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FROM THE EDITOR

Postinfectious
~immunologic syndromes

The high prevalence of “long COVID” and our inability to fully understand its patho-
physiology, develop successful treatment paradigms, or even delineate reliable clinical
biomarkers!? prompted me to review our understanding and management of other postinfection syn-
dromes. Some, like post-Lyme disease syndrome and postinfectious mononucleosis, have overlap-
ping features with long COVID and chronic fatigue syndrome (myalgic encephalomyelitis/chronic
fatigue). The primary cellular target(s) remains elusive, although the central nervous system seems to
be an active participant. Active ongoing infection seems to be an unlikely explanation. Long COVID
joins a number of other postinfectious syndromes that have been delineated over the past 400 years.
Others are associated with readily demonstrated objective and sometimes unique clinical signs.

Reviewing the historical evolution of other syndromes reveals a common thread of initial clin-
ical description by astute clinicians followed by a significant delay until the relationship with a
triggering infective agent was identified. Then there was further delay until some understanding of
the host immune response in the development of the postinfectious syndrome was elaborated. As
histologic, immunologic, and molecular technologies have improved, some of the missing pieces of
these pathogenic puzzles have been filled in, but a full pathophysiologic understanding of many of
these postinfectious syndromes remains incomplete. An overarching paradigm has evolved that the
immune response to specific infectious vectors somehow spills over to include an “autoimmune”
response involving selected host tissues. The clinical phenotype seems to depend on the specific
infecting vector and the host’s immune status and genetic background. The immune pathogenesis
dictates the pattern of organ involvement, histopathology, and clinical course.

In the 1600s, the clinical pattern of acute “rheumatic arthritis” was distinguished from gout. The
association with carditis was not appreciated for over 100 years, and it was not until the early 20th cen-
tury that the relationship between acute rheumatic fever (ARF) syndrome and prior infection would
be described in Coburn and Pauli’s landmark publication.’ A different syndrome, urethritis followed by
arthritis, was described as early as the 16th century, and postdysentery arthritis* was described a cen-
tury later. But it was not until the early 20th century that several European physicians independently
more fully described the postinfectious syndrome of asymmetric arthritis and enthesitis, noninfectious
urethritis, conjunctivitis, and several unique skin manifestations that is now known as reactive arthri-
tis.* The bacterial triggers associated with these 2 syndromes are different: ARF is strongly linked with
streptococci (primarily group A mucosal infections), and reactive arthritis is associated with a number
of triggers, including genitourinary (Chlamydia trachomatis) and intestinal (eg, Shigella, Yersinia, Campy-
lobacter, Clostridioides difficile, and Salmonella) infections.

The exact mechanism by which these infections trigger their postinfectious inflammatory re-
actions is not known. Both antigenic mimicry and neoantigen generation have been proposed to
explain ARE® The proposed pathophysiology driving the expression of reactive arthritis includes the
persistence of bacterial antigens (presumably tropic to specific joint, eye, skin, and tendon locations)
that are then reacted to by those individuals carrying an immune genetic background that favors an
ongoing T-cell-driven response®; notably, not all patients with reactive arthritis carry the implicated
HLA-B27 haplotype.

Streptococcus species seem to trigger more and varied postinfectious syndromes than other bacteria,
in addition to ARE The clinical expression of these syndromes may be influenced by the Streptococcus

doi:10.3949/ccjm.93b.08026
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species involved (with different surface antigens) and by the location and persistence of the primary infection. It
is striking that although these syndromes can all be triggered by streptococci, the immunopathology is quite differ-
ent between ARF (mixed humoral and cell-mediated cytotoxicity), post-streptococcal glomerulonephritis (immune
complex), guttate psoriasis (possibly streptococcal superantigen), and erythema nodosa (type 4 hypersensitivity).”

A number of postinfectious inflammatory skin reactions have been described, several of which have been strongly
associated with respiratory infections, especially with Mycoplasma pneumoniae. The diagnostic terminology and his-
topathologic distinction can be challenging, and the clinical features of these reactions can overlap, with the relative
severity of tissue damage also playing a role in the final diagnosis. Erythema multiforme is an acute, cell-mediated,
antikeratinocyte mucocutaneous reaction characterized by raised, predominantly acrally located target lesions that
may spread to the trunk and occasionally involve the mucosal surfaces, although a subset of patients have significant
mucosal involvement.'® Common triggers of erythema multiforme include herpes simplex and M pneumoniae infec-
tions. The clinical outcome is generally favorable. Recognition of erythema multiforme can provide a clue to the
presence of an undiagnosed infection, prompting diagnostic testing and appropriate anti-infective therapy.

Reactive infectious mucocutaneous eruption (RIME), also commonly triggered by M pneumoniae, is pictured and
discussed in this issue of the Journal.!! It presents with lesions similar to those of erythema multiforme, but in its most
common presentation, it is the mirror image of erythema multiforme, with striking mucosal involvement and sparser
truncal and acral lesions. Recognition again should prompt evaluation for a persisting respiratory infection. Its ap-
pearance and pathophysiology are different from erythema multiforme. RIME is mediated by immune complex depo-
sition and complement activation. The sparse truncal involvement also helps distinguish RIME from allergic drug
reactions.!>"® When RIME causes severe mucosal damage, its appearance may suggest Stevens-Johnson syndrome,
which has a more dire prognosis. Initially associated with M pneumoniae and termed M pneumoniae—induced rash and
mucositis,”> RIME has been reported as following shortly after other bacterial and viral respiratory infections.!?

The myriad of severe autoimmune syndromes associated with the use of the newer checkpoint inhibitors in
the treatment of malignancies'* is another dramatic reminder that activation of the immune system can be asso-
ciated with many off-target manifestations.

*In reading translations of the early descriptions of reactive arthritis, it is difficult to be convinced that some may not
have actually been due to gonococcal infection.

7 Brson Mot

Brian F. Mandell, MD, PhD
Editor in Chief
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LETTERS TO THE EDITOR

Letter: The intersection
of CHIP and HIV:

Implications for cardiovascular
risk stratification

To the Editor: We read with interest the article by Oren
and colleagues' highlighting the association between
clonal hematopoiesis of indeterminate potential
(CHIP) and increased cardiovascular risk and its rel-
evance to internal medicine practice. Expanding this
discussion, we would like to describe the interactions
between CHIP and human immunodeficiency virus
(HIV) infection and their implications for internal
medicine practice in settings where internists with
HIV training often serve as primary care clinicians for
people with HIV.

People with HIV experience disproportionately
high cardiovascular risk driven by chronic immune
activation, persistent inflammation, antiretroviral
therapy-associated metabolic effects, higher smoking
prevalence, and traditional atherosclerotic risk fac-
tors. Emerging evidence suggests that CHIP is about
twice as prevalent in people with HIV compared with
HIV-negative individuals and may further amplify this
risk burden.? CHIP, particularly involving TET2 and
DNMT3A mutations, contributes to clonal expansion
of proinflammatory myeloid cells and activation of the
NLRP3 inflammasome pathway, increasing interleu-
kin-1beta and interleukin-6 signaling and accelerating
atherosclerosis, myocardial infarction risk, and mortal-
ity.>> CHIP also confers increased risk of hematologic
malignancy, compounding long-term morbidity in this
aging population. Thus, there is a need for dedicated
screening and optimal treatment interventions.>’

REPRIEVE (Randomized Trial to Prevent Vascu-
lar Events in HIV)? demonstrated that pitavastatin
reduces major adverse cardiovascular events in in-
dividuals with HIV with low-to-moderate tradition-
al risk, reinforcing the importance of early preven-
tive strategies. Although CHIP was not assessed in
REPRIEVE, these findings raise the possibility that
unmeasured inflammatory drivers such as CHIP may
help identify patients who could benefit from earlier
or more intensive intervention.

CHIP remains underrecognized in HIV care, par-
ticularly among infectious diseases physicians who fre-
quently provide primary care for people with HIV. We
agree with Oren and colleagues' that comprehensive
cardiovascular risk assessment is essential and propose
CHIP as an emerging risk modifier in people with HIV.

Prospective studies are needed to guide screening and
targeted interventions in this population.

Abigail Martinez, MD
Florida International University, Miami, FL

Hector Bolivar, MD
Florida International University, Miami, FL

Marco A. Ruiz, MD
Florida International University, Miami, FL
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In Reply: The intersection
of CHIP and HIV:

Implications for cardiovascular
risk stratification

In Reply: We thank Dr. Martinez and colleagues for
their comment on the intersection between clonal
hematopoiesis of indeterminate potential (CHIP)
and cardiovascular risk in people with human immu-
nodeficiency virus (HIV) infection. We would like to
shed light on recent data that may further inform this
discussion.

Since the REPRIEVE (Randomized Trial to Pre-
vent Vascular Events in HIV) trial was completed, Xue
et al! reported the results of a dedicated CHIP analy-
sis in 4,490 REPRIEVE participants using high-depth
targeted sequencing. While CHIP overall was not
associated with major adverse cardiovascular events,
larger CHIP clones (variant allele fraction > 10%)
were associated with substantially higher odds of major
adverse cardiovascular events, myocardial infarction,
and coronary revascularization.! Intriguingly, these as-
sociations persisted despite pitavastatin therapy, sug-
gesting that a component of residual cardiovascular
risk in people with HIV may be driven by mechanisms
beyond reductions in low-density lipoprotein choles-
terol, potentially involving NLRP3 inflammasome
activation and downstream interleukin-1beta and
interleukin-6 signaling.
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These findings have broader implications across
chronic inflammatory disorders. Conditions such
as rheumatoid arthritis, antineutrophil cytoplasmic
antibody—associated vasculitis, gout, and VEXAS (vac-
uoles, E1 enzyme, X-linked, autoinflammatory, somat-
ic) syndrome are characterized by excess cardiovascu-
lar risk that is not fully explained by traditional risk
factors, and have also been associated with increased
prevalence of CHIP (see supplementary Figure 1 that
accompanies this article online).>”> Chronic inflamma-
tory signaling may promote clonal expansion, while
CHIP-associated clones further amplify inflammation,
creating a potentially self-reinforcing cycle and con-
tributing to accelerated atherogenesis and the develop-
ment of inflammatory cardiac conditions.

In this context, CHIP may not only serve as a
biomarker of cardiovascular risk but also as a tool
for identifying patients most likely to benefit from
approved and emerging anti-inflammatory therapies
(supplementary Figure 1). Prospective studies in-
corporating CHIP assessment into cohorts of persons
with HIV infection and other inflammatory disease
will be important to accurately define its role in risk
stratification, therapeutic selection, and precision
cardiovascular prevention. The results of ongoing
phase 3 trials evaluating interleukin-6 inhibition
(ie, ZEUS [Effects of Ziltivekimab Versus Placebo
on Cardiovascular Outcomes in Participants With
Established Atherosclerotic Cardiovascular Disease,
Chronic Kidney Disease and Systemic Inflammation]
and ARTEMIS [Effects of Ziltivekimab Versus Pla-
cebo on Cardiovascular Outcomes in Patients With
Acute Myocardial Infarction]) may help define the
role of targeted anti-inflammatory therapy in preci-
sion cardiovascular prevention.
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Cleveland Clinic Coordinating Center for Clinical
Research, Department of Cardiovascular Medi-
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Letter: Olanzapine
in Parkinson disease
and dementia with Lewy bodies

To the Editor: We read with interest the recent com-
mentary by Dr. Hao and colleagues' on the risk of
QTc-interval prolongation associated with phar-
macologic management of hyperactive delirium in
hospitalized older adults. We agree that the available
evidence regarding pharmacologic treatment in this
context is limited. However, we believe that certain
issues warrant clarification.

Among the treatment options for agitation or psy-
chosis, the algorithm presented in Figure 1 includes
both quetiapine and olanzapine for patients with Par-
kinson disease or dementia with Lewy bodies.! This
presentation may be interpreted as suggesting that
both drugs are appropriate and equivalent alterna-
tives. Although robust efficacy data for antipsychotics
in this setting remain limited, quetiapine is generally
considered the antipsychotic agent of choice in pa-
tients with Parkinson disease or dementia with Lewy
bodies, because it causes fewer extrapyramidal side
effects.?

The National Institute for Health and Care Ex-
cellence specifically recommends against the use of
olanzapine for managing hallucinations or delusions
in people with Parkinson disease.” Olanzapine has
not shown meaningful benefit for psychotic symptoms
and has been associated with worse motor function

AUGUST 2026



LETTERS TO THE EDITOR

in Parkinson disease.* Although these recommenda-
tions primarily address psychosis rather than acute
delirium, they remain relevant when selecting an an-
tipsychotic drug for patients with Parkinson disease.
Patients with dementia with Lewy bodies are also vul-
nerable to severe antipsychotic sensitivity reactions.
The fourth consensus report of the DLB Consortium’
recommends avoiding antipsychotics whenever pos-
sible, and notes that low-dose quetiapine may be the
relatively safest option when pharmacologic treat-
ment is unavoidable.

Therefore, we believe that including both queti-
apine and olanzapine in this patient population could
be misinterpreted as suggesting that these medications
are comparable alternatives in terms of safety. These
considerations are particularly relevant to guide pre-
scribing practices for older adults with acute illnesses.
The risk of QTc prolongation is an important factor
in drug selection, but it should not overshadow the
phenotype-specific neurologic toxicity.

Enmanuel A. Leiva-Murillo, MD

Department of Internal Medicine, Clinical In-
stitute of Medicine and Dermatology, Hospital
Clinic, University of Barcelona,

Barcelona, Spain

Jazmin Olmedo-Alvariza, MD
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In Reply: Olanzapine
in Parkinson disease
and dementia with Lewy bodies

In Reply: This is a good and relevant question. Our
article is very specific to QTc prolongation,! and
we did not dive into the world of Parkinson dis-
ease or dementia with Lewy bodies specifically.

When a patient is a threat to self or others, queti-
apine is preferred, as Figure 1 shows. However, if the
patient can’t take oral medications, fast-acting inject-
able or sublingual formulations with a shorter half-life
are the only option. Yes, olanzapine has some risk for
extrapyramidal side effects despite being atypical, but
it has less risk than haloperidol. Injection benzodiaze-
pines, although often useful, are worrisome in geriatric
patients because of their effects on respiration and the
central nervous system. It is fair to say that quetiapine
and olanzapine in this population are not equals, and
olanzapine should be avoided if possible in patients
with Parkinson disease or dementia with Lewy bodies.
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Iatrogenic calcinosis cutis
from calcium gluconate extravasation

i |

Figure 1. Dorsum of the right hand with discrete white macules within erythematous areas.

A26~YEAR—0LD wOMAN with no significant medical
history underwent total thyroidectomy with cen-
tral and left lateral neck dissection for newly diagnosed
thyroid cancer. General anesthesia was administered,
and all intraoperative medications were infused through
a 20-gauge peripheral intravenous catheter placed
at the dorsum of the right hand. Agents included

doi:10.3949/ccjm.93a.25112

454 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 93 e NUMBER 8

propofol, lidocaine, remifentanil, fentanyl, rocuronium,
cefuroxime, dexamethasone, acetaminophen, omepra-
zole, metoclopramide, magnesium sulfate, tranexamic
acid, parecoxib, and ondansetron. The patient’s arms
were tucked at her sides during the procedure.
Postoperatively, laboratory evaluation revealed
hypocalcemia with serum calcium of 6 mg/dL (reference
range 8.6-10.2) and parathyroid hormone less than
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Figure 2. Radiographs of the right hand showed stippled subcutaneous calcifications. The calcifications
were most prominent near the ulnar styloid and fifth metacarpal (arrows).

5 pg/mL (10-65). Two 1-g doses of 10% calcium gluco-
nate were administered over 24 hours. During infusion,
the patient developed pain, swelling, and erythema
at the catheter site; these findings were attributed
to local irritation and the infusion continued. After
18 hours, the catheter was removed and placed in her
contralateral hand, and subsequent doses were given
without incident. The patient remained afebrile and
had no systemic symptoms, neurovascular deficits, or
skin injury, and was discharged on postoperative day 2.

At the 10-day follow-up visit, the patient reported
persistent swelling and pain in her right hand. As
the edema resolved, discrete, tender white macules
appeared on the dorsum of her hand within the areas
where erythema had been observed during the infusion.
She first noted the lesions around postoperative day 7.
The patient was advised to apply aluminum paste and
return for follow-up in 6 weeks.

At the 6-week visit, the lesions remained unchanged
(Figure 1).

This presentation was most consistent with iatro-
genic calcinosis cutis from calcium gluconate extrav-
asation. Radiographs of the right hand at 6 weeks
showed multiple stippled subcutaneous calcifications,
most prominent near the ulnar styloid and fifth meta-
carpal, confirming the diagnosis (Figure 2).

Il CALCINOSIS CUTIS

The progression from acute infusion-site pain and
erythema with persistent edema to delayed develop-
ment of discrete, tender white macules, as seen in our
patient, is characteristic of calcium salt deposition.'™
Together, the calcium gluconate infusion, immediate
infusion-site pain and swelling, delayed onset of tender
white macules, and radiographic stippled calcifications
make calcinosis cutis the diagnosis most consistent with
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the patient’s clinical course. Because these lesions often
emerge days after infusion, patients may first present to
outpatient clinicians, who must be aware of this delayed
presentation to make an accurate diagnosis.

Systemic causes of metastatic calcification were
excluded in our patient by laboratory evaluation show-
ing no evidence of hypercalcemia or hyperphosphate-
mia at the time the lesions appeared. Calciphylaxis was
also considered unlikely based on lesion morphology
and clinical context; calciphylaxis typically presents
with painful plaques that progress to ischemic necrosis
and ulceration, most commonly involving the thighs,
abdomen, or buttocks, features that were not observed
in our patient. The differential diagnosis also included
superficial thrombophlebitis, which typically presents
with a tender, palpable cord and linear erythema, find-
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ings absent in this case. Cutaneous metastases from
thyroid carcinoma are rare and most often involve
the scalp, face, or neck in advanced disease; however,
our patient had no evidence of disseminated disease,
and the hand represents an atypical metastatic site.’
The absence of necrosis or neurovascular compromise
further argued against a vascular etiology.
Management of calcinosis cutis includes immediate
discontinuation of the infusion and limb elevation.!*
Supportive measures include local cooling, tulle dress-
ings, and topical or intralesional corticosteroids; topical
or intralesional sodium thiosulfate has shown benefit
in animal models.®’ H
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Mucocutaneous rash
after respiratory infection

Figure 1. (A) Scattered pinkish-red macules and papules, some with central crusting and some with a
targetoid appearance, on the skin of the patient’s back. The inset shows a closer view of the targetoid
lesions on the chest. (B) Diffuse erythema and sloughing of the gingiva and buccal mucosa with hemor-
rhagic crusting of the lip vermilions.

A29~YEAR—OLD WOMAN presented to the emergency
department with progressive conjunctivitis, skin
rash, and oral and genital mucosal lesions. She was
febrile to 102°F (38.9°C), and laboratory results revealed
an elevated white blood cell count of 15 x 10°/L (ref-
erence range 4—11). She had no significant medical
history, and was working as a pediatric nurse in an
elementary school.

Two weeks before presentation, she developed a
fever, productive cough, and myalgia, followed by a

doi:10.3949/ccjm.93a.26001

scattered maculopapular rash (Figure 1A), painful oral
ulcers (Figure 1B), vaginal ulcers, and conjunctivitis.
She reported a similar but milder episode about 1 year
earlier after a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection.

The differential diagnoses included toxic epidermal
necrolysis, Stevens-Johnson syndrome, and reactive
infectious mucocutaneous eruption (RIME). The
patient’s preceding respiratory infection and predomi-
nant mucositis involving the oral, ocular, and genital
mucosae with limited skin involvement argued against
a drug reaction.
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Polymerase chain reaction testing of the patient’s
sputum was positive for Mycoplasma pneumoniae, which
supported a diagnosis of RIME.

The patient was hospitalized for 9 days, treated with
intravenous and topical corticosteroids plus azithromy-
cin, and discharged on a short prednisone taper. Her
symptoms completely resolved within 1 month.

M RIME

RIME is an acute mucocutaneous reaction most com-
monly triggered by M pneumoniae infection. Initially
called M pneumoniae—induced rash and mucositis in
2015, the broader term reactive infectious mucocuta-
neous eruption is now used because it encompasses
similar eruptions caused by other infectious agents,
including influenza, Chlamydophila pneumoniae, entero-
virus, rhinovirus, and SARS-CoV-2 (which causes
COVID-19).12

Previously, RIME was thought to be within the same
spectrum as erythema multiforme, Stevens-Johnson syn-
drome, and toxic epidermal necrolysis.* However, ery-
thema multiforme is a hypersensitivity reaction character-
ized by acrally distributed target (“bull’s eye”) lesions and
limited mucosal involvement, and is typically associated
with herpes simplex virus.! Stevens-Johnson syndrome
and toxic epidermal necrolysis are medication-induced
reactions that cause extensive epidermal necrosis and
detachment. RIME differs as it is most commonly
associated with a respiratory infection, predominant
mucosal involvement, and a generally milder course.!*

Children and adolescents are primarily affected,
but RIME can also be seen in adults.'* An infectious
prodrome of fever, cough, or malaise is followed within
a week by the hallmark painful erosions that affect 2 or
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more mucosal sites, most often oral, genital, and ocular.
Ocular findings include conjunctivitis, conjunctival
pseudomembranes, and photophobia. Cutaneous erup-
tions are sparse and may appear polymorphic (macules,
vesicles, bullae, or target-like lesions).!>*

Chance of recurrence

Recurrence happens in 8% to 48% of cases, often
within a year.!® Severity varies; our patient experienced
a mild initial episode after having COVID-19 and a
more severe recurrence after M pneumoniae infection,
which required hospitalization.

Management is supportive

There are no standardized treatment guidelines for
RIME. Supportive care includes topical corticoste-
roids, pain control, and adequate hydration and nutri-
tion.>* Systemic corticosteroids may be considered for
moderate-to-severe mucocutaneous manifestations,>’
as was the case for this patient. Antibiotics can be used
when a specific bacterium, such as M pneumoniae, is
identified.>*> Immunomodulators like intravenous
immunoglobulin or cyclosporine may also help in
severe cases.

I THE BOTTOM LINE

RIME is distinct from erythema multiforme, Stevens-
Johnson syndrome, and toxic epidermal necrolysis.
Recognizing its characteristic mucosa-dominant pat-
tern and infectious triggers prevents misdiagnosis and
guides supportive, individualized treatment. H
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Q: When should I order the serum

free light-chain assay, and how
should I interpret mild kappa
or lambda elevations?

o Theserum free light-chain (FLC) assay measures

¢ levels of kappa and lambda immunoglobulin
light chains unbound to heavy chains. These free light
chains are produced by plasma cells, and imbalances
between the 2 types can indicate the presence of a clonal
plasma cell disorder. The assay offers high sensitivity
(87%)! for detecting plasma cell dyscrasias such as multiple
myeloma (including oligosecretory multiple myeloma),
light-chain amyloidosis, and monoclonal gammopathy
of undetermined significance (MGUS); the assay often
outperforms traditional serum protein electrophoresis.>?

Guidelines from the International Myeloma Work-
ing Group (IMWG)? and others®” strongly advise tar-
geted use to avoid overdiagnosis while ensuring timely
detection of clinically significant disease. Indiscrimi-
nate ordering of the assay often leads to misinterpre-
tation of mild abnormalities, resulting in unnecessary
anxiety, referrals, or investigations.

This article offers 5 key considerations to guide
ordering and interpretation of the serum FLC assay,
with a focus on common pitfalls such as overinterpret-
ing mild elevations in kappa or lambda levels.

1. ORDER SERUM FLC ASSAY ONLY WITH CLEAR
CLINICAL INDICATIONS

Use of the assay as a routine screening test in patients
who are asymptomatic or at low risk for plasma cell
disorders contributes to overdiagnosis (eg, light-chain
MGUS in up to 5% to 10% of older adults).® Reserve
the test for scenarios where a plasma cell disorder is
clinically suspected:

doi:10.3949/ccjm.93a.26009

e CRAB features (elevated calcium > 11 mg/dL, renal
impairment with serum creatinine > 2 mg/dL or esti-
mated glomerular filtration rate [eGFR] < 40 mL/
min/1.73 m?, anemia with hemoglobin < 10 g/dL,
and bone lesions on imaging)*

Recurrent bacterial infections

Peripheral neuropathy

Organ dysfunction suggestive of amyloidosis
Unexplained fatigue accompanied by cytopenia
Elevated total protein

Rouleaux formation (aggregation of red blood cells
into linear structures resembling stacked coins) on
peripheral smear.

Indiscriminate use in patients at low risk (eg, vague
fatigue without CRAB features) often vyields false-
positive results, leading to unnecessary referrals and
costly procedures such as bone marrow biopsy and
imaging studies.

The serum FLC assay is critical for initial workup
of suspected multiple myeloma, amyloidosis, Walden-
strom macroglobulinemia, and light-chain deposition
disease.?’ In light-chain deposition disease, serum FLC
testing detects “light-chain—only” diagnoses that can
be missed by serum protein electrophoresis. Light chain
multiple myeloma, characterized by production of only
immunoglobulin light chains, accounts for 15% to 20%
of newly diagnosed cases of multiple myeloma.’

The assay is also critical for monitoring established
MGUS, smoldering multiple myeloma, and treated
multiple myeloma to track progression or treatment
response. For example, a rising kappa:lambda ratio
in a patient with known MGUS or treated multiple
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TABLE 1

Original and revised serum free light-chain kappa:lambda ratios

Estimated glomerular filtration

Kappa:lambda ratio

rate (mL/min/1.73 m?) Age (years) Original Revised

Normal

560 <0 0.26-165 044-216
"""""""""""""" 570 026-165 046-250
S g A i
4559 037-3.1 046-262
3044 037-3.1 048-338
<30 0.37-3.1 054-330

myeloma signals progression or hematologic relapse and
warrants specialist reevaluation. Recent IMWG and
National Comprehensive Cancer Network updates*
favor serum FLC testing combined with serum pro-
tein electrophoresis and immunofixation for response
assessment; stringent complete response requires a
normalized kappa:lambda ratio.

2. PRIORITIZE THE KAPPA:LAMBDA RATIO
OVER ABSOLUTE VALUES TO ASSESS CLONALITY

Mild elevations in isolated kappa (eg, 20-30 mg/L; ref-
erence range < 19.4 mg/L) or lambda (eg, 30-40 mg/L;
< 26.3 mg/L) light chains with a normal kappa:lambda
ratio (0.26-1.65, according to original reference inter-
vals, but see next section for discussion of revised ref-
erence values) are often benign and polyclonal.? The
kappa:lambda ratio detects imbalances in one type of
light chain resulting from clonal plasma cell prolifera-
tion. An abnormal ratio (> 1.65 if kappa is the involved
light chain or < 0.26 if lambda is the involved chain)
indicates potential monoclonality even if absolute levels
are modestly elevated.

In contrast, absolute values fluctuate with non-
malignant factors like hydration, inflammation (eg,
rheumatoid arthritis), or infections, making them
unreliable in isolation.! A patient with chronic kidney
disease might show elevated levels of both light chains
(kappa 25 mg/L, lambda 30 mg/L) but have a normal
kappa:lambda ratio (0.83), reflecting reduced clearance
rather than clonality.

Serial monitoring of the kappa:lambda ratio out-
performs absolute values for detecting response to
therapy and relapse. Studies show that relying on the
kappa:lambda ratio reduces overreferrals by 50% to
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Based on information from references 9 and 10.

70%.° In tracking serial kappa:lambda ratios for trends,
stable mild deviations rarely progress, but doubling over
6 to 12 months warrants a consultation.

3. USE REVISED, CONTEXT-ADJUSTED FLC RATIO
REFERENCE RANGES FOR INTERPRETATION, RISK
STRATIFICATION

Using legacy reference intervals for serum FLC ratios
leads to significant overdiagnosis of light-chain MGUS
in healthy populations. The Iceland Screens, Treats, or
Prevents Multiple Myeloma (iStopMM) study®’ used
population-based screening for MGUS to identify
candidates for early treatment of multiple myeloma.
Population data from this study showed that an iso-
lated mild kappa elevation (approximately 25 mg/L)
alongside a normal kappa:lambda ratio and preserved
eGFR (> 60 mL/min/1.73 m?) typically reflects tran-
sient fluctuation rather than clonal disease. Data
from the iStopMM cohort® were used to revise serum
FLC reference intervals (Table 1),”'° reducing false
positives and unnecessary interventions in low-risk
groups. These adjustments reclassify about 80% of mild
elevations as normal.®

Using the revised reference intervals allows cli-
nicians to focus resources on patients with high-risk
features. For example, a ratio of involved FLCs to unin-
volved FLC:s greater than 100 in patients with smolder-
ing (asymptomatic) multiple myeloma predicts an 80%
risk of progression to multiple myeloma or light-chain
amyloidosis within 2 years.? Furthermore, incorporating
the revised reference intervals supports personalized
follow-up: those with low-risk MGUS (normal kap-
pa:lambda ratio) need annual laboratory studies only;
the IMWG advises against routine follow-up bone
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imaging in low-risk MGUS unless clinical or biological
signs of progression emerge.®8

4. INTERPRET MILD ELEVATIONS IN THE CONTEXT
OF PATIENT FACTORS AND PRETEST PROBABILITY

Slight deviations (eg, kappa 22 mg/L with normal
lambda and normal kappa:lambda ratio) often reflect
benign causes. Such deviations are common in adults
older than 70 and in patients with chronic kidney
disease (eGFR < 60 mL/min/1.73 m?), and are often
due to age-related polyclonal increases or to impaired
renal excretion that prolongs light-chain half-life in
chronic kidney disease.®

Clinical context is important, and the values need
to correlate with clinical history. In a 70-year-old
patient with osteoarthritis and mild anemia, an iso-
lated mild light-chain elevation might be incidental,
while the same finding in a patient with bone pain and
hypercalcemia should prompt further workup.

Very high levels (involved light-chain level
> 100 mg/L) should prompt a hematology referral
regardless of the kappa:lambda ratio, as levels greater
than 100 mg/dL have a positive predictive value for
multiple myeloma and amyloidosis greater than 90%.?
If the kappa:lambda ratio is borderline (Table 1), then
retesting after 3 to 6 months is indicated rather than
immediately escalating the workup, such as urgent bone
marrow biopsy or advanced imaging. Newer tools like
mass spectrometry can clarify ambiguity by detecting
monoclonal-protein signatures missed by immunoas-
says, reducing false positives by 30%.!

Avoid overinterpreting mild elevations in isolation
by integrating serum FLC results with serum protein
electrophoresis, complete blood cell count, chemistry
panel results, and imaging. Isolated mild changes rarely
progress without red flags.

5. BE VIGILANT FOR ASSAY LIMITATIONS THAT CAN
MIMIC OR MASK MILD ABNORMALITIES

A falsely low reading in diagnostic testing can occur
when there is an overwhelming excess of antigen in
high-burden disease. Known as the hook effect, the
excess antigen saturates the immunoassay capture
and detection antibodies, reducing the formation of
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Also, variability in testing platforms affects antigen
thresholds. Assays should not be considered inter-
changeable, and it is advisable to use the same assay
consistently to ensure accurate trends.

Il THE BOTTOM LINE

Order serum FLC testing judiciously when there is

clinical suspicion for a plasma cell disorder. Interpret

mild kappa or lambda elevations through the lenses of

the kappa:lambda ratio, patient context, and age- and

eGFR-adjusted reference ranges (Table 1).°

Prompt hematology referral is warranted in the
following settings:

e The involved light-chain level exceeds 100 mg/L,
regardless of kappa:lambda ratio (positive predictive
value > 90% for multiple myeloma and amyloidosis)

¢ The kappa:lambda ratio is less than 0.02 or greater

than 100
e New CRAB features emerge in a patient known to

have MGUS

e Criteria for smoldering multiple myeloma are met
(per IMWGH*: serum monoclonal protein > 30 g/L
or urine monoclonal protein > 500 mg/24 hours
or bone marrow plasma cells 10%—-60%, without
myeloma-defining events).

In established MGUS, rising or doubling of the
kappa:lambda ratio over 6 to 12 months should prompt
reevaluation. Isolated mild elevation with a normal
kappa:lambda ratio without red flags can be monitored
with serial laboratory studies using revised reference
ranges. Assess urinary light chains (Bence Jones pro-
tein) when kidney involvement is suspected or serum
electrophoresis, serum FLC findings, or both are dis-
cordant. This approach aligns with value-based care,
minimizes unnecessary tests and referrals, and ensures
timely detection of actionable disease. [
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Q: When is brain MRI with

and without contrast indicated
for evaluation of headache?

o Headache isacommonly encountered patient
® concern in a variety of clinical settings,
and clinicians are tasked with differentiating primary
headaches (ie, migraine, tension-type headache, and
trigeminal autonomic cephalgias) from secondary
headaches to determine when imaging is needed, and
further, to determine when imaging needs the addition
of contrast enhancement. Medication overuse is the
most common cause of secondary headache, while
other secondary etiologies include neoplasm, infection,
inflammation, vascular pathology, and abnormal intra-
cranial pressure. Secondary headache disorders are
suspected more often than they are detected, but neu-
roimaging serves an important role in the diagnostic
workup of headaches when red-flag features are present
(nonexhaustive list)!:
Abrupt-onset (“thunderclap”) headache
Features of abnormal intracranial pressure
Concern for intracranial infection
Neurologic deficit(s)
History of malignancy, immunosuppression, or an-
tecedent trauma
Older age at onset (> 50 years)
Increasing headache frequency or severity.

Il WHAT NEUROIMAGING MODALITY SHOULD BE
USED FOR EVALUATING HEADACHE?

The American Headache Society recommends against
using computed tomography for headache when mag-
netic resonance imaging (MRI) is available, except
in emergencies, as computed tomography takes less
time.* MRI is the imaging modality of choice for the
workup of headaches because it has higher resolution

doi:10.3949/ccjm.93a.25106

and greater sensitivity at detecting intracranial pathol-
ogies, including posterior fossa pathology, as compared
with computed tomography.

I WHY WOULD | NEED TO ADD CONTRAST
ENHANCEMENT?

When red-flag features are found during the evaluation of
patients with headache, the differential diagnosis should
be used to determine whether contrast enhancement is
needed. The authors recommend ordering brain MRI
with and without intravenous contrast for the evaluation
of headache in patients with current or previous malig-
nancy, immunosuppression, or focal neurologic deficits,
or when the differential diagnosis includes atypical
presentations of primary headache disorders, trigeminal
autonomic cephalgias, intracranial infection, and intra-
cranial hypotension or hypertension (Figure 1). This
approach is illustrated in the 4 case scenarios below.

I WHAT SHOULD | CONSIDER BEFORE ADDING
CONTRAST ENHANCEMENT?

Adding contrast to imaging can have a diagnostic
benefit, but this decision must take into consider-
ation possible risks of exposure, increased chance of
incidental findings, and cost.

Gadolinium-based contrast agents (GBCAs) are
paramagnetic ions thatenhance abrain MRI by improv-
ing the visualization of soft tissues, particularly in areas
where the blood-brain barrier is disrupted. This allows
for better detection of abnormalities such as tumors,
infection, inflammation, active demyelination, vas-
cular pathology, and conditions associated with low
cerebrospinal fluid. The use of GBCA:s is reported to
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Patient presents with headache

New onset after age 50

Any one of the following features present?

Change in prior headache character or frequency
Other red-flag features (SNOOP criteria)'

NO YES

\

Description consistent with typical
primary headache disorder diagnosis?

YES | NO
Provide Brain MRI
reassurance without
and treat contrast

Any one of the following features present?
Abnormal examination or cranial nerve symptoms
Primary headache with atypical features
Active or previous malignancy
Differential diagnosis that includes

e Intracranial hypotension or hypertension,
e Intracranial infection or inflammatory disorder, or
e Trigeminal autonomic cephalgia

1

NO | YES

Pregnancy, chronic
YES kidney disease, or other
contraindications to

gadolinium-based
contrast agents?

NO

Y

Brain MRI with and
without contrast

Figure 1. Approach to determining need for contrast enhancement in the evaluation of headache.
MRI = magnetic resonance imaging; SNOOP = systemic symptoms, neurologic symptoms, onset is sudden, older patient, previous

headache history/positional change/precipitators/papilledema

be 62% more expensive than noncontrast studies and
may increase the risk of incidental benign findings.?
Also, GBCAs should be used cautiously in patients
with acute kidney injury or severe chronic kidney
disease (estimated glomerular filtration rate < 30 mL/
min/1.73 m?) and are contraindicated in pregnancy
and in patients with a previous type 1 hypersensitivity
reaction to GBCAs.?
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I SCENARIO 1: HEADACHE AND MALIGNANCY
HISTORY

A 60-year-old woman presents to your office with new-onset
generalized headaches that have occurred daily for the past
4 weeks and are associated with nausea and vomiting. She
has a history of breast cancer diagnosed 3 years ago, which
was treated with lumpectomy and radiation. Her neurologic
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examination is notable for hyperreflexia at the left patellar and
Achilles tendons and a left-sided extensor plantar response.

This presentation is concerning for intracranial
metastasis and warrants workup with brain MRI with
and without intravenous contrast. Among the most
concerning differential diagnoses in patients pre-
senting with headache is an intracranial neoplasm.
A 2025 retrospective review of 874 outpatient brain
MRIs with and without intravenous contrast, indi-
cated for evaluation of headache, found that imaging
without contrast detected all intra- and extra-axial
masses associated with parenchymal edema.? How-
ever, this study excluded individuals with current
or previous malignancy. Therefore, when detection
of intracerebral or leptomeningeal metastasis is the
primary indication for neuroimaging, brain MRI with
and without contrast is recommended.

In patients undergoing evaluation for secondary
headache where the concern for malignancy is low
and there are no other red-flag features, ordering brain
MRI without contrast would be appropriate.!?

Il SCENARIO 2: MORNING HEADACHES

A 28-year-old woman presents to the office with a chief
concern of new-onset generalized pressure-like headaches
that are worse furst thing in the morning, improve when she
is upright, and are triggered by Valsalva maneuver. Her
headaches are associated with bilateral pulsatile tinnitus
and visual changes. On examination, she has a body mass
index of 35 kg/m? and bilateral papilledema.

This presentation raises suspicion for idiopathic
intracranial hypertension. One of the diagnostic criteria
for idiopathic intracranial hypertension is a cerebrospi-
nal fluid opening pressure of at least 25 cm H,O, but
before lumbar puncture is performed, neuroimaging is
recommended to rule out a space-occupying intracranial
lesion to avoid iatrogenic herniation and to rule out sec-
ondary causes of increased intracranial pressure.®’

For this scenario, the American College of Radiol-
ogy recommends that either brain MRI with and
without intravenous contrast or brain MRI without
intravenous contrast is usually appropriate.! However,
the authors recommend obtaining brain MRI with and
without contrast as this approach provides improved
venous sinus depiction, enhancement of the optic
nerve head, and characterization of possible intra-
cranial masses. The addition of magnetic resonance
venography should also be considered to assess for
transverse sinus stenosis, which is commonly seen in
patients with idiopathic intracranial hypertension and
impacts treatment options, such as venous stenting.®

I SCENARIO 3: CLUSTER HEADACHE

A 35-year-old man presents to the office with brief epi-
sodes of severe stabbing pain in his left eye that is associated
with ipsilateral conjunctival injection and lacrimation. The
episodes occur around the same time each day and have
happened around the same time each year for the past
4 years. His ophthalmologist noted no abnormalities, and
his neurologic examination is unremarkable.

This presentation is consistent with episodic clus-
ter headache, a type of trigeminal autonomic cephal-
gia. Structural lesions of the sella, posterior fossa,
and pituitary gland may mimic trigeminal autonomic
cephalgia symptoms, so brain MRI with and without
intravenous contrast is recommended.!

I SCENARIO 4: MIGRAINE HEADACHE

A 40-year-old woman presents to the office for follow-up. For
several years, twice a month, she has experienced a migraine
without aura. Her migraines have not increased in frequency
or severity. She has no history of malignancy or head trauma,
and she is immumocompetent. A newrologic examination is
unremarkable. She was recently told by a friend that she should
have neuroimaging to rule out a brain tumor as the cause.

In patients with migraine without aura and no
red-flag or atypical features on evaluation, the Amer-
ican College of Radiology, the American Headache
Society, and the authors recommend against routine
neuroimaging.*® Despite these recommendations,
it is estimated that 12.4% to 15.9% of patients with
uncomplicated migraines still undergo neuroimag-
ing.” The most appropriate next steps are to focus on
symptom management and provide reassurance, as the
likelihood of finding a brain tumor in a patient with
no malignancy history presenting with headache is less
than 0.1%.’

Il THE BOTTOM LINE

The decision to pursue neuroimaging for a patient
who presents with headache should be guided pri-
marily by a careful history and physical examination.
Attention should be given to a history of malignancy
and to clinical features raising concern for secondary
causes, including intracranial infection and abnormal
intracranial pressure, and for differential diagnoses that
include trigeminal autonomic cephalgias (Figure 1).H
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Winning the battle against
Barrett esophagus and esophageal

adenocarcinoma

ABSTRACT

Esophageal adenocarcinoma is a highly aggressive cancer

that is usually caught too late to avoid severe morbidity

and death. Traditional endoscopic screening for adenocar-
cinoma'’s precursor—Barrett esophagus—and subsequent
surveillance are often ineffective for detecting early cancer,
which can often be treated without esophagectomy.
Current efforts are focused on better identifying patients
at high risk as candidates for endoscopic screening and
developing less invasive and cheaper detection methods to
enable widespread screening in the primary care setting.

KEY POINTS

Emerging evidence indicates that heartburn is too com-
mon a symptom to be useful for determining need for
Barrett esophagus screening; conversely, esophageal pain
is commonly absent in patients with Barrett esophagus.

Endoscopy often fails to detect esophageal adenocarcinoma
even when surveillance guidelines for Barrett esophagus are
followed. Carefully following the Seattle Biopsy Protocols
and repeating endoscopy within a year after initial diagnosis
of Barrett esophagus may improve detection.

Several inexpensive, easily administered screening tools are
being developed. Most involve swallowing a small device
that collects esophageal mucosal cells as it is pulled back up
for histologic evaluation and testing for cancer biomarkers.

Medical Grand Rounds articles are based on edited transcripts from Medicine Grand Rounds presenta-
tions at Cleveland Clinic. They are approved by the author but are not peer-reviewed.

doi:10.3949/ccjm.939r.26054
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LTHOUGH WE HAVE COME A LONG WAY in
Areducing the incidence of squamous cell
carcinoma of the esophagus, likely due to
declining rates of smoking and alcohol con-
sumption, esophageal adenocarcinoma has
become one of the most rapidly rising cancers
in Western countries.! The 5-year survival
rate—about 22%—has changed little over the
past 3 decades.’

Unfortunately, the incidence of esophageal
adenocarcinoma is projected to increase in the
coming decades in the United States,’ likely
due to the anticipated continued rise in obesity,*
which is closely linked to esophageal adenocar-
cinoma. This may be due to gastroesophageal
reflux disease associated with obesity, as well as
inflammatory effects of metabolic syndrome on
esophageal mucosa, leading to a leaky epithe-
lium that allows more acid penetration even in
the absence of reflux symptoms.

Esophageal adenocarcinoma is also becom-
ing more common in younger individuals
(< 50 years).” These patients tend to have a
more severe course due to later presentation,
with 5-year death rates similar to those seen in
patients older than 70.6

I BARRETT ESOPHAGUS

Barrett esophagus is characterized by an en-
croachment of a columnar-type mucosa from
the stomach into the distal esophagus (Figure 1
and Figure 2).7 It can appear as small pockets
of metaplasia or can extend the whole length of
the esophagus. Long-segment Barrett esophagus
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Normal squamous
epithelium

Normal esophagus

Metaplastic
columnar tissue

Injury and
inflammation

astriciacid reflux

Figure 1. Development of Barrett esophagus. The transformation from (A) normal squamous epithelium to
(B) metaplastic columnar tissue is believed to be an adaptive phenomenon, probably an inflammatory

response to acid exposure.

is defined as at least 3 cm of continuous metaplastic
tissue in the esophagus.

The transformation from normal squamous epithe-
lium to (metaplastic) columnar tissue is believed to be
an adaptive phenomenon, probably an inflammatory
response to acid exposure. The result is a mucosa more
tolerant to acid, which likely feels better to the patient
but is associated with progression to adenocarcinoma.®

468 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 93 ¢ NUMBER 8

Sawas et al’ proposed that there are 2 phenotypes
of Barrett esophagus and adenocarcinoma:

e The traditional type (46%), or slow pathway, is
characterized by long segments of intestinal meta-
plasia in the esophagus. Patients tend to have severe
obesity and metabolic syndrome. They character-
istically slowly progress through gastroesophageal
reflux disease symptoms and a histologic sequence
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Figure 2. Normal vs Barrett esophagus on endoscopy and encroachment of columnar-type mucosa into the
esophagus. (A) Normal appearance of the gastroesophageal junction. Outer pink-colored smooth tissue

is squamous mucosa from the esophagus, and inner salmon-colored ridged tissue is stomach mucosa. As
shown here, the limit of gastric folds—the gastroesophageal junction (white dashed line)—should coin-
cide with the squamous columnar junction (blue solid line). (B) Long-segment Barrett esophagus, with en-
croachment of columnar-appearing mucosa into the esophagus. The Prague criteria circumferential extent
(C) of Barrett mucosa (blue dashed line) is located 5 cm from the gastroesophageal junction (white dashed
line), and the blue solid line represents its maximum extent (M) of 6.5 cm.

Reproduced from Dig Liver Dis, Vol 43 Suppl 4, Fiocca R, Mastracci L, Milione M, et al. Microscopic esophagitis and Barrett's esophagus: the histology report, pages

$319-5330; 2011, with permission from Elsevier.

of intestinal metaplasia, low-grade dysplasia, high-
grade dysplasia, and cancer.

e The rapid pathway (54%) tends to occur in
patients with mild obesity without metabolic
syndrome. Small segments of Barrett esopha-
gus, easily missed by endoscopy, may undergo a
genomic catastrophe, with sudden conversion to
an aggressive cancer. This phenotype is associated
with poorer survival compared with the traditional
phenotype.

M WHY IS ESOPHAGEAL CANCER SO DEADLY?

Compared with other cancers, esophageal cancer
continues to have an especially poor prognosis. Even
patients initially diagnosed with stage 2 disease (inva-
sion of muscle layer but not yet metastasized) have
only about a 30% survival rate at 10 years.'

Anatomy predisposes to metastasis

Unless esophageal adenocarcinoma is caught at
either its very earliest detectable point or at a precan-
cerous stage, it is commonly incurable. The likeliest

explanation for its extreme aggressiveness is that the
lymphatic system routes right up into the mucosa.
At Tla, in which the tumor is limited to the most
superficial layer, there is an approximately 5% chance
that it has already metastasized through the lymphatic
system. For T1b (ie, the tumor is submucosal), the risk
is as high as 20%.°

Risk is often overlooked

Another important reason for poor survival is that
patients at risk of Barrett esophagus are often not
identified and screened. Dulai et al'! found from a
review of 12 studies (N = 1,503 cases) that only about
5% of patients undergoing resection for incident
adenocarcinoma had a previously known diagnosis of
Barrett esophagus.

The presenting symptom of esophageal adenocar-
cinoma is often dysphagia, at which point the disease
has usually advanced to incurable cancer. Although
reflux and heartburn have for decades been key cri-
teria for eligibility for Barrett esophagus screening
by most society guidelines, patients with the worst

CLEVELAND CLINIC JOURNAL OF MEDICINE =~ VOLUME 93 ¢ NUMBER 8 AUGUST 2026 469



BARRETT ESOPHAGUS AND ESOPHAGEAL ADENOCARCINOMA

reflux frequently have the least severe symptoms, and
vice versa. This paradoxical phenomenon reflects
reduced sensitivity of the esophagus as acid exposure
continues.'?

Opportunities to refer at-risk patients for endos-
copy are frequently missed in primary care settings.
In a large retrospective cohort study, Vajravelu et al'?
found that patients diagnosed with incident esoph-
ageal cancer tended to have multiple primary care
visits in the 3 years before diagnosis.

Many patients take acid blockers nightly over years
without reporting it to their doctor because the drugs
are available over the counter and the symptoms are
pretty well managed. Asking about nighttime symp-
toms is one of the most important questions a primary
care physician can ask to identify increased risk of
Barrett esophagus, because patients are likely to have
chronic acid exposure.

B EFFORTS TO IMPROVE SCREENING GUIDELINES

White men with central obesity are usually consid-
ered most at risk for developing Barrett esophagus,"
and the population fitting this description in the
United States is large. Identifying patients for screen-
ing who develop the rapid phenotype is even more of
a challenge: they are more likely to have only mild
obesity, without metabolic syndrome. And because
heartburn is so common, it is not specific, and as dis-
cussed above, symptoms tend to wane in time. Deter-
mining better ways to select candidates for screening
is an active area of investigation.

Wenker et al'* developed the Houston-BEST
(Barrett’s Electronic Screening Tool) Barrett esopha-
gus risk prediction model adaptable for incorporation
into electronic health records. Risk factors include
male sex, age 50 or older, White or Hispanic eth-
nicity, smoking, elevated body mass index, history
of gastroesophageal reflux disease, and family history
of esophageal cancer. Although this model improves
Barrett detection rates, it ignores women (who appear
to be only protected until menopause), other ethnic
groups, and individuals without obesity, thus exclud-
ing many vulnerable at-risk people.

Sawas et al"® examined the sensitivity criteria for
screening patients with Barrett esophagus from the
American College of Gastroenterology and the Brit-
ish Society of Gastroenterology using 2 cohorts of
patients. By eliminating the presence of reflux symp-
toms, while including women, and considering proton
pump inhibitor use, detection of esophageal adenocar-
cinoma significantly improved.
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Rubenstein et al'® used artificial intelligence tools
to develop the Kettles Esophageal and Cardia Adeno-
carcinoma Prediction (K-ECAN) tool. In addition to
the expected risk factors, performance was improved
by adding novel ones, eg, features of metabolic syn-
drome (lower high-density lipoprotein cholesterol and
higher low-density lipoprotein cholesterol), chronic
obstructive pulmonary disease, lower serum bicarbon-
ate, higher white blood cell count (possibly indicative
of systemic inflammation), lower sodium, lower blood
urea nitrogen, and lower alanine transaminase.

Novel approaches may prove useful
Tumor markers are being identified that could help
focus screening efforts. Januszewicz et al'” showed that
p53 antibodies, a marker of cancer aggressiveness and
detectable by immunochemistry of endoscopic biopsy
tissue, can be especially useful for assessing increased
risk in patients with a diagnosis of Barrett esophagus
indefinite for dysplasia. It is the most used biomarker
at present and can also be detected in serum.

Methylation markers may soon serve as useful
diagnostic biomarkers, as they are well known to be
an important part of the cancer process.!®

Diehl et al”” developed an extensively tested tissue
systems pathology test based on quantitative image
features derived from biomarkers and morphology
to better predict cancer risk in patients with Barrett
esophagus.

The future gold standard screen may involve
a blood test to identify a microRNA signature for
detecting esophageal cancer. It is currently useful with
squamous carcinoma,”® and is promising for Barrett
esophagus, dysplasia, and adenocarcinoma.?!

Il IMPROVING ENDOSCOPIC SURVEILLANCE
PRACTICES

Unfortunately, endoscopic findings of a precancerous
esophageal lesion can be subtle and easily overlooked,
especially by a busy or inexperienced gastroenterol-
ogist. Even with an optimal screening technique,
cancer is often missed. A meta-analysis of 24 studies
(N = 820 cases of newly diagnosed esophageal adeno-
carcinoma) found that 25% of cancers were detected
within 1 year after the index endoscopy that found
Barrett esophagus.?

In a population-based study in the Netherlands,
Peters et al?’ found that most patients who were
identified with Barrett esophagus and subsequently
diagnosed with malignancy received the diagno-
sis within 5 to 6 years, and among those, the vast
majority developed the malignancy during the first
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year. In a meta-analysis of 22 studies involving nearly
18,000 patients with Barrett esophagus with mini-
mum follow-up of 3 years, about 80% of those diag-
nosed with adenocarcinoma or high-grade dysplasia
at the index endoscopy or within 1 year of Barrett
follow-up were considered to have prevalent rather
than incident disease.?

One explanation for the cancer appearance within
a year after endoscopy noted in many studies is that
the tissue goes from metaplasia to cancer very rapidly.
Probably a better explanation is that the cancer was
missed during the initial endoscopy when Barrett
esophagus was diagnosed. This is even more likely
with cancers developing in ultrashort segments of
esophageal intestinal metaplasia.

Codipilly et al® found in a meta-analysis that
patients under surveillance for Barrett esophagus had
a 25% reduction in all-cause mortality, with rates not
too different from patients not under surveillance.

The more recently published Barrett’s Oesophagus
Surveillance Study (BOSS)?* found no difference at
10 years in the rate of esophageal adenocarcinoma
diagnosis between people with Barrett esophagus
undergoing biennial surveillance and those under-
going only “at need” endoscopy (for presence of new
symptoms). Although this study had some flaws, it
turned the field upside down, calling into question
the usefulness of surveillance for patients with Barrett
esophagus. No one advocates for abandoning the sur-
veillance practice, but refining guidelines and clinical
practices may be in order.

It is interesting that after the first year of negative
findings confirming the diagnosis of Barrett esophagus
without dysplasia or cancer, the incidence of develop-
ing progression is less than 0.4% annually, and that
only 1 in 2,500 patients diagnosed with Barrett esoph-
agus go on to develop cancer.?

Lessons that might be gleaned from these studies
include the following:

e A more careful first endoscopy would likely save
lives

e After an initial diagnosis of Barrett esophagus,
routinely performing a second screen within the
year to try to catch a missed cancer might be a wise
practice

¢ Continued surveillance after 6 years may not be the
best use of resources.

Il IMPROVING ENDOSCOPIC ASSESSMENT

Simple but important strategies to optimize endo-
scopic practices could likely significantly increase

catch rates of Barrett esophagus and esophageal
adenocarcinoma:
e Carefully inspect the esophagus at the rate of

1 minute/cm
e Follow the Seattle Biopsy Protocol for surveil-

lance of Barrett esophagus (biopsy all 4 quadrants

of affected columnar mucosa every 1-2 cm, plus
targeted biopsies of visible lesions)

Use virtual chromoendoscopy

Become an expert or refer to an expert

Repeat endoscopy within 1 year after index diag-

nosis of Barrett esophagus.

Wani et al*’ assessed adherence to the Seattle
Protocol when sampling for Barrett esophagus. Com-
pliance ranged from 80% (for segment lengths up to
4 cm) to 38% (> 8-25 cm segment lengths), indicating
that patients with increasing risk of dysplasia—associ-
ated with longer length of Barrett segment—are given
less scrutiny and are therefore likelier to have a cancer
overlooked.

Davis et al*® conducted a systematic review and
meta-analysis of patients newly diagnosed with Bar-
rett esophagus in a community facility who were
subsequently sent to an expert center. After review
by an expert gastrointestinal pathologist, they found
that 27% had previously undetected visible lesions
and 59% had pathologic grade change.

In the future, it is likely that machine learning
will improve on human examination of endoscopic
findings. de Groof et al* demonstrated a multistep
deep-learning system that can detect cancer in patients
with Barrett esophagus more accurately than endos-
copists. Beuque et al*® and Faghani et al’! developed
artificial intelligence models that are better able to
distinguish dysplastic grades and determine progression
risk from esophageal biopsies. This is especially import-
ant for identifying criteria for future screening and for
making treatment decisions.

I NONINVASIVE TOOLS PROMISE SCREENING
EXPANSION

For screening at-risk patients, new devices are emerg-
ing that are less invasive and less expensive than
endoscopy and do not require anesthesia or gastro-
enterology expertise.’” The goal is to make screening
for esophageal cancer as convenient as Papanicolaou
tests for cervical cancer. While a given test may not
be totally accurate, it could help identify patients in
need of endoscopy. In many cases, the tests can be
performed by a nurse practitioner, and the patient can
go home immediately afterwards.
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Promising tools include the following:

e Transnasal endoscopy, using a device similar to
(although much thinner) a standard endoscope,
with camera and biopsy capabilities. It is passed
through the nose in an awake patient, requiring
only topical anesthesia.

e EsoCheck, a textured balloon attached to a thin
catheter that can be swallowed. When it reaches
the stomach, the balloon expands and its ridged
surface collects esophageal mucosa cells as it is
pulled back up. EsoCheck comes with a DNA
biomarker panel to assay collected cells. Together,
they achieve 85% specificity and 85% sensitivity
for detecting Barrett esophagus and esophageal
adenocarcinoma.*

e Cytosponge, a 2-cm-long gel-covered capsule
attached to a string and swallowed, releasing a
mesh sponge that collects cells as it is retracted.
Efficacy data are strong from the Barrett’s Oesoph-
agus Trial 3 (BEST3)’* in the United Kingdom,
which found that screening high-risk individuals
with the Cytosponge improved detection of Barrett
esophagus compared with standard management.
The BEST4 trial is now underway, with the goal of
screening 120,000 people.

For the first time, these tools offer the opportunity
to bring esophageal screening widely to the public to
increase the chance that esophageal cancer can be
detected early enough to make a survival difference.
One model consists of a mobile van equipped with
such devices, allowing community outreach inexpen-
sively on a large scale.”
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Navigating pulmonary nodules:
Guidelines on assessing risk
and determining next steps

in primary care

ABSTRACT

Pulmonary nodules are often encountered in primary care
during radiographic evaluation of respiratory symptoms,
incidental imaging, and lung cancer screening. While most
nodules are low risk, accurately identifying nodules that
require surveillance, determining appropriate follow-up
intervals, and deciding when specialist evaluation and
intervention is indicated are challenging.

KEY POINTS

Pulmonary nodules detected through incidental imaging
or lung cancer screening cause psychological distress in
patients and impose a substantial cognitive and manage-
ment burden on primary care physicians.

Lung cancer is the leading cause of cancer-related death
for men and women in the United States, yet adherence to

recommended screening for eligible patients remains low.

Early detection of lung nodules allows lung cancer to be
identified at an earlier stage, which significantly improves
treatment options and can reduce the risk of death.

Effective pulmonary nodule management requires
guideline-concordant care as well as familiarity with

local referral pathways, including multidisciplinary nodule
clinics, particularly for higher-risk nodules or when
management uncertainty exists.

doi:10.3949/ccjm.93a.26004

ULMONARY NODUTLES are focal radiographic
Popacities 3 cm or less in diameter—larger
lesions are classified as pulmonary masses.
Nodules are primarily organized by imaging
characteristics—specifically size and tissue
attenuation. By size, they are classified as
either small (< 8 mm) or large (> 8 mm). By
attenuation they are further categorized as solid
or subsolid, with the latter encompassing part-
solid and ground-glass nodules—an opacity of
the lung architecture without any identifiable
solid component.

This review outlines the epidemiology of
pulmonary nodules and offers practical guid-
ance for their evaluation, risk assessment, and
follow-up.

See related editorial, page 485

M VERY COMMON, BUT 95% ARE BENIGN

Pulmonary nodules are commonly identified
in radiographic imaging, often unexpectedly.
They are discovered on approximately 25% of
all computed tomography (CT) scans of the
chest, and in the United States, an estimated
1.6 million pulmonary nodules are discov-
ered annually.! Fortunately, the vast majority
are benign, with only about 5% representing
malignancy.!
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PULMONARY NODULES

I UPDATE: SCREEN THOSE AGE 50 TO 80
WITH 20-PACK-YEAR SMOKING HISTORY

In 2013, low-dose CT replaced plain film chest radiog-
raphy as the standard of care for lung cancer screening.
This change was based on recommendations from the
US Preventive Services Task Force (USPSTF), which
advised screening in adults at high risk, ie, those who
are age 55 to 80 with a 30-pack-year smoking history.
This recommendation was driven by findings from the
National Lung Screening Trial in the United States,?
which demonstrated a 20% reduction in lung cancer
mortality when screening by low-dose CT rather than
plain chest radiography, with approximately 320 low-
dose CT screenings needed to prevent 1 lung cancer
death over a median follow-up of 6.5 years.

In 2021, the USPSTF broadened the defined
high-risk population to include persons age 50 to 80
with a 20-pack-year smoking history.’ This expansion
followed the contributions of the European-based
Nederlands-Leuvens Longkanker Screenings Onder-
zoek (NELSON) trial,* which showed similar benefits
in a younger cohort with a lower pack-year history.

Today, fewer people smoke, cancer treatment has
improved, and more people are being screened—which
together contributed to a 34% decline in the overall
lung cancer death rate from 1991 through 2022. Still,
lung cancer remains the leading cause of cancer-related
death in both men and women in the United States,
killing more people than colorectal, breast, and pros-
tate cancers combined.’

I MANY POSSIBLE CAUSES, INCLUDING CANCER

Pulmonary nodules can be caused by a diverse set of

disease processes®:

e Infectious causes include mycobacterial disease,
histoplasmosis, coccidioidomycosis, aspergillosis,
organizing pneumonias, Echinococcus granulosis
infections, and septic emboli

® Vascular abnormalities such as arteriovenous
malformations, infarction, and pulmonary venous
varices may also present as a nodule

e Benign structural causes include bronchogenic
cysts, hamartomas, rounded atelectasis, amyloidosis,
and intrapulmonary lymph nodes

¢ Autoimmune etiologies include nodular sarcoidosis,
granulomatosis with polyangiitis, and rheumatoid
nodules

¢ Environmental exposures (silica, coal dust, asbes-
tos fibers, beryllium) can cause pneumonoconiosis
and manifest as pulmonary nodules

e Malignant neoplasms such as primary lung cancer
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and metastatic disease that has spread to the lung
also present as nodules.

Il RISK FACTORS FOR LUNG CANCER

Risk factors for primary lung cancer include the

following®®:

e Cigarette smoking

e Exposure to ionizing radiation such as from envi-
ronmental radon (for which home radon testing
can be advised to reduce modifiable risk)

e Exposure to occupational carcinogens such as arse-
nic, chromium, nickel, silica, asbestos, tar, and soot
Exposure to air pollution
Comorbid lung conditions such as idiopathic pul-
monary fibrosis, chronic obstructive lung disease,
and tuberculosis

e Asian ethnicity, particularly among women and
including never-smokers
Older age
Family history of cancer
History of previous lung cancer.

Il INITIAL EVALUATION

As we said above, although about 95% of pulmonary
nodules are benign, lung cancer remains the leading
cause of cancer-related death in the United States.! The
goal of evaluation and monitoring is to catch malig-
nancy at an intervenable stage, ideally with curative
intent, while also minimizing unnecessary risk from
interventions to patients who harbor benign lesions.
Given the stark contrast in outcomes, with 5-year
survival rates of approximately 65% for early-stage
lung cancer vs only 10% for late-stage disease, early
detection is critical.’

The initial evaluation of a pulmonary nodule should
focus on assessing pretest probability for malignancy by
addressing 2 questions:

e What are the patient-specific risk factors?
e What are the nodule-specific risk factors?

Patient-specific risk factors to consider include age,
ethnicity, tobacco history, family history of lung cancer,
personal cancer history, comorbid pulmonary diseases,
symptoms, and context in which the nodule was iden-
tified, eg, incidental vs health maintenance screening.

Nodule-specific risk factors include nodule type
(solid, part-solid, ground-glass), size, location, shape
of border, pattern of calcification, and growth rate.
The latter can be established with careful review of
previous imaging, if available. CT evaluation of the
chest is essential and superior to plain radiography or
magnetic resonance imaging for nodule characteri-
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zation. However, thin axial sections (< 1.5 mm) are
essential for accurate characterization.!®!!

Radiographic features

Table 1 summarizes radiographic features that suggest a
low risk (Figure 1) vs a high risk (Figure 2) of malig-
nancy in pulmonary nodules.

Size. In the United States, nodule measurements
are reported as mean nodule diameter. Nodule size
correlates with malignancy risk, although nonlinearly,
and therefore guides surveillance intensity and consid-
eration of procedural intervention.'>!

As arule of thumb, nodules measuring 8 mm or larger
generally warrant consideration for workup beyond sur-
veillance. However, nodule size should be considered in
the context of its attenuation type—solid, part-solid, or
ground-glass—as they pose different risks of malignancy.!?

Growth rate. Malignant solid-type nodules grow
quickly, with an average volume doubling time of
400 days or fewer, corresponding to an approximately
25% increase in mean diameter.'* Subsolid nodules,
even when malignant, grow more slowly. Meta-analyses
report average volume doubling times for malignant
part-solid nodules as 536 days and ground-glass nodules
as 669 days.?

Review of all previous imaging is critical, as growth
trends may already be present. Growth rates are a prin-
cipal feature used to assess stability and infer benignity
without invasive procedures. For example, solid nodules
that are stable for 18 to 24 months are likely benign
and may prompt discontinuation of nonroutine sur-
veillance.! Growth of 1.5 mm or more on serial imaging
is significant, accounting for measurement variability
inherent to manual CT measurements, and thus war-
rants further diagnostic consideration (Figure 2A).!¢

Location is also useful for risk-stratifying: upper lobe
nodules are approximately twice as likely to be malig-
nant.!” Ventilation-perfusion differences are likely the
primary driver of this effect, as inhaled carcinogens are
preferentially delivered to the upper lobes. The right
lung also has a higher cancer incidence, attributed to
greater airflow through the more vertically orientated
right mainstem bronchus. !

When an air-filled bronchus is located within or
adjacent to a nodule (the bronchus sign), malignancy
is 30% less likely.!” Bronchial dilatation as it enters the
nodule, however, suggests vascular or lymphatic inva-
sion, making cancer more likely.!” Perifissural nodules
are often benign intrapulmonary lymph nodes, but a
well-circumscribed border would be expected.!

Nodule margins provide additional diagnostic
information. Spiculation, defined as small needle-like

TABLE 1
Low-risk and high-risk radiographic
features of pulmonary nodules

Feature Low risk High risk
Size <6mm >8mm
Growth rate  No growth > 1.5 mm interval growth
on serial imaging
o Per|f|ssura|Upper s
Right lung
Margins Smooth Spiculated
Lobulated
e
Central Stippled (punctate)
Lamellated Amorphous
Popcorn
Fat Macroscopic fat —

projections extending from the nodule, is especially con-
cerning, as it often represents vascular and lymphatic
invasion, conferring a more than 5 times greater relative
risk of cancer (Figure 2B).!” Conversely, smooth mar-
gins decrease risk fivefold (Figure 1A). Lobulation is
associated with a modest 10% increase in malignancy
likelihood (Figure 2C).

Calcification can suggest either a higher or lower
risk of malignancy, depending on the pattern.' Diffuse,
central, lamellated, and popcorn-style calcifications
favor benignity (Figure 1B)." Eccentric, stippled
(punctate), and amorphous patterns of calcification
raise concern for malignancy.?

Macroscopic fat on CT imaging is a reliable and
specific finding for a pulmonary hamartoma, which
account for about 75% of all benign pulmonary nodules
(Figure 1C).*!

Small solid nodules (< 8 mm)
Small solid pulmonary nodules, defined as solid nodules
less than 8 mm in diameter, carry a low probability of
malignancy, estimated to be less than 2% for all-comers
(Figure 1D).! Radiographic surveillance is not uni-
versally required and should instead be individualized
based on patient-specific risk factors and nodule-specific
characteristics. These nodules are most appropriately
followed in the primary care setting.

Patients with a solitary small solid nodule measuring
6 to 8 mm should undergo a repeat chest CT at 6 to
12 months, whereas nodules smaller than 6 mm are
imaged at 12 months only if patient-specific risk factors
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Macroscopic fat

Figure 1. Pulmonary nodules: low-risk radiographic signs. (A) Smooth margins. (B) Benign calcification
patterns (left to right: diffuse, central, popcorn, lamellated). (C) Macroscopic fat. (D) Small solitary nodule.

(eg, smoking history, family history of lung cancer) or
radiographic risk factors (eg, spiculation, lobulation,
nodule location in an upper lobe) are present.?? If the
first interval chest CT remains stable, a second follow-up
scan at 18 to 24 months should be performed to assess
continued stability for both 6-to-8-mm nodules and
higher-risk nodules smaller than 6 mm.

Although no surveillance is necessary for low-risk
nodules, characterized as smaller than 6 mm with no
known patient risk factors or high-risk radiographic
features (Table 1), it is reasonable to use shared
decision-making and obtain a 12-month interval scan.

If there are multiple nodules 6 to 8 mm in size, the
Fleischner Society guidelines?? recommend follow-up
CT imaging at 3 to 6 months, regardless of perceived
risk factors, and repeat imaging at 18 to 24 months to
evaluate stability. However, these guidelines exclude
patients with a history of malignancy, age younger than
35 years, or with known immunosuppression. These
patients should be considered for specialty clinic refer-
ral due to their complexity.
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Large solid nodules (8-30 mm)

The probability of malignancy in a large solid pulmonary
nodule is highly variable, and therefore risk-stratification
models are useful to balance both patient-specific and
nodule-specific risk factors. Regardless, a referral to a
multidisciplinary pulmonary nodule clinic should be
initiated without delay, as risk stratification is more com-
plex and often involves advanced imaging or procedural
intervention. If specialist evaluation is anticipated to
be delayed beyond 3 months from the original image,
a 3-month interval CT scan should be completed to
expedite the workup.

Part-solid nodules

Clinically, part-solid nodules carry a substantially
higher risk of malignancy than do solid nodules and
pure ground-glass nodules.”” These nodules repre-
sent a key radiologic manifestation along the lung
adenocarcinoma spectrum and are defined by the
coexistence of ground-glass and solid components

(Figure 2D).
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Figure 2. Pulmonary nodules: high-risk radiographic signs. (A) Rapid growth (> 1.5 mm growth of solid nod-
ule on 3-month interval surveillance imaging). (B) Spiculated margins. (C) Lobulated margins. (D) Part-solid.
(E) Ground-glass (lung window). (F) Increased metabolic activity on positron emission tomography.
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The 2023 American Association for Thoracic Sur-
gery (AATS) consensus statement?* divides part-solid
nodules into 2 subtypes: real part-solid nodules and
heterogenous ground-glass nodules. A real part-solid
nodule has a solid component visible on the mediastinal
window, whereas in a heterogenous ground-glass nodule
the solid component is visible only on the lung window.
This distinction is clinically important, with real part-
solid nodules having the highest risk of malignancy,
heterogenous ground-glass nodules carrying an interme-
diate risk and being more likely than nonsolid nodules
(pure ground-glass nodules) to progress to real part-solid
nodules, and nonsolid nodules having the lowest risk.**

Management is dictated by the size of the largest
solid component when risk-stratifying; the ground-glass
portion is thus not included in size measurement. For
example, a part-solid nodule with a 5-mm solid compo-
nent within a 17-mm total nodule would be managed
according to the less-than-6-mm solid component path-
way. Based on the Fleischner Society guidelines,* if the
solid component is larger than 6 mm, a 3-to-6-month
follow-up CT scan should be performed. It would also
be reasonable to refer the patient to a multidisciplinary
pulmonary nodule clinic at this juncture.

Ground-glass nodules

Ground-glass nodules, more precisely termed nonsolid
nodules in the 2023 AATS consensus statement,** are
defined as areas of increased attenuation visible on
a CT lung window but not visible on a standard CT
mediastinal window and without any solid component
(Figure 2E). Nodules that are a byproduct of an under-
lying benign inflammatory process often disappear in
as little as 3 months on follow-up imaging.?®»

Just like part-solid nodules, persistent ground-glass
nodules fall on the adenocarcinoma spectrum. The
development of a solid component should be consid-
ered an invasive adenocarcinoma until proven other-
wise. For solitary ground-glass nodules measuring 6 mm
or larger, CT surveillance should be performed at 6 to
12 months and then every 24 months up to 5 years
per the 2017 Fleischner Society recommendations.?

However, the 2023 AATS consensus statement
adopts a slightly more accelerated approach, recom-
mending the first follow-up CT scan at 6 months. We
support this strategy, as persistent ground-glass nodules
beyond 6 months should prompt consideration for a
multidisciplinary nodule clinic referral.? When multi-
ple ground-glass nodules are present, even if all nodules
are less than 6 mm in size, CT surveillance should be
performed in 3 months, and a multidisciplinary nodule
clinic referral is recommended.?
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Benign-appearing nodules

While most nodules are benign, establishing this with-
out CT surveillance or tissue sampling is challenging.
However, nodules with a clearly benign pattern of
calcification or the appearance of macroscopic fat
on CT imaging do not need to be monitored out of
concern for malignant potential (Figure 1).° Solid
perifissural nodules are also presumed benign when
the mean diameter is less than 10 mm, with smooth
margins and an oval, lentiform, or triangular shape.
These do not require surveillance.!?

M RISK STRATIFICATION FRAMEWORK

Risk stratification for pulmonary nodules is funda-
mental in guiding patient care. Stratification allows
clinicians to select the most appropriate surveillance
interval and diagnostic tool. Several validated risk
stratification models are used in clinical practice; we
briefly highlight 4 commonly used models.

The Lung Imaging Reporting and Data System
(Lung-RADS)
The Lung-RADS imaging classification system was
introduced in 2014 and most recently updated in 2022
by the American College of Radiology to standardize
the reporting and recommended management of pul-
monary nodules identified on lung cancer screening
with low-dose CT for qualifying patients.® As such,
the risk of malignancy is extrapolated purely from
nodule-specific characteristics such as size, nodule
type, growth rate, location, margins, and calcification
pattern. Through standardization, Lung-RADS has
successfully reduced both false-positive screens and
unnecessary follow-up.2

Nodules are classified within alphanumerical cate-
gories—0, 1, 2, 3, 4A, 4B, 4X—with a standardized set
of recommendations for each.?® Category O indicates
an incomplete evaluation due to poor image quality
or a confounding variable such as active pneumonia
limiting interpretation. Nodules assigned Lung-RADS
categories 1 and 2 have an estimated malignancy risk
of less than 1%, while category 3 carries a 1% to 2%
risk. Category 4A nodules are associated with a 5% to
15% estimated risk of malignancy, and categories 4B or
4X with a greater than 15% likelihood of malignancy.””

The Mayo Clinic model

The Mayo Clinic model uses a logistical regression
model based on 6 independent predictors of lung malig-
nancy (age, nodule diameter, smoking history, previous
extrathoracic cancer diagnosis > 5 years ago, upper lobe
location, and presence of spiculation). It categorizes
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patients as being at low (< 5%), intermediate (5% to
65%), or high risk (> 65%) of malignancy.'”*®

The model was first established by Swensen et a
for solitary pulmonary nodules, and was based on a ret-
rospective cohort study of 419 patients of Mayo Clinic
with solitary pulmonary nodules measuring from 4 to
30 mm incidentally discovered by chest radiography
between 1984 and 1986. Despite adequate validation,
a meta-analysis by Papalampidou et al?® found that the
model may be less accurate in Asian populations, likely
due to higher tuberculosis prevalence, which limits
diagnostic accuracy.

129

The Brock University model

The Brock University model also uses a logistic regres-
sion model to estimate the pretest probability that a
nodule is malignant. Developed and validated in lung
cancer screening—eligible populations through the
Pan-Canadian Early Detection of Lung Cancer Study
and the National Lung Screening Trial, respectively,
it has been adopted by the British Thoracic Society in
clinical practice.’**

The most distinctive predictor in the Brock model
is nodule size (diameter); other factors are age, sex,
family history of lung cancer, emphysema, nodule size,
upper lobe nodule location, nodule type, nodule count,
and spiculation.

Overall, the Brock model is best suited for smaller
(<15 mm) subsolid nodules and performs less well with
solid tumors and in Asian populations, who have a
higher prevalence of tuberculosis and in whom this

model’s emphasis on upper lobe location confers falsely
higher risk.’!*

The Herder model

The Herder model is effectively the Mayo model with
the added input of fluorodeoxyglucose uptake on pos-
itron emission tomography (PET)-CT. Risk of malig-
nancy is categorized as less than 10%, 10% to 70%,
and more than 70%. In a study comparing the Mayo,
Brock, and Herder models, the Herder model was more
reliable than the others for predicting malignancy in
patients with solid pulmonary nodules.*?

M DIAGNOSTIC APPROACH AND MANAGEMENT
STRATEGIES

Serial imaging

Low-dose CT overtook plain radiography in 2013 for
lung cancer screening, following the landmark National
Lung Screening Trial’ findings that showed a 20% rel-
ative reduction in lung cancer—related mortality. The
USPSTF currently issues a grade B recommendation

for annual screening via low-dose CT for patients age
50 to 80 with a 20-pack-year history or greater who
are current smokers or who have quit within the past
15 years.’ Beyond initial screening, low-dose CT with
thin sections (< 1.5 mm) is also the standard modality
for surveilling nodules, as this helps to reduce cumu-
lative radiation exposure by nearly 60% to 80% of the
total dose of regular CT."2

PET-CT uses fluorodeoxyglucose, an analogue of
glucose that is absorbed preferentially into tissue with
high glucose metabolism (Figure 2F). Absorption is
expressed numerically as a standardized uptake value
(SUV), with emphasis on the region of highest met-
abolic activity within a nodule, known as SUVmax.
The likelihood of malignancy increases with higher
SUVmax values, but there is insufficient evidence to
standardize numerical risk.*

PET imaging is limited by its susceptibility to both
false-positive and false-negative results. Factors asso-
ciated with false-negative results include small nodule
size (< 8 mm), carcinoid tumors, and subsolid nodules.
False positives are common for infectious or inflam-
matory lesions, rheumatoid nodules, and sarcoidosis.!°

Tissue sampling

The 2 main strategies to sample pulmonary nodules are
navigational bronchoscopy and transthoracic needle
biopsy. Navigational bronchoscopies are performed
under general anesthesia, while transthoracic biopsies
are performed with local anesthetics. In cases in which
the diagnostic probability of cancer is near 100%, sur-
gical resection by wedge biopsy or segmentectomy is
also an option for patients at higher risk in order to
avoid unnecessary diagnostic delays and the risk of
false-negative biopsies.?*

Historically, transthoracic needle biopsy was
preferred for peripherally located nodules because of
higher diagnostic yield, whereas navigational bron-
choscopy was reserved for more centrally located
lesions. More recently, the VERITAS (Navigation
Endoscopy to Reach Indeterminate Lung Nodules
Versus Trans-Thoracic Needle Aspiration) trial’*
showed navigational bronchoscopy was noninferior
to transthoracic biopsy in diagnostic accuracy for
peripheral nodules as small as 10 mm, with a more
favorable safety profile.

CT-guided transthoracic needle biopsy costs on
average $1,694 less than bronchoscopy.” However, it
is disproportionately affected by complications, with
pneumothorax occurring approximately 25% more fre-
quently and nearly 7% of transthoracic needle biopsy—
related complications requiring hospitalization within
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Figure 3. Pathway for follow-up vs referral of a pulmonary nodule.??? This algorithm is not intended for
patients with history of prior malignancy or known immunosuppression or younger than 35 years.

aRisk assessment relies on clinical judgment. High-risk features include older age, significant smoking history, family history of lung cancer, exposure to inhaled
environmental carcinogens (eg, ashestos, radon), upper lobe location, and irregular or spiculated nodule borders. Low-risk features include younger age, minimal
smoking history, smooth margins, and non—-upper lobe location.

bAlthough follow-up imaging is not required, a computed tomography (CT) scan of the chest at 12 months may be considered for patient reassurance due to
potential psychological distress.

Growth > 1.5 mm on surveillance imaging is considered significant regardless of initial size and warrants referral. Development of a solid component in a ground-
glass nodule is also considered significant growth and warrants referral.

9f specialist evaluation is anticipated to be delayed beyond 3 months from the original image, a 3-month interval CT scan should be completed.
Nodule size is based on the solid component. Ground-glass components are not included for part-solid pulmonary nodules when determining the need for surveillance.

fReferral to a multidisciplinary pulmonary nodule clinic is preferred; however, a pulmonary referral is acceptable if such resources are unavailable.
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1 week.**3¢ Navigational bronchoscopy also uniquely
allows for simultaneous ancillary bronchoscopy-
mediated procedures such as staging via endobronchial
ultrasonography.

Applying guidelines to management
Guideline-directed pulmonary nodule management
begins with screening eligible patients for lung cancer.
Nationally, fewer than 1 in 5 eligible patients are up to
date with lung cancer screening.’’

Once a pulmonary nodule is identified, whether
from screening or incidentally, primary care phy-
sicians should perform a targeted evaluation of both
patient-specific and nodule-specific risk factors. These
attributes guide 3 fundamental decisions: whether sur-
veillance is warranted, which imaging modality and tim-
ing are most appropriate, and when referral is indicated.

Figure 3 provides a framework for primary care phy-
sicians to integrate the collected information and address
each fundamental question in accordance with the 2017
Fleischner Society guidelines.?>** In applying this frame-
work, clinicians should also consider patient preferences,
values, and comorbidities when discussing follow-up.
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Pulmonary nodule management—
patients first, guidelines second

UIDELINES SUCH AS THOSE PUT FORTH BY THE
GFleischner Society and the American College
of Radiology are useful tools for the initial triage of
patients with pulmonary nodules."* However, nod-
ule management in actual practice is often nuanced.
As with any medical condition, individual patients’
health, values, and preferences need to be taken
into consideration when formulating a management
plan. But more importantly, how we communicate
nodule findings to our patients can influence their
perception and whether they agree with and adhere
to recommendations.

See related article, page 475

I ACKNOWLEDGING PATIENT DISTRESS

Although most pulmonary nodules are benign, they gen-
erate a disproportionate amount of distress for patients
(and clinicians). Studies have shown that a majority
of patients overestimate their risk of cancer.’ Many
patients report experiencing varying degrees of anxiety
throughout their surveillance period.* Even in patients
who have completed guideline-based follow-up (and
have been reassured that their findings are benign), there
are those who report ongoing anxiety about their nodule
findings.*’ As clinicians, it is important to recognize and
acknowledge patients’ emotional distress and to always
avoid coming across as dismissive of their concerns.

I EDUCATING PATIENTS AND ENGAGING THEM
IN DECISION-MAKING PROCESS

Educating patients about their nodule findings will
better help them understand the rationale behind
subsequent managements steps.

doi:10.3949/ccjm.93a.26060

Seeing is learning. Sharing images with the patient
(either during an office visit or over a telehealth plat-
form) is the best way to engage the patient and to
ensure that they have a visual understanding of the
size and location of their nodule(s). If there are old
imaging studies for comparison, having images from
both current and previous studies side by side will help
give the patient a visual reference as to what is stable
and what is not.

Several validated risk models (some with online
calculator tools) help estimate cancer risk.5® We find
it helpful to walk patients through their risk stratifi-
cation using these models as a part of their office visit.
Doing so keeps patients engaged during their visit, and
in turn, patients come out of their visit with a better
understanding of their risks. For patients whose strat-
ification shows low risk, this can serve as an additional
point of reassurance that surveillance with follow-up
imaging is the best approach. On the other hand, for
patients whose risk is intermediate or high, it helps
drive the need to adhere to follow-up or referral to
experts.

I COMMUNICATION PREFERENCES

Factors such as how information is delivered (in per-
son, over telephone, or in writing) and timeliness in
delivering the information can affect how the patient
perceives that information. For patients undergoing
surveillance scans for their nodule findings, it is good
practice to ask them specifically about their preferred
style of communication ahead of time and ensure that
results are communicated as soon as they become avail-
able. Patients should ideally be offered a visit to review
their images and given a chance to ask questions about
their findings.
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Il ADDRESSING COMPLIANCE WITH FOLLOW-UP

Noncompliance with follow-up can have a significant
impact on timely detection of cancer. One study showed
that less than half of incidentally detected lung nodules
receive appropriate follow-up.” While dedicated lung
nodule programs and patient management platforms
have been shown to improve follow-up compliance,
these often require resources that may not be avail-
able to all institutions.!® Manual tracking of patients
is unfeasible in settings with any degree of patient
volume (especially in a busy primary care practice).
For this reason, we should insist that patients make
their follow-up imaging appointment and subsequent
office appointments before they leave the office. This
way, a missed office appointment can be used as a cue
to provide additional outreach.

I FORBEARANCE WITH PET IMAGING

While positron emission tomography (PET) imaging
has been given a role in current pulmonary nodule man-
agement guidelines, it is to be used with caution given
the many mechanisms that can lead to false-negative
and false-positive results.!! A meta-analysis showed
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poor specificity (approximately 61%) of PET imaging
in regions where fungal and other infectious lung dis-
eases are endemic.!? Caution should be exercised when
using PET imaging in such areas given the increased
risk of false-positive PET results leading to invasive
procedures on benign findings. For these reasons, we
recommend referring the patient for pulmonary con-
sultation if PET imaging is being considered.

I WHEN TO SEEK EXPERT OPINION

Pulmonary consultation should be sought any time a
decision about biopsy is being made. Most guidelines
specifically exclude patients with previous history of
malignancy and those who are immunosuppressed (eg,
transplant patients or patients on long-term immuno-
suppression). Patients with certain types of interstitial
lung diseases can present with multiple pulmonary
nodules. For these patients, referral for pulmonary
consultation should also be considered. |
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Kratom at a crossroads: Trends,
controversies, and the evidence gap

ABSTRACT

As kratom products become more widely used in the
United States, physicians will be more likely to encounter
patients who are using these unregulated and unstudied
substances. This focused review addresses questions such
as what kratom is, whether it is safe, who is using it (and
why), how to treat patients who are using it, and what to
tell them.

KEY POINTS

Kratom use has increased in the United States, commonly
for self-management of pain, mood symptoms, and
opioid withdrawal.

Kratom produces dose-dependent effects, ranging from
stimulant-like effects at lower doses to opioid-like effects
at higher doses, mediated in part through partial agonism
of mu-opioid receptors.

Engineered products that contain 7-hydroxymitragynine
in high concentrations are now common in the US
market. They differ substantially from traditional leaf
preparations and are associated with greater risks of
toxicity, dependence, and withdrawal.

Clinicians should remain informed about kratom products

and assess users for adverse effects, potential drug
interactions, and addiction.

doi:10.3949/ccjm.93a.25088

ORE AND MORE PEOPLE are using kratom
Mto relieve pain, enhance mood, or get off
opioids, raising a number of questions. What is
this stuff? Is it safe? Is it legal? How should we
treat patients who are using it, and what should
we tell them about it?

See related editorial, page 493

Here, we summarize kratom’s pharmacology,
patterns of use, adverse effects, and clinical issues
relevant to general medical practice, acknowl-
edging the gaps in our knowledge of this under-
studied and unregulated substance. Until more is
known, when talking to patients we recommend
anonjudgmental attitude of cautious neutrality.

Il WHAT IS KRATOM?

Kratom (Mitragyna speciosa) is a tree native
to Southeast Asia, where people have used its
leaves for centuries to manage pain, diarrhea,
cough, and fatigue. It was first formally described
in 1839 by the Dutch colonial botanist Pieter
Willem Korthals during his explorations of the
Malay Archipelago.!

Mitragyna speciosa produces many alkaloids,
but we are mainly concerned about only 2 of
them: mitragynine, which constitutes over 60%
of the plant’s alkaloid content, and its potent
analogue and metabolite 7-hydroxymitragynine,
which accounts for less than 2%.? Of the 2,
7-hydroxymitragynine is much more powerful,
having significantly greater mu-opioid receptor
potency than morphine.

Both alkaloids act as partial agonists at
the mu-opioid receptor and interact with the
adrenergic and serotonergic systems, giving
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TABLE 1
Dose-dependent recreational effects
of kratom

Low doses Stimulant-like effects resembling those of

cocaine and amphetamine
Alertness

Increased physical energy
Sexual arousal

Entactogenic effect leading to empathy and
euphoria

Sedative-narcotic effect resembling opioids

Less sensitivity to physical and emotional pain
Calmness, comfortable pleasure

Based on information from reference 2.

kratom a complex pharmacologic profile.*? At lower
doses, kratom can have stimulant-like effects such as
increased energy, anxiety, insomnia, and tachycardia,
while higher doses can have opioid-like effects such
as analgesia, sedation, euphoria, constipation, and
respiratory depression (Table 1).?

Kratom can be consumed as a powder, capsule,
tea, or extract.” Products differ widely—semisynthetic
preparations containing the more-powerful alkaloid
7-hydroxymitragynine are becoming more common
and causing more problems (see below). Though
kratom can be smoked, traditionally it is most often
ingested as a tea or ground into a paste and chewed.
Its alkaloids are absorbed via the gastrointestinal tract,
with effects beginning within 5 to 10 minutes and last-
ing 2 to 5 hours.

I WHO IS USING IT, AND WHY?

Kratom has been growing in popularity in the United
States and is widely available in various forms and
colors in smoke shops and virtual stores.® Its rise has
coincided with the opioid epidemic and the backlash
to it that has led to stricter regulations and abrupt
discontinuation of opioid prescriptions.* Many patients
have therefore turned to kratom to relieve pain, reduce
their opioid use, and manage withdrawal.?’ They view
it as safer than prescription opioids with respect to
respiratory depression and overdose, a perception con-
firmed by in vitro studies showing partial mu-opioid
agonism with less signaling than with classic opioids.>

In the 2019 National Survey on Drug Use and
Health, 1.5% of respondents said they had used kratom
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at some point in their lives.” While trends continue
to evolve, typical kratom users in the United States
were younger, educated, employed, White, and resid-
ing in suburban areas in the South, Northeast, and
Pacific Northwest.® The survey also revealed a link
between kratom use and substance use disorders—the
prevalence of opioid use disorder was 18 times higher
in kratom users.”™®

Garcia-Romeu et al’ conducted a cross-sectional
online survey of more than 2,700 adults who had used
kratom in the previous year; 91% said they used it
for pain, 67% used it for anxiety, and 65% used it for
depression, and respondents rated it highly for effec-
tiveness for these uses. Additionally, 41% reported
using kratom to cut down on or stop using opioids,
with improvements in withdrawal symptoms and crav-
ings. Among those using kratom for self-medication of
opioid dependence, 74% achieved 6-month abstinence
and 36% stayed abstinent for over a year. More than
99% of them said they would recommend using kratom
to combat withdrawal.

Grundmann,'® in a large US-based survey (N =
8,049), confirmed that kratom is primarily used for
self-management of pain, anxiety, depression, and opioid
withdrawal. The most commonly self-reported benefits
of kratom use were reduced pain (85%), increased energy
(84%), and improvement in depressed mood (80%).

Il IS KRATOM SAFE?

It depends.

In the Grundmann survey,'® more than 20% of cur-
rent kratom users said they had experienced adverse
effects. Most of these effects were relatively mild,
including nausea (12.75%), constipation (17%), and
dizziness or drowsiness (4.81%). Except for diarrhea, all
negative effects appeared to be dose dependent.

In the survey by Garcia-Romeu et al,” only about
2% of respondents met the criteria for having moder-
ate or severe substance use disorder according to the
Diagnostic and Statistical Manual of Mental Disorders,
Sth Edition.

Overall, these findings indicate that most people
who use kratom do so in a seemingly harmless man-
ner, primarily for pain relief, mood enhancement, and
productivity. However, survey-based studies may be
influenced by recall bias, while poison control center
data offer a valuable, objective complement to the
subjective perspectives of kratom users.

In the years 2011 through 2017, a total of 1,807
kratom exposures were reported to US poison control
centers, with 65% of these reports occurring within the
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latest year, indicating kratom’s rising use.!! The most
commonly reported symptoms were agitation, tachy-
cardia, drowsiness, and gastrointestinal distress; less
frequent ones included seizures, withdrawal, respiratory
depression, hallucinations, and, rarely, cardiac arrest
and liver and kidney injury.!'-®

Severe outcomes typically occur with high doses,
chronic use, or coingestion. Polysubstance use is com-
mon, making it difficult to determine whether kratom
alone can cause a fatal overdose.’

The newer 7-hydroxymitragynine products add
further toxicity concerns.!* Many products currently
marketed as kratom bear little resemblance to the tradi-
tional leaf. Instead, concentrated 7-hydroxymitragynine
formulations, often in powders and capsules, are engi-
neered for greater potency, often unbeknownst to users.*

Kratom’s unregulated status also increases the risk of
exposure to contaminants, which can further contribute
to toxicity.” Some kratom products may be adulterated
with potent synthetic opioids such as fentanyl, which
complicates attribution of toxicity and increases the risk
of unintentional opioid overdose.!” Postmortem analyses
have identified kratom in opioid overdose deaths, rein-
forcing the need to consider adulteration and exposure
to other substances in suspected cases. Such adverse
effects may be underestimated, as kratom is not routinely
assessed with standard screens for drugs of abuse.!®

Given the rising number of poison control cases,
clinicians must develop a thorough understanding of
kratom’s pharmacology and potential drug interactions.

Potential drug interactions

Mitragynine inhibits cytochrome P450 (CYP) 3A,
and therefore in theory may boost the action of drugs
that are metabolized by this enzyme. For instance, in
a controlled human study, a single 2-gram dose of kra-
tom tea increased midazolam exposure by about 40%,
consistent with intestinal CYP3A inhibition.!” This
suggests a risk of interaction with CYP3A substrates,
particularly those with narrow therapeutic indices.
Drug classes of concern include medications that may
interact with kratom through CYP3A inhibition.
These include certain benzodiazepines (eg, alprazolam,
triazolam), opioids metabolized by CYP3A (eg, meth-
adone), and other central nervous system depressants
such as quetiapine and trazodone.

On the other hand, kratom’s acute effects on
CYP2D6, another important enzyme, appear minimal,
although the impact of higher doses or chronic use is
still unclear.'

Kratom alkaloids have also shown P-glycoprotein
inhibition in vitro, which may further alter exposure

to certain coadministered medications.'® Kratom alka-
loids inhibit P-glycoprotein in vitro and may increase
exposure to P-glycoprotein substrates (eg, digoxin,
some direct oral anticoagulants, and psychotropic
medications), although the clinical relevance of this
finding is not known.'® Furthermore, since kratom can
have opioid-like properties, combining it with opioids,
benzodiazepines, or alcohol increases the risk of severe
respiratory depression.

M IS IT LEGAL?

Yes, for now, kratom is legal at the federal level; how-
ever, states have enacted legislation banning kratom
(Alabama, Arkansas, Connecticut, Indiana, Kansas,
Louisiana, Tennessee, Vermont, Wisconsin) or regu-
lating it.

Kratom use and its related health effects have stirred
controversy.’ Poison control calls have escalated, lead-
ing the US Food and Drug Administration (FDA) to
issue warnings about dependence, withdrawal, and tox-
icity, especially from highly concentrated formulations
of 7-hydroxymitragynine.'"'*!? Accordingly, the FDA
has recommended scheduling 7-hydroxymitragynine
under the Controlled Substances Act. Consistent with
these concerns, the state of Ohio recently prohibited
selling or possessing kratom-related compounds, includ-
ing 7-hydroxymitragynine, reflecting growing recogni-
tion of the potential public health risks associated with
these substances.?

I HOW SHOULD WE TREAT PATIENTS WHO USE IT?

The effects of kratom vary widely, depending on the
composition of the product and the user’s pattern of
consumption. While occasional use typically produces
mild, transient effects, chronic heavy use increases the
risk of dependence, withdrawal, and adverse outcomes.

Evaluation

When evaluating patients who use or inquire about
kratom, adopting a curious, nonjudgmental stance
can facilitate communication. It is imperative to
obtain a thorough history, including dose, frequency,
duration, and formulation (powder, tea, capsule), as
well as the patient’s reasons for use (eg, pain, dyspho-
ria, opioid withdrawal, recreation) and any previous
attempts to reduce or stop use. Dose and formulation
matter, as newer products, particularly concentrated
or 7-hydroxymitragynine—enriched preparations, may
be substantially more potent, contaminated, or both,
increasing toxicity risk. Route of administration affects
onset, peak effect, and overdose risk.
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TABLE 2

Common and rare side effects of short-term and long-term use of kratom

Common side effects

Rare side effects

With short-term use Nausea Seizures

(occurring within minutes to hours after Vomiting Confusion

ingestion) Constipation Irritability
Dry mouth Agitation
Tachycardia Hallucinations
Headache Delusions
Itching Respiratory depression
Sweating Allergic reaction
Sedation
Increased urination
Loss of appetite

With long-term use Dependence Severe liver injury (cholestatic hepatitis)

(occurring after weeks to months of regular

Withdrawal (similar to opioid withdrawal)

Kidney failure

or heavy use) Tolerance Psychosis
Fatigue Cognitive impairment
Weight loss Hypogonadism
Darkened facial skin Hypothyroidism
Hair loss Cardiac arrest
Chronic constipation Arrhythmia by potentiating torsade de
Insomnia pointes

Understanding the patient’s rationale for use is often
helpful. Many patients view kratom as a supplement or
harm-reduction strategy rather than a drug of misuse,
and counseling is more effective when this perspective
is acknowledged. A comprehensive assessment should
also include screening for comorbidities, consideration
of potential drug interactions (particularly with sub-
stances metabolized by CYP3A4 or CYP2D6), and
inquiries about adverse effects.

Symptoms of kratom addiction may include pre-
occupation with obtaining or using kratom, cravings,
impaired control, continued use despite harm, toler-
ance, and withdrawal symptoms on cessation. On phys-
ical examination, findings may include intoxication
(altered mental status, tachycardia, hypertension) or
adverse effects (gastrointestinal distress, sweating), as
outlined in Table 2.2° Withdrawal features, similar to
opioid withdrawal, may include anxiety, irritability,
muscle aches, insomnia, and rhinorrhea.?!

Diagnostic tests should be used selectively. Routine
urine or serum toxicology screens do not detect kratom,
and specialized testing is rarely available or clinically
useful. Blood or alkaloid levels are poorly standardized
and do not correlate reliably with intoxication or sever-
ity. Testing may be reasonable when exposure history
is unclear, adulteration is suspected, or alternative
diagnoses are being considered, but most cases can be
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Based on information from references 2 and 3.

managed clinically without confirmatory testing.>!!
Furthermore, chromatography-mass spectrometry is
needed because urine immunoassays cannot detect
kratom alkaloids such as mitragynine.

In patients with suspected kratom toxicity or overdose,
the clinical presentation may include a combination of
opioid-like, sympathomimetic, and serotonergic features.
Consequently, the clinical presentation is highly variable
and depends on factors such as dose, individual tolerance,
underlying health conditions, and coingested substances.

Acute management
Supportive care remains the mainstay of management.
Naloxone has been used successfully in some
cases, occasionally preventing the need for intuba-
tion; however, not all patients respond to it.!* This
variability likely reflects the unique pharmacol-
ogy of kratom’s active alkaloids. Mitragynine and
7-hydroxymitragynine are partial mu-opioid receptor
agonists with distinct receptor kinetics, making antag-
onism less predictable than with full opioid agonists.
Many cases also involve coingestion of other central
nervous system depressants, which naloxone does not
reverse. In high-dose or chronic exposure, repeated
bolus dosing or continuous infusion may be required.
Airway support and close monitoring remain
essential if reversal is incomplete.?
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TABLE 3

Traditional Eastern vs Western use of kratom

Traditional uses (Southeast Asia)

Contemporary uses (Western countries)

To improve work productivity, alleviate fatigue

To self-treat common problems such as diarrhea, diabetes, fever,
wound pain

At social gatherings

To self-treat pain

To relieve mood disorders such as depression, anxiety, bipolar
disorder, posttraumatic stress disorder

To treat withdrawal symptoms associated with prescription opioid use

Labetalol may be used to manage sympathetic
overactivation.

Benzodiazepines can be used to control symptoms
such as marked agitation in more severe presentations
with acute kratom intoxication, consistent with gen-
eral toxicology practice, although no kratom-specific
treatment guidelines exist.?!

Assessing readiness to discontinue use

After completing a history and stabilizing any acute
toxicity, the clinician can assess readiness to taper or dis-
continue use by exploring the patient’s views, eliciting
their goals, and discussing any ambivalence or concerns.
Asking about side effects and any previous attempts
to change their use can also provide valuable insight
into the patient’s motivation and potential barriers to
change. This approach supports patient engagement
and can facilitate movement toward change, even in
those in precontemplation who are not yet ready to
discontinue use.

Helping patients discontinue kratom

For patients discontinuing kratom, gradual tapering may
minimize withdrawal symptoms; this is important as
abrupt cessation often produces withdrawal symptoms
resembling opioid withdrawal and may perpetuate use.

Withdrawal symptoms typically begin 12 to 24 hours
after the last use and last approximately 1 week. They
include a combination of physiologic and psychological
features such as mydriasis, nausea, sweating, chills, body
aches, tremors, twitches, diarrhea, rhinorrhea, lacrima-
tion, insomnia, restlessness, irritability, fatigue, anxiety,
mood disturbances, and occasionally hallucinations.
Additionally, patients report experiencing cravings.
The intensity of withdrawal is generally proportional
to the quantity, duration, and frequency of use.??

No formal guidelines have been established for
management, and no randomized controlled trials or
long-term outcome studies are available.

Hyperadrenergic symptoms are typically treated with
alpha-2 agonists such as clonidine, while supportive and
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Based on information from references 2, 3, and 9.

symptomatic treatments (eg, hydroxyzine, gabapentin,
and other comfort measures) are used to address both
physiologic and psychological symptoms.?***

Buprenorphine has been used, based largely on case
reports and clinician surveys.2?

Methadone also has only limited evidence support-
ing its use for kratom-related substance use disorder.
Sherrick? reported a case series of 14 patients who
started methadone, of whom 13 remained on it at a
median of 90 days later.

Naltrexone has even less evidence to support its
use; however, it remains a reasonable option, given its
role in treating opioid use disorders.

Overall, treatment should be individualized
according to patient needs and preferences, with close
follow-up and ongoing monitoring of clinical progress.
For patients who continue to use kratom despite harm,
loss of control, or repeated unsuccessful attempts to
stop, referral to addiction-informed care is appropriate.”*

For patients who do not meet the criteria for having
substance use disorder, patient education should address
the limited evidence for kratom’s safety and efficacy;
the risks of dependence, withdrawal, and toxicity; and
variability in product potency and purity. (The Diag-
nostic and Statistical Manual of Mental Disorders, Fifth
Edition defines substance use disorder by the presence
of 22 of 11 symptoms within 12 months, including loss
of control, continued use despite harm across function-
ing, risky use, craving, tolerance, and withdrawal.?*)
Highlighting the differences between traditional
kratom leaf and commercial products, which may be
contaminated, adulterated, or contain high levels of
7-hydroxymitragynine, can further help reduce harm
and may help decrease the use of highly concentrated
extract products (Table 3).2%°

I WHAT SHOULD WE TELL PATIENTS?

Amid the opioid crisis, kratom use has grown for
self-management of pain, mood symptoms, and opioid
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withdrawal. However, data on safety and efficacy are
limited and largely observational. Poison control data
and clinical reports identify meaningful risks, partic-
ularly with high-dose use, polysubstance exposure,
and increasingly available products enriched with
7-hydroxymitragynine.

Clinical risk assessment and counseling are compli-
cated by wide variability in kratom products and the
lack of regulatory oversight, resulting in unpredictable
alkaloid content. Clinicians should routinely screen for
use and obtain careful histories in patients presenting
with unexplained symptoms, substance use concerns,
or chronic pain.
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Until higher-quality clinical data are available, a
stance of cautious neutrality is recommended, neither
endorsing nor dismissing use. Patient-centered counsel-
ing should acknowledge reported benefits while clearly
communicating known risks. Continued surveillance
and research are sorely needed as this area continues
to evolve and remains controversial. [ |
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An emergency physician’s opinion
on kratom confusion

OR HUNDREDS OF YEARS, people in Southeast

Asia have used the leaves of the kratom tree as
a stimulant, analgesic, sedative, antidiarrheal, and
cough remedy. In 1839, the Dutch colonial botanist
Pieter Willem Korthals studied and named the tree
Mitragyna speciosa, classifying it in the same botanical
family as coffee."” Now, kratom has become a drug
of abuse in the United States, and is openly avail-
able in stores (Figure 1) in a variety of formulations
(Figure 2).

See related article, page 487

This drug is anything but simple, and there is
much confusion about who is using it, what it does,
and what we physicians should do about it.

Il WHO IS USING IT?

A 2021 study by Palamar’® revealed that more than
1 in 200 US adults had used kratom in the previ-
ous year. The prevalence of its use was significantly
higher in those between 18 and 49 years of age, men,
and those with a history of substance use disorder or
depression. Regarding substance abuse, kratom users
were also much more likely to abuse alcohol, opioids,
marijuana, cocaine, other stimulants, sedatives, and
hallucinogens.

Polysubstance use can make kratom use hard to
recognize. Emergency and primary care physicians
can attest that patients who use drugs often do not
provide a clear or accurate history. I have seen many
patients who were mistaken as to which drug they took
and had positive tests for substances that they denied
taking. To add to the confusion, kratom is known by
multiple street names such as thang, kakuam, thom,
ketum, and biak.

doi:10.3949/ccjm.93a.26031

Still, the prevalence of kratom use is lower than
that of most other drugs of abuse, and in a survey
study by Mun et al,* kratom prevalence estimates
were stable from 2021 through 2023. In the 2023
report from US poison centers, there were only
1,489 case mentions of kratom use, 880 single expo-
sures for kratom, 671 cases resulting in healthcare
facility treatment such as emergency department vis-
its, and 5 deaths associated with kratom use over that
12-month reporting period.?

I WHAT DOES IT DO?

There are more than 40 known alkaloids in kratom.
However, mitragynine and 7-hydroxymitragynine
are the 2 that cause the effects for which people take
this drug. Mitragynine is present in greater amounts
and is responsible for stimulant effects via serotoner-
gic activity and sedation via partial agonism at the
mu-opioid receptor. At lower doses, the stimulant
effects predominate, but higher doses result in analge-
sia and mild sedation.!”

Seven-hydroxymitragynine is present in smaller
amounts but has more mu-opioid receptor activity,
causing analgesia and euphoria and possibly resulting
in dependence.! Despite the mu-opioid receptor activ-
ity, kratom is not classified as an opioid.

Adverse effects most commonly reported in
individuals who wuse kratom include agitation,
tachycardia, drowsiness, vomiting, and confusion.’
Withdrawal symptoms can occur when regular use is
interrupted or discontinued. These include psycho-
logical symptoms such as anxiety, depressed mood,
irritability, and restlessness.® Physical withdrawal
symptoms are similar to opioid withdrawal symptoms,
eg, diarrhea, lacrimation, rhinorrhea, yawning, myal-
gia, and arthralgia.®
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Figure 1. Ohio vape shop advertising kratom for
sale in the front window. Photo by John R. Queen, MD.

On the other hand, kratom has gained some popu-
larity as a natural supplement that is an alternative to
opioids, and people are using it instead of methadone
or buprenorphine to try to quit opioids.’

M EVOLVING LEGAL STATUS

Kratom was unregulated until 1943, when Thailand
made its distribution and use illegal.>® Later, Malaysia
and Myanmar followed suit.

In the United States, kratom’s status is unique
and evolving. Although not currently a controlled
substance, it is listed by the US Drug Enforcement
Administration as a drug and chemical of concern,
and the US Food and Drug Administration has not
approved it for any medical use.

Also, kratom is illegal in 9 states (Alabama,
Arkansas, Connecticut, Indiana, Kansas, Louisiana,
Tennessee, Vermont, and Wisconsin) and the District
of Columbia. Ohio has banned all synthetic kratom
products, but not natural kratom, much to the disap-
pointment of Ohio’s governor, Mike DeWine, who
submitted a recommendation to the Ohio Board of
Pharmacy that all kratom products be classified as
schedule I substances.’

Adding to the confusion, kratom is legal in the
state of California but banned in multiple munici-
palities such as Anaheim, Oceanside, and San Diego,
and unincorporated areas of Orange County.!° Many
states and cities where kratom is legal have an age
limit, like that required to purchase alcohol. Georgia
recently increased the minimum age to purchase kra-
tom or kratom products from 18 to 21 years.’

I CHALLENGES FOR PHYSICIANS

Kratom use is not especially common in the United
States compared with other illicit drugs, and the com-
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Figure 2. Numerous kratom-containing products
available for purchase at an Ohio vape shop.
Photo by John R. Queen, MD.

mon urine drug tests do not detect it.'' Many clinicians
may have little or no experience in treating patients
who use or abuse it.

Kratom use is concentrated among individuals
with substance use disorders and chronic pain. Its
pharmacologic profile—combining stimulant and
opioid-like effects—creates diagnostic and manage-
ment challenges for clinicians. Physicians must rec-
ognize that kratom can mimic, modify, or coexist with
opioid toxicity, particularly in the era of widespread
fentanyl exposure. Awareness of its clinical presenta-
tion, the limitations of toxicology screening, and its
frequent role in polysubstance use is essential for safe
and effective patient care.

Physicians must also be aware of drug use pat-
terns as well as the legal status of kratom in the city
and state where they practice to best be prepared to
promptly diagnose and treat patients presenting with
suspected drug use, abuse, and overdose. This is why
a good history and physical examination are helpful
in correctly diagnosing and treating patients in the
emergency department.

Currently, there is no specific International Statis-
tical Classification of Diseases and Related Health Prob-
lems, 10th Rewvision (ICD-10) code for kratom abuse,
and it is unknown if this will change with the next
revision.

In the future, I expect that the use of kratom will
continue to increase as states and municipalities react
to this unusual drug. Emergency, primary care, and
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other physicians will be challenged to remain current
with their knowledge of the diagnosis and treatment
of kratom use. |
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