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FROM THE EDITOR

doi:10.3949/ccjm.88b.11021

SGLT-2 inhibitors
are potential game-changers 
(for more than diabetes)

For years there has been discussion about the appropriateness of a glucocentric focus in 
the management of patients with diabetes. Studies demonstrated the benefi t of glu-
cose control on slowing some microvascular complications of diabetes, but the ability 
to ameliorate renal and particularly cardiovascular events, major causes of morbidity 
and mortality, has remained elusive. The concern that drugs designed to treat hyper-
glycemia might be detrimental to cardiovascular health prompted the US Food and 
Drug Administration to mandate that pharmaceutical sponsors monitor and document 
cardiovascular safety within their diabetes drug development programs.

A very positive and to me surprising result of this approach has been the robust 
demonstration of a cardioprotective effect of the sodium-glucose cotransporter 2 
(SGLT-2) inhibitors, drugs that lower the blood glucose through decreased renal reab-
sorption of fi ltered glucose and sodium, independent of any effect on insulin levels or 
function. 

In January of this year, we published 2 papers that included discussion of the role 
of SGLT-2 inhibitors in the treatment of diabetes and their renal benefi ts,1,2 and we 
recently posted on our website a video podcast, “Conversation With Leaders,” that 
focuses on the impact of SGLT-2 inhibitors in patients with chronic kidney disease 
(https://www.ccjm.org/page/conversations/ckd).

In this issue of the Journal, Drs. Ferro, Pitt, and Bhatt3 offer their perspective on the 
incorporation of SGLT-2 inhibitors into the routine medication cocktail for patients 
with heart failure. Large studies in patients with heart failure with reduced ejection 
fraction demonstrated effi cacy of these drugs (seemingly as a class effect) in reducing 
mortality and hospitalizations due to heart failure. Recent studies, commented on by 
Drazner,4 note that SGLT-2 inhibitors are also effi cacious in reducing heart failure-
related hospital admissions in patients with heart failure with mildly reduced and even 
preserved ejection fraction—a seminal fi nding in patients with this syndrome.

Several intriguing preliminary generalizations arise from a review of these studies. 
The renal, heart failure, and cardiovascular mortality advantages attributed to SGLT-
2 inhibitors appear to be independent of the presence of diabetes or changes in the 
hemoglobin A1c level. The heart failure benefi t seems to be independent of the effect 
on renal disease, and in patients with preserved ejection fraction the benefi t seems 
to be in reduced heart failure admissions, but not reduced mortality. The differences 
between the various SGLT-2 inhibitors will best be sorted out by head-to-head com-
parison studies. But as the history of new drug development has shown us, this is not 
likely to happen soon.

SGLT-2 inhibitor therapy is not without risks. The risk of genital mycotic infec-
tions, which may be severe, is increased but can be ameliorated to a degree by careful 
hygiene. Dehydration can occur due to urinary sodium and water loss, and the ordinar-
ily uncommon syndrome of euglycemic ketoacidosis can occur due to decreased insulin 
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levels of the diabetic state in the setting of systemic stress, with increased glucagon 
levels and fatty acid oxidation, while the glucose levels remain low due to glucosuria 
induced by SGLT-2 inhibition. However, these all seem to be manageable issues.

As Ferro and colleagues note in this issue, incorporation of SGLT-2 inhibitors 
into routine practice has been slow. The reasons are not fully defi ned, but a number 
of factors are likely at play, such as reduced patient visits for routine care in the time 
of COVID-19. Another factor could be an increased distrust of new medications and 
new medical information as fallout of the vaccine dialogues, and I have heard this 
in my clinic. There are also the usual concerns of unknown and known side effects, 
polypharmacy, and cost.

But despite these concerns, the rapidly growing amount of large-scale clinical 
outcome data and an improved understanding of the biologic effects of these drugs5 
will hopefully provide suffi cient comfort in the safe use of SGLT-2 inhibitors and thus 
change the expectations for the clinical course of our patients with diabetes, as well as 
those with chronic kidney disease and heart failure resulting from other etiologies.

Brian F. Mandell, MD, PhD
Editor in Chief

 1. Tsushima Y, Lansang MC, Makin V. The role of SGLT-2 inhibitors in managing type 2 diabetes. Cleve Clin J Med 
2020; 88(1):47–58. doi:10.3949/ccjm.88a.20088

 2. Taliercio JJ, Thomas G, Nakhoul GN, Vachharajani TJ, Mehdi A. SGLT-2 inhibitors: a new era in managing diabetic 
kidney disease starts now. Cleve Clin J Med 2021; 88(1):59–63. doi:10.3949/ccjm.88a.20190

 3. Ferro EG, Pitt B, Bhatt DL. SGLT-2 inhibitors in heart failure: time for broader eligibility and earlier initiation. 
Cleve Clin J Med 2021; 88(11):601–606. doi:10.3949/ccjm.88a.21045 

 4. Drazner MH. SGLT2 inhibition in heart failure with a preserved ejection fraction–a win against a formidable foe. 
N Engl J Med 2021; 385:1522–1524. doi:10.1056/NEJMe2113008

 5. Tuttle KR, Brosius FC, Cavender MA, et al. SGLT2 inhibition for CKD and cardiovascular disease in type 2 diabetes: 
report of a scientifi c workshop sponsored by the National Kidney Foundation. Am J Kidney Dis 2021; 77:94–109. 
doi:10.1053/j.ajkd.2020.08.003

MANDELL
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  Nobukazu Agatsuma, MD
Department of Gastroenterology 
and Hepatology, Japanese Red Cross 
Wakayama Medical Center,
Wakayama-City, Wakayama, Japan

Gastrointestinal varicella-zoster
virus infection

A 70-year-old woman was admitted for epi-
 gastric pain and generalized skin eruptions. 

Three months before admission, she was on 
chemotherapy for acute lymphocytic leukemia. 
 She had a history of herpes zoster and was 
vaccinated against varicella. She was taking 2 
nonsteroidal anti-infl ammatory drugs (NSAIDs), 
loxoprofen and celecoxib, for chronic back pain 
caused by degenerative lumbar spondylosis.
 On hospital day 1, she described the epi-
gastric pain as of gradual onset, intermittent, 
and crampy.  She reported no odynophagia . 
Eruptions appeared on her head on day 6. The 
NSAIDs were discontinued on suspicion of 
NSAID-related gastritis, and a proton pump 
inhibitor was administered. However, the 
epigastric pain worsened, and the eruptions 
spread to the trunk.
 On day 11, partly hemorrhagic vesicles of 
various sizes with red haloes were observed on 
her entire body (Figure 1). With a tentative 

diagnosis of varicella, intravenous acyclovir 
250 mg every 8 hour was initiated. Varicella-
zoster virus (VZV) antigen was detected from 
the vesicular lesions via fl uorescent antibody 
assay. On day 17, esophagogastroduodenos-
copy showed small, shallow ulcers and ero-
sions surrounded by red haloes, spread diffusely 
throughout the stomach and duodenum (Fig-
ure 2). No esophageal lesions were observed, 
and the mucosal biopsy was negative for gas-
tric infi ltration of acute lymphocytic leukemia. 
Immunostaining was negative for cytomega-
lovirus, and VZV-DNA was detected by poly-
merase chain reaction. She was diagnosed with 
gastrointestinal VZV infection. After 8 days of 
antiviral therapy, her symptoms improved, and 
she was discharged.

 ■ RECOGNIZING RISK
FOR GASTROINTESTINAL VZV

Gastrointestinal VZV infection should be 
considered in immunocompromised patients 

THE CLINICAL PICTURE

doi:10.3949/ccjm.88a.20151

Kaoru Tsujioka, MD
Department of Dermatology, Japanese 
Red Cross Wakayama Medical Center, 
Wakayama-City, Wakayama, Japan

Figure 1. Hemorrhagic vesicles with red haloes 
of various sizes distributed over the whole body.

Yoshitaka Nishikawa, MD, PhD
Department of Health Informatics, Kyoto
University School of Public Health, Yoshidakonoe-cho, 
Sakyo-ku, Kyoto, Japan

Yasuki Nakatani, MD
Department of Gastroenterology 
and Hepatology, Japanese Red Cross 
Wakayama Medical Center,
Wakayama-City, Wakayama, Japan

Yukitaka Yamashita, MD, PhD
Department of Gastroenterology and Hepatology, 
Japanese Red Cross Wakayama Medical Center, 
Wakayama-City, Wakayama, Japan

Figure 2. Esophagogastroduodenoscopy of the 
stomach showed small, shallow ulcers (arrows) and 
erosions (arrowheads) surrounded by red haloes 
spread diffusely in the stomach and duodenum.
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AGATSUMA AND COLLEAGUES

with a history of VZV infection presenting 
with abdominal pain. Visceral VZV infection 
is related to reactivation of the latent virus in 
the enteric nervous system.1 It occurs in 3% 
to 15% of immunocompromised patients with 
herpes zoster, with some developing gastroin-
testinal manifestations.2 In patients who have 
undergone bone marrow transplant, the risk 
factors include a highly immunosuppressed 
state, active graft-vs-host disease, and possibly 
a history of nondisseminated herpes zoster.
 The mortality rate in patients with gastro-
intestinal VZV infection has been reported 
to range from 28.6% to 50% despite antiviral 
therapy.3,4 Although this patient had not un-
dergone bone marrow transplant, the chemo-
therapy she had received was a potential predis-
posing factor.2 Esophagogastroduodenos copy 
should be considered in patients with these 
risk factors.
 Suspicion of gastrointestinal VZV infec-
tion and prompt initiation of antiviral therapy 
are important when gastric ulcers similar to the 
skin lesions are present. With NSAID-related 
ulcers, multiple, irregularly shaped lesions are 
frequently observed in the gastric antrum.5 In 
contrast, VZV infection-related lesions pres-
ent as multiple erosions disseminated in the 
stomach.6 F urthermore, the esophagus, duo-
denum (as observed in this patient), and the 
small and large intestines can be involved.7 
  It is also important to differentiate gastro-

intestinal VZV infection from gastrointestinal 
cytomegalovirus infection observed in im-
munocompromised patients. There has been 
no direct comparison of gastrointestinal VZV 
and cytomegalovirus. In one report, the en-
doscopic appearance of upper-gastrointestinal 
cytomegalovirus infection was variable and 
nonspecifi c, ranging from normal or mini-
mally infl amed mucosa to deep ulceration.8 
Therefore, it may be diffi cult to distinguish 
gastrointestinal VZV from cytomegalovirus 
infection based on endoscopic fi ndings alone. 
However, in the case of gastrointestinal VZV 
infection, abdominal symptoms can precede 
the skin lesions by 1 to 10 days, and this more 
strongly supports VZV.2,3 
 In this patient, the epigastric pain that 
preceded the varicella-like skin eruptions, 
and the diffuse gastroduodenal erosions that 
resembled the skin lesions revealed on esoph-
agogastroduodenoscopy led to the diagnosis. 
Treatment with acyclovir before obtaining 
the defi nitive diagnosis (by polymerase chain 
reaction testing) ameliorated the patient’s 
symptoms. Thus, clinicians should be vigilant 
for gastrointestinal VZV infection in patients 
with gastric ulcers and skin lesions. ■
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Another infl uenza season in the 
shadow of the COVID-19 pandemic

COMMENTARY

doi:10.3949/ccjm.88a.21095

T he 2020 to 2021 infl uenza season took a 
backstage to the COVID-19 pandemic, 

when the COVID-19 vaccines were in their 
initial stages of distribution in the northern 
hemisphere. Although only 50% to 55% of 
US adults received the 2020 to 2021 infl uenza 
vaccination,1,2 infl uenza activity was very low 
compared with prior seasons,1,2 certainly the 
result of behavioral measures instituted to 
mitigate the COVID-19 pandemic.
 With the current 2021 to 2022 infl uenza 
season coinciding with another increase of 
COVID-19 cases, lower COVID-19 vaccine 
uptake and relaxed mitigation measures in 
some areas of the United States have resulted 
in vaccine breakthroughs, increased hospital-
izations, and an ominous milestone of more 
than 722,000 deaths.3 
 Vaccinations, in general, are helping ease 
the strain of the upcoming infl uenza season, 
with an estimated 62% of Americans expe-
riencing immunity against COVID-19 as a 
result of prior infection or immunization.4 
Further, a recent, retrospective cohort study 
involving 74,754 patients showed that COV-
ID-19positive patients were less likely to de-
velop sepsis, stroke, deep venous thrombosis, 
require admission to the intensive care unit, 
or subsequent emergency department visits if 
they received infl uenza vaccination 2 weeks 
to 6 months prior to their COVID-19-positive 
diagnosis.5 

 ■ US CENTERS FOR DISEASE CONTROL
AND PREVENTION GUIDANCE

Currently, no data suggest that the COV-
ID-19 pandemic impacted seasonal infl uenza 
virus mutations, and the 2021 to 2022 infl u-

enza vaccine available in the United States 
includes updated infl uenza A(H1N1)pdm09 
and infl uenza A(H3N2) components.6 All 
US infl uenza vaccines for the 2021 to 2022 
season are quadrivalent, and routine age-
appropriate vaccination of all persons ≥ 6 
months of age without contraindications 
continues to be recommended.6 Primary up-
dates by the US Centers for Disease Control 
and Prevention (CDC) Advisory Committee 
on Immunization Practices (ACIP) to this 
season’ s infl uenza vaccination6 include the 
following:
• US-licensed infl uenza vaccines available 

for the 2021 to 2022 infl uenza season are 
egg-based inactivated infl uenza vaccines 
(IIV4s), cell culture-based inactivated in-
fl uenza vaccines [Flucelvax Quadrivalent 
(ccIIV4)], recombinant infl uenza vaccines 
(RIV4), and live attenuated infl uenza vac-
cines (LAIV4).6

• The approved age indication for ccIIV4 
has been expanded from ages ≥ 4 years to 
≥ 2 years.6 

• Current guidance states that infl uenza and 
COVID-19 vaccines can be coadminis-
tered on the same day as well as within 14 
days of each other7 and should be adminis-
tered in separate anatomic sites.6  Providers 
should consult current ACIP COVID-19 
vaccine recommendations and CDC guid-
ance if concerned about coadministra-
tion.6 

• Pregnant women should consider vacci-
nation with IIV4, ccIIV4, or RIV4 in the 
third trimester, but not LAIV4 at any time 
during pregnancy or postpartum.6

• Regarding the timing of infl uenza vac-
cination, the new recommendation this 

Routine
age-appropriate 
vaccination
of all persons
≥ 6 months of 
age without 
contraindica-
tions continues 
to be
recommended
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year was that vaccine administration to 
nonpregnant adults should be after August 
and ideally before the end of October to 
optimize vaccine protection during the ex-
pected seasonal epidemics.6 This new rec-
ommendation is expected to continue into 
the future.

• A history of severe allergic reaction to 
IIV4s, RIV4, or LAIV4 other than urti-
caria (such as angioedema, respiratory dis-
tress, lightheadedness, or recurrent emesis) 
or requiring epinephrine or emergency 
medical intervention is now considered a 
precaution, not a contraindication for ccI-
IV4. Similarly, a history of severe allergic 
reaction to IIV4s, ccIIV4, or LAIV4 other 
than the aforementioned reactions is now 
considered a precaution, not a contraindi-
cation for RIV4. These patients should be 
vaccinated in an inpatient or outpatient 
medical setting, supervised by a healthcare 
provider who is able to recognize and man-
age such reactions.6 

 ■ OTHER INFLUENZA VACCINATION 
RECOMMENDATIONS

Other relevant issues pertaining to infl uenza 
vaccination during the ongoing COVID-19 
pandemic have been outlined.6–8 Infl uenza 
vaccine recipients and those who administer 
these vaccines should recognize that vaccine 
side effects can mimic COVID-19.7 Neverthe-
less, those who develop fever after vaccina-
tion should stay home until they defervesce 
for 24 hours without the use of antipyretics.7 

Importantly, if fever persists or new respiratory 
symptoms develop, patients should contact 
their healthcare provider.7 
 In a nonprobability-based, convenience 
sample of 698 US adults infected with 
SARS-CoV-2 and 2,437 uninfected adults, 
65.9% of those infected experienced long-
term symptoms lasting > 4 weeks while 
42.9% of those uninfected reported such 
symptoms, representing an emerging pub-
lic health concern.8 This may impact infl u-
enza vaccine uptake, as well as recognition 
of infl uenza-like illness; deferring infl uenza 
vaccination until resolution of another 
acute viral illnesses, such as COVID-19 is 
generally recommended.9 Safe vaccination 

practice calls for postponing infl uenza vac-
cination for those in quarantine after CO-
VID-19 exposure or in isolation after mild 
COVID-19 illness for 10 days, and after se-
vere COVID-19 illness for 20 days.6

 ■ COVID-19 AND INFLUENZA COINFECTION

With several common clinical features of in-
fl uenza and COVID-19, the overlap of the 
two epidemics occurring at the same time can 
complicate diagnosis, treatment, and progno-
sis.10 Although a small proportion of COV-
ID-19 patients are coinfected with infl uenza, 
the risk for high-risk individuals is of con-
cern.10 While both have some distinct features 
(Table 1),11,12 they can be hard to distinguish. 

 ■ VACCINE EFFICACY

Safety and effi cacy of the infl uenza vaccina-
tion for pregnant women has been docu-
mented, and a recent study noted 91.5% ef-
fi cacy of transfer of antibodies in preventing 
hospitalization of newborns and infants, in 
whom the vaccine is not approved before 6 
months of age.13 Another recent study has 
shown safety and humoral immunogenicity 
of messenger ribonucleic acid COVID-19 
vaccines in maternal sera, as well as cord 
blood and breast milk, indicating transfer of 
immunity to neonates.14

 A recent study showed that COVID-19 
vaccination of healthcare workers reduces 
the risk of COVID-19 in members of their 
households.15 Indirect effects of infl uenza 
vaccination have been shown to be greater 
than direct effects, with 4 to 7 times the in-
fl uenza cases prevented in non-vaccinated 
compared with vaccinated individuals, and 
complications including infl uenza-associated 
deaths among the unvaccinated elderly re-
duced by a factor of 20 to 30.16

 Researchers have been evaluating both in-
fl uenza and COVID-19 vaccination effi cacy in 
how they decrease risk of infection and reduce 
disease severity in breakthrough infections.17 

Currently approved or emergently authorized-
for-use COVID-19 vaccines trigger innate, 
durable immunity, although the emergence of 
protein variants could potentially limit effi ca-
cy.18 Preliminary data suggest that enhancing 
the interferon response could offer an immu-
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nological advantage to control viral infec-
tions.19 

 ■ FUTURE DIRECTION

Hopefully, COVID-19 will eventually become 
an endemic viral infection with predictable 
annual (or other interval) epidemics. It would 

make perfect sense for developing combined 
universal infl uenza and COVID-19 vaccina-
tions, as several pharmaceutical companies 
are in the process of developing.20,21 
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TABLE 1

Distinct features of infl uenza and COVID-19

Infl uenza COVID-19

Seasonality Fall−winter Year-round

Annual incidence

   Overall

   Children

   Adults

8% (3%−11%)

20% (unvaccinated)

10% (unvaccinated)

6%−8%

Not applicable (no vaccine)

6%−8% (unvaccinated)

Age distribution Children > adults Adults > children

Incubation period (days) 1−4 days 2−14 days

Duration of infectivity 1 day before to 7 days after onset of 
illness 

2 days before to 10 (20 for severe cases) 
days after onset of illness

Onset of symptoms More acute More subacute 

Super-spreaders
(1 person infects 8 persons) 

Not reported 1%

Typical or characteristic features at onset 
of illness

Fever, headache, dry cough Loss of sense of taste or smell

Severity of illness

   Asymptomatic

   Symptomatic 

  Mild

  Moderate

  Severe

   Fatal

5%−50%

98%

1%−2%

0.2%

0.04%−0.1%

30%−40%

80%

15%

5%

3%−4%

Duration of acute illness 5−7 days 2−6 weeks

Incidence of long-term symptoms lasting
longer than 4 weeks

Clinically silent viral shedding for 
weeks to months in immunocompro-
mised individuals  

60%−70% regardless of viral shedding

Complications Pneumonia 

Exacerbation of underlying chronic 
heart and lung diseases

Deep venous thrombosis and pulmonary 
embolism

Multisystem infl ammatory disorders 

Data from references 11 and 12.
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Generalized acute cutaneous lupus
erythematosus in a young female

A 28-year-old woman with systemic 
lupus erythematosus (SLE) presented 

to the emergency department with ery-
thematous plaques on sun-exposed areas 
of the body that had developed in the pre-
vious 24 to 36 hours after sun exposure, as 
well as oral ulcers and joint pain. She had 
been prescribed oral steroids, hydroxy-
chloroquine, and methotrexate 1 year pre-
viously when she was diagnosed with SLE 
but had stopped taking these medications 
3 months ago because of herpes zoster in-
fection. 
 Her temperature was 101°F (38.3°C) and 
her heart rate was 110 beats per minute. On 
examination, erythematous scaly plaques with 

superfi cial scales, crusts, and pustules were 
seen on her face with sparing of the nasolabial 
fold, along with an annular papulosquamous 
eruption on the chest (Figure 1). Symmetri-
cal nonblanching targetoid lesions were seen 
on the palms and soles (Figures 2 and 3). 
Examination of the dorsum of the hands re-
vealed periungual erythema and erythematous 
macules on the fi ngers, hands, and forearms, 
with sparing of the knuckles (Figure 4). Sig-
nifi cant laboratory testing results included the 
following: 
• Positive antinuclear antibody titer of 

1:1280 (less than 1:160 is considered nega-
tive) 

• Anti-dsDNA 80 IU/mL (reference range < 
35 IU/mL) 

• Hemoglobin concentration of 9 g/dL (ref-
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Figure 1. Erythematous scaly 
plaques with superfi cial scales, 
crusts, and pustules on the face, 
and polycyclic/annular papulo-
squamous eruption on the chest.
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Figure 2. Symmetrical nonblanch-
ing atypical targetoid lesions on  
the palms.

Figure 3. Symmetrical nonblanch-
ing atypical targetoid lesions on 
the soles.
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erence range 12–16 g/dL)
• Erythrocyte sedimentation rate 45 mm/

hour (reference range 0–29 mm/hour)
• Complement component 3 = 40 mg/dL 

(reference range 75–175 mg/dL); comple-
ment component 4 = 10 mg/dL (reference 
range 14–40 mg/dL)

• Blood urea nitrogen 16 mmol/L (reference 
range 3–8 mmol/L) 

• Creatinine 160 μmol/L (reference range 
60–120 μmol/L) 

• Urinalysis: 10–12 red blood cells per high-
power fi eld (reference range < 4 cells); 
8–10 erythrocyte casts per high-power fi eld 
(reference range 0–4 casts)

• 24-hour urinary protein 1.2 g/24 hours 
(reference range <0.45 g/24 hours). 

 Histopathologic study of the skin lesions 
was consistent with generalized acute cuta-
neous lupus erythematosus (ACLE). The pa-
tient’s abnormal renal function test results and 
proteinuria raised suspicion for lupus nephritis. 
Renal biopsy revealed subendothelial deposits 
in glomerular capillaries and hematoxylin bod-
ies. Endocapillary proliferation, glomerular tuft 
necrosis, and thickening of capillary walls were 
also observed. Hence, a diagnosis of diffuse 
(class IV) lupus nephritis was made. 
 The patient was started on topical and in-
travenous corticosteroids along with hydroxy-
chloroquine 200 mg for generalized ACLE. Op-
timal wound care and strict sun avoidance were 
advised. Renal biopsy-proven lupus nephritis 
was treated with oral prednisolone 60 mg/day 
along with mycophenolate mofetil 2 g/day. On 
follow-up at 2, 4, and 8 weeks, the patient’s skin 
lesions had resolved without scarring. 

 ■ CUTANEOUS LUPUS ERYTHEMATOSUS

Cutaneous lupus erythematosus is common in 
patients with SLE, but the lesions can often be 
seen in the absence of SLE.1 
 Our patient was diagnosed with generalized 
ACLE which, compared with the localized 
form, is an extremely rare cutaneous manifes-
tation of SLE, occurring in 5% to 10% of SLE 
patients and having a wide variety of presenta-
tions in a photosensitive distribution.2 In our 
patient, a history of SLE and discontinuation 
of medications for 3 months led to increased 
disease activity, which has previously been as-

sociated with generalized ACLE.1 Scarring is 
seldom seen once skin lesions resolve. How-
ever, dyspigmentation is common.2

 Diagnosis is made with skin biopsy. The 
classic histologic fi ndings of localized and gen-
eralized ACLE are consistent with interface 
dermatitis (ie, at the interface between the 
dermis and epidermis) and include apoptotic 
keratinocytes, vacuolization of the basal cell 
layer of the epidermis, lymph histiocytic infi l-
trate in the superfi cial dermis, and dermal mu-
cin deposition.3 Management includes topical 
and intravenous corticosteroids along with 
antimalarials such as hydroxychloroquine.4

Considering its rarity, generalized ACLE may 
be missed or mistakenly diagnosed as one of a 
number of other conditions:
• Drug-induced photosensitivity, for which a 

history of initiation of a photosensitizing 
drug must be present

• Dermatomyositis, which is diagnosed 
based on the presence of skin fi ndings such 
as heliotrope rash, Gottron sign and pap-
ules, and shawl sign5

• Pemphigus erythematosus, which is ex-
cluded if there is involvement of any other 
organ besides the skin

Management 
includes topical 
and intravenous 
corticosteroids 
along with
antimalarials 
such as
hydroxy-
chloroquine

Figure 4. Periungual erythema and ery-
thematous macules on the fi ngers, hands, 
and forearms, with sparing of the knuckles.
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• Atopic dermatitis, which is diagnosed af-
ter taking a careful history and performing 
a physical examination that reveals the 
presence of chronic lesions and a history of 
other atopic conditions.6 

 This makes it imperative for clinicians 
to be aware of such rare disease presenta-

tions and familiarize themselves with the 
essential diagnostic criteria for optimal 
management.  ■
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In recent years, the treatment of heart failure 
with reduced ejection fraction (HFrEF) has 

been revolutionized by collaborative efforts 
among healthcare practitioners, pharmaceu-
tical industry leaders, and regulators regard-
ing the use of sodium-glucose cotransporter 2 
(SGLT-2) inhibitors.1 A series of cardiovascu-
lar outcome trials led to the discovery of pow-
erful and broad cardiorenal benefi ts associated 
with this class of drugs, originally developed as 
noninsulin therapy for type 2 diabetes melli-
tus. Studies have shown that SGLT-2 inhibi-
tors result in statistically signifi cant reductions 
in the rates of major adverse cardiovascular 
events, major adverse kidney events, and hos-
pitalizations for heart failure in patients with 
diabetes.2–6 

 Notably, these benefi ts seemed to apply to 
all patients with HFrEF, whether or not they 
had diabetes. This initial observation led to a 
second wave of cardiovascular outcome trials 
focused on patients with chronic HFrEF (ejec-
tion fraction ≤ 40%) managed in ambulatory 
settings. In these trials,7,8 SGLT-2 inhibitors 
dapaglifl ozin and empaglifl ozin conferred im-
pressive reductions in risks of cardiovascular 
mortality and hospitalizations for heart fail-
ure, translating to a number-needed-to-treat 
of about 20 patients per year, regardless of the 
presence or absence of diabetes. 

 ■ HOW DO SGLT-2 INHIBITORS WORK? 

The broad cardiorenal benefi ts of SGLT-2 
inhibitors are mediated by several benefi cial 
mechanisms in addition to the well-character-

ized reduction in glucose reabsorption in the 
proximal tubule of the kidney, the pathway 
originally targeted for noninsulin treatment of 
hyperglycemia.9,10 SGLT-2 is a cotransporter of 
both glucose and sodium; thus, its inhibition 
promotes diuresis and reduces preload, after-
load, and blood pressure.11 It may also directly 
increase renal erythropoietin and the oxygen-
carrying capacity of the blood, perhaps mim-
icking benefi ts seen with intravenous iron in 
patients with HFrEF.12 In addition to the kid-
neys, constant glycosuria by itself has a direct 
cardiac benefi t by shifting metabolism in favor 
of oxidation of free fatty acids, which in turn 
optimizes mitochondrial function in cardiac 
myocytes (improving contractile function) 
and reduces epicardial fat (decreasing nox-
ious infl ammation and fi brosis associated with 
heart failure). These mechanisms may explain 
the reduction in left ventricular mass index, a 
known predictor of major adverse cardiovascu-
lar events, seen on cardiac magnetic resonance 
imaging and associated with empaglifl ozin and 
dapaglifl ozin use.11,13 Furthermore, SGLT-2 in-
hibitors may cross-react with cardiac sodium-
hydrogen exchangers, which has been linked 
to decreased arrhythmia burden.14

 ■ CLINICAL ROLES ARE EXPANDING

While the synergistic mechanisms of action 
of SGLT-2 inhibitors require further charac-
terization, their safety and net clinical ben-
efi ts have been so rigorously demonstrated 
that all major international guidelines now 
recommend them as treatment for diabetes 
and associated kidney disease, administered 
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concurrently with metformin or even as fi rst-
line therapy.15,16 Given the overwhelming 
evidence of benefi t in all patients with HFrEF, 
whether or not they have diabetes,7,8 con-
sensus statements from the cardiology com-
munity uniformly encourage physicians to 
prioritize SGLT-2 inhibitor initiation in this 
patient population, potentially even as the 
initial therapy alongside beta-blockers.17,18 In 
addition, the accumulating evidence of ben-
efi t in patients with chronic proteinuric kid-
ney disease regardless of diabetes6,19,20 led the 
US Food and Drug Administration to approve 
dapaglifl ozin to treat patients with chronic 
kidney disease regardless of diabetes, making 
it the fi rst SGLT-2 inhibitor to achieve a triple 
indication: type 2 diabetes, HFrEF, or chronic 
kidney disease. This will likely lead to guide-
line updates and signifi cant increases in pa-
tient eligibility.
 While other SGLT-2 inhibitors have not 

yet received such broad regulatory approval, 
the evidence generated by clinical trials to 
date suggests an overall class effect that ap-
plies to all available agents.21

 ■ INCREASINGLY PROVEN,
YET UNDERUSED

Despite the impressive cardiorenal benefi ts of 
SGLT-2 inhibitors and endorsement by many 
medical societies, real-world use of these drugs 
is low. A retrospective analysis of 5,006 US pa-
tients with high cardiovascular risk examined 
SGLT-2 inhibitor use from 2016 to 2018,22 
about 1 to 2 years after publication of the land-
mark SGLT-2 inhibitor trials,2,3 and found use 
of angiotensin-converting enzyme (ACE) in-
hibitors and angiotensin receptor blockers to 
be high (72% of patients), whereas concurrent 
use of SGLT-2 inhibitors was alarmingly low at 
9%.22 SGLT-2 inhibitors are particularly under-

Figure 1. Guideline-directed medical therapy for a hospitalized patient with heart failure, 
showing early initiation of SGLT-2 inhibitor therapy. If an ARNI cannot be used as fi rst-line 
therapy because it is contraindicated or not tolerated, consider an angiotensin-converting 
enzyme inhibitor or angiotensin receptor blocker.

ACE = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor–neprilysin inhibitor; 
EF = ejection fraction; eGFR = estimated glomerular fi ltration rate (mL/min/1.73m2); GDMT = guideline-directed medical therapy; IV = 
intravenous; MRA = mineralocorticoid receptor antagonist; PO = per os (by mouth);  PIONEER-HF = Comparison of Sacubitril–Valsartan 
Versus Enalapril on Effect on NT-proBNP in Patients Stabilized From an Acute Heart Failure Episode; SGLTi = sodium-glucose cotransporter 
inhibitor; SOLOIST-WHF = Effect of Sotaglifl ozin on Cardiovascular Events in Patients With Type 2 Diabetes Post Worsening Heart Failure
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used outside of endocrine practices. A retro-
spective analysis of approximately 1,800 pa-
tients who were started on SGLT-2 inhibitors 
in 2017 in Massachusetts found that 45.4% 
of patients were started on this treatment by 
endocrinologists, 22.7% by primary care physi-
cians, and only 4.5% by cardiologists.23 
 Targeted interventions are needed to in-
crease SGLT-2 inhibitor use in patients with 
diabetes and nondiabetes proteinuric kidney 
disease, as trials have demonstrated substan-
tial  benefi t in patients with increasingly lower 
estimated glomerular fi ltration rate and milder 
proteinuria, thus expanding eligibility.19,20,24,25

 ■ THE FUTURE FOR SGLT-2 INHIBITORS
IN HEART FAILURE THERAPY

Patients hospitalized for HFrEF represent a pop-
ulation in whom an updated guideline-directed 
medical therapy protocol can be safely started 
or advanced. This protocol calls for early addi-
tion of SGLT-2 inhibitor therapy (Figure 1), a 
strategy shown to reduce morbidity and mor-
tality as early as 30 days after initiation.18,26 In-
hospital initiation of therapy with an SGLT-2 
inhibitor is also an independent predictor of 
higher adherence to therapy in patients with 
worsening heart failure,27 thus maximizing the 
clinical benefi t of these agents. 
 The conventional therapeutic approach 
was to start with an ACE inhibitor or angio-
tensin receptor blocker followed by a beta-
blocker, mineralocorticoid receptor antago-
nist, and a neprilysin inhibitor, and then an 
SGLT-2 inhibitor, primarily in the outpatient 
setting. The feasibility and benefi ts of the con-
ventional approach were based on established 
evidence from clinical trials. However, the ev-
idence for SGLT-2 inhibitors from those trials 
was limited to patients with chronic ambula-
tory heart failure and excluded patients hospi-
talized with heart failure fewer than 4 weeks 
before enrollment.27

SOLOIST-WHF trial: More evidence 
The clinical trial Effect of Sotaglifl ozin on 
Cardiovascular Events in Patients With Type 
2 Diabetes Post Worsening Heart Failure (SO-
LOIST-WHF)28 enrolled 1,222 patients with 
diabetes and heart failure (reduced ejection 
fraction [< 50%] or preserved ejection frac-
tion [≥ 50%]) with elevated N-terminal B-

type natriuretic peptide who were hospitalized 
for worsening heart failure and had been clini-
cally stabilized, ie, no hypotension or need for 
supplemental oxygen, intravenous inotropic 
therapy, or intravenous diuretics. Patients 
were randomized to either sotaglifl ozin (an 
inhibitor of SGLT-1 and SGLT-2) or placebo. 
 The trial was terminated early due to loss 
of funding at the onset of the COVID-19 pan-
demic, resulting in a smaller sample size and 
shorter follow-up than anticipated. Nonethe-
less, after a median follow-up of 0.75 years, 
sotaglifl ozin recipients had a 33% relative risk 
reduction (P = .0009) and a 25% absolute risk 
reduction (translating to a number needed to 
treat of 4 patients for a year) in the primary 
end point of total cardiovascular deaths, hos-
pitalizations for heart failure, and urgent visits 
for heart failure.28

 Of note, the fi rst dose of the trial medi-
cation was administered before discharge in 
about half of the patients and at a median of 
2 days after discharge in the other half (with 
no major difference in safety issues compared 
with placebo). Overall, this trial demon-
strated the feasibility, safety, and early clini-
cal benefi t of the in-hospital initiation of an 
SGLT-1 and SGLT-2 inhibitor, given that the 
cumulative incidence curves for the primary 
outcome were already signifi cant by day 28 
postrandomization.27,28 

 ■ WHAT’S THE CLINICAL IMPACT? 

We and others believe it is time for a shift in 
the timing and sequence of SGLT-2 inhibitor 
therapy.17,18,27 Impressive reductions in major 
adverse cardiovascular events, major adverse 
kidney events, and hospitalizations for heart 
failure consistently shown in SGLT-2 inhibi-
tor trials,7,8,12 together with the safety and 
early benefi t of in-hospital initiation shown 
by SOLOIST-WHF,28 provide rigorous evi-
dence to support initiating SGLT-2 inhibitors 
as fi rst-line treatment for HFrEF as soon as the 
patient is clinically stable.26 
 For example, as part of guideline-directed 
medical therapy, SGLT-2 inhibitor therapy 
can be prioritized as the fi rst agent coupled 
with beta-blockers, which continue to be the 
single most effective drug class for HFrEF.18 As 
the other 2 cornerstones of HFrEF therapy (an 
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angiotensin receptor-neprilysin inhibitor and 
a mineralocorticoid receptor agonist) are then 
added to this background of SGLT-2 inhibi-
tion, the diuretic effect of SGLT-2 inhibition 
can further reduce the risk of hyperkalemia, 
increasing safety and tolerability.18 Others, 
including the American College of Cardiol-
ogy,17 propose initiating renin-angiotensin-
aldosterone system inhibitors as the fi rst step, 
prioritizing an angiotensin receptor-neprilysin 
inhibitor over an ACE inhibitor or angiotensin 
receptor blocker, as this may be better tolerated 
when the patient is still mildly congested and 
approaching clinical stabilization, followed by 
a beta-blocker and SGLT-2 inhibitor.

 ■ HEART FAILURE WITH PRESERVED
EJECTION FRACTION

The SOLOIST-WHF trial28 also uncovered 
an additional benefi t of SGLT inhibition that 
may further solidify the role of this drug class 
as the pillar of modern heart failure treat-
ment—ie, therapeutic applications to patients 
with preserved ejection fraction.
 The SOLOIST-WHF trial28 was the fi rst 
heart failure-focused trial of SGLT inhibi-
tion to enroll patients with preserved ejection 
fraction, in order to investigate whether the 
benefi cial effect of this drug class might apply 
irrespective of the patient’s ejection fraction. 
Although the study planned to enroll 50% of 
patients with a preserved ejection fraction of 
50% or greater, its early termination resulted 
in only 20% of the fi nal sample size meeting 
this criterion.28 Despite the modest sample 
size, there was no evidence of heterogeneity 
of treatment effect according to ejection frac-
tion.27,28 This promising fi nding suggested that 
SGLT-2 inhibitors may also become the fi rst 
therapeutic option for heart failure with pre-
served ejection fraction, a very common yet 
elusive disease for which no treatment had 
yet convincingly reduced rates of morbidity or 
mortality.
 Recently, the EMPEROR-Preserved trial29 
showed a signifi cant reduction in the rate of 
cardiovascular death or hospitalization for 
heart failure in patients with preserved ejec-
tion fraction, extending the fi ndings of SO-
LOIST-WHF to include not only patients 

with diabetes but also those without diabetes. 
A trial of dapaglifl ozin in a similar population 
should report relatively soon. Therefore, it ap-
pears likely that SGLT-2 inhibitors as a class 
will now be a therapy for heart failure with ei-
ther preserved or reduced ejection fraction in 
those with or without diabetes.29

 ■ ADDITIONAL CARDIOVASCULAR BENEFITS

Sotaglifl ozin inhibits the SGLT-1 receptor 
as well as the SGLT-2 receptor. The SGLT-1 
transporter mediates only 10% of kidney glu-
cose reabsorption. Its primary role is in the 
small intestines, where its inhibition delays 
glucose absorption and reduces postpran-
dial glycemia.9 SGLT-1 inhibition, whether 
alone or together with SGLT-2 inhibition, 
may confer additional cardiovascular benefi t. 
This observation is supported by the Effect 
of Sotaglifl ozin on Cardiovascular and Re-
nal Events in Patients With Type 2 Diabetes 
and Moderate Renal Impairment Who Are 
at Cardiovascular Risk (SCORED) trial,24 in 
which sotaglifl ozin demonstrated an early and 
signifi cant reduction in myocardial infarc-
tion and stroke, with a relative risk reduction 
(compared with placebo) that seemed larger 
compared with more selective SGLT-2 inhibi-
tors, such as empaglifl ozin or canaglifl ozin, in 
similar patient populations.2,3,21,24 While prom-
ising, these fi ndings warrant additional study 
to determine if SGLT-1 inhibition really does 
add to SGLT-2 inhibition in terms of cardio-
vascular risk reduction.

 ■ STILL AN UNDERUSED RESOURCE

Over the past 5 years, SGLT-2 inhibitors have 
changed the treatment paradigm for patients 
with diabetes, chronic kidney disease, and 
heart failure. These drugs have become a pow-
erful resource that is shared by primary care, 
endocrinology, cardiology, and nephrology 
specialists, yet they remain vastly underused in 
clinical practice despite their broad cardiorenal 
benefi ts. By providing the evidence and ratio-
nale for use of SGLT-2 inhibitors in this patient 
population, we hope that practitioners from all 
specialties will readily integrate these agents 
into their routine clinical practice. 
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Options for preserving fertility in women
undergoing gonadotoxic treatment
ABSTRACT 

Cancer chemotherapy and radiotherapy can be toxic to 
the ovaries, but women can improve their chances of 
preserving their fertility. Three options are available:
gonadotropin-releasing hormone (GnRH) analogues, 
oocyte cryopreservation, and ovarian tissue cryopreserva-
tion. A fourth option, ovarian transposition, is valid for 
patients undergoing pelvic radiation but is not useful in 
patients undergoing chemotherapy.

KEY POINTS
GnRH analogues provide only uncertain or temporary 
benefi t, and should be offered only together with other 
options, or if other methods are not feasible.

Oocyte cryopreservation is now the standard of care and 
should be offered to all postpubertal patients who can 
wait at least 2 weeks before they start chemotherapy or 
radiotherapy.

Ovarian tissue cryopreservation is no longer experimen-
tal, although it poses a risk of reseeding in bloodborne 
cancers such as leukemia. It should be offered to pre-
pubertal girls, who cannot undergo oocyte cryopreser-
vation, and to postpubertal patients who do not have 2 
weeks before starting therapy.
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Many girls and young women with can-
 cer receive gonadotoxic chemotherapy 

or radiotherapy, which can threaten their abil-
ity to have children later on, or even put them 
into premature menopause (primary ovarian 
insuffi ciency). The probability of having a live 
birth is 30% to 50% lower in cancer survivors 
than in females without cancer. Even females 
who receive a moderate or low dose of chemo-
therapy and who do not experience primary 
ovarian insuffi ciency have signifi cantly lower 
rates of conception.1,2 
 The risk of infertility is a source of con-
siderable distress for women undergoing can-
cer treatment, as they typically have a very 
strong desire to have their own biological 
offspring after completing their treatment.3,4 
For these patients, proactive treatment can 
help preserve the possibility of having chil-
dren.

 ■ OVARIAN FOLLICLES MATURE IN STEPS

The functional units of the ovary are the fol-
licles in the ovarian cortex, each consisting of 
an egg (oocyte) surrounded by granulosa cells. 
These follicles mature in steps:
 Primordial follicles are very small with 
only 1 layer of granulosa cells, which are fl at 
or fusiform, surrounding the oocyte. Primor-
dial follicles can progress to:
 Primary follicles, in which the granulosa 
cells become more cube-shaped, and the egg is 
slightly bigger with a bigger cytoplasm. These 
in turn progress to: 
 Secondary follicles, in which the layers 
of granulosa cells increase. The cytoplasm 
around the nucleus of the egg increases in size, 
and so the egg increases in size as well. 
 Tertiary follicles, the last developmen-
tal stage, are characterized by the presence 
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of an antrum, which is an accumulation of 
fl uid. Tertiary follicles are also called antral 
follicles. 
 Progression from primordial to tertiary fol-
licles takes approximately 120 days, which is 
incidentally the same time it takes for the ger-
minal cells that will eventually become sperm 
to mature. 
 The stimulus for primordial follicles to en-
ter the fi rst developmental stage and become 
primary follicles is not well understood. How-
ever, an inhibitory hormone, anti-Müllerian 
hormone (AMH), keeps primordial follicles 
from entering the fi rst developmental step to 
become primary follicles. After this fi rst step, 
primary, secondary, and tertiary follicles are 
regulated in their development by follicle-
stimulating hormone (FSH), produced by the 
pituitary gland. These follicles in turn secrete 
AMH, which can be considered the gatekeeper 
of ovarian follicle reserve throughout a female’s 
reproductive life. 

 ■ OOCYTES ARE LOST OVER TIME,
AND WITH CHEMOTHERAPY

Females are born with all the eggs they will 
ever have, and the number declines with age. 
The peak number is actually reached before 
birth at about 20 weeks of gestation. At that 
time, the eggs lack the surrounding granulosa 
cells, and they start organizing into follicles. 
As this organization progresses, many of the 
eggs are lost by apoptosis. At birth, there 
are approximately 2 million follicles, but the 
number decreases throughout childhood, so 
that at puberty there are only about 400,000 
to 500,000, and at menopause, basically none. 
 Any damage to the ovaries—eg, from che-
motherapy with alkylating agents such as cy-
clophosphamide or from radiotherapy—can 
cause loss of follicles.5 Under the microscope, 
the damage may not be apparent on hematox-
ylin and eosin staining, but TUNEL staining 
(terminal nucleotidyl transferase-mediated 
nick-end labeling) may reveal apoptosis in the 
nuclei of the granulosa cells (Figure 1),6 but 
not necessarily of the eggs, because it is the 
granulosa cells that are actively replicating 
and are therefore more vulnerable to apoptosis 
than the eggs themselves.7 
 Therefore, systemic chemotherapy tends 
to directly damage the primary, secondary, and 
tertiary follicles, which contain more granulosa 
cells, and these granulosa cells are more meta-
bolically active than those in the primordial 
follicles, which also contain fewer. However, 
it also damages primordial follicles through an 
indirect process. The secondary and tertiary 
follicles secrete AMH, which inhibits further 
maturation of primordial follicles. By damag-
ing secondary and tertiary follicles, chemo-
therapy causes a major decrease in AMH, so 
that more primordial follicles, lacking this in-
hibitory signal, enter the next developmental 
stage, leading to burnout of primordial follicles 
and depletion of ovarian reserve. 

Earlier onset of menopause
The immediate outcome is fewer follicles, fol-
lowed by faster loss of follicles as the patient 
ages than in healthy women. The average age 
at menopause in the general population is 51. 
With high-dose chemotherapy, such as what 
patients receive in preparation for bone marrow 
transplant, an 18-year-old patient could lose all 

Figure 1. Ovarian follicles stained with hematoxylin and 
eosin (A) and with TUNEL (terminal nucleotidyl trans-
ferase-mediated nick-end labeling) (B) in a prepubertal 
mouse that received cyclophosphamide 200 mg/kg 2 days 
earlier. Apoptosis in the granulosa cells surrounding the 
central oocytes is more evident on TUNEL than on he-
matoxylin and eosin staining. (C) Mature mouse femur 
stained with hematoxylin and eosin. (D) Detail of the 
growth plate section (with computerized measurements). 
(E) Detail of the growth plate section stained with TUNEL, 
showing apoptosis.

With permission, from Detti L, Uhlmann RA, Zhang J, et al. Goserelin fosters bone elongation but does not 
prevent ovarian damage in cyclophosphamide-treated prepubertal mice. Fertil Steril 2014; 101(4):

1157–1164. doi:10.1016/j.fertnstert.2013.12.028
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her follicles at once and go into menopause im-
mediately. A moderate dose could cause an im-
mediate loss of follicles followed by a gradual 
but still accelerated loss, resulting in menopause 
before age 51. With low-dose chemotherapy, the 
loss is more gradual, but the patient will still go 
into menopause earlier than normal. 
 We cannot actually count the follicles in 
the ovaries of a female patient who undergoes 
chemotherapy, but we can measure her AMH 
level to assess ovarian reserve. AMH levels 
can drop very low soon after the gonadotoxic 
insult, but over 2 to 3 years they gradually 
come back up as the primary, secondary, and 
tertiary follicles start producing it again. Af-
ter low-dose or moderately low-dose gonado-
toxic treatment, AMH levels can return to 
a plateau and stay there for about 10 to 15 
years, but after highly gonadotoxic treatment 
the plateau is much lower and does not last 
as long, and eventually these women go into 
menopause very early. Unfortunately, younger 
age does not protect against ovarian damage.8 

Some girls who receive chemotherapy go into 
menopause before ever reaching puberty.
 Of the chemotherapeutic agents, the al-
kylating agents are considered the most harm-
ful to the gonads, and the damage is dose-de-
pendent.9–11 Cancer treatment causes primary 
ovarian insuffi ciency, or premature menopause, 
in about 10% to 25% of prepubertal patients 
and in 36% of postpubertal patients.12–14

 With radiotherapy, exposure of the ovaries to 
about 5 to 20 Grays is enough to cause primary 
ovarian insuffi ciency regardless of the age of the 
patient, and even a dose less than 2 Grays can 
destroy 50% of the oocyte reserve, enough to 
cause infertility if not immediate primary ovar-
ian insuffi ciency. In addition, uterine irradiation 
can limit the fi nal adult uterine volume.15 This 
issue should always be addressed when patients 
undergo radiotherapy to the pelvic area because 
they could have major complications in preg-
nancy if they do become pregnant. 

■ PRESERVING FERTILITY

Young women receiving gonadotoxic therapy 
have 3 main options for preserving fertility: 
gonadotropin-releasing hormone (GnRH) 
analogues, oocyte or embryo cryopreservation, 
and ovarian tissue cryopreservation. 

GnRH analogues
GnRH analogues have been used for fertility 
preservation since the 1980s, although their 
mechanism of action and effectiveness are 
still debated.
 How do they work? Because GnRH ana-

Figure 2. Antimüllerian hormone (AMH) and follicle-stim-
ulating hormone (FSH) levels and total follicle counts at 
age 56 days (A) and 92 days (B) in mice that had received 
cyclophosphamide (CTX) alone, CTX plus goserelin, or nei-
ther drug (controls) at age 18 days. Goserelin temporarily 
protected the ovaries, but the protection waned over time 
(*P < .05).
With permission, from Detti L, Uhlmann RA, Zhang J, et al. Goserelin fosters bone elongation but does not 

prevent ovarian damage in cyclophosphamide-treated prepubertal mice. Fertil Steril 2014; 101(4):
1157–1164. doi:10.1016/j.fertnstert.2013.12.028
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logues inhibit ovarian function, in theory, 
they could protect the ovary through several 
mechanisms: 
• Down-regulating ovarian function16 
• Decreasing utero-ovarian perfusion17,18 
• Up-regulating intragonadal antiapoptotic 

factors such as sphingosine 1 phosphate
• Directly protecting developing follicles 

and germinal cells17–19 
• Maintaining AMH production, thus keep-

ing primordial follicles in their quiescent 
state, preventing “burnout,” and preserv-
ing ovarian reserve.6,20 

 In a study of these effects, prepubescent 
mice (age 20 days) were given either cyclo-
phosphamide alone or cyclophosphamide 
plus goserelin (a GnRH analogue), while 
a third group (controls) received neither.6 
At age 56 days, when the mice were in pu-
berty, AMH levels were higher in those that 
received goserelin plus cyclophosphamide 
than in those who received cyclophospha-
mide alone, but at 92 days, when the mice 
were fully mature, AMH levels were similar 
across the 3 groups (Figure 2).6 FSH levels at 
56 days were lower with goserelin than with 
cyclophosphamide alone, though still higher 
than in the control group, refl ecting damage 
to the ovaries even with goserelin treatment. 
At 92 days, FSH levels were the same in the 2 
groups that got cyclophosphamide and lower 
than at 56 days, though still higher than in 
the control group. The total number of fol-
licles was lower in the cyclophosphamide 
groups with or without goserelin, and lower 
than in the control group at 92 days. The 
conclusion was that goserelin did not fully 
prevent ovarian damage in this mouse model, 
and that the effect was only temporary, al-
though it did foster bone elongation.6

 However, in an in vitro experiment,20 recom-
binant AMH was found to decrease the replica-
tion of granulosa cells, leading to the conclusion 
that if a GnRH analogue decreased damage to 
the developing follicles, then it could also main-
tain an AMH level that would prevent that ini-
tial burnout of primordial follicles, which would 
remain a reservoir in the ovaries. 
 How effective are GnRH analogues? 
They increase the chances of resuming men-
ses after chemotherapy. However, resumption 
of menses does not mean fertility, and many 

times it does not mean that the ovarian re-
serve is still intact. 
 A comprehensive review of studies up to 
201321 found that these agents have a posi-
tive impact on resumption of menses. In addi-
tion, Lambertini et al22 reviewed randomized 
clinical trials published up to April 2015 and 
concluded that luteinizing hormone-releasing 
factor (the equivalent to a GnRH analogue) 
is associated with a signifi cantly reduced risk 
of primary ovarian failure and “seems to” in-
crease the pregnancy rate.22

 Limitations of the studies were that they 
did not all report how long the GnRH ana-
logues were given, the age stratifi cation of the 
patients, how long after receiving the GnRH 
analogue the patients became pregnant (there 
is possibly an immediate effect of GnRH treat-
ment, but perhaps less protection in the long 
run), or the length of follow-up. 
 A 2018 American Society of Clinical On-
cology guideline23 stated that although evidence 
is confl icting, GnRH agonists may be offered 
when oocyte or ovarian tissue cryopreservation 
is not feasible, and in young women with breast 
cancer. I would go beyond this guideline and 
offer these agents to girls and women undergo-
ing gonadotoxic therapy for any reason. I agree 
that GnRH analogues provide only uncertain or 
temporary benefi ts and should be offered only 
together with other options or if other methods 
are not feasible. Ideally, they should be given 
2 weeks before the start of chemotherapy and 
should then be held between the chemotherapy 
cycles to let the ovary recoup follicle develop-
ment and AMH production to protect the pri-
mordial follicle pool. 

Oocyte cryopreservation
Oocyte cryopreservation (freezing the eggs) is 
a relatively new technique to preserve fertility 
in females who have already achieved puberty. 
It fi rst requires stimulation with gonadotropins 
for about 10 to 12 days, during which follicu-
lar development is followed with transvaginal 
ultrasonography. Before stimulation, the folli-
cles measure 5 to 10 mm, and when they reach 
approximately 18 mm, ovulation is induced to 
allow the eggs to mature.
 Only mature eggs at the stage of metaphase 
2 can be frozen. Oocytes are retrieved under 
ultrasonographic guidance, with a long needle 

The number
of follicles
at birth is 
2 million;
at puberty,  
500,000;
at menopause, 0
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attached to a transvaginal ultrasound probe. 
The eggs are frozen (vitrifi ed) and kept in liq-
uid nitrogen, where they can be stored indefi -
nitely. (An ordinary freezer is not cold enough.) 
When feasible, another option is to fertilize the 
eggs in vitro immediately after harvesting them 
and freeze the resulting embryos after they have 
developed for 5 days, at the blastocyst stage.
 When the woman is considered cured of 
her primary cancer, the eggs or embryos can 
be thawed and the eggs fertilized in vitro, and 
then they can be transferred into the uterus 
under ultrasonographic guidance. 
 Oocyte cryopreservation was considered 
experimental until 2012, when the American 
Society for Reproductive Medicine lifted the 
experimental label.24 Since then, oocyte cryo-
preservation in female patients undergoing go-
nadotoxic therapy has become the standard of 
care. 
 How many eggs should we obtain and 
freeze? We don’t know the magic number, and 
the calculation is complicated because the ge-
netic quality of the eggs declines with the age 
of the patient: ie, the older the woman, the 
more eggs are needed to allow her to have a 
pregnancy. Fertility decreases with age even 
in healthy women, and early pregnancy loss 
is due in most cases to genetic abnormalities 
in the oocytes and embryos. At age 22, only 
about 5% of eggs have a chromosomal abnor-
mality, but this increases to 22% at age 32 and 
65% at age 40 to 41. 
 Goldman et al25 calculated that at least 
10 eggs are needed to provide a 75% chance 
of pregnancy at age 34, 20 eggs are needed at 
age 37, and 61 are needed at age 42. There-
fore, if we can retrieve about 20 oocytes, at 
age 34, there would be about a 90% chance of 
pregnancy, decreasing to 75% at age 37 and to 
only 37% at age 42 with oocyte cryopreserva-
tion and in vitro fertilization. In comparison, 
in healthy, sexually active females not using 
contraception, the probability of becoming 
pregnant during any given menstrual cycle 
is only about 20% to 25%. This technique is 
thus very effective.

Ovarian tissue cryopreservation 
Ovarian tissue cryopreservation, or freezing the 
ovary, is a newer method. Usually, the whole 
ovary is extracted and the ovarian cortex is 

separated from the medullary portion, which is 
more vascular. Next, the cortex is sectioned in 
small fragments and frozen in liquid nitrogen. 
The ovarian cortex is thawed and transplanted 
back into the woman after she is cancer-free.26,27

 An advantage of tissue cryopreservation 
is that once the ovarian tissue is transplanted 
back, not only can the patient possibly con-
ceive (just as with egg preservation), but she 
can also produce her own estrogen and pro-
gesterone and will not need hormone replace-
ment therapy to prevent hot fl ashes, bone loss, 
and the other consequences of menopause. 
 Women in primary ovarian insuffi ciency 
have very high FSH concentrations, in the 
menopausal range of 80 mU/mL. After ovar-
ian tissue is transplanted back into the pelvis, 
the FSH level gradually comes back down to 
normal levels of 7 to 8 mU/mL after approxi-
mately 6 months, an interval refl ecting the 
120 days it takes for primordial follicles to 
develop into tertiary follicles, which are the 
ones that produce the most estradiol, which 
feeds back with the FSH produced by the pi-
tuitary.28

 In May 2021, in a report by Dolmans et 
al29 on the effectiveness of tissue cryopreserva-
tion, almost all women who underwent the 
procedure recovered their ovarian function, 
and about 25% gave birth to a healthy child. 
However, most of them had to undergo in 
vitro fertilization to become pregnant, and a 
25% pregnancy rate with in vitro fertilization 
is considered low. Nonetheless, this is a great 
outcome for patients who underwent cancer 
therapy. With radiation therapy, the rates of 
success are much lower than with chemother-
apy. 
 Starting chemotherapy before ovarian 
tissue cryopreservation does not impair the 
chances for fertility, and it may reduce the 
risk of reintroducing cancer with the auto-
transplant. Especially for blood-borne cancers 
like leukemia, cancerous cells may lurk in the 
transplant, but 2 or 3 cycles of chemotherapy 
before harvesting can lower the risk. 
 In 2019, the American Society for Repro-
ductive Medicine lifted the experimental label 
from tissue cryopreservation and now recom-
mends it for clinical practice, particularly for 
prepubescent patients, for whom oocyte cryo-
preservation is not possible.30

Alkylating 
agents 
are considered 
the most
harmful 
for the gonads
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 ■ OVARIAN TRANSPOSITION

Ovarian transposition is an established meth-
od to protect the ovary from pelvic radiation 
and to preserve future ovarian function and 
fertility. The technique, introduced in the 
1970s, entails elevation of the ovaries from 
their pelvic position to an abdominal posi-
tion.31 Today, it can be performed laparoscopi-

cally or robotically. However, this procedure 
should be offered only if the patient is under-
going pelvic radiation as it is not useful if the 
patient is treated with chemotherapy. 
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DXA and clinical challenges
of fracture risk assessment
in primary care

O ur understanding of dual-energy x-ray 
absorptiometry (DXA) is evolving as new 

information emerges about skeletal qualities 
that contribute to bone strength apart from 
bone mineral density (BMD). Some of these 
characteristics are not detectable by DXA 
analysis. Hence, overdependence on DXA re-
sults, particularly for patient populations that 
the test was not designed for, may lead to poor 
clinical decisions.
 This article reviews the use of DXA and its 
limitations. Using case studies, clinical chal-
lenges of DXA scan interpretation are dis-
cussed, and guidance is provided in the diag-
nostic process and treatment decisions when 
clinical and DXA data are discordant.

 ■ WHAT DXA DOES WELL

DXA, originally developed for assessing frac-
ture risk in postmenopausal women,1 is the 
gold standard test for diagnosing osteoporosis 
and monitoring its treatment. It can detect 
small but clinically relevant defi ciencies in 
bone mass years before they are apparent on 
standard clinical radiographs, thereby allow-
ing clinicians to intercede early to prevent 
fractures.

T-scores
DXA measures areal BMD (ie, bone mineral 
content divided by the bone scanned area) 
in the spine, hip, or forearm. Risk of fragility 
fracture is based on a calculated value called 
the T-score, which is the standard deviation 
of a patient’s measurement from the mean of 
a young, healthy reference population. Values 

REVIEW

doi:10.3949/ccjm.88a.20199

ABSTRACT
Dual-energy x-ray absorptiometry (DXA) can detect bone 
mineral density loss before it can be identifi ed on usual 
skeletal radiography, making it possible to diagnose 
osteoporosis in postmenopausal women and older men 
before clinical fractures arise. However, when DXA is used 
outside these populations or if the clinical picture does 
not match the reported T-scores, mistakes can arise in 
interpreting results and determining the need for phar-
maceutical therapy.

KEY POINTS
While DXA is the gold standard test for measuring bone 
density, clinical judgment should take precedence if 
results contradict clinical information. 

T-scores are not reliable indicators of fracture risk in pre-
menopausal women, younger men, and children; Z-scores 
should be used for these populations.

Bone strength is now understood to depend on factors 
besides bone mineral density, sometimes causing discor-
dance between DXA results and true fracture risk. 

The Fracture Risk Assessment Tool incorporates clinical 
factors and can help guide treatment decisions.

New technologies directed at bone microarchitecture 
may one day improve risk analysis.
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and their signifi cance are as follows: 
• -2.5 or below: highest fracture risk, diag-

nostic of osteoporosis and the need for 
pharmaceutic therapy

• -2.5 to -1.0: intermediate fracture risk, 
diagnostic of osteopenia (therapeutic ap-
proach may be uncertain) 

• Above -1.0: lowest fracture risk, diagnosed 
as normal (usually no immediate concern 
for drug therapy).  

 As an assessment of fracture risk, T-scores 
are applicable only to untreated postmeno-
pausal women and older men. Once drug 
therapy has started, T-scores do not accurately 
refl ect risk. 
 With the widespread availability of DXA, 
physicians often use it to investigate skeletal 
concerns in populations other than postmeno-
pausal women, including men, premenopausal 
women, children, teenagers, and young adults 
of both sexes. Such usage leads to challenges 
when interpreting DXA results. 
 Scientifi c advances have brought about a 
more complex understanding of the relation-
ships between fracture risk, bone strength, 
and bone density. T-scores do not always cor-
relate with fracture risk or even with a pa-
tient’s history of fracture and hence can be 
misinterpreted, leading to inappropriate treat-
ment recommendations. A T-score should not 
solely determine diagnosis and treatment, and 
clinical data should appropriately modify the 
interpretation of results.

 ■ THE DXA REPORT VS THE CLINICAL 
PRESENTATION: CASE SCENARIOS

The following cases illustrate commonly en-
countered challenges if the DXA data and 
clinical presentation are incongruous.

Case 1: A young runner with ‘shin splints’
A 35-year-old woman was referred for further 
guidance regarding a recent abnormal DXA 
test that had been ordered because of suspect-
ed “shin splints,” ie, shin pain due to running. 
She was in good health, had been a recre-
ational runner for decades with normal men-
strual function, and had a healthy diet with 
no tobacco or alcohol use. She had no history 
of fractures but reported that a maternal rela-
tive may have had osteoporosis. She said that 
all women in her family were petite, had small 

stature, and had low bone density. Her exami-
nation showed small skeletal structure but was 
otherwise normal. Blood tests were normal. 
Review of the recent DXA report revealed T-
scores of -0.6 for spine and -2.5 for hip. The 
report also included “borderline osteoporosis” 
in the hip and recommended drug therapy. 
The patient was psychologically traumatized 
by this information and sought further guid-
ance. 

Case 2: A postmenopausal woman
with intermediate T-scores
A 60-year-old woman underwent her fi rst DXA 
test, resulting in a T-score of -1.5 for spine and 
a score of -2.0 for the femoral neck. Her phy-
sician was pleased that the scores were not in 
the osteoporotic range, since she had under-
gone surgical menopause 30 years earlier. The 
physician’s advice was to continue her healthy 
lifestyle, which included regular exercise, a 
vegan diet, and daily calcium and vitamin D 
supplements. However, she had a radiologic 
and clinical diagnosis of spinal osteoarthritis, 
as well as bilateral wrist fractures from falls 
when she was in her 50s. Her family history 
included fractures in her mother and maternal 
grandmother. She used hormonal therapy after 
surgical menopause but stopped at age 45 due 
to concerns about risks and side effects. She has 
required no other prescription medication. Her 
blood test results were normal.

The challenge of interpreting T-scores
T-scores can be misinterpreted and lead to in-
appropriate treatment recommendations. Par-
adoxically, the patient in case 1 with a low hip 
T-score score may not be at immediate high 
risk of fracture, and a conservative approach 
maybe reasonable if there are no signifi cant 
risk factors, while the patient in case 2 with 
the osteopenic T-score is at very high fracture 
risk and requires aggressive therapy.
 What are the reasons for this paradox? Ad-
vances in clinical science have revealed more 
complexities in the concepts of fracture risk, 
bone strength, and bone density. A T-score 
alone should not be the fi nal arbiter of diagno-
sis and treatment. Clinical data can modify the 
interpretation. The following discussion ad-
dresses the development of this concept, how 
it modifi ed the notion of bone strength, DXA, 
and T-scores, and its clinical implications. 

A T-score alone 
should not
determine
diagnosis
and treatment
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 ■ BONE STRENGTH DEPENDS ON MORE 
THAN BONE MINERAL DENSITY

DXA measures the amount of x-ray energy 
passing through bone and correlates it with 
the amount of mineral present. In theory, 
more mineral in bone (ie, greater density) in-
dicates increased bone strength and fracture 
resistance, while less mineral  indicates weaker 
bone that is more prone to fracture. Large 
population studies conducted in the develop-
ment of DXA supported these correlations in 
postmenopausal women.1 This led to the T-
score system becoming the norm for diagnos-
ing osteoporosis and high fracture risk and for 
determining the need for treatment.
 But our understanding of the relationship 
between skeletal strength and bone density 
has evolved. Bone quality is now recognized 
to depend not only on density but also on 
skeletal characteristics that are not measured 
by DXA, including bone size and geometry, 
microarchitecture of trabecular and cortical 
compartments, cell turnover (refl ecting meta-
bolic activity), and composition of the miner-
alized protein matrix.2 

Drug trials reveal complexity
Osteoporosis drugs produce a spectrum of 

changes in vertebral bone density. A 2019 
meta-analysis3 that included 38 randomized 
drug trials and 19 antiresorptive and anabolic 
drugs found a strong correlation between im-
provements in BMD and greater reductions 
in rates of vertebral and hip fracture, reassur-
ing practitioners of the usefulness of DXA to 
monitor treatment. However, drug effects on 
bone density explained only 48% to 63% of 
fracture reduction at the hip and spine. 
 Oddities have emerged in post hoc analyses 
of clinical trials that have led to new notions 
of bone strength (Table 1).4–15 In early pivotal 
trials, different drugs increased spinal BMD 
annually by different amounts while leading 
to similar incidences of clinical or radiologic 
vertebral fracture after 3 years of therapy: cal-
citonin (BMD increased 1.1%; 33% fracture 
reduction), risedronate (BMD increased 3.0-
3.9%; fracture reduction 41-49%), raloxifene 
(BMD increased 2.6%; fracture reduction 
30-50%), and alendronate (BMD increased 
3.2-5.7%; fracture reduction 30-48%).4,5 In 
addition, some risedronate studies found that 
fracture reduction arose within 6 to 12 months 
of treatment without measurable changes in 
bone density, suggesting that other factors 
play a role.6 

Microarchitec-
ture has become 
a central tenet 
of the changing 
view of bone 
strength

TABLE 1

Observations contributing to new understanding of bone density
and bone strength

Treatment with different antiresorptive drug classes led to similar vertebral fracture reduction despite
different magnitudes of change in bone density.4,5

Early fracture rate improved with risedronate therapy despite no observable bone density changes.6

High and low doses of teriparatide led to similar rates of vertebral fracture reduction but different increases in 
bone density.7

Large-dose sodium fl uoride to treat osteoporosis led to more fractures despite increased bone density.8

A high prevalence of low-impact fractures occurred despite abnormally elevated bone mineral density
in 2 patients with autosomal-dominant osteopetrosis.9

Patients with diabetes have increased fracture risk despite normal bone density.10,11

Patients with hyperparathyroidism exhibit discordance between fracture rates and central and peripheral 
bone density.12

Fracture risk with glucocorticoids is independent of bone mineral density and correlates better with bone 
microarchitecture measures.13,14

More than half of older women with incident hip fracture did not have a diagnosis of osteoporosis up to 5 
years previously.15



618 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 88  • NUMBER 11  NOVEMBER 2021

DXA AND OSTEOPOROSIS

Microarchitecture emerges
as a critical strength determinant
Microarchitecture has become a central tenet 
of the changing view of bone strength. The 
3-dimensional structure of interlocking bone 
plates, analogous to girders in buildings, con-
fers intrinsic resistance to fracture. Increased 
osteoclastic and diminished osteoblastic ac-
tivities in osteoporosis produce a degraded 
architectural network that is weakened and 
susceptible to fracture.16

New measures of bone quality and strength
Recent imaging technology has helped eluci-
date factors related to bone strength. Microar-
chitecture of bone can be visualized, and engi-
neering protocols can be employed to measure 
its strength. High-resolution peripheral quan-
titative computed tomographic scanning is an 
important tool that produces 3-dimensional 
images of cortical and trabecular compart-
ments in appendicular bone, with strength 
analyzed by fi nite element analysis.17–21 This 
technology, however, is generally limited to 
research centers. 
 The trabecular bone score uses a propri-
etary program to analyze information (ie, the 
gray-scale texture) in DXA images to gener-

ate data about the integrity of the trabecu-
lar framework of vertebrae and, secondarily, 
fracture risk. High scores correlate with in-
tact, nondegraded structure with low risk, 
and low scores correlate with degraded struc-
ture and high risk. Although available clini-
cally, this program is not yet in widespread 
use.22,23

 ■ INCORPORATING CLINICAL RISK
INTO DXA INTERPRETATION

DXA is unquestionably a useful tool to detect 
early bone loss, but results must be tempered 
with clinical judgment. Fractures can occur in 
a patient with any T-score,24 analogous to oc-
currence of stroke with normal blood pressure 
and coronary events with normal lipid levels. 
The opportunity to prevent bone degrada-
tion may be missed if a practitioner waits for 
a high-risk patient’s bone density to reach the 
T-score osteoporosis threshold.25 
 Because standard DXA analysis cannot 
detect microstructural change, clinicians 
must turn to other approaches to generate 
information about skeletal quality. In daily 
practice, the clinical history provides im-
portant data about risk factors, which in the 
broadest sense reveal information on micro-
architecture (Table 2).

Clinical risk calculators
Most of the clinical risk factors are binary 
variables, and weighing their importance 
is subject to interpretation, often making a 
physician’s experience the determining fac-
tor in estimating risk. Fracture risk calculators 
provide an objective numerical score to help 
guide decisions.26 

 Of the 13 risk calculators in use, the Frac-
ture Risk Assessment Tool (FRAX), Garvan, 
and QFracture have been studied extensively. 
They are especially useful when access to 
DXA is limited. They vary in the number 
of variables used in their analyses. Their 
use may be restricted to specifi c geographic 
populations, and they do not quantify fac-
tors in the calculations such as  duration and 
amount of glucocorticoid use and the severity 
of secondary diseases. They are intended for 
older people and have limited applicability 
to young patients. They may underestimate 
actual risk.

Age is a major 
risk factor
for fracture,
independent
of bone density

TABLE 2

Clinical risk factors for fractures

Older age

Low body weight and skeletal size

Family history of osteoporosis or fractures

Patient history of fractures

History of falls and imbalance

History of adult diseases compromising bone: endocrine disorders, 
bowel disease, nutritional disorders, renal disease  

History of use of bone-toxic drugs: glucocorticoids, antiestrogens, 
antiandrogens, oncology agents   

History of childhood disease impacting skeletal development

History of pubertal problems: delayed or absent puberty, amenorrhea, 
anorexia nervosa 

History of harmful lifestyle: alcohol, tobacco, inactivity 

Increased bone turnover markers
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Age is a critical risk factor
More than 3 decades ago, a seminal study 
found that age is a major risk factor for frac-
ture, independent of bone density.27 With ag-
ing, fracture rates rise exponentially as bone 
density decreases. Fractures are less likely to 
occur in younger people than in older peo-
ple, even with similar bone density measure-
ments.28 Clinical data show that this paradox 
refl ects age-dependent microarchitecture deg-
radation. As a result, a young patient with low 
bone density may not be at high risk for frac-
ture unless other clinical factors are present, 
and an older patient with nonosteoporotic 
T-scores could be at high risk for fracture be-
cause of other clinical risk factors. 
 Age is a variable in all clinical risk calcula-
tors. FRAX uses age to generate intervention 
thresholds for fracture with or without mea-
sured bone density. 

FRAX: The most important risk calculator
FRAX has worldwide applicability and valida-
tion in different countries.29 Its calculations 
may be part of a DXA report, or clinicians may 
use web-based tools to run the calculations. It 
provides an intervention threshold for deci-
sion analysis.
 Although FRAX is used worldwide, studies 
suggest that its thresholds may not be univer-
sal but ideally should be generated based on 
the specifi c geographic population of the pa-
tient.29 Many countries use the US National 
Osteoporosis Foundation guidelines, specify-
ing that drug therapy be initiated if hip frac-
ture risk is at least 3% or major osteoporotic 
fracture risk at least 20%. 
 FRAX can provide fracture risk assessment 
from age alone but is more precise if hip BMD 
is added, with or without associated risk fac-
tors such as previous fracture, parental hip 
fracture, current smoking status, glucocorti-
coid use, rheumatoid arthritis, secondary os-
teoporosis, and alcohol use (> 3 units per day). 
These are dichotomous variables in the calcu-
lator, but practitioners often consider quanti-
tative aspects (eg, amount and duration of glu-
cocorticoid use, severity and type of secondary 
osteoporosis) in their assessment and decision. 
 FRAX now allows the use of trabecular 
bone score data to help calculate intervention 
thresholds for major and hip osteoporotic frac-

tures. It signifi cantly improves risk prediction 
in patients with otherwise borderline FRAX 
results.30 

 ■ BONE TURNOVER MARKERS
ADD INFORMATION

For clinical use, the International Osteopo-
rosis Foundation proposed the C-telopeptide 
of type 1 collagen (CTX) as a biochemical 
marker of bone resorption and N-propeptide 
of type 1 procollagen (P1NP) as a marker of 
bone formation.31,32 These are not diagnostic 
tools for osteoporosis and are not a substitute 
for DXA analysis. 
 These markers refl ect bone metabolism or 
turnover. During menopause and in untreated 
osteoporosis, bone markers can be increased 
and indicate high skeletal turnover. Based 
on test results, menopausal women can be 
grouped as fast or slow “bone-losers.” Cohort 
studies show bone loss is greater and fracture 
risk is higher as these biomarkers increase. 
However, for an individual patient, it is dif-
fi cult to quantify this relationship, and the 
markers do not accurately predict bone loss or 
its magnitude. 
 But in clinical practice, these markers can 
help monitor patient adherence and drug ef-
fi cacy33: antiresorptive drugs reduce levels of 
CTX and P1NP. The least signifi cant change 
(ie, the smallest difference between successive 
measurements likely to be real change rather 
than chance) varies with the type of assay 
used. Depending on the assay, the least sig-
nifi cant change in CTX is 50% to 54%, and 
the least signifi cant change in P1NP is 23% to 
29%. The expected clinical response is a 74% 
to 75% reduction in CTX and a 51% to 54% 
reduction in P1NP.31 Individual measurement 
variability occurs from circadian rhythms, 
meal patterns, and laboratory techniques. 
Consistency in sample acquisition (eg, early 
morning, fasting specimens) and use of the 
same testing laboratory help minimize vari-
ability.34

 ■ Z-SCORES FOR YOUNGER PATIENTS 

The Z-score, calculated as standard deviations 
from the mean of a reference group matched 
by age, ethnicity, and sex, should be used in-
stead of the T-score when assessing fracture 

Fracture risk 
calculators
provide
an objective
numerical score 
to help guide 
decisions
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The Z-score is 
used for children, 
premenopausal 
women, and men 
younger than 50

risk in children, premenopausal women, and 
men younger than age 50.35 Some advocate 
its use in older patients in addition to the T-
score. 
 The Z-score is infrequently seen in dic-
tated patient reports but can be found in the 
scan images of the DXA test. A low value, ie, 
less than -2.0, signals a lower bone mass than 
predicted and should prompt further investi-
gation if the clinical history warrants. 

 ■ CASE 1 REVISITED

The 35-year-old runner with a diagnosis of 
osteoporosis based on a low DXA hip T-score 
exemplifi es a cascade of errors in fracture risk 
assessment. She may actually not be at imme-
diate high risk of fracture, and a conservative 
approach may be reasonable. 
 The initial mistake was to order DXA for 
shin splints, which is not an indication for 
the test. This led to inappropriate use of T-
scores, an incorrect diagnosis, prescription of 
a bisphosphonate in a healthy premenopausal 
woman with low fracture risk (and a chance 
of pregnancy), and unnecessary psychological 
turmoil for the patient. 
 Clinical factors are paramount in this 
case. The patient’s normal menstrual function 
implies suffi cient estrogen production that 
should protect her skeleton without requir-
ing additional medication. However, a low 
bone density may be suspicious for secondary 
problems and warrants a thorough family and 
clinical history to reveal possible causes. Labo-
ratory testing would corroborate treatable op-
tions. A conundrum arises when no fi rm diag-
nosis can be found and the patient is healthy. 
 A diagnosis of borderline osteoporosis is 
contrary to guidelines of the International 
Society for Clinical Densitometry,36 and “low 
bone mass for age” is the preferred diagnostic 
term. Assessment with Z-scores rather than T-
scores is appropriate for this healthy premeno-
pausal woman. It is unclear whether her low 
bone density represents a loss of bone from 
a higher baseline, which may represent an 
underlying disease state, or whether she may 
have a genetic phenotype of low density de-
spite having strong bone.37 Her family history 
and clinical examination are notable for small 
skeletal structure, suggestive of genetic inheri-

tance of low bone mass. Studies of healthy pre-
menopausal women with low bone mass show 
a spectrum of microarchitectural changes that 
mimic, to a minor degree, changes similar to 
osteoporosis. However, these women have a 
low risk of fracture. It is speculated that such 
architectural changes represent a pre-osteopo-
rosis state.38 

Management involves monitoring
A T-score indicating low bone density should 
not be ignored. Striving to maintain bone 
mass should be the guiding management prin-
ciple, as she will enter menopause with a low 
bone mass and may experience fractures from 
estrogen defi ciency earlier than expected for 
her age. A healthy lifestyle with adequate 
exercise and diet is the minimal therapeutic 
strategy. Attention should also be directed to 
any problems in menstrual function, eating, 
and hormonal disorders that may arise that 
would accelerate bone loss. However, skeletal 
pharmaceutical agents should not be consid-
ered unless evidence of bone fragility devel-
ops. 
 Surveillance of bone density with DXA is 
warranted, but a recommended interval has 
not been established in a premenopausal pa-
tient this young. In our practice, we consider 
every 5 to 10 years to be reasonable if no skel-
etal problems or illnesses arise. 

 ■ CASE 2 REVISITED

In the case of the 60-year-old woman, the 
bone density report was misleading and dis-
cordant with the history of wrist fractures. 
Although vertebral and hip fractures attract 
the most attention from clinicians, wrist frac-
tures also occur frequently and, unfortunately, 
are less likely to raise concern for osteoporosis 
evaluation and treatment. Data from a Medi-
care cohort showed only 7% of patients with 
wrist fractures have DXA testing within 6 
months of such injuries, yet 20% later develop 
fractures of the hip or spine.39 
 The American Association of Clinical En-
docrinologists and the American College of 
Endocrinology point out that errors in DXA 
scan acquisition and analysis can affect in-
terpretation, and they encourage clinicians 
to review actual scan images and data rather 
than rely solely on a report, especially when 
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it is discordant with the clinical picture.40 As-
suming this patient’s DXA report was of good 
quality, there are other reasons to question 
whether it refl ects actual bone risk. Spinal 
arthritis can cause spinal DXA to be falsely 
normal and obscure bone defi ciency.41,42 In 
women with a history of fracture, trabecular 
bone score technology usually reveals abnor-
mal bone even when T scores are normal.43

Pharmaceutical management recommended
This patient’s multiple risk factors (ie, age, 
history of fractures, and estrogen defi ciency 
since stopping hormone replacement after 
hysterectomy) attest to a weakened skeleton 
from osteoporosis, and a T-score that meets 
the osteoporosis threshold is not required to 
begin pharmaceutical treatment. 
 Further, advising only the use of calcium and vi-
tamin D is inadequate management. Her provider 
should recommend that she use an antiresorption 
agent as fi rst-line therapy and consider anabolic 
drugs if there are problems with the initial drug 
choice. She should not reinstate hormone therapy 
at her age for bone health alone as there may be 
increased risk for cardiovascular disease.44 However, 
this caveat is not absolute and requires a balance of 
risk and reward if hormone therapy is also needed 
for vasomotor, genitourinary, or other problems.

 ■ RECOMMENDATIONS FOR ASSESSING 
FRACTURE RISK  

Clinicians can expect to see patients similar 
to those in these 2 cases. Population data in-
dicate that 2.5% of premenopausal women 

have T-scores below the reference range, and 
6% of patients with any fracture have normal 
BMD tests.45 We recommend the following 
approach. 

Assess patients using DXA and FRAX
These are still the major tools for assessing 
fracture risk. However, their results should not 
be regarded as absolute. The practitioner, not 
the technology, is the fi nal arbiter for diagnos-
ing disease. 

Use T-scores as a guide for postmenopausal 
women and older men
A T-score of less than -2.5 is the intervention 
threshold for diagnosing and treating osteopo-
rosis. However, keep in mind that patients with 
spine or hip T-scores in the normal or osteope-
nic range may require treatment for osteopo-
rosis if the clinical history shows fractures. In 
such cases, one should not wait for T-scores to 
reach the critical -2.5 before intervening.
 Use Z-scores for premenopausal women 
and young patients of both sexes. A low bone 
Z-score in healthy men or women indicates a 
generally low risk for fracture and is adequately 
treated with good nutrition, exercise, healthy 
lifestyle, and skeletal surveillance. In the pres-
ence of fractures, illness that might affect the 
skeleton, or other risk factors, a more aggres-
sive therapeutic approach may be indicated. ■
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Spontaneous coronary artery
dissection: Principles of management

Spontaneous coronary artery dissection 
(SCAD)—an acute noniatrogenic tear 

in the coronary artery wall compressing the 
coronary lumen and possibly causing myocar-
dial infarction—was once thought to be a rare 
condition but is increasingly recognized as a 
common cause of acute coronary syndrome 
(ACS), particularly in young women.1
 Despite growing awareness of the phenom-
enon, there is a paucity of data on acute and 
long-term management. Treatment has tra-
ditionally paralleled medical management of 
atherosclerotic ACS, but the distinct patho-
physiology of SCAD behooves us to consider 
other strategies. A growing body of observa-
tional data and retrospective studies is helping 
to better defi ne SCAD care, but no random-
ized controlled trials and only a few large-scale 
prospective studies have focused on manage-
ment, and few studies have reported outcomes 
beyond the fi rst few years after dissection. The 
absence of robust literature has resulted in het-
erogeneous practice patterns, and guidelines 
on management remain largely based on ex-
pert consensus.
 This review summarizes the literature on 
treatment of SCAD and, based on that, de-
scribes a comprehensive management strategy, 
including the role of revascularization, medi-
cal therapy, and long-term follow up.

 ■ RISK FACTORS

The true prevalence of SCAD is unknown, 
largely due to underdiagnosis. It is overwhelm-
ingly seen in women, particularly young wom-
en lacking classic cardiovascular risk factors. 
Just 10% of cases occur in men, often follow-
ing a physical stressor such as exercise or heavy 
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ABSTRACT
Spontaneous coronary artery dissection (SCAD) is an 
acute noniatrogenic tear in the coronary arterial wall, 
leading to disruption of coronary blood fl ow and myo-
cardial infarction. Previously considered rare, it is now 
recognized as a common cause of acute coronary syn-
drome, particularly in young women. Despite growing 
awareness of this disease, there is a paucity of data on 
acute and long-term therapy. This review summarizes the 
existing literature on treatment of SCAD and describes a 
comprehensive management strategy.

KEY POINTS
Diagnosing SCAD requires a high index of suspicion for 
young patients presenting with acute coronary syndrome.

SCAD is primarily managed medically in clinically stable 
patients.

Revascularization is recommended only for patients at 
high risk due to left main coronary artery dissection, 
ongoing ischemia, severely limited fl ow, hemodynamic 
instability, or refractory arrhythmia.

Long-term management includes screening for fi bro-
muscular dysplasia and other arteriopathies, monitoring 
for recurrence, and cardiac rehabilitation.
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lifting.2 Studies suggest that SCAD accounts 
for 1% to 4% of cases of ACS overall,3 15% to 
20% of peripartum ACS cases,2 and up to 35% 
of ACS in women under age 60.4,5 
 A number of conditions have been associ-
ated with SCAD, most notably fi bromuscular 
dysplasia, and less commonly chronic systemic 
infl ammatory disease, connective-tissue disor-
ders, pregnancy, and hypothyroidism.6–8 More 
recently, a few genetic loci have been identi-
fi ed and associated with an increased risk of 
SCAD.2 In addition, various precipitants have 
been reported including illicit drug use, emo-
tional turmoil, intense exercise, retching, Val-
salva maneuver, straining, and other physical 
stressors.6

 ■ DIAGNOSIS BY IMAGING 

Diagnosis of SCAD requires a high index of 
suspicion in all young patients presenting with 
ACS, particularly women without traditional 
risk factors for atherosclerosis. A variety of im-
aging studies are helpful in the diagnosis. How-
ever, instrumentation of the vessel wall is asso-
ciated with risk of propagating the dissection, 
and intracoronary imaging is thus reserved for 
clarifying the diagnosis or for guidance during 
percutaneous coronary intervention (PCI).9

Coronary angiography
As with ACS caused by disruption of ath-
erosclerotic plaque, SCAD is most common-
ly diagnosed during coronary angiography. 
However, unlike in plaque rupture, the an-
giographic appearance of a dissected coronary 
artery includes multiple radiolucent lines, 
contrast staining with delayed clearance, and 
diffuse long narrowing without evidence of 
signifi cant atherosclerosis apparent in other 
coronary arteries.10 Coronary angiography is 
regarded as the gold standard to confi rm the 
presence of SCAD, but if not defi nitive, an 
adjunctive technique such as intravascular ul-
trasonography11 or optical coherence tomog-
raphy may be used, with the choice usually 
based on availability and local expertise.
 Optical coherence tomography is particu-
larly useful as it has high spatial resolution (< 10 
μm), facilitating detection of true and false lu-
mens, intramural hematoma, and entry tears.12 
However, it requires additional strong contrast 
injections and faster pullback speeds that could 

theoretically extend the dissection plane.
 Intravascular ultrasonography is more fa-
miliar and more widely available than optical 
coherence tomography. 
 Coronary computed tomography angiog-
raphy is an attractive option due to its ability 
to demonstrate dissection fl aps and intramural 
hematomas. However, false-negative results 
are common.13 Coronary arterial defects may 
be subtle, and the distal vessels (often affect-
ed by SCAD) are poorly visualized. Current 
technology has a potential role in evaluating 
recurrent symptoms or in follow-up, but it has 
not yet demonstrated adequate sensitivity to 
rule out SCAD in the acute setting.14

 ■ MANAGEMENT OF SCAD
VS ATHEROSCLEROTIC ACS

All patients presenting with ACS should be 
managed in accordance with evidence-based 
guidelines. Once the diagnosis of SCAD is 
established, the treatment strategy diverges 
from that for atherosclerotic ACS. Although 
culprit-lesion revascularization is the corner-
stone of atherosclerotic ACS management, 
SCAD is primarily managed medically in 
most clinically stable patients. There are two 
reasons for this strategy: 
• Dissected vessels tend to heal over time: 

The natural history of SCAD appears to be 
spontaneous gradual healing of the vessel 
wall, with complete angiographic resolu-
tion of the lesion reported in most cases 
(73% to 97%) within 4 to 6 weeks4,15

• Revascularization is associated with high 
failure rates and poor outcomes in the set-
ting of disrupted arterial wall integrity. In-
strumentation of the damaged and friable 
vessel may worsen the disease and impair 
the healing process. Passage of the guide-
wire into a dissected artery risks entry into 
the false lumen, leading to propagation of 
dissection15 and requiring more stents than 
expected.16 Furthermore, balloon dilation 
can lead to proximal or distal extension or 
migration of intramural hematoma, wors-
ening the luminal diameter. Lastly, the 
eventual healing of the vessel and chang-
ing architecture can result in stent mal-
position and future complications of stent 
thrombosis over the long term.

Revascular-
ization is
associated with 
high failure 
rates and poor
outcomes
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Data supports a conservative approach
Observational studies have consistently dem-
onstrated that PCI in the setting of SCAD 
is associated with worse outcomes and high 
complication rates.17

 In a retrospective study of 189 patients 
with SCAD, the procedural failure rate was 
53% in those managed with PCI.18 Reasons 
for technical failure included wire entry into a 
false lumen, fi nal loss of fl ow after stent place-
ment, and signifi cant residual stenosis. In ad-
dition to procedural failure, PCI was associ-
ated with a high risk for emergency coronary 
artery bypass grafting (CABG), ie, 13% vs 
2% in the medically managed group. These 
data are consistent with other observation-
al studies citing high PCI failure rates. In a 
large Vancouver cohort of 327 patients with 
SCAD, 54 were treated with PCI; only 43.1% 
of procedures were deemed successful.4 In a 
smaller study of 134 patients with SCAD in 
Italy, the procedure success rate was reported 
at 72.5%, with a trend toward higher inci-
dence of major adverse cardiovascular events 
in the invasive group, driven by a higher rate 
of repeat revascularization.19

Revascularization appropriate in some cases
Despite these often poor outcomes, revascu-
larization procedures may be appropriate in 
patients with the following high-risk features: 
• Left main coronary artery dissection
• Ongoing ischemia
• Thrombolysis in Myocardial Infarction 

(TIMI) grade 0–1 fl ow in a proximal vessel
• Hemodynamic instability
• Refractory arrhythmia.10,20,21

 The goals of PCI are somewhat different 
for SCAD than for traditional ACS. The goal 
of PCI in atherosclerotic ACS is to restore 
fl ow to TIMI grade 3, with residual stenosis of 
20% or less. The goal in SCAD is to improve 
baseline TIMI fl ow by at least 1 grade or to 
maintain or achieve TIMI grade 2 or 3, and to 
reduce residual stenosis to less than 50%.22

 However, neither PCI with intracoronary 
stenting nor CABG appears to be protective 
against recurrent dissection.18,19 A study that 
included 20 patients who underwent CABG 
for SCAD found that at 5 years, 1 patient had 
recurrent SCAD, 3 had heart failure, and 6 
had target-vessel revascularization, presum-

ably secondary to healing of native coronary 
arteries resulting in competitive fl ow.18 

Mechanical support for shock
For SCAD complicated by cardiogenic shock, 
mechanical circulatory support may be con-
sidered in accordance with consensus guide-
lines for non-SCAD ACS treatment.23 While 
case reports suggest that an intraaortic balloon 
pump and extracorporeal membrane oxy-
genation can be used safely in patients with 
SCAD,24,25 they should be used with caution 
because, given the high incidence of concom-
itant arteriopathies in patients with SCAD, 
insertion of large-bore arterial catheters can 
theoretically result in iatrogenic dissection of 
the iliac arteries or aorta.

 ■ MEDICAL THERAPY

Medical therapy recommendations are sum-
marized in Table 1.

Antiplatelet therapy
In the absence of randomized controlled trials 
to guide antiplatelet therapy for SCAD, data 
from traditional atherosclerotic ACS litera-
ture are extrapolated for this patient popula-
tion. Aspirin is widely used based on its favor-
able side-effect profi le and extensive literature 
supporting its benefi ts in traditional athero-

For patients 
who do not 
undergo PCI, 
the addition
of a second
antiplatelet 
agent
is controversial

TABLE 1

Medications for spontaneous
coronary artery dissection

Indicated
Aspirin 81 mg daily

P2Y12 inhibitor if patient has undergone
percutaneous coronary intervention (PCI)

Beta-blocker

Debated
P2Y12 inhibitor if no PCI: consider a 1- to 3-month 
course as tolerated

Statin (appropriate if otherwise indicated)

Angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker in patients with left ventricular
dysfunction

Contraindicated
Thrombolysis
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sclerotic ACS.26 Patients who undergo stent 
placement should be treated in accordance 
with current ACS guidelines and receive dual 
antiplatelet therapy (DAPT) consisting of as-
pirin and a P2Y12 inhibitor for 12 months. 
 For patients who do not undergo PCI, the 
addition of a second antiplatelet agent is con-
troversial. Expert consensus states that a course 
of DAPT may be considered2 with the goal of 
minimizing thrombus burden and maintaining 
patency of the true lumen. While clopidogrel is 
most commonly prescribed, evidence is limited 
comparing clopidogrel, ticagrelor, and prasu-
grel in SCAD. Furthermore, the optimal dura-
tion of DAPT is unknown. Some authors rec-
ommend treatment for up to 12 months, while 
others advocate discontinuing the P2Y12 in-
hibitor after 1 to 3 months or when healing of 
the dissection is confi rmed.27

 Although DAPT in SCAD has been 
shown to be safe in several observational stud-
ies, there is a theoretical concern about the 
use of antiplatelet agents in a disease state that 
may be triggered by intramural bleeding.28 In a 
cohort of 64 patients with SCAD,29 59 (92%) 
received DAPT with aspirin plus either clopi-
dogrel (69%), prasugrel (14%), or ticagrelor 
(9%). Of the 40 patients who underwent re-
peat angiography, healing of dissection was 
demonstrated in all but 1. DAPT was well 
tolerated, with no specifi c medication-related 
complications noted.29

 As of this writing, no data have been pub-
lished on the use of glycoprotein IIb/IIIa in-
hibitors in SCAD.

Limited role for anticoagulation
In line with contemporary ACS guidelines, 
anticoagulation is often appropriately initi-
ated before SCAD is diagnosed. Once SCAD 
is identifi ed as the cause of ACS, there is no 
clear benefi t to continuing this therapy.2 An-
ticoagulation involves a theoretical risk of 
increased intramural bleeding and extension 
of dissection, although there is a paucity of 
evidence on this. According to expert con-
sensus, anticoagulants should be stopped upon 
confi rmation of SCAD in the absence of an-
other compelling indication for anticoagula-
tion such as left ventricular thrombus or other 
thromboembolic disease.28 The few published 
case reports on SCAD complicated by left 

ventricular thrombus report safe treatment 
with anticoagulation.30

No role for thrombolysis
Thrombolysis is contraindicated in SCAD, as 
it may propagate dissection and lead to coro-
nary rupture and cardiac tamponade.28 Several 
case reports have been published document-
ing the adverse effects of thrombolysis in 
SCAD.31,32

Beta-blockers as tolerated
Beta-blockers are central to the management 
of acute aortic dissection, reducing shear 
stress on the vessel wall and minimizing risk 
of propagation.33 It follows that they would be 
similarly benefi cial for SCAD. Beta-blockers 
serve not only to lower blood pressure but 
also to modulate heart rate, the cornerstone 
of impulse control. In a recent study of 327 
patients with SCAD, beta-blocker use was as-
sociated with reduced risk of recurrent SCAD 
(hazard ratio 0.36, P = .004).4 If validated in 
future studies, these fi ndings would provide 
the fi rst evidence for recurrence risk-reduction 
through medical therapy. 
 In practice, the use of beta-blockers is of-
ten limited by hypotension and fatigue, es-
pecially as patients are often young women 
without coexisting hypertension.10 No studies 
to date have evaluated the effi cacy of differ-
ent types of beta-blockers, goal heart rate, or 
blood pressure after SCAD. Nonetheless, it is 
reasonable to escalate beta-blocker therapy to 
the maximally tolerated dose. In patients un-
able to tolerate beta-blockers, a nondihydro-
pyridine calcium channel blocker should be 
considered.

Lipid-lowering therapy if otherwise indicated
As no proven connection has been identi-
fi ed between cholesterol and risk of SCAD, 
statins and other lipid-lowering agents are 
generally reserved for patients with tradi-
tional indications for those medications. In a 
retrospective single-center cohort study of 87 
patients, statin use was associated with subse-
quent risk of SCAD recurrence.17 However, as 
this analysis was limited by small sample size 
and incomplete information on statin use, it 
should be interpreted with caution. The signal 
for increased recurrence of SCAD with statin 
use has not been demonstrated in larger stud-

Thrombolysis is 
contraindicated 
in any patient 
with SCAD as it
may propagate
dissection and
lead to coronary
rupture
and cardiac 
tamponade
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ies.4 In the absence of any other indication for 
lipid-lowering therapy, we do not routinely 
prescribe statins in patients with SCAD.

 ■ LONG-TERM MANAGEMENT

Chronic management of SCAD is based on 
several key principles, ie, screening for fi bro-
muscular dysplasia, monitoring for chest pain 
and recurrence, and cardiac rehabilitation. 

Screen for fi bromuscular dysplasia
and other arteriopathies
Fibromuscular dysplasia is an idiopathic ar-
teriopathy not caused by underlying athero-
sclerosis or infl ammation, with a predilection 
for medium-sized vessels. It is the condition 
most commonly associated with SCAD, with 
an estimated prevalence of 25% to 86%.34 

This wide range refl ects differences between 
screening methods and the number of vascular 
territories screened. The hallmark feature on 
imaging is the “string of beads,” which occurs 
where areas of fi brosis (causing narrowing) al-
ternate with regions of dilation.35 The renal, 
carotid, and vertebral arteries are most often 
affected, but nearly any site may be involved.
 Other arteriopathies associated with 
SCAD include Marfan syndrome, Loeys-Dietz 
syndrome, vascular Ehlers-Danlos syndrome, 
alpha-1 antitrypsin defi ciency, and polycystic 
kidney disease.7,8

 Given these associations, a vascular medi-
cine evaluation is recommended for all pa-
tients diagnosed with SCAD. The evaluation 
should include a comprehensive vascular his-
tory, examination, and brain-to-pelvis imag-
ing.10 Patients with a family history or physi-
cal examination fi ndings suggestive of known 
arteriopathies may benefi t from a genetics 
evaluation. Coronary computed tomography 
angiography is preferred for imaging when 
possible, as it has higher spatial resolution 
than magnetic resonance angiography or ul-
trasonography. Screening provides valuable 
data to guide management, develop a longitu-
dinal follow-up plan, and inform prognosis.

Monitor for chest pain and recurrence
Although the prognosis for long-term survival 
is favorable, patients are at risk of chronic an-
gina, recurrent SCAD, and noncardiac chest 
pain. Optimal management requires regular 

follow-up with a cardiologist experienced in 
the care of SCAD. 
 Chronic angina. Of the approximately 
20% of patients with SCAD who are read-
mitted within 30 days of the index event, 
many develop chronic nitrate-responsive 
chest pain.3 This is suspected to be related to 
coronary microvascular dysfunction, which is 
common in this population. In a small study 
of 17 patients undergoing coronary fl ow re-
serve testing on coronary angiography at least 
3 months post-SCAD, more than 70% had 
coronary microvascular dysfunction defi ned 
by a coronary fl ow reserve < 2.5 or an index 
of microcirculatory resistance > 25 units.36 A 
long-acting nitrate or calcium channel block-
er, or both, may be considered as needed.
 Recurrent SCAD. In a prospective series 
of 327 patients, the recurrent SCAD rate was 
10.4% over a median follow-up of 3.1 years.4 

Higher recurrence rates have been reported, 
with one retrospective study of 189 patients 
fi nding 27%.18 Patients should therefore be 
monitored closely for new or worsening cardiac 
symptoms, which should prompt further testing. 
 While no consensus-based recommenda-
tions for a particular noninvasive imaging 
method have been developed, we fi nd posi-
tron emission tomography stress imaging with 
coronary fl ow reserve most helpful, as it allows 
evaluation of ischemia in the previously af-
fected territory.
 Coronary computed tomography angiogra-
phy can be benefi cial for follow-up, particular-
ly in patients with known large-vessel proxi-
mal SCAD and concern for recurrence soon 
after the index event. The main limitation 
with this imaging method is the possibility of 
missing middle or distal small-vessel disease.13 
 Lastly, cardiac magnetic resonance imaging 
is useful in stable patients with recent SCAD 
and suspicion for pericarditis. There is grow-
ing interest in its use as a surveillance tool, 
with evidence that it can be used to quantify 
infarct size.37 Further research is needed to de-
fi ne its role in SCAD.

Recommend cardiac rehabilitation
Cardiac rehabilitation is an important com-
ponent of management following SCAD, but 
it remains signifi cantly underused. Young and 
otherwise healthy women, comprising the ma-

A vascular
medicine
evaluation is
recommended
for all patients
diagnosed
with SCAD
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jority of patients with SCAD, are infrequently 
referred for cardiac rehabilitation. There is 
also concern about the safety of cardiac reha-
bilitation in light of the association of SCAD 
with physical activity.17 Collectively, these 
barriers result in low enrollment, adherence, 
and completion rates.
 However, cardiac rehabilitation has clear 
short-term and long-term benefi ts for per-
ceived physical and mental health, and it 
has consistently been shown to be safe in 
patients with SCAD.38,39 In a cohort of 70 
women with SCAD participating in cardiac 
rehabilitation, improvements were found 
in exercise capacity, symptoms (specifi cally 
chest pain), and psychosocial well-being at 
the conclusion of the program.39 Similarly, of 
the 269 patients who participated in cardiac 
rehabilitation from the Mayo Clinic SCAD 
registry, 82% reported physical health bene-
fi ts and 75% reported emotional health ben-
efi ts.40

 We recommend referring all patients with 
SCAD for cardiac rehabilitation, including 
young women without other comorbidities. 
Our aerobic exercise plan involves training 

set at a target heart rate zone equivalent to 
50% to 70% heart rate reserve based on ini-
tial exercise stress testing. The frequency of 
cardiac rehabilitation and aerobic exercise 
participation should be at least 3 times weekly 
for 20 to 30 minutes per session as a starting 
point. As patient fi tness and comfort with ex-
ercise gradually improve, program progression 
should be encouraged but implemented con-
servatively and without including high-inten-
sity interval-training methods. The long-term 
goal is for patients to comfortably exercise 45 
to 60 minutes per session on most days of the 
week. 
 Resistance training involving isometric 
(constant muscle length) contraction, particu-
larly using large muscle groups, should be avoid-
ed in patients with a history of SCAD, as these 
activities are often associated with temporary 
loading of muscles, closely followed by acute pe-
riods of high power and pressure generation.
 Similarly, strength training should be lim-
ited to light intensity. Greater intensity is typ-
ically associated with Valsalva-type maneu-
vers, which rapidly generate transient bursts 
of high-to-extreme levels of intrathoracic, 

Figure 1. Our approach to the management of spontaneous coronary artery dissection.

Acute inpatient management

No high-risk features

Conservative therapy

High-risk features present

Revascularization

Monitor in hospital for 3–5 days Percutaneous coronary intervention
(PCI)

Preferred if technically feasible

Coronary artery bypass grafting
If PCI is not feasible or there is dissection of

left main extending into left anterior
descending and/or left circumfl ex artery

Long-term management

Aspirin (indefi nite), clopidogrel (1 month if no PCI, 12 months if PCI), beta-blocker (indefi nite)

Follow-up with vascular medicine Follow-up with cardiology Cardiac rehabilitation

Screen for fi bromuscular dysplasia and other arteriopathies
Evaluate for connective-tissue disease
Genetic counselling in select patients

Monitor for recurrence
Symptom-guided imaging

Blood pressure control
Regardless of baseline functional status

Isometric
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training should 
be avoided;
strength
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should be
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cardiac, and aortic pressures. This yields high 
levels of localized vascular wall mechanical 
shear stress and compensatory spikes in heart 
rate, all of which should be avoided in patients 
with a history of SCAD.

 ■ OUR APPROACH

At our institution, we use a stepwise approach 
to the treatment of SCAD (Figure 1) that 
starts with assessing the patient for high-risk 
features that may prompt an invasive strategy 
for management rather than medical man-
agement. Then medical therapy is started as 
outlined in Table 1. All patients with SCAD 
should undergo a vascular medicine evalu-
ation and should be followed regularly by a 
cardiologist with expertise in SCAD. In ad-
dition, referral for cardiac rehabilitation is es-
sential, offering physical and mental health 
benefi ts.

 ■ NEEDED: MORE EVIDENCE
FOR BEST MANAGEMENT

Prospective and randomized-controlled studies 
are needed to facilitate development of an ev-
idence-based treatment algorithm for SCAD. 
In particular, studies to investigate the role and 
duration of DAPT, use of statin therapy, and 
indications for and timing of revascularization 
would greatly enhance management. With in-
creasing clinician awareness of SCAD, coupled 
with advancement in angiographic diagnostic 
techniques, the prevalence of this disease will 
likely continue to grow. Hence, the need for a 
clear treatment approach becomes all the more 
pressing. ■
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No. Recent evidence shows that the 
harms of aspirin use for the primary 

prevention of cardiovascular disease usually out-
weigh the benefi ts for patients age 70 and older. 
 An updated draft of the United States 
Preventive Services Task Force (USPSTF) 
recommendations for aspirin use was released 
for public comment on October 12, 2021.1,2 
These guidelines have a grade C recommen-
dation for initiating low-dose aspirin for pri-
mary prevention of cardiovascular disease in 
patients ages 40 to 59 with a 10% or greater 
10-year risk of cardiovascular disease. (Grade 
C: Recommends use based on professional 
judgment and patient preferences. There is 
at least moderate certainty that the net ben-
efi t is small.) These guidelines offer a grade D 
recommendation for initiating low-dose aspi-
rin for primary prevention of cardiovascular 
disease in adults age 60 and older. (Grade D: 
Recommends against. There is at least moder-
ate certainty of no net benefi t or that harms 
outweigh benefi t). This guidance is a change 
from their 2016 recommendation, which was 
equivocal on adults ages 60 to 69 and avoided 
a recommendation for adults age 70 and older, 
citing insuffi cient evidence.3,4 Trials reviewed 
in this article were included in these updated 
draft recommendations, which are still open 
for comment at the time of this writing.
 In 2018, results from 3 large double-blind, 
randomized, placebo-controlled trials offered 
insight into how to approach aspirin use for 
primary prevention in older adults. These tri-
als—Aspirin in Reducing Events in the Elderly 
(ASPREE),5,6 Aspirin to Reduce Risk of Initial 
Vascular Events (ARRIVE),7 and Aspirin for 

Primary Prevention in Persons With Diabetes 
Mellitus (ASCEND)8—provide substantial 
data to fi ll knowledge gaps on how to consider 
prescribing or de-prescribing aspirin for older 
patients. 

 ■ WHAT DID THE TRIALS FIND?

The ASPREE trial
This trial enrolled 19,114 community-dwelling 
older adult patients at least 70 years old, or at 
least 65 years old for Black and Hispanic pa-
tients, without evidence of cardiovascular dis-
ease (overall median age was 74).5,6 During a 
median follow-up of 4.7 years, researchers found 
that 100 mg/day of aspirin provided no benefi t 
in preventing nonfatal cardiovascular events or 
death, or in increasing disability-free survival. 
Aspirin use increased the risk of clinically sig-
nifi cant, nonfatal major hemorrhage, defi ned as 
a composite measure of intracranial and upper 
or lower gastrointestinal bleeding that required 
transfusion, hospitalization, or surgical interven-
tion, or that prolonged hospitalization. Unex-
pectedly, the aspirin cohort had higher all-cause 
mortality, attributed to increased cancer-related 
mortality (including a signifi cant increase in 
colorectal cancer-related death in aspirin users). 
Mortality from major bleeding events, including 
hemorrhage or hemorrhagic stroke, was no dif-
ferent between groups.5,6

The ARRIVE trial
This trial enrolled 12,546 patients age 55 and 
older for men and age 60 and older for women 
with moderate cardiovascular disease risk as-
sessed by the presence of risk factors including 
current tobacco use, low levels of high-density 
lipoprotein cholesterol, elevated systolic blood 
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pressure (> 140 mm Hg), prescriptions for an-
tihypertensive medications, or positive family 
history of cardiovascular disease.7 The trial was 
focused on primary prevention, so investigators 
excluded participants with prior cardiovascular 
events or interventions (eg, stenting, angio-
plasty, bypass surgery). Patients with diabetes 
were also excluded. The intent-to-treat analy-
sis showed no signifi cant benefi t for aspirin use 
of 100 mg/day during the median 5-year follow-
up. A subgroup analysis showed no benefi t for 
patients age 65 and older. As in earlier studies,9 
the aspirin-receiving cohort had an increased 
risk of gastrointestinal bleeding.

The ASCEND trial
This trial enrolled 15,480 participants with 
diabetes but without known cardiovascular 
disease; nearly one-quarter of participants en-
rolled were at least 70 years of age.8 Although 
100 mg/day of aspirin provided an overall ben-
efi t in reducing fi rst vascular events, a subgroup 
analysis revealed no benefi t for patients age 70 
and older. Aspirin use was associated with a 
higher risk of major bleeding events, defi ned 
as bleeding requiring transfusion, hospitaliza-
tion, surgical intervention, or that prolonged 
hospitalization, required intensive care unit 
admittance, or caused death. This risk was sig-
nifi cant for patients age 60 and older but was 
not signifi cant for patients under age 60.8 

 ■ HOW DID MEDICAL SOCIETIES REACT? 

In light of these fi ndings, the American Col-
lege of Cardiology (ACC) updated its practice 
guidelines, published in September 2019, to 
state that low-dose aspirin should not be ad-
ministered on a routine basis for the primary 
prevention of atherosclerotic cardiovascular 
disease in adults over age 70.10 The American 
Diabetes Association (ADA), in its practice 
guidelines published in January 2021, similar-
ly recommended that for patients over age 70 
(with or without diabetes), aspirin use appears 
to have greater risk than benefi t and thus is 
not recommended in these patients.11 
 Complementary interventions aimed at re-
ducing the risk of cardiovascular events—statins 
for hyperlipidemia, improved antihypertensive 
medications, and aggressive anti-smoking cam-
paigns—may further reduce the utility of aspirin 
for primary prevention. Nevertheless, data from 

the National Health and Nutrition Examination 
Survey (2011-2018) showed that aspirin use for 
primary prevention signifi cantly increased as pa-
tients age, from 24% in those ages 50 to 54 to 
45.3% in those age 75 and older.12

 ■ WHAT ABOUT ASPIRIN USE
FOR COLORECTAL CANCER?

In addition, there is increasingly clear evi-
dence supporting discontinuation of aspirin 
use in older adults for colorectal cancer pre-
vention. The USPSTF had previously made a 
grade B recommendation for low-dose aspirin 
in adults ages 50 to 59 in part because of evi-
dence supporting reduced colorectal cancer 
incidence after 5 to 10 years of use.3,4 A more 
recent pooled analysis of data on 94,540 par-
ticipants age 70 and older from both the longi-
tudinal Nurses’ Health Study and the Health 
Professionals Follow-up Study found that aspi-
rin use was associated with a lower incidence 
of colorectal cancer after age 70 for patients 
who initiated aspirin before age 70 with at 
least 5 years of use.13 Initiating aspirin after age 
70 was not associated with reduced colorectal 
cancer incidence. The ASPREE investigators 
reported increased cancer-associated mortal-
ity risk in the aspirin-use cohort (including 
higher colorectal cancer mortality); however, 
they noted that this result was unexpected in 
the context of other well-designed aspirin tri-
als and should be interpreted cautiously.14

 ■ THE BOTTOM LINE

The proposed updates to its 2016 guidance for 
aspirin use for primary prevention in adults 
age 60 and older1,2 put the USPSTF recom-
mendations in line with those of the ACC and 
ADA,9,11 which both previously incorporated 
evidence from the trials discussed above into 
their recommendations against aspirin use for 
primary prevention in older adults.
 Our clinical recommendation is in line 
with the USPSTF’s proposed update: the 
risks outweigh the benefi ts for aspirin in old-
er adults. Providers, in conjunction with pa-
tients, should de-prescribe aspirin as able. ■
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Elevated hCG can be a benign
fi nding in perimenopausal
and postmenopausal women
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The human chorionic gonadotropin 
(hCG) level is routinely measured to di-

agnose and monitor pregnancy. In addition, 
because hCG can be elevated in females with 
trophoblastic disease, germ cell tumors, and 
other malignancies, it is often used as a prog-
nostic marker and for disease monitoring.1 
These days, more women, even those in peri-
menopause and menopause, are having their 
hCG levels measured to rule out pregnancy 
before they undergo imaging studies or treat-
ments that could harm a fetus.
 However, elevated hCG levels have been 
detected in as many as 0.2% to 10.6% of peri-
menopausal and postmenopausal women who 
are not pregnant and have no disease or tu-
mor.2–4 This phenomenon remains underrec-
ognized, and appropriate patient care may be 
delayed while the source of the elevation is 
being sought. 
 In this paper, we review the evidence re-
garding how to assess perimenopausal and 
postmenopausal hCG elevation.

 ■ STRUCTURE AND BIOLOGY OF hCG

The heterodimeric glycoprotein hCG is com-
posed of an alpha subunit and a beta subunit. Its 
alpha subunit is identical to the alpha subunits of 
luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and thyroid-stimulating hor-
mone. The beta subunit, on the other hand, dif-
fers among these hormones and determines the 
hormone’s specifi city and function.1 
 Fifteen variants of hCG have been detected,5 
some of which are biologically active, while oth-
ers are breakdown products and are inactive. The 
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ABSTRACT
In a perimenopausal or postmenopausal woman, an el-
evation in human chorionic gonadotropin (hCG) can raise 
the concern of malignancy or even pregnancy, but it can 
also be a benign physiologic fi nding due to production in 
the pituitary gland in this patient population. Diagnosing 
the underlying cause of hCG elevation can be challeng-
ing, especially if a pituitary source is not considered. Pi-
tuitary hCG production remains largely underrecognized 
and can lead to unnecessary testing, harmful therapy 
such as chemotherapy, or delay in receiving appropriate 
care for other unrelated diseases. It is therefore important 
to establish guidelines to aid medical evaluation.

KEY POINTS
We do not recommend further evaluation in perimeno-
pausal or postmenopausal women when hCG levels are 
less than 14 IU/L and follicle-stimulating hormone (FSH) 
levels are 40 IU/L or higher.

In patients with hCG levels of 14 IU/L or higher and FSH 
levels lower than 40 IU/L, we recommend following the 
USA hCG Reference Service protocol, which starts with 
confi rming the high hCG level using multiple other as-
says. 
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most common variants are listed in Table 1.6
 The variant can suggest the source of the 
hCG elevation. In normal pregnancy, intact 
hCG is the predominant form, whereas in 
trophoblastic disease or testicular tumors, the 
free beta subunit or hyperglycosylated hCG 
predominates.7,8 More than 100 immunoassay 
test kits are available to measure hCG.9 All 
kits measure intact hCG along with one addi-
tional variant, and it is important to be aware 
of which hCG variant is being measured in 
the immunoassay used, especially when evalu-
ating for trophoblastic disease. 
 Measurement of hCG is usually done us-
ing a 2-site noncompetitive immunoassay in 
which the analyte (hCG) is sandwiched be-
tween two antibodies. Certain factors can in-
terfere with the assay and lead to erroneous 
results. False-positive results can occur from 
cross-reactivity with other serum glycopro-
teins or from heterophilic antibodies that can 
bind to the antibodies used in the hCG as-
say.10,11 False-negative results can occur in cas-
es in which the true hCG level is so high that 
the assay antibodies become supersaturated. 
This is known as the “hook effect” and can be 
avoided through serial dilutions. 

 ■ ELEVATED hCG IN PERIMENOPAUSAL 
AND POSTMENOPAUSAL WOMEN 

The exact role of hCG outside of pregnancy 
remains unclear. In premenopausal women, 

hCG and LH levels rise during ovulation.2 
As women get older, hCG levels, like those 
of FSH and LH, rise due to loss of negative 
feedback inhibition from estrogen and proges-
terone.2–4,12–16 Levels of hCG and FSH reach 
a peak between the ages of 45 and 55 and 
remain at a plateau thereafter.14 In pregnant 
women, hCG levels have a diurnal variation, 
rising in the day and decreasing at night.17

 Confusion can arise when hCG values are 
higher than the normal laboratory cutoff of 5 
IU/L in nonpregnant perimenopausal and post-
menopausal women. The prevalence of hCG 
levels of 5 IU/L or higher in women between 
the ages of 41 and 55 is 0.2% to 0.3%, while 
in older women it is 8% to  10.6%.14,15 When 
hCG is “elevated,” physicians often pursue an 
evaluation for gynecologic disease, malignancy, 
or paraneoplastic syndrome. Often overlooked, 
however, is the possibility that the hCG is 
coming from the pituitary gland. 

 ■ THE ROLE OF PITUITARY PRODUCTION 
OF hCG

Pituitary hCG production was fi rst described 
in the 1970s after hCG staining was seen in 
pituitary gland extracts.16,18,19 The pituitary 
gland was also confi rmed as a source of hCG 
production by Stenman et al,16 whose work in 
1987 showed that hCG levels rose 2- to 3-fold 
in healthy nonpregnant women and men who 
were given gonadotropin-releasing hormone 

 A fi nding 
of elevated
hCG can lead 
to confusion
and delay 
in therapy

TABLE 1

 Common detectable variants of human chorionic gonadotropin (hCG)

Variant Biological activity Structure

Intact hCG Ac  ve A  ached alpha and beta subunit
Nicked hCG Inac  ve Beta-subunit bond broken

Quickly splits into separate alpha and 
nicked beta subunits

Nicked free beta subunit Inac  ve Degraded product of nicked hCG
Free alpha subunit Inac  ve
Free beta subunit Inac  ve
B-core fragment Inac  ve Final breakdown product of hCG
Hyperglycosylated hCG Ac  ve Similar to intact hCG, with more carbo-

hydrate side chains a  ached
Based on information in reference 6.
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(GnRH), and fell in postmenopausal women 
who were given combined estrogen and pro-
gesterone. (In this study, estradiol valerate 2 
mg with medroxyprogesterone acetate 10 mg 
daily).16 
 Several studies have since investigated this 
physiologic phenomenon in an attempt to es-
tablish hCG cutoff values to help differenti-
ate between a normal physiologic rise in hCG 
and a rise related to an underlying pathologic 
disease.2–4,17,19–21 In postmenopausal women, 
an hCG value of 14 IU/L has been established 
as the normal upper limit, while in perimeno-

pausal women no clear cutoff value has yet 
been defi ned. This is important, as most labo-
ratories give only the reference range for pre-
menopausal nonpregnant women and not the 
reference range for postmenopausal women. 
  The FSH level can help distinguish the 
source of the excess hCG in perimenopausal 
women, ie, the pituitary vs the placenta (in 
pregnancy). FSH levels higher than 45 IU/L 
were found to have a 100% negative predic-
tive value for a pituitary origin of elevated 
hCG.14 FSH levels were not found to correlate 
with hCG levels in postmenopausal women.15 

Figure 1. Recommended protocol for evaluating elevated human chorionic gonadotropin (hCG)
in postmenopausal women. 

Based on information in reference 2 and the authors’ recommendations.

Positive hCG test in a postmenopausal 
woman

(hCG ≥ 14 IU/L and follicle-stimulating
hormone < 40 IU/L)

Repeat hCG test with multiple
commercial quantitative assays

> 10% variance                                ≤ 10% variance

Likely a false-positive result Measure free beta-subunit reactivity 
and calculate free beta-subunit
immunoreactivity (multiply the free 
beta-subunit value by 17)

> 30%                           ≤ 30%

Evaluate for underlying Give high-estrogen birth
malignancy control pills for 3 weeks

hCG is not suppressed hCG is suppressed

Evaluate for underlying  No further evaluation
malignancy
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 Physiologic hCG elevations in perimeno-
pausal and postmenopausal women are still 
largely unrecognized, and the confusion can 
delay medical therapy and even lead to unnec-
essary treatment. Cole et al3 described 28 cases 
of elevated hCG levels in which unnecessary 
chemotherapy was given, inappropriate surgery 
was done, or therapy for other medical condi-
tions was delayed pending workup. The mean 
hCG level was 9.5 IU/L (range 2.1–32 IU/L), 
and the median was 7.7 IU/L. In 18 of these 
cases, a pituitary source was confi rmed by hCG 
suppression after 2 weeks of hormone therapy. 
 In another study,2 18 of 36 perimenopausal 
and postmenopausal women with elevated 
hCG either received inappropriate medical 
therapy or experienced delay in surgery. The 
average hCG level in the perimenopausal 
women was 6.4 IU/L, and in the postmeno-
pausal women it was 11.6 IU/L. In this series, 
24 patients were given high-estrogen birth 
control pills, which suppressed hCG produc-
tion in 23, confi rming a pituitary origin. In 
contrast, hCG levels originating from germ 
cell tumors are generally signifi cantly higher, 
as shown in a study by Arrieta et al in which 
the mean hCG level was 14,772 IU/L.22 

 ■ A PROTOCOL FOR EVALUATING ELEVAT-
ED hCG IN POSTMENOPAUSAL WOMEN

The USA hCG Reference Service provides 
a consulting service, maintains a database of 
cases of elevated hCG, and has presented a 
protocol for evaluating hCG elevations mea-
sured using commercial assays in postmeno-
pausal women (Figure 1).2,23 
 The fi rst step is to confi rm hCG elevations 
and to exclude false-positive readings due to 

interfering heterophilic antibodies by repeat-
ing the measurement using different com-
mercial assays. If the results differ by less than 
10%, then interference can be excluded. 
 The next step is to exclude nontropho-
blastic malignancy by measuring the free beta 
subunit and calculating the free beta subunit 
immunoreactivity (by multiplying the free 
beta subunit value by 17). If the calculated 
free beta subunit immunoreactivity is 30% or 
less, then malignancy is unlikely.
 The last step is to confi rm the pituitary 
gland as the source of hCG by demonstrating 
hCG suppression after 3 weeks of hormone 
therapy. High-estrogen birth control pills con-
taining 50 μg of ethinyl estradiol plus proges-
terone are recommend. Hormone therapy can 
be discontinued after 3 weeks unless medically 
indicated for other reasons. 
 Women who cannot undergo hormone 
suppression can instead be tested using a 
GnRH analogue such as leuprolide 3.75 in-
tramuscularly. Despite an initial surge of hCG 
after GnRH stimulation, the level becomes 
suppressed within 1 week through desensitiza-
tion of the pituitary to a continuous GnRH 
output, as opposed to the pulsatile GnRH se-
cretion seen in the physiologic state. Levels 
of hCG of pituitary origin will be suppressed 
several days after GnRH analogues are given, 
whereas hCG secreted from a tumor will not. 
A pituitary source is confi rmed if hCG is sup-
pressed to normal levels 10 days after injec-
tion.20,21 ■
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