
Sleep is like Rodney Dangerfi eld

Common electrolyte imbalance, 
uncommon cause

How can I better recognize 
and manage delirium in my 
hospitalized patients?

COMPLETE TABLE OF CONTENTS ON PAGE 7

V O L U M E  9 2  •  N U M B E R  1  •  J A N U A RY  2 0 2 5  •  w w w. c c j m . o r g
The Cleveland Clinic Foundation
9500 Euclid Ave., JJ44
Cleveland, Ohio 44195-0001

Nonprofi t Organization
U.S. POSTAGE PAID

The Cleveland Clinic Foundation

Shortness of breath in 
a 52-year-old man with HIV 
and severe mitral regurgitation

Classic diabetic ketoacidosis 
and the euglycemic variant: 
Something old, something new

Insomnia in older adults: 
A review of treatment options

Risk-factor modifi cation 
to prevent recurrent atrial 
fi brillation after catheter ablation



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 1  JANUARY 2025  5

EDITORIAL STAFF
Brian F. Mandell, MD, PhD, Editor in Chief
Craig Nielsen, MD, Deputy Editor
James C. Pile, MD, Deputy Editor
George Thomas, MD, MPH, Deputy Editor
Mary T. Cusick, MS, Executive Editor
Robert Litchkofski, MA, Managing Editor
Allison Siegel, MSSA, Senior Editor
Concetta M. Caporuscio, Senior Editor
Jennifer Bazil, Assistant Managing Editor
Ross Papalardo, CMI, Medical Art Director
Martin Porter, Program Manager

PUBLISHING OPERATIONS
Peter G. Studer, Executive Publisher
Bruce M. Marich, Production Manager
Iris Trivilino, Production Manager, Special Projects
John Thorn, Assistant Finance Director (Billing)

ASSOCIATE EDITORS
Mohammad Alamer, MD
Moises Auron, MD
Daniel J. Brotman, MD
Adam J. Brown, MD
Abhijit Duggal, MD
Ruth M. Farrell, MD, MA
Brandon Francis, MD
Kathleen Franco, MD
Steven M. Gordon, MD
Brian Griffi n, MD
Kristin Highland, MD
David L. Keller, MD
Mandy C. Leonard, PharmD
Angelo A. Licata, MD, PhD
Atul C. Mehta, MD
Christian Nasr, MD
Mariah Ondeck, MD
Robert M. Palmer, MD
Ian P. Persits, DO, MS
David D.K. Rolston, MD
Gregory Rutecki, MD
Bernard J. Silver, MD
Joseph Sipko, MD
Tyler Stevens, MD
Theodore Suh, MD, PhD, MHSc
Vikas Sunder, MD
Tom Kai Ming Wang, MBChB, MD
Marc Williams, MD
Michael Yim, MD

CCJM-UK EDITION
Narbeh Melikian, BSc, MD, Chief Editor
Heather Muirhead, MHA, Clinical Institute Education
  and Training Manager 

EDITORS EMERITI
John D. Clough, MD
Herbert P. Wiedemann, MD
James S. Taylor, MD

CLEVELAND CLINIC
Tom Mihaljevic, MD
President and Chief Executive Offi cer

CLEVELAND CLINIC EDUCATION INSTITUTE
James K. Stoller, MD, MS, Chairman
Steven Kawczak, PhD, Senior Director, Professional
  Development and Knowledge Resources

ADVERTISING 
Sima Sherman, Director of Sales and Marketing
SHERMAN MEDICAL MARKETING GROUP 
1628 John F. Kennedy Blvd., #2200, Philadelphia, PA 19103 
(610) 529-0322 • sima@shermanmmg.com

SUBSCRIPTIONS
U.S. and possessions: Personal $160; institutional $188; single 
copy/back issue $20 
Foreign: $205; single copy/back issue $20 
Institutional (multiple-reader rate) applies to libraries, schools, 
hospitals, and federal, commercial, and private institutions and 
organizations. Individual subscriptions must be in the names of, 
billed to, and paid by individuals. 
Please make check payable to Cleveland Clinic Journal of Medicine and 
mail to: Cleveland Clinic Education Foundation, P.O. Box 373291, 
Cleveland, OH 44193-3291. To purchase a subscription with a 
credit card, please visit www.ccjm.org.  

REPRINTS
(610) 529-0322 • sima@shermanmmg.com

PHOTOCOPYING
Authorization to photocopy items for internal or personal use 
is granted by Cleveland Clinic Journal of Medicine (ISSN 0891-1150 
[print], ISSN 1939-2869 [online]), published by Cleveland Clinic, 
provided that the appropriate fee is paid directly to Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923 USA 
(978) 750-8400. Prior to photocopying items for educational 
classroom use, please contact Copyright Clearance Center, Inc., 
at the address above. For permission to reprint material, please 
fax your request with complete information to the Republication 
department at CCC, fax (978) 750-4470. For further information 
visit CCC online at www.copyright.com. To order bulk reprints, 
see above.

CHANGE OF ADDRESS
To report a change of address, send a recent mailing label along 
with new information to:

AMA, Data Verifi cation Unit, 330 N. Wabash Ave., Suite 39300, 
Chicago, IL 60611-5885 • Phone (800) 621-8335 • Fax (312) 
464-4880 • amasubs@ama-assn.org

Cleveland Clinic Journal of Medicine uses the AMA database of 
physician names and addresses. The database includes all US 
physicians and not just AMA members. Only the AMA can update 
changes of address and other data. 

SUBSCRIPTIONS, EDITORIAL, BILLING, AND PRODUCTION 
9500 Euclid Avenue, JJ44, Cleveland, OH 44195
• Phone (216) 444-2661 • ccjm@ccf.org • www.ccjm.org 

DISCLAIMER
Statements and opinions expressed in the Cleveland Clinic Journal of 
Medicine are those of the authors and not necessarily of Cleveland 
Clinic or its Board of Trustees. 

Cleveland Clinic Journal of Medicine [ISSN 0891-1150 (print), ISSN 
1939-2869 (online)] is published monthly by Cleveland Clinic at 
9500 Euclid Avenue, JJ44, Cleveland, OH 44195. 

COPYRIGHT© 2025  THE CLEVELAND CLINIC FOUNDATION.
ALL RIGHTS RESERVED. PRINTED IN U.S.A.



http://www.ccfcme.org/Wellness


CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 1  JANUARY 2025 7

JANUARY 2025

TABLE OF CONTENTS
FROM THE EDITOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sleep is like Rodney Dangerfi eld 9
Sleep quantity (and, in some cases, quality) has been shown to impact memory and learning,
mood, appetite, and pain, yet many patients and clinicians do not give sleep the respect
it deserves.
Brian F. Mandell, MD, PhD

THE CLINICAL PICTURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Common electrolyte imbalance, uncommon cause 13
A 47-year-old woman presented with 10 days of weakness, wide purple striae on the abdomen,
and hyperpigmentation on the knuckles.
Saurav Shishir Agrawal, MD, DM; Sunil Kumar, MD; N. K. Soni, MD; Swati Paliwal, MD

1-MINUTE CONSULT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

How can I better recognize and manage delirium 17
in my hospitalized patients?
By knowing common precipitants and mimickers of delirium and considerations
for workup, clinicians can implement nonpharmacologic preventive strategies, better
identify patients experiencing delirium, and optimize symptom management.
Amanda Pomerantz, DO; Anna P. Shapiro-Krew, MD; Andrew Coulter, MD, MA

SYMPTOMS TO DIAGNOSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shortness of breath in a 52-year-old man with HIV 23
and severe mitral regurgitation
The patient presented with 3 weeks of acute on chronic dyspnea on exertion with progression
to dyspnea at rest and associated orthopnea.
Felix Wangmang, MD, PharmD; Achilles Aiken, MD; Kuang-Yuh Chyu, MD, PhD

CONTINUED ON PAGE 8

■ Don’t judge a book by its cover: 
Unusual presentations
of pericardial disease

■ Hypoglycemia after
bariatric surgery:
Management updates

Upcoming Features



8 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 1  JANUARY 2025

JANUARY 2025

CONTINUED FROM PAGE 7

REVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Classic diabetic ketoacidosis and the euglycemic variant: 33
Something old, something new
The authors review differences in the pathophysiology and management of classic diabetic
ketoacidosis and the euglycemic variant, the latter of which has become more common with
the increasing use of sodium-glucose cotransporter 2 inhibitors.
Adi E. Mehta, MD; Robert Zimmerman, MD

REVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Insomnia in older adults: A review of treatment options 43
Cognitive behavioral therapy for insomnia is the gold standard in all age groups,
but it is time-intensive and does not offer immediate results.
Roberto León-Barriera, MD; Margaret M. Chaplin, MD; Jasleen Kaur, MD; Vania Modesto-Lowe, MD, MPH

REVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Risk-factor modifi cation to prevent recurrent 53
atrial fi brillation after catheter ablation
The authors review the evidence supporting periprocedural modifi cation
of risk factors such as hypertension, diabetes mellitus, and obesity to reduce 
atrial fi brillation recurrence after catheter ablation.
Jack Hartnett, MB, BCh, BAO, MSc; Nour Chouman, MD; Eoin Donnellan, MD

DEPARTMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CME Calendar 11
CME/MOC Instructions 64

CME/MOC CREDITCME/MOC CREDIT

Test your knowledge
of clinical topics and earn

AMA PRA Category 1 Credit™

and ABIM MOC points
www.ccjm.org/content/latest-articles-cmemoc

CME MOC



FROM THE EDITOR

Sleep is like
Rodney Dangerfi eld

doi:10.3949/ccjm.92b.01025

The actor and comedian Rodney Dangerfi eld (1921–2004) was best known for his signa-
ture line, “I don’t get no respect.” If sleep were ever to deliver a monologue on late-night 

television, the same line would be apropos. 
From my conversations with patients in the offi ce or with friends over dinner, it seems almost 

no one is happy with their quality of sleep. Based on data from the National Health and Nutrition 
Examination Survey, the prevalence of participants with trouble sleeping was estimated by Nie et al1 
to be about 30% in 2018. The percentage of patients I see in rheumatology clinic for evaluation of 
generalized pain, “brain fog,” and unexplained fatigue is strikingly high. Some have had a detected, 
but unrelated, circulating antinuclear antibody; almost all characterize their sleep as suboptimal. 

And yet, there seems to be resistance in many patients and clinicians to accept a signifi cant 
link between their malaise and pain and their sleep disorder. From the clinician’s perspective (once 
malignancy and infl ammatory, infectious, and metabolic disorders are reasonably believed to be 
unlikely), this management challenge is compounded by the fact that we don’t have uniformly 
effective therapies to correct dysfunctional sleep. This challenge, as discussed in this issue of the 
Journal,2 can be particularly vexing in the elderly. But there are successful approaches.

Sleep is a fascinating biologic phenomenon. There is a complex interplay between different 
anatomic areas of the brain that modulate wakefulness and the need for sleep. Identifi cation of 
neuromediators in these different areas has resulted in the development of targeted pharmaco-
logic therapies. Sleep in some form seems to be necessary in all species, although it may manifest 
differently between animals, based in part on their physiology and environmental survival pres-
sures. Some sharks, birds, dolphins, seals, and manatees exhibit unihemispheric sleep, functionally 
sleeping with 1 eye open. This permits those sharks to keep moving and oxygenating and allows 
birds and other animals to gain the many benefi ts of sleep while remaining vigilant for predators.3 
Worms require a version of sleep to enable neuroplasticity suffi cient to cement benefi cial new 
olfactory learning behaviors,4 and cellular biologic clock–controlled rest and activity cycles, akin 
to animal sleep and activity, have even been demonstrated in cell tissue cultures5 and amoebae.

In humans and other mammals, sleep quantity (and, in some cases, quality) has been shown to 
impact memory and learning, mood, appetite, and pain. Many of these biologic effects ring true to 
those of us who are undergoing or recall the experience of medical or surgical residency. The desire 
for a large breakfast after a sleep-depriving night on call can be explained as an imbalance between 
the satiety and appetite-stimulant hormones leptin and ghrelin.6 Acute and reversible attention 
loss and memory diminution have been demonstrated with acute sleep deprivation,6 while a longer 
duration of sleep disruption has been linked to neurodegenerative effects, perhaps even including 
beta amyloid deposition.7 Functional magnetic resonance imaging can demonstrate anatomic areas 
of reversible metabolic dysfunction associated with sleep deprivation, but a full neurochemical 
understanding is elusive. An interesting set of observations suggests that a sleep inactivity cycle is 
necessary for normal and effi cient cerebrospinal fl uid fl ow to clear waste molecules from interstitial 
spaces in the brain.8

Intuitive observation, and review of the above and some additional sleep research, leaves lit-
tle surprise in recognizing cognitive and neuromuscular impairment in those who are not getting 
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adequate sleep. The airline and other industries (and the Accreditation Council for Graduate Medical Education) 
have recognized this for years. What is less straightforward, but increasingly recognized in practice and in research 
settings, is the strong link between sleep quality disturbances and the presence of pain threshold diminution. The 
concept of central sensitization pain syndromes, or nociplastic pain, is now reasonably well entrenched in the 
medical literature and clinical practice (CCJM will have a paper devoted to this in the near future). While it 
is obvious that severe organ or anatomic (nociceptive) pain can lead to poor sleep, it is actually a bidirectional 
process. Chronic9–11 and even transient, short-term12 sleep disturbances can elicit or worsen pain by reducing the 
pain threshold and increasing sensitivity to sensory inputs. In studies, this seems to be a reversible effect.13 In 
practice, reversibility is harder to accomplish, although some of the insights provided by León-Barriera et al2 will 
hopefully be helpful. I have also found helpful suggestions provided by my patients who, through trial and error 
and word of mouth, have come upon successful creative strategies of their own, some of which have contradicted 
our standard teachings. It is certainly worth giving sleep the respect that it deserves—discussing sleep habits 
and perceived level of sleep satisfaction14 with our patients, particularly those with diffi cult-to-manage pain, 
hypertension, and fatigue.

As we have closed out the year 2024, we at CCJM offer our readers, authors, and reviewers our sincere wishes 
that we can share a healthy, kind, and peace-fi lled 2025. And in the seasonal spirit of this commentary, I wish to 
all a good night.

1. Nie Q, Shen Y, Luo M, et al. Analysis of sleep for the American population: result from NHANES database. J Affect Disord 2024; 347:134–143. 
doi:10.1016/j.jad.2023.11.082

2. León-Barriera R, Chaplin M, Kaur J, Modesto-Lowe V. Insomnia in older adults: a review of treatment options. Cleve Clin J Med 2025; 92(1):43–50. 
doi:10.3949/ccjm.92a.24073

3. Mascetti GG. Unihemispheric sleep and asymmetrical sleep: behavioral, neurophysiological, and functional perspectives [published correction 
appears in Nat Sci Sleep 2016; 9:1]. Nat Sci Sleep 2016; 8:221–238. doi:10.2147/NSS.S71970 

4. Chandra R, Farah F, Muñoz-Lobato F, et al. Sleep is required to consolidate odor memory and remodel olfactory synapses. Cell 2023; 186(13):
2911–2928.e20. doi:10.1016/j.cell.2023.05.006

5. Hinard V, Mikhail C, Pradervand S, et al. Key electrophysiological, molecular, and metabolic signatures of sleep and wakefulness revealed in primary 
cortical cultures. J Neurosci 2012; 32(36):12506–12517. doi:10.1523/JNEUROSCI.2306-12.2012

6. Krause AJ, Simon EB, Mander BA, et al. The sleep-deprived human brain. Nat Rev Neurosci 2017; 18(7):404–418. doi:10.1038/nrn.2017.55
7. Shokri-Kojori E, Wang GJ, Wiers CE, et al. Beta-Amyloid accumulation in the human brain after one night of sleep deprivation. Proc Natl Acad Sci 

U S A 2018; 115(17):4483–4488. doi:10.1073/pnas.1721694115 
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9. Haack M, Simpson N, Sethna N, Kaur S, Mullington J. Sleep defi ciency and chronic pain: potential underlying mechanisms and clinical implications. 

Neuropsychopharmacology 2020; 45(1):205–216. doi:10.1038/s41386-019-0439-z
10. Krause AJ, Prather AA, Wager TD, Lindquist MA, Walker MP. The pain of sleep loss: a brain characterization in humans. J Neurosci 2019; 
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THE CLINICAL PICTURE

Common electrolyte imbalance, 
uncommon cause

Saurav Shishir Agrawal, MD, DM
Senior Consultant and Head, Department of 
Endocrinology and Metabolism, Yatharth Super 
Speciality Hospitals, Greater Noida,
Uttar Pradesh, India

A47-year-old woman was admitted to the emer-
gency department because she had been strug-

gling to stand up for the previous 10 days. She did not 
have diffi culty breathing or history of similar episodes 
of weakness.

Physical examination showed high blood pressure 
(160/90 mm Hg) and the presence of wide purple 
striae on the abdomen (Figure 1). Marked hyperpig-
mentation was also noted on the knuckles (Figure 2).

Review of medical records revealed persistent severe 
hypokalemia, with a potassium of 2.3 mmol/L (refer-
ence range 3.5–5.1 mmol/L); however, the patient had 
no history of recent diarrhea, vomiting, or diuretic use. 

A workup was performed, and the laboratory test 
results are listed in Table 1. The patient’s transtubular 
potassium gradient and 24-hour urine potassium were 
9 and 117 mmol, respectively, suggesting inappropriate 
renal loss of potassium. The patient’s serum cortisol 
value after an overnight 1-mg dexamethasone suppres-

sion test was 48.0 μg/dL, suggesting endogenous cor-
tisol excess, while the cortisol value after a high-dose 
(8 mg) dexamethasone suppression test was 42.7 μg/dL, 
indicating the presence of a nonpituitary adrenocorti-
cotropic hormone (ACTH)–secreting tumor. 

A provisional diagnosis of ACTH-dependent 
Cushing syndrome was made. Dynamic magnetic res-
onance imaging of the pituitary gland was performed 
and showed normal results. Contrast-enhanced com-
puted tomography of the chest and abdomen revealed 
bilateral adrenal enlargement. Gallium-68 dotatate 
positron emission tomography-computed tomography 
to localize the source of ectopic ACTH secretion was 
negative. Therefore, a diagnosis of occult ectopic 
ACTH-secreting Cushing syndrome was made. 

The patient was started on potassium supplemen-
tation, spironolactone 100 mg daily, and ketoconazole 
400 mg daily, which was titrated to maintain potas-
sium in the near-normal range.1 Subcutaneous insulin 
was also administered for high plasma glucose, and 
oral trimethoprim-sulfamethoxazole was started as doi:10.3949/ccjm.92a.24013

Figure 1. Striae on the patient’s abdomen (arrow).

Sunil Kumar, MD
Senior Consultant, Department of Internal 
Medicine, Yatharth Super Speciality Hospitals, 
Greater Noida, Uttar Pradesh, India

N. K. Soni, MD
Senior Consultant and Head, Department of 
Internal Medicine, Yatharth Super Speciality 
Hospitals, Greater Noida, Uttar Pradesh, India

Swati Paliwal, MD
Senior Consultant and Head, Department of 
Radiology, Yatharth Super Speciality Hospitals, 
Greater Noida, Uttar Pradesh, India

Figure 2. Hyperpigmentation of the patient’s 
knuckles (arrows).



14 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 1  JANUARY 2025

HYPOKALEMIA

prophylaxis against Pneumocystis jirovecii infection 
because of the patient’s markedly high cortisol level.2 
She showed symptomatic improvement. 

The patient refused to undergo bilateral adrenalec-
tomy, was discharged on ketoconazole, and is currently 
under regular follow-up care.

 ■ DIFFERENTIAL DIAGNOSIS OF HYPOKALEMIA

Hypokalemia, a common electrolyte abnormality in 
hospitalized patients, can occur because of decreased 
oral intake, transcellular shift, or renal or extrarenal 
loss of potassium.3 Decreased oral intake is seen in 
states of starvation, whereas transcellular shift can 
occur because of alterations in acid-base homeostasis 
such as metabolic alkalosis; release of insulin, thyroid 
hormone, or catecholamines; or hypokalemic periodic 
paralysis. Extrarenal loss is predominantly caused by 
severe diarrhea or excessive sweating. The loss of 
gastrointestinal contents by vomiting causes second-
ary hyperaldosteronism and, subsequently, renal loss 
of potassium.

Other causes of renal loss include states of primary 
mineralocorticoid or cortisol excess and augmented 

distal urine fl ow that commonly occurs with diuretic 
therapy and salt-wasting nephropathies. Aldosterone 
activates the epithelial sodium channels in principal 
cells, increasing potassium excretion, which causes 
hypokalemic alkalosis. At the same time, the presence 
of excess cortisol in Cushing syndrome, as seen in 
our patient, overwhelms the 11-beta hydroxysteroid 
dehydrogenase enzyme in distal tubules and activates 
mineralocorticoid receptors, resulting in hypertension 
and hypokalemic alkalosis.3

Laboratory testing pointed to renal loss of potassium 
due to hypercortisolism resulting from a nonpituitary 
ACTH-secreting tumor as the cause of hypokalemia in 
this patient. A transtubular potassium gradient (calcu-
lated by dividing the urine potassium:plasma potassium 
ratio by the urine osmolality:plasma osmolality ratio) 
less than 2 and 24-hour urine potassium less than 
15 mmol in the setting of hypokalemia suggests appro-
priate renal conservation of potassium3; both values 
were elevated for this patient. 

Further, the patient’s cortisol level was not sup-
pressed in either the overnight or high-dose sup-
pression test. In healthy individuals, serum cortisol 
after an overnight 1-mg dexamethasone suppres-

TABLE 1
Patient’s laboratory test results

Laboratory test Results (reference range)a 

Arterial blood gas
pH
Partial pressure of carbon dioxide
Partial pressure of oxygen
Bicarbonate 

7.665 (7.35–7.45)
43.4 mm Hg (35–48)
95.9 mm Hg (83–108)
48.4 mmol/L (21–28)

Sodium 
Fasting plasma glucose 
Magnesium
Thyroid-stimulating hormone
Urine electrolytes, 24-hour 

138 mEq/L (135–145)
210 mg/dL (70–100) 
2.2 mg/dL (1.8–2.5) 
2.2 mIU/L (0.4–4.8)

Potassium
Sodium
Calcium
Magnesium

117 mmol/24 hours (< 15) 
86 mmol/24 hours (40–220)
172 mg/24 hours (< 228)
84 mg/24 hours (73–122)

Urine creatinine, 24-hour
Transtubular potassium gradient 
Plasma aldosterone concentration
Direct renin concentration
Serum cortisol 

16 mg/kg/24 hours (15–20)
9 (< 2 in hypokalemia)
5.24 ng/dL (2.2–35.3) 
6.09 mIU/L (4.4–46.1)

 Measured at 8 AM

 Overnight 1-mg dexamethasone suppression test
 High-dose (8 mg) dexamethasone suppression test

50.3 μg/dL (6.2–18.0)
48.0 μg/dL (< 2.0)
42.7 μg/dL (> 50% reduction from baseline)

Urine cortisol, 24-hour 2,800 μg/24 hours (28.5–213.7)
Plasma adrenocorticotropic hormone 326 pg/mL (15–65)

aResults outside reference range are shown in bold.
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sion test is suppressed to less than 2.0 μg/dL, but 
patients with endogenous Cushing syndrome are 
resistant to this suppression.1 After a high-dose 
(8 mg) dexamethasone suppression test, greater than 
50% suppression of cortisol from baseline refl ects a 
reduction in ACTH secretion in response to high-
dose glucocorticoid, indicating Cushing disease (ie, 
Cushing syndrome caused by pituitary hypersecretion 
of ACTH). Less than 50% or no suppression occurs 
in ectopic ACTH-secreting Cushing syndrome, as 
nonpituitary ACTH-secreting tumors typically do not 
respond to glucocorticoid negative feedback.1 

 ■ DIAGNOSIS AND TREATMENT

The diagnostic approach in a patient with hypoka-
lemia includes a careful history to rule out common 
offending medications, such as diuretics and laxatives, 
and the presence of vomiting or diarrhea. A physical 
examination should be done to identify specifi c signs 
of a particular disease such as Cushing syndrome and 
thyrotoxicosis. Urine electrolyte measurements fur-
ther help with diagnosis. A metabolic panel, includ-
ing serum bicarbonate, along with an assessment of 
volume status identifi es patients with renal potassium 
loss. The presence of a non–anion-gap metabolic 
acidosis suggests renal tubular acidosis.3 Metabolic 

alkalosis indicates either Bartter syndrome, Gitelman 
syndrome, vomiting, or diuretic use, whereas the pres-
ence of hypertension points to hyperaldosteronism or 
Cushing syndrome.4

Treatment of hypokalemia includes either oral or 
intravenous potassium replacement and minimizing 
potassium loss by discontinuing any offending medi-
cations. Management of Cushing syndrome involves 
appropriate surgical resection after localizing the source 
of excess cortisol production.2 Medical management 
includes ketoconazole and etomidate, which act by 
inhibiting multiple steroidogenic enzymes needed for 
cortisol synthesis. Despite recent advances, the source 
of ACTH remains occult in up to 20% of ectopic 
ACTH-secreting Cushing syndrome cases, and serial 
imaging with high-resolution computed tomography 
and somatostatin receptor-targeted positron emission 
tomography-computed tomography is needed to iden-
tify the tumor over time.5 Bilateral adrenalectomy may 
be considered in severe, life-threatening cases.     ■
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BRIEF
ANSWERS 
TO SPECIFIC 
CLINICAL 
QUESTIONS

How can I better recognize
and manage delirium in my 
hospitalized patients?

Q:

The following 4 steps can help clinicians 
to better recognize delirium: (1) familiarize 

yourself with the 3 phenotypes of delirium (hyperactive, 
hypoactive, and mixed) that describe the associated 
motor activity in patients with delirium; (2) take into 
account the patient’s baseline mental status, medical 
history, and timeline of symptom onset; (3) use a 
delirium assessment tool; and (4) consider ordering an 
electroencephalogram.

Managing delirium in the hospital begins with 
prevention. There are numerous nonpharmacologic, 
multicomponent interventions to consider that include 
having the family at the bedside (as much as possible) 
and minimizing unnecessary overnight care that inter-
rupts sleep. While there is no medication currently 
approved by the US Food and Drug Administration for 
the management of delirium, antipsychotics have his-
torically been used to treat delirium-related agitation 
in hyperactive and mixed subtypes. Dexmedetomidine 
is often used for agitation in the intensive care unit 
(ICU) setting. There also has been growing interest in 
the use of clonidine and guanfacine. However, adverse 
cardiovascular effects, including hypotension and bra-
dycardia, can limit the use of alpha-2 agonists.

 ■ KNOW THE 3 PHENOTYPES
(BECAUSE DELIRIUM IS OFTEN MISSED)

Delirium, also known as encephalopathy, has an acute 
onset and is characterized by a fl uctuating disturbance 
in attention and cognition that is accompanied by 
reduced environmental awareness. As delirium is a 
direct consequence of an underlying insult, such as 
another medical condition, toxin or medication expo-

sure, or substance intoxication and withdrawal (or from 
multiple etiologies), it is commonly encountered in 
the acute hospital setting.1 Estimated incidence during 
hospitalization ranges from 11% to 14% on general 
medical services, 20% to 29% on geriatric services, and 
up to 82% in the ICU.2 This carries important impli-
cations, as delirium has been associated with increased 
risk of functional impairment, cognitive impairment, 
and mortality.3,4

Although delirium is a clinical diagnosis, the iden-
tifi cation of delirium can be diffi cult because the way it 
manifests can vary by phenotype. Diagnosis is further 
confounded by delirium’s waxing and waning course. 
Given these challenges, it is estimated that up to 70% 
of patients with delirium go undiagnosed.5 Therefore, 
familiarity with the nuances of how delirium can mani-
fest is crucial in early identifi cation and treatment. The 
3 phenotypes of delirium are hyperactive, hypoactive, 
and mixed, which describe the associated observed 
motor activity (Table 1).6 
• Hyperactive delirium is typically associated with 

agitated behaviors, such as hypervigilance, rest-
lessness, hallucinations, thought disorganization, 
elevated or irritable mood, and increased or loud 
speech. Clinically, this can manifest with the patient 
removing lines or medical devices, attempting to get 
out of bed, and experiencing disrupted sleep-wake 
cycles. 

• Patients with hypoactive delirium, in contrast,  
often present with apathy, lethargy, psychomotor 
slowing, staring, decreased alertness, and reduced 
engagement in care. 

• The mixed phenotype shares features of both hyper-
active and hypoactive delirium.6

A:
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 ■ TOOLS FOR RECOGNIZING DELIRIUM

Delirium is a common cause for psychiatric and neu-
rologic consultations because it can mimic not only 
primary psychiatric disorders, such as mood, anxiety, 
and psychotic disorders, but also neurocognitive disor-
ders, strokes, and seizures.7 Therefore, knowledge of a 
patient’s baseline mental status, medical history (such 
as underlying health conditions, recent medication 
changes, or hospitalizations), and timeline of symptom 
onset is essential in accurately assessing for delirium.

There are multiple clinical instruments to assist with 
both screening for delirium and determining its severity, 
with the Confusion Assessment Method being among 
the most widely used.3,8 The 4 A’s Test has also gained in 
popularity in identifying delirium because it is accurate 
(sensitivity = 0.88, 95% confi dence interval 0.80–0.93; 
specifi city = 0.88, 95% confi dence interval 0.82–0.92) 
and quick to administer and does not require special 
training to use.8 In a 2019 systematic review by Jones 
et al,9 the Confusion Assessment Method, Delirium 
Rating Scale, and Memorial Delirium Assessment Scale 
were the most commonly used instruments to assess 
delirium severity. 

The electroencephalogram is an additional tool that 
can be used when assessing for delirium. However, it 
does not currently have utility in predicting additional 
details such as risk, phenotype, or underlying causes of 
delirium.10 Generalized slowing is a common fi nding 
of delirium on electroencephalogram.

 ■ HOW TO OPTIMIZE MANAGEMENT OF DELIRIUM

Nonpharmacologic approaches
Delirium management starts with prevention. In the 
ICU setting, this is best achieved through the ABC-
DEF bundle (assess, prevent, and manage pain; both 
spontaneous awakening and breathing trials; choice of 
analgesia and sedation; delirium assessment, preven-
tion, and management; early mobility and exercise; 
family engagement and empowerment), which has 
been associated with a lower likelihood of delirium in 
a large, prospective, multicenter cohort study.11 

There is also moderate-quality evidence support-
ing the use of nonpharmacologic, multicomponent 
interventions (colloquially known as “delirium pre-
cautions”) in non-ICU hospital settings, as found in a 
2021 Cochrane Review.12 This review found that the 
interventions are likely effective in lowering the inci-
dence of delirium in these settings by about 43%, and 
there is potential for their role in decreasing hospital 
length of stay.12 There was less evidence to support 
these interventions in reducing delirium severity. In 
terms of interventions, the evidence appears strongest 
for reorientation, cognitive stimulation, and sleep 
hygiene in reducing delirium. There is less evidence 
for attending to nutrition, hydration, oxygenation, and 
bowel and bladder care; however, these interventions 
carry low risk. Additional techniques to reduce delirium 
include having family members at the bedside as much 
as possible, providing sensory aides (glasses, hearing 
aids), maintaining mobility, and minimizing unnec-
essary overnight care to promote uninterrupted sleep.

It is also important to minimize the use of restraints. 
While restraints can prevent a patient from harming 
themselves or others, early mobility (rather than 
restraint) prevents deconditioning and decreases days 
spent in delirium.13 When restraints are needed, the 
healthcare team should use the least restrictive restraint 
for the shortest amount of time in an effort to prevent 
adverse outcomes.

Overall, these “precautions” represent low-risk, 
potentially high-benefi t strategies to decrease the risk 
of delirium during hospitalization.

Pharmacologic approaches
The mainstay of delirium treatment has been to recog-
nize and manage the underlying cause of the delirium. 
While the symptoms of delirium, such as agitation, 
hallucinations, or sleep-wake cycle disturbances, may 
require pharmacologic intervention, the current liter-
ature supports the use of pharmacotherapy as a means 
of symptom management rather than as a disease-

TABLE 1
Delirium subtypes and features

Delirium subtype Features

Hyperactive Agitation
Hypervigilance
Restlessness
Hallucinations 
Thought disorganization
Elevated or irritable mood
Increased or loud speech

Hypoactive Apathy
Staring
Lethargy
Decreased alertness
Psychomotor slowing
Reduced engagement in care

Mixed Features of hyperactive and hypoactive 
subtypes

Based on information from reference 6.
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modifying treatment.14 The challenges have been the 
limited evidence for pharmacotherapy-based treatment 
across delirium subtypes and the fact that no medica-
tion is approved by the US Food and Drug Adminis-
tration for management of delirium. 

Antipsychotics have been used for years in the 
treatment of delirium-related agitation in both hyper-
active and mixed subtypes. Unfortunately, antipsy-
chotics have limited evidence to support reductions 
in either severity or length of delirium.14 Haloperidol, 
one of the more frequently studied antipsychotics in 
this population, has been shown to reduce agitation 
and improve outcomes in some, but not all, studies. 
Atypical (second-generation) antipsychotics, partic-
ularly risperidone, olanzapine, and quetiapine, also 
have been shown to improve agitation, but their 
antihistaminergic, antiadrenergic, and anticholiner-
gic properties raise concerns over increased sedation, 
hypotension, and potential worsening of confusion.14 
When used, antipsychotics should be prescribed at the 
lowest effective dose and discontinued once delirium 
has resolved. 

Dexmedetomidine, a commonly used intravenous 
alpha-2 agonist for agitation in the ICU setting, has 
been shown to decrease time on mechanical venti-
lation, length of ICU stay, and potentially length of 
delirium when compared with antipsychotics.14 There 
has also been growing interest in both clonidine and 
guanfacine for delirium management, given that they 
have a similar mechanism of action to dexmedetomi-
dine.14,15 Guanfacine has been found to be benefi cial, 
but clonidine remains controversial. Use of alpha-2 
agonists can be limited because of adverse cardiovas-
cular effects, including hypotension and bra dycardia. A 
small retrospective study (N = 46) found that valproic 

acid may also reduce agitation and possibly length of 
delirium in critical care patients.16 Although primarily 
studied in ICU populations, guanfacine, clonidine, and 
valproic acid may also be considered for use in patients 
on general medical fl oors given the various routes of 
administration. 

For hypoactive delirium, there is currently limited 
evidence to support the use of medications, including 
antipsychotics and stimulants.7

Outside of agitation, the regulation of the circadian 
rhythm is an important component of delirium man-
agement. While melatonin is often prescribed to help 
restore disrupted sleep-wake cycles in patients with 
delirium, the evidence for its role in reducing (and even 
preventing) delirium incidence remains mixed.14,17,18

 ■ THE BOTTOM LINE

Delirium evaluation and management remain chal-
lenging, given delirium’s multiple etiologies and vary-
ing manifestations across motor phenotypes, as well as 
the limited evidence for pharmacologic interventions. 
This highlights the importance of nonpharmacologic 
interventions in reducing the risk of delirium. By 
familiarizing themselves with common precipitants, 
mimickers, and considerations for workup, clinicians 
can implement nonpharmacologic strategies for pre-
vention, better identify patients who are experiencing 
delirium, and optimize symptom management. ■
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Shortness of breath
in a 52-year-old man with HIV
and severe mitral regurgitation
A 52-year-old man presented to the emergency 

department with 3 weeks of acute on chronic 
dyspnea on exertion with progression to dyspnea at 
rest and associated orthopnea. He reported having 
experienced dyspnea with exertion for years, which 
he had attributed to work-related fatigue and which 
had not caused signifi cant exercise limitations. How-
ever, starting 2 years earlier, his dyspnea progressively 
worsened without any acute triggers. At that time, he 
began using more pillows for orthopnea.

He denied recent travels, fevers, chills, diarrhea, 
chest pain, weight gain or loss, and sick contacts. His 
medical history included a history of well-controlled 
human immunodefi ciency virus (HIV) infection, heart 
failure with preserved ejection fraction, and mitral 
valve prolapse with severe mitral regurgitation. He 
denied using tobacco or alcohol, currently using illicit 
drugs, or making any dietary changes. He reported 
briefl y using methamphetamine 2 years ago, and he 
has since stopped. He endorsed taking his prescribed 
medications, which included emtricitabine-tenofovir 
alafenamide, dolutegravir, and furosemide 40 mg 
twice daily. 

Three weeks before his current presentation, the 
patient was admitted to an outside hospital for an 
acute heart failure exacerbation. At that time, he had 
dyspnea on exertion after walking 1 fl ight of stairs 
and after walking to his car from his door. While 
hospitalized, he underwent aggressive diuresis, which 
resulted in only mild improvement in his symptoms. 
Therefore, he was referred for consideration for percu-
taneous mitral valve repair.

 ■ EVALUATION ON ADMISSION

On admission, the patient was afebrile, and his blood 
pressure was 109/73 mm Hg, heart rate 103 beats per 
minute, and respiratory rate 22 breaths per minute 
with an oxygen saturation of 99% on room air. He 
was alert and oriented to person, place, and time. His 
lungs were clear to auscultation bilaterally. Heart rate 
and rhythm were regular, with a III/VI holosystolic 
murmur at the apex. No jugular venous distention or 
peripheral edema was noted.

Laboratory testing
Notable results of blood testing were as follows:
• B-type natriuretic peptide 2,122 pg/mL (reference 

range < 100)
• Troponin I 0.02 ng/mL (< 0.04)
• HIV RNA copies undetectable (undetectable)
• HIV antigen-antibody test reactive (negative)
• Sodium 140 mmol/L (136–145)
• Bicarbonate 23 mmol/L (22–31)
• Creatinine 0.9 mg/dL (0.72–1.25)
• Hemoglobin 15.8 g/dL (13.0–17.0)
• Hematocrit 46.7% (37.5–49.9)
• Platelet count 225 × 109/L (150–450)
• Aspartate aminotransferase 85 U/L (5–34)
• Alanine aminotransferase 84 U/L (0–55)
• Direct bilirubin 0.3 mg/dL (0–0.5) 
• Total bilirubin 1.2 mg/dL (0.2–1.2)
• Albumin 4.3 g/dL (3.5–5.2).

Chest radiography and electrocardiography
A chest radiograph showed an enlarged cardiac silhou-
ette without signs of pulmonary edema (Figure 1). An 
electrocardiogram (ECG) showed sinus tachycardia doi:10.3949/ccjm.92a.24060
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with right axis deviation, an S1Q3T3 pattern, and 
incomplete right bundle branch block (Figure 2).

■ DIFFERENTIAL DIAGNOSIS

1 What is the etiology of the patient’s ECG fi ndings?

□ Chronic severe mitral regurgitation 
□ Pulmonary embolism
□ Acute coronary syndrome
□ Pulmonary hypertension

Given his presenting symptoms and history of chronic 
severe mitral regurgitation from mitral valve prolapse, 
the patient’s presentation was consistent with acute 
heart failure exacerbation due to chronic severe 
mitral regurgitation. However, his ECG showed right 
axis deviation, incomplete right bundle branch block, 
the S1Q3T3 pattern (large S wave in lead 1, Q wave 
and inverted T wave in lead 3), and right ventricle 
strain in precordial leads, indicating right ventricular 
hypertrophy. These ECG features can be seen in acute 
pulmonary embolism or pulmonary hypertension, less 
so in acute coronary syndrome. The patient’s younger 
age, minimal atherosclerotic risk factors, negative tro-
ponin, and lack of ECG signs of prior ischemic heart 
disease made acute coronary syndrome less likely.

Computed tomography pulmonary angiography 
showed no evidence of pulmonary embolism. It was 
thus possible that the patient’s ECG pattern of right 
ventricular hypertrophy was due to pulmonary hyper-
tension. Patients with severe mitral regurgitation 
can develop pulmonary hypertension.1 However, the 

classic ECG pattern of mitral regurgitation includes 
left atrial enlargement, atrial fi brillation, left ven-
tricular hypertrophy, or prior myocardial infarction. 
A recent study reported that in patients undergoing 
percutaneous mitral valve repair, the mean QRS 
axis before percutaneous mitral valve repair was 
−15.2 ± 6.1 degrees (mean ± standard error of the 
mean, n = 104),2 whereas the QRS axis for this patient 
was 94 degrees. Additionally, the patient’s ECG did 
not show a pattern of left ventricular hypertrophy, 
with small, narrow q waves, tall R waves with upright, 
tall T waves in leads V5 and V6, and deep S waves in 
leads V1 and V2, which, if present, would have been 
suggestive of left ventricular volume overload from 
mitral regurgitation.

■ CASE CONTINUED: TRANSTHORACIC 
ECHOCARDIOGRAPHY

Transthoracic echocardiography showed a left ventric-
ular ejection fraction of more than 75%, severe right 
ventricular dilation, severe right ventricular systolic 
dysfunction, and severe eccentric, anteriorly directed 
mitral regurgitation due to severe posterior mitral 
valve leafl et prolapse (Figure 3). His left atrium was 
mildly dilated at 18.50 cm2. His estimated pulmonary 
artery systolic pressure was 68 mm Hg.

A transthoracic echocardiogram obtained 5 years 
before this presentation was notable for severe mitral 
regurgitation due to prolapse of the posterior mitral 
valve leafl et with normal left atrium size, fl ow reversal 
in the pulmonary veins, and normal right ventricular 
size and function.

■ CAUSES OF PULMONARY HYPERTENSION

2 What is the etiology of the patient’s pulmonary 
hypertension?

□ Left heart failure from severe mitral regurgitation
□ A complication of HIV therapy
□ Other cause 
The 2022 European Society of Cardiology and Euro-
pean Respiratory Society guidelines3 defi ne pulmonary 
hypertension as a mean pulmonary artery pressure of 
greater than 20 mm Hg and uses the following clinical 
classifi cation structure:
• Group 1: Pulmonary arterial hypertension 
• Group 2: Pulmonary hypertension due to left heart 

disease
• Group 3: Pulmonary hypertension associated with 

lung disease or hypoxemia, or both

Figure 1. Chest radiograph on admission showing 
an enlarged cardiac silhouette without signs of 
pulmonary edema.
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• Group 4: Chronic thromboembolic pulmonary 
hypertension 

• Group 5: Pulmonary hypertension due to unclear 
or multiple mechanisms.
Group 1 and group 2 pulmonary hypertension are 

relevant to this patient.

Mitral regurgitation and left heart disease
In this case, the patient has a known long-standing 
history of primary mitral regurgitation due to mitral 
valve prolapse. In the early compensated stage of 
mitral regurgitation, the volume overload associated 
with mitral regurgitation leads to left ventricle dila-
tion and eccentric hypertrophy.4 The left atrium also 
dilates to accommodate the increase in left atrium 
volume while maintaining left atrium compliance and 
thus normal fi lling pressures. Provided that forward 
stroke volume is maintained, patients can remain 
asymptomatic for years.

Over time, progressive left ventricle enlargement 
occurs because of the volume overload, causing left 
ventricle cavity dilation as well as mitral annular 
dilation, with progressively worsening mitral regurgi-
tation. As mitral regurgitation worsens, the reversal 

of blood fl ow leads to volume overload and remod-
eling of the left atrium to accommodate the larger 
stroke volume, initially without a change in left atrial 
pressure. These anatomic changes explain the ECG  
fi ndings of left atrial enlargement and left ventricular 
hypertrophy. Consequently, in the decompensated 
phase, left ventricle failure leads to increased left-
sided fi lling pressures transmitted through the left 
ventricle, left atrium, and the pulmonary vasculature, 
leading to pulmonary hypertension.4 

In a large multicenter international study of 437 
patients with degenerative mitral regurgitation, pul-
monary hypertension (defi ned as pulmonary artery 
systolic pressure > 50 mm Hg on transthoracic echo-
cardiography) was noted in 23% of patients.5

HIV infection
In addition to mitral regurgitation, the patient also 
had a long-standing history of HIV, which increases 
the prevalence of pulmonary arterial hypertension by 
100-fold, regardless of CD4 count.6 While the exact 
mechanism is unknown, histopathologic characteris-
tics of HIV-associated pulmonary arterial hypertension 
show the same fi ndings associated with other forms of 
group 1 pulmonary hypertension—medial hypertrophy, 

Figure 2. Twelve-lead electrocardiogram notable for sinus tachycardia with right axis deviation, S1Q3T3 
pattern (large S wave in lead 1, Q wave and inverted T wave in lead 3 [black arrows]), and incomplete 
right bundle branch block (red arrow), indicating right ventricular hypertrophy. 
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proliferation of endothelial and smooth muscle cells, 
and plexiform lesions, likely because of chronic infl am-
mation and immune activation caused by HIV.6

At this juncture, it is unclear whether the patient’s 
antiretroviral therapy contributed to his pulmonary 
hypertension. However, data from a retrospective study 
of more than 20,000 veterans suggest that improved 
HIV control with antiretroviral therapy is associated 
with a reduced risk of pulmonary hypertension detected 
on echocardiogram.7

 ■ DIAGNOSING PULMONARY HYPERTENSION

3 What is the next step in the workup for his pulmo-
nary hypertension?

 □ Right heart catheterization
 □ Transesophageal echocardiography
 □ Computed tomography coronary angiography
 □ Left heart catheterization

The gold standard for diagnosis of pulmonary hyper-
tension is right heart catheterization, which should be 
performed to confi rm the diagnosis and support treat-
ment decisions.3 Transesophageal echocardiography, 
left heart catheterization, and computed tomography 
coronary angiography would not be able to measure 
precapillary and postcapillary pressures, which is nec-

essary for the confi rmation or diagnosis of pulmonary 
hypertension.

Pulmonary hypertension, defi ned by a mean pul-
monary arterial pressure greater than 20 mm Hg, can 
be characterized as precapillary, postcapillary, and 
mixed pre- and postcapillary based on hemodynamic 
assessment by right heart catheterization.3
• Isolated postcapillary pulmonary hypertension: 

pulmonary capillary wedge pressure (PCWP) is 
higher than 15 mm Hg (normal ≤ 15) with a pul-
monary vascular resistance of less than 2 Wood 
units (0.3–2.0) 

• Precapillary pulmonary hypertension: PCWP is 
15 mm Hg or less with a pulmonary vascular resis-
tance of more than 2 Wood units 

• Combined pre- and postcapillary pulmonary hyper-
tension: PCWP is 15 mm Hg or more with a pulmo-
nary vascular resistance of 2 Wood units or more.
A transpulmonary gradient (calculated as the dif-

ference between mean pulmonary artery pressure and 
PCWP) of 12 mm Hg or greater can be helpful for 
detecting intrinsic lung disease in the setting of car-
diac disease and would result in the diagnosis of “out 
of proportion” pulmonary hypertension for the degree 
of left-sided cardiac disease.8

Elements of hemodynamic assessment
Obtaining accurate hemodynamic measurements 
during right heart catheterization starts with adequate 
preparation of patients. Further, the clinical context 
and imaging fi ndings should always be considered 
when interpreting hemodynamic data.

The external pressure transducer should be zeroed 
at the phlebostatic axis, defi ned as the bisection of the 
fourth intercostal space at the midpoint between the 
anterior and posterior chest wall. Pressure should be 
measured at the end of expiration. Computer-gener-
ated digital mean pressure should not be used because 
the computer may not recognize and differentiate 
between an “a” wave and “v” wave, leading to errone-
ous readings.9 

PCWP is commonly used in clinical practice to 
differentiate between pre- and postcapillary pulmo-
nary hypertension; however, reliance on PCWP rather 
than left ventricle end-diastolic pressure can lead 
to misclassifi cation of pulmonary venous hyperten-
sion as pulmonary arterial hypertension.10 Thus, it is 
important to obtain measurements of PCWP and left 
ventricle end-diastolic pressure when hemodynamic 
measurements do not match the clinical context, such 
as in patients with chronic obstructive pulmonary dis-
ease or obesity.11 

Figure 3. Transthoracic echocardiography apical 
4-chamber color Doppler view showing severe 
eccentric, anteriorly directed mitral regurgitation 
(proximal isovelocity surface area radius 1.0 cm, 
aliasing velocity 61.6 cm/second, mitral regurgita-
tion maximum velocity 411 cm/second, mitral valve 
velocity time integral 81.6 cm, effective regurgi-
tant orifi ce area 0.94 cm2, regurgitation volume 
77 mL).
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Preexisting medical conditions, particularly blood 
pressure and volume status, must be optimally con-
trolled at the time of examination. Avoiding sedatives 
such as opioids or benzodiazepines is important as these 
drugs can cause hypotension and hypoventilation.12

 ■ CASE CONTINUED:
RIGHT HEART CATHETERIZATION

After achieving clinical euvolemia by diuresis, the 
patient underwent right heart catheterization, during 
which the following measurements were obtained: 
• Mean right atrial pressure 0 mm Hg (2–6)
• Mean pulmonary artery pressure 30 mm Hg (8–20)
• Pulmonary artery systolic 51 mm Hg (15–30)
• Pulmonary artery diastolic 18 mm Hg (4–12)
• PCWP 6 mm Hg
• Pulmonary vascular resistance 6.5 Wood units. 

These fi ndings indicate the presence of isolated 
precapillary pulmonary hypertension. His transpulmo-
nary gradient was 24, suggestive of “out of proportion” 
pulmonary hypertension for his cardiac disease. 

Workup for alternate etiologies of pulmonary 
hypertension, including connective tissue disease, 
chronic thromboembolic pulmonary hypertension, 
primary lung disease, sarcoidosis, and myeloprolifer-
ative disorder, was unremarkable. Medication history 
was unrevealing for any medications known to cause 
pulmonary hypertension, aside from a remote history 
of methamphetamine use. The only risk factor identi-
fi ed was the patient’s history of HIV infection.

The patient was thus diagnosed with World 
Health Organization group 1 pulmonary hyperten-
sion, in addition to severe mitral regurgitation from 
mitral valve prolapse. After discussion about risks 
and benefi ts of intravenous prostanoid therapy, the 
patient opted to start oral sildenafi l and selexipag for 
pulmonary arterial hypertension. Anticoagulation was 
discussed and ultimately deferred by the patient due to 
concerns about potential harm and pill burden. 

 ■ MITRAL REGURGITATION TREATMENT OPTIONS

4 What is the next best step in the treatment of his 
severe mitral regurgitation from mitral valve pro-
lapse?

 □ Clinical follow-up and serial echocardiography
 □ Referral to cardiac surgery for mitral valve repair
 □ Referral to interventional cardiology for

 percutaneous mitral valve clipping
 □ Guideline-directed medical therapy 

There is no straight answer for this patient as he has 
2 concomitant diseases, with pulmonary hyperten-
sion posing higher procedure risk for mitral valve 
intervention. The REVEAL 2.0 score (Registry to 
Evaluate Early and Long-Term PAH Disease Man-
agement) is used to predict survival in patients with 
pulmonary arterial hypertension based on 13 variables 
(Table 1).13 The patient’s REVEAL 2.0 score was 14, 
putting him in a high-risk subgroup (≥ 9) with 1-year 
survival predictions lower than 70%. (A REVEAL 
2.0 calculator is available online: www.mdcalc.com/
calc/10071/reveal-registry-risk-score-pulmonary-
arterial-hypertension-pah)

The 2022 European Society of Cardiology and 
European Respiratory Society guidelines3 recommend 
attempting to optimize peripheral arterial hyperten-
sion therapy before surgery, and also note that the 
mortality risk of surgical procedures is associated with 
the severity of pulmonary hypertension. Factors such 
as N-terminal pro–B-type natriuretic peptide higher 
than 300 pg/mL, New York Heart Association func-
tional class 3 or 4, renal insuffi ciency, hospitalization 
within 6 months, and urgency of surgery have been 
independently associated with increased postopera-
tive mortality in noncardiac surgery.14,15 It stands to 
reason these risk factors are also associated with worse 
outcomes in patients undergoing cardiac surgery. 

All patients with severe mitral regurgitation should 
undergo an assessment to determine the cause of 

TABLE 1
Variables used to calculate
REVEAL 2.0 risk score
World Health Organization group 1 subgroup
Presence of renal insuffi ciency
Male age greater than 60
New York Heart Association/World Health Organization 
functional class
Systolic blood pressure
Heart rate
Six-minute walk test distance
Level of B-type natriuretic peptide
Presence of pericardial effusion
Diffusing capacity of the lung for carbon monoxide on 
   pulmonary function test
Elevated atrial pressures
Any hospitalization within 6 months
Pulmonary vascular resistance 

REVEAL = Registry to Evaluate Early and Long-Term PAH Disease 
Management

Information from reference 13.
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their mitral regurgitation.16 Patients with symptomatic 
severe primary mitral regurgitation should be referred 
for mitral valve repair with cardiac surgery, which is 
preferred over mitral valve replacement but may not 
always be technically feasible. All patients with severe 
primary mitral regurgitation with features of cardiac 
remodeling (ejection fraction ≤ 60%, left ventricle 
end-systolic diameter ≥ 4 cm, pulmonary artery sys-
tolic pressure > 50 mm Hg, new atrial fi brillation, or 
progressive decrease in left ventricle ejection fraction 
over time) should be referred for surgical management 
as well.

Given the patient’s initial presenting symptoms 
suggesting left-sided heart failure, referring him for 
mitral valve intervention after starting him on ade-
quate pulmonary hypertension therapy would have 
been reasonable. Stress echocardiography to assess 
change of systolic pulmonary arterial pressure during 
exercise could have been helpful in attributing his 
symptoms to mitral regurgitation. Referral to pulmo-
nary hypertension specialists to optimize his perioper-
ative care also would have been appropriate. 

The mode of mitral intervention, surgically vs 
percutaneously, in the setting of group 1 pulmonary 
hypertension is another concern. Given the patient’s 
high REVEAL score, we believe percutaneous mitral 
valve repair was a reasonable option to avoid intu-
bation, cardiopulmonary bypass, fl uid shift, and post-
operative pulmonary complications. Other surgical 
risk assessments for surgical vs percutaneous mitral 
valve repair should include the patient’s Society of 
Thoracic Surgeons predicted risk of mortality, frailty 
assessment, cardiac or other major organ system 
compromise not to be improved postoperatively, 
and procedure-specifi c impediment.17 The decision 
should be made by a multidisciplinary team involving 
a pulmonary hypertension specialist and based on 
individual risk vs benefi t factors such as indication, 
urgency, severity of pulmonary hypertension, and 
patient preference.3

 ■ CASE DISCUSSION

This was an unusual case of a patient with heart fail-
ure symptoms that were initially attributed to severe 
mitral regurgitation and resultant group 2 pulmonary 
hypertension, with an initial plan for mitral valve 
intervention. However, the right ventricular hyper-
trophy patterns on ECG were less consistent with 
isolated severe mitral regurgitation and raised the 
suspicion that the patient’s pulmonary hypertension 
was not due to severe mitral regurgitation alone. ECG  

fi ndings in mitral regurgitation are often nonspecifi c 
and consist of left atrial enlargement, atrial fi brilla-
tion, left ventricular hypertrophy, or changes suggest-
ing concomitant myocardial infarction.2

ECG signs suggesting pulmonary hypertension 
or right ventricular hypertrophy are not common in 
isolated mitral regurgitation. In a group of 65 patients 
with rheumatic mitral regurgitation, only 9.2% and 
1.5% of patients had right ventricular hypertrophy 
and right ventricular hypertrophy with incomplete 
right bundle branch block, respectively.18 In a group 
of 23 patients with mitral regurgitation of mixed 
etiology, only 4.3% and 8.6% of patients had right 
ventricular hypertrophy or combined ventricular 
hypertrophy, respectively.19 

However, the presence of right ventricular hyper-
trophy on ECG in patients with mitral regurgitation 
does indicate advanced disease, with pulmonary 
hypertension and high PCWP indicating left heart 
failure as well.20 These published data are from the 
pre-echocardiography era and included mostly 
patients with rheumatic mitral regurgitation. The 
true incidence of ECG patterns of right ventricular 
hypertrophy or right ventricular strain is not known 
in nonrheumatic mitral regurgitation as contempo-
rary data from the the EVEREST II (Endovascular 
Valve Edge-to-Edge Repair Study),21 COAPT (Car-
diovascular Outcomes Assessment of the MitraClip 
Percutaneous Therapy for Heart Failure Patients With 
Functional Mitral Regurgitation),22 and MITRA-FR 
(Percutaneous Repair with the MitraClip Device for 
Severe Functional/Secondary Mitral Regurgitation)23 
trials did not provide ECG descriptions.

In addition, this case illustrates a potential 
anchoring bias, a common cognitive bias that infl u-
ences physician decision-making. Anchoring bias 
refers to the practice of prioritizing information and 
data that support one’s initial impressions, even if 
those impressions are incorrect. A 2016 systematic 
review of the available evidence on cognitive biases 
showed that cognitive bias may affect 50% to 100% 
of physicians and was associated with diagnostic inac-
curacies in 36.5% to 77% of case scenarios.24 In this 
case, the patient was being admitted for dyspnea and 
had a history of mitral regurgitation and heart failure 
exacerbations. The patient’s dyspnea was attributed 
to heart failure exacerbation caused by mitral regurgi-
tation, and the patient was evaluated for mitral valve 
intervention. Further review led to investigation 
with a right heart catheterization and a diagnosis of 
pulmonary arterial hypertension, which changed the 
patient’s treatment trajectory. 



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 1  JANUARY 2025  29

WANGMANG AND COLLEAGUES

Modern cardiology has evolved to rely heavily on 
echocardiography and advanced imaging modalities 
for diagnostic and therapeutic decision-making. Reli-
ance on advanced imaging modalities is growing in 
daily practice due to the complexity of patient pre-
sentations and advances in therapeutics for patients 
with increasingly complex structural heart disease. 
Although ECG reading skills are still being taught at 
bedside daily, less time and effort has been spent ana-
lyzing and correlating ECG fi ndings with clinical data 
and imaging fi ndings. This case illustrated a poten-
tially biased diagnosis and therapy plan based on his-
tory and imaging, with ECG interpretation playing a 
key role in correcting the bias.

 ■ CASE CONCLUSION

The patient was started on dual oral therapy for 
pulmonary arterial hypertension with sildenafi l and 

selexipag, with plans to address his mitral valve pro-
lapse after his pulmonary arterial hypertension was 
better controlled.

 ■ TAKE-HOME POINTS

• Patients who have discordant clinical presenta-
tions and diagnostic studies require a wide dif-
ferential diagnosis to avoid premature closure or 
anchoring bias.

• Electrocardiography remains an integral part 
of diagnostic workup and should be interpreted 
together with the clinical picture to establish a 
diagnosis. ■
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ABSTRACT
Diabetic ketoacidosis (DKA) was historically considered a 
condition typical of type 1 diabetes. However, patients with 
type 2 diabetes may present with DKA, usually with higher 
blood glucose levels and milder ketoacidosis. With the 
increased use of sodium-glucose cotransporter 2 (SGLT-2) 
inhibitors, the variant euglycemic DKA has been described. 
SGLT-2 inhibitors cause a low level of ambient ketones; any 
additional ketone formation predisposes to ketoacidosis, 
while the agent’s glycosuric effect limits hyperglycemia. The 
principles of DKA management are fl uid administration, 
electrolyte control, and glucose control with insulin. In eug-
lycemic DKA, the immediate use of a glucose-containing 
intravenous fl uid induces endogenous insulin secretion and 
stops ketogenesis. Due to the half-life of SGLT-2 inhibitors, 
the duration of euglycemic DKA may be more prolonged.

KEY POINTS
Management of DKA requires strict discipline and a hier-
archal approach—fl uid administration; electrolyte and, 
especially, potassium control; and hyperglycemia therapy.

When ambient glucose levels are less than 200 to 
250 mg/dL at presentation or during treatment, or if there 
is a history of SGLT-2 inhibitor therapy, the initial intrave-
nous fl uid must contain dextrose.

Before starting or resuming an SGLT-2 inhibitor, an 
in-depth evaluation of euglycemic DKA risks and an 
explanation of how to mitigate them are essential.

Ketoacidosis is a ubiquitous condition 
usually specifi ed by its etiology. Thus, the 

forms of ketoacidosis—starvation, alcoholic, 
hyperemesis gravidarum, and diabetic—all have 
a common metabolic pathway to ketoacidosis: 
the inability to metabolize glucose as a primary 
fuel, setting into motion the production of 
secondary fuels that generate strongly acidic 
ketone bodies: acetoacetate, beta hydroxybu-
tyrate, and acetone. That inability may stem 
from a lack of available glucose, like in starva-
tion, or a decrease in hepatic gluconeogenesis 
induced by alcohol, leading to decreased insulin 
secretion, increased lipolysis, impaired shunt-
ing of fatty acids to mitochondria, fatty acid 
oxidation, and subsequent ketogenesis, causing 
an elevated anion-gap metabolic acidosis. In 
hyperemesis gravidarum, the lack of ingested 
glucose and the resultant decrease in insulin are 
amplifi ed by the presence of insulin resistance 
during pregnancy. In these circumstances, the 
ambient glucose level is most frequently in the 
low-normal range, and mild hyperglycemia 
is rare.

Diabetic ketoacidosis (DKA), on the other 
hand, is defi ned by a triad of hyperglycemia 
with an ambient blood glucose level well 
greater than 250 mg/dL, high anion-gap aci-
dosis, and increased plasma ketones, which 
are the unmeasured anions causing the gap.1 
Euglycemic DKA (EDKA) is a variant of 
DKA in which the blood glucose is less than 
250 mg/dL but the other features of DKA are 
present. Although EDKA is not common, it can 
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occur in type 1 diabetes and has become more frequent 
in type 2 diabetes, especially with the growing use of 
sodium-glucose cotransporter 2 (SGLT-2) inhibitors.

This article reviews the disease process of diabetic 
ketoacidosis, what to consider before starting patients 
on SGLT-2 inhibitors, and the differences in the 
approach to managing DKA and EDKA.

 ■ PATHOPHYSIOLOGY

Ketoacidosis in diabetes
When there is an absolute defi ciency of insulin (as in 
type 1 diabetes) or severely augmented insulin resis-
tance (by elevation of stress hormones and infl amma-
tory cytokines in individuals predisposed to insulin 
resistance), the normal suppressive effect of insulin 
on glucagon is no longer operative. The unrestrained 
rise in glucagon disrupts the insulin-to-glucagon ratio 
in favor of glucagon, resulting in enhanced gluconeo-
 genesis and release of free fatty acids. Fatty acid oxida-
tion results in the formation of ketone bodies, which 
are secondary fuels used by organs and tissues such as 
the heart and muscles. In these tissues, beta hydroxy-
butyrate is converted back to acetoacetate, which is 
a substrate for the tricarboxylic acid (or Krebs) cycle 
that synthesizes and metabolizes acetyl-coenzyme A 
to yield adenosine triphosphate and carbon dioxide.

The rate-limiting steps in the ongoing metabolism 
of ketone bodies are nicotinamide adenine dinucle-

otide and its metabolites and succinyl coenzyme A. 
When these steps are overwhelmed, ketones accumu-
late and, because they are strong acids, induce acidosis. 
At the same time, the lack of insulin does not allow for 
the removal of glucose from the bloodstream, causing 
hyperglycemia and leading to osmotic diuresis, which 
promotes dehydration.

The EDKA variant
EDKA due to SGLT-2 inhibitors has a somewhat dif-
ferent etiologic basis: SGLT-2 inhibitors intrinsically 
stimulate the release of glucagon.2 The mechanism 
is unclear; the sidebar “Glucagon release in EDKA: 
Plausible pathophysiologic mechanisms” outlines the 
proposed mechanisms. 

The rise in glucagon changes the glucagon-to-
insulin ratio and ensures that treatment with SGLT-2 
inhibitors fosters a higher level of circulating ketones 
in the steady non-EDKA state.3 Any additional reasons 
for developing ketones, such as keto diets or “nothing 
by mouth after midnight” (who isn’t?) and prolonged 
fasting, can tip the balance into ketoacidosis. The 
effect of SGLT-2 inhibitors on glycosuria continues, 
limiting hyperglycemia while promoting dehydration.

 Notably, the half-life of SGLT-2 inhibitors ranges 
between 13 and 17 hours, so their effect can persist for 
up to 3 days (4.5 half-lives), prolonging the duration 
of EDKA and the treatment regimen. In addition, 
SGLT-2 inhibitor–induced glycosuria is accompanied 
by natriuresis, which disrupts the electrochemical gra-
dient in the tubular fl uid and drives the reabsorption of 
negatively charged ketone bodies,4 further contributing 
to ketoacidosis.

 ■ CONSIDER RISK FACTORS

Table 1 shows the risk factors that need to be mitigated 
before starting a patient on an SGLT-2 inhibitor. In 
instances of signifi cant defects in insulin secretion, basal 
insulin administered exogenously at an adequate dose 
negates the risk of EDKA. Creatinine is a byproduct of 
muscle metabolism; thus, a low value is highly suggestive 
of sarcopenia. Muscles use ketones as a fuel, and a person 
with low muscle mass will not use as much, allowing for a 
greater accumulation of ketones. It is crucial to establish 
and treat the cause of preexisting acidosis.

SGLT-2 inhibitors protect renal function, but their 
use in chronic kidney disease needs extra care because 
they can predispose individuals to dehydration, thereby 
precipitating an acute renal injury (in which case the 
agent must be discontinued at least temporarily). The 
need to maintain adequate hydration must always be 
stressed to patients starting an SGLT-2 inhibitor.

 ■ GLUCAGON RELEASE IN EDKA: 
PLAUSIBLE PATHOPHYSIOLOGIC MECHANISMS

SGLT receptors are expressed by islet alpha cells. 
However, although SGLT-1 receptors have been 
described, evidence supporting the presence of 
SGLT-2 receptors in alpha cells is inconsistent, and 
cross-reactivity of SGLT-2 inhibitors on the SGLT-1 
receptor is unlikely.2 

Paracrine effects on the secretion of glucagono-
tropic and static substances from other islet cells 
have been proposed as an alternative mechanism, 
but this hypothesis has not been conclusively proven. 

Of interest is the presence of a renal–pancreatic 
loop, which suggests that glycosuria caused by the 
SGLT-2 inhibitor and the associated lowering of 
circulating glucose triggers the increase in glucagon. 
This hypothesis is supported by data from glucose 
clamping experiments in which the rise in glucagon 
was prevented if the blood glucose level did not 
change during SGLT-2 inhibitor therapy.2



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 1  JANUARY 2025  35

MEHTA AND ZIMMERMAN

Factors predisposing to EDKA
As outlined previously, SGLT-2 inhibitor therapy is 
always accompanied by an increase in ketonemia. 
Thus, any circumstances that would normally cause 
ketogenesis will further enhance ketonemia and may 
lead to ketoacidosis. These factors, which need to be 
reviewed with the patient, are as follows:
• Prolonged fasting (pre- and postoperatively) 
• Ketogenic diets 
• Anorexia and bulimia 
• Alcohol intoxication 
• Insulin pump malfunction 
• Gastroenteritis and pancreatitis
• Gastroparesis. 

In the event of an emergency that necessitates fast-
ing and the patient has not been able to discontinue 
the SGLT-2 inhibitor, an intravenous drip with dextrose 
(glucose 4–5 g per hour) to offset starvation and either 
a basal insulin dose or an intravenous insulin infusion, 
depending on the clinical status of the patient, must 
be started to induce a favorable insulin-to-glucagon 
ratio and to stop ketogenesis. There are no studies 
on the appropriate dose; however, in our experience, 
basal insulin 0.15 to 0.25 units/kg, without exceeding 
20 to 25 units, is adequate to minimize risk of both 
EDKA and hypoglycemia.

 ■ PATIENT EDUCATION BEFORE STARTING 
SGLT-2 INHIBITORS

It is important to discuss the benefi ts and risks of 
SGLT-2 inhibitors with patients and to also outline 
some crucial dos and don’ts.

Dos
• Maintain hydration with water and a small amount 

of electrolyte solution

• Ensure 30% to 35% carbohydrate content in all 
meals and snacks

• Limit alcohol intake
• Know the identifying symptoms: fruity breath, 

thirst, polyuria and nocturia, nausea and vomiting, 
abdominal pain, confusion, and fever. 

Don’ts
• If on basal insulin and self-managing, do not 

decrease the dose more than 20% without discus-
sion with the supervising healthcare team

• No keto diets
• Do not take the SGLT-2 inhibitor starting 3 days 

before fasting longer than overnight.

Sick-day rules
In acute intercurrent illness with nausea, vomiting, 
or diarrhea, sip on calorie-dense electrolyte solutions 
(200 mL every 30 minutes), suck on hard candy, or 
consume a tablespoon of sugar every 15 to 20 minutes. 
If there is no improvement and symptoms persist, stop 
the SGLT-2 inhibitor and go to an emergency depart-
ment or call the primary care clinician. Once in the 
emergency department, inform medical staff about the 
need to start a glucose-containing intravenous infusion.

 ■ MANAGEMENT PRINCIPLES

Regardless of cause, management of ketoacidosis 
requires strict discipline and, at least at the start, a 
hierarchal approach.

Fluids
The primary goal of fl uid administration is to restore 
tissue perfusion. The standard requirement is 15 to 
20 mL/kg in the fi rst hour, which is about 1 to 1.5 L.1 
Two priorities are addressed: dehydration and resolu-
tion of the component of hypernatremia caused by 

TABLE 1
Potential higher risk factors of euglycemic diabetic ketoacidosis and their mechanisms

Risk factor Mechanism

History of prior diabetic ketoacidosis Indicates signifi cant insulin defi ciency

Hemoglobin A1c > 10% Suggests insulin defi ciency

Bicarbonate < 18–20 mmol/L Preexisting acidosis

Creatinine < 0.5 mg/dL Low muscle mass with reduced ability to metabolize ketones

Chronic creatinine > 1.5 mg/dL Acidosis risk higher

Acute renal injury Preexisting acidosis
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hemoconcentration before any signifi cant electrolyte 
shifts happen between the intracellular and extracellular 
compartments. Normal saline remains the fl uid of choice 
in the fi rst hour, especially because the potassium level 
is initially not known and balanced electrolyte solutions 
contain potassium (albeit in low concentrations).

Fluid choice after the fi rst bolus also depends on the 
corrected sodium level: 

Corrected sodium = measured sodium + [(glucose 
level − 100) × 0.016]

If the result reveals hyponatremia (serum sodium 
< 134 mmol/L), changing to a balanced electrolyte 
solution is helpful; however, in the face of normo- or 
hypernatremia, delaying the change to isotonic crys-
talloid solutions and using half normal saline may be 
more advisable.

The choice of which fl uid is optimal after the bolus 
of normal saline and achieving an appropriate sodium 
level is open for discussion. The option of continuing 
normal saline vs changing to a balanced crystalloid 
solution such as Ringer’s lactate solution or a balanced 
electrolyte solution like Plasma-Lyte has been studied.5,6 
The higher chloride and osmolarity of normal saline 
are associated with the development of hyperchlor-
emic metabolic acidosis.5 Balanced crystalloids can 
be used for volume expansion and are not associated 
with hyperchloremic acidosis. In a subgroup analysis of 
172 adults with DKA from 2 large cluster-randomized 
clinical trials, the median time to DKA resolution 
was signifi cantly shorter with balanced crystalloids 
(13.0 hours) compared with saline (16.9 hours),5 and 
balanced crystalloids resulted in less hyperchloremia 
and a faster recovery of bicarbonate levels.6

When the circulating glucose level is less than 
250 mg/dL, giving a 5% dextrose solution containing 
balanced electrolytes is necessary to prevent hypogly-
cemia and to reduce the risk of cerebral edema caused 
by rapid correction of the extracellular compartment.7

In EDKA, hydration must be started with a 
dextrose-containing fl uid to accomplish 4 crucial goals:
• Provide glucose to stop the ketogenic process 
• Reinstitute secretion of endogenous insulin, if 

present, thereby starting to alter the insulin-to-
glucagon ratio in favor of insulin, stopping the keto-
genic process 

• Rehydrate and replete solutes 
• Counterbalance the effects of the infused insulin that 

was started to enhance recovery from ketoacidosis.
There are no specifi c studies related to fl uid replace-

ment in EDKA. However, in EDKA due to SGLT-2 
inhibitors, hypernatremia is less of an issue because 

SGLT-2 inhibitors cause glycosuria, which also induces 
natriuresis. Theoretically, the persistence of acidosis 
caused by the continuing effect of SGLT-2 inhibitors in 
EDKA may make the use of a balanced electrolyte fl uid 
even more benefi cial. 

Potassium
The serum potassium value is not an indicator of potas-
sium status in either DKA or EDKA because in each 
form there is a total potassium defi cit due to osmotic 
diuresis. Volume expansion, correction of acidosis, and 
insulin therapy all lower potassium levels. Therefore, 
once serum potassium levels are less than 5.3 mmol/L, 
potassium replacement is essential.1 If hypokalemia 
is present at the time of diagnosis, potassium must be 
added to the initial fl uid administered. Insulin should 
be started only after the serum potassium level is greater 
than 3.3 to 3.5 mmol/L to protect against arrhythmias, 
respiratory muscle weakness, and even death.

In SGLT-2 inhibitor–related EDKA, the SGLT-2 
inhibitor generally lowers the risk of severe hyperkale-
mia in people with type 2 diabetes.8

Insulin therapy
Insulin therapy is optimally instituted after the fi rst 
bolus of intravenous fl uid. This delay allows for a more 
accurate estimation of hyperglycemia by correcting 
hemoconcentration and a more meaningful evaluation 
of the serum potassium level.

Intravenous insulin to treat DKA is preferable. 
Whereas hourly subcutaneous short-acting insulin 
analogs have been used successfully to treat mild to 
moderate DKA,9,10 the consensus remains with intra-
venous therapy. Studies on the utility of an initial bolus 
followed by an infusion have shown no benefi cial effect 
of a bolus dose on the rate of glucose decrease, the rate 
of anion-gap correction, or the hospital length of stay.11 
However, a bolus shows a trend toward more frequent 
development of hypoglycemia (6% vs 1%).

In EDKA, a simultaneous infusion of insulin and a 
dextrose-containing fl uid is essential; insulin augments 
the effect of the infused glucose, as described above. 

Bicarbonate
A systematic review of bicarbonate therapy in DKA 
showed adding bicarbonate produced a transient 
improvement in metabolic acidosis, but had no effect on 
glycemic improvement and also carried a risk of cerebral 
edema in children.12 Even when used in severe acidotic 
DKA, bicarbonate therapy did not show any difference 
in time to resolution of acidosis, length of time intrave-
nous insulin was required, potassium supplementation 
requirements, or hospital length of stay.13
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There are no studies on bicarbonate administra-
tion in severe acidosis (pH < 6.9).12 If pH is between 
6.9 and 7.0 and bicarbonate therapy is being consid-
ered, 50 mmol of bicarbonate in 200 mL of sterile water 
with 10 mmol of potassium chloride can be given over 
2 hours to achieve a pH greater than 7.0.1 Adding 
potassium chloride simultaneously is dependent on 
ambient potassium levels because administering bicar-
bonate may increase risk for hypokalemia.

 The discussion regarding bicarbonate therapy in 
EDKA is even more germane because bicarbonate 
levels may remain low until the SGLT-2 inhibitor 
is completely cleared (up to 4.5 half-lives, which is 
approximately 60–72 hours). Accordingly, it may 
be tempting to increase the bicarbonate level with 
exogenous bicarbonate therapy, but there is no proven 
benefi t.12,14

Phosphate
Hypophosphatemia during DKA is common and 
increases with severe acidosis. The increased loss of 
phosphate is a result of transcellular shift, osmotic 
diuresis, and reduced phosphate reabsorption in the 
renal proximal tubule due to acidosis and hypergly-
cemia. With administration of insulin and fl uids, 
phosphate shifts into the intracellular compartment 
and a nadir of phosphate is reached at a median 
16 hours into therapy.15 However, there appears to 
be no adverse effects from hypophosphatemia when 
left untreated, and no benefi ts from treatment have 
been observed.

There is a concern that very low phosphate levels 
(< 1 mg/dL) may contribute to cardiac and muscle 
weakness and respiratory depression. In such circum-
stances, potassium phosphate 20 to 30 mmol/L can be 
added to the replacement fl uid to achieve a phosphate 
level just greater than 1 mg/dL.14 Overenthusiastic 
replacement not only shows no benefi t, but also can 
result in signifi cant hypocalcemia.

In EDKA from SGLT-2 inhibitors, low phosphate 
is uncommon because these agents usually raise phos-
phate levels by increasing renal tubular reabsorption 
of phosphate.16

Transitioning from intravenous insulin to 
subcutaneous insulin
The current recommendations are to start subcutaneous 
insulin when the serum glucose level is less than 200 to 
250 mg/dL, the anion gap is less than 12, and the bicar-
bonate level is greater than 15 mmol/L.17 Under those 
circumstances, basal insulin needs to be administered at 
the preadmission dose (if known) or at 0.25 units/kg (if 
unknown) and should overlap with intravenous insulin 
for about 2 hours. Planning a transition without the use 
of basal insulin is harmful. 

In addition, studies have shown benefi ts of early insti-
tution of basal insulin while using intravenous insulin to 
treat DKA, including less rebound hyperglycemia when 
intravenous insulin is discontinued, quicker resolution 
of DKA, reduced intravenous insulin requirements, 
and reduced hospital length of stay, with no increase in 
hypoglycemia or hypokalemia.17

In SGLT-2 inhibitor–related EDKA , the transition 
cutoffs need to be tempered because ketosis—and, 
therefore, a low bicarbonate level—may rebound after 
intravenous therapy is discontinued due to the persistent 
effect of the medication. Thus, it is important to ensure 
that the anion gap has normalized and the bicarbonate 
level is in the low-normal range before transitioning.

 ■ DO SGLT-2 INHIBITORS HAVE TO BE 
DISCONTINUED AFTER AN EPISODE OF EDKA?

A blanket no may be a medically and legally appropri-
ate answer, but it should be noted that insulin is not 
discontinued even after serial episodes of DKA. The 
answer should be based on an in-depth review of the 
risk-benefi t ratio and a discussion with the patient, as 
described above, because therapy must be individualized.

TABLE 2
Differences between diabetic ketoacidosis and euglycemic diabetic ketoacidosis

Factor Diabetic ketoacidosis Euglycemic diabetic ketoacidosis

Endogenous insulin Not stimulable Stimulable

Administered glucose No benefi t at onset Benefi t at onset

Renal glucose threshold (reference 180 mg/dL) Elevated above normal Lower than normal

Duration of ketosis under treatment Up to 15–20 hours Up to 60 hours from the last dose of sodium-
glucose cotransporter 2 inhibitor
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Before restarting the SGLT-2 inhibitor, a detailed 
review to discern the exact cause of the EDKA episode 
is essential. If the SGLT-2 inhibitor is restarted, the 
patient must be informed about the contributing factors 
that caused the DKA (fasting, surgery, and so on), so 
that, if faced with a similar situation in the future, the 
medication can be discontinued or early precautions 
started, as outlined above.

In relatively lean individuals with high hemoglobin 
A1c levels, there is a higher chance of insulin insuf-
fi ciency. Thus, when restarting an SGLT-2 inhibitor, 
initiating basal insulin or, in rare circumstances, an 
insulin secretagogue like a sulfonylurea may be prudent.

Using an incretin, whether glucagon-like peptide-1 
or dipeptidyl peptidase 4 inhibitor, in addition to an 
SGLT-2 inhibitor is not appropriate because these 
agents do not independently stimulate insulin release. 
Instead, they are dependent on ambient glucose to 
facilitate insulin release, so fasting and a falling glucose 
level will still deactivate insulin secretion while on 
these agents. There are reports of patients presenting 
with EDKA on combinations of incretins and SGLT-2 
inhibitors. Development of EDKA is also possible 
while on glucagon-like peptide-1 receptor agonists18,19 
and dipeptidyl peptidase 4 inhibitors.20 There are 

also reports of EDKA in patients without diabetes on 
SGLT-2 inhibitors for heart failure21 due to the under-
lying insulin resistance common to heart failure.

 ■ CONCLUSION

Although ketoacidosis has a common pathophysiologic 
pathway to development, varied etiopathologies initi-
ate the process, chief among them being diabetes. With 
the extensive use of SGLT-2 inhibitors, it has become 
clear that the pathophysiology of DKA is different from 
that of EDKA (Table 2). Therefore, most importantly, 
the management strategies for DKA and EDKA are 
different, as are the surveillance requirements for 
terminating acute interventions. Given these differ-
ences, signifi cant modifi cations in the clinical approach 
are needed. ■
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ABSTRACT
Insomnia is a common and challenging complaint in older 
adults (> 65 years) because of age-related alterations 
in sleep physiology. Cognitive behavioral therapy for 
insomnia is the gold standard for treatment of insomnia 
in young as well as older patients. Both clinicians and 
patients often prefer the simplicity of medication, but 
risks associated with some hypnotics increase with age. 
Pharmacologic options for older adults include low-dose 
doxepin, melatonin, ramelteon, and the dual orexin 
receptor antagonists. A well-informed clinician can help 
patients navigate the risks and benefi ts of both pharma-
cologic and behavioral options.

KEY POINTS
The need for sleep does not decrease with age, but 
changes in sleep physiology and architecture may make it 
more diffi cult to get adequate sleep.

Cognitive behavioral therapy for insomnia is the gold 
standard for treating insomnia in all populations, but it is 
time-intensive and does not offer immediate results.

Many medications used to treat insomnia do not have 
regulatory approval and have little evidence to support 
their use.

Doxepin, melatonin enhancers, and dual orexin receptor 
antagonists may be relatively safe alternatives to benzo-
diazepines and Z-drugs (zaleplon, eszopiclone, zolpidem, 
and others) and have evidence to support their use in 
older adults.

Sleep, a physiologic process, is vital to 
overall health.1 The National Sleep Foun-

dation advises that adults 65 and older get 7 to 
8 hours of sleep daily—a recommendation based 
on data that suggest older adults who sleep from 
6 to 9 hours daily have better health, quality of 
life, and cognition compared with older adults 
who have other sleep durations.2

This article reviews the physiology of sleep 
and considers the benefi ts and hazards of phar-
macologic and nonpharmacologic treatment 
options in older patients.

 ■ INSOMNIA DEFINED

Insomnia is a disturbance in sleep continuity 
associated with sleepiness, fatigue, headaches, 
and other somatic symptoms, as well as concerns 
about compromised cognitive or occupational 
functioning and mood disturbance. Insomnia 
occurs in up to one-third of the adult popula-
tion worldwide3 and is associated with increased 
risk of cardiovascular disease, depression, and 
neurocognitive impairment.4,5 As many as 50% 
of older adults may have diffi culty initiating or 
maintaining sleep, and 12% to 20% meet crite-
ria for insomnia disorder.6 A clinical diagnosis of 
insomnia is justifi ed if diffi culty sleeping occurs 
at least 3 times a week for at least 3 months 
and causes daytime impairments such as fatigue, 
irritability, and cognitive dysfunction.5,7

 ■ NORMAL ADULT CIRCADIAN RHYTHM 
AND SLEEP PHYSIOLOGY

Circadian rhythms oscillate over about 24 hours 
and impact physiologic processes, including 
the sleep-wake cycle. Circadian rhythm is doi:10.3949/ccjm.92a.24073

CME MOC
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modulated by the light-dark cycle and the 24-hour 
clock time of the environment via external stimuli, 
termed zeitgebers (German for “time-givers”). Examples 
of zeitgebers include light exposure, social endeavors, 
and exercise. The suprachiasmatic nucleus in the 
anterior hypothalamus is a key regulator of circadian 
rhythm homeostasis.8 Light striking the retinal gan-
glion cells is relayed to the suprachiasmatic nucleus, 
which then inhibits secretion of melatonin from the 
pineal gland.8,9 As light fades at the end of the day, a 
progressive increase in melatonin levels leads to the 
onset of evening sleepiness.9

Neural circuits also regulate wakefulness and sleep. 
These wake- and sleep-promoting neurons compete 
for network dominance, creating a “switch” between 
wakefulness and sleep.

Wake-promoting neurons include noradrenergic 
neurons in the locus coeruleus, serotonergic neurons in 
the raphe nuclei, histaminergic neurons in the tubero-
mammillary nucleus, and hypocretin (also known as 
orexin) -producing neurons of the perifornical nuclei 
in the lateral hypothalamic area.10 The hypocretin sys-
tem also initiates arousal and, more important, inhibits 
rapid eye movement (REM) sleep.11 

Sleep-promoting neurons work to keep us asleep. 
These include the melanin-concentrating hormone-
producing neurons in the diencephalon and the gamma 
aminobutyric acid–producing neurons in the ventro-
lateral preoptic nuclei (also known as the intermediate 
nuclei of the preoptic area), median preoptic nuclei, 
and brainstem parafacial zone.10

Initiation of sleep is mediated in part by adenosine 
neurotransmission. Extracellular adenosine increases 
throughout the day, with rising levels activating the 
sleep-promoting neurons and serving as a “switch” to 
signal sleep.12

REM and non-REM sleep
Sleep is a rhythmic and cyclic process that alternates 
between 3 stages of non-REM (NREM) and REM 
sleep.12 This alternation and cycling is known as sleep 
architecture; a good night’s sleep includes 4 to 5 cycles. 
Each cycle lasts about 90 minutes and ends with an 
episode of REM sleep. NREM sleep is divided into 
stages NREM1, NREM2, and NREM36,12:
• Stage NREM1 is light sleep when arousal is very 

easy
• Stage NREM2 is characterized by slower brain 

waves, deeper sleep, lower body temperature, and 
lower heart rate (sleep spindles and K-complexes 
appear in electroencephalogram tracings during 
stage NREM2)6

• Stage NREM3 is deep sleep, also known as slow-
wave or delta sleep,6,12 during which tissue repair 
and immune strengthening are thought to occur6

• REM sleep, which follows stage NREM3, predom-
inates during the second half of the night and is 
characterized by dreaming and muscle atonia; it is 
thought that much of memory consolidation occurs 
during REM sleep.6,12

Normal age-related changes
In healthy people, melatonin is secreted only in the 
evening, with higher serum levels in young people 
than in older adults.9 Aging is associated with circadian 
rhythm changes, with the main change being phase 
advance, in which older adults have an earlier onset 
of sleepiness in the evening and earlier morning awak-
ening. Psychosocial factors also may impact sleep, with 
effects on sleep hygiene and zeitgebers. Older adults, 
who may no longer have regular schedules and may 
be socially isolated, may be more prone to irregular 
bedtimes, increased napping, and poor sleep habits. 
Similarly, the lack of schedule and isolation may limit 
exposure to natural zeitgebers, such as light and social 
activities.2

Total sleep time declines in older adults, as does 
the amount of time spent in slow-wave NREM3 and 
REM sleep—phases that are associated with cognitive 
recovery and enhanced memory and learning.2 Older 
adults wake up more often after sleep onset, resulting in 
increased time awake, but usually do not have greater 
diffi culty falling back asleep. It also takes older adults 
more time than younger people to fall asleep initially, 
referred to as sleep latency. Finally, there is decreased 
sleep effi ciency, or the percentage of time spent asleep 
while in bed. 

Most of these changes plateau at age 60. Sleep 
effi ciency, however, continues to decline after age 90. 
This is clinically signifi cant because declining sleep effi -
ciency is associated with greater morbidity.2 The need 
for sleep does not decrease with age, but the changes 
in sleep physiology and architecture—especially the 
decline in sleep effi ciency—may make it more diffi cult 
to get adequate sleep.2

 ■ SCREENING AND EVALUATION OF INSOMNIA

Patients who are symptomatic should maintain a sleep 
diary for 1 to 2 weeks8 with a daily record of the time 
they go to bed, approximate time they fall asleep, 
wake-up time, time they get out of bed, and any naps. 
Patients also should record any use of caffeine, alcohol, 
prescription medications, or illicit drugs, and report 
on whether they use electronic devices or engage in 
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stimulating activities before bed.6 A medication review 
is important, as many antidepressants, antihyperten-
sives, sedatives, antihistamines, and steroids can inter-
fere with sleep.6 Patients should be asked about daytime 
fatigue and level of alertness.3

Before starting treatment of presumed insomnia, a 
thorough review of systems is indicated to rule out other 
conditions that may contribute to insomnia, such as 
sleep apnea, untreated psychiatric illness, endocrine dis-
orders, neurologic disorders, chronic obstructive pulmo-
nary disease, asthma, heart failure, and gastroesophageal 
refl ux disease.6 Any positive fi ndings should be addressed 
or a referral for further evaluation should be made. If no 
underlying factors are uncovered or if insomnia persists 
after treatment of causative conditions, then treatment 
of presumed primary insomnia can be initiated.6

 ■ PHARMACOLOGIC TREATMENT

Ideally, medication should be reserved for patients 
for whom cognitive behavioral therapy for insomnia 
(CBTI) fails.13 Despite the established effi cacy and 
safety of CBTI, both clinicians and patients may prefer 
the “quick fi x” of medication.14 Many commonly used 
medications have signifi cant risks and little established 
effi cacy.15 Hypnotics must be used sparingly in older 
adults, and when used, prescribing them for a short dura-
tion and at the lowest effective dose is recommended.16

Benzodiazepines, Z-drugs, and antihistamines
Benzodiazepines have been used for several decades 
to treat insomnia.6,16 They are effective for short-term 
treatment of insomnia,6 but the American Geriatrics 
Society warns that older adults have increased sensitiv-
ity to adverse effects of benzodiazepines.13,15 Benzodiaz-
epines, Z-drugs (zaleplon, eszopiclone, zolpidem, and 
others), and antihistamines such as diphenhydramine 
and chlorpheniramine are all included in the Beers 
Criteria list of medications that should be avoided or 
pose a higher risk in older adults.17 Benzodiazepines and 
Z-drugs are on the list because they increase the risk 
of cognitive problems, delirium, falls, accidents, and 
fractures. Longer-acting agents such as diazepam and 
chlordiazepoxide are concerning because of their slow 
metabolism and the consequent risk of accumulating 
toxic levels. Sedating antihistamine medications such 
as diphenhydramine have signifi cant anticholinergic 
effects and are also contraindicated in older adults 
because of risk of falls and confusion.15

Nonetheless, many patients have been taking these 
medications for years and are reluctant to discontinue 
them.16 Given that patients also may resist CBTI 
because of the effort required,14 it is worthwhile to 

consider safer medication alternatives. These include 
sedating psychotropics (both antidepressants and anti-
psychotics), melatonin enhancers, and the dual orexin 
receptor agonists.

Antidepressants and antipsychotics
Clinicians have long taken advantage of the sedating 
effect of many psychotropics to treat insomnia. Unlike 
benzodiazepines and Z-drugs, psychotropics have few 
or no reinforcing properties or discontinuation effects. 
However, much use of psychotropics for insomnia has 
been off-label and has limited supportive evidence. 
Many psychotropic drugs have anticholinergic effects 
at higher doses, which raises cognitive concerns in 
older adults.18 A few are worth considering, however.

Doxepin is a tricyclic antidepressant that has high 
affi nity for histaminergic (H1) receptors at low doses 
(< 10 mg), effectively acting as a selective H1 recep-
tor antagonist.18 It is the only antidepressant with 
US Food and Drug Administration approval for 
insomnia. It is indicated (3- or 6-mg doses) for patients 
who have diffi culty staying asleep or experience early-
morning awakenings.6 

A 12-week randomized, double-blind, placebo-
controlled trial examined the effects of doxepin, 1 mg 
and 3 mg, in older persons with chronic insomnia.19 Par-
ticipants were randomized to receive nightly treatment 
with doxepin, 1 mg or 3 mg, or placebo. The study found 
that doxepin at 1 mg and 3 mg resulted in signifi cant 
and persistent improvements in most sleep variables. 
In addition, patients who took doxepin did not report 
any memory problems or complex sleep behaviors, 
and there was no signifi cant difference in next-day 
residual sedation between either dose of doxepin and 
placebo. Anticholinergic effects were not present at the 
studied doses.

Subsequently, a systematic review of 9 random-
ized placebo-controlled trials investigated the hyp-
notic effects of doxepin.18 Three studies of low-dose 
(< 10 mg daily) doxepin in older populations 
(≥ 65 years) showed that it had a modest advantage 
over placebo for sleep maintenance and duration but 
not for sleep initiation. Headache and somnolence were 
common side effects. Higher doses should be avoided 
in older adults because of anticholinergic effects that 
may cause cognitive diffi culties. The low-dose doxepin 
studies were industry sponsored, and the patented med-
ication remains expensive.

Amitriptyline, another tricyclic antidepressant, 
that has been used off-label at low doses (10 to 25 mg) 
to treat insomnia. It is often used in patients with pain 
syndromes, where it may indirectly improve sleep by 
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relieving pain. At these doses, it is mainly acting on 
histamine H1 receptors, although it likely has some 
serotonergic and cholinergic antagonism.20 At higher 
doses, anticholinergic effects are common and may 
include urinary retention, constipation, dry mouth, 
blurred vision, orthostatic hypotension, and confu-
sion.15 There is little evidence of effi cacy to support 
treatment with amitriptyline despite its common use.20

Trazodone is a serotonergic antidepressant that acts 
as an antagonist at serotonergic (5-HT2) and alpha-1 
adrenergic receptors. Despite little evidence of effi -
cacy,13 it is widely prescribed off label in the United 
States for sleep disorders.20 Studies have shown some 
effi cacy for sleep latency and sleep effi ciency that 
dissipate after a week.20 Common side effects include 
dizziness, cardiac arrhythmias, orthostatic hypotension, 
and, potentially, priapism.6

Mirtazapine, an antidepressant with strong 5-HT2 
antagonism, few drug interactions, and appetite-
stimulating properties, is often used to treat insomnia, 
particularly in patients with depression.6,21 Studies in 
adults (mean age 41 years) have shown improvement 
in sleep latency, sleep effi ciency, and decreased awak-
enings after 2 weeks of treatment.6 Overall limited 
evidence of effi cacy remains, however, and patients 
may become habituated to its sedative effects. It may 
be preferable to histaminergic drugs but is not recom-
mended for treatment of insomnia in patients who do 
not have depression.6

Atypical antipsychotics, particularly quetiapine 
and olanzapine, have been widely used to treat insomnia 
despite little controlled trial evidence. Antipsychotics 
may cause metabolic side effects, extrapyramidal symp-
toms, and tardive dyskinesia.20 In older adults, they 
carry an increased risk of stroke and sudden cardiac 
death.15 Given these potential effects, antipsychotics 
should not be used to treat insomnia in the absence of 
a primary indication such as psychosis.20

Melatonin and melatonin agonists
Melatonin and ramelteon enhance the melatonin sys-
tem.3 Intrinsic production of melatonin decreases with 
age—hence the rationale for using melatonin-enhancing 
medications to treat insomnia.6 In the United States, 
melatonin is available over the counter and unregu-
lated.9 In Europe, a 2-mg prolonged-release formulation 
of melatonin is approved for insomnia in older adults.6

Ramelteon (8 mg), a melatonin receptor agonist of 
MT1 and MT2 (G protein–coupled receptors that medi-
ate the effects of melatonin), is approved for treatment 
of insomnia with sleep-onset diffi culty. A European 
meta-analysis found that both melatonin prolonged 

release and ramelteon are more effi cacious than placebo 
for insomnia symptoms in adults.22 Their overall clinical 
impact is modest, but a subgroup analysis suggested that 
these medications have large effect sizes in older adults. 

Additional efforts to examine the effect of these 
agents in older populations found that patients receiv-
ing melatonin prolonged release or ramelteon fell asleep 
about 14 minutes earlier than those receiving placebo.23 
Patients who received melatonin or ramelteon also had 
an increase in total sleep time (21 minutes) relative 
to placebo. The authors concluded that melatonin 
or ramelteon given to older persons with insomnia 
improved objective total sleep time, sleep latency, and 
subjective sleep quality. Frequent side effects included 
somnolence, dizziness, fatigue, and headache. There was 
no signifi cant rebound insomnia after discontinuation. 

Melatonin or ramelteon (8 mg) may be an alterna-
tive treatment option for older adults, given their good 
tolerability and at least some demonstrated effi cacy.

Dual orexin receptor antagonists
Dual orexin receptor antagonists, a newer class of med-
ications for insomnia, target the orexin system. Orexin 
is thought to be part of the neuronal system that pro-
motes wakefulness, and thus blocking orexin 1 and 2 is 
believed to inhibit the wake drive.3 Three dual orexin 
receptor antagonists are approved by the US Food and 
Drug Administration: suvorexant, lemborexant, and 
daridorexant.

Suvorexant 30 mg for patients 65 and older (40 
mg for those < 65) was compared with placebo in a 
randomized, placebo-controlled trial, which showed 
signifi cant improvement in subjective total sleep time 
and subjective time to sleep onset during the fi rst 
month in the suvorexant group over placebo.24 These 
improvements persisted during the 1-year phase of the 
trial completed by approximately 62% of participants 
who received suvorexant. 

The most common adverse events were daytime 
somnolence, fatigue, and dry mouth. Serious adverse 
effects, occurring in 5% of the sample, included sleep 
paralysis, hypnagogic hallucinations, cataplexy, and 
suicidal ideation. Overall, suvorexant was safe and 
effective for most patients during the 1-year trial.

Lemborexant was compared with placebo or 
zolpidem in older adults.25 In a 1-month randomized, 
double-blind, placebo-controlled trial, lemborexant 
5 mg and 10 mg signifi cantly improved sleep latency 
and effi ciency relative to placebo in adults 55 and older. 
Lemborexant 5 mg did not differ from placebo on cog-
nitive performance and caused less postural instability 
than zolpidem in both doses. Lemborexant also effec-
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tively reduced wakefulness after sleep onset and had 
signifi cantly less risk of postural instability compared 
with zolpidem. It was not associated with residual morn-
ing sleepiness or reduced functioning, but given its long 
half-life, this remains a theoretical concern.

Daridorexant is approved in 25- and 50-mg doses. 
It has been shown to produce signifi cant improvement 
in sleep parameters compared with placebo at 1 and 
3 months, with improved daytime functioning.26 It has 
also shown good tolerability in older adults. Daridorex-
ant has the shortest half-life of the available dual orexin 
receptor antagonists (8 hours compared with 12 hours 
for suvorexant and 17 to 19 hours for lemborexant), 
which in theory may reduce risk for impaired next-
day functioning.

Numbers needed to treat (NNT) and numbers 
needed to harm (NNH) for dual orexin receptor antag-
onists have been calculated as follows:

Suvorexant: NNT = 8, NNH = 1327

Lemborexant: NNT = 3, NNH ≥ 1028

Daridorexant 50 mg: NNT < 10, NNH = 78.29

These studies suggest good effi cacy with low risk of 
harm.27–29 Dual orexin receptor antagonists may be a 
safer and more effective long-term option than other 
pharmacologic products,26 but as these medications 
remain patented, cost and insurance coverage may be 
limitations.30

Figure 1 summarizes the effects of medications on 
sleep and sleep architecture.31

 ■ CANNABINOID COMPOUNDS

Evolving research suggests that cannabidiol may have 
therapeutic potential for insomnia treatment. Canna-
bidiol is one of the psychoactive components of can-
nabis (marijuana). The other, tetrahydrocannabinol, or 
THC, is thought to account for most of the euphoric 
effect of marijuana. Despite mixed results of research 
on cannabis and insomnia, it is generally accepted that 
tetrahydrocannabinol may lead to tolerance and dis-
ruption of the sleep cycle, while cannabidiol seems to 
have a positive effect on total sleep time and awakening 
after sleep onset.32

Cannabidiol appears to be well tolerated by older 
patients, with infrequent (< 15%) reports of mild adverse 
effects such as dizziness, tinnitus, and dry mouth.33 A 
recent small placebo-controlled study using 150 mg of 
cannabidiol showed improvement in sleep effi ciency 
and subjective well-being, but not in other sleep param-
eters.34 Further research is needed to determine whether 
cannabidiol has a true benefi t for insomnia treatment.

 ■ NONPHARMACOLOGIC TREATMENT

CBTI is recognized as the gold standard and fi rst-
line treatment for insomnia in young as well as aging 
patients.14,35 It has established effi cacy, safety, and 
durability compared with pharmacologic treatments.14 
Studies have shown a mean effect size with CBTI of 
0.96 compared with 0.87 for pharmacotherapy.36 These 
results suggest a similar effi cacy between treatments in 
the short term, but CBTI seems to have longer-lasting 
effects. The 2 therapies combined can improve some 
parameters, such as subjective sleep effi ciency, but phar-
macotherapy overall is not superior to CBTI alone.37 
In the clinical setting, this suggests a ceiling effect past 
which adding more interventions to CBTI, such as 
pharmacotherapy, may not yield further benefi t.

CBTI addresses maladaptive behaviors and cogni-
tions that perpetuate insomnia. It incorporates psy-
choeducation, sleep hygiene, stimulus control, sleep 
restriction, relaxation training, and cognitive therapy 
techniques, such as cognitive restructuring. A course 
of CBTI generally takes 6 to 10 sessions delivered 
weekly or biweekly.13 Sleep diaries are used to establish 
a baseline, make behavioral interventions, and monitor 
treatment response.6

 Sleep hygiene can promote healthy sleep. Inter-
ventions include no alcohol or caffeine before bed, no 
clock watching while in bed, no daytime naps, going 
to bed and getting up at the same time each day, and 
ensuring a room environment that promotes sleep.3,38

Stimulus control interventions strengthen the asso-
ciation between the bed and sleep. Typical instructions 
include going to bed only when sleepy, getting out of 
bed if not asleep in 15 to 20 minutes, and using the bed 
only for sleep and sex.3,38 This strategy is based on a 
model of insomnia suggesting that the development and 
maintenance of insomnia is a learned behavior. With 
more time spent in bed not sleeping, anxiety increases 
and promotes tension and frustration. Over time, the 
relationship between the bed and anxiety strengthens, 
leading to conditioned insomnia, and the bedroom 
becomes associated with wakefulness and frustration. 
The goal of stimulus control is to disrupt this coupling.3

Sleep restriction is a means of increasing sleep 
effi ciency. Initially, patients limit time in bed to the 
approximate hours they have been sleeping and then 
gradually increase the time in bed as sleep effi ciency 
improves.3,38 For example, if a patient’s average total 
sleep time is 5 hours and the average time in bed is 
7 hours, the prescribed time in bed will be 7 hours. This 
“sleep window” must be followed each day irrespective 
of sleep quality. Sleep restriction may initially decrease 
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NREM2
Sleep spindles
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Body repair and
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Muscle atonia

Dreaming
Most memory
consolidation
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(time to fall asleep)

Medication Effects on sleep architecture

Benzodiazepines and Z-drugs  Sleep latency
 NREM2 sleep

Antihistamines (diphenhydramine)  Sleep latency

Tricyclic antidepressants (amitriptyline)  Sleep latency
 REM sleep latency
 REM sleep

Trazodone  Sleep latency
 NREM3 sleep
 REM sleep 

Mirtazapine  Sleep latency
 REM sleep latency
 REM sleep
 NREM3 sleep

Melatonin and melatonin agonists  Sleep latency
 NREM sleep duration

Dual orexin receptor agonists REM sleep

Figure 1. Sleep stage functions and medication effects on sleep architecture.

NREM = nonrapid eye movement; REM = rapid eye movement; Z drugs = zaleplon, eszopiclone, zolpidem, and others
Based on information from reference 31. 
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total sleep time and increase daytime fatigue, but after 
several days it will lead to reduced sleep latency (time 
to fall asleep) and fewer nocturnal awakenings. As 
sleep effi ciency increases, the sleep window increases—
typically by 15 minutes each week—until the patient 
is getting an adequate amount of sleep each night.3

Sleep restriction has been studied as a single-
component intervention in primary care settings. In a 
UK study, 642 patients were randomized to nurse-deliv-
ered sleep restriction therapy (combination of in-person 
and phone sessions) plus a sleep hygiene booklet or to 
a sleep hygiene booklet alone.39 At 6 months, the sleep 
restriction therapy group had medium to large sustained 
treatment effects for reduced insomnia severity com-
pared with the sleep hygiene-only group. All partici-
pants were college-educated adults and there were no 
restrictions on usual care for either group, so results may 
not generalize to older populations. Relative contrain-
dications to sleep restriction include pregnancy, bipolar 
disorder, seizure disorders, additional sleep disorders, 
shift work, and cognitive impairment.39

CBTI may challenge physicians and patients
People with insomnia often have thinking errors (such 
as, “I am never going to sleep again”) and nighttime 
worries that lead to autonomic hyperarousal and mus-
cle or cognitive tension, all of which impair sleep.6,40 
They may have pessimistic and unhelpful thoughts 
and beliefs about sleep, and also tend to have erratic 
sleep schedules and “take their worries to bed.” CBTI 
challenges dysfunctional beliefs about sleep, such as 
worrying about falling asleep or not getting enough 
sleep, and addresses maladaptive behaviors related 
to poor sleep.3,38 CBTI targets the person’s cognitive 
style as well as behavioral and hyperarousal factors 

associated with insomnia.3 Cognitive restructuring 
seeks to modify maladaptive beliefs about sleep (such 
as catastrophizing effects of a poor night’s sleep) and 
replace them with more helpful thinking.40

It is also helpful to teach patients relaxation strat-
egies such as progressive muscle relaxation to decrease 
hyperarousal.6

Implementation of CBTI has challenges, as patients 
may resist participating or insist on medication. 
Another challenge may be lack of physician knowl-
edge about CBTI. Research has shown that educating 
primary care physicians about CBTI results in clinically 
signifi cant and sustained improvement in insomnia.14 
Multiple effective apps and websites for patient-guided 
CBTI are available.16

 ■ BETTER STUDIES, BETTER OPTIONS

Natural sleep is regulated by a complex and delicate 
balance of multiple systems that is easily disturbed, espe-
cially in older adults. CBTI is a well-studied, safe, and 
effi cacious treatment for insomnia in this age group. The 
drawbacks are that it is time-consuming to implement 
and not immediately effective. As sleep physiology is 
better understood, newly developed medications are 
providing safer alternatives, but they may be prohibi-
tively expensive. Armed with a basic knowledge of sleep 
pathology, clinicians can consider the risks and benefi ts 
of both pharmacologic and behavioral options to safely 
restore sleep in the older adult population. ■
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ABSTRACT
More and more patients with atrial fi brillation are under-
going catheter ablation as a rhythm-control strategy, but 
the recurrence rate after the procedure is high. A wide 
array of risk factors contribute to the pathogenesis of 
atrial fi brillation, including hypertension, diabetes mellitus, 
dyslipidemia, obesity, obstructive sleep apnea, metabolic 
dysfunction–associated steatotic liver disease (MASLD), 
smoking, alcohol consumption, and physical inactivity. This 
review summarizes the emerging evidence for periablation 
risk-factor modifi cation to optimize postablation outcomes.

KEY POINTS
Because we lack suffi cient evidence of benefi t specifi cally 
in patients with atrial fi brillation undergoing catheter 
ablation, hypertension and diabetes mellitus should be 
treated according to guidelines in the general population. 

Current guidelines recommend an initial weight-loss goal of 
10% in patients with obesity and atrial fi brillation, followed 
by a target body mass index of less than 25 kg/m2.

There is enough evidence to encourage continuous positive 
airway pressure (CPAP) use in those with atrial fi brillation 
and obstructive sleep apnea after catheter ablation, and 
early data suggest that ablation offers little to patients with 
atrial fi brillation and obstructive sleep apnea not on CPAP.

Intensive periprocedural MASLD management may be ben-
efi cial in reducing recurrence risk after catheter ablation.

Catheter ablation effectively controls 
atrial fi brillation, but in up to half of cases 

the atrial fi brillation comes back. Can this high 
recurrence rate be lowered by making sure that 
the risk factors for atrial fi brillation are under 
optimal control before patients undergo the 
procedure, and going forward from there?

We think so, although the evidence is scarce. 
And we think the best approach is to system-
atically hit all the risk factors simultaneously, 
in specialized periablation clinics. Here, we 
review the evidence supporting periprocedural 
risk-factor modifi cation to reduce atrial fi brilla-
tion recurrence after catheter ablation.

 ■ SCOPE OF THE PROBLEM

Atrial fi brillation is the most common cardiac 
arrhythmia worldwide, affecting approximately 
33.5 million people.1 It is associated with sig-
nifi cant morbidity and mortality, increasing the 
risk of systemic thromboembolic disease, heart 
failure, and sudden cardiac death.

The etiology of atrial fi brillation is multi-
factorial, with a wide array of risk factors that 
contribute to its pathogenesis. In recent years, 
various modifi able comorbidities such as obesity, 
diabetes mellitus, smoking, and alcohol intake 
have emerged as key risk factors. They are not 
only implicated in the onset of atrial fi brillation, 
but are also associated with worse response to 
various management approaches to the disease. 

Catheter ablation is growing in popularity as 
a rhythm-control treatment, and is increasingly 
being offered to patients who have more complex doi:10.3949/ccjm.92a.24011
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conditions and comorbidities. The 2023 American Col-
lege of Cardiology and American Heart Association 
guidelines2 give it a class 1 (strong) recommendation, 
level of evidence A (high-quality):
• To improve symptoms in patients with symptomatic 

atrial fi brillation in whom antiarrhythmic drugs have 
been ineffective, contraindicated, not tolerated, or not 
preferred, and continued rhythm control is desired.

• To improve symptoms and reduce progression to per-
sistent atrial fi brillation in select patients (generally 
younger with few comorbidities) with symptomatic 
paroxysmal atrial fi brillation in whom rhythm con-
trol is desired.
But here’s the problem: although catheter ablation 

initially works, the atrial fibrillation eventually recurs 
in 40% to 50% of cases.3 About 11% of patients need 
a repeat ablation procedure within 1 year, and many 
undergo multiple ablations over a number of years.4 

Fortunately, we should be able to lower this recur-
rence rate by optimally treating the risk factors for atrial 
fibrillation (Table 1).

 ■ HYPERTENSION: MIXED EVIDENCE,
BUT USUAL GUIDELINES APPLY

Hypertension accounts for more cases of atrial fi brillation 
than any other risk factor—up to 20% of all new cases 
in population-based longitudinal studies.5 Hypertensive 
heart disease involves concentric left ventricular hyper-
trophy and increased stiffness, resulting in chronically 
elevated left atrial pressures, which drive subsequent left 
atrial dilation and arrhythmogenesis.6

Studies of hypertension and atrial fi brillation
Although many studies have found a near-linear rela-
tionship between blood pressure and risk of new-onset 
atrial fi brillation, the evidence that intensive blood 
pressure control reduces the risk is equivocal.

SPRINT (the Systolic Blood Pressure Intervention 
Trial),7 for example, found no difference in rates of 
new atrial fi brillation between patients whose blood 
pressure was treated intensively vs less restrictively.

The relationship between blood pressure control at 
the time of ablation and the risk of arrhythmia recur-
rence is equally complex. 

Pallisgaard et al,8 in a Danish nationwide registry, 
found hypertension to be an independent risk factor 
for recurrence after ablation. 

Santoro et al,9 in another study in 531 consecutive 
patients, found the risk of recurrence to be 40.6% in 
patients with uncontrolled hypertension, 28.1% in 
those with controlled hypertension, and 25.7% in those 
with no hypertension. The similar recurrence rates in 
patients with controlled hypertension vs no hyperten-
sion suggest that intensive blood pressure control in the 
periprocedural period should be benefi cial. 

The German Ablation Registry,10 on the other 
hand, did not fi nd hypertensive patients to be at higher 
risk of atrial fi brillation recurrence after catheter abla-
tion compared with normotensive patients. 

SMAC-AF (Substrate Modifi cation with Aggres-
sive Blood Pressure Control)11 is the only randomized 
controlled trial to date investigating the infl uence of 
preprocedural blood pressure control on arrhythmia 
recurrence risk. One hundred eighty-four patients were 
randomized to either aggressive blood pressure control 
(target < 120/80 mm Hg) or standard blood pressure 
control (target < 140/90 mm Hg). At 6 months, the 
aggressive-treatment group had lower blood pressure 
than the standard-treatment group. However, the rates 
of recurrence were nearly identical (61.4% vs 61.2% at 
a median of 14 months follow-up). Notably, both groups 
lowered their blood pressure from their baseline levels, 
so the study may have underestimated the true effect 
of blood pressure control. Also, most participants had 
long-standing atrial fi brillation (and thus likely more 
advanced atrial myopathy), which would predispose 
them to recurrent rhythm disturbance. 

ERADICATE-AF (Evaluate Renal Denervation 
in Addition to Catheter Ablation to Eliminate Atrial 
Fibrillation)12 demonstrated that performing renal 
denervation at the time of the ablation procedure 
reduces blood pressure and arrhythmia recurrence risk. 
Although this randomized controlled trial may seem 
to show that intensive blood pressure control at the 
time of catheter ablation is benefi cial, the reduction 
in arrhythmia recurrence was actually independent of 
the degree of blood pressure improvement. A unifying 
mechanism may be a reduction in central sympathetic 
output after renal denervation.

TABLE 1
Risk factors for atrial fi brillation
Hypertension
Diabetes mellitus
Dyslipidemia
Obesity
Obstructive sleep apnea
Metabolic dysfunction–associated steatotic liver disease 
Smoking
Alcohol consumption
Physical inactivity
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Blood pressure recommendations and questions
Although the evidence of benefi t is mixed, most 
experts agree on the need to optimize periprocedural 
blood pressure. In a scientifi c statement, the American 
Heart Association recommends following the same 
guidelines in patients with atrial fi brillation as in the 
general population, as there are not enough data for 
atrial fi brillation–specifi c recommendations.13 They 
cite the Joint National Committee targets for blood 
pressure, ie, less than 140/90 mm Hg for people younger 
than 60 or with diabetes or chronic kidney disease, and 
less than 150/90 mm Hg for those age 60 and older.

Which drugs to use? There is some evidence that 
mineralocorticoid receptor antagonists may reduce the 
risks of new-onset and recurrent atrial fi brillation. A 
single-center retrospective study found a higher rate 
of freedom from recurrent atrial fi brillation after abla-
tion in patients receiving eplerenone than in those 
not receiving it.14 However, the potential benefi t of 
intensive periablation blood pressure control (partic-
ularly with mineralocorticoid receptor antagonists or 
angiotensin-converting enzyme inhibitors known to 
induce cardioprotective remodelling) in patients with 
paroxysmal atrial fi brillation—and thus a lesser degree 
of atrial myopathy—is yet to be explored.

 ■ DIABETES MELLITUS:
USUAL GUIDELINES ALSO APPLY

There is a well-described association between diabetes 
mellitus and new-onset atrial fi brillation. A meta-analysis 
involving almost 1.7 million patients reported that those 
with diabetes mellitus had an approximately 40% higher 
risk of atrial fi brillation than those without it.15 

Diabetes mellitus induces arrhythmogenesis through 
a cascade of microvascular ischemia leading to left ven-
tricular diastolic dysfunction, hypertrophy, and eventual 
left atrial dilation.16

Studies of diabetes and atrial fi brillation
Although the association is not linear, there is strong 
evidence that the worse the diabetes, the greater the 
risk of atrial fi brillation. Higher hemoglobin A1c levels 
and longer duration of diabetes are both associated with 
higher risk of atrial fi brillation, and diabetes may pro-
mote progression of atrial fi brillation from paroxysmal 
to persistent and permanent.17

Emerging data suggest that preprocedural glycemic 
control affects the outcomes of catheter ablation in 
patients with diabetes. 

Donnellan et al,18 in an analysis of 298 patients with 
diabetes mellitus undergoing catheter ablation at a single 
institution, reported that arrhythmia recurred in only 2% 

of patients who lowered their hemoglobin A1c level by 
more than 10% before ablation, compared with 91.1% 
of patients whose hemoglobin A1c level went up before 
ablation. Moreover, the greater the hemoglobin A1c 
reduction, the lower the risk of atrial fi brillation recur-
rence. Limitations of this study include its retrospective 
design and confounding factors such as differences in 
patient motivation and compliance with medical therapy. 

Wang et al19 noted a higher rate of recurrent 
arrhythmias among patients with diabetes mellitus, 
but found only a nonsignifi cant trend toward higher 
risk with worse glycemic control. 

Anselmino et al20 included almost 1,500 patients 
in a meta-analysis of 15 studies, which revealed that 
higher baseline hemoglobin A1c was associated with a 
higher incidence of recurrent atrial fi brillation. 

Diabetes recommendations and questions
As with hypertension, the American Heart Association 
scientifi c statement13 recommends managing diabetes 
according to current general diabetes guidelines, as 
not enough data exist for atrial fi brillation–specifi c 
recommendations. For most adults with diabetes, this 
would mean a target hemoglobin A1c of less than 7%. 

Which drugs to use? Further analysis is required to 
ascertain whether certain drugs are more effi cacious in 
reducing recurrent arrhythmogenesis. 

Pioglitazone and metformin have been associated 
with lower incidence of atrial fi brillation recurrence in 
observational studies.21,22 The researchers hypothesized 
that the anti-infl ammatory and antioxidant properties 
of these agents dampen arrhythmogenesis; however, 
these suggested pleiotropic effects (ie, independent of 
glycemic control) are not proven. 

Sodium-glucose cotransporter 2 (SGLT-2) inhibitors 
hold particular hope as potential adjunct therapy in the 
periablation period. Post hoc analysis has shown SGLT-2 
inhibitors induce protective left atrial structural remod-
elling and reduce the incidence of atrial fi brillation onset 
in patients both with and without diabetes, independent 
of glycemic control.23 In DECLARE-TIMI 58 (Dapagli-
fl ozin Effect on Cardiovascular Events–Thrombolysis in 
Myocardial Infarction),24 the SGLT-2 inhibitor dapagli-
fl ozin decreased the incidence of reported episodes of 
atrial fi brillation in patients with diabetes at high risk. 
Data from randomized controlled trials of SGLT-2 inhib-
itors in the periablation setting are awaited.

 ■ DYSLIPIDEMIA:
NO EVIDENT BENEFIT FROM TREATMENT 

The association between dyslipidemia and atrial fi bril-
lation risk remains inconclusive. Indeed, some studies 
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support a paradoxical relationship whereby lower lipid 
levels are associated with higher risk of new-onset atrial 
fi brillation.25 Regarding recurrence rates after ablation, 
the data are equally mixed, with some studies fi nding 
a similar paradoxical association.26 

Statins have known pleiotropic anti-infl ammatory 
and antioxidant effects, so in theory they might be 
expected to reduce the risk of recurrence after catheter 
ablation. However, a meta-analysis of 9 studies found a 
protective effect in randomized controlled trials but not 
in retrospective studies or in the analysis as a whole.27 
The largest randomized controlled trial to date found 
that high-dose atorvastatin therapy did not decrease 
recurrence risk at 3 months after ablation (when 
ablation-induced infl ammatory responses are known 
to trigger recurrent arrhythmogenesis) in patients who 
had no indication for a statin.28

 ■ OBESITY:
WEIGHT LOSS RECOMMENDED

Numerous large epidemiologic studies have solidly 
shown that the risk of atrial fi brillation increases with 
weight. The Framingham Heart Study29 reported a 
4% increase in atrial fi brillation risk with each unit 
(1 kg/m2) increase in body mass index, which was inde-
pendent of confounding factors including hypertension 
and diabetes mellitus. In a continued observational study 
of women from the Women’s Health Study, increasing 
body mass index was associated with enhanced risk of 
developing persistent or permanent atrial fi brillation in 
women who were free of atrial fi brillation at baseline.30 

Why would this be? Obesity-induced systemic 
infl ammation is thought to disrupt atrial conduction 
through fi brotic scar tissue deposition.31 Diastolic dys-
function is common in patients with obesity and con-
tributes to left atrial remodelling. Interestingly, pericar-
dial and epicardial fat may infl uence atrial fi brillation 
development through local paracrine mechanisms.32 
These mechanisms ultimately converge on left atrial 
enlargement with resultant disruption in electrical 
conductivity. In The Framingham Heart Study,29 after 
adjustment for left atrial diameter, obesity was no longer 
associated with increased risk of atrial fi brillation, sug-
gesting at least part of the proarrhythmogenic burden 
of obesity is mediated through left atrial dilation.

Studies of obesity and atrial fi brillation
The relationship between weight and outcomes after 
catheter ablation for atrial fi brillation has been more 
extensively explored than that of other risk factors. 
Numerous large observational studies have proven 
an inverse relationship between weight and freedom 

from recurrent atrial fi brillation after ablation.33,34 In 
a European study involving almost 2,500 patients, the 
risk of recurrent arrhythmia at 12 months increased 
with increasing body mass index.33 Consequently, there 
has been signifi cant interest in periprocedural weight 
loss to improve catheter ablation outcomes.

LEGACY (Long-Term Effect of Goal-Directed 
Weight Management on Atrial Fibrillation Cohort: A 
5-Year Follow-Up Study)35 enrolled 355 patients with 
body mass index greater than 27 kg/m2 awaiting cath-
eter ablation who participated in a multidisciplinary 
weight-reduction program. Weight loss was found to be 
inversely correlated with atrial fi brillation recurrence; 
patients who lost 10% or more of their body weight had 
6 times greater likelihood of arrhythmia-free survival 
compared with those who lost less.  

SORT-AF (Supervised Obesity Reduction Trial for 
AF Ablation Patients).36 Only 1 randomized controlled 
trial to date has investigated whether weight reduction 
before catheter ablation alone improves outcomes. The 
SORT-AF was a multicenter randomized controlled 
trial in which 133 patients with paroxysmal or persistent 
atrial fi brillation and body mass index greater than 
30 kg/m2 were randomized to undergo weight reduction 
or usual care. A statistically signifi cant reduction in 
body mass index was achieved in the weight-reduction 
group; however, no signifi cant difference in recurrence 
rates was evident. Among those with persistent atrial 
fi brillation after ablation, a reduction in atrial fi brilla-
tion burden was noted in the weight-reduction group. 

Although this was a well-executed trial with spe-
cialized weight-reduction input from endocrinologists, 
the mean weight reduction achieved in the treatment 
arm was only 3.9% of initial body weight, and the non-
compliance-with-intervention rate at 12 months was 
33%.36 Previous publications report signifi cantly reduced 
recurrent arrhythmogenesis when more than 10% loss 
of initial body weight is obtained; it is likely greater 
weight reduction was necessary to obtain a signifi cant 
primary outcome. 

Obesity recommendations and questions
The American Heart Association scientifi c statement13 
recommends an initial weight-loss goal of 10% in 
patients with atrial fi brillation, followed by an eventual 
target body mass index of less than 25 kg/m2.

How to lose weight? There are little data regarding 
which weight-reduction strategy is most effective in 
the periablation setting, but the American Heart Asso-
ciation recommends a progressive-intensity exercise 
program in conjunction with a multidisciplinary diet, 
as used in most studies to date.36,37 
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A single-center observational study reported that 
preprocedural bariatric surgery reduced atrial fi brillation 
recurrence risk to that in nonobese patients.38 The under-
lying therapeutic mechanism is likely multifactorial, as 
bariatric surgery was shown to not only decrease weight 
in this obese cohort, but also signifi cantly reduce blood 
pressure and hemoglobin A1c. No randomized controlled 
trial with a sham-controlled arm has been performed. 

Glucagon-like peptide-1 agonists such as semaglu-
tide have emerged as highly effective pharmacother-
apies for weight loss in both diabetic and nondiabetic 
cohorts. The SOCRATES-AF (Semaglutide for the 
Reduction of Arrhythmia Burden in Overweight AF 
Patients) trial is currently investigating whether sema-
glutide reduces atrial fi brillation burden in patients 
with symptomatic paroxysmal and early persistent atrial 
fi brillation. However, no studies to date have investi-
gated the potential effi cacy of glucagon-like peptide-1 
agonists as adjunctive therapy in the periprocedural 
setting for obese patients with atrial fi brillation under-
going catheter ablation. Similar to that of bariatric 
surgery, any underlying therapeutic benefi ts are likely 
to be pleiotropic—extending beyond weight loss alone.

 ■ OBSTRUCTIVE SLEEP APNEA:
CPAP ENCOURAGED

An association between obstructive sleep apnea and 
atrial fi brillation is well documented. Although both 
disorders share multiple risk factors including obesity 
and hypertension, the relationship is likely causal. 
Obstructive sleep apnea promotes atrial fi brillation 
through oxidative stress–induced left atrial remodel-
ling and enhanced sympathetic tone during hypox-
emic episodes—both of which combine to drive left 
atrial enlargement.39

Studies of obstructive sleep apnea and atrial 
fi brillation
Obstructive sleep apnea is strikingly prevalent in 
patients with atrial fi brillation.

Gami et al,40 in a seminal study, found that the 
proportion of patients with obstructive sleep apnea was 
signifi cantly higher in those with atrial fi brillation than 
in cardiology patients without atrial fi brillation with sim-
ilar rates of key comorbidities (49% vs 32%, P < .0004). 

Conversely, atrial fi brillation is more common in 
patients with obstructive sleep apnea.

MrOs Sleep (Outcomes of Sleep Disorders in 
Older Men Study)41 found that increasing severity of 
sleep-disordered breathing was associated with a progres-
sive increase in odds of atrial fi brillation and complex 
ventricular ectopy. However, sleep-disordered breathing 

includes both obstructive and central sleep apnea. Com-
plex ventricular ectopy was associated most strongly 
with obstructive sleep apnea, while atrial fi brillation 
was more strongly associated with central sleep apnea. 

Effective management of obstructive sleep apnea with 
nocturnal continuous positive airway pressure (CPAP) 
reduces the risk of progression of atrial fi brillation. 

ORBIT-AF (Outcomes Registry for Better Informed 
Treatment of Atrial Fibrillation)42 found that patients 
with atrial fi brillation and obstructive sleep apnea on 
CPAP were less likely to progress to more persistent 
forms of atrial fi brillation compared with those not 
on CPAP. 

Two studies to date have demonstrated that recur-
rence rates of atrial fi brillation after catheter ablation 
are approximately equal in patients with obstructive 
sleep apnea on CPAP and those without obstructive 
sleep apnea, and that atrial fi brillation was signifi cantly 
more likely to recur in patients with obstructive sleep 
apnea not on CPAP.43,44

Naruse et al,43 in the fi rst study, prospectively recruited 
153 Japanese patients. Atrial fi brillation recurred in 
22% of those without obstructive sleep apnea, 30% 
with obstructive sleep apnea on CPAP, and 53% with 
obstructive sleep apnea but refusing CPAP. On multivar-
iate analysis, CPAP reduced recurrence by roughly 60%.

Fein et al,44 in the second study, retrospectively 
examined 62 patients with obstructive sleep apnea after 
catheter ablation, of whom 32 used CPAP and 30 did 
not. Compared with a control group without obstruc-
tive sleep apnea who underwent catheter ablation, 
obstructive sleep apnea was associated with increased 
atrial arrhythmia recurrence. However, as in the Naruse 
et al43 study, arrhythmia-free survival at 1 year in the 
obstructive sleep apnea group using CPAP was similar 
to that of patients without obstructive sleep apnea 
(71.9% vs 66.7%). Summarizing the data, the authors 
suggest that obstructive sleep apnea therapy should be 
optimized prior to catheter ablation; otherwise, the 
effi cacy of invasive ablation may be lost.

Although the fi ndings were consistent across both 
studies, limitations preclude making defi nitive con-
clusions. Neither are randomized controlled trials, but 
rather are case-control studies subject to selection bias. 
Although some major confounders are accounted for, 
others are not. Patients with obstructive sleep apnea 
who are not on CPAP may be inherently less compliant 
with medical therapy or may have less severe disease 
compared with those using CPAP. No experimental 
studies investigating the effect of CPAP on obstructive 
sleep apnea–related atrial fi brillation pathogenesis have 
been published to date.
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Obstructive sleep apnea recommendations
Clinically, there is enough emerging evidence to 
encourage CPAP use among patients with atrial 
fi brillation and obstructive sleep apnea after catheter 
ablation, and early data suggest that catheter ablation 
offers very little to patients with atrial fi brillation and 
obstructive sleep apnea not on CPAP. Current guide-
lines recommend CPAP for these patients.2 However, 
randomized data demonstrating benefi t on recurrence 
rates in the periablation setting are currently lacking.

 ■ METABOLIC DYSFUNCTION–ASSOCIATED
STEATOTIC LIVER DISEASE

Atrial fi brillation shares many risk factors with met-
abolic dysfunction–associated steatotic liver disease 
(MASLD, formerly known as nonalcoholic fatty liver 
disease or NAFLD), including obesity, diabetes melli-
tus, and metabolic syndrome. Causality has yet to be 
proven, but multiple mechanisms of arrhythmogenesis 
have been proposed, including MASLD-induced 
proinfl ammatory stress, autonomic dysregulation, and 
diastolic dysfunction.45

Recent evidence suggests that MASLD is associated 
with increased recurrence risk after catheter ablation. 

Donnellan et al,46 in a case-control study of 89 
patients with MASLD and 178 controls, all of whom 
underwent catheter ablation at Cleveland Clinic, 
reported that atrial fi brillation recurred more often in 
those with MASLD. While obstructive sleep apnea 
was signifi cantly more common in the MASLD group, 
which could separately affect recurrence risk, the rela-
tionship persisted in multivariate models adjusted for 
obstructive sleep apnea and other potential confound-
ers. Also, recurrence was more likely with worsening 
MASLD severity as defi ned by the NAFLD Fibrosis 
Score. No other publications to date have investigated 
this relationship; further data are required to support 
this association.

Few disease-specifi c therapies exist for MASLD. 
Existing data mostly support risk-factor modifi cation 
such as weight loss and tight glycemic control, strategies 
that are often used in patients with atrial fi brillation 
regardless of their liver status. 

Interestingly, the Donnellan et al46 study found 
that postprocedural risk-factor modifi cation reduced 
atrial fi brillation recurrence. Atrial fi brillation did not 
recur among any MASLD patient who lost at least 
10% of their body weight after ablation, while 91% of 
patients who gained weight after catheter ablation had 
recurrent arrhythmia. Similarly, poor glycemic control 
before the procedure was associated with worse out-

comes. All patients whose hemoglobin A1c rose in the 
12 months leading up to ablation developed recurrent 
atrial fi brillation after catheter ablation, compared 
with only 36% of patients whose hemoglobin A1c fell 
before ablation.

Although this was only a single-center retrospec-
tive study, it suggests intensive periprocedural MASLD 
management may be benefi cial in reducing recurrence 
risk after catheter ablation. No publications to date 
have investigated whether an association exists 
between MASLD-specifi c pharmacotherapies, such as 
vitamin E and pioglitazone, and recurrent arrhythmia 
risk. As proinfl ammatory oxidative stress is hypothe-
sized to promote atrial fi brillation in MASLD, these 
antioxidant agents may be benefi cial in patients with 
MASLD undergoing catheter ablation. 

 ■ SMOKING AND ALCOHOL CONSUMPTION:
QUITTING IS RECOMMENDED

Numerous studies demonstrate an increased risk 
of atrial fi brillation with both smoking and alcohol 
consumption. The relationship between smoking and 
new atrial fi brillation is dose-dependent,47 while epi-
demiologic studies indicate that alcohol increases the 
risk only at moderate to high intake levels (defi ned 
as > 7 drinks per week).48 After catheter ablation, 
multiple retrospective studies have found higher 
rates of atrial fi brillation recurrence in smokers 
(34%–43%) than in nonsmokers (14%).49,50 Similarly, 
moderate to high levels of alcohol intake have been 
associated with recurrence after catheter ablation in 
multiple studies.51

Current guidelines therefore recommend smoking 
cessation treatment and encouragement to abstain 
from alcohol for all patients with atrial fi brillation.2

 ■ PHYSICAL INACTIVITY

Cardiorespiratory fi tness is inversely correlated with 
new atrial fi brillation. 

CARDIO-FIT (Impact of Cardiorespiratory Fit-
ness on Arrhythmia Recurrence in Obese Individuals 
With Atrial Fibrillation),52 in which patients with atrial 
fi brillation and obesity were offered a tailored exercise 
program, showed that improvements in cardiorespira-
tory fi tness increased arrhythmia-free survival regardless 
of the rhythm-control strategy used. In the periablation 
setting, evidence suggests higher baseline cardiorespira-
tory fi tness is associated with reduced atrial fi brillation 
recurrence after ablation.53 

Although the underlying therapeutic mechanism 
is likely pleomorphic, echocardiography studies have 
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shown a correlation between higher cardiorespiratory 
fi tness and reduced left atrial stiffness and improved 
left atrial systolic function, which may contribute to 
lower risk of atrial fi brillation recurrence.54

ACTIVE-AF (A Lifestyle-Based, Physical Activity 
Intervention for Patients With Symptomatic Atrial 
Fibrillation)55 randomized 120 patients with atrial 
fi brillation with or without a history of catheter abla-
tion to either a 6-month tailored exercise program or 
usual care. On Kaplan-Meier survival analysis, there 
was a clear arrhythmia-free advantage in the exercise 
group, with 40% in the exercise group vs only 20% 
in the usual-care group free from atrial fi brillation at 
12 months. Additionally, atrial fi brillation symptom 
severity, measured by questionnaire, was signifi cantly 
reduced in the exercise group at both 6- and 12-month 
follow-up. 

Although this trial did not involve patients under-
going ablation, it hints at the likely benefi t of peripro-
cedural improvements in cardiorespiratory fi tness. 
Randomized controlled trials directly addressing this 
question are needed. 

The evidence on risk-factor modifi cation 
before ablation and after ablation is summarized in  
Table 2.5,8,9,11,12,15,18,29,30,33–35,38,43,44,46

 ■ COMPLETE RISK-FACTOR MODIFICATION

Given the interwoven and synergistic nature of risk fac-
tors for atrial fi brillation, simultaneous modifi cation of 
multiple risk factors in the periablation setting is required.

ARREST-AF (Aggressive Risk Factor Reduction 
Study for Atrial Fibrillation)56 is the only published 
study to date to investigate this question. It was a 
cohort study in which 281 consecutive patients await-
ing catheter ablation with body mass index 27 kg/m2 
or higher and at least 1 cardiovascular risk factor were 
offered risk-factor modifi cation according to American 
Heart Association and American College of Cardiology 
guidelines. Addressed risk factors included weight loss, 
hypertension, glycemic control, dyslipidemia, alcohol 
intake, and smoking. 

The intervention group signifi cantly lowered their 
weight, blood pressure, hemoglobin A1c, and lipid levels. 

TABLE 2
Summary of evidence surrounding preablation and postablation risk-factor modifi cation

Risk factor Before the procedure After the procedure

Hypertension Hypertension increases incidence of atrial fi brillation5

Periprocedural renal denervation reduces blood 
pressure and atrial fi brillation recurrence12

Whether aggressive hypertension management before 
ablation provides additional benefi t in preventing atrial 
fi brillation recurrences is unclear11

Hypertension increases postprocedural atrial 
fi brillation recurrence risk8

Rates of recurrence in patients with controlled 
hypertension are similar to those of patients 
with no hypertension9

Diabetes mellitus Diabetes mellitus increases incidence of atrial 
fi brillation15 

Periprocedural role of sodium-glucose cotransporter 2 
inhibitors is unclear

Hemoglobin A1c control reduces atrial 
fi brillation recurrence18

Obesity Obesity increases both incidence and severity of atrial 
fi brillation29,30 

Preprocedural weight management, including bariatric 
surgery, improves success33–35,38

Obstructive sleep apnea Continuous positive airway pressure reduces 
atrial fi brillation recurrence in patients with 
obstructive sleep apnea43,44

Metabolic dysfunction–
associated steatotic liver disease

Preprocedural management is benefi cial46

Role of pharmacotherapy is unclear
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Compared with a cohort that did not undergo any risk 
factor modifi cation, they had a signifi cantly lower rate 
of arrhythmia recurrence and lower arrhythmia burden 
and severity (among those in which atrial fi brillation did 
recur). The rate of single-ablation, arrhythmia-free sur-
vival was 32.9% in the risk-factor modifi cation group vs 
9.7% in the control group, and arrhythmia-free survival 
rates after fi nal ablation was 87% in the intervention 
group vs 17.8% in the control group. Interestingly, the 
left atrial volume index decreased signifi cantly more in 
the intervention group than in the control group. 

Although limited by selection and observer bias 
as a nonrandomized study, ARREST-AF56 offers very 
promising insight into the potential effi cacy of complete 
risk-factor modifi cation.

 ■ AGGRESSIVE OPTIMIZATION IS THE FUTURE

Despite the expanding use of catheter ablation in man-
aging atrial fi brillation, recurrence outcomes remain 
suboptimal, particularly among patients with comorbid-
ities. The pathogenesis of atrial fi brillation is complex, 
involving multiple intertwined risk factors that have a 
synergistic effect on atrial structural remodelling and 
atrial arrhythmogenesis. Although modifi cation of each 
individual risk factor is certainly desirable, simultaneous 
aggressive optimization of multiple risk factors in spe-
cialized periablation clinics is the emerging future. ■
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