienced lower productivity, with an indirect
cost via work absenteeism, costing roughly
$770 per year.9
■ TREATMENTS FOR VASOMOTOR
SYMPTOMS

For more than
50 years,
SGB has been
a standard
treatment
for alleviating
pain, including
migraines,
facial and
upper-extremity
pain, and
complex
regional pain
syndrome
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The most effective treatment for VMS is hormone therapy, either estrogen alone or combined with a progestogen.10 A Cochrane systematic review found that this therapy reduces
the frequency and intensity of hot flashes associated with VMS by 75% to 79%.11 Hormone
therapy has also been shown to be highly
effective in early postmenopausal women.12
However, some women with VMS cannot
use or choose not to use hormone therapy.
Health conditions that are considered relative or absolute contraindications to hormone
therapy include breast cancer, uninvestigated
endometrial hyperplasia, hormone-responsive
gynecologic cancers, unprovoked venous
thromboembolism or thrombophilia, decompensated liver disease, myocardial infarction,
stroke, and dementia.10
Nonhormonal options
A number of nonhormonal therapies for VMS
are available.13
Selective serotonin reuptake inhibitors
(SSRIs) and serotonin-norepinephrine reuptake inhibitors have been shown to reduce the
frequency and severity of VMS in menopausal
women.13,14 Specifically, paroxetine (the only
nonhormonal medication for VMS approved
by the US Food and Drug Administration),
citalopram, and escitalopram have been
shown to be effective and at lower doses than
when used for anxiety and depression.14 Pos-
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sible adverse effects include nausea and constipation, but these are less likely given the
lower dose required to treat VMS.
Of note, women with a history of breast
cancer who are also taking tamoxifen should
not be prescribed SSRIs that inhibit CYP2D6
(eg, paroxetine, fluoxetine) because they can
interfere with tamoxifen metabolism.14
Clonidine and gabapentin have also been
shown to be effective in reducing VMS.15,16
Clonidine is limited in clinical use owing
to a number of undesirable side effects such
as weight gain, blurred vision, constipation,
and orthostatic hypotension, and its modest
rate of symptom improvement.17 Gabapentin
may be most effective at treatment of nighttime symptoms since it can cause sleepiness.
Oxybutynin, an antimuscarinic drug, has been
found to be effective at reducing self-reported
VMS frequency, with mild anticholinergic
side effects such as dry mouth, constipation,
and drowsiness.18 Neurokinin-3 receptor antagonists have also shown promise as nonhormonal therapy for VMS.19
Nonpharmaceutical options. The North
American Menopause Society recommends
the use of cognitive-behavioral therapy and
hypnosis as evidence-based nonpharmaceutical options for VMS.13 Other options that have
potential efficacy but lack definitive evidence
include acupuncture20,21 and lifestyle changes
such as wearing layered clothing, staying in
cool atmospheres, and exercising.13,22. Herbal
remedies and vitamin supplements (eg, black
cohosh, vitamin E) have not been shown to
be more effective than placebo.23 At present,
there are more than 70 ongoing clinical trials
of various treatments for VMS.24
■ STELLATE GANGLION BLOCK
SGB involves blockade of the sympathetic
ganglia in the lower cervical and upper thoracic region using an anesthetic agent. It may
also have a modulatory role in thermoregulatory areas of the brain.25
A range of indications
For more than 50 years, SGB has been a standard treatment for alleviating pain, including
migraines, facial and upper-extremity pain, and
complex regional pain syndrome. It has been
used to treat immune and endocrine diseases
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Stellate ganglion
Needle

Figure 1. In stellate ganglion block, anesthetic is injected under ultrasonographic or
ﬂuoroscopic guidance into the stellate ganglion at the C6 or C7 vertebral level, targeting
the sympathetic nerve chain that runs anterior to the transverse processes of the seventh
cervical vertebra and the neck of the ﬁrst rib.

affecting the head, neck, and upper extremities,
as well as essential hypertension and hypotension, Behçet disease, Sjögren syndrome, myasthenia gravis, herpes zoster, gout, diabetes, and
angina pectoris.26 SGB has also been used to
treat pain and body temperature changes that
do not traditionally respond to pain medication,27 hence the growing interest and research
evaluating SGB in the treatment of VMS.
Current use for vasomotor symptoms
in menopause
The North American Menopause Society currently recommends using SGB with caution as a
nonhormonal treatment for moderate to severe
VMS owing to its invasive nature and the lack

of data from large long-term randomized trials.13
SGB is currently being used in women with severe VMS who cannot use hormone therapy or
whose symptoms have not responded to other
treatments. However, its use is limited by a lack
of awareness, limited availability, and high cost
(estimated to be $2,000 for a treatment course
of 2 SGB injections).28,29
The procedure
SGB involves injection of a local anesthetic
such as lidocaine under fluoroscopic or ultrasonographic guidance. In clinical trials, both
unilateral and bilateral approaches (including
if refractory to unilateral treatment) have been
used, although a right lateral approach seems
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TABLE 1

Studies of stellate ganglion block for vasomotor symptoms
in female breast cancer survivors
Study
Rahimzadeh et al, 2018 35
RCT
N = 40

Treatment

Outcome measures

SGB (10 mL 0.5% bupivacaine,
laterality NR) vs paroxetine
(7.5 mg)

Baseline to 6 weeks
Hot ﬂashes by Sloan scale
Seep disturbance measured via
PSQI

Results
Hot ﬂash scores
SGB group: 42.35 to 10.50 (P < .001)
Paroxetine group: 36.85 to 10.94 (P < .001)
Sleep quality
Trend toward better sleep noted
No signiﬁcant differences between SGB and paroxetine
groups in hot ﬂash and sleep quality improvement
Adverse events: None; 1 mild headache

Othman and Zaky, 2014 36
RCT
N = 40

SGB (10 mL 0.5% bupivacaine,
right lateral) vs pregabalin
(75 mg twice daily)

Baseline to 3 months
VMS frequency by self-reported
daily hot ﬂash diary and monthly
questionnaire
Hot ﬂashes using Sloan scale

VMS
Mild VMS: 28.0 to 10.0 (P = .005)
Moderate VMS: 83.2 to 8.0 (P = .005)
Very severe hot ﬂashes: 51.2 to 0 (P = .005)
Hot ﬂashes
Total score: 239.2 to 30.0 (P = .005)
No signiﬁcant differences between SGB and pregabalin
Adverse events: None

Walega et al, 2014 17
RCT

SGB (5 mL 0.5% bupivacaine,
right lateral) vs sham injection

N = 40

Baseline to 4–6 months
Daily ambulatory sternal skin
conductance monitoring and
VMS diaries

VMS
Reduced frequency in SGB group, event rate ratio:
0.71 (95% CI 0.64–0.99; P < .05)
Reduced frequency (moderate to very severe) in SGB
group, event rate ratio: 0.50 (95% CI 0.35–0.71; P < .001)
Adverse events: None

van Gastel et al, 2013 32
Open-label, case-series
N = 20

SGB (7 mL 0.5% bupivacaine,
right lateral)
(1 excluded for lack of Horner
syndrome after SGB)

Baseline to 4 weeks
Hot ﬂushes by self-reported
diary and hygrometric hot ﬂash
recorder
Quality of life and sleep disturbance by HFRDIS, MENQOL, ESS,
and PSQI

Haest et al, 201231
Pilot and main study

SGB (10 mL 0.25% levobupivacaine up to 3 blocks, bilateral )

Baseline to 1–24 weeks
Hot ﬂashes by self-reported diary
Sleep quality assessed by selfreported diary and PSQI

N = 34

Hot ﬂush score
Mean score decreased 34% (95% CI 18%–49%; P < .005)
Quality of life
Decrease in daily ﬂush interference (HFRDIS)
Sleep disturbance
Decreased from 9.9 to 7.7 (P < .05) (PSQI)
Adverse events: redness of conjunctiva, minimal hoarseness
in ﬁrst hour after SGB
Hot ﬂash score
Reduced from baseline by 64% (95% CI 49%–74%)
Sleep quality
Improved from OR 3.4 (95% CI 1.6–7.2) at week 1
to 4.3 (95% CI 1.9–9.8) at week 24
Adverse events: None

Pachman et al, 201133
Open-label, case series

SGB (7 mL 0.5% bupivacaine,
right lateral)

N = 10 (8 evaluable)
Lipov et al, 2008 34
Open-label, pilot study

SGB (7 mL 0.5% bupivacaine,
up to 2 blocks, right lateral)

N = 13

Baseline to 6 weeks
Hot ﬂashes by self-reported
daily diary and weekly symptom
questionnaires
Baseline to 12 weeks
Hot ﬂashes by self-reported daily
diary for Sloan hot ﬂash score
Night awakenings by PSQIS

Hot ﬂashes
Frequency: 10.1 to 5.4
Score: 17.6 to 9.8
Adverse events: None
Hot ﬂash totals
At 2 weeks: from mean 79.4 (SD 37.4) per week to 49.9
(SD 39.9) (P < .0001)
At 12 weeks: very severe near zero (P < .0001)
Adverse events: None

CI = conﬁdence interval; ESS = Epworth Sleepiness Scale; HFRDIS = Hot Flash Related Daily Interference Scale; HT = hormone therapy; MENQOL = Menopause Speciﬁc Quality of Life;
NR = not reported; OR = odds ratio; PSQI = Pittsburgh Sleep Quality Index; RCT = randomized clinical trial; SD = standard deviation; SGB = stellate ganglion block;
VMS = vasomotor symptoms
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to be preferred. Generally, the anesthetic is injected at the C6 or C7 vertebral level (Figure
1), targeting the sympathetic nerve chain that
runs anterior to the neck of the first rib. The
procedure takes about 30 minutes, with sameday patient discharge. Abatement of symptoms is highly variable in onset and impact.30
■ WHAT HAVE STUDIES SHOWN?
Data on the efficacy of SGB for VMS have
come from case reports, pilot studies, and randomized clinical trials. Table 1 presents detailed results from studies evaluating SGB for
VMS in breast cancer survivors.17,31–36
The first randomized, sham-controlled
trial of fluoroscopy-guided SGB, published in
2014 by Walega et al,17 noted a 52% reduction in frequency of moderate to severe VMS
symptoms from baseline to months 4 to 6 in
the active-treatment group vs 4% in the control group (P < .001). The control group had
an initial notable reduction in the frequency
of VMS, but the SGB group had a significantly more sustained and effective impact.
This reduction in frequency and intensity of
VMS with SGB was similar to that described
in previous nonrandomized intervention studies, with reductions varying from 34% to 90%
over 4 weeks to several months after the procedure.31–34
In a 2018 clinical trial by Rahimzadeh et
al,35 a group of 40 breast cancer survivors were
randomly assigned to ultrasonography-guided
SGB with 10 mL of 0.5% bupivacaine or to
6 weeks of oral therapy with 7.5 mg of paroxetine. A significant decrease in hot flash score
(self-reported on the Sloan hot flash scoring
scale)37 and sleep disturbance index (measured
the Pittsburgh Sleep Quality Index)38 was
identified in both groups, with no noticeable
difference between the groups in efficacy, and
with minimal (and fewer) side effects noted in
the SGB group.
In a 2014 randomized controlled trial by
Othman and Zaky,36 40 survivors of breast
cancer were divided into 2 treatment groups,
1 group receiving SGB with 10 mL of 0.5%
bupivacaine, and the other receiving 75 mg of
pregabalin orally twice daily. Data were collected from baseline to 3 months, with VMS
frequency reported via daily hot flash diary and

monthly questionnaire. Hot flashes were selfreported on the Sloan hot flash scoring scale.
This study showed a significant improvement
in mild, moderate, and very severe hot flashes,
and a decrease in frequency for both treatment
groups. There were no significant differences
shown between SGB and pregabalin, with no
adverse events reported in either group.36
Case studies have also indicated tentative
success with SGB for VMS. In a report of 6
patients by Lipov et al in 2005,39 SGB substantially decreased self-reported VMS. The
initial SGB was shown to be successful based
on 2 indicators: a positive test for Horner syndrome (ie, disrupted nerve pathway from brain
to face and eye) and development of anhidrosis (ie, inability to sweat normally). However, results from this study describing 90% to
100% improvement in hot flashes have not
been replicated in later studies.40
Other studies have reported a wide variation in hot flash improvements ranging from
a 34% decrease in van Gastel et al32 to a 64%
decrease in Haest et al,31 as well as in the methods used to measure improvement. The wide
variability in hot flash reduction across studies may be explained by when the hot flashes
were assessed (treatment effects can vary substantially over time), repetition and readministration of the treatment for increased efficacy, placebo effect, or the limitation-of-recall
bias for self-reported hot flash diaries.
■ COMPLICATIONS ARE RARE
BUT POTENTIALLY SIGNIFICANT
Complications of SGB are rare but can be significant and include central nervous system
complications (eg, convulsions), vascular puncture, neural puncture, esophageal and tracheal
puncture, spread of local anesthetic, pneumothorax, and allergic reactions.30 The published
incidence of complications, predating the use
of imaging guidance, is 1.7 per 1,000 procedures and correlates mostly with the intravascular injection of anesthesia that may lead to
temporary seizures.17 With the increased use of
imaging guidance, complications are less likely,
although still relevant considering the critical
structures in the injection area (eg, vertebral
artery, internal carotid artery, inferior thyroid
artery, other spinal nerves).17 Guidance with
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fluoroscopy or ultrasonography, monitoring
cardiovascular function, and having resuscitative equipment available can minimize the risk
of complications.30
■ HOW DOES STELLATE GANGLION BLOCK
WORK?
The underlying mechanism for how SGB improves VMS is unclear. Lipov et al41 proposed
that the mechanism likely involves peripheral
vasodilation but noted that the wide range of
indications for SGB (eg, pain treatments for
migraines, atypical facial pain, upper extremity pain, complex regional pain syndrome,
and, in Japan, diseases of the immune and
endocrine systems) may indicate a more complicated mechanism of action. In a rat study,
Westerhaus and Loewy42 used pseudorabies
virus injections to find the neural pathway of
stellate ganglion block and uncovered connections to the hypothalamus and amygdala,
supporting hypotheses that the stellate ganglia
are intricately involved with modulating temperature and factors that influence pain.42 The
unifying mechanism may be through nerve
growth factor, which is involved in cell differentiation, survival, and apoptosis, increasing
brain norepinephrine in various illnesses and
conditions, as well as through a possible reduction in the concentration of nerve growth
factor and norepinephrine to deactivate these
states.41 Others have hypothesized that SGB
results in changes in voltage-gated sodium
channels of peripheral nerves and central re■ REFERENCES
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Vitamin D supplementation:
Pearls for practicing clinicians
ABSTRACT
Vitamin D supplementation is common in the United
States, with about one-fifth of the adult population taking a daily supplement in one form or another. Although
the detrimental effects of insufficient sun exposure in
childhood was established centuries ago, the beneficial
effects of vitamin D sufficiency have only recently been
established, given the myriad investigations associating
vitamin D deficiency with numerous chronic diseases.
But it is far less clear precisely how to replete low
25-hydroxyvitamin D (25[OH]D) levels, how long treatment should be continued, if there are potential hazards
in doing so, and how to assess and counsel patients regarding the use of vitamin D. This article provides a brief
historical review, examines how to assess and counsel
patients on the use of vitamin D, presents scenarios that
clinicians are likely to encounter, and reviews the literature on recommendations for vitamin D supplementation.

KEY POINTS
Typical vitamin D replacement requires at least 2,000
IU/ day, with some authors recommending 5,000 IU/day.
The richest food sources of vitamin D, consumed in manageable portions, provide only a small percentage of the
recommended daily intake of 800 IU.
Several mechanisms contribute to the ability of vitamin
D3 to attain and maintain goal serum concentrations of
25(OH)D more efficiently than vitamin D2, including that
vitamin D2 has a lower affinity for D binding protein and
D 25-hydroxylase converts D to 25(OH)D3 substantially
faster.
doi:10.3949/ccjm.89a.21021
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itamin d supplementaton is ubiquitous
V
in the United States, and 20% of all adults
take a dietary supplement containing vitamin

D. Supplement use is highest in the very young
and in people age 60 and older.1 Observations
of the detrimental effects of inadequate sun exposure date back centuries. In 1650, scientists
noted that children who lived in polluted and
crowded cities in Northern Europe developed
debilitating skeletal abnormalities, including
bowed legs.2 In the 1890s, epidemiologic studies
in Great Britain noted the higher incidence of
significant skeletal abnormalities in children in
industrialized cities compared with those who
lived in rural areas of the British highlands.3 In
the United States, it took until the 1920s to
achieve wide acceptance that routinely exposing children to sunshine could prevent debilitating skeletal abnormalities.4
During the 18th and 19th centuries, codliver oil was commonly used to prevent and
treat skeletal abnormalities in children.5 The
antirachitic factor of cod-liver oil was later
isolated and became known as vitamin D. Investigations early in the 20th century led to
the vitamin D fortification of milk and infant
formulas that became common practice by the
1930s. As a result, rickets, once the most common disease in children, was eradicated in the
United States 100 years ago.
■ VITAMIN D DEFICIENCY AND CURRENT
RECOMMENDATIONS
Eradication of rickets was a giant step forward
in skeletal health of youngsters. However, fortifying foods and beverages with enough vitamin D to prevent rickets but avoid hypercalcemia did not eliminate vitamin D deficiency.
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TABLE 1

Minimum requirements for vitamin D
as deﬁned by the Endocrine Society guidelines
Patient
characteristics

Minimum
requirement

Age 19–50

600 IU/day

Increasing and maintaining the 25(OH)D level consistently above 30 ng/mL may require at least 1,500–2,000
IU/day

Age 51–70

600 IU/day

To maximize bone health and muscle function

Age ≥ 65

800 IU/day

For the prevention of falls and fractures

Pregnant and lactating
female patients

600 IU/day

At least 1,500–2,000 IU/day may be needed to maintain
a blood level of 25(OH)D above 30 ng/dL

Adults with obesity

Commentsa

Give at least 2 to 3 times more vitamin D to meet bodily
requirements

a
With the recommendation not to exceed 4,000 IU daily maintenance dose.
IU = international units; 25(OH)D = 25-hydroxyvitamin D

Based on information in reference 10.

Vitamin D deficiency is common in the
United States and around the globe. The most
common cause of deficiency is insufficient intake (oral or dermal). In a study using National
Health and Nutrition Examination Survey
(NHANES) data from 2011 to 2014, almost
20% of the US population had serum 25-hydroxyvitamin D (25[OH]D) values categorized
as “at risk for inadequacy” (defined as 30 to 49
nmol/L or 12 to 19 ng/mL), and 5% were categorized as “at risk for deficiency” (< 30 nmol/L
or 12 ng/mL).6 These reference ranges may be
lower than what most clinicians consider to be
deficient. For example, numerous studies have
found a recommended threshold of 50 nmol/L
(20 ng/mL) for bone health to be insufficient
for fall or fracture risk reduction.7
Immunologic effects
Vitamin D supplementation to prevent and
treat immune-related diseases including COVID-19 was reviewed by Charoenngam et
al.8 In an extensive examination of the immunologic effects of vitamin D supplements,
the authors described the immunomodulatory hormonal effects of vitamin D, noted
significant biologic effects on the innate and
adaptive immune systems, cited the immunomodulatory and antiviral effects of the active

form of vitamin D (1,25 dihydroxyvitamin
D), and suggested that vitamin D supplementation might reduce the risk and severity of
COVID-19 infection. They concluded that
although the optimal level of vitamin D remains unclear, maintaining a serum 25(OH)D
level of 100 to 150 nmol/L (40 to 60 ng/mL) is
recommended.8
As reported at an American Academy of
Dermatology conference in 2005,9 repeated
exposure to ultraviolet (UV) light activates
both the innate and adaptive arms of the immune system, and UV light from solar radiation has dose-dependent effects on cells, with
cellular and DNA damage that can cause immunosuppression.9

Vitamin D
deﬁciency
is common
worldwide

Guidelines for replacement
In 2011, the Endocrine Society issued clinical practice guidelines that defined vitamin
D deficiency as less than 30 ng/mL and recommended minimum replacement dosages
(Table 1).10
The guidelines identify minimum requirements to maximize bone health and muscle
function. However, achieving blood levels
above 30 ng/mL (which is considered below
normal or low-normal in most laboratory reference ranges) may require more than 2,000
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TABLE 2

Vitamin D content of selected foods
Micrograms
per serving

Food

International
units
per serving

Percent
of daily valuea

Cod-liver oil, 1 tablespoon

34.0

1,360

170

Trout (rainbow), farmed, cooked, 3 ounces

16.2

645

81

Salmon (sockeye), cooked, 3 ounces

14.2

570

71

Mushrooms, white, raw, sliced, exposed to ultraviolet light, ½ cup

9.2

366

46

Milk, 2% milkfat, vitamin D fortiﬁed, 1 cup

2.9

120

15

2.5–3.6

100–144

13–18

Ready-to-eat cereal, fortiﬁed with 10% of the daily valuea
for vitamin D, 1 serving

2.0

80

10

Sardines (Atlantic), canned in oil, drained, 2 sardines

1.2

46

6

Egg, 1 large, scrambled

1.1

44

6

Liver, beef, braised, 3 ounces

1.0

42

5

Tuna (light), canned in water, drained, 3 ounces

1.0

40

5

Cheese, cheddar, 1 ounce

0.3

12

2

Soy, almond, and oat milks, vitamin D fortiﬁed

b

a

Daily value (DV) was developed by the US Food and Drug Administration to help consumers compare the nutrient contents of foods and dietary supplements
within the context of a total diet. The DV for vitamin D is 20 μg (800 IU) for adults and children age 4 years and older. Foods providing 20% or more of the DV
are considered to be high sources of a nutrient, but foods providing lower percentages of the DV also contribute to a healthful diet.
b
The vitamin D is in the yolk.
Based on information in reference 1.

IU daily. Patients with obesity may require
several times that dose to attain and maintain
a normal level. The Endocrine Society guidelines, in addressing the issue of assay variability, note that in the clinical setting, achieving
a level of 40 ng/mL will not result in toxicity
but will ensure that an individual’s true value
is greater than 30 ng/mL.10
Investigators have considered whether a
predictive equation could help clinicians select the correct replacement dose of vitamin
D for their patients. Singh et al11 addressed
this question with a retrospective observational study. After reviewing the response
to vitamin D supplementation in more than
1,300 ambulatory and nursing home patients
and employing multiple regression analyses,
they published a series of equations that predict the dose of vitamin D needed to achieve
a given change in the serum concentration of
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25(OH)D in these patient populations. Their
equation for calculating the dose in international units (IU) that incorporates body mass
index (BMI) was as follows11:
Dose in IU =
[(8.52 – desired change in 25(OH)D) + (0.07 × age)
– (0.20 × BMI) + (1.74 × serum albumin)
– (0.62 × starting 25[OH]D concentration)] / (–0.002)

Singh et al speculated that lack of sun exposure
explained the need for higher doses of vitamin
D in nursing home patients, since their analyses concluded that increased age alone was
not a negative factor in response to vitamin D
treatment.11 Their analyses did not address the
duration of treatment, but Singh et al acknowledged that many patients require long-term
maintenance therapy. They further observed
that 5,000 IU per day is usually needed to correct deficiency, and a typical maintenance dose
should be at least 2,000 IU daily.11
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■ HOW TO REPLACE VITAMIN D
Vitamin D dietary supplements are widely
available, and in 2020, the industry’s estimated market value exceeded $1.1 billion, projected to reach close to $1.6 billion by 2025.12
The annual growth rate is more than 7% due
to people paying more attention to their nutrition and their health in general.
The popularity of vitamin D supplements
has been fueled at least in part by campaigns
educating the public about the risks of skin
cancer due to excess sun exposure, the association of vitamin D deficiency with many
chronic diseases, and the association of vitamin D levels with optimal immune function.
Vitamin D supplements are available by
prescription, over-the-counter, and online. In
2021, the cost per 100 tablets of 2,000 IU vitamin D3 was around $0.05 per tablet, while 100
capsules of 50,000 IU vitamin D2 or D3 started
at $0.25 per capsule.
Is it possible to get sufﬁcient vitamin D
exclusively from diet?
Despite fortification of commonly consumed
products such as milk, food sources of vitamin
D are few, and even the richest sources consumed in manageable portions provide only
a small percentage of the recommended daily
intake (Table 2).1
■ CLINICAL SCENARIO 1: VITAMIN D2 OR D3?
An otherwise healthy 30-year-old woman with
a BMI of 37 kg/m2 was referred for vitamin D
deficiency “unresponsive to D repletion.” Her
initial 25(OH)D level was 14 ng/mL. After
taking vitamin D2 at a dose of 50,000 IU once
weekly with her morning coffee for 4 weeks,
her 25(OH)D level remained at 21 ng/mL,
still below the normal range.
The clinical challenges with this patient
are to consider whether vitamin D2 (ergocalciferol) or D3 (cholecalciferol) makes a difference, and whether taking it on an empty
stomach is optimal for absorption.
Several recent articles have addressed the
question of whether D2 and D3 supplements
are equivalent in raising serum 25(OH)D.13–15
Houghton and Vieth13 questioned assumptions
about their equivalency and proposed several
mechanisms that may contribute to the ability

of vitamin D3 to maintain higher serum concentrations over time, including the following:
• Supplementation with vitamin D2 produces serum 25(OH)D2, but its lower affinity
for D binding protein results in a shorter
half-life than that of 25(OH)D3
• Mitochondrial vitamin D 25-hydroxylase
converts vitamin D3 to 25(OH)D3 five
times faster than it converts vitamin D2 to
25(OH)D2.
In a systematic review and meta-analysis,
Tripkovic et al14 concluded that supplementation with vitamin D3 had a significant and
positive effect in the raising of serum 25(OH)
D concentrations compared with the effect
of D2 (P = .001). In a study that explored
the relative potency of vitamin D2 and vitamin D3, Armas et al15 found the 2 forms to be
equivalent in absorption. Further, they both
produced similar increases in serum 25(OH)
D in the first 72 hours, but the 25(OH)D level
continued to rise in the D3-treated patients,
peaking at day 14. Their calculated area under
the curve at 28 days indicated that D3 was 9.5
times more potent than D2.
Any difference in how it is taken?
Does it matter if the supplement is taken on
an empty stomach vs with a meal? In a small
study, Mulligan and Licata16 found that taking either vitamin D2 or D3 with the largest
meal of the day increased the average serum
25(OH)D level by 50.2% (± 13.4%).
Similarly, a systematic review by Silva and
Furlanetto17 included randomized controlled
trials examining the response to a single
dose of vitamin D taken with a fat-free meal
vs meals that contained 15 g or more of fat.
Mean serum 25(OH)D concentrations were
higher in those who took the supplement with
a meal that included at least 15 g of fat.17

Thresholds
for vitamin D
deﬁciency
vary among
organizations

Recommended treatment for this patient
This 30-year-old female patient, deemed unresponsive to vitamin D repletion, was treated
with vitamin D3 50,000 IU weekly for 8 weeks
taken with dinner. Her 25(OH)D level rose to
42.8 ng/mL.
■ CLINICAL SCENARIO 2: PHOTOTHERAPY
TO COUNTER MALABSORPTION?
A 38-year-old man with a history of fistuliz-
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ing Crohn disease had undergone multiple
small-bowel resections and had become dependent on parenteral nutrition. His 25(OH)
D level was 12 ng/mL despite taking vitamin
D2 50,000 IU daily. In an effort to overcome
his malabsorption issue, he would bite into the
gel cap to release the contents before swallowing the supplement.
Dual x-ray absorptiometry was notable for
an extraordinarily low hip Z-score of −3.4, his
long bones were painful to palpation, and his
parathyroid hormone level was significantly
elevated at 248 pg/mL (reference range 15–65
pg/mL). Osteomalacia is not uncommon in
this patient population, but treating the vitamin D deficiency can be very challenging.
In addition to Crohn disease, other conditions can interfere with vitamin D absorption, including a history of malabsorptive-type
bariatric surgery, celiac disease, cystic fibrosis,
steatorrhea, short bowel disease, inflammatory
bowel disease, and severe cholestasis.17 A vitamin D challenge test is one way to confirm
the absorptive capability for vitamin D supplementation in these patients.
When vitamin D is taken orally, it is incorporated into the chylomicron fraction,
Suntanning and and about 80% of the dose is absorbed into
tanning booths the lymphatics. The blood level of 25(OH)D
will peak about 12 hours after a single dose of
are not
50,000 IU. Knowing this about oral absorption of vitamin D allows for provocative testtherapies
ing in patients with suspected malabsorption
for vitamin D
of the vitamin.
To test for malabsorption, a blood sample
deﬁciency
is drawn immediately before administering a
50,000-IU oral dose of vitamin D. The blood
draw is repeated in 12 to 24 hours. If no increase in 25(OH)D is noted, the patient has
“complete” malabsorption of vitamin D.18 Incidentally, if this is the finding, then the patient may need testing for deficiencies of other
fat-soluble vitamins such as vitamin A.
In addition to supplementation, vitamin
D synthesis can take place when the skin is
exposed to UV-B light. The therapeutic benefits of phototherapy are recognized for a wide
variety of skin conditions, and with careful
skin-typing and carefully metered exposure
to UV-B light, phototherapy can also achieve
normal 25(OH)D levels.9,19
This 38-year-old patient was referred to
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dermatology for phototherapy. UV-B light was
administered 3 days per week under the close
supervision of an experienced dermatologist,
and his 25(OH)D level rose to 48 ng/mL within a few weeks.
Sunbathing and tanning booths:
A word of caution
Sunbathing and tanning booths are not therapies for vitamin D deficiency. Sunshine is
composed of approximately 95% UV-A and
5% UV-B, but only UV-B is required for vitamin D synthesis. UV-A is the predominant or
sole light source used in tanning beds, and the
dose of UV-A in tanning beds can be up to 12
times that provided by the sun.19
Skin cancers comprise one-half of all cancers, and UV-A and UV-B are both implicated.
UV-A is thought to damage skin and increase
the risk of melanoma by causing oxidative
stress-induced DNA damage. UV-B damage is
more direct, with photoproducts that are implicated in skin carcinogenesis. Skin type and
age are factors in the response to UV exposure, but in general, exposing 5% of the body
surface twice weekly for 20 minutes during
the summer months may be equivalent to 430
IU of vitamin D per day, with a plateau being
reached after 20 minutes.9
■ CLINICAL SCENARIO 3: VITAMIN D
DEFICIENCY WITH HYPERCALCEMIA
A 78-year-old otherwise healthy woman with
primary hyperparathyroidism also has vitamin D deficiency, with a 25(OH)D level of
15 ng/mL in the presence of an elevated serum calcium level of 11.4 mg/dL (reference
range 8.5–10.2 mg/dL), high parathyroid hormone of 128 pg/mL (reference range 15–65
pg/mL), low phosphorus of 1.7 mg/dL (reference range 3.0–4.5 mg/dL), and high 24-hour
urine calcium of 472 mg (reference range
100–300/day).
In a meta-analysis of 10 studies that included 340 patients with primary hyperparathyroidism, Shah et al20 assessed the effect
of 25(OH)D replacement in patients with
coexistent vitamin D deficiency. The studies
included the use of vitamin D2 and D3 supplements, and the time span of administration
ranged from 1 to 12 months. Interestingly,
this study noted a nonsignificant but modest
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decline in serum calcium after vitamin D replacement. Only 2.2% developed more severe
hypercalcemia (> 12 mg/dL) that responded
to stopping the supplement or to reducing the
dose. The authors concluded that vitamin D
replacement in patients with primary hyperparathyroidism does not worsen hypercalcemia.
This patient was placed on 5,000 IU of vitamin D3 daily, taken with her largest meal,
and was maintained on that dose following
parathyroid surgery. At her 3-month postoperative visit, the 25(OH)D level was normal
at 52 ng/mL, and her parathyroid hormone
and serum calcium levels were also normal.
A word of caution: Vitamin D toxicity
Vitamin D toxicity can result from overcorrection of vitamin D deficiency. Case reports
have implicated manufacturing errors, overdosing by patients or prescribers, or a combination of these factors.21 Perhaps no report
is more poignant than the report by Zhou et
al22 of an 80-year-old man who presented with
signs and symptoms consistent with vitamin
D toxicity including confusion, dysarthria,
and ataxic gait, and was found to have a serum calcium of 14.4 mg/dL in the presence of
a parathyroid hormone level of 11 pg/mL and
25(OH)D of 365 ng/mL. He had been prescribed a weekly 50,000-IU vitamin D tablet,
but at some point, he began to take it daily

with his other medications. All of his symptoms resolved after a brief hospital stay, during
which the vitamin D supplement was stopped
and the hypercalcemia was addressed.
■ CLOSING THOUGHTS
Vitamin D deficiency is relatively common.
The detrimental effects of vitamin D deficiency have been well documented, dating to the
1600s, but only during the early 1900s did we
discover and implement palatable fortification
of milk and other foods that led to the eradication of rickets in children. However, fortification of milk alone failed to eliminate vitamin
D deficiency.
Fortunately, vitamin D supplements are
easily prescribed, inexpensive, and available
over the counter. It is important for clinicians
to be attentive to the likelihood of vitamin D
deficiency, especially in patients with certain
diseases and conditions; to advise patients on
the best ways to attain and maintain an adequate 25(OH)D level; to counsel patients taking supplements on avoiding oversupplementation; to advise against inappropriate reliance
on sun exposure and tanning beds for vitamin
D supplementation; and to recognize symptomatic vitamin D toxicity.
■
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Common skin signs of COVID-19
in adults: An update
ABSTRACT
Cutaneous ﬁndings can be clues to diagnosis and infection severity in viral illnesses, including COVID-19. The
authors provide an update on the diagnostic and prognostic value of the 5 most common cutaneous abnormalities associated with COVID-19 in adult patients:
morbilliform rash, urticaria, vesicles, pseudo-chilblains,
and vaso-occlusive lesions.

KEY POINTS
The common cutaneous abnormalities that occur in
COVID-19 patients were recognized early in the
pandemic, and evidence concerning their pathogenesis
and clinical relevance continues to accumulate.
Urticarial and vesicular eruptions may precede other
COVID-19-associated symptoms and, along with
morbilliform rashes, are typically associated with overall
high survival rates.
The association of pseudo-chilblains with COVID-19
remains controversial, and no deﬁnitive evidence linking
them to SARS-CoV-2 infection has been reported.
The most worrisome manifestations are vaso-occlusive
skin lesions, which most often occur in hospitalized
patients with COVID-19 and are associated with a poorer
prognosis than other skin lesions.

s experience with caring for patients
with COVID-19 has accumulated since
A
the onset of the pandemic, so has our understanding of its associated cutaneous manifestations and their clinical implications.
It is beneficial to watch for cutaneous
manifestations of COVID-19, both in and
out of the hospital. For example, a study of
more than 330,000 community-based patients
in the United Kingdom1 found that patientreported skin rash was associated with positive
COVID-19 testing and was more predictive
than fever. Additionally, an analysis of 296
hospitalized patients with COVID-19 in the
United States2 found that mucocutaneous
findings were associated with the need for mechanical ventilation, even when adjusted for
age, body mass index, and comorbidities.
COVID-19-associated cutaneous abnormalities are often grouped into 5 major categories (Table 1)3:
• Morbilliform rash (containing macules and
papules, resembling measles)
• Urticaria (itchy red welts)
• Vesicles (small blisters)
• Pseudo-chilblains (also known as “COVID
toes,” painful inflammation of the digits in
response to cold)
• Vaso-occlusive lesions (due to thrombosis
and occlusion of small arteries, with subsequent ischemia).
■ MORBILLIFORM RASH: THE MOST
COMMON SKIN MANIFESTATION

doi:10.3949/ccjm.89a.21126

Morbilliform eruptions are common in many
viral illnesses and were reported in patients
with COVID-19 early in the pandemic.4,5
International registry data indicate that morCL E V E L AND CL I NI C J O URNAL O F M E DI CI NE
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TABLE 1

Major categories of cutaneous eruptions in COVID-19
Category

Presentation

Onset rates

Survival
rates

Additional notes

Morbilliform

Pink-erythematous
blanching macules and
papules, commonly on
trunk and lasting
< 1 week

Usually within
Higha
2 weeks of COVID-19
symptom onset

Urticarial

Transient, pruritic
edematous papules and
plaques lasting about
1 week

Can be before
COVID-19
symptoms

Higha

Reported association with
gastrointestinal symptoms

Vesicular

Minimally pruritic
vesicular eruption that
can be localized
or diffuse

Can be before
COVID-19
symptoms

Higha

Reported association with
neurologic symptoms

Pseudochilblains

Younger, healthy
patients with tender
red-purple papules
affecting toes more
than ﬁngers

Usually within
2–4 weeks
after COVID-19
symptom onset

Higha

Association with SARSCoV-2 infection is debated

Lower b

Linked to systemic vascular
thrombosis

Most common cutaneous
ﬁnding in conﬁrmed
COVID-19 cases

Recently reported in
“long-haulers”

Patients
with COVID-19associated
morbilliform
eruptions have
an excellent
prognosis,
with survival
rates of 96.9%
to 97.5%

Vaso-occlusive Hospitalized patients
with retiform purpura,
livedo racemosa, acral
necrosis, or sacral ulcers

Usually within 2
weeks of COVID-19
symptom onset

ªMore than 95%.
b
About 80%.
Based on information in reference 3.

billiform eruptions are the most common
cutaneous manifestation in patients with
laboratory-confirmed COVID-19.6 Typical
clinical features include a generalized, symmetric maculopapular rash with pruritus
(Figure 1).7
Patients with COVID-19-associated morbilliform eruptions have an excellent prognosis, with survival rates of 96.9%8 to 97.5%.3
■ URTICARIA CAN BE THE FIRST SIGN
OF COVID-19
Urticaria is also common in COVID-19. The
clinical features do not appear to differ from
those of idiopathic urticaria and typically
consist of generalized pruritic wheals.9,10 On
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average, urticaria lasts less than 1 week11 and
is associated with relatively mild disease and
survival rates of 97.8%6 to 98.2%.3
Histologic features also mimic those of
idiopathic urticaria and thus limit the value
of skin biopsy.9,10 However, urticarial vasculitis
has been described in association with COVID-19, suggesting that biopsy should be considered in patients with persistent urticarial
plaques with associated purpura.12
Interestingly, in a systematic review of
895 patients with COVID-19,13 105 (12%)
had urticarial lesions, and in 17 (16%) of
these 105 the urticaria began before the onset of the other COVID-19 symptoms, suggesting that it can be a clue to diagnosis in
appropriate clinical settings and can help
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Figure 1. Morbilliform rash in COVID-19.
A 77-year-old man was hospitalized with
COVID-19 and developed bilateral pneumonia and acute hypoxic respiratory failure.
Four days after discharge, while continuing to have low-grade fevers, he developed
pink papules conﬂuent over the trunk and
extremities consistent with a morbilliform
eruption.

Figure 2. Urticarial lesions preceding COVID-19 diagnosis.
A 21-year-old woman with no known previous skin
problems developed urticarial lesions in various locations,
including the thighs (A) and hands (B) several days before
testing positive for COVID-19 as part of a routine screening
protocol. She subsequently experienced systemic symptoms
including palpitations, cough, fatigue, and loss of taste and
smell, but was able to be managed on an outpatient basis
with supportive care.

guide early testing (Figure 2).13 Additionally, an analysis of 200 patients with COVID-19 with cutaneous manifestations14 found
a significant association between urticaria
and gastrointestinal symptoms, which could
assist clinicians in their anticipatory management.

Figure 3. Vesicular eruption in COVID-19.
A 52-year-old man developed a vesiculopustular eruption on his trunk during hospitalization for COVID-19 requiring intensive
care unit admission and mechanical ventilation for acute respiratory failure due to
respiratory distress syndrome. He recovered
and was eventually discharged.

■ VESICLES CAN ALSO BE THE FIRST SIGN
OF COVID-19
Initially described as “varicella-like,”15 vesicular eruptions in COVID-19 have been
described in both localized and diffuse distributions. The localized pattern is characterized
by monomorphic vesicles in the same stage of
evolution that are confined to the trunk (Figure 3). But the diffuse pattern may be more
common. A cohort study16 reported that it accounted for 18 (75%) of 24 cases. The diffuse
pattern consists of polymorphic papules, vesicles, and pustules that develop simultaneously
on the trunk and spread distally, sometimes
involving the palms and soles. Lesions tend to
resolve after about 8 days without scarring.15
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ia, patients with COVID-19 with vesicular
eruptions have high survival rates (96.1%3 to
96.6%8).
■ PSEUDO-CHILBLAINS:
LINK TO COVID-19 DEBATED

Figure 4. Pseudo-chilblains (“COVID toes”). (A) A 24-yearold woman developed painful erythematous and violaceous macules involving her dorsal toes after testing
positive for COVID-19. She had no other symptoms. (B) A
young adult man sought care in a telemedicine encounter
after developing painful, erythematous papules on his
toes. His eventual COVID-19 status is unknown.

Lesional skin biopsies reveal histologic
features consistent with viral exanthems,
namely vacuolar degeneration of the basal
epidermal layer with occasional dyskeratotic
keratinocytes and superficial dermal inflammation.15 However, some reports describe
Information
prominent keratinocyte acantholysis contribis accumulating uting to formation of intraepidermal vesicles,
which is a relatively unusual histologic findabout
ing.17 Additionally, while there have been repernio-like
ports of SARS-CoV-2 spike proteins detected
lesions
with immunohistochemistry in sweat glands
in ‘long-hauler’ and dermal endothelial cells in skin biopsies
from COVID-19 patients, 2 studies of COCOVID-19
VID-19-associated vesicular rashes detected
no SARS-CoV-2 in vesicular fluid by reverse
patients
transcriptase polymerase chain reaction testing.16–18
Like urticaria, vesicular eruptions were
also commonly noted before other COVID-19 symptoms (in 8.5%3 to 15%13 of cases of
COVID-19-associated urticaria) in multiple
studies, and therefore may similarly provide
an indication for COVID-19 testing and isolation in the appropriate clinical context.3,14,19
Additionally, a systematic review8 reported
a possible link between vesicular eruptions
and neurologic symptoms including headache, dysgeusia, irritability, and confusion.
Like those with morbilliform rash or urticar-
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Although pernio-like acral lesions (Figure 4)
were the first cutaneous manifestations to
generate significant attention, whether they
are truly linked to COVID-19 has been debated.
Challenging the link are strikingly low
rates of positive COVID-19 testing in affected patients, as well as results of several
studies20–24 that suggest these lesions are
most consistent with typical perniosis, with
an increased incidence related to changes
in daily routine (eg, quarantining, working from home) during the pandemic rather
than infection with SARS-CoV-2. Additionally, a systematic review8 found that
pre-existing rheumatologic conditions were
more common in patients with presumed
COVID-19-related pernio-like lesions, raising the possibility that underlying diagnoses
contributed to development of the acral lesions.
However, proponents of the association
with COVID-19 point to “outbreaks” of
chilblain-like lesions corresponding to COVID-19 waves and propose that an efficient,
type I interferon-driven antiviral response
could induce pernio-like lesions and suppress
both symptoms and confirmatory testing.25–29
Interestingly, information is accumulating
about pernio-like lesions in “long-hauler” patients, with a significant association reported
between persistent cutaneous and extracutaneous symptoms.30–32
While the debate continues, if these lesions are truly a COVID-19 manifestation,
they are fortunately associated with high survival rates (96.4%6 to 98.7%3) and few or no
systemic symptoms.33,34
■ VASO-OCCLUSIVE LESIONS
ARE ASSOCIATED WITH HIGHER RISK
Vaso-occlusive lesions (Figure 5) have been
reported in patients with COVID-19 with
varied clinical presentations, including fixed
livedo racemosa, retiform purpura, and acral
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ischemia, which may be clinically confused
with COVID toes.19 These lesions are most
commonly seen in hospitalized patients with
moderate to severe COVID-1919 and are associated with higher risks of severe pneumonia and intensive care unit admission
and relatively low survival rates (78.9%3 to
81.8%8).
Similar patterns of microvascular thrombosis have been found in skin biopsies and
pulmonary tissue of COVID-19 patients with
vaso-occlusive cutaneous lesions, suggesting
that this manifestation could be a marker of
systemic microvascular injury.35 Additionally, systemic thrombotic events including
deep vein thrombosis and pulmonary embolism have been reported in patients with
retiform and necrotic lesions, with rates as
high as 64%.6,36 Whether early recognition of
these lesions can prompt treatment decisions
that decrease systemic thrombotic events or
increase overall survival requires further research.
■ OTHER CUTANEOUS FINDINGS
Other cutaneous findings that have been reported with COVID-194,7,37–39 include oral
lesions; reactivation of viral infections; rash
resembling symmetrical drug-related intertriginous and flexural exanthema; small-vessel
vasculitis; cutaneous hyperesthesia; papulosquamous eruptions; and erythema nodosumlike lesions.
Oral lesions. A study of 666 patients40
reported various oral mucosal findings in 78
(26%) of 304 patients who had mucocutaneous manifestations, and the authors hypothesized that lesions in the mouth may be
underreported due to contact precautions and
assisted ventilation that limits examination of
the oral mucosa.40
Reactivation of herpes simplex virus
(HSV) and varicella-zoster virus (VZV)
infections has been reported in conjunction
with COVID-19 infection. A cross-sectional

Figure 5. Vaso-occlusive lesions in COVID-19. (A) A 62-yearold man with COVID-19 developed an irregular, mottled,
purpuric patch on his knee extending onto his thigh during
an extended hospitalization complicated by septic shock
and acute respiratory failure requiring mechanical ventilation. He died of his illness 3.5 weeks after admission.
(B) A 77-year-old man (also described in Figure 1) developed purpuric patches with central hemorrhagic crusts on
the left buttock shortly after hospitalization for COVID-19.

study of nearly 900 patients with COVID-19
found a significantly higher prevalence of
HSV-1 and VZV than in the hospital population, even when adjustments were made for
numerous comorbidities.41 Some reports suggest that HSV reactivation may be associated with more severe COVID-19 infection,
including acute respiratory distress syndrome
and viremia,42,43 but the prognostic implications of treating these reactivations has not
yet been robustly investigated.
■
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