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‘Boxing glove’ hands
In a patient initially diagnosed
with RS3PE syndrome

Figure 1. (A) Marked pitting edema on the dorsum of both hands at initial presentation, creating the
characteristic “boxing glove” appearance. Severe swelling limited finger flexion, and visible indentations
remained after pressure. (B) Resolution of hand edema and restoration of the normal contours of both

hands after oral prednisolone therapy.

70-year-old man presented with acute-onset

swelling, stiffness, and pain in both hands. Exam-
ination revealed swollen “boxing glove” hands with
pitting edema and pressure marks (Figure 1A). The
edema limited nger exion, impairing daily tasks such
as putting on socks.

Laboratory testing revealed markedly elevated
in ammatory markers, with a C-reactive protein level
of 12.8 mg/dL (reference range < 0.8) and an erythrocyte
sedimentation rate of 97 mm/hour (0-15). Serologic
tests for rheumatoid factor and anti—cyclic citrullinated
peptide antibody were negative. A diagnosis of remit-
ting seronegative symmetrical synovitis with pitting

doi:10.3949/ccjm.93a.25059

edema (RS3PE) was made based on the presence of the
characteristic clinical features of this syndrome.!

Comprehensive malignancy screening, including
computed tomography of the chest and abdomen and
upper and lower gastrointestinal endoscopy, showed no
evidence of neoplasia.

Because RS3PE-speci ¢ guidelines have not been
published, prednisolone was started and tapered with
reference to general glucocorticoid management princi-
ples for in ammatory rheumatic diseases, including the
2016 European League Against Rheumatism rheumatoid
arthritis management recommendations,? recognizing
that RS3PE is a distinct clinical entity and that this
approach has inherent limitations. Oral prednisolone
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RS3PE SYNDROME

TABLE 1

Distinguishing features of remitting seronegative symmetrical synovitis
with pitting edema (RS3PE) syndrome, elderly-onset rheumatoid arthritis (EORA),

and polymyalgia rheumatica (PMR)

RS3PE

EORA

PMR

Typical age at onset > 60 years

> 60 years

> 50 years

Sex predominance

Female > male (but male

proportion higher than in young-

onset rheumatoid arthritis)

Onset

Subacute—chronic (weeks to
months); can occasionally be acute

Symmetrical pitting edema of
hands or feet, tenosynovitis (distal
joints)

Key clinical signs

Symmetrical arthritis of wrists,
metacarpophalangeal joints,
proximal interphalangeal joints,
knees (with or without rare pitting

Proximal girdle pain and stiffness
(shoulders, hips), no distal edema;
about 30% may present with
peripheral arthritis

edema)

Negative for rheumatoid factor and
anti—cyclic citrullinated peptide

Serology

Often positive for rheumatoid
factor or anti—cyclic citrullinated

Negative for rheumatoid factor and
anti—cyclic citrullinated peptide

antibody peptide antibody (up to 60%) but  antibody
can be seronegative
Radiographic findings No erosions Marginal erosions or joint No erosions
destruction
Malignancy association  Moderate (~16%) None Occasional associations reported

Steroid response Dramatic—Ilow-dose prednisolone
(10-20 mg/day) induces remission

in days

Partiail; often rﬂequiresﬂhigher :
dose and disease-modifying
antirheumatic drugs (young-

Dramatic, although low-dose
prednisolone (10-15 mg/day)
induces slower symptom resolution

onset rheumatoid arthritis may
not always require higher initial
doses)

Typical steroid course

Prolonged; transition to disease-

modifying antirheumatic drugs

often needed

Rare, especially if a paraneoplastic
source is treated

Relapse

Common

15 mg/day led to rapid and marked improvement,
with resolution of edema and restored hand function
(Figure 1B). Symptoms recurred about 1 year after the
nal tapering dose of 2 mg/day was completed.

During reassessment, swelling of the wrists, meta-
carpophalangeal joints, and proximal interphalangeal
joints was noted. Musculoskeletal ultrasonography
revealed only minimal tenosynovial thickening, while
plain radiography showed possible marginal erosions at
the metacarpophalangeal joints. Contrast-enhanced
computed tomography of the chest and abdomen
showed no evidence of malignancy. Based on these

136 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 93 - NUMBER 3

Based on information from references 2-5.

ndings, the rheumatologist diagnosed the patient with
seronegative rheumatoid arthritis within the spectrum
of elderly-onset rheumatoid arthritis. Methotrexate
6 mg/week was started, resulting in sustained symptom
control.

m RS3PE: ASSOCIATIONS AND OVERLAPS
WITH OTHER CONDITIONS

RS3PE syndrome is a relatively rare in ammatory
condition rst described by McCarty et al* in 1985. It
is characterized by seronegative symmetrical synovitis

MARCH 2026
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that responds well to corticosteroids (remitting) and
is associated with pitting edema.

RS3PE syndrome is often idiopathic. However, a
systematic review of 331 published cases of RS3PE found
that an association with malignancy was reported in
about 16% of cases,® suggesting that it may occur as a
paraneoplastic syndrome; thus, careful cancer screen-
ing is crucial at initial diagnosis. Reported concurrent
malignancies include prostate cancer in men and breast,
ovarian, and endometrial cancers in women, as well as
gastrointestinal, pancreatic, and hematologic malig-
nancies.® Indeed, diagnosing RS3PE can occasionally
lead to the early detection of an underlying malignancy.

RS3PE syndrome generally responds well to corti-
costeroids, but symptom relapse has been reported in
about 9% of patients during or after steroid tapering.® In
such situations, it may be necessary to revisit the initial
diagnosis. Differential diagnoses such as elderly-onset
rheumatoid arthritis and polymyalgia rheumatica
should be considered, as these disorders share several
clinical features with RS3PE syndrome.*®
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1. McCarty DJ, O’Duffy JD, Pearson L, Hunter JB. Remitting seroneg-
ative symmetrical synovitis with pitting edema. RS3PE syndrome.
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The patient’s initial presentation and steroid
response were consistent with classic RS3PE syn-
drome. As such, his case serves as a reminder that such
presentations may represent the early phase of other
rheumatologic conditions. Because of these overlaps,
differentiating RS3PE from elderly-onset rheumatoid
arthritis or polymyalgia rheumatica at symptom onset
can be challenging. Key clinical distinctions among
these 3 conditions, including steroid responsiveness,
radiographic ndings, and typical treatment course,
are summarized in Table 1.2° Accordingly, this
patient’s case underscores the importance of continu-
ous diagnostic reassessment and the potential need for
disease-modifying antirheumatic drugs, even in patients
initially diagnosed with RS3PE syndrome based on
characteristic clinical ndings. -
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4. Origuchi T, Umeda M, Koga T, et al. Comparison of complications
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d0i:10.1080/25785826.2022.2046307

5. Lundberg IE, Sharma A, Turesson C, Mohammad AJ. An update on
polymyalgia rheumatica. J Intern Med 2022; 292(5):717-732.
doi:10.1111/joim.13525
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(colonic pseudo-obstruction)

54-year-old man was admitted for intramedullary

nail xation of a left femoral fracture. His medical
history included atrial brillation, peripheral vascular
disease, overactive bladder syndrome with recurrent
urinary tract infections, and pulmonary brosis second-
ary to the use of nitrofurantoin (which he was receiving
to treat the urinary tract infections).

Within 2 days of the operation, hisabdomen became
markedly distended, but without pain. On examina-
tion, he was delirious, his pulse and respiratory rates
were rapid, he had hypoxia requiring supplemental
oxygen at 2 L/minute, and his abdomen was distended,
tense, and tympanic with tinkling bowel sounds. His
electrolyte levels were in the normal range.

Plain radiography (Figure 1) and computed tomog-
raphy (Figure 2) showed dilatation of the entire large
bowel including the rectum; in places the diameter was
as much as 12 cm. No mechanical obstruction or transi-
tion point could be identi ed, con rming a diagnosis of
acute colonic pseudo-obstruction, or Ogilvie syndrome.!

m DISPROPORTIONATELY AFFECTS ELDERLY PATIENTS

Ogilvie syndrome typically occurs, as in this case, in
hospitalized patients who are severely ill, have suffered
trauma, or have undergone major surgery.? It dispro-
portionately affects elderly patients and those with
chronic medical diseases who receive a further phys-
iologic insult; it is thought to be due to dysregulation
of the autonomic innervation of the bowel, which is
responsible for normal colonic motility.

m MANAGEMENT FOLLOWS A STEPWISE APPROACH

The aim of management is to decompress the colon to
minimize the risk of ischemia or perforation. If either of
these is present, urgent surgery should be pursued. Oth-

doi:10.3949/ccjm.93a.21118

-

Figure 1. Plain radiography of the abdomen
showed multiple distended bowel loops.

erwise, initial therapy is conservative. This includes
close monitoring, supportive care, placing a nasogastric
tube, and discontinuing any precipitating factors such
as opiates or anticholinergics. Most cases resolve with
conservative management alone.®
If conservative measures yield no improvement,
rst-line pharmacologic therapy is with neostigmine,
which is effective in about 90% of cases.*® A key
disadvantage of this cholinergic drug is the risk of
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OGILVIE SYNDROME

Figure 2. Computed tomography with contrast
showed massive dilatation of the entire colon in
(A) coronal and (B) axial views, with some areas
having a maximum diameter of 12 cm. There is no
mass or transition point, confirming a diagnosis of
acute colonic pseudo-obstruction.

bradycardia and arrhythmias; hence, it should be given
only if cardiac monitoring is available.

If neostigmine is contraindicated, endoscopic decom-
pression is recommended and can resolve the problem
in more than 90% of cases.>® However, the therapeutic
window for this intervention is narrow, and delayed
decompression increases the risk of perforation. Endo-

146 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 93 - NUMBER 3

scopic decompression also entails a risk of perforation
of about 2%.’

If all other treatments fail, or if the patient’s con-
dition deteriorates, surgery is indicated. While surgery
offers de nitive resolution, it carries a high risk of mor-
bidity and mortality, particularly in elderly or very sick
patients.®

Overall, management follows a stepwise approach
to maximize resolution while minimizing invasiveness,
risk of recurrence, and complications.®

m OUR PATIENT’S COURSE

Digging deeper into our patient’s history revealed
that he had experienced colonic pseudo-obstruction
once before after another operation requiring general
anesthesia. Rigid and exible sigmoidoscopy were per-
formed, leading to partial relief of his discomfort and
evacuation of 500 mL of liquid stool.

One week after the left femur operation, he needed
to undergo revision of his intramedullary nail, after
which the abdominal distension recurred. Erythromy-
cin was commenced to promote gastric motility, and a

atus tube was placed, which relieved the distension
within several days. -
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THE CLINICAL PICTURE
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Westermark sign (focal oligemia)
In pulmonary embolism

Figure 1. Chest radiography showed a focal area of
oligemia, known as the Westermark sign, in the right
middle and upper zone (white arrow) and an enlarged
right descending pulmonary artery (black arrow).

An 80-year-old woman with dyspnea on exertion
for a month was referred to our cardiology out-
patient clinic. The month before her presentation,
the patient remained at home where she was only
performing household chores due to severe symptoms
of depression. She developed dyspnea on exertion after
her depression improved.

Her vital signs on presentation were as fol-
lows: temperature 97.7°F (36.5°C), blood pressure

doi:10.3949/ccjm.93a.25051

Figure 2. Contrast-enhanced computed tomogra-
phy showed emboli in the right pulmonary artery
(arrows).

101/57 mm Hg, heart rate 84 beats per minute, and
oxygen saturation 96% at rest while breathing room air,
decreasing to 88% after walking.

Physical examination revealed a systolic murmur
that was loudest at the left middle to lower sternum
(intensity grade 2 of 6).

Laboratory test results revealed signi cantly elevated
levels of D-dimer at 3.4 pg/mL (reference range < 1.0)
and brain natriuretic peptide at 40.5 pg/mL (< 18.5).
Troponin and arterial blood gas tests were not performed.
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WESTERMARK SIGN

Electrocardiogram showed normal sinus rhythm,
prolonged PQ interval, narrow QRS complex, and
negative T wave at lead Ill; it also detected a dilated
right ventricle and D-shaped left ventricle at systole.
Chest radiograph revealed a focal area of oligemia
(or reduced blood ow), known as the Westermark
sign, in the middle and upper zones of the right lung
(Figure 1). Contrast-enhanced computed tomogra-
phy con rmed a predominantly right pulmonary artery
embolism (Figure 2).

The patient was diagnosed with pulmonary embo-
lism. She was started on anticoagulation treatment with
intravenous heparin and transitioned to oral warfarin,
and her symptoms improved.

m THE WESTERMARK SIGN

Our patient presented with shortness of breath and
oxygen desaturation, but her Wells score was 3, based
on her meeting only 1 of 7 Wells criteria, ie, that pul-
monary embolism was a more likely diagnosis than oth-
ers, which is a somewhat subjective nding. The Wells
criteria she did not meet were symptoms of deep vein
thrombosis (3 points); heart rate over 100 beats per
minute, immobilization for 3 or more days or surgery
in the previous 4 weeks, and previously diagnosed deep
vein thrombosis or pulmonary embolism (1.5 points
each); and hemoptysis and active malignancy (1 point
each).! Her score of 3 indicated that pulmonary embo-
lism was unlikely (pulmonary embolism is likely with a
score > 4). Also, the positive D-dimer complicated the
clinical assessment in this case and was challenging to
interpret without additional testing.* Therefore, nding
a Westermark sign on this patient’s chest radiograph
added important clinical information.

For further insights, check out CCIM’s

companion podcast,
“BEYOND THE PAGES:

Cleve Clin J Med Podcast,”
at www.ccfcme.org/CCJMpodcast.
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The Westermark sign is a radiographic nding seen
in pulmonary embolism; it represents decreased vas-
cularization due to mechanical obstruction or re ex
vasoconstriction in the area distal to the occluded
pulmonary artery. It has low sensitivity (14%) and
high speci city (92%) when compared with computed
tomographic pulmonary angiography, the current gold
standard for identifying pulmonary embolism.?

In this case, pulmonary embolism was strongly sus-
pected due to the Westermark sign on chest radiograph,
elevated D-dimer, and clinical symptoms; contrast-
enhanced computed tomography was performed to
con rm the diagnosis. Because the Westermark sign has
low sensitivity, chest radiography alone cannot be used
to make or rule out a pulmonary embolism diagnosis.
However, clinicians should be aware that ndings of
pulmonary embolism seen on a chest radiograph, such
as the Westermark sign, can aid in prompt diagnosis
and treatment. [ ]
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Alpha-1 antitrypsin de ciency:
A persistently underrecognized

condition

Ipha-1 antitrypsin deficiency is an autosomal

codominant condition—2 versions of the gene
contribute to a low alpha-1 antitrypsin serum level—
that predisposes individuals to chronic obstructive
pulmonary disease (COPD), liver disease (includ-
ing cirrhosis and hepatocellular carcinoma), and
panniculitis; it is also associated with cytoplasmic
antineutrophil cytoplasmic antibody—positive vascu-
litis.> Population-based screening studies show that
1in 3,500 individuals in the United States, or approx-
imately 100,000 Americans, are homozygous for the
Z allele, which causes the severe form of alpha-1 anti-
trypsin de ciency (the PI*ZZ type; see the sidebar,
“How alpha-1 antitrypsin variants cause disease™).*
Yet, fewer than 15% of these individuals have been
diagnosed with alpha-1 antitrypsin de ciency.

Indeed, underrecognition of alpha-1 antitrypsin
de ciency has been stubbornly persistent since the
disease was originally described in 1963.° Because only
about 10% of patients with COPD see pulmonologists,®
primary care clinicians hold the greatest opportunity
to diagnose alpha-1 antitrypsin de ciency and address
this underrecognition. Detecting alpha-1 antitrypsin
de ciency early is imperative because diagnostic delay is
associated with harm, including worsened clinical status
and impaired survival.”® Importantly, because alpha-1
antitrypsinde ciency isagenetically inherited condition,

nding an affected individual provides an opportunity to
detect and avert disease in affected family members.

In light of the call to action for internists and pri-
mary care clinicians to play a crucial role in detecting
individuals with alpha-1 antitrypsin de ciency, this
article discusses the evidence that alpha-1 antitrypsin

doi:10.3949/ccjm.93a.25103

m HOW ALPHA-1 ANTITRYPSIN VARIANTS

CAUSE DISEASE
The protein alpha-1 antitrypsin is an antiprotease
and anti-in ammatory molecule contained within
the primary granules of neutrophils that neutral-
izes neutrophil elastase, a proteolytic enzyme. Of
the more than 150 described variants of wild type,
or normal, alpha-1 antitrypsin (called PI*MM,
where PI stands for “protease inhibitor”), PI*ZZ
is the genotype that accounts for more than 90%
of lung and liver disease in alpha-1 antitrypsin
de ciency.

The Z protein is distinguished by a single
amino acid substitution—Iysine for glutamic
acid—at position 342.* In the liver, the Z protein
folds abnormally and polymerizes within hepato-
cytes, resulting in intracellular accumulation of
the variant alpha-1 antitrypsin. The accumula-
tion of polymerized variant alpha-1 antitrypsin
leads to hepatic brosis and sequelae,’® and is
considered a “toxic gain of function.”

In contrast, when there is a lack of alpha-1
antitrypsin in the lungs, neutrophil traf c to the
lung can lead to unopposed proteolysis, causing
breakdown of alveolar walls and resulting in com-
plications like chronic obstructive pulmonary dis-
ease or emphysema.2 This is considered a “toxic
loss of function.”

de ciency is underrecognized and how that confers
harm; brie y reviews strategies that have been under-
taken to enhance detection, with emphasis on the
notion that compliance with well-established alpha-1
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TABLE 1

Alpha-1 antitrypsin deficiency diagnostic delay interval estimates in studies to date

Study Year Country Diagnostic delay (years)?
Stoller et al** 2005 United States 56+85

inetal

.“Greulich et al** G'ér'many' :
Italy
Tejwani et al” 2019 United States
Meischl et al® 2023 Austria

Median 5.3 (interquartile range 2.2-11.5)

Median 7.0 (range 0—

, interquartile range 13)

Median 6.0 (range 0-40, interquartile range 11)
Median 5.0 (25%—75% confidence interval 2.9-15.4) for
participants with symptoms

aData presented as mean + standard deviation unless indicated otherwise.

Modified from Stoller JK. Detecting alpha-1 antitrypsin deficiency: current state, impediments, opportunities, and future directions. Ann Am Thorac Soc 2025;
22(1):23-31. doi:10.1513/AnnalsATS.202406-600FR. Adapted with permission of the American Thoracic Society. Copyright © 2025 American Thoracic Society. All
rights reserved. Annals of the American Thoracic Society is an official journal of the American Thoracic Society. Readers are encouraged to read the entire article
for the correct context at https://www.atsjournals.org/doi/10.1513/AnnalsATS.202406-600FR. The authors, editors, and the American Thoracic Society are not

responsible for errors or omissions in adaptations.

antitrypsin de ciency management guidelines would
enhance recognition; and provides an overview of
emerging strategies to enhance recognition, including
using arti cial intelligence (Al).

m ALPHA-1 ANTITRYPSIN DEFICIENCY IS STILL
UNDERRECOGNIZED

Two major lines of evidence show that alpha-1 anti-
trypsin de ciency is severely underrecognized. First,
patients with alpha-1 antitrypsin de ciency typically
experience long delays between rst presenting with
symptoms attributable to the condition (commonly
dyspnea) and receiving a diagnosis.®*? The diagnostic
delay interval is frequently quite long, measuring 5 to
8 years in multiple studies over time (Table 1).%7810-14
There is little evidence that this diagnostic delay is
shortening.

The second observation is that patients often see
multiple physicians before the diagnosis is made. In an
early study, nearly 44% of patients with PI*ZZ alpha-1
antitrypsin de ciency saw at least 3 physicians before
initial recognition, and 12.5% reported seeing at least
6 physicians before being diagnosed.’® Regrettably,
more recent experience indicates that this pattern of
underrecognition persists,**> with one study reporting
that 12% of patients saw 6 to 12 physicians before
diagnosis.*
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Contributing factors
There are several reasons for the persistent under-
recognition of alpha-1 antitrypsin de ciency.

Knowledge gaps. First, alpha-1 antitrypsin de -
ciency awareness and fundamental knowledge of its
pathogenesis and clinical manifestations are frequently
lacking. Studies of pulmonologists, internists, and
primary care clinicians in multiple countries have
consistently shown that self-reported knowledge of
alpha-1 antitrypsin de ciency often exceeds actual,
performance-based knowledge.'”*® As expected, knowl-
edge among primary care clinicians is lower than that
among specialists; however, specialists’ knowledge has
also been shown to be woefully lacking.

A lack of compliance with the many existing
alpha-1 antitrypsin de ciency guidelines is a second
contributor.®**?° Reasons for guideline nonadherence
generally include lack of familiarity with existing
guidelines, an aversion to following guidelines (eg,
a perception of “cookie-cutter medicine”), and the
inertia of prior practice. Demographic and clinical
features associated with a lower likelihood of being
tested for alpha-1 antitrypsin de ciency include male
sex, non-White race, former and current tobacco
smoking, and older age.*

Therapeutic nihilism, a third contributor to under-
recognition, is the (erroneous) belief that no effective
therapy exists for alpha-1 antitrypsin de ciency and
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therefore there is no imperative to make a diagno-
sis.** This awed understanding also overlooks the
critical fact that because alpha-1 antitrypsin de ciency
is an autosomal codominant condition, rst-degree
relatives—siblings, biological children, and, when
appropriate, parents—should also be tested (Table 2).°
Identifying a proband can also bene t the health of
their family members through simple measures like
encouraging smoking cessation, occupational coun-
seling to avoid exposure to heavy smoke or dust, and
ongoing lung function monitoring and monitoring for
liver disease to facilitate early disease detection.

m DELAYED DIAGNOSIS CONFERS HARM

Not surprisingly, as emphysema and liver brosis are
progressive and worsen over time, delaying a diag-
nosis of alpha-1 antitrypsin de ciency confers harm.
Tejwani et al” showed that individuals with alpha-1
antitrypsin de ciency with a delayed diagnosis had more
severe lung disease, and the diagnostic delay was signi -
cantly associated with a higher St. George’s Respiratory
Questionnaire score (indicating worse functional sta-
tus), higher COPD Assessment Test score (indicating
worse health status), and a trend toward worsened
air ow obstruction.

In a study from 2023, Meischl et al® showed that
the mean diagnostic delay interval among 268 indi-
viduals with severe alpha-1 antitrypsin de ciency was
5.3 years and that those who experienced a diagnostic
delay longer than 2 years had lower rates of overall
survival and transplant-free survival.

m CURRENT GUIDELINES FOR DIAGNOSTIC
TESTING AND TREATMENT

Multiple guidelinest?® have speci ed when individ-
uals should be tested for alpha-1 antitrypsin de ciency
(Table 2). Most notably, every patient with xed air-

ow obstruction on pulmonary function tests (de ned
as a ratio of forced expiratory volume in 1 second to
forced vital capacity [FEV.,/FVC] < 0.7 or the lower
limit of normal on postbronchodilator spirometry*°)
should be tested once for alpha-1 antitrypsin de -
ciency. This recommendation applies whether the
patient has been diagnosed with COPD, emphysema,
chronic bronchitis, or even asthma (as long as the
air ow obstruction persists after bronchodilation).
Therefore, all patients presenting to their primary
care clinicians with dyspnea should undergo spirome-
try, with postbronchodilator testing if there is air ow
obstruction as well as other pulmonary function tests
as needed depending on clinical context.

TABLE 2
Testing recommendations for alpha-1
antitrypsin deficiency

All'individuals with the following should be tested:

= Chronic obstructive pulmonary disease, regardless of age
or ethnicity

* Unexplained chronic liver disease

* Necrotizing panniculitis, granulomatosis with polyangiitis,
or unexplained bronchiectasis

Once an individual with an abnormal gene for alpha-1
antitrypsin is identified, testing should be offered to their
parents, siblings, biological children, and extended family
members; genetic counseling should also be provided

Testing only the serum alpha-1 antitrypsin level is not
recommended for family members because it does not fully

Genotyping for at least the S and Z alleles is recommended

for diagnostic testing of symptomatic individuals; advanced or
confirmatory testing should include 1 or more of the following:
protease inhibitor typing, serum alpha-1 antitrypsin level
testing, and expanded genotyping

Based on information from reference 9.

Additional guideline-recommended indications
for alpha-1 antitrypsin de ciency testing include the
following:
= The presence of otherwise unexplained liver dis-

ease, bronchiectasis, or both
= Necrotizing panniculitis
e Being a rst-degree relative of an individual with

alpha-1 antitrypsin de ciency.

Establishing a diagnosis

Diagnosing alpha-1 antitrypsin de ciency is generally
straightforward and involves genotyping, checking
the alpha-1 antitrypsin serum level, or both. Geno-
typing for the most common variant alleles—Z, S, 1,
and F—is generally performed with polymerase chain
reaction. Normal alpha-1 antitrypsin serum levels
range from 102 to 254 mg/dL, with individuals with
P1*ZZ alpha-1 antitrypsin de ciency characteristically
having serum levels about 30% to 50% of normal
(29-52 mg/dL),? uniformly below the serum alpha-1
antitrypsin level of 57 mg/dL that is considered to be
a protective threshold value.

Although the serum protective threshold value
concept is an imperfect construct with noteworthy,
albeit uncommon, exceptions, it has proven largely
useful in diagnosing alpha-1 antitrypsin de ciency
and determining which patients are at risk of lung
disease. Individuals with serum alpha-1 antitrypsin
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levels below 57 mg/dL (eg, those with the PI1*ZZ
type) are usually considered to be at risk of developing
emphysema, especially if they smoke, whereas those
with levels above this protective threshold value are
considered to be at lower risk.

Treatment recommendations

Once diagnosed, patients with alpha-1 antitrypsin
de ciency are currently treated with a weekly infusion
of puri ed pooled human plasma—derived alpha-1
antitrypsin, called augmentation therapy, which raises
serum and lung alpha-1 antitrypsin levels to enhance
the antiprotease protection, thereby addressing the
toxic loss of function. The weight of evidence shows
that augmentation therapy slows the progression of
emphysema but offers no bene t for the liver disease
resulting from the toxic gain of function.

New treatments are under development, including
those for alpha-1 antitrypsin de ciency-—associated
liver disease, interventions targeting protein confor-
mational changes, gene therapy, and DNA and mes-
senger RNA editing approaches.*

m STRATEGIES TO ENHANCE RECOGNITION

As reviewed in detail elsewhere,* a variety of interven-

tions have been undertaken to enhance recognition

of individuals with alpha-1 antitrypsin de ciency.

= Strategies centered around education have included
offering grand rounds, presentations at national
meetings, and even targeted educational interven-
tions in communities.

= Efforts to drive adherence to guidelines have
been conducted by holding “testing events,” issu-
ing prompts in pulmonary function test reports
to check for alpha-1 antitrypsin de ciency, and
issuing best practice alerts in electronic medical
records for individuals with guideline-indicated
clinical features that should prompt testing.

= Patient-facing strategies have included sending
noti cations through an electronic portal to
patients who are prescribed medications indicated
for COPD (long-acting muscarinic agents with
long-acting beta agonists) recommending that they
undergo testing for alpha-1 antitrypsin de ciency
and directing them to where they can obtain a free
test.

Many of these strategies have had a modest effect,
but have not shown lasting, scalable effectiveness.
Because available strategies have not meaningfully
enhanced recognition of individuals with alpha-1
antitrypsin de ciency, several novel strategies are
being explored.
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Leveraging Al

Al algorithms running within an electronic medical
record are being developed to identify individuals at
risk of alpha-1 antitrypsin de ciency.% For example,
Pfeffer et al?* applied a machine learning algorithm
to 21,381 records selected for a COPD diagnosis (of
which about 4% were actual patient records vs other
administrative records). The nal model showed good
diagnostic accuracy (area under the receiver operat-
ing characteristic curve 0.90).

More recently, preliminary ndings by Stoller et
al® describe the performance of an Al algorithm that
was rst developed in a large administrative database
and then validated and further re ned in a sample of
21,166 actual patient records. Testing the algorithm in
a large number of actual patients in whom an alpha-1
antitrypsin de ciency diagnosis has been con rmed or
ruled out better replicates a real-world experience, and
con rmation is now ongoing. Speci cally, follow-up
studies are deploying the Al algorithm in real-time prac-
tice. In these studies, physicians are prompted to test
for alpha-1 antitrypsin de ciency when the algorithm

ags a patient with features that suggest the condition.

Outcome measures will include the following:

= How many tested patients actually have alpha-1
antitrypsin de ciency

= The frequency with which physicians comply
with the prompts to test for alpha-1 antitrypsin
de ciency

= How many patients found to have alpha-1 anti-
trypsin de ciency lack clinical features that would
have prompted testing according to current guide-

linest291° (Table 2).

To date, the Al algorithm has shown a strong per-
formance (area under the receiver operating charac-
teristic curve 0.89),% though further study is needed
to fully clarify the diagnostic accuracy of using Al to
detect alpha-1 antitrypsin de ciency (eg, false posi-
tives remain a concern).

AlphaDetect

A second promising development to enhance detec-
tion is the recent formation of an organization called
AlphaDetect (alphal.org/alphadetect). AlphaDetect
is a not-for-pro t subsidiary of the Alpha-1 Founda-
tion, a patient support organization committed to
improving the lives of affected individuals and nding
a cure for alpha-1 antitrypsin de ciency. AlphaDetect
was organized to ensure that all individuals with
alpha-1 antitrypsin de ciency are detected. It will offer
free testing and, in concert with the Alpha-1 Founda-
tion, genetic counseling services.
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m KEY TAKEAWAYS

Several lines of evidence support the imperative for
primary care clinicians to suspect and test for alpha-1
antitrypsin de ciency:

= Alpha-1 antitrypsin de ciency is severely and per-
sistently underrecognized and can cause signi cant
morbidity and mortality.*

e Most patients with COPD, the most common
clinical consequence of severe alpha-1 antitrypsin
de ciency, are cared for by primary care clinicians
and do not see pulmonologists.®

= Family members of those diagnosed with alpha-1
antitrypsin de ciency may also have unsuspected
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A 24-year-old man with severe
hemolytic anemia and variable
Coombs test results

24-year-old man, previously healthy, was

admitted to a local hospital because of dark
urine, jaundice, fatigue, and confusion. He said he
had no dysuria, fever, night sweats, abdominal pain,
vomiting, diarrhea, or weight changes. He also said
he had not traveled recently, had not contracted any
infections, had not been exposed to anyone who was
sick, did not use alcohol, and had not started any new
medications.

On admission, the patient’s temperature was 98.7°F
(37.1°C), heart rate 106 beats per minute, blood pres-
sure 121/67 mm Hg, respiratory rate 18 breaths per
minute, and oxygen saturation 97% while breathing
room air.

The patient seemed lethargic but responded to
verbal and physical stimuli and had no focal neuro-
logic de cits. He was visibly jaundiced, with yellow
sclera. His lungs were clear to auscultation, without
wheezing or crackles. His heart rate and rhythm were
regular, with no murmurs or extra heart sounds. He
had normal bowel sounds and no abdominal disten-
sion, guarding, or rebound tenderness. No lymph
nodes were palpable, and his spleen seemed normal
on percussion.

Results of initial blood work and urinalysis are
shown in Table 1 and Table 2, respectively. A periph-
eral blood smear showed spherocytosis with tear-
drop cells, but no schistocytes. A polyspeci ¢ direct
Coombs test (also called a direct antiglobulin test)
was positive, while monospeci ¢ antiglobulin testing
was negative (more about these tests below).

d0i:10.3949/ccjm.93a.25079

m DIAGNOSIS

Which of the following is the most likely diagno-
sis?

1 Autoimmune hemolytic anemia
1 Nonimmune-mediated hemolytic anemia
J Nonhemolytic anemia

The patient had low hemoglobin, low haptoglobin,
an elevated reticulocyte count, elevated lactate
dehydrogenase, and elevated unconjugated bilirubin,
consistent with hemolytic anemia. In addition, his
peripheral blood smear showed spherocytes, a hall-
mark of hemolysis. His white blood cell count was also
elevated, predominantly due to elevated neutrophils,
and although this nding is uncommon in hemolytic
anemia, it could be attributed to a stress response to
hemolysis.
In autoimmune hemolytic anemia, the patient’s
immune system is destroying their red blood cells. The
rst step in diagnosing it is a direct Coombs test, using
polyspeci ¢ antihuman globulin that detects immu-
noglobulin (Ig) G and the complement fragment C3d
bound to red blood cells. If this test is positive, it usu-
ally means the patient has either 1gG or C3d, or possi-
bly both, on their red blood cells, but it doesn't tell you
which one is present or if both are. Therefore, the next
step is monospeci c testing for antibodies to either 1gG
or C3d individually (this testing is done re exively by
the laboratory if the polyspeci c test is positive).2
However, positive test results do not always indi-
cate clinically signi cant autoimmune hemolytic ane-
mia. For example, false-positive results can be due to
red blood cell alloantibodies from prior transfusions
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TABLE 1

The patient’s blood test results on presentation

Test Value?

Reference range

36.7 x 10°%/L

White blood cell count

D-dimer 851 ng/dL

~80-100

0420

946

~ 31-238

<500

0ut-of-range results are shown in bold.

or certain monoclonal antibodies used to treat mul-
tiple myeloma.3* Similarly, physical signs can also be
nonspeci c: dark urine may be due to hemoglobinuria
from intravascular hemolysis, often with no red blood
cells in the urine on microscopy.

In our patient, the diagnosis of autoimmune hemo-
lytic anemia was supported by the laboratory and clin-
ical ndings, with a positive result on the polyspeci ¢
direct Coombs test, even though the results of mono-
speci ¢ testing were negative.*

m TYPES OF AUTOIMMUNE HEMOLYTIC ANEMIA

Some cases of autoimmune hemolytic anemia occur
after a patient experiences a triggering event such as
viral illness or starting a new medication and are thus
termed secondary, while others, such as in our patient,
have no identi able triggering event and are thus
called primary.

160 CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 93 = NUMBER 3

Autoimmune hemolytic anemia can be classi ed
into several serologic types (Table 3).1-!

Warm-antibody autoimmune hemolytic anemia

In this type, the culprit is usually 1gG antibodies that,
in the laboratory, bind to erythrocytes at 37°C, and
so the monospeci ¢ direct Coombs test is typically
positive for 1gG. It is the most common type of auto-
immune hemolytic anemia, accounting for 60% to
70% of cases.>*#

Antibody-dependent cell-mediated cytotoxicity is
the primary mechanism of red blood cell destruction,
leading to extravascular hemolysis. However, con r-
mation with an eluate (done re exively by the lab-
oratory), a solution containing antibodies that have
been detached and recovered from the red blood cell
surface (Figure 1), is not always positive if the anti-
bodies have low af nity for the reagent, are present
in low concentration, or are not IgG (eg, are IgA).24
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TABLE 2

The patient’s urine test results on presentation

Test Value? Reference range

Color Red Yellow
Clar|ty ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ey Clear S
specificgravity 1018 100s-103%0
Glucose ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ g, Neganve e
girbin Negative Negative
Ketones Negative Negative
‘Hemoglobin,blood Moderate Negative =~
pH ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i 50-80 S
potein 100 mg/dL Negative =~
Urobiinogen 2.0 mg/day <20
Nitrtes Negative Negative =~
leukocyte esterase Negative Negative
White blood cells, per high-power field 17 s
Red blood cells, per high-power field 3 s
Bactena ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . None S
Squamous epithelial cells Few None
Casts, hyaline, per low-power field 15 o

40ut-of-range results are shown in bold.

Cold-antibody autoimmune hemolytic anemia
In cold-antibody autoimmune hemolytic anemia,
IgM autoantibodies known as cold agglutinins lead
to intravascular hemolysis by xing complement to
red blood cells at a low temperature and detaching at
37°C, leaving C3d on the cell surface.* Monospeci ¢
direct antiglobulin testing is positive for C3d, as C3d
causes agglutination (or clumping) of red blood cells
without antiglobulin antisera in microtiter wells at
4°C5

Cold-antibody autoimmune hemolytic anemia
includes cold agglutinin disease, de ned as a clonal
proliferative disease. In contrast, cold agglutinin
syndrome refers to a secondary condition associated
with Mycoplasma pneumoniae, Epstein-Barr virus, lym-
phoma, or other causes.>®

The cold agglutinin titer can be used to determine
whether cold antibodies are present. Another param-
eter that can be measured is the thermal amplitude,
ie, the highest temperature at which the IgM anti-
bodies cause the red blood cells to clump; higher ther-
mal amplitudes (above 30°C) can have more severe
hemolysis.>

Mixed autoimmune hemolytic anemia

Mixed autoimmune hemolytic anemia results from
both a warm IgG antibody and a cold IgM antibody
associated with lupus or lymphoma or that is idio-
pathic. The direct Coombs test is typically positive
for 1gG and C3d.” Intravascular and extravascular
hemolysis also characterize the syndrome. The dis-
ease is usually chronic with intermittent periods of
deterioration.

Paroxysmal cold hemoglobinuria

A biphasic 1gG antibody (Donath-Landsteiner anti-
body) causes thisrare condition, binding complement at
low temperatures and leading to complement-mediated
intravascular hemolysis at higher temperatures, after
the IgG detaches from the red blood cells.2 Conse-
quently, only complement is detected on the red blood
cells.

Paroxysmal cold hemoglobinuria is typically more
frequent in children, in whom it is transient, occur-
ring 1 to 2 weeks after an upper respiratory tract infec-
tion, while cases in adults have been associated with
tertiary syphilis.®
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TABLE 3

Types of autoimmune hemolytic anemia

Serologic mechanism, Relative
Type key antibody prevalence Hemolysis type Associated and secondary conditions
Warm antibody*~* IgG (warm) 60%—-70% Extravascular Idiopathic

Cold antibody
(cold agglutinin
disease or
syndrome)*-®

Paroxysmal cold
hemoglobinuria®

Passenger lymphocyte
syndrome®®

active at 37°C

IgM (cold agglutinin)
active at 4°C

Both 1gG (warm)
and IgM (cold)

Biphasic IgG (Donath-

Landsteiner antibody)

I9G, IgA, or IgM with

low red-blood-cell
binding or low titer

Drug dependent or

autoantibody
mediated

Donor B cells produce

antibodies against
recipient red blood cells

(most common)

20%—-25%

Rare

(< 19%-2%)

3%-10%

10%-20% of

secondary cases

Rare

(transplant
related)

(splenic macrophage
mediated)

Autoimmune diseases (eg, lupus)
Lymphoproliferative disorders

Drugs (eg, cephalosporins, penicillin)

Intravascular
(complement
mediated)

Cold agglutinin disease: clonal B-cell
disorder

Cold agglutinin syndrome secondary to
Mycoplasma pneumoniae, Epstein-Barr
virus, lymphoma

Mixed intra- and
extravascular

Intravascular
(complement

Viral infections (especially in children after
upper respiratory infection)

mediated)

Syphilis (historically)
Variable Same as warm antibody;

sometimes requires special reagents
Variable Penicillin, cephalosporins, platinum

agents, checkpoint inhibitors

Extravascular

After solid-organ or hematopoietic
stem cell transplant

Ig = immunoglobulin

Coombs-negative autoimmune hemolytic anemia
The distribution of IgG antibodies on circulating red
blood cells is not uniform, so the direct Coombs test
may not detect them even if they are there. Less com-
monly, other antibodies such as IgA and IgM may be
present instead of IgG; however, these can be detected
if special antiglobulin test reagents are used.

Drug-induced autoimmune hemolytic anemia
Drug-dependent autoantibodies, molecular mimicry,
and nonspeci c factors can all induce hemolysis. The
drugs most often implicated are antibiotics (partic-
ularly penicillin and cephalosporins) and oncology
medications such as platinum-based agents and
immune checkpoint inhibitors.®
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Passenger lymphocyte syndrome

In this subtype, B lymphocytes from the donor graft
(which can be either a solid-organ or a hematopoietic
stem cell transplant) get into the recipient’s circulation,
producing antibodies against recipient red blood cells.*

Nonimmune-mediated hemolytic anemia
Nonimmune-mediated hemolytic anemia is suggested by
a negative direct Coombs test with supportive evidence
of an alternative etiology. Hereditary causes include dis-
orders of erythrocytic enzymes, membrane defects, and
qualitative and quantitative hemoglobin disorders.t*
Acquired causes include thrombotic microangiopathies,
paroxysmal nocturnal hemoglobinuria, infections (eg,
malaria, babesiosis, viruses), drug and metal intoxication,
and dysfunction of prosthetic cardiac valves.
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Antibody

Antibody-coated
red blood cells

Red blood cell antigen

Eluate
(contains antibodies)

Eluent
(contains residual '
red blood cells) [,

Figure 1. After a positive direct Coombs test, which detects antibodies and complement bound to red
blood cells, the antibodies can be washed off the red blood cells and the eluate tested to confirm the

result.

Thrombotic microangiopathies such as throm-
botic thrombocytopenic purpura are considered when
schistocytes are present on the peripheral smear with
thrombocytopenia. Testing to differentiate among
the thrombotic microangiopathy subtypes includes
measuring the level of activity of ADAMTS13 (a dis-
integrin and metalloprotease with a thrombospondin
type 1 motif, member 13), a plasma metalloprotease
enzyme that plays a crucial role in regulating blood
clotting by cleaving von Willebrand factor protein.

Hereditary spherocytosis is screened for with the
eosin-5-maleimide binding test and osmotic fragility test.

Enzymatic and membrane defects in red blood
cells can be tested for with molecular genetic testing.
A glucose-6-phosphate dehydrogenase (G6PD) level
can identify G6PD de ciency, an X-linked hereditary
disorder triggered by fava beans, sulfa drugs, pri-
maquine, nitrofurantoin, and many others.*?

Hemaoglobinopathies can be detected by hemoglo-
bin electrophoresis.

Paroxysmal nocturnal hemoglobinuria. Flow cyto-
metry with FLAER ( uorescently labeled aerolysin)

analysis is the gold standard for identifying the lack of
glycosylphosphatidylinositol anchors on cell surface
proteins, such as CD55 and CD59, crucial for diagnos-
ing paroxysmal nocturnal hemoglobinuria.

Lymphoproliferative disorders can also cause
nonimmune-mediated hemolytic anemia via hyper-
splenism or marrow in ltration; therefore, computed
tomography and bone marrow biopsy may be indi-
cated if these are suspected.

m CASE CONTINUED:
HE IS TREATED, DISCHARGED, READMITTED

In view of the patient’s altered mental status and
profound anemia, he was admitted to the intensive
care unit. A noncontrast computed tomographic
scan of the head excluded overt bleeding, infarc-
tion, and intracranial masses. He received 4 units
of packed red blood cells and was started on oral
dexamethasone 40 mg daily, planned for 4 days. His
cognitive status improved. After the transfusion of
red blood cells, his hemoglobin level increased to
8 g/dL.
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To look for other treatable causes of profound
anemia, he underwent an extensive evaluation that
included iron and folate studies. Paroxysmal nocturnal
hemoglobinuria, hereditary red blood cell disorders, and
G6PD de ciency were not detected. His ADAMTS13
levels were normal. Tests for Epstein-Barr virus, cyto-
megalovirus, human immunode ciency virus, hepatitis
A, hepatitis B, hepatitis C, and COVID-19 were neg-
ative. The cold agglutinin titer was within the normal
range. Bone marrow biopsy was performed to evaluate
for a lymphoproliferative disorder and demonstrated
erythroid hyperplasia with a normal karyotype without
additional ndings. A transthoracic echocardiogram
revealed no valvular abnormalities for shear hemolysis.
A magnetic resonance imaging scan of the abdomen
showed periportal edema and gallbladder wall thicken-
ing, with no biliary dilatation. There was no evidence
of splenomegaly or lymphadenopathy.

The patient was discharged after 3 days in the hos-
pital. However, 2 days later his symptoms had returned
and he was readmitted, this time to our hospital.

At this time his hemoglobin level was 5.7 g/dL, hap-
toglobin less than 10 mg/dL, total bilirubin 3.3 mg/dL,
reticulocyte count 44%, and lactate dehydrogenase
unquanti able. This time, the polyspeci ¢ and mono-
speci ¢ IgG direct antiglobulin tests were positive but
the eluate con rmation for IgG antibodies was nega-
tive. Prednisone 1 mg/kg daily was started.

m ADDITIONAL TESTING NEEDED

What additional tests can be performed for a pa-
tient with clinically evident autoimmune hemo-
lytic anemia if the direct antiglobulin test is posi-
tive but the eluate is antibody negative?

1 Super Coombs test (extended direct antiglobulin
test panel)

[ Repeat direct Coombs test with an alternative
method

[ No further testing

If results of the direct antiglobulin test vary and eluate
testing is negative, there are several possible explana-
tions.®*** For example, older red blood cells typically
have higher IgG levels than younger ones, especially
during active hemolysis. Therefore, the surviving cells
would tend to be younger, with lower IgG levels, and
not close enough together for the direct Coombs test
to cause cross-linking, producing false-negative results.
Also, the nature of 1gG on the red blood cell surface
varies among individuals, and low-af nity 19G may
only be detectable in the eluate after red blood cells are
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washed with large volumes of saline, which removes
residual plasma that could neutralize the anti-IgG
reagent used in the direct Coombs test. Furthermore,
less common immunoglobulins such as IgA and IgM
may be present on the surface of red blood cells.***

An extended direct antiglobulin test panel, also
known as a super Coombs test, can be ordered at spe-
cialized laboratories to detect antibodies not detected
by standard methods, namely IgG bound at low levels,
low-af nity 1gG, and IgA.* IgA warm-antibody auto-
immune hemolytic anemia has a presentation similar
to that of the IgG variety, while IgM warm-antibody
autoimmune hemolytic anemia tends to be more
aggressive due to complement activation and is often
misdiagnosed as cold agglutinin disease or paroxysmal
cold hemoglobinuria.

Repeating the direct Coombs test using the stan-
dard or an alternative method would not detect the
IgA antibody.

m CASE CONTINUED: SUPER COOMBS TEST
AND TREATMENT, BUT HIS ANEMIA PERSISTS

In our patient, although the positive direct Coombs
test could be attributed to IgG or passive alloanti-
bodies, we suspected he had another antibody, given
his ongoing active hemolysis with a negative eluate
and variable direct Coombs test results. Therefore, we
ordered a super Coombs test at a reference laboratory
(Figure 2). It found IgA and a small amount of 1gG,
the latter attributed to cross-reactivity in testing,?
which could explain the variable direct Coombs test
results. However, because IgA is rare, we performed a
con rmation direct Coombs test, which was strongly
positive for IgA by gel technique, con rming IgA
warm-antibody autoimmune hemolytic anemia, even
though the eluate was negative.

He received prednisone for more than 2 weeks, but
his anemia persisted, with hemoglobin levels lower
than 6 g/dL, necessitating near-daily transfusions.

m AUTOIMMUNE HEMOLYTIC ANEMIA
REFRACTORY TO GLUCOCORTICOIDS

What is the next step in managing autoimmune
hemolytic anemia that is refractory to glucocorti-
coids such as prednisone?

[ Rituximab

O Intravenous immunoglobulin

[ Immunosuppressants (azathioprine or mycophe-
nolate mofetil)

1 Splenectomy
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Step 1. Confirm hemolysis. Test for the following:
e Low hemoglobin and hematocrit

High reticulocyte count

High lactate dehydrogenase

High indirect (unconjugated) bilirubin

Low haptoglobin

If the hemolytic pattern is confirmed, proceed to Step 2

Step 2. Direct Coombs (antiglobulin) test
1. Polyspecific direct Coombs test (anti-IgG and anti-C3d)
e If positive, autoimmune hemolytic anemia is likely

. If polyspecific test is positive, perform monospecific testing:

o 0 0N

Step 3. Eluate testing

e  Positive eluate confirms IgG autoimmune hemolytic anemia
« Negative eluate but ongoing hemolysis—proceed to Step 4

Step 4. Variable or atypical Coombs test pattern

Spherocytes on peripheral smear (if schistocytes, indicate microangiopathic anemia)
Urinalysis positive for blood but few red blood cells (indicates hemoglobinuria due to intravascular hemolysis)

If negative, consider nonimmune causes or Coombs-negative autoimmune hemolytic anemia

IgG positive and C3d negative: warm autoimmune hemolytic anemia
IgG negative and C3d positive: cold autoimmune hemolytic anemia
IgG positive and C3d positive: mixed autoimmune hemolytic anemia

If direct Coombs test results are variable or negative but clinical suspicion remains high:
e Order extended direct antiglobulin test (super Coombs test) at a reference laboratory; detects low-affinity 1gG as well as IgA or

IgM bound to red blood cells

Repeat direct Coombs test with alternative methods (eg, gel or flow cytometry) if still unclear
e  Consider Coombs-negative autoimmune hemolytic anemia if all standard assays are negative

Step 5. Determine autoimmune hemolytic anemia subtype and evaluate secondary causes

Direct Coombs test result,

clinical picture Likely subtype

Additional tests

Eluate testing; secondary workup for lupus, lymphoma, drugs
Cold agglutinin titer > 1:

and thermal amplitude testing

IgG positive Warm antibody
C3d positive
IgG positive and C3d positive Mixed

Autoimmune screen, lymphoma workup

Complement only, Donath-Landsteiner
positive

Donath-Landsteiner test

Super Coombs test for IgA or low-affinity IgG

Stop culprit drug; drug-dependent antibody testi'ﬁ‘g

Donor-recipient antibody screen

Ig = immunoglobulin

Figure 2. Workup of autoimmune hemolytic anemia.

Severe anemia (with hemoglobin < 6 g/dL) and
hemodynamic instability are medical emergencies
requiring urgent blood transfusion. Glucocorticoids
are started, eg, oral prednisone 1 to 2 mg/kg/day or
intravenous methylprednisolone in an equivalent
dose.*® This dose is continued until the hemoglobin
level is above 10 g/dL, which approximately 80% of
patients achieve within 2 to 3 weeks. If effective,
prednisone should be tapered over 2 to 3 months. But

Based on information from reference 1.

if the anemia persists, all the treatments listed above
could be options.

Rituximab, a CD20 monoclonal antibody directed
to B cells, is usually added if there is no response to
prednisone within 2 to 3 weeks after initiation. How-
ever, in severe cases, rituximab is often started along
with a glucocorticoid.?’

For refractory warm-antibody autoimmune hemo-
Iytic anemia, other immunosuppressive agents such
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as mycophenolate mofetil are used, along with
erythropoiesis-stimulating agents.’**® For patients
who are improving but still need transfusions after
starting prednisone and rituximab, intravenous
immunoglobulin can reduce the frequency of transfu-
sions.*® Splenectomy may be considered for refractory
cases and can offer long-term remission. 162021

m CASE CONTINUED: WE REMOVE HIS SPLEEN

We continued to give our patient prednisone and
started folic acid supplements to aid erythropoiesis
and rituximab once a week for 4 weeks. Addition-
ally, a 4-day course of intravenous immunoglobulin
0.5 g/kg was administered in an attempt to taper
the prednisone. We also started an erythropoiesis-
stimulating agent to treat possible inadequate bone
marrow compensation from low erythropoietin, but
discontinued it due to minimal bene t.1820

Because his autoimmune hemolytic anemia was
refractory to all conventional therapy at week 5, we
decided to remove his spleen laparoscopically. Patho-
logic study revealed a widened red pulp with red
blood cells immunostaining for CD68, suggesting an
increased macrophage population,> while the white
pulp was preserved. His hemoglobin level markedly
improved and stayed between 8 and 10 g/dL within
the rst few weeks after splenectomy, eventually nor-
malizing at 14 g/dL by 4 weeks after splenectomy.

m SUPPORTIVE CARE AFTER SPLENECTOMY

What supportive treatment do patients need if
they have autoimmune hemolytic anemia, have
received multiple transfusions, and have under-
gone splenectomy?

1 No supportive care is needed

[ Vaccinations for encapsulated organisms
[ Antibiotic prophylaxis

1 lron overload assessment

These patients de nitely need supportive care.
Vaccinations. In addition to age-appropriate and
COVID-19 vaccinations, patients who undergo sple-
nectomy should be vaccinated against encapsulated
bacteria, including Streptococcus pneumoniae (with
the 20-valent pneumococcal conjugate vaccine alone
or the 15-valent pneumococcal conjugate vaccine
followed by 23-valent pneumococcal polysaccharide
vaccine after 8 weeks), Haemophilus in uenzae type b
(Hib vaccine), Neisseria meningitidis (meningococcal
ACWY and meningococcal B vaccines), and seasonal
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in uenza, preferably more than 2 weeks before sple-
nectomy.?-2 However, vaccinations may need to be
delayed after treatment with B cell-depleting therapy
such as rituximab, which decreases antibody forma-
tion and immunogenicity.*®

Daily antibiotic prophylaxis for at least 1 year
after splenectomy is recommended in patients with
prolonged immunocompromised states. Penicillin
and amoxicillin are the preferred options, while mac-
rolides, cephalosporins, and uoroquinolones may be
alternatives.?*

Iron overload assessment. Patients who receive
multiple red blood cell transfusions (> 15-20 units)
are at increased risk of iron overload, which can lead
to organ damage; patients should be monitored for
overload by measuring ferritin and transferrin satu-
ration.?” Although these tests are sensitive, they are
not speci ¢, and other causes should be evaluated.?
Magnetic resonance imaging of the heart and liver
can help assess iron deposition; a liver iron concen-
tration greater than 3 mg/g liver dry weight or a car-
diac T2 value less than 20 milliseconds suggests iron
overload.®3°

m CASE CONTINUED: HE DEVELOPS IRON OVERLOAD

Because prophylactic vaccination is less effective
after high-dose glucocorticoid and rituximab therapy,
vaccination was postponed until more than 90 days
after his rituximab treatment ended.?>?® We gave him
amoxicillin daily as prophylaxis against infection.

However, 1 week after splenectomy his amino-
transferase levels abruptly began to rise: his aspartate
aminotransferase level reached 601 U/L (reference
range 10-40), and his alanine aminotransferase level
reached 664 U/L (9-46). In addition, his ferritin level
reached 5,375 ng/mL (38-380), and his transferrin
saturation was greater than 90.7% (20%-55%).

Hereditary hemochromatosis was excluded by test-
ing for variants in the HFE gene. Serologic workup
for infectious diseases was unremarkable, and imaging
showed no evidence of vascular abnormalities.

Given the degree of elevation in aminotransfer-
ases, a magnetic resonance imaging scan of the liver
was performed, which showed moderate iron overload
(iron concentration > 15 mg/g liver dry weight). A
liver biopsy revealed extensive iron overload in both
hepatocytes and Kupffer cells, without ndings sug-
gestive of an autoimmune etiology or drug-induced
liver disease. The aminotransferase elevations were
attributed to his many transfusions (33 units of packed
red blood cells).
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The patient underwent 8 phlebotomies over the
next 4 months, until his ferritin had fallen to less than
417 ng/mL. His hemoglobin level has remained stable.

m NOT EASILY DIAGNOSED

IgA warm-antibody autoimmune hemolytic anemia
is not easily diagnosed. When an immune-mediated
hemolysis is highly suspected with variable Coombs
test results, IgA warm-antibody autoimmune hemo-
lytic anemia should be considered. Once this is
suspected, an extended direct antiglobulin test (a
super Coombs test) should be considered to look for
IgA antibodies to red blood cells. However, an eluate
may be negative for antibodies.

Treatment for refractory autoimmune hemolytic
anemia may involve splenectomy. Supportive care
includes vaccinations with splenectomy and manage-
ment of transfusional iron overload.

m TAKE-HOME POINTS

= Suspect immune hemolytic anemia if patients have
strong clinical signs of it, even if results on the direct
antiglobulin test are variable with negative eluate.
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Optimizing bowel preparation
for colonoscopy: Updated
consensus recommendations

olorectal cancer remains the second

ABSTRACT

The US Multi-Society Task Force on Colorectal Cancer
updated the 2014 consensus recommendations on colo-
noscopy preparation in 2025. For patients at low risk of
inadequate preparation, key updates include simplifying
dietary restrictions and using 2-L over 4-L regimens for
improved tolerability while maintaining efficacy. Split-dose
administration of bowel preparation is universally recom-
mended. The guidelines emphasize same-day dosing as
acceptable only for afternoon procedures, recommend oral
simethicone as an adjunct for improved visualization, and

establish preparation adequacy tracking as a quality metric.
KEY POINTS

Two-liter regimens are preferred over 4-L regimens as they
improve patient tolerability while maintaining equivalent
bowel cleansing efficacy (low risk for poor preparation).

Dietary restrictions can be limited to 1 day before colonos-
copy using low-residue or low-fiber foods; clear-liquid—only
diets are unnecessary for most outpatients at low risk for
inadequate preparation.

Split-dose administration is recommended for all regimens;
same-day dosing is acceptable only for afternoon proce-
dures, with the second dose completed at least 2 hours
before the procedure.

A preparation adequacy rate of 90% or greater is now
recommended for both endoscopists and endoscopy units.

doi:10.3949/ccjm.93a.25086
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leading cause of cancer death in the
United States.! Colonoscopy is considered the
gold standard for detecting and removing pre-
cancerous lesions, but its effectiveness depends
critically on adequate bowel preparation.?
Inadequate preparation leads to missed lesions,
incomplete examinations, and the need for
earlier repeat procedures. This article high-
lights the key changes and recommendations
from the 2025 US Multi-Society Task Force
on Colorectal Cancer consensus recommen-
dations® on optimizing bowel preparation for
colonoscopy.

m \WHO WROTE THE GUIDELINES?

The US Multi-Society Task Force on Col-
orectal Cancer updated the 2014 consensus
recommendations* and published their work
in 2025.° The Task Force represents each of
the 3 gastroenterological societies: the Amer-
ican College of Gastroenterology, American
Gastroenterological Association, and Amer-
ican Society for Gastrointestinal Endos-
copy. The 2025 consensus provides updated
evidence-based recommendations for outpa-
tients undergoing colonoscopies at low risk for
inadequate bowel preparation.® A literature
review was led by the primary author, who
developed statements with evidence tables
to be reviewed by the entire committee. The
strength of the statement was assessed based
on the quality of evidence.
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TABLE 1

Low- and high-residue diets for colonoscopy preparation

Food category Acceptable (low residue)

Avoid (high residue)

Proteins Eggs (any style)
Skinless chicken, turkey, fish
Lean beef, pork, ham

Cheese, cottage cheese

White bread, plain bagel
White rice, plain pasta
Crackers, pretzels

Grains

Milk (half-cup portions)
Plain yogurt (no seeds or berries)
Ice cream (vanilla, half cup)

Bananas
Applesauce
Canned fruit (no skin)

Fruits

Well-cooked only (very soft)
Peeled potatoes (no skin)

Vegetables

Sample meals
Lunch: chicken sandwich (white bread, no
vegetables)
Dinner: baked fish with white rice
Snacks: Jello, vanilla yogurt, crackers

Breakfast: scrambled eggs, white toast with butter

Water, coffee, tea
Clear juices (no pulp)
Sports drinks

Beverages

Tough or fatty meats
Sausages with casings
Nuts, nut butters
Beans, legumes

Whole wheat bread and pasta
Brown or wild rice

Bran, granola, oatmeal
Popcorn

Yogurt with granola, nuts, or berries
Ice cream with mix-ins

All raw fruits except bananas
Dried fruits
Berries, fruits with seeds

All raw vegetables
Corn, peas, beans
Broccoli, cauliflower, leafy greens

Salads, sandwiches with lettuce
Pizza with vegetable toppings
Stir-fry with vegetables

Trail mix, granola bars

Juices with pulp
Prune juice
Smoothies with whole fruits

m WHAT ARE THE MAIN RECOMMENDATIONS?

Patient education and navigation

Provide both verbal and written instructions for all
preparation components. Bowel preparation is com-
plex because it is a multistep process. Verbal and writ-
ten instructions lead to improved bowel preparation
compared with written instructions alone.>®

Dietary modifications
Limit dietary restrictions to the day before the colo-
noscopy only.

Use low-residue or low- ber foods or full liquids
for early and midday meals when using split-dose
regimens (examples are provided in the consensus).
This recommendation is based on randomized tri-
als, meta-analyses, and prospective dietary studies.”®
There was no bene t in bowel preparation adequacy
with longer and more restrictive diets, and patients
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Based on information from reference 3.

found the 1-day diet restriction easier to tolerate and
adhere to.”® However, if a patient is at risk for inade-
quate preparation (eg, inpatient, constipation, history
of inadequate preparation, cirrhosis, certain medica-
tions, diabetes), these recommendations do not apply.
Table 1 details which foods are low residue and which
should be avoided.?

Purgative selection
No single bowel preparation agent is recommended.
Two-liter regimens are suggested over 4-L
preparations. In a recent meta-analysis of 17 studies
(N = 7,528 patients),® low-volume bowel prepara-
tions demonstrated similar ef cacy to high-volume
preparations in terms of achieving an adequate bowel
cleanse (86.1% vs 87.4%, relative risk 1.00, 95% con-
dence interval 0.98-1.02, with low heterogeneity:
12 = 17%). However, a smaller volume preparation
was signi cantly superior in terms of compliance
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TABLE 2

Commonly used bowel preparation regimens

KAWAS AND BEVERIDGE

Preparation

(brand name) Active compounds

Standard regimen

Common side effects

Contraindications

High-volume regimens approved by FDA

PEG-ELS PEG-3350, sodium sulfate,
(GOLYTELY, CoLyte)  sodium bicarbonate, sodium
chloride, potassium chloride

2 L night before, 2 L
morning of examination

Nausea, bloating,
abdominal cramps, anal
irritation

PEG-3350, sodium
bicarbonate, sodium
chloride, potassium chloride

Sulfate-free PEG-
ELS (NULYTELY,
TriLyte)

2 L night before, 2 L
morning of examination

Nausea, bloating,
abdominal cramps, anal
irritation

Low-volume regimens approved by FDA

2 L PEG + ascorbate  PEG-3350, sodium sulfate,
(MoviPrep) sodium chloride, potassium
chloride, ascorbic acid

1L + 16 oz liquids night
before, 1 L + 16 oz liquids
morning of examination

Nausea, bloating,
abdominal cramps,
hemolysis (patients with
G6PD deficiency)

PEG-3350, sodium sulfate
anhydrous, sodium
ascorbate, ascorbic acid

1 L PEG + ascorbate
(PLENVU)

500 cc + 16 oz liquids
night before, 500 cc +
16 oz liquids morning of
examination

Nausea, bloating,
abdominal cramps, anal
irritation

Sodium sulfate, potassium
sulfate, magnesium sulfate
(tablets have potassium
chloride)

Oral sodium sulfate
(SUPREP [liquid],
SUTAB [tablets])

Liquid: 6 oz + 1.25 L water
night before and day of
examination

Tablets: 12 tablets + 1 L
water night before and
day of examination

Nausea, bloating,
abdominal cramps,
vomiting

Sodium picosulfate,
magnesium oxide,
anhydrous citric acid

Sodium picosulfate
+ magnesium oxide
(CLENPIQ, Prepopik)

50z + 1 L water night
before, 5 0z + 1 L water
morning of examination

Nausea, bloating,
abdominal cramps,
vomiting

Sodium phosphate
tablets (OsmoPrep)

16 tablets + 1 L water
night before, 16 tablets
+ 1 L water morning of
examination

Nausea, bloating,
abdominal cramps,
vomiting

Regimens not approved by FDA

PEG-3350 + sports ~ PEG-3350 mixed with
drink (MiraLAX + sports drink
Gatorade)

238 g PEG in 1 L sports
drink night before, 1 L
morning of examination

Nausea, bloating,
abdominal cramps,
electrolyte imbalances if
improperly mixed

Magnesium citrate  Magnesium citrate

(generic)

1 bottle (12 0z) + 1 L
water night before, 1 L
morning of examination

Nausea, bloating,
abdominal cramps,
hypermagnesemia

Bisacodyl (generic)  Bisacodyl

Typically 10-15 mg
as adjunct to other
preparations

Nausea, bloating
abdominal cramps,
ischemic colitis (rare)

Bowel obstruction, ileus,
allergy or hypersensitivity to
ingredients

Bowel obstruction, ileus,
allergy or hypersensitivity to
ingredients

Bowel obstruction, ileus,
G6PD deficiency, allergy to
ingredients

Bowel obstruction, ileus,
allergy or hypersensitivity to
ingredients

Renal failure (acute or
chronic), CHF, ascites, bowel
obstruction, ileus, allergy

Chronic or acute kidney
disease, CHF, bowel obstruction,
ileus, allergy, elderly
(hyponatremia ri

disease, CHF, bowel
obstruction, ileus,
allergy (acute phosphate
nephropathy risk)

Bowel obstruction, ileus,
allergy, chronic or acute
kidney disease, seizures

Chronic or acute kidney
disease, CHF

Bowel obstruction, acute
abdominal conditions

CHF = congestive heart failure; FDA = US Food and Drug Administration; G6PD = glucose-6-phosphate dehydrogenase; PEG-ELS = polyethylene glycol-electrolyte solution

Adapted from Jacobson BC, Anderson JC, Burke CA, et al. Optimizing bowel preparation quality for colonoscopy: consensus recommendations by the US Multi-
Society Task Force on Colorectal Cancer. Gastroenterology 2025; 168(4):798-829, copyright 2025, with permission from the American Gastroenterological
Association, the American College of Gastroenterology, and the American Society for Gastrointestinal Endoscopy.
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LOW-RISK PATIENTS

HIGH-RISK PATIENTS

Standard protocol
Diet:
= Day before only
 Low residue OR full liquids

Preparation:
e 2 L (split dose)

Strong recommendation

Modified intensive protocol
Diet:
= Days 3 and 2 before: low residue
« Day 1 before: clear liquids

Preparation:
= 4 | polyethylene glycol (split dose)
= 15 mg bisacodyl (afternoon before)

Weak recommendation

RISK FACTORS FOR INADEQUATE BOWEL PREPARATION

Highest risk Moderate risk Lower risk

(odds ratio > 3.0) (odds ratio 1.5-2.0) (odds ratio 1.1-1.5)

Cirrhosis Tricyclic antidepressants Constipation

Parkinson disease Diabetes mellitus Hypertension

Dementia Opioid use Tobacco use

Previous inadequate Gastroparesis Age > 65

preparation Previous bowel surgery Male sex
Inpatient status Lower level of education
Body mass index Public medical insurance
> 30 kg/m?

Figure 1. Bowel preparation dietary protocol.

or completion (relative risk 1.06, 95% con dence
interval 1.02-1.10), tolerability (relative risk 1.39,
95% con dence interval 1.12-1.74), and willing-
ness to repeat bowel preparation (relative risk 1.41,
95% con dence interval 1.20-1.66).

Selection of a bowel preparation should consider
patient comorbidities, previous preparation adequacy,
cost, allergies, and other individual factors. Hyperos-
molar preparations should be avoided in patients at
risk of clinical consequences from uid shifts (eg, renal
insuf ciency, congestive heart failure). These include
sodium picosulfate plus magnesium oxide (CLENPIQ)
and magnesium citrate.

Details on different types of preparations are given
in Table 2.3
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Based on information from reference 3.

Dosing strategy
Split-dose administration is recommended for all
patients regardless of whether a high- or low-volume
preparation is being used. This involves drinking half
of the preparation the evening before the procedure
to clear out solid stool and drinking the second half
the morning of the procedure (4-6 hours before) to
clear chyme that entered the colon overnight. A
split-dose preparation is associated with an increased
adenoma detection rate.'° Some barriers to adherence
include procedures scheduled before 10 am and travel
time of over 1 hour.

Same-day dosing is an acceptable alternative to
split-dose administration for patients with an after-
noon colonoscopy (not morning).*
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Adjunctive agents
Oral simethicone (= 320 mg) is suggested to improve
visualization. A meta-analysis of 38 randomized con-
trolled trials showed that oral simethicone signi cantly
increased the rate of adequate bowel preparation (rel-
ative risk 1.13, P < .0001), reduced foam and bubbles
(relative risk 1.28, P <.00001), and improved patient
acceptability (relative risk 1.15, P = .01). The bene-
t was most pronounced when doses greater than or
equal to 320 mg were used. Notably, while simethicone
improved visualization quality, it did not signi cantly
impact overall adenoma detection rates in the general
analysis.*?

Inadequate preparation management

Modify bowel preparation instructions for patients
with a history of inadequate preparation or at risk
for it as follows: split-dose 4 L polyethylene glycol
(PEG) and electrolyte lavage solution, bisacodyl
15 mg the afternoon before the colonoscopy, and
a more restrictive diet (low-residue diet days 3 and
2 before colonoscopy and clear liquids day 1 before;
Figure 1%). In a randomized trial of 256 patients
with previous inadequate cleansing, all participants
received a 3-day low-residue diet and bisacodyl
10 mg the day before colonoscopy, combined with
either split-dose 4 L PEG or split-dose 2 L PEG plus
ascorbic acid. The 4-L PEG regimen achieved sig-
ni cantly higher adequate preparation rates than
the 2-L regimen (81.1% vs 67.4%, odds ratio 2.07,
95% con dence interval 1.16-3.69).413

Repeat colonoscopy within 12 months.*

m \WHAT IS DIFFERENT FROM PREVIOUS GUIDELINES?

Simplified dietary approach

A simpli ed dietary approach was recommended in
2014, but it was a weak recommendation. Since that
time, more studies have been published and now it
is a strong recommendation to limit restrictions to a
single day before colonoscopy, allowing low-residue
solid foods for most meals. This change re ects robust
evidence that prolonged dietary restrictions provide
no meaningful bene t while signi cantly increasing
patient burden and reducing compliance.

Volume preference shift

The 2014 recommendations said that either 2-L or
4-L volumes could be used. The 2025 recommenda-
tions now explicitly prefer 2-L over 4-L regimens,
representing a signi cant departure from traditional
high-volume approaches. This preference acknowl-
edges that equivalent preparation quality can be

achieved with lower volumes while substantially
improving patient tolerance and willingness to repeat
procedures. However, comorbid conditions, medica-
tions, and cost must be taken into consideration.

Simethicone integration

The 2014 consensus did not recommend oral simeth-
icone, but the 2025 consensus does recommend at least
320 mg of oral simethicone. The shift in recommen-
dation re ects accumulating evidence for improved
visualization and adenoma detection. However, this is
still a weak recommendation.

m DO OTHER SOCIETIES AGREE OR DISAGREE?

The European Society of Gastrointestinal Endoscopy
guideline®™ generally aligns with US Multi-Society
Task Force recommendations® on split dosing and
dietary simpli cation.

International consensus on the fundamentals—
split dosing, minimizing dietary burden, and individu-
alized preparation—is strong, though implementation
details and quality monitoring standards differ across
healthcare systems.

m HOW WILL THIS CHANGE DAILY PRACTICE?

The 2025 US Multi-Society Task Force recommen-
dations are poised to reshape how endoscopy prac-
tices approach bowel preparation, with implications
far beyond simple protocol adjustments. The shift
toward patient-centered regimens—particularly the
allowance of solid low-residue foods the day before—
will enhance patient experience by reducing hunger,
nausea, and anxiety, thereby improving willingness
to undergo repeat procedures. At the same time,
dietary simpli cation requires comprehensive revi-
sion of patient education materials and staff training.
Many practices have long relied on complex, multi-
day restriction sheets; transitioning to streamlined
low-residue instructions will require retraining of
nursing staff and con dence-building among clini-
cians accustomed to clear-liquid protocols.
Operationally, several changes present signi cant
challenges. Universal adoption of split-dose regimens
means of ces must deliver clear guidance on morning
dosing, even if this requires patients to wake at 3 am
to 4 am for early morning procedures. This practical
hurdle underscores the need for enhanced patient
education and may prompt some centers to reconsider
scheduling patterns. Likewise, the Task Force’s prefer-
ence for 2-L preparations is likely to accelerate adop-
tion of lower-volume regimens, improving tolerability
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but necessitating adjustments in procurement, pre-
scribing habits, and insurance coverage.

Perhaps the most transformative change is the
mandate to track preparation adequacy at both the
unit and individual endoscopist level, with a bench-
mark of 90%. Most practices currently lack systems
for such granular monitoring, so implementation will
require new data collection processes, regular report-
ing, and targeted quality improvement initiatives.
The strong endorsement of patient navigation—via
apps, automated reminders, or dedicated staff—offers
a proven strategy to raise adequacy rates, yet requires
meaningful investment of time and resources. For
smaller practices, collaboration or shared technology
solutions may be necessary to meet these expectations
cost-effectively.

An important practical consideration in open-
access systems is clarifying responsibility for bowel
preparation instructions. In many healthcare systems,
primary care clinicians order colonoscopies while
endoscopy units provide preparation instructions.
Some gastroenterology practices and institutions
allow for a low-residue diet, while others do not. To
avoid confusing patients, it is important to clarify the
instructions patients will receive, including instruc-
tions provided on the institution’s or practice’s website
and through a patient portal or mail.

= WHEN WOULD THE GUIDELINES NOT APPLY?

The US Multi-Society Task Force acknowledges
important limitations in applying these recommen-
dations, particularly for complex patient populations,
patients at risk for an inadequate preparation, and
challenging clinical scenarios. Risk factors for inade-
quate bowel preparation quality include cirrhosis, Par-
kinson disease, tricyclic antidepressant use, diabetes,
opiate use, gastroparesis, previous colorectal surgery,
constipation, tobacco use, and age over 65; while not
true of all risk factors, many impact intestinal motil-
ity.1617 Understanding these exceptions is crucial for
safe and effective implementation.

Hospitalized patients represent a signi cant pop-
ulation where standard outpatient protocols may not
apply. Inpatients often have multiple comorbidities,
delayed procedure scheduling, medication interac-
tions, and limited mobility that complicate prepa-
ration regimens. The timing requirements for split
dosing become particularly challenging when proce-
dures are scheduled urgently or when patients cannot
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reliably self-administer preparations. These patients
may require individualized approaches with nursing
supervision and modi ed timing protocols.

Patients with severe renal insuf ciency or heart
failure cannot safely use hyperosmotic preparations.®
Similarly, patients with signi cant gastrointestinal
disorders such as severe gastroparesis, in ammatory
bowel disease with strictures, or previous extensive
colorectal surgery may need specialized approaches
based on their altered anatomy and physiology.

Neurologically impaired patients, including those
with dementia, Parkinson disease, or developmental
disabilities, may be unable to comply with standard
preparation instructions. These patients often require
caregiverassistance, modi ed regimens, and sometimes
inpatient preparation protocols that fall outside the
scope of these outpatient-focused recommendations.*®

Pregnancy presents unique challenges where both
preparation agents and procedure timing must be
carefully considered. The guidelines do not address
obstetric considerations, and these patients require
individualized management in consultation with
obstetric clinicians.?

Cultural and language barriers may limit the
applicability of standard education and navigation
approaches. Patients with limited English pro ciency,
cultural dietary restrictions, or health literacy chal-
lenges may need enhanced support beyond what
these guidelines speci cally address. Practices serving
diverse populations must develop culturally appro-
priate adaptations while maintaining preparation
effectiveness.?

Emergency or urgent procedures often cannot
accommodate the ideal timing recommendations,
particularly for split-dose regimens. In these situa-
tions, clinicians must balance preparation quality
against clinical urgency, often accepting suboptimal
preparation in favor of timely diagnosis or treatment.

Resource-limited settings may lack access to
patient navigation systems or low-volume prepara-
tions. Rural practices or those in underserved areas
may need to adapt recommendations based on
available resources while striving to achieve optimal
preparation quality within existing constraints.  m
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Polycystic ovary syndrome:
An update on diagnosis
and management

ABSTRACT

Polycystic ovary syndrome (PCOS) is a common but
complex heterogeneous endocrine disorder characterized
by androgen excess, insulin resistance, and ovulatory
dysfunction, presenting challenges in diagnosis and
management. This review provides an overview of

PCOS, incorporating key updates from the 2023 inter-
national evidence-based guideline. We aim to enhance
understanding of PCOS and improve individualized and
evidence-based patient care.

KEY POINTS

PCOS is a heterogeneous disorder with reproductive,
metabolic, and psychological consequences across the
lifespan.

The 2023 international guideline emphasizes a sequential

approach to diagnosing PCOS, beginning with clinical
and biochemical assessment, followed by selective use of
ultrasonography or antimdllerian hormone measurement
in adults.

PCOS management should be individualized, beginning
with lifestyle modification, and includes pharmacologic
interventions targeting menstrual irregularities, hyperan-
drogenism, obesity (with glucagon-like peptide 1 receptor
agonists), and fertility management.

doi:10.3949/ccjm.93a.25090
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olycystic ovary syndrome (pcos) is

the most common endocrine disorder
in women of reproductive age, with a prev-
alence of approximately 10% to 13%.! Prev-
alence and presentation differ among racial
and ethnic groups, possibly re ecting the
effects of ethnic origin, race, and environ-
mental factors.?

Patients typically present with irregular
menstrual cycles, hyperandrogenism, obesity,
or fertility concerns. However, the impact of
PCOS extends beyond the reproductive years,
affecting health throughout the lifespan.
Therefore, long-term management is essen-
tial, not only to control symptoms but also
to prevent associated metabolic conditions.
Although the underlying cause of PCOS
remains uncertain, progress in understanding
its pathophysiology has guided targeted thera-
peutic approaches.

m \WHAT CAUSES PCOS?

Genetic factors play a signi cant role in the
development of PCOS, but environmental fac-
tors have an even greater impact. In individu-
als with genetic predisposition, environmental
exposures may trigger epigenetic modi cations
that contribute to the pathogenesis of PCOS.

Genetic factors

PCOS has a strong genetic component. A fam-
ily history of PCOS is a well-established risk
factor; in a study of rst-degree female relatives
of 93 patients with PCOS, 24% of the mothers
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and 32% of the sisters also had PCOS.® A twin study
further supports a strong genetic contribution, showing
higher concordance in monozygotic than in dizygotic
twins.* Moreover, genome-wide association studies
have identi ed multiple risk gene loci associated with
PCOS, revealing associations with genes involved in
gonadotropin action, insulin signaling, and androgen
biosynthesis.>®

Recent studies suggest that PCOS can also affect
men, as male relatives of affected women exhibit
early-onset androgenic alopecia and metabolic abnor-
malities, including insulin resistance, type 2 diabetes
mellitus, and obesity.”8

Although genetic predisposition contributes to the
development of PCOS, its pathogenesis is believed to
be driven by the interaction of genetic, environmen-
tal, and epigenetic factors.®

Environmental and epigenetic factors

Epigenetic alterations play a crucial role in the devel-
opment of PCOS. Epigenetics refers to heritable but
reversible changes in gene expression that occur
without alterations in the DNA sequences and can be
modi ed by environmental factors. Both prenatal and
postnatal environmental in uences can induce cumu-
lative changes in genetic expression that contribute
to PCOS pathogenesis.

Prenatal exposure to elevated levels of androgens
such as dihydrotestosterone has been shown in ani-
mal models to induce PCOS-like phenotypes in off-
spring. These exposures lead to epigenetic reprogram-
ming, particularly DNA methylation, affecting genes
involved in reproductive and metabolic pathways.*°

Postnatal environmental factors, including poor
diet, exposure to endocrine-disrupting chemicals such
as bisphenol A and advanced glycation end products,
emerging pollutants (eg, pharmaceuticals, personal
care products, microplastics, and nanoparticles), and
sedentary lifestyle may further modify these epigene-
tic changes.2* However, current evidence remains
limited, and further research is needed to clarify these
associations. These postnatal in uences can disrupt
the ovarian follicular microenvironment, leading to
in ammation, oxidative stress, and hyperinsulinemia-
induced androgen excess, which impair folliculogene-
sis and contribute to chronic anovulation and follicu-
lar arrest.'*

Metabolic and inflammatory factors

The main components of PCOS pathophysiology
include hyperandrogenism, ovarian dysfunction, and
insulin resistance.

Ovarian hyperandrogenism is observed in approx-
imately 90% of patients with PCOS.%1¢

Ovarian dysfunction. The hyperandrogenic intra-
ovarian environment enhances granulosa cell prolif-
eration, resulting in elevated antimillerian hormone
levels that impair follicular maturation, leading to
follicular arrest and anovulation and the polycystic
ovarian morphology on ultrasonography.t”¢ Dysregu-
lation of the hypothalamic-pituitary-ovarian axis by
hyperandrogenism increases gonadotropin-releasing
hormone pulse frequency and is associated with the
increased ratio of luteinizing hormone to follicle-
stimulating hormone observed in PCOS.

In addition to intrinsic ovarian dysfunction,
extrinsic factors such as hyperinsulinemia and proin-

ammatory cytokines further stimulate androgen pro-
duction by theca cells in the ovary, exacerbating the
hyperandrogenic state.'

Insulin resistance and compensatory hyper-
insulinemia in PCOS stimulate ovarian androgen
production and suppress hepatic synthesis of sex
hormone-binding globulin, leading to increased cir-
culating free androgens.*® Elevated insulin levels have
been observed in the follicular uid of women with
PCOS.®

In ammation. Adipose tissue contributes to a
chronic low-grade in ammation in PCOS through
elevated in ammatory cytokines, including tumor
necrosis factor alpha, transforming growth factor beta,
interleukin 6, and interleukin 1 beta.?* Alterations in
the intestinal microbiome may contribute to systemic
in ammation by increasing intestinal permeability
and activating immune pathways.?> This in amma-
tory state is thought to exacerbate insulin resistance,
enhance ovarian androgen production, and impair
folliculogenesis.

m A STEPWISE APPROACH TO DIAGNOSING PCOS

The diagnosis of PCOS has evolved. The 2023 inter-
national evidence-based guideline? for assessing and
managing PCOS emphasizes a sequential diagnostic
approach beginning with clinical assessment followed
by biochemical testing and, in adults, selective use
of ultrasonography or antimullerian hormone mea-
surement. PCOS is diagnosed when a patient has
irregular cycles and clinical hyperandrogenism, or
irregular cycles and biochemical hyperandrogenism,
or either irregular cycles or hyperandrogenism alone
plus, in adults, polycystic morphology on ultraso-
nography or elevated antimdllerian hormone levels
(Figure 1).2
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Irregular menstrual cycles?

and clinical hyperandrogenism® —

If no clinical finding of
hyperandrogenism is present
Test for biochemical hyper-
androgenism by measuring
total and free testosterone and
dehydroepiandrosterone sulfate

other causes®

If only irregular cycles or
hyperandrogenism is present
In adults (but not adolescents),
obtain pelvic ultrasonography,
looking for polycystic ovarian other causest
morphology

Also in adults, as an alternative,

measure antimllerian hormone

3rregular menstrual cycles are defined as lasting:

If both are present,
exclude other causes®

If elevated, exclude

—>» PCOS

—>» PCOS

If abnormal, exclude

—>» PCOS

= Less than 21 days or more than 45 days if 1 year to less than 3 years after menarche
= Less than 21 days or more than 35 days or fewer than 8 cycles per year if 3 years after menarche to perimenopause

= More than 90 days for any 1 cycle if 1 year after menarche.

oClinical signs of hyperandrogenism include female-pattern hair loss, acne, and hirsutism.

cOther causes are excluded by measuring thyroid-stimulating hormone, prolactin, 17-hydroxyprogesterone, follicle-stimulating hormone, or others if
clinically indicated (eg, cortisol in cases of suspected Cushing syndrome, adrenal tumors). For hypogonadotropic hypogonadism, usually due to low body
fat or intensive exercise, exclude clinically and with luteinizing hormone and follicle-stimulating hormone levels.

Figure 1. Diagnostic algorithm for polycystic ovary syndrome (PCOS).

Irregular menstrual cycles

Menstrual irregularities are a main manifestation of
PCQOS, resulting from anovulation. They are de ned
as cycle intervals shorter than 21 days or longer than
35 days or fewer than 8 cycles per year in women who
are between 3 years after menarche and perimeno-
pause.z2* Chronic anovulation not only contributes
to infertility but also increases the long-term risk of
endometrial hyperplasia and endometrial cancer due
to persistent unopposed estrogen exposure.

Clinical and biochemical hyperandrogenism

Hyperandrogenism is another hallmark feature of
PCOS and manifests clinically as acne, hirsutism, and
androgenic alopecia (female-pattern hair loss). Acne
is commonly observed on the face, chest, and back,
while hirsutism is characterized by excessive terminal
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Based on information from reference 23.

hair growth in a male-pattern distribution such as the
upper lip, chin, chest, and abdomen. Additionally,
androgenic alopecia, or hair thinning over the crown
and frontal scalp, may further contribute to cosmetic
concerns and distress among patients.

Biochemical hyperandrogenism is con rmed by
elevated total or free testosterone levels or both, mea-
sured using liquid chromatography mass spectrometry
and tandem mass spectrometry assays (which are pre-
ferred over direct immunoassays), or elevated andro-
stenedione or dehydroepiandrosterone sulfate.

Polycystic ovaries on ultrasonography
and antimullerian hormone elevation
Transvaginal ultrasonography is used to assess polycys-
tic ovarian morphology, de ned as 20 or more follicles
in at least 1 ovary in adults. Being invasive, it is not
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recommended for adolescents, who have naturally
high follicle counts anyway. Transabdominal ultraso-
nography is not a good alternative, owing to dif culty
in obtaining accurate transabdominal images.
Antimullerian hormone measurement is now
incorporated into the diagnostic criteria for adults as
a useful biomarker re ecting increased follicle num-
ber, and it can be used in place of ultrasonography.?
However, antimillerian hormone elevation alone is
insuf cient for diagnosis and should be interpreted
in conjunction with clinical and other biochemical
ndings. Measuring antimdllerian hormone is not
recommended for diagnosis in adolescents. Levels can
be affected by age (they are highest between ages 20
and 25), body mass index (they are lower in women
with higher body mass index), use of oral birth con-
trol pills, and history of ovarian surgery.t’

Exclude other conditions

Clinicians must rule out other endocrine issues such
as thyroid dysfunction, hyperprolactinemia, prema-
ture ovarian failure, androgen-secreting tumors, non-
classic congenital adrenal hyperplasia, and Cushing
syndrome to ensure an accurate diagnosis.

Blood work typically includes total and free tes-
tosterone, dehydroepiandrosterone sulfate, lutein-
izing hormone, follicle-stimulating hormone, estra-
diol, thyroid-stimulating hormone, and prolactin.

m SCREEN FOR COMORBIDITIES

Metabolic disturbances
Given the high prevalence of metabolic disturbances
in PCOS, screening for glucose and lipid abnormal-
ities should be performed regardless of body mass
index. Recommended tests include a 75-g oral glucose
tolerance test, hemoglobin Alc, fasting glucose level,
and fasting lipid pro le. Although obesity, particu-
larly central adiposity, often coexists with PCOS and
is associated with a higher risk of insulin resistance,
metabolic syndrome, and type 2 diabetes, lean indi-
viduals with PCOS and a normal body mass index
also have an increased risk of insulin resistance and
cardiometabolic disease.®

Routine measurement of fasting insulin or insulin
resistance indexes is not recommended, as insulin
assays have limited clinical utility due to poor stan-
dardization and variability.?®

Obstructive sleep apnea

Obstructive sleep apnea is also more common in
those with PCOS, even after controlling for age and
body mass index, and is associated with an increased

risk of metabolic syndrome.?”# Therefore, screening
for sleep apnea using validated tools like the Berlin
questionnaire is recommended, particularly in those
with obesity.

Psychological conditions

Mood disorders, including depression and anxiety, are
highly prevalent in women with PCOS.% These men-
tal health issues are often compounded by body image
concerns related to weight gain, hirsutism, and acne.
The psychological impact can substantially impair
quality of life and may lead to reduced self-esteem,
social withdrawal, and decreased overall well-being.
Screening for anxiety, depression, body image disor-
ders, and eating disorders is crucial and warrants fur-
ther referrals and treatment.

m MANAGING PCOS

Lifestyle management

Healthy lifestyle behaviors encompassing healthy
eating and physical activity should be recommended
in all women with PCOS to optimize general health,
quality of life, body composition, and weight (main-
taining weight, preventing weight gain, or modest
weight loss).

There is no evidence to support any one type of
diet composition over another for anthropometric,
metabolic, hormonal, reproductive, or psychological
outcomes. It is important to tailor dietary changes to
food preferences, allowing for a exible, individual-
ized, and collaboratively decided approach to achiev-
ing nutritional goals, and avoiding unduly restrictive
and nutritionally unbalanced diets.

To prevent weight gain and maintain health,
patients with PCOS should aim for a minimum of 150
to 300 minutes of moderate-intensity activities or 75
to 150 minutes of vigorous-intensity aerobic activity
per week or an equivalent combination of both spread
throughout the week, plus muscle-strengthening activ-
ities (eg, resistance, exibility) on 2 nonconsecutive
days per week.

Drug treatment of overweight and obesity in PCOS
Growing evidence supports the use of obesity medi-
cations, especially off-label use of glucagon-like pep-
tide (GLP) 1 receptor agonists such as liraglutide,
semaglutide, and exenatide, as they can improve the
metabolic pro le, reduce insulin stimulation on the
ovary, and improve ovarian function and ovulation.®

In a large meta-analysis, GLP-1 receptor agonists
signi cantly reduced fasting insulin levels, the glucose
level at 2 hours in the oral glucose tolerance test, and
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measures of insulin resistance. However, other vari-
ables measured were unchanged, including dehydro-
epiandrosterone sulfate, total and free testosterone,
sex hormone-binding globulin, and free androgen
index.®® This only proves that PCOS is an intrinsic
ovarian hyperandrogenism syndrome that is exacer-
bated by insulin resistance and metabolic syndrome,
so weight loss alone may not restore and undo the
whole pathology in PCOS.

Healthcare professionals should ensure concurrent
effective contraception when pregnancy is possible
for women who take GLP-1 receptor agonists, as preg-
nancy safety data are lacking.

Inositol could be considered in women with
PCOS, based on individual preferences and values,
noting that although it poses limited risk of harm and
could possibly improve metabolic measures, its clinical
bene tsin terms of ovulation, hirsutism, or weight are
limited.® Inositol’s mechanism in PCOS is thought
to involve its function as an intracellular second mes-
senger that regulates insulin and follicle-stimulating
hormone signaling and enhances glucose transport
and utilization.®

Metformin has been used off-label for PCOS for
a long time. However, enthusiasm for it has been
declining, as outcomes in earlier reports have not
been replicated in newer ones*34 Although met-
formin can improve insulin resistance, weight, lipid
pro les, and menstrual regularity, current evidence
does not support its use as a rst-line treatment for
weight loss, ovulation induction, or clinical hyperan-
drogenism.?:33* Perhaps the reason for this discrep-
ancy is that current patients with PCOS tend to have
higher body mass indexes, more insulin resistance,
and poorer lifestyle than patients in the past.

However, metformin may help restore menstrual
regularity in younger patients (teens to early twenties)
with normal weight or overweight (body mass index
< 30 kg/m?).® It surely should be considered in
patients with prediabetes or overt diabetes. Addi-
tionally, using metformin before or during an in vitro
fertilization cycle may reduce the number of retrieved
oocytes and the risk of ovarian hyperstimulation
syndrome. 67

Metformin should be started at a low dose and
titrated up slowly to minimize side effects. Extended-
release forms are favored for that reason as well. The
maximum dose should not exceed 2,000 mg daily.

For women with obesity who do not achieve ade-
quate metabolic or reproductive improvement with
lifestyle interventions or pharmacologic therapy, bar-
iatric surgery may be considered. Studies show substan-
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tial improvements in weight, insulin resistance, hyper-
androgenism, and ovarian function after surgery.®

Managing menstrual irregularities

Chronic anovulation and menstrual irregularities are
experienced by 75% to 85% of women with PCOS.*
Oligomenorrhea, the most common presentation of
chronic anovulation, is associated with an increased
risk for developing endometrial neoplasia. Contin-
uous unopposed estrogen stimulation of the endo-
metrium leads to abnormal patterns of growth and
can lead to endometrial hyperplasia and neoplasia.*
A meta-analysis demonstrated that premenopausal
women with PCOS may have a 4-fold increased risk
of endometrial cancer.**

Oral contraceptives. While lifestyle changes such
as weight loss and exercise can help regulate the men-
strual cycle, hormonal contraceptives are the rst-line
pharmacologic therapy for menstrual abnormalities
associated with chronic anovulation. The combined
hormonal contraceptives provide endometrial protec-
tion through their progestin component, which atten-
uates the endometrial growth and thereby decreases
the risk for developing endometrial hyperplasia.**4

Preferred formulations include combined oral con-
traceptives containing ethinyl estradiol in a low dose
(20-30 pg) or estradiol valerate, in combination with
a minimal or antiandrogenic progestin.*>* Ultra—low-
dose formulations (containing < 20 g ethinyl estra-
diol) are generally avoided in adolescents and young
adults, as they may adversely affect bone mineral
accrual.*

When combined oral contraceptives are not tol-
erated or are contraindicated, progestin-only con-
tinuous or cyclic regimens can also provide effective
endometrial protection and cycle regulation.*® Com-
pared with progestin-only regimens, combined oral
contraceptives are more effective in treating both
menstrual irregularities and symptoms associated with
hyperandrogenism, and therefore may be preferred in
patients with hyperandrogenism.*®

Management of hyperandrogenism
Hyperandrogenism in PCOS manifests as hirsutism,
acne, and androgenic alopecia.

Combined oral contraceptives are considered

rst-line pharmacologic therapy for managing these

symptoms, and formulations containing progestings
with antiandrogenic effects such as drospirenone or
dienogest may provide additional bene t.4647

Spironolactone. If symptom control is insuf -
cient with combined oral contraceptives alone, an
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antiandrogen such as spironolactone can be added at
dosages of 50 to 200 mg per day. Because spironolac-
tone carries a risk of fetal toxicity, effective contracep-
tion is essential, and spironolactone should be discon-
tinued at least 1 month before attempting conception.

Lifestyle changes, particularly weight loss and
regular exercise, can also reduce androgen levels and
improve symptoms.

Cosmetic treatments, such as laser hair removal,
electrolysis, and topical treatments for acne, can also
be bene cial in managing the cosmetic aspects of
hyperandrogenism. Topical e ornithine 13.9% cream
may be used as an adjunct for facial hirsutism in PCOS,
with evidence showing modest hair-growth reduc-
tion and enhanced results when combined with laser
therapy.“®

Fertility management
Many patients with PCOS experience anovulatory
infertility.*

Weight loss. For patients with PCOS who are
overweight or obese with anovulatory infertility, loss
of 5% to 10% of total body weight through lifestyle
interventions or bariatric surgery can help regulate the
menstrual cycle and increase fecundity.>5 For patients
who cannot achieve spontaneous ovulation with life-
style interventions, pharmacotherapeutic options can
be considered.

Letrozole, an aromatase inhibitor, and clomi-
phene, a selective estrogen receptor modulator, are
both ovulation-induction agents. A double-blind,
randomized trial of 750 women with anovulatory
PCOS reported 27.5% cumulative live birth rates
for woman on letrozole vs 19.1% for women on clo-
miphene; therefore, letrozole is considered rst-line
therapy.®? Although letrozole is not of cially approved
for ovulation induction, it is commonly used off-label.
It is given orally, typically beginning on the third day
after the onset of a spontaneous or progestin-induced
menses, for a 5-day course. The starting dose for
letrozole is 2.5 mg per day, which can be increased
by 2.5-mg increments up to a maximum of 7.5 mg per
day until ovulation is achieved.

In vitro fertilization. While second-line options
include ovulation induction with recombinant gonad-
otropins or laparoscopic ovarian drilling, in vitro
fertilization is typically offered as the next step in
patients for whom ovulation induction with letrozole
has failed.? The antimillerian hormone serum level
is positively correlated with oocyte yield in women
undergoing ovarian stimulation during in vitro fer-
tilization. It can therefore be used to predict ovarian

response to in vitro fertilization and tailor treatment
regimens to optimize outcomes and reduce the risk of
ovarian hyperstimulation syndrome.>54

Management of pregnancy-related complications
Pregnant women with PCOS face higher risks of
miscarriage, gestational diabetes, higher gestational
weight gain, intrauterine growth restriction, preterm
delivery, cesarean section, pregnancy-induced hyper-
tension, and preeclampsia.?®55%

Lifestyle interventions. Weight, blood pressure,
smoking, diet, nutritional status, appropriate folate
supplementation, exercise, and mental, emotional,
and sexual health should be optimized in the pre-
conception period to improve pregnancy outcomes.?
Early lifestyle interventions, such as recommendations
for optimizing diet, should be offered to all pregnant
women with PCOS to mitigate risk factors.

An oral glucose tolerance test should be offered
to patients with PCOS when planning pregnancy.
If it is not performed in the preconception phase, it
should initially be performed in the rst trimester
and, if normal, repeated in the second, in gestational
weeks 24 to 28.%

Metformin has not been shown to prevent gesta-
tional diabetes or pregnancy-induced hypertension in
women with PCOS, but it may decrease the risk of
preterm delivery and limit excess gestational weight
gain.? Patients, however, should be counseled that
the long-term effects of metformin on the baby’s
health remain unclear.

m SUMMARY

PCOS is a heterogeneous, lifelong endocrine dis-
order arising from a complex interplay of genetic
factors, environmental exposures, metabolic dis-
turbances, and proin ammatory changes leading
to ovulatory dysfunction, hyperandrogenism, and
cardiometabolic risk. Its diverse reproductive, meta-
bolic, and psychological consequences require early
recognition and comprehensive long-term care. The
2023 international guideline® provides structured,
evidence-based recommendations for both diagnosis
and management.

PCOS is diagnosed when a patient has irregular
cycles and clinical hyperandrogenism, or irregular
cycles and biochemical hyperandrogenism, or either
irregular cycles or hyperandrogenism alone plus, in
adults, polycystic morphology on ultrasonography or
elevated antimdllerian hormone levels. Antimdillerian
hormone levels are not used for diagnosis in adoles-
cents, and no universally accepted cutoff levels exist.
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Evaluation should include screening for psychosocial
conditions as well as cardiometabolic risk factors.
PCOS management is individualized to address
symptoms and prevent long-term complications. Life-
style modi cation remains rst-line therapy. Emerging
evidence supports the off-label use of GLP-1 receptor
agonists for improving metabolic outcomes in PCOS.
Low-dose combined oral contraceptives are preferred
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