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FROM THE EDITOR

Foxglove, not quite gone
or forgotten

doi:10.3949/ccjm.91b.08024

I have a true affection for the phenomenon of coincidence, so the timing of the submis-
sion of the Durán Crane et al1 paper on the use and toxicity of digoxin in this issue of the 

Journal got my attention. 
A somewhat fragile nonagenarian patient was struggling with her intermittently rapid atrial 

fi brillation. Although her baseline ejection fraction was normal, when her rate went up, she 
became dyspneic. She was intolerant to multiple medications prescribed for rate and rhythm con-
trol, including fatigue from beta-blockade, and at times she had low blood pressure with orthostatic 
symptoms (independent of her ventricular rate). There was an initial desire to avoid ablation, and 
in my discussion with her out-of-state cardiologist, I questioned whether there might be value 
in low-dose digoxin for symptom control. I think that he assumed I was calling from a rotary 
telephone. Ultimately, the patient developed an 8-second sinus pause, got a pacemaker and an 
ablation, and has done well on far fewer medications, not needing medications for rate control. But 
I nonetheless decided to explore the recent digoxin literature. I wanted to see where the drug that 
was popularized in 1785 by the English botanist and physician William Withering2 and that had 
been a mainstay of cardiac treatment for many decades, including during my early medical career, 
had landed. That’s when the paper by Durán Crane et al1 was submitted—nice coincidence.

Granted that I now practice within a very specialized cardiovascular medicine community, but 
I couldn’t recall the last patient I’d seen with digoxin on their list of medications. Nonetheless, it 
remains in clinical use. Digoxin has unique, if still not completely understood, pharmacodynamic 
effects. It has positive inotropic effects on cardiac myocytes, presumably due to increased intracel-
lular calcium. It was initially used in treating “dropsy” (congestive heart failure), with subsequent 
documentation of its benefi cial effect on ventricular function. It has vagomimetic effects that can 
slow the ventricular response in atrial fi brillation; these effects seem to require cardiac innervation, 
as they may not occur in transplanted hearts.3 At higher serum levels, digoxin can increase myo-
cyte automaticity and may increase the atrioventricular nodal refractory period. This combination 
accounts for some of the cardiac toxicity associated with its use, including the “classic” accelerated 
junctional tachycardia with conduction block. There is a narrow therapeutic window between 
effi cacy and toxicity, with a lot of individual patient variability. Thus, it is not really surprising 
that use of the drug has waned dramatically over the past decades. Its use in treating patients with 
heart failure and atrial fi brillation has been supplanted by multiple medications, yet it still has a 
lower-tier place in the formal guidelines for the management of atrial fi brillation and heart failure.1

Back in the time of rotary telephones, when using digoxin for rate control in atrial fi brillation we 
dosed it by following the heart rate. We pushed it intravenously and expected a fairly rapid response 
over the course of hours as we fully “loaded” the patient. When treating patients with heart failure, 
we generally dosed digoxin paying attention to the patient’s weight, kidney function, and concom-
itant medications. We were astute in asking about gastrointestinal symptoms and visual aberrations 
with chronic therapy, but there was little reliance on drug levels. And, as discussed in detail by 
Gona et al,4 not routinely using drug levels to monitor for toxicity has likely been to patients’ 
detriment and has appropriately contributed to the decreased use of digoxin. Do questions remain 
as to whether it still has a place at the therapeutic table?
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The use of digoxin for treatment of heart failure went out of fashion quickly after studies indicated a lack 
of effect on improving mortality and drugs with a marked positive effect on mortality became available. The 
landmark Digitalis Investigation Group study5 in 1997 showed that patients with heart failure and reduced ejec-
tion fraction who received digoxin along with a diuretic and angiotensin-converting enzyme inhibitor had no 
reduction in overall mortality; however, digoxin reduced hospitalizations and death attributable to heart failure. 
Toxicity possibly attributable to digoxin was slightly increased in the digoxin-treated group compared with the 
placebo group. A number of studies have followed this, yielding mixed results, but with reduced digoxin toxicity 
when drug levels were monitored. As an indication that use of the drug for treating heart failure remains an 
open issue, a perusal of the clinical trial registration site ClinicalTrials.gov shows an active study on the effect of 
digoxin on heart failure.6

The value of digoxin in rate control in patients with “permanent” atrial fi brillation also remains an open 
question. Although rate control, as opposed to rhythm normalization, may not be the ideal approach for many 
with atrial fi brillation, digoxin for a select few may be a very reasonable option. Digoxin may not be as good as 
beta-blockade for rate management during exercise, but several studies have indicated that it may nonetheless 
improve patients’ sense of exercise tolerance and well-being. This topic is nicely summarized in an editorial by 
Dorian and Angaran.7

So perhaps what Withering wrote about digoxin in 1776 is still correct: “It is certainly a very active medicine, 
and merits more attention than modern medicine bestows upon it.”7,8 We need to acknowledge its potential 
toxicity and utilize our clinical laboratory to minimize it. We are now fortunate to have a growing list of very 
effective treatment options for our patients with heart failure and atrial fi brillation, but digoxin may indeed still 
be a useful option for some patients.1

1. Durán Crane A, Militello M, Faulx MD. Digoxin is still useful, but is still causing toxicity. Cleve Clin J Med 2024; 91(8):489–499. 
doi:10.3949/ccjm.91a.23105

2. Withering W. An Account of the Foxglove, and Some of its Medical Uses: with Practical Remarks on Dropsy, and Other Diseases. Birmingham: 
M. Swinney, 1785. Gutenberg.org/ebooks/24886. Accessed July 17, 2024.

3. Joglar JA, Wan EY, Chung MK, et al. Management of arrhythmias after heart transplant: current state and considerations for future research. Circ 
Arrhythm Electrophysiol 2021; 14(3):e007954. doi:10.1161/CIRCEP.120.007954

4. Gona SR, Rosenberg J, Fyffe-Freil RC, Kozakiewicz JM, Money ME. Review: failure of current digoxin monitoring for toxicity: new monitoring rec-
ommendations to maintain therapeutic levels for effi cacy. Front Cardiovasc Med 2023; 10:1179892. doi:10.3389/fcvm.2023.1179892

5. Digitalis Investigation Group. The effect of digoxin on mortality and morbidity in patients with heart failure. N Engl J Med 1997; 336(8):525–533. 
doi:10.1056/NEJM199702203360801

6. US Department of Health and Human Services. ClinicalTrials.gov. Digoxin evaluation in chronic heart failure: investigational study in outpatients in 
the Netherlands (DECISION). ID: NCT03783429. Updated December 12, 2023. https://clinicaltrials.gov/study/NCT03783429. Accessed July 17, 2024.

7. Dorian P, Angaran P. Beta-blockers and digoxin in atrial fi brillation: back to the future. Can J Cardiol 2023; 39(11):1594–1597. 
doi:10.1016/j.cjca.2023.07.013

8. Aronson JK. An Account of the Foxglove and Its Medical Uses 1785–1985. Oxford University Press; 1986.

Brian F. Mandell, MD, PhD
Editor in Chief
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Persistent erosions
of the glans penis and foreskin

Zheng Gu, MD
Beijing University of Chinese Medicine, Beijing, China; 
Department of Dermatology, China-Japan Friendship 
Hospital, Beijing, China

A 66-year-old man presented with an 8-month 
history of persistent erosions of the glans penis 

and foreskin with slight itching and pain. Physical 
examination revealed erythema and superfi cial ero-
sions on the glans penis and foreskin (Figure 1). Sim-
ilar lesions were not found on the skin or oral mucosa 
elsewhere. Tests for syphilis were negative. 

Biopsy taken from the foreskin showed suprabasal 
bullae with acantholysis. Direct immunofl uorescence 

was negative for deposition of immunoglobulin (Ig) G, 
IgA, and IgM and complement C3 in the epidermal 
cells and basement membrane bands. However, indi-
rect immunofl uorescence tests showed that antispinous 
intercellular desmoglein antibodies were deposited in 
the interspinous cell reticulum (using monkey esoph-
agus as a deposition substrate) at a titer of 1:320. No 
antibasement membrane zone antibodies (important 
autoantibodies in the diagnosis of bullous pemphigoid) 
were found.doi:10.3949/ccjm.91a.23085

Dong-Lai Ma, MD, PhD
Department of Dermatology, Peking Union Medical
College Hospital, Beijing, China; State Key Laboratory 
of Complex, Severe, and Rare Diseases, Beijing, China; 
Clinical Professor, Chinese Academy of Medical Sciences 
and Peking Union Medical College, Beijing, China; 
National Clinical Research Center for Dermatologic and 
Immunologic Diseases, Beijing, China

Figure 1. Erythema and superfi cial erosions on the 
glans penis and foreskin before treatment.

Figure 2. The erosions improved signifi cantly after 
treatment.
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GLANS PENIS EROSIONS

The patient was diagnosed with localized pemphi-
gus vulgaris. The erosions improved signifi cantly after 
2 months of treatment with oral prednisolone at an 
initial dose of 30 mg daily (Figure 2).

 ■ PEMPHIGUS

Pemphigus encompasses a group of rare autoimmune 
disorders characterized by the development of fl accid 
blisters and erosions on the skin and mucous mem-
branes.1 These blisters are fragile and can easily rup-
ture, leading to open sores and erosions. The majority 
of patients present with pemphigus vulgaris.2 Pemphi-
gus vulgaris can affect the skin or mucous membranes 
throughout the body, including the chest, back, head, 
and, in severe cases, the whole body, but oral involve-
ment often occurs fi rst. Lesions may localize to a sin-
gle body site such as the nose, cheeks, or penis, which 
can easily lead to misdiagnosis. 

Other subtypes of pemphigus include pemphigus 
foliaceus and rare pemphigus variants like paraneo-
plastic pemphigus and IgA pemphigus. Pemphigus 
foliaceus manifests with skin lesions, usually without 
mucosal involvement.1 Patients with paraneoplastic 
pemphigus have known or potential tumors, usually 
of lymphoid tissue. Pain and severe oral and con-
junctival erosions are the main features. The staining 
patterns on direct and indirect immunofl uorescence 
differ in paraneoplastic pemphigus and classical pem-
phigus and can be used to distinguish between them.2

The differential diagnosis
Pemphigus should be distinguished from bullous pem-
phigoid, severe erythema multiforme, and drug-induced 
bullosa epidermolysis. Persistent erosions on the glans 
and foreskin of the penis are often encountered and 
have a wide differential, including syphilis, herpes sim-
plex virus infection, candida balanitis, lichen planus, 
psoriasis, other autoimmune diseases, trauma, and skin 

cancer.3 Pemphigus vulgaris can be differentiated from 
these diseases through histopathology, immunofl uores-
cence, and autoimmune serum titers.2,4

Diagnosis and treatment
Diagnosis is based on clinical presentation, histopathol-
ogy showing intraepidermal acantholysis, and either 
positive fi ndings on direct immunofl uorescence (ie, 
IgG or complement C3 deposits at the surface of kera-
tinocytes) or detection of serum autoantibodies against 
epithelial cell surface.4,5 Samples for biopsy should be 
taken from normal-appearing skin immediately adja-
cent to a lesion; sampling infl amed or blistered skin 
may lead to false-negative results on direct immuno-
fl uorescence5 because the infl ammatory process associ-
ated with pemphigus can damage immune deposits.1

First-line treatments are corticosteroids and 
anti-CD20 monoclonal antibodies.4 In patients with 
moderate to severe disease, combination therapy may 
be used to improve effi cacy and reduce the dose of 
glucocorticoids at the start of treatment or when the 
effect of glucocorticoids alone is not signifi cant. First-
line immunosuppressants are azathioprine and myco-
phenolate mofetil.

The initial dose of glucocorticoids depends on 
the type and severity of disease. The absence of 
new blisters indicates that the dose is adequate. 
Conversely, the dosage should be increased or other 
immunosuppressive agents added if new blisters 
appear. Once disease control is observed, the dosage 
should be reduced slowly and gradually to prevent 
recurrence. Withdrawal of systemic corticosteroids 
may be proposed in patients in complete remission on 
minimal therapy.2 ■
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BRIEF
ANSWERS 
TO SPECIFIC 
CLINICAL 
QUESTIONS

What fl uids should I order for my
patient with acute pancreatitis?

Q:

A 47-year-old female with a history of type 2 diabetes 
and hyperlipidemia presents to the emergency room with 
a 2-day history of nausea, vomiting, and severe epigastric 
pain radiating to the back. The patient is hemodynamically 
stable, though she appears fatigued and diaphoretic. Physical 
examination reveals dry mucous membranes and epigastric 
tenderness. No leukocytosis or electrolyte abnormalities are 
noted. Her blood urea nitrogen level is 24 mg/dL (reference 
range 5–20 mg/dL), and serum creatinine is 1.3 mg/dL 
(0.6–1.2 mg/dL); these values are mildly elevated from 
baseline. Lipase is elevated at 1,200 u/L (0–160 u/L). 
Bedside ultrasonography of the right upper quadrant reveals 
gallstones. The patient meets the diagnostic criteria for acute 
pancreatitis and is admitted to the hospital for further man-
agement. Nothing by mouth status is ordered along with 
appropriate analgesic agents for pain control. What fl uids 
should be ordered in this patient with acute pancreatitis?

The cornerstone of acute pancreatitis treat-
ment is fl uid resuscitation, early enteral nutri-

tion as tolerated, and analgesia. However, consensus for 
certain aspects of fl uid resuscitation is lacking, especially 
regarding the type and volume of fl uid. For years, early, 
aggressive fl uid resuscitation was preferred. Limited, 
equivocal evidence supported the use of lactated 
Ringer’s solution vs normal saline in acute pancreatitis 
management. Data from recent studies, however, show 
that moderate fl uid resuscitation is associated with fewer 
adverse events1 and that lactated Ringer’s may be supe-
rior to normal saline in acute pancreatitis management.2

 ■ WHY IS FLUID RESUSCITATION IMPORTANT 
IN ACUTE PANCREATITIS?

Acute pancreatitis, an infl ammatory condition of the 
pancreas, often precipitates a systemic infl ammatory 
response, which can have a wide range of clinical con-

sequences. More than 275,000 patients are hospitalized 
each year with acute pancreatitis, making it the third 
leading cause of hospitalization due to gastrointestinal 
disease in the United States and costing the US health-
care system more than $2.6 billion annually.3

Several factors predispose patients to develop hypo-
volemia in acute pancreatitis. Third-spacing coupled 
with classic symptoms of vomiting, reduced oral intake, 
and diaphoresis are frequent causes of hypovolemia 
in acute pancreatitis. Infl ammation of the pancreatic 
parenchyma leads to recruitment of cytokines and 
other infl ammatory molecules that increase vascular 
permeability, resulting in the movement of fl uid from 
the intravascular space to the extravascular space. This 
infl ammatory response activates numerous cascades, 
including pancreatic hypoperfusion, which, if persistent, 
can give rise to severe complications such as acinar cell 
death followed by pancreatic necrosis.4 Studies have 
shown that persistent hypovolemia in acute pancreatitis 
is associated with pancreatic necrosis, organ failure, 
and poor outcomes. These fi ndings correlate with data 
demonstrating improvement in morbidity and mortality 
with early fl uid resuscitation.4,5 It is posited that early 
fl uid resuscitation provides macro- and microcircula-
tory support to reduce the risk of the aforementioned 
catastrophic consequences.6

 ■ HOW MUCH FLUID SHOULD I ORDER?

Early aggressive hydration in acute pancreatitis typically 
entails an initial fl uid bolus followed by intravenous 
maintenance fl uids at a rate of 250 to 500 mL/hour. This 
practice has been widely accepted in clinical settings, 
yet limited data exist to support it. Several randomized 
controlled trials, limited by small sample sizes and spe-
cifi c inclusion criteria, have demonstrated confl icting 
results for the role of aggressive fl uid therapy in acute 
pancreatitis.6 

A:
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The landmark WATERFALL (Early Weight-Based 
Aggressive vs Nonaggressive Goal-Directed Fluid Resus-
citation in the Early Phase of Acute Pancreatitis) trial,1 
published in 2022, sought to address this evidence gap 
by assessing the safety and effi cacy of aggressive fl uid 
resuscitation in patients with acute pancreatitis. In this 
multicenter, open-label, randomized controlled trial, 
aggressive fl uid resuscitation consisted of a 20 mL/kg 
bolus followed by 3 mL/kg/hour maintenance, and 
moderate fl uid resuscitation, a 10 mL/kg bolus, given 
only if patient was clinically hypovolemic, followed by 
1.5 mL/kg/hour maintenance. Patients with moderately 
severe or severe pancreatitis with signs of organ failure 
were excluded.1 Early aggressive fl uid resuscitation led 
to a higher incidence of fl uid overload (20.5% vs 6.3%) 
compared with moderate fl uid resuscitation (adjusted 
relative risk 2.85, 95% confi dence interval 1.36–5.94, 
P = .004), which notably led to early halting of the trial 
at the fi rst safety checkpoint. The study also showed no 
signifi cant difference in the overall health outcomes 
between the 2 fl uid-resuscitation groups. Ultimately, 
the WATERFALL trial results favor the use of moder-
ate fl uid resuscitation in clinical practice, shifting the 
paradigm for early management of acute pancreatitis.

 ■ SHOULD I ORDER THE SAME AMOUNT OF FLUID 
FOR ALL PATIENTS?

There are some caveats regarding the WATERFALL trial1 
results. This trial excluded patients who are at higher 
risk for volume overload at baseline, such as patients 
with heart failure, cirrhosis, and chronic renal failure. 
Patients with moderately severe acute pancreatitis (organ 
failure that resolves within 48 hours or local or systemic 
complications without persistent organ failure) and severe 
acute pancreatitis (persistent organ failure [> 48 hours]), 
as defi ned by the revised Atlanta classifi cation,7 were also 
excluded. In patients who meet the exclusion criteria 
from the WATERFALL trial and are prone to volume 
overload, cautious use of fl uids with close monitoring 
of volume status is needed to avoid progression of acute 
pancreatitis and worsening of their baseline comorbid 
conditions. 

In patients with moderately severe or severe acute 
pancreatitis who may not be prone to volume overload 
at baseline, the optimal amount of fl uid resuscitation 
remains unclear. As such, biomarkers such as blood urea 
nitrogen, creatinine, and hematocrit have been used as 
surrogate markers of successful hydration in patients 
with acute pancreatitis.4,8 Absolute cutoffs for these 
biomarkers have not been defi ned, and thus clinical 
judgment is needed when assessing a patient’s overall 

volume status during fl uid resuscitation, especially 
within the fi rst 48 hours.

 ■ LACTATED RINGER’S VS NORMAL SALINE: WHICH 
SHOULD I ORDER?

While the importance of fl uid resuscitation in acute 
pancreatitis is well established, uncertainty remains 
regarding which type of intravenous fl uid should be 
given. Pilot trials have shown potential benefi t of lac-
tated Ringer’s over normal saline in achieving faster 
clinical recovery in mild acute pancreatitis9 and reduc-
ing the risk of intensive care unit admission.10 Studies 
have proposed that the perceived benefi ts of lactated 
Ringer’s over normal saline may be due to superior pH 
homeostasis with lactated Ringer’s infusion.11 Normal 
saline infusion can lead to hyperchloremic metabolic 
acidosis. The creation of an acidic environment makes 
acinar cells more susceptible to injury and enables inap-
propriate trypsinogen activation, a key step in acute 
pancreatitis pathogenesis.11 Nonetheless, these studies 
were limited by small sample size and lack of variation 
in disease severity, which impacted the generalizability 
of their results.9,10

To address this scarcity of data, Lee et al,2 using 
data from 999 patients with acute pancreatitis, con-
ducted an observational study looking at the relation-
ship between the type of intravenous fl uid (lactated 
Ringer’s vs normal saline) administered within the fi rst 
24 hours and the development of moderately severe or 
severe acute pancreatitis. Analysis showed that lactated 
Ringer’s administration within the fi rst 24 hours was 
associated with reduced odds of developing moderately 
severe or severe acute pancreatitis, thereby improving 
acute pancreatitis outcomes (adjusted odds ratio 0.52, 
P = .014).2 This well-powered study adds to the litera-
ture that supports lactated Ringer’s over normal saline 
in acute pancreatitis management. Nevertheless, the 
limitations of an observational study must be kept in 
mind. An adequately powered randomized controlled 
trial is needed to establish stronger evidence for the 
perceived benefi ts of lactated Ringer’s over normal 
saline in acute pancreatitis. 

 ■ THE BOTTOM LINE

The hallmark for acute pancreatitis management 
remains early fl uid resuscitation, analgesia, and nutri-
tional support. The landmark WATERFALL trial1 
established that aggressive fl uid resuscitation is asso-
ciated with a higher incidence of volume overload 
with no signifi cant improvement in health outcomes, 
favoring the strategy of moderate fl uid resuscitation in 
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clinical practice. Emerging data suggest that lactated 
Ringer’s is associated with improved health outcomes 
and hence may be superior to normal saline in acute 
pancreatitis management.1,2 ■
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Recurrent syncope
in a 62-year-old man

A 62-year-old man with a medical history of 
hypertension and a family history of hypertrophic 

obstructive cardiomyopathy in his sister presented to 
the emergency room for a second episode of syncope 
in the previous few weeks. 

The fi rst episode occurred 4 weeks earlier. The 
patient had consumed a large amount of alcohol the 
day before the episode and had been working outside 
in the summer heat that morning. He experienced 
positional lightheadedness and, after taking a shower, 
noted a slow, thready pulse. Vital signs assessed by 
emergency medical services were within normal lim-
its. He was taken to the emergency room by ambu-
lance and admitted for syncope workup. Telemetry 
during admission was unremarkable. Echocardiogra-
phy was obtained given the patient’s family history of 
hypertrophic obstructive cardiomyopathy. It showed 
increased left ventricular septal wall thickness and 
impaired left ventricular diastolic function with no 
signs of obstruction. The patient was discharged with 
a working diagnosis of neurally mediated syncope.

Before the second episode, the patient was sitting 
in a chair visiting a family member at the hospital 
when he suddenly lost consciousness with no pro-
drome. No convulsions, urinary or fecal inconti-
nence, or tongue biting were noted. He was taken to 
the emergency room in a wheelchair where he was 
initially noted to be confused. His only medication 
was fi nasteride.

Further review of the patient’s history revealed 
that 7 years earlier he developed tingling and numb-
ness of the fi rst 3 digits of both hands. He was diag-
nosed with carpal tunnel syndrome and underwent 
2 surgeries on each hand. Despite repeat interven-
tions, carpal tunnel syndrome recurred in both hands. 

The patient also noted that he had ankle edema for 
the previous 18 months, which his primary care physician 
attributed to calcium channel blocker use. Amlodipine 
was discontinued, but the ankle swelling persisted.

 ■ DIFFERENTIAL DIAGNOSIS

1Which underlying cause of this patient’s episodes 
of syncope would be most consistent with his 
presentation?

 □ Neurally mediated syncope
 □ Orthostatic syncope
 □ Seizure
 □ Ventricular outfl ow obstruction from

 hypertrophic cardiomyopathy
 □ Arrhythmia

Neurally mediated syncope is the most common 
form of syncope1 and could have been a cause of this 
patient’s episodes, especially with the premonitory 
symptoms and history of exertion and dehydration 
during the fi rst episode. However, the second synco-
pal episode lacked a prodrome or history suggestive of 
neurally mediated syncope. Orthostatic syncope can 
occur with volume depletion and fi nasteride use and 
is typically related to change in posture.2,3 During his 
second episode, the patient had been sitting for some 
time before he lost consciousness.

He experienced some confusion immediately fol-
lowing the second episode, but seizure was less likely 
given that the episode was witnessed by multiple fam-
ily members and no seizure-like activity was noted. His 
brief confusion could have been attributed to a slight 
delay in cerebral reperfusion as he was taken to the 
emergency room in a sitting (and therefore upright) 
position. And, though he had a family history of hyper-
trophic cardiomyopathy, which can be hereditary and doi:10.3949/ccjm.91a.24008
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cause left ventricular outfl ow obstruction, outfl ow 
obstruction is typically precipitated by factors that 
decrease preload or afterload, such as strenuous exer-
tion, dehydration, or vasodilator use. The patient was 
dehydrated during his fi rst syncope episode, but echo-
cardiography at the time did not suggest obstruction, 
and hence syncope caused by hypertrophic cardiomy-
opathy was less likely. Also, the fi rst episode happened 
after the patient had showered (and therefore occurred 
after and not during exertion), which is also less typical 

of syncope caused by ventricular outfl ow obstruction. 
The abrupt and unprovoked nature of this patient’s 
second syncopal episode was most suspicious for 
arrhythmia, and further workup to rule out malignant 
arrhythmia was warranted.

 ■ INITIAL EVALUATION AND MANAGEMENT

The results of initial laboratory testing at the emer-
gency room following the patient’s second episode of 
syncope are presented in Table 1.

TABLE 1
Initial laboratory test results

Test Result (reference range)a

Comprehensive metabolic panel

Protein, total 
Albumin
Calcium, total
Bilirubin, total
Alkaline phosphatase
Aspartate aminotransferase
Alanine transaminase
Glucose
Blood urea nitrogen
Serum creatinine
Sodium
Potassium
Chloride
Carbon dioxide
Anion gap
Estimated glomerular fi ltration rate

8.2 g/dL (6.3–8.0)
3.9 g/dL (3.9–4.9)
10.1 mg/dL (8.5–10.2)
0.4 mg/dL (0.2–1.3)
72 U/L (38–113)
39 U/L (14–40)
26 U/L (10–54)
117 mg/dL (74–99)
19 mg/dL (9–24)
1.47 mg/dL (0.73–1.22)
135 mmol/L (136–144)
4.0 mmol/L (3.7–5.1)
102 mmol/L (97–102)
23 mmol/L (22–30)
10 mmol/L (9–18)
54 mL/minute/1.73 m2 (≥ 60)

Complete blood cell count

White blood cell count
Red blood cell count
Hemoglobin
Hematocrit
Mean corpuscular volume
Mean corpuscular hemoglobin
Mean corpuscular hemoglobin concentration
Red cell distribution width-coeffi cient of variation
Platelet count
Mean platelet volume

5.47 x 109/L (3.70–11.00)
3.46 x 109/L (4.20–6.00)
10.2 g/dL (13–17)
32.4% (39–51)
93.6 fL (80.0–100.0)
29.5 pg (26.0–34.0)
31.5 g/dL (30.5–36.0)
14.5% (11.5–15.0)
250 x 109/L (150–400)
9.5 fL (9.0–12.7)

Urine dipstick

Protein
Blood

2+ (negative)
1+ (negative)

Miscellaneous

Magnesium
Ionized calcium
High-sensitivity troponin T
N-terminal pro-brain natriuretic peptide
D-dimer

2.3 mg/dL (1.7–2.3)
1.31 mmol/L (1.08–1.30)
56 ng/L (< 12)
2,397 pg/mL (< 125)
1,060 ng/mL (< 500)

 aResults outside of reference range are shown in bold. 
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Orthostatic vital signs were negative for ortho-
static hypotension (blood pressure with the patient in 
the supine position was 121/71 mm Hg with a heart 
rate of 68 beats per minute vs 124/74 mm Hg and 
78 beats per minute while standing). No bruits were 
noted on physical examination.

Electrocardiography showed sinus rhythm with nor-
mal voltage. Computed tomography of the brain showed 
no acute intracranial process. Due to the presence of 
bilateral lower extremity edema noted on examination, 
elevated D-dimer, and unexplained syncope, computed 
tomography of the chest with pulmonary embolism 
protocol was done. It showed mild mediastinal and 
bilateral hilar adenopathy (< 1 cm) and no evidence of 
pulmonary embolism. Bilateral lower extremity ultra-
sonography was negative for thrombosis.

Repeat echocardiography fi ndings were similar to 
those from echocardiography done at the time of the 
fi rst syncope epidsode, with mild left ventricular septum 
hypertrophy and a dilated left atrium. Nonsustained 
polymorphic ventricular tachycardia was noted on 
telemetry (Figure 1). 

Left heart catheterization was done due to concern 
for myocardial ischemia given the patient’s chest pain, 
shortness of breath on exertion, and persistently elevated 
high-sensitivity troponin (56 ng/mL in the emergency 
room and 68 ng/mL on repeat laboratory evaluation). 
The results showed no coronary artery stenosis.

Cardiac magnetic resonance imaging (MRI) showed 
subendocardial to mid-myocardial delayed gadolin-
ium enhancement with multiple foci, predominantly 

within the basal inferolateral and basal septum. A dual-
chamber implantable cardioverter-defi brillator was 
placed before the patient was discharged.

 ■ CASE CONTINUED

Because the patient’s cardiac MRI report suggested 
that the imaging fi ndings were most consistent with 
cardiac sarcoidosis, the patient was referred to the 
sarcoidosis clinic after discharge. Bronchoscopy was 
offered to evaluate for cardiac sarcoidosis, but the 
patient declined. Additional testing was ordered:
• Positron emission tomography (PET) and computed 

tomography of the whole body showed no evidence 
of focal uptake to suggest a fl uorodeoxyglucose F18 
(FDG)–avid neoplastic process or active granuloma 
disease such as sarcoidosis

• Cardiac PET showed evidence of active infl amma-
tion with a large amount (> 5 segments) of infl amed 
myocardium with focal-on-diffuse myocardial FDG 
uptake.

Further testing and results
Given the patient’s history of recurrent bilateral carpal 
tunnel syndrome, unexplained anemia, proteinuria 
with edema, and renal insuffi ciency, workup to rule out 
cardiac amyloidosis was done:
• Kappa free light chains: 1,099.7 mg/L (reference 

range 3.3–19.4)
• Lambda free light chains: 2.3 mg/L (5.7–26.3)
• Kappa-to-lambda free light chain ratio: 478.13 

(0.26–1.65)

Figure 1. Polymorphic ventricular tachycardia episodes captured on continuous telemetry.
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• Serum protein electrophoresis monoclonal (M) 
protein concentration: 1.99 g/dL (0) 

• 24-hour urine protein: 4.11 g (< 0.15), M protein 
present

• Lactate dehydrogenase: 282 U/L (135–225)
• Beta-2 microglobulin: 3.4 mg/L (< 3.1)

 ■ LABORATORY WORKUP INTERPRETATION

2For which type of disorder do these laboratory re-
sults raise suspicion?

 □ Hypergammaglobulinemia
 (polyclonal gammopathy)

 □ Plasma cell dyscrasia
 □ T-cell lymphoma

This patient’s laboratory results showed signifi cantly 
elevated kappa free light chains, an abnormal kappa-
to-lambda ratio, and paraproteinemia. These fi ndings 
were most suspicious for a plasma cell dyscrasia. The 
presence of M-protein confi rmed that a monoclonal 
gammopathy was present. The extremely elevated 
(≥ 100) ratio of involved to uninvolved serum free light 
chains was also indicative of an underlying plasma cell 
disorder, and combined with 10% or greater clonal 
bone marrow plasma cells or biopsy-proven plasma-
cytoma, would be diagnostic for multiple myeloma.4

Though an elevated lactate dehydrogenase level, 
free light chains, and M-spike can sometimes be seen 
in B-cell lymphomas, T-cell lymphomas are not typi-
cally associated with monoclonal gammopathies.5

3Which type of amyloidosis does this patient most 
likely have?

 □ Immunoglobulin light chain (AL) amyloidosis
 □ Serum amyloid A (AA) amyloidosis
 □ Transthyretin (ATTR) amyloidosis

AL amyloidosis, or primary amyloidosis, occurs when 
misfolded immunoglobulin light chains are deposited 
in tissues of patients with an underlying plasma cell 
dyscrasia.6 As this patient had an underlying plasma 
cell dyscrasia, AL amyloidosis was most likely. 

In AA amyloidosis, the deposited protein is 
derived from the acute-phase reactant serum AA 
protein. This condition is commonly found with 
long-standing infl ammatory disorders such as autoim-
mune disease or chronic infection.7 

ATTR amyloidosis results from the misfolding 
of transthyretin, a protein involved in transporting 
thyroxine- and retinol-binding protein.8 ATTR amy-
loidosis can occur due to pathologic deposits of trans-
thyretin protein in patients with hereditary mutations 

in the transthyretin gene (hereditary ATTR amyloi-
dosis) or with no known mutation (wild-type ATTR 
amyloidosis).

 ■ DIAGNOSTIC TESTING

4Which diagnostic modality is the gold standard 
test for differentiating cardiac sarcoidosis and car-
diac amyloidosis?

 □ Echocardiography
 □ Cardiovascular MRI 
 □ FDG-PET
 □ Myocardial biopsy

Amyloidosis and sarcoidosis are both infi ltrative 
cardiomyopathies caused by interstitial deposition of 
pathological tissue.9 Cardiac amyloidosis can pres-
ent with ventricular wall thickening and a granular 
sparkling appearance of the septum on echocardi-
ography.10 The granulomatous lesions and thinning 
from fi brous scars seen in cardiac sarcoidosis can cause 
wall motion abnormalities, diastolic dysfunction, and 
abnormal myocardial wall thickness in a noncoronary 
distribution.11 Cardiovascular MRI also can be useful 
for differentiating amyloidosis and sarcoidosis: amyloi-
dosis more often presents with global subendocardial 
late gadolinium enhancement, while a wider variety 
of late gadolinium enhancement distributions is seen 
in sarcoidosis (eg, nodular, circumferential, subepicar-
dial, or subendocardial types). However, amyloidosis 
and sarcoidosis can mimic each other on both echo-
cardiography and cardiovascular MRI, and neither 
test can defi nitively diagnose either condition.12

FDG-PET in cardiac sarcoidosis shows focal 
areas of increased FDG uptake corresponding to 
the increased glucose consumption of macrophages 
within granulomatous lesions or resting perfusion 
defects from compression of the microvasculature 
due to infl ammation or fi brosis.11 Amyloidosis, on the 
other hand, can have variable FDG avidity, and FDG-
PET is not routinely used for diagnosis.13

Myocardial biopsy is the gold standard for estab-
lishing a diagnosis and should be pursued when the 
diagnosis cannot be fully substantiated through other 
modalities.14

 ■ FURTHER INVESTIGATIONS AND FINAL DIAGNOSIS

Cardiovascular technetium-99m pyrophosphate scin-
tigraphy was obtained and was negative for ATTR 
amyloidosis. Bone marrow biopsy showed 30% plasma 
cells, and Congo red staining was positive for amyloid 
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deposition in the periosteal soft tissue. Flow cytom-
etry of marrow aspirate showed an abnormal plasma 
cell population with trisomy 9, gain at the CCND1 
locus, and deletion at the RB1 locus.

Atypical presentation of AL cardiac amyloidosis 
was suspected, and cardiac biopsy was pursued. Biopsy 
of the right ventricle showed no sarcoplasmic inclu-
sions or vascularizations but was positive for amyloid 
on thiofl avin S stain examined under fl uorescence 
microscopy. Immunohistochemical staining per-
formed for amyloid typing showed amyloid deposits 
positive for kappa light chain and negative for lambda 
light chain and transthyretin.

A dual diagnosis of systemic AL amyloidosis with 
cardiac involvement (Mayo 2012 stage 3; European 
modifi cation Mayo 2004 stage IIIa)15,16 and Revised 
International Staging System17 stage 2, standard-risk 
immunoglobulin G kappa multiple myeloma was 
made. The patient was started on induction therapy 
with daratumumab, cyclophosphamide, bortezomib, 
and dexamethasone. He has not had any further epi-
sodes of ventricular tachycardia.

 ■ AL AMYLOIDOSIS

AL amyloidosis is a rare disease with an estimated 
global incidence of 10 cases per million population.18 
AL amyloidosis occurs when soluble light chains are 
misfolded and convert into insoluble fi brillar aggregates 
that deposit in tissues throughout the body.19 The most 
commonly affected organs in AL amyloidosis include 
the heart, kidney, nervous system, gastrointestinal tract, 
liver, spleen, and lungs as well as soft tissue. Clinical 
manifestations vary widely depending on organ involve-
ment and can include shortness of breath, orthopnea, 
peripheral edema, arrhythmia, peripheral neuropathy, 
autonomic dysfunction, macroglossia, carpal tunnel 
syndrome, waxy skin, easy bruising, hepatomegaly, 
fatigue, weight loss, and early satiety.20

Diagnosis of amyloidosis is often delayed due to 
the nonspecifi c presentation of the disease.21 Clini-
cians may erroneously attribute early signs and symp-
toms to other, more common pathologies. However, 
features that should trigger suspicion of amyloidosis 
include nephrotic-range proteinuria not attributable 
to diabetes, heart failure and left ventricular hypertro-
phy in the absence of aortic stenosis or hypertension, 
peripheral or autonomic neuropathy of unclear etiol-
ogy, hepatomegaly with increased alkaline phospha-
tase, macroglossia, bilateral carpal tunnel syndrome, 
and periorbital purpura.20 

Effective therapies for AL amyloidosis are becom-
ing available, with a recent trial showing improved 
rates of complete hematologic response and survival 
free from major organ deterioration or hematologic 
progression with the addition of daratumumab to bor-
tezomib, cyclophosphamide, and dexamethasone.22 
Early diagnosis of AL amyloidosis is essential to halt 
disease progression and maximize patients’ chances of 
longer survival and recovery of organ function.

 ■ TAKE-HOME POINTS

Cardiac AL amyloidosis is a rare disease with varying 
presentations that can mimic other pathologies on 
imaging. Early recognition of the clinical manifesta-
tions of amyloidosis is crucial for facilitating timely 
intervention and preventing complications such as 
life-threatening arrhythmic events and advanced 
heart failure. ■
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ABSTRACT
Helicobacter pylori is a signifi cant public health concern 
given its high prevalence, growing rates of antibiotic 
resistance, and carcinogenic effect, all of which create 
management challenges for internists, gastroenterologists, 
and other specialty physicians. With almost half of the 
world’s human population harboring H pylori, carcinogenic 
sequelae are a concern to many practitioners. Recent 
guidelines recommend testing high-risk populations for 
H pylori using noninvasive or invasive methods. H pylori 
eradication regimens are tailored based on the presence 
of effective empiric therapy (local cure rates ≥ 90% for 
a given regimen) or antimicrobial susceptibility testing. 
When empiric therapy cure rates are not optimal, guide-
lines recommend antimicrobial susceptibility testing to 
improve eradication rates and reduce the progression of 
antibiotic resistance.

KEY POINTS
H pylori infection is a major health concern and is the 
most common carcinogenic infection worldwide.

Antimicrobial susceptibility testing is recommended when 
the cure rate of empiric therapy is less than 90%.

The choice of H pylori eradication therapy depends on 
antimicrobial susceptibility testing, the local antibiogram, 
cost, pill burden, and patient-related factors.

Helicobacter pylori is a gram-negative spi-
ral microaerophilic bacterium that infects 

and colonizes the stomach mucosa.1,2 Nearly 
50% of the world’s human population harbor 
H pylori,2 while the overall prevalence in the 
United States is less than 50%, with notable 
racial and ethnic disparities.1,3 H pylori infection 
has been linked with low socioeconomic status, 
poor hygiene, close interpersonal contact, and 
old age.1,2,4

About 10% to 20% of persons with H pylori 
infection will develop duodenal or gastric ulcer 
disease, and around 80% of non-cardia–type 
gastric cancers are caused by H pylori.2,5 In 
1994, the World Health Organization and 
International Agency for Research on Can-
cer consensus group designated H pylori as a 
group 1 carcinogenic organism.2 

Although antibiotic regimens to treat H pylori 
infection are available, disease related to H pylori 
remains a socioeconomic burden and a signifi -
cant health concern. In 2018, H pylori was the 
primary cause of cancer in 37% (810,000 cases) 
of new infection-attributable cancer cases, mak-
ing it the most common carcinogenic infection 
worldwide.5 H pylori eradication therapy reduces 
the risk of gastric cancer by about 34%.5,6 

This review summarizes current evidence and 
guidelines on H pylori testing and management.

 ■ WHO SHOULD BE TESTED?

In 2017, the American College of Gastroenter-
ology (ACG)4 strongly recommended H pylori 
testing for patients with active or past peptic ulcer doi:10.3949/ccjm.91a.24031
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disease (unless a cure is documented), low-grade gastric 
mucosa–associated lymphoid tissue lymphoma, or a his-
tory of early endoscopic resection of gastric cancer, and 
conditionally recommended nonendoscopic testing for 
patients under age 60 with uninvestigated dyspepsia who 

do not have alarm symptoms. Other scenarios in which 
H pylori testing is conditionally recommended include 
long-term nonsteroidal anti-infl ammatory drug therapy, 
low-dose aspirin use, and unexplained iron defi ciency 
anemia or idiopathic thrombocytopenic purpura.4 

TABLE 1
Noninvasive and invasive testing methods for Helicobacter pylori

Testing method Pros Cons
Cost 

(approximate) Sensitivity Specifi city

Invasive tests

Endoscopic 
biopsy

Allows direct visualization 
of H pylori infection

Allows for histological 
evaluation

Discomfort and risk of complications $$–$$$ 95%–98% 95%–98%

Rapid urease test Quick results (usually 
within minutes)

Relatively low cost

False negatives can occur with recent proton 
pump inhibitor use or active bleeding

$–$$ 90%–95% 95%–98%

H pylori culture Allows for antibiotic 
susceptibility testing

Time-consuming and labor-intensive $$–$$$ Variablea Variablea

Molecular testing 
(gastric tissue)

High sensitivity and 
specifi city

Can detect resistance 
mutations

Requires specialized equipment and 
expertise

$$–$$$ 90%–95% 90%–95%

Noninvasive tests

Stool antigen test Easy to collect specimens May yield false negatives if antigen levels 
are low

$–$$ 90%–95% 90%–95%

Molecular testing 
(stool)

Easy to collect specimens

High sensitivity and specifi city

Requires specialized equipment and 
expertise

$$–$$$ Variable Variable

Serology (blood 
test)

Easy to perform Cannot distinguish current infection from 
past exposure

False positives can occur

$–$$ 80%–85% 80%–85%

Urea breath test Well tolerated 

High sensitivity and 
specifi city

Requires abstaining from certain 
medications (eg, antibiotics, proton pump 
inhibitors) before the test

False positives can occur in the presence of 
urease-producing bacteria other than H pylori

$$–$$$ 95%–98% 95%–98%

GastroPanelb Provides comprehensive 
information on gastric 
health

Limited availability

Interpretation may be complex

$$$ Variable Variable

aDepending on DNA extraction method.
bCombination of immunoglobulin G serology coupled with pepsinogen I and II testing.

Based on information from references 8 and 9.
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In 2018, 11 H pylori management experts suggested 
additional indications for H pylori testing, such as patients 
with a family history of gastric cancer, fi rst-generation 
immigrants from high-prevalence areas, and patients of 
Latino or African American ethnic or racial groups.7 

Table 1 summarizes key aspects of noninvasive and 
invasive H pylori testing.8,9 The noninvasive urea breath 
test and stool antigen test are highly specifi c and sensi-
tive, and are widely available for use in clinical practice 
in the United States. Invasive molecular testing can 
be considered to detect infection and assess antibiotic 
susceptibility.

 ■ WHAT IS STANDARD TREATMENT FOR H PYLORI?

The ACG guidelines4 recommend treating all patients 
with positive tests for active H pylori infection.The rec-
ommended standard therapy is a combination of a proton 
pump inhibitor with or without a bismuth-containing 
product and 1 or more of the following antibiotics: clar-
ithromycin, metronidazole, amoxicillin, or tetracycline, 
given for 10 to 14 days.10,11 Clarithromycin-based reg-
imens generally should not be offered where H pylori 
clarithromycin resistance exceeds 15%.4,10,11 Clarithro-
mycin resistance is determined through antimicrobial 
susceptibility testing and local patterns of resistance, ie, 
the local antibiogram. 

The overall eradication success rate with standard 
therapy is around 75%, with bismuth quadruple therapy 
having a higher success rate (about 90%) than other 
therapies.12 Hence, current guidelines recommend 
bismuth quadruple (proton pump inhibitor, bismuth, 
metronidazole, tetracycline) or nonbismuth quadruple 
(proton pump inhibitor, amoxicillin, metronidazole, 
clarithromycin) therapies for 10 to 14 days as fi rst-line 
treatments.4,10

Treatment failure and antibiotic resistance
H pylori treatment failure can be due to many factors, 
including systems-, host-, and microbial-related factors.13 
Systems-related factors include a lack of surveillance 
registries and supportive modalities for increasing med-
ication adherence. Host factors include age, smoking 
history, medication nonadherence, host genetics, drug- 
or food-drug interaction, and insuffi cient dose and fre-
quency of proton pump inhibitor or antibiotic therapy. 
Medication nonadherence is a common and modifi able 
host risk factor for eradication failure. Nonadherence 
can be caused by high pill burden, complicated regi-
mens, intolerance, lack of understanding of the impact of 
treatment on health, and patient-clinician miscommu-
nication. Microbial factors include primary or secondary 
resistance, H pylori load, and virulence through vacuo-
lating cytotoxin A and cytotoxin-associated antigen A.13 

A recent systematic review and meta-analysis 
showed that in the United States the prevalence of 
H pylori resistance to clarithromycin is 31%, metroni-
dazole 42%, and levofl oxacin 38%; the pooled resis-
tance rates are higher than 30%.14 Resistance rates to 
amoxicillin, tetracycline, and rifabutin remain low.14 
Metronidazole resistance may be overcome by using 
higher doses.13,14

 ■ WHEN IS ANTIMICROBIAL SUSCEPTIBILITY 
TESTING RECOMMENDED?

Antimicrobial susceptibility testing examines H pylori 
cultures against several antibiotics to determine sensi-
tivity.15 Susceptibility testing is an underlying principle 
of antimicrobial stewardship programs that have been 
developed to guide treatment and limit antibiotic resis-
tance. Such programs focus on:
• Restricting empiric therapy and tailoring antibiotic choice 

to locally effective therapy based on the local antibiogram

TABLE 2
Recommended susceptibility-based Helicobacter pylori eradication therapy 
after failure of empiric therapy

Susceptibility testing results Recommended regimen

Clarithromycin-susceptible Clarithromycin triple therapy for 14 days

Clarithromycin-resistant, metronidazole-susceptible Metronidazole triple therapy for 14 days

Clarithromycin- and metronidazole-resistant, 
levofl oxacin-susceptible

Preferred: empiric therapy with bismuth quadruple therapy for 14 days

Alternative: levofl oxacin triple therapy for 14 daysa

aIf levofl oxacin triple therapy is selected and fails, bismuth quadruple therapy is the next step.

Based on information from reference 15.
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• Assessing treatment effectiveness using a test of cure
• Evaluating treatment outcomes
• Sharing test-of-cure data with local and regional 

clinicians, to be integrated into their antimicrobial 
stewardship programs.16

In general, antimicrobial susceptibility testing is 
recommended when empiric therapy cure rates fall 
below 90% or after a failed treatment attempt.15 
Gastric biopsy culture with drug sensitivity testing is 
considered the gold standard for antibiotic suscepti-
bility evaluation, with 100% specifi city; however, it is 
diffi cult and time-consuming to perform, and requires 
a special medium for transportation and culture.15,17 
Molecular-based testing such as polymerase chain 
reaction or next-generation sequencing is sensitive 
and specifi c and offers several other advantages: it can 
be done using stool samples and fresh or formalin-fi xed, 
paraffi n-embedded histological samples; can detect 
active infection and provide drug resistance informa-
tion; has a rapid turnaround time (around 5 business 
days); and does not require special handling and 
transportation. However, only a limited number of 
laboratories can perform molecular-based testing, and 
it may not be covered by health insurance.17

 ■ HOW SHOULD H PYLORI ERADICATION THERAPY 
REGIMENS BE TAILORED?

If highly effective empiric therapy is available based 
on local resistance profi les, empiric treatment with bis-
muth quadruple therapy is recommended (Table 2).15 
If empiric therapy fails, antimicrobial susceptibility 
testing is indicated, with treatment selection based on 
the results (Table 3).15

Penicillin allergy may hinder H pylori eradication 
therapy because most treatment regimens contain 
amoxicillin.4,18 Even though up to 20% of the general 
population is labeled as having a penicillin allergy, most 
can safely take amoxicillin after a thorough history 
or allergy testing.18 The ACG guidelines recommend 
allergy testing in individuals with a history of penicillin 
allergy or failed fi rst-line therapy.4

 ■ PROTON PUMP INHIBITOR OR POTASSIUM-
COMPETITIVE ACID BLOCKERS

The ability of H pylori to survive in an acidic environ-
ment necessitates the use of a proton pump inhibitor 
to maintain the intragastric pH above 6 and enhance 
the bioavailability of the antibiotics.19,20 Several proton 

TABLE 3
Effective Helicobacter pylori regimens available in the United States

Regimen Drug and dosing Duration

Empiric therapy

Bismuth quadruple therapy Bismuth subsalicylate 300 mg 4 times daily, 30 minutes before meals
Tetracycline 500 mg 4 times daily, 30 minutes after meals
Metronidazole 500 mg 4 times daily, 30 minutes after meals
Proton pump inhibitor (standard dose) twice daily, 30 minutes before meals and at  
   bedtime, or before morning and evening meals 

14 days

Bismuth quadruple therapy 
(Pylera)

Combination pill containing bismuth, tetracycline, and metronidazole 4 times daily with 
   meals and at bedtime
Proton pump inhibitor (standard dose) twice daily, 30 minutes before meals and at bedtime

14 days

Susceptibility-based therapy

Clarithromycin triple therapy Clarithromycin 500 mg twice daily, 30 minutes after meals
Amoxicillin 1 g twice daily, 30 minutes after meals
Proton pump inhibitor (standard dose) twice daily, 30 minutes before meals

14 days

Metronidazole triple therapy Metronidazole 500 mg twice daily, 30 minutes after meals
Amoxicillin 1 g twice daily, 30 minutes after meals
Proton pump inhibitor (standard dose) 3 times daily, 30 minutes before meals

14 days

Levofl oxacin triple therapy Levofl oxacin 500 mg daily, 30 minutes after meal
Amoxicillin 1 g twice daily, 30 minutes after meals
Proton pump inhibitor (standard dose) twice daily, 30 minutes before meals

14 days

Based on information from reference 15. 
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pump inhibitor agents are available, but rabeprazole 
or esomeprazole 20 to 40 mg twice daily is preferable. 
Unlike omeprazole, lansoprazole, esomeprazole, and 
pantoprazole, which are mainly metabolized in the 
liver by CYP2C19, rabeprazole is mainly metabolized 
by a nonenzymatic pathway and to a lesser extent by 
CYP2C19.21 CYP2C19 metabolism is based on genetic 
predisposition (normal, intermediate, poor, rapid or 
ultra-rapid metabolizer), resulting in more or less acid 
suppression, depending on the patient. Information on 
the type of metabolism is only available with genetic 
testing. Because rabeprazole metabolism is not depen-
dent on enzyme CYP2C19 metabolism, acid suppres-
sion is more consistent and not patient dependent.22 
Esomeprazole exhibits potent inhibition of the proton 
pump.15 

Potassium-competitive acid blockers (P-CAB) 
directly compete with potassium, which in turn directly 
inhibits hydrogen-potassium adenosine triphosphatase 
(proton pump).23 P-CAB agents have the following 
advantages over proton pump inhibitors:
• Have direct action on the proton pump
• Reversibly bind to the proton pump
• Achieve full effect from the fi rst dose
• Are not affected by CYP2C19 genetic polymorphism
• Have a potent antisecretory effect and a longer 

half-life.23,24

The US Food and Drug Administration recently 
approved the P-CAB vonoprazan for treating H pylori 
infection.25 Vonoprazan is reversible and fast-acting, 

has a prolonged half-life, and is not affected by diet or 
genetic polymorphism in drug-metabolizing enzymes.24,26 

Studies of P-CAB–based regimens
A recent systematic review and meta-analysis of 8 stud-
ies focused on fi rst-line H pylori eradication regimens 
found that vonoprazan-based regimens were superior 
to proton pump inhibitor–based therapy.26 Another 
systematic review and meta-analysis showed that 
vonoprazan-based regimens were superior to proton 
pump inhibitor–based therapy as second-line ther-
apy.27 A systematic review and meta-analysis28 that 
comparing vonoprazan dual (with amoxicillin) therapy 
with vonoprazan triple (with amoxicillin and clari-
thromycin) therapy concluded that vonoprazan dual 
therapy is as effective as vonoprazan triple therapy. 
More interestingly, a recent systematic review and 
meta-analysis of randomized controlled trials29 showed 
eradication rates exceeding 90% in clarithromycin-
sensitive strains using P-CAB–based regimens. Nota-
bly, the majority of evidence supporting the superiority 
of vonoprazan-based treatment was from studies con-
ducted outside the United States. 

As noted, clarithromycin-based regimens can be used 
when clarithromycin resistance does not exceed 15%, 

but with higher resistance rates, bismuth-based quadru-
ple therapy regimens guided by susceptibility testing are 
preferred.4,10,11 In a multicenter, randomized controlled 
trial conducted in the United States and Europe, vono-
prazan regimens were noninferior to standard therapy 

TABLE 4
Proposed approach for Helicobacter pylori eradication therapy incorporating vonoprazan

Preferred regimens Alternative regimens

Antimicrobial 
susceptibility 
information not 
available

Clarithromycin
resistance < 15%

Vonoprazan triple therapya Vonoprazan dual therapyb

Clarithromycin triple therapy
Bismuth quadruple therapy

Clarithromycin
resistance ≥ 15%

Bismuth quadruple therapy Vonoprazan dual therapyb

Antimicrobial 
susceptibility 
information 
available

Clarithromycin
susceptible

Clarithromycin or vonoprazan 
triple therapya

Vonoprazan dual therapyb

Metronidazole
susceptible

Metronidazole triple therapy Vonoprazan dual therapyb

Levofl oxacin
susceptible

Levofl oxacin triple therapy Vonoprazan dual therapyb

Bismuth quadruple therapy

aVonoprazan plus amoxicillin and clarithromycin.
bVonoprazan plus amoxicillin.

Based on information from reference 29.
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(proton pump inhibitor triple therapy).30 Eradication 
success rates among patients with clarithromycin- and 
amoxicillin-susceptible organisms were 78.5% for vono-
prazan dual therapy and 84.7% for vonoprazan triple 
therapy, compared with 78.8% for standard therapy. 
In cases involving clarithromycin-resistant organisms, 
both vonoprazan regimens (69.6% for dual therapy 
and 65.8% for triple therapy) showed superiority over 
standard therapy (31.9%). Despite the superiority of 
vonoprazan regimens, eradication rates with these 
regimens remained below the desirable threshold of 70% 
when used against clarithromycin-resistant organisms. 
As long as clarithromycin resistance rates in the United 
States exceed 30%,14 vonoprazan-based regimens may 
not be optimal. Further studies are warranted to evaluate 
vonoprazan-based regimens in settings where clarithro-
mycin resistance exceeds 15%. 

Table 4 summarizes a proposed treatment approach 
for H pylori infection based on susceptibility testing and 
incorporating vonoprazan-based regimens.31

 ■ CONCLUSION

H pylori infection is the most common carcinogenic 
infection worldwide. Eradication therapy is indicated 
for all individuals who test positive for active infection. 
Due to the rising burden of antibiotic resistance, suscep-
tibility testing for H pylori infection is recommended 
when local empiric therapy cure rates are less than 90%; 
testing is also recommended after a failed fi rst treatment 
attempt. Several H pylori eradication therapies, includ-
ing vonoprazan-based regimens, are available. Clinicians 
should tailor the therapy according to antimicrobial 
susceptibility testing results, the local antibiogram, cost, 
pill burden, and patient-related factors. ■
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ABSTRACT
Digoxin, the oldest known cardiovascular drug, is still 
used today to treat heart failure and atrial fi brillation. 
Because it has a narrow therapeutic index and multiple 
interactions, it frequently causes toxicity with a wide 
range of symptoms and cardiac arrhythmias. More 
importantly, elevated serum digoxin levels have been 
linked to a higher risk of death in patients with heart fail-
ure or atrial fi brillation, even without signs or symptoms 
of toxicity. This article reviews the current state of digoxin 
use, its pharmacologic principles, and the mechanisms, 
clinical presentation, and management of toxicity.

KEY POINTS
Digoxin, a reversible sodium-potassium adenosine 
triphosphatase inhibitor, has inotropic and vagomimetic 
properties that make it useful for treating refractory heart 
failure with reduced ejection fraction and for controlling 
the heart rate in atrial fi brillation. 

The drug has a narrow therapeutic index, and toxicity 
is common, especially in patients with impaired kidney 
function, polypharmacy, or electrolyte derangements. 

Digoxin toxicity can present with a wide range of 
nonspecifi c gastrointestinal and central nervous system 
symptoms and several cardiac arrhythmias. Hence, it can 
be diffi cult to diagnose and easy to miss. 

Treatment of digoxin toxicity includes supportive man-
agement and digoxin-specifi c antibody fragments that 
can be used if the patient has life-threatening cardiac 
arrhythmias or electrolyte abnormalities. 

Digoxin, extracted from the foxglove plant 
(Digitalis purpurea and Digitalis lanata), 

is the oldest cardiovascular drug still used 
today. As far back as 1785, when Dr. William 
Withering reported using foxglove to treat 
edematous states (“dropsy”), physicians have 
known about its benefi cial effects—and its 
toxicity.1 Here is Dr. Withering:

“The Foxglove when given in very large and 
quickly-repeated doses, occasions sickness, vom-
iting, purging, giddiness, confused vision, objects 
appearing green or yellow; increased secretion of 
urine, with frequent motions to part with it, and 
sometimes inability to retain it; slow pulse, even as 
slow as 35 in a minute, cold sweats, convulsions, 
syncope, death.”

For more than 2 centuries, the drug was the 
mainstay of treatment for heart failure, as it 
increases both the force of the heart’s contrac-
tions and the urine volume. It also has a para-
sympathetic effect, giving it a role in controlling 
the ventricular rate in patients with atrial 
fi brillation. Although digoxin use is decreasing 
(prescriptions for it dropped by 46.4% in the 
United States from 2007 to 2014, for example2), 
it is still widely used. 

 Before laboratory assays were widely available 
to measure the serum digoxin concentration, phy-
sicians would titrate the drug to clinical response 
(increase in urine output or reduction of cardiac 
silhouette in the chest radiograph) or until side 
effects such as nausea, altered color perception, 
or electrocardiographic changes ensued. Digoxin 
toxicity was therefore common, and its presenta-
tion was widely taught in medical schools. Not 
until the 1970s, when a radioimmunoassay to 
measure serum digoxin concentrations became doi:10.3949/ccjm.91a.23105
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available, were doses titrated to a target therapeutic range, 
and thereafter toxicity became less frequent. 

Nonetheless, digoxin is still causing toxicity, having 
a narrow therapeutic index, multiple interactions, and 
variability of serum levels with changes in renal clear-
ance. And not only does digoxin toxicity produce a 
wide range of morbidity, but, more importantly, elevated 
serum levels are associated with increased mortality. 
Therefore, cardiovascular and internal medicine phy-
sicians still need to be familiar with the presentation 
of digoxin toxicity, its mechanisms and predisposing 
factors, and its medical management. 

 ■ DIGOXIN’S CLINICAL USES

Digoxin is approved by the US Food and Drug Admin-
istration for treating heart failure with reduced ejection 
fraction (HFrEF) and for rate control in atrial fi brillation. 
Table 1 shows the dosing recommendations for digoxin 
based on the American Heart Association (AHA) and 
American College of Cardiology (ACC) guidelines.3–6

Heart failure with reduced ejection fraction
The 2022 AHA/ACC guidelines4 recommend digoxin 
for patients with HFrEF who have symptoms despite 
guideline-directed medical therapy and for patients 
who cannot tolerate guideline-directed medical therapy, 
to decrease hospitalizations for decompensated heart 
failure. However, digoxin gets only a class 2b (weak) 
recommendation, based on level B-R evidence (moder-
ate quality, based on randomized trials or meta-analysis 

of such trials). With its inotropic properties, digoxin 
is useful specifi cally for patients with end-stage HFrEF 
who cannot tolerate afterload-reduction agents because 
of hypotension. In this population, digoxin can increase 
the cardiac index and offset neurohormonal imbalances 
present in heart failure.

Data on digoxin in heart failure
The DIG trial. The AHA/ACC recommendation is 
based on results from the Digitalis Investigation Group 
(DIG) trial,7 published in 1997. Patients in this trial 
had left ventricular ejection fractions of 45% or less 
and normal sinus rhythm, and were already on diuret-
ics and angiotensin-converting enzyme inhibitors 
(the mainstay of heart failure therapy in 1997). They 
were randomized in a double-blind fashion to receive 
digoxin or placebo. The digoxin group did not have a 
lower mortality rate, but they did have a lower rate of 
hospitalizations for heart failure (risk ratio [RR] 0.72, 
95% confi dence interval [CI] 0.66–0.79, P < .001). 

Of note, 11.9% of the patients in the digoxin group 
developed suspected digoxin toxicity vs 7.9% in the 
placebo group, representing a number needed to harm 
of 25. Of those in the digoxin group with suspected 
toxicity, 16.5% were hospitalized. There was no dif-
ference in the rate of ventricular arrhythmias between 
groups, but the digoxin group did have higher rates 
of supraventricular tachyarrhythmias (2.5% vs 1.2%, 
RR 2.10, 95% CI 1.45–3.07, P < .001) and second- or 
third-degree atrioventricular block (1.2% vs 0.4%, 
RR 2.87, 95% CI 1.56–5.28, P < .001).7

TABLE 1
Dosing recommendations for digoxin therapy 

Indication Dosing
Desired serum 
concentration Comments

Symptomatic heart failure 
with reduced ejection 
fraction despite guideline-
directed medical therapy

0.125–0.25 mg daily, 
modifi ed according to 
nomogram of Jelliffe and 
Brooker6

0.5–0.9 ng/mL No need for loading dose 

Low doses (0.125 mg daily or every other day) 
should be used initially if the patient is 
> 70 years, has impaired renal function, or 
has a low lean body mass

Rate control in atrial 
fi brillation with decreased 
left ventricular function or 
hemodynamic instability

Loading dose: 0.25 mg 
intravenously with repeat 
dosing every 6 hours to a 
maximum of 1.5 mg over 24 
hours

Maintenance dose:
0.125–0.25 mg daily

0.5–1.2 ng/mL For individuals with low body weight (45–70 kg) 
and renal dysfunction, loading doses should be 
reduced to 0.7 to 1.0 mg in the fi rst 24 hours

Based on information from references 3–5.
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 A post hoc analysis of the DIG trial8 suggested that 
patients with higher serum digoxin concentrations 
(≥ 1 ng/mL) had higher rates of cardiovascular mor-
tality (hazard ratio [HR] 1.26, P < .001) and all-cause 
mortality (HR 1.23, P < .002) compared with patients 
with lower concentrations and those on placebo. In 
contrast, patients with low concentrations had lower 
mortality rates compared with those on placebo; hence 
the dosing recommendations in current guidelines.

 Get with the Guidelines. With the advent over 
the past 3 decades of multiple drugs that reduce 
mortality, digoxin use for heart failure has decreased 
signifi cantly. Data from more than 117,000 patients 
with HFrEF enrolled in the Get with the Guidelines 
registry between 2005 and 2014 showed that, over time, 
prescriptions for digoxin decreased substantially, from 
33.1% of all patients with HFrEF in 2005 to 10.7% in 
2014 (P < .0001), a 68% relative reduction.9 

Goldberger and Alexander10 similarly showed that 
offi ce visits for digoxin therapy for heart failure in 
the United States declined by 91%, from more than 
2.5 million visits in 1997 to fewer than 500,000 in 2012.

Atrial fi brillation
The 2023 AHA/ACC and Heart Rhythm Society 
guidelines for the management of patients with atrial 
fi brillation5 state that digoxin can be considered as 
a rate-control agent, albeit not as a fi rst-line agent 
and usually in conjunction with beta-blockers or 
nondihydropyridine calcium channel blockers. The 
class of recommendation is 2a (moderate), level of 
evidence B-R. 

Digoxin can be particularly helpful in patients with 
atrial fi brillation associated with severe left ventricular 
dysfunction and heart failure. Likewise, it is helpful in 
patients who cannot tolerate other rate-control drugs, 
patients with hypotension or borderline low blood 
pressure who cannot tolerate beta-blockers or calcium 
channel blockers for rate control, or patients in whom 
cardioversion is contraindicated due to risk of stroke. 
It is not recommended in patients with preexcitation 
and atrial fi brillation.5

Data on digoxin in atrial fi brillation
In several studies conducted over the past decade, 
23%11 to 33%12 of patients with atrial fi brillation were 
receiving digoxin at baseline, and several suggested 
that digoxin may be associated with higher mortality 
rates. For example:

TREAT-AF (The Retrospective Evaluation and 
Assessment of Therapies in Atrial Fibrillation),11 using 
data from more than 100,000 patients with atrial fi bril-

lation in the Veterans Health Administration health-
care system between 2003 and 2008, showed that those 
treated with digoxin had higher mortality rates than 
those not treated with digoxin, even after adjusting 
for drug adherence: 
• After multivariate adjustment: HR 1.26, 95% CI 

1.23–1.29, P < .001 
• After propensity matching: HR 1.21, 95% CI 

1.17–1.25, P < .001. 
The ARISTOTLE trial (Apixaban for Reduction 

in Stroke and Other Thromboembolic Events in Atrial 
Fibrillation)13 similarly showed that patients with 
digoxin levels of 1.2 ng/mL or greater had a higher 
risk of death (adjusted HR 1.56, 95% CI 1.20–2.04, 
P < .001) compared with those not on digoxin. For 
sudden cardiac death, the number needed to harm was 
180 for the fi rst year of use and 56 at 2 years. 

Vamos et al14 performed a meta-analysis of 37 tri-
als of digoxin therapy for both heart failure and atrial 
fi brillation and found a higher risk of death in patients 
taking digoxin (HR 1.17, 95% CI 1.05–1.29, P < .01). 
The increase was higher in patients taking digoxin for 
atrial fi brillation (HR 1.23) than in those taking it for 
heart failure (HR 1.11). 

 ■ DIGOXIN HAS INOTROPIC AND OTHER EFFECTS

Embedded in the cell membrane of cardiac myocytes 
is an important molecule: sodium-potassium adeno-
sine triphosphatase (ATPase). This molecule pumps 
sodium ions out of the cell and potassium ions in, so 
that there is more sodium outside than in the cell, and 
more potassium inside than out. At the same time, 
another pump, the sodium-calcium exchanger, takes 
advantage of this sodium gradient to let sodium ions 
back into the cell while pumping calcium out. 

Digoxin inhibits sodium-potassium ATPase, 
so that there is more sodium inside the cell and 
therefore less of a sodium gradient. In turn, the 
sodium-calcium exchanger cannot pump as much 
calcium out of the cell, resulting in higher intra-
cellular concentrations of calcium. The excess cal-
cium binds with troponin C and other contractile 
proteins that rely on calcium coupling, thus leading 
to an enhanced myocardial inotropic response and 
increased force of contraction.

 Digoxin’s effect on cardiac contractility is seen 
primarily in patients with decreased left ventricular 
function, in whom digoxin improves left ventricular 
ejection fraction and decreases pulmonary capillary 
wedge pressure. These effects are not seen in patients 
with normal left ventricular ejection fraction.15 
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But there are dangers. More calcium inside the cell 
leads to inactivation of L-type calcium channels (the 
main route for calcium entry into cardiomyocytes), 
which shortens the duration of the action potential 
and refractory period of cardiomyocytes, a mechanism 
that favors reentry arrhythmias. Less potassium and 
more sodium in the cell lead to increased diastolic 
repolarization and automaticity, which may favor 
supraventricular arrhythmias and lead to rapid spon-
taneous rhythms of Purkinje fi bers.15 At higher digoxin 
concentrations, the sarcoplasmic reticulum becomes 
overloaded with calcium and can spontaneously release 
enough calcium to depolarize the cell, resulting in 
extrasystoles, bigeminy, and a higher risk of ventricular 
fi brillation. 

 In the autonomic nervous system, digoxin decreases 
the sympathetic response and increases the parasym-
pathetic response, mainly by stimulating the central 
vagal nucleus. It also restores baroreceptor sensitivity, 
which is attenuated in low-output heart failure, and 
as such improves heart rate variability and decreases  
catecholamine release. 

In conjuction with digoxin’s inotropic effect, these 
neurohormonal changes lead to favorable hemodynamic 
changes in heart failure. Decreased preload and afterload 
with increased contractility lead to reduced chamber 
dilation and wall stress, thereby reducing myocardial 
oxygen consumption. The vagal (parasympathetic) 
effects of digoxin result in a lower sinus rate, decreased 
automaticity and conduction velocity, and a prolonged 
refractory period of the atrioventricular node, which 
makes it effective for rate control in atrial fi brillation.15

 ■ PHARMACOKINETICS AND DOSING

Digoxin has an oral bioavailability of about 70%. In 
some individuals, gut microfl ora can metabolize digoxin 
and decrease its bioavailability. Twenty-fi ve percent of 
serum digoxin is albumin-bound, and its volume of dis-
tribution is large (5–10 L/kg) due to extensive binding 
to muscle tissue. The drug penetrates the blood-brain 
and placental barriers and cannot be removed from 
plasma with dialysis. Serum digoxin levels are typically 
checked at least 6 hours after an oral dose.16

TABLE 2
Drug interactions that increase the risk of digoxin toxicity 

Medication Mechanism of interaction Comments

Amiodarone, quinidine, dronedarone, 
nondihydropyridine calcium channel blockers 
(diltiazem and verapamil), propafenone, fl ecainide, 
clarithromycin, cyclosporine, itraconazole

Inhibition of P-glycoprotein, a drug effl ux pump 
that mediates secretion of digoxin in the kidney, 
liver, and gut

Digoxin dose may have to be 
decreased to half when starting 
any of these medications 

Check digoxin levels 1 week 
after starting any P-glycoprotein 
inhibitor

Macrolides (azithromycin, clarithromycin, 
erythromycin) and tetracycline

Decreased initial degradation of digoxin by gut 
microfl ora, leading to increased drug absorption

Monitor levels closely when 
co-administering digoxin with 
these antibiotics

Diuretics, amphotericin B Decreased glomerular fi ltration rate and 
hypokalemia can increase digoxin toxicity

Monitor potassium levels to 
avoid hypokalemia

Nonsteroidal anti-infl ammatory drugs, angiotensin-
converting enzyme inhibitors, angiotensin II receptor 
blockers, cyclosporine

Decreased glomerular fi ltration rate and acute 
kidney injury

Telmisartan increases digoxin 
concentration by about 50%

Beta-blockers, nondihydropyridine calcium channel 
blockers

Slowing of atrioventricular conduction can 
lead to bradycardia compounding on digoxin’s 
vagotonic effects

Increased risk of bradycardia; 
carvedilol can increase digoxin 
concentration

Amiodarone, sotalol, quinidine, procainamide, 
dofetilide, ibutilide, quinolones, macrolides, azole 
antifungals, tricyclic antidepressants, antipsychotics, 
methadone

QT-prolonging agents increase risk of life-
threatening arrhythmias as digoxin increases 
early afterdepolarizations, which can lead to 
R-on-T phenomenon and torsade de pointes

Monitor QT closely when adding 
any of these medications

Based on information from references 17 and 18.



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 91  • NUMBER 8  AUGUST 2024  493

DURÁN CRANE AND COLLEAGUES

The onset of action after an oral dose is at about 
2 hours, and the peak effect is at 6 hours. Given intra-
venously, the onset of action is within 5 to 30 minutes, 
with maximum effect within 1.5 to 4 hours. Digoxin is 
excreted primarily by the kidneys; its half-life is 36 to 
48 hours in patients with normal kidney function, but 
up to 6 to 8 days in anuric patients.16 

When used for heart failure, digoxin is given in daily 
oral doses, without the need for a loading dose, and it 
reaches a steady-state plateau concentration after 4 to 
5 half-lives, roughly 6 to 8 days.16 

When digoxin is used for rate control in atrial fi bril-
lation, intravenous loading is usually required for faster 
onset of action. In this setting, an initial intravenous 
dose of 0.25 to 0.5 mg is given over several minutes, 
followed by 0.25 mg every 6 hours for a total of 0.75 to 
1.5 mg over 24 hours (10–12 μg/kg of lean body weight). 
For patients with low body weight (ie, 45–70 kg), 
digoxin loading should be limited to 0.75 to 1.0 mg in 
the fi rst 24 hours.5,16

 ■ MANY DRUGS INCREASE DIGOXIN LEVELS

Digoxin has several drug interactions that can predis-
pose to toxicity (Table 2).17,18

P-glycoprotein inhibitors. P-glycoprotein is a drug 
effl ux pump that mediates secretion of digoxin in the kid-
ney, liver, and gut. Drugs that inhibit P-glycoprotein raise 
the serum level of digoxin and can lead to toxicity. These 
include several antiarrhythmics such as amiodarone, 
quinidine, dronedarone, nondihydropyridine calcium 
channel blockers, propafenone, and fl ecainide, as well 
as other drugs such as clarithromycin, cyclosporine, and 
itraconazole.17,18 Quinidine can double the serum digoxin 
concentration, and amiodarone increases it by 60%. 

Digoxin dosing should be reduced, typically to half 
of the previous dose, when it is given concomitantly 
with most P-glycoprotein inhibitors. Digoxin levels 
should be checked 1 week after starting these drugs. 

Some antibiotics can decrease initial degradation 
of digoxin by gut microfl ora and thereby increase its 
absorption. In about 10% of patients, digoxin undergoes 
sequential hydrolysis in the proximal gastrointestinal tract. 
Macrolides and tetracycline increase serum digoxin levels 
by inhibiting this mechanism, and digoxin levels should 
be closely monitored when giving these antibiotics. 

Diuretics can increase serum digoxin concen-
trations by decreasing the glomerular fi ltration rate 
and causing hypokalemia, which increases digoxin’s 
potential for arrhythmias.

TABLE 3
Risk factors for digoxin toxicity 

Risk factor Comments

Advanced age Reduced volume of distribution due to lower muscle mass and reduced renal drug clearance can lead to higher serum 
concentrations of digoxin in the elderly

Digoxin use has been linked to higher mortality in patients age 65 and older with atrial fi brillation and heart failure19

Renal dysfunction Digoxin is primarily excreted by the kidneys and its clearance is directly proportional to the glomerular fi ltration rate

Reduced renal clearance results in higher serum digoxin concentration, and dose should be reduced in patients with 
renal dysfunction 

Any condition that leads to acute renal injury (eg, dehydration, sepsis, glomerular or tubular disease, or 
decompensated heart failure) can predispose to toxicity

Digoxin use in patients with end-stage kidney disease undergoing hemodialysis is associated with a 28% increase in 
mortality and is therefore not recommended20 

If needed in end-stage kidney disease, a loading dose of 3 to 5 μg/kg (0.25–0.375 mg) is recommended, followed by a 
maintenance dose of 0.0625 mg every 48 hours 

Hypokalemia Decreased potassium levels result in decreased competition for the binding spot of digoxin in sodium-potassium 
adenosine triphosphatase, favoring binding of digoxin to the ionic pump17

Drug interactions Diuretics, antiarrhythmic drugs, and antibiotics can increase serum digoxin concentration or enhance digoxin 
action17,18
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 ■ INTERACTIONS WITH CATIONS

Hyperkalemia reduces digoxin’s binding affi nity for 
sodium-potassium ATPase. On the other hand, hypo-
kalemia reduces repolarizing potassium currents in the 
action potential, leading to increased diastolic depo-
larizations and automaticity and thus enhancing the 
arrhythmogenic effects of digoxin.

Hypercalcemia and hypomagnesemia contribute to 
calcium overload in the sarcoplasmic reticulum and 
therefore promote spontaneous depolarizations.17

 ■ CLINICAL PRESENTATION OF TOXICITY

The annual incidence of digoxin toxicity is diffi cult 
to accurately defi ne, but older reports claim it to be as 
high as 13% to 25% of all patients who are prescribed 

the drug.17 Risk factors for digoxin toxicity have been 
widely studied (Table 3).17–20 Because it produces a 
wide variety of symptoms, digoxin toxicity is easy to 
suspect, but proving that the symptoms are due to 
digoxin toxicity is harder. Toxicity is more common 
with levels higher than 2.0 ng/mL. 

A study of all patients who were admitted to a 
Boston hospital who were taking digoxin during an 
8-month period in 1969–1970 reported a prevalence 
of toxicity of 23%.21 In patients with confi rmed tox-
icity, the mean serum digoxin concentration was 
2.3 ng/mL (± 1.6 ng/mL standard deviation), compared 
with 1.0 ± 0.5 ng/mL in patients without toxicity. Of 
note, there was signifi cant overlap in serum levels 
between patients with or without toxicity, as some 
patients are unusually sensitive to the drug.

Digoxin toxicity has a variety of symptoms 
(Table 4).15,19,20,22,23 Cardiac arrhythmias are the most 
frequent side effect (90% of patients), followed by 
gastrointestinal symptoms (55%) and central nervous 
system symptoms (12%).21 

 Cardiac manifestations of digoxin toxicity include 
virtually any type of arrhythmia and are the most seri-
ous and potentially lethal complications of toxicity. 
Digoxin toxicity can lead to all degrees of atrioven-
tricular block and result in clinically signifi cant bra-
dycardia that can be refractory to pacing, as well as 
sinus arrest and sinus exit block through its action on 
the sinus node. Ventricular ectopy is an early sign of 
digoxin toxicity but is not always present. Bidirectional 
ventricular tachycardia (Figure 1) and nonparoxys-
mal junctional tachycardia (> 80 beats per minute) 
are suggestive of but not specifi c to digoxin toxicity.22 
Enhanced automaticity can lead to supraventricular 
tachycardia as well as ventricular tachycardia and 
fi brillation.17,23 

Other electrocardiographic changes of digoxin tox-
icity include PR prolongation, shortening of the QT 
and QTc intervals, and a change in ventricular repolar-
ization resulting in nonspecifi c ST-segment depressions 
classically described as “sagging” depressions (Figure 2). 
These changes do not imply toxicity and can be present 
with therapeutic drug levels.17

Gastrointestinal. Nausea, anorexia, and fatigue are 
common, with anorexia present in up to 61% of indi-
viduals.21 In rare instances, excessive smooth muscle 
contraction of visceral arteries can lead to mesenteric 
ischemia manifested with abdominal pain, diarrhea, 
and gastrointestinal bleeding. 

Central nervous system. Visual disturbances can be 
present and are described as fl ashing lights, halos, and 
green-yellow perception impairment. Mental status 

TABLE 4
Clinical manifestations of digoxin toxicity

Cardiac
Tachyarrhythmias 
   Bidirectional ventricular tachycardia
   Ventricular tachycardia
   Ventricular fi brillation
   Atrial fi brillation
   Supraventricular tachycardia
Bradyarrhythmias 
   Sinus bradycardia
   Atrioventricular block
   Asystole
Increased ectopy
   Atrial ectopy
   Ventricular ectopy
   Ventricular bigeminy

Gastrointestinal
Nausea
Vomiting
Abdominal pain
Mesenteric ischemia and diarrhea (rare)

Central nervous system
Color perception disturbances (xanthochromia)
Visual disturbances (halos) 
Headaches
Confusion
Apathy

Electrolyte abnormalities
Hyperkalemia

Constitutional
Fatigue
Anorexia

Based on information from references 15,19,20,22,23.
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changes such as confusion, hallucinations, or apathy 
can be present, especially in the elderly.15 

Toxicity can also manifest with hyperkalemia 
(because less potassium is being pumped into the cells 
via sodium-potassium ATPase, resulting in elevated 
extracellular potassium).15 Attributing these symptoms 
to digoxin toxicity is often diffi cult, as some of them are 
also commonly attributed to cardiovascular disease. 

The evaluation of a patient with suspected digoxin 
toxicity should include an electrocardiogram to assess 
for arrhythmias and changes associated with digoxin 
toxicity. Laboratory evaluation should include mea-
surement of digoxin levels as well as renal function 
and electrolyte disturbances such as hypokalemia, 
hypercalcemia, and hypomagnesemia, as these are 
often predisposing factors for toxicity. 

 ■ MEASURING DIGOXIN LEVELS

Serum digoxin levels are usually measured with immu-
noassays that measure total digoxin levels, including 
bound and unbound molecules. When starting therapy, 
measuring the digoxin level is usually recommended 
after achieving a steady state, 1 to 2 weeks after initi-
ating therapy. 

Because patients with elevated digoxin concentra-
tions (> 1.2 ng/mL) may have no signs of toxicity, and 

because elevated levels have been linked to increased 
mortality, measuring serum digoxin levels is recom-
mended to titrate dosing to a goal therapeutic range 
(Table 1). Serum levels should ideally be obtained at 
least 6 hours after the last dose to avoid falsely elevated 
results, as complete redistribution of digoxin into body 
tissues takes several hours.

Immunoassays also identify digoxin-like immuno-
reactive substances, endogenous molecules equivalent 
to digitalis that cross-react with many of the older 
available immunoassays. Digoxin-like immunore-
active substances have been found in neonates and 
older children, adults with renal insuffi ciency, hepatic 
disease, and hypertension, transplant recipients, and 
pregnant women, increasing the risk for falsely positive 
results in these populations.24 Older immunoassays for 
digoxin have also been known to interact with spi-
ronolactone, digoxin-fab, the Chinese medicine Chan 
Shu, and herbal supplements with oleander and lily 
of the valley extracts.24 The presence of any of these 
substances in serum can cause falsely elevated levels 
of serum digoxin when using available immunoassays.

 ■ MANAGEMENT OF DIGOXIN TOXICITY

Digoxin-specifi c antibody fragments (digoxin-fab) were 
fi rst developed in 1967 for immunoassays to measure 

Figure 1. Bidirectional ventricular tachycardia in a patient with digoxin toxicity. The QRS axis alternates with 
each QRS complex (see rhythm strip for lead II).
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digoxin levels, and were fi rst used to treat acute digoxin 
toxicity in 1976. Before they became readily available 
in the 1980s, treatment of digitalis toxicity included 
stopping the drug and giving supportive therapy with 
hydration, correcting electrolyte abnormalities, and 
treating cardiac arrhythmias; mortality rates were as 
high as 20% to 30%.25 Quantitative serum digoxin 
measurements and antibodies to treat digoxin toxicity 
have reduced the digoxin-associated mortality rate to 
3.7% (in-hospital) to 10% (30-day) in the past decade.2

Supportive therapy
Supportive therapy with intravenous fl uids should be 
given if the patient has dehydration due to nausea and 
vomiting. Activated charcoal can be used for patients 
with acute intoxication if digoxin was ingested less 
than 2 hours before presentation. 

If symptomatic bradycardia is present, atropine can 
help improve the heart rate temporarily by decreasing 
vagal tone, but its effects are usually transitory. Trans- 
venous pacing can often result in iatrogenic arrhythmias 
in the setting of digoxin toxicity and therefore should 
be avoided unless bradycardia is refractory to atropine.26

Electrolyte abnormalities such as hypokalemia and 
hypomagnesemia should be corrected, as these can 
potentiate toxicity. Hyperkalemia should be corrected 
without using calcium salts, as these can worsen intra-
cellular hypercalcemia and worsen spontaneous cardiac 
depolarizations. 

Digoxin-fab
Mild cases of toxicity might resolve if digoxin therapy 
is simply stopped, but severe cases with bradycardia 
or ventricular arrhythmias generally require the use 
of digoxin-fab. It is indicated in patients with life-
threatening tachy- or bradyarrhythmias, hyperkalemia 
(serum potassium > 6 mmol/L), or hemodynamic insta-
bility with end-organ dysfunction with elevated serum 
digoxin concentrations (> 2 ng/mL) that suggest digoxin 
is the cause.27 

Digoxin-fab is an ovine (sheep) monovalent immu-
noglobulin with 100 to 1,000 times more affi nity for 
digoxin than digoxin’s binding site in sodium-potassium 
ATPase.27 It rapidly binds free digoxin in the serum and 
creates a gradient for intracellular digoxin to move into 
the serum, where it is subsequently bound by antibodies. 

Figure 2. Electrocardiogram showing “sagging” ST depressions, most notably in leads V3–V6 and lead II, and 
ventricular ectopy in a patient with digoxin toxicity with a serum level of 8.0 ng/mL (normal range 0.6–1.2).
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Digoxin-fab is eliminated by the kidneys and liver; 
it has a half-life of 19 to 30 hours, but this can increase 
up to 10 times in patients with renal dysfunction. The 
onset of action to reversal of digoxin toxicity after acute 
ingestion is around 30 to 45 minutes.27 The main adverse 
effect is a hypersensitivity reaction to sheep protein. 

Dosage and administration. One vial contains 
38 to 40 mg of digoxin-fab, which binds approximately 
0.5 mg of digoxin. In the case of acute ingestion in 
which the total ingested dose is known, the number of 
required vials is calculated by dividing the total body 
load (ingested dose × 0.8) by 0.5 and rounding up to 

the nearest digit.28 If steady-state serum digoxin levels 
are known in a stable patient with chronic toxicity, 
the dose of vials can be calculated by dividing the 
product of the serum concentration (in ng/mL) and 
the patient’s weight (in kg) by 100 and rounding up 
to the nearest digit (Figure 3).29 

If the digoxin level is not known or cannot be accu-
rately measured due to recent ingestion (< 6 hours), 
2 vials can be given, with repeated dosing if there is no 
apparent clinical response.29 This approach can also be 
used if a patient has relative hemodynamic instability 
and waiting for serum digoxin levels is impractical. 

Figure 3. Treatment of severe digoxin toxicity with digoxin-fab.
aThe calculated number of vials should be rounded up to the nearest digit. Each vial contains 38 to 40 mg of digoxin-fab.

 Based on information from reference 29.
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The use of digoxin-fab can precipitate rebound 
heart failure or atrial fi brillation due to the sudden 
binding of free serum digoxin. If this is a clinical con-
cern, half of the calculated dose can be given instead. 

In general, vials should be administered over 
30 minutes, unless a patient is in imminent cardiac 
arrest, in which case 10 vials (or 5 vials for pediatric 
patients) can be given empirically over several minutes. 

Digoxin-fab causes redistribution of digoxin from 
tissues into serum, and digoxin bound to antibodies 
is also recognized by immunoassays, both of which 
can result in rising levels of serum digoxin if these 
are checked after digoxin-fab administration. In 
general, digoxin levels should not be used for clinical 
decision-making up to 3 weeks after using digoxin-fab, 
since assays will measure antibody-bound digoxin as 
well as unbound digoxin in serum. Because antibody 
half-life increases up to 10-fold in patients with renal 
dysfunction, these patients might require closer mon-
itoring and even measurement of digoxin-binding 
antibodies before digoxin therapy is restarted.27 

A signifi cant limitation of digoxin-fab is its cost. 
Although the direct cost to patients varies widely based 
on insurance coverage,30 the only commercially avail-
able digoxin-fab in the United States (DigiFab, BTG 
Pharmaceuticals, Conshohocken, PA) currently costs 
about $5,000 per 40-mg vial of intravenous powder 
for injection.

Digoxin-fab is used in about 20% of cases of reported 
digoxin toxicity.31 Its utility has been elucidated mostly 
by case series, which report a response rate of 50% 
to 90%.32,33 While its use may show a nonsignifi cant 
trend toward lower rates of mortality at 30 days and 
overall, the effi cacy of digoxin-fab is unclear due to 
the lack of high-quality evidence and the fact that it 

is used more frequently in patients with underlying 
comorbidities (mainly heart failure) or with acute 
intoxication, likely representing a sicker population. 
Nonetheless, and despite its declining use over several 
decades, digoxin-fab is the mainstay of treatment for 
severe digoxin toxicity. Further research into the appro-
priate dosing and administration of these antibodies is 
required, given the paucity of high-quality evidence on 
the management of digoxin toxicity.

 ■ A CHANGING LANDSCAPE

The landscape of digoxin use has changed over the past 
decades. Multiple associations with digoxin use and 
increased mortality in heart failure and atrial fi brilla-
tion, especially with higher serum concentrations, have 
raised concerns about the use of this medication. Due 
to digoxin’s narrow therapeutic window, dependence 
on renal clearance, and multiple drug interactions, 
digoxin toxicity occurs often and remains an important 
clinical entity despite a decreasing trend in digoxin use. 

Toxicity has a wide range of symptoms and car-
diovascular effects that can result in potentially 
fatal arrhythmias and death, and therefore digoxin 
use must be monitored carefully, with knowledge of 
the drug’s pharmacokinetic profi le. The availability 
of digoxin-specifi c antibody fragments has allowed 
prompt treatment of severe cases of digoxin toxicity 
associated with life-threatening arrhythmias. ■
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ABSTRACT
Internists are integral in the multidisciplinary approach 
to diabetic retinopathy, contributing signifi cantly to the 
management of diabetes and diabetes-related complica-
tions. Effective screening processes, timely referrals, and 
strategic diabetes management are imperative to prevent 
and mitigate the consequences of diabetic retinopathy. 
The evolution of treatments for diabetic retinopathy 
has markedly improved vision outcomes and reduced 
the burden on patients. Despite these advances, a col-
laborative approach to care is essential to prevent the 
progression of vision impairment and manage associated 
complications.

KEY POINTS
Primary care physicians should implement the American 
Diabetes Association screening guidelines and consider 
leveraging new technologies to ensure patients who 
require ophthalmologic care are effectively referred to an 
ophthalmologist.

Glycemic control is crucial for preventing progression of 
diabetic retinopathy and can be more easily achieved 
using new diabetes therapies.

Diabetic retinopathy and diabetic macular edema are 
primarily treated with anti-vascular endothelial growth 
factors that are administered based on diabetic retinopa-
thy staging and the presence of center-involved diabetic 
macular edema, as determined by optical coherence 
tomography.

Diabetic retinopathy is the leading cause 
of new cases of blindness in patients 

with diabetes mellitus.1–4 In 2020, more than 
103 million individuals with diabetes mellitus 
worldwide were affected by diabetic retinop-
athy, and estimates suggest this number will 
increase to 160 million by 2045.5 Compared 
with all other leading causes of blindness, dia-
betic retinopathy is the only condition that has 
not experienced a decrease in age-standardized 
prevalence between 1990 and 2020.6 Without 
proper prevention and management, the burden 
of diabetic retinopathy will continue to grow, 
placing more patients at risk for complications 
that can cause severe vision loss, such as dia-
betic macular edema (DME) and proliferative 
diabetic retinopathy. This article reviews the 
principles of screening for diabetic retinopathy, 
measures for preventing its development and 
progression, and current treatment options.

 ■ DIABETIC RETINOPATHY CLASSIFICATIONS

Diabetic retinopathy is classifi ed as nonpro-
liferative diabetic retinopathy (NPDR) and 
proliferative diabetic retinopathy based on the 
absence or presence of abnormal new blood 
vessels growing in the retina. The nonprolif-
erative and proliferative stages are sequential. 
NPDR is further classifi ed by severity as mild, 
moderate, or severe, and proliferative diabetic 
retinopathy as early or high-risk.7 DME, defi ned 
as thickening of the retina, can occur in any 
stage of diabetic retinopathy and is the most 
common complication of diabetic retinopathy 
that causes vision loss (Figure 1).7,8 DME can 
be divided into center-involved DME, which is doi:10.3949/ccjm.91a.24028



504 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 91  • NUMBER 8  AUGUST 2024

DIABETIC RETINOPATHY

thickening in the center of the macula and has greater 
risk for vision loss, or noncenter-involved DME.8

 ■ SCREENING

Patients with type 1 and type 2 diabetes, including 
children, are at increased risk for diabetic retinopa-
thy. These patients should be screened regularly with 
a comprehensive eye examination because symptoms 
may not occur until the disease has advanced and 
sight is threatened.2,9,10 Although there are effective 
treatments to prevent progression to sight-threatening 
diabetic retinopathy, management is not possible until 
diabetic retinopathy has been detected. Unfortunately, 
screening rates remain low, with less than 50% of 
patients with diabetes mellitus receiving appropriate 
ophthalmic care through referrals from primary care 
physicians.3,11 

Who to screen, and how often
The American Diabetes Association recommends refer-
ring patients with type 1 diabetes to an ophthalmologist 
or optometrist for an initial dilated and comprehensive 
eye examination within 5 years of onset; patients with 
type 2 diabetes should be referred at the time of diag-
nosis.2,8 If any level of diabetic retinopathy is present 

on eye examination, the patient should receive dilated 
retinal examinations by an ophthalmologist or optom-
etrist at least annually.2,8 If symptoms progress or sight 
is threatened, more frequent examinations are required. 
Conversely, if 1 or more annual eye examinations show 
no evidence of diabetic retinopathy and glycemic indi-
cators are within goal range, eye examinations can take 
place every 1 to 2 years.2 

Patients who have lowered their hemoglobin A1c 
(HbA1c) to less than 6.5% for at least 3 months while 
off glucose-lowering medications would be considered 
in remission for diabetes mellitus.12 With these patients, 
extending the screening intervals is acceptable, but it 
is important to adjust intervals based on the presence 
of other risk factors such as progression of diabetic ret-
inopathy, advanced baseline retinopathy, uncontrolled 
hyperglycemia, or diabetic macular edema.2 

Pregnancy increases the risk for the development 
and progression of diabetic retinopathy. Patients with 
preexisting type 1 diabetes or type 2 diabetes who are 
planning pregnancy should undergo an eye examina-
tion before pregnancy, early in the fi rst trimester and 
in the following trimesters, and up to 1 year post par-
tum, depending on the degree of diabetic retinopathy 
(Table 1).2,11–13 According to the American Acad-
emy of Ophthalmology and the American Diabetes 
Association, patients who develop gestational diabetes 
mellitus do not require eye examinations.2,8

Retinal photography with remote interpretation
Retinal photography in the primary care setting with 
remote reading by an ophthalmologist, optometrist, or 
artifi cial intelligence algorithms approved by the US Food 
and Drug Administration can be used in patients with-
out a history of diabetic retinopathy.2,14–16 This approach 
can increase access to diabetic retinopathy screening. 
However, retinal images must be of suffi cient quality, and 
retinal photographs cannot substitute for follow-up eye 
examinations once abnormalities are detected.2 

Artifi cial intelligence algorithms have specifi c 
exclusion criteria and provide limited results. The 
algorithms have not been used to screen patients with 
diabetes mellitus who are pregnant or who have blurred 
vision or fl oaters. Also, artifi cial intelligence algorithms 
are limited to detecting whether the eye is negative or 
positive for “more than mild” diabetic retinopathy.17,18 
Consequently, if the screening is positive, an in-person 
eye examination by an ophthalmologist is required. 

Sensitivity of artifi cial intelligence platforms for 
detecting diabetic retinopathy is greater than 87%, and 
specifi city is greater than 88%.15,17,19 With high sensi-
tivity and greater convenience, artifi cial intelligence 

Figure 1. Optical coherence tomography images 
demonstrating center-involved diabetic macular 
edema (DME) and a normal retina with no edema.
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platforms can increase the likelihood that patients with 
signs of diabetic retinopathy will receive a referral to 
ophthalmology, reducing the screening burden. The 
cost of hardware and services that come with these 
platforms is a consideration for primary care practices, 
and may be a barrier to implementing these systems.18 
However, remote interpretation by ophthalmologists, 
optometrists, or an artifi cial intelligence algorithm 
increases screening rates and provides higher sensi-
tivity and accuracy in detecting diabetic retinopathy 
than fundoscopic examination done in the primary 
care setting.11,20,21

Retinopathy predicts diabetes outcomes
Diabetic retinopathy is associated with major systemic 
complications of diabetes. Its presence and severity 
have been shown to predict stroke, myocardial infarc-
tion, and death.22–25 Diabetic retinopathy is associated 
with the risk of diabetic nephropathy and diabetic neu-
ropathy as well, and hence can be used to predict the 
development and progression of these conditions.26,27 
Primary care physicians can help decrease the risk of 
diabetes complications by referring patients for com-
prehensive eye examinations and managing associated 
comorbidities.

 ■ PREVENTION

Risk factors associated with diabetic retinopathy 
development and progression include hyperglycemia, 
dyslipidemia, and high blood pressure. Strict glyce-
mic control has been established as absolutely key 
in preventing diabetic retinopathy progression, but 
evidence is mixed for targeting dyslipidemia and high 
blood pressure as measures specifi cally to prevent or 
slow the progression of diabetic retinopathy. 

Hyperglycemia
Strict control of hyperglycemia is essential in mini-
mizing the risk of diabetic retinopathy development or 
progression.1,28 The Diabetes Control and Complica-
tions Trial reported a strong relationship between risk 
of diabetic retinopathy and mean HbA1c: a decrease 
of about 10% in HbA1c resulted in a 39% decrease in 
risk of diabetic retinopathy progression.8 Long-term 
follow-up also showed that strict blood glucose con-
trol decreased the incidence of progression in severe 
NPDR, proliferative diabetic retinopathy, and clini-
cally signifi cant macular edema.29

Dyslipidemia
Elevated serum cholesterol and triglyceride levels have 
been implicated as risk factors for diabetic retinopathy. 
However, studies of the effect of statin and fi brate treat-
ment specifi cally on diabetic retinopathy development 
and progression have produced mixed results. 

The Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) trial30 investigated intensive 
glycemic control and treatment of dyslipidemia in 
patients with type 2 diabetes (median baseline values 
for the dyslipidemia group were high-density lipopro-
tein cholesterol of 38 mg/dL, low-density lipoprotein 
cholesterol 93 mg/dL, and triglycerides 162 mg/dL).
After 4 years of follow-up, the study reported reduced 
rates of diabetic retinopathy progression with inten-
sive glycemic control combined with fenofi brate and 
simvastatin treatment vs simvastatin plus placebo. The 
Fenofi brate Intervention and Event Lowering in Diabe-
tes (FIELD) study31 reported a decreased need for laser 
treatment in patients with diabetic retinopathy treated 
with fenofi brate. Other studies reported that statin 
therapy decreased the risk and incidence of diabetic 

TABLE 1
American Diabetes Association screening recommendations for diabetic retinopathy 
in different patient populations

Patient population Initial eye examination Follow-up eye examination interval

Type 1 diabetes Within 5 years after onset of type 1 diabetes At least annuallya

Type 2 diabetes At time of diagnosis of type 2 diabetes At least annuallya

Preexisting diabetes and planning on 
pregnancy

Before pregnancy Every trimester and up to 1 year post 
partum

Gestational diabetes Not requiredb Not requiredb

aIf diabetic retinopathy is symptomatic or sight-threatening, examinations should be more frequent. If ≥ 1 annual eye examination shows no evidence of diabetic 
retinopathy, examinations can occur every 1 to 2 years.
bIndividuals who develop gestational diabetes do not appear to be at increased risk of developing diabetic retinopathy during pregnancy.

Based on information from references 2,11–13.
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retinopathy,4,32 while others found that statins do not 
protect against diabetic retinopathy progression.33–35 

Despite the uncertainty about the effect of statin 
and fi brate therapy on diabetic retinopathy outcomes, 
multiple trials have shown the benefi ts of statin therapy 
and lipid control for overall management of diabetes 
mellitus, including a decreased risk for atherosclerotic 
cardiovascular disease events, coronary heart disease 
deaths, and all-cause mortality.36 

Blood pressure
The role of blood pressure management in the pre-
vention of diabetic retinopathy has been explored. 
A Cochrane review showed that although intensive 
blood pressure control was associated with a reduced 
risk of diabetic retinopathy development, it did not 
signifi cantly impact progression of existing diabetic 
retinopathy compared with less stringent measures of 
blood pressure control.37

Glucagon-like peptide-1 receptor agonists, rapid 
HbA1c reduction, and retinopathy
Although glycemic control with insulin or pharma-
cologic therapies is critical, the evidence is mixed on 
the effect of glucagon-like peptide-1 (GLP-1) recep-
tor agonists on risk for diabetic retinopathy. Some 
meta-analyses and trials reported an increased risk 
of diabetic retinopathy with certain GLP-1 receptor 
agonists,38–44 while others reported no signifi cant dif-
ference.45–49 Interestingly, many trials that reported an 
increased risk included or exclusively studied semaglu-
tide, and many of the studies that found no signifi cant 
difference reported on other GLP-1 receptor agonists. 
Furthermore, the increased risk for diabetic retinopathy 
seems to occur early in treatment and be transient, 
ranging from 3 months to 3 years after starting a GLP-1 
receptor agonist, while the duration of improvement 
in retinopathy attributable to glycemic control ranges 
from about 3 years to more than 5 years.42,50 

A plausible explanation for the potential early 
increased risk of diabetic retinopathy with GLP-1 recep-
tor agonists is the drastic decrease in HbA1c that occurs 
when intensively managing diabetes mellitus, a phe-
nomenon that may not necessarily be intrinsic to GLP-1 
receptor agonists.50–52 In a multicenter, randomized clin-
ical trial (Diabetes Control and Complications Trial), 

the risk of early worsening of diabetic retinopathy was 
greater in the intensive insulin treatment group com-
pared with the conventional insulin treatment group 
among patients with type 1 diabetes.50 Interestingly, 
statistical analysis showed that the magnitude—but not 
the rapidity—of reduction in HbA1c was a signifi cant 

risk factor for early worsening of diabetic retinopathy 
in the fi rst 6 months of intensive treatment.50 A retro-
spective case-control study reported similar results, with 
a signifi cant association between large reductions in 
HbA1c and worsening diabetic retinopathy in patients 
with uncontrolled type 2 diabetes.53 Further investi-
gations of drastic reductions in HbA1c, specifi c phar-
macotherapies, and other glucose-lowering treatments 
such as bariatric surgery are needed to characterize early 
worsening of diabetic retinopathy and guide the safe 
management of diabetic retinopathy.

Nevertheless, GLP-1 receptor agonists have clear ben-
efi ts in weight loss and cardiovascular risk, hypoglycemic 
risk, and kidney risk management for patients with diabetes 
mellitus.38 When weighing the risks and benefi ts of a GLP-1 
receptor agonist, the possible increased risk of development 
or progression of diabetic retinopathy should be carefully 
considered, especially if patients have a history of diabetic 
retinopathy or are already taking other diabetes medica-
tions that lower blood glucose. Primary care physicians 
should prioritize management of diabetes mellitus with a 
target HbA1c of 7% or lower while being mindful of large 
reductions of HbA1c when starting diabetes medications 
such as GLP-1 receptor agonists.8 Additional studies of 
GLP-1 receptor agonists with longer follow-up and pri-
mary end points for diabetic retinopathy risk assessment 
are needed. When considering GLP-1 receptor agonists, 
retinopathy status should be assessed by an ophthalmologist 
because of the potential initial worsening of retinopathy.

As with any progression of diabetic retinopathy, 
patients who experience worsening symptoms or signs 
of diabetic retinopathy in the context of rapid HbA1c 
reduction from diabetes medications such as GLP-1 
receptor agonists should be seen by an ophthalmol-
ogist as soon as possible to assess the severity of pro-
gression and presence of any complications.2,8 These 
complications should be evaluated to determine their 
impact on next possible steps in management, such 
as observation, discontinuation of medications, anti-
vascular endothelial growth factor (VEGF) injections, 
intravitreal corticosteroid injections, or surgery.

 ■ MANAGEMENT

Management of patients with diabetic retinopathy 
depends on the severity of the retinopathy and whether 
DME is present.8 Patients with mild, moderate, or 
severe NPDR have a 15.6%, 44.6%, and 62.6% chance 
of developing DME, respectively.54 Owing to the risk 
of developing complications, follow-up examinations 
are recommended every 6 to 12 months for those with 
mild to moderate NPDR and every 2 to 4 months for 
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patients with severe NPDR and non-high-risk prolif-
erative diabetic retinopathy.8

VEGF injections
Standard treatment of diabetic retinopathy is anti-
VEGF injections, which are used as off-label or 
US Food and Drug Administration–approved treat-
ment for all stages of diabetic retinopathy.8,55

NPDR. The American Academy of Ophthal-
mology Preferred Practice Pattern regarding patients 
with diabetic retinopathy and no DME recommends 
considering anti-VEGF only in patients with severe 
NPDR.8 However, recent studies have shown benefi t 
in patients with milder disease. PANORAMA (Study 
of the Effi cacy and Safety of Intravitreal Afl ibercept for 
the Improvement of Moderately Severe to Severe Non-
proliferative Diabetic Retinopathy)56 and the Diabetic 
Retinopathy Clinical Research Retina Network Pro-
tocol W57 looked at patients with moderate to severe 
NPDR and moderately severe to severe NPDR, respec-
tively, both without DME. In these studies, patients 
treated with anti-VEGF injections had similar vision 
acuity outcomes compared with sham but a reduced 
risk of progression to proliferative diabetic retinopathy 
and development of center-involved DME. 

Of US retina specialists treating very severe NPDR 
without DME, 60% closely monitor the condition and 
encourage systemic glycemic control, 25% consider 
anti-VEGF therapy in some patients with poor glycemic 
control, around 8% consider it in all or most patients, 
and 3% consider it in some patients with good glucose 
control and compliance.58,59 Additionally, among those 
treating patients with severe NPDR without clinically 
signifi cant DME, 52% do not recommend anti-VEGF 
therapy; 39.1% said they would recommend it if exten-
sive peripheral nonperfusion was present on fl uorescein 
angiography, and 27.5% would recommend it if fellow 
eye pathology were present.60 

Proliferative diabetic retinopathy. Clinical trials 
have evaluated visual acuity outcomes in patients with 
proliferative diabetic retinopathy treated with ranibi-
zumab vs panretinal photocoagulation. Gross et al61 
showed that anti-VEGF treatment is noninferior to 
photocoagulation in patients with and without DME, 
and Sivaprasad et al62 showed that anti-VEGF treat-
ment is superior in patients without DME. However, 
physicians should assess patient adherence, as patients 
with proliferative diabetic retinopathy treated with 
panretinal photocoagulation who were lost to follow-up 
longer than 6 months had better anatomic and func-
tional outcomes compared with those treated with 
anti-VEGF therapy.63 

Most ophthalmologists treat patients with high-risk 
proliferative diabetic retinopathy and center-involved 
DME with both anti-VEGF therapy and laser. In a sur-
vey of US retina specialists, 69.9% of respondents said 
that they would start anti-VEGF therapy and plan for 
concurrent or future panretinal photocoagulation; 26% 
said they would treat with anti-VEGF injections and 
later assess the need for panretinal photocoagulation.59

DME. First-line therapy for patients with DME 
is intravitreal anti-VEGF injections.8 The RISE and 
RIDE (Ranibizumab Injection in Subjects With 
Clinically Signifi cant Macular Edema With Center 
Involvement Secondary to Diabetes Mellitus) trials 
showed that ranibizumab signifi cantly improved vision 
in patients with DME and reduced diabetic retinopathy 
severity across all stages.64 Anti-VEGF treatment is 
initiated with monthly injections for 3 to 6 months.65 
The Diabetic Retinopathy Clinical Research Retina 
Network Protocol V evaluated patients with center-
involved DME and visual acuity of 20/25 or better. 
It found that these patients should be observed with 
follow-up every 2 to 4 months, as initial treatment with 
either afl ibercept or laser did not result in signifi cant 
vision improvements compared with observation.66 

Owing to insurance and costs, most patients are 
fi rst treated with bevacizumab and, after treatment 
failure is demonstrated, are switched to another anti-
VEGF therapy.67 However, in the Diabetic Retinopathy 
Clinical Research Retina Network Protocol T trial 
comparing the effi cacy of intravitreal afl ibercept, bev-
acizumab, and ranibizumab in center-involved DME, 
patients with a visual acuity of 20/50 or worse receiving 
bevacizumab had worse 2-year visual acuity outcomes 
compared with those taking afl ibercept.8 Protocol 
AC, a multicenter, randomized clinical trial at 54 US 
clinical sites, showed that patients who fi rst received 
bevacizumab and then switched to afl ibercept due to 
nonresponse had noninferior 2-year vision outcomes 
compared with those taking afl ibercept only.67,68 

The effi cacy of fi xed-dose anti-VEGF regimens has 
been shown in clinical trials, but most clinicians use an 
as-needed or treat-and-extend approach to reduce treat-
ment burden.69 Patients on the treat-and-extend treatment 
regimen are administered anti-VEGF at each visit, and the 
intervals between appointments are extended, maintained, 
or decreased based on the presence of macular edema, as 
determined by optical coherence tomography imaging.70 
Treat-and-extend has been shown to have similar vision 
and anatomic outcomes compared with as-needed or fi xed-
dose regimens in patients with center-involved DME, with 
treat-and-extend requiring signifi cantly fewer injections 
compared with fi xed dosing.70,71 
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Extended treatment intervals can be used with 
other anti-VEGF agents that have received US Food 
and Drug Administration approval for treatment of 
center-involved DME.72,73 In the double-masked 
96-week PHOTON (Study of a High-Dose Afl iber-
cept in Participants With Diabetic Eye Disease) trial,74 
patients with center-involved DME were randomized 
to receive afl ibercept 8 mg every 12 or 16 weeks after 
3 monthly doses or afl ibercept 2 mg every 8 weeks after 
5 monthly doses. Afl ibercept 8 mg provided noninferior 
outcomes with fewer injections. In the YOSEMITE and 
RHINE (Effi cacy and Safety of Faricimab in Partici-
pants With Diabetic Macular Edema) trials, faricimab 
also had extended durability in treating patients with 
center-involved DME.75

Laser surgery
Laser is used as both primary and adjunctive treatment 
of diabetic retinopathy and DME. Multiple studies have 
demonstrated anti-VEGFs to be more effective than 
focal laser photocoagulation in improving visual acuity 
in patients with center-involved DME.8,76–79 In a survey 
of US retina specialists treating patients with clinically 
signifi cant DME on anti-VEGF therapy, 59.2% treated 
less than 5% of patients with focal or grid laser, and 
21.7% treated 5% to 10% of patients with focal or grid 
laser.76 The American Academy of Ophthalmology 
Preferred Practice Pattern clinical guidelines advocate 
for focal or grid laser as the preferred treatment modality 
for noncenter-involved DME, citing lack of research  
on this specifi c pathology.8 Despite these guidelines, 
ongoing debate continues regarding the role of laser 
therapy in preventing vision loss.77,78

Intravitreal steroids
Intravitreally injected steroids are effective in treating 
DME, with visual acuity gains similar to anti-VEGF 
treatment.79 However, because of the risk of elevated 
intraocular pressure and cataract progression, intrav-
itreal steroids are second-line therapies.8,79

 ■ CONCLUSION

Clinicians managing patients with diabetes mellitus 
must recognize the risks and complications associated 
with diabetic retinopathy and ensure that proper 
screening and referral processes are in place. Techno-
logical advancements like retinal photography with 
remote interpretation can reduce the burden of screen-
ing for diabetic retinopathy, but there are device and 
service costs. Furthermore, awareness of advances in 
diabetes medications, which effectively control blood 
glucose levels and subsequently prevent diabetic ret-
inopathy and its direct and related complications, is 
essential. The treatment of diabetic retinopathy and 
DME primarily involves anti-VEGF therapy. This 
therapy, while being the standard of care, may impose 
a signifi cant treatment burden on patients. Therefore, 
it is imperative for clinicians to leverage new tools 
for early detection and new medications for effective 
management of diabetes and diabetic retinopathy. ■
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