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Diabetes mellitus is common among patients with cir-

rhosis, affecting approximately one-third of this popu-

lation, as a causative factor, comorbid condition, or

secondary effect of hepatic dysfunction. Likewise, ascites

occurs in about half of patients with cirrhosis and is the

most common decompensating event. Both conditions

are indicators of advanced disease and are associated

with poor clinical outcomes.1,2 For a number of reasons,

the management of diabetes and ascites in individuals

with cirrhosis is quite challenging and has remained virtu-

ally unchanged for decades.

Currently, the pharmacological treatment of diabetes in

the context of advanced liver disease is controversial. Most

oral antihyperglycemic agents are hepatically cleared, and

due to safety concerns stemming from altered drug

metabolism, patients are often preferentially treated with

insulin. However, discontinuation of oral therapy and

unchecked insulin use may be harmful.3 Induction of

insulin-like growth factor 1 signaling through phosphoino-

sitide 3-kinase/Akt/mammalian target of rapamycin and

nuclear factor-jB pathways results in a proinflammatory

state, favoring fibrosis and tumorigenesis.4 Furthermore,

over the past several years, there has been a small but

meaningful influx of biochemical and clinical evidence sup-

porting the use of oral agents in cirrhosis.1

The management of cirrhotic ascites also poses a

dilemma. Portal hypertension and splanchnic vasodilata-

tion promote the development and maintenance of
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ascites. Although several therapeutic options exist,

including neurohormonal and diuretic management,

paracentesis, transjugular intrahepatic portosystemic

shunting (TIPS), and transplantation, each modality is

associated with significant risks and limitations. Of these

strategies, however, neurohormonal modulation is most

appealing because it is noninvasive, and effective and

affordable medications that target a well-described mal-

adaptive response are available. In cirrhosis, splanchnic

and peripheral vasodilatation decrease the effective cir-

culating volume and induce the renin-angiotensin-

aldosterone system (RAAS), which promotes salt and

water retention. Mineralocorticoid receptor antagonists

(MRAs) such as spironolactone, which are often coupled

with loop diuretics, are the mainstays of therapy.

Although their use is associated with a side-effect profile

that includes electrolyte disturbances, hypotension, renal

injury, and hepatic encephalopathy, they are presumably

still safer and better tolerated than angiotensin-

converting enzyme inhibitors (ACEis), angiotensin recep-

tor blockers, and nonselective beta-blockers.5 These

drugs have more potent hemodynamic effects than

MRAs in advanced cirrhosis, and their use has been asso-

ciated with poor outcomes in multiple trials.6,7 In stark

contrast with the management of congestive heart fail-

ure, for which multiple RAAS-modifying agents are con-

currently used, MRAs are the only neurohormonal

modulators that are currently prescribed for cirrhotic asci-

tes (Fig. 1). However, there are promising agents that

have yet to be studied in this setting.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors

represent a relatively new class of medications for the

management of type II diabetes mellitus. Dapagliflozin,

empagliflozin, and canagliflozin are three drugs that target

SGLT2 in the proximal tubule of the nephron, promoting

increased excretion of both sodium and glucose in the

urine. They have a modest effect on glycemic control,

resulting in a hemoglobin A1c reduction of 0.5% to 1%.

However, there is also interplay between SGLT2 blockade

and the RAAS pathway. When sodium reabsorption is

inhibited in the proximal tubule, downstream sodium

delivery to the macula densa increases. Consequently,

renin secretion is inhibited and RAAS activity is attenuated.

FIG 1 Pathophysiology and management of heart failure and cirrhosis. The RAAS is central to the maladaptive response in both states.
In patients with heart failure, multiple RAAS-modifying agents, including beta-blockers, ACEis, angiotensin receptor blockers (ARBs), and
MRAs, are concurrently used with significant mortality benefit. However, in the setting of vasodilation from excess nitric oxide, the use of
neurohormonal modulators has been limited in cirrhosis. Abbreviations: ARNI, angiotensin receptor neprilysin inhibitor; LVAD, left ventric-
ular assist device.
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SGLT2 inhibitors may have added renoprotective effects

either alone or when combined with other RAAS-

modifying agents by quelling the renin-mediated

hyperfiltration injury that occurs through afferent arteriole

vasodilation.8 Theoretically, these characteristics make

SGLT2 inhibitors ideal for patients with cirrhosis and diabe-

tes with or without ascites (Figs. 2 and 3). Their clinical

benefit in heart failure has already been demonstrated in a

large, multicenter, randomized control trial that included

patients with both diabetes and cardiovascular disease. In

this context, treatment with empagliflozin led to signifi-

cant reductions in heart failure hospitalizations and heart

failure–associated mortality.9 Unfortunately, their use in

patients with cirrhosis has been quite limited because of

uncertainty about their pharmacological profile and gen-

eral safety in this population.

Since their introduction in 2011, SGLT2 inhibitors have

been studied in patients with diabetes and a number of

other common comorbidities, including cirrhosis, with

promising safety data. In the context of chronic liver dis-

ease, the most concerning potential adverse effects are

hypotension, acute renal injury, and genitourinary tract

infections. SGLT2 inhibitors have a small but consistent

impact on blood pressure that is not dose dependent.

The estimated decrease in systolic blood pressure is 3 to

5 mm Hg, and the magnitude of the effect is most

FIG 3 SGLT2 inhibition in the management of ascites. Because of their relatively favorable safety profile, SGLT2 inhibitors have the
potential to serve as lone or adjunctive therapy and at both early and late stages of disease progression. They provide the added benefit
of likely attenuating hepatic and renal fibrosis and improving glycemic control.

FIG 2 SGLT2 inhibition in the diabetic and cirrhotic kidney. Inhi-
bition of SGLT2 in the proximal tubule promotes both glycosuria
and natriuresis, and attenuates renin secretion, thereby improv-
ing glycemic control, reducing salt and water retention, and miti-
gating hepatic and renal fibrosis. Prior to SGLT2 inhibition, the
actions of renin and angiotensin II result in afferent arteriolar dila-
tation and efferent arteriolar constriction, leading to glomerular
hyperfiltration injury. SGLT2 inhibitors reduce both renin and
angiotensin II levels, restoring vascular tone and glomerular filtra-
tion. Abbreviation: JGA, juxtaglomerular apparatus.
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pronounced in patients with preexisting hypertension.10

Furthermore, this impact is less than that seen with some

MRAs and is not associated with an increased incidence

of adverse events related to intravascular volume deple-

tion. Acute renal injury, although described in some

reports, has not been definitively linked to SGLT2 inhibi-

tors in clinical trials. A pooled analysis of 13 studies using

dapagliflozin demonstrated no significant increase in the

incidence of renal dysfunction. Genitourinary tract infec-

tions are perhaps the most common adverse effect,

occurring in about 5% of patients treated with dapagli-

flozin. These infections are mostly uncomplicated genital

infections that can be prevented with careful hygiene

and antifungal therapy.11 Finally, although SGLT2 inhi-

bitors are cleared by the liver, pharmacokinetic trials

involving patients with at least mild or moderate hepatic

impairment demonstrated that dapagliflozin and empa-

gliflozin were well tolerated and required no dosing

adjustments.12,13 Therefore, the current body of safety

literature supports the continued investigation of

this class of medications in patients with chronic liver

disease.

Trials examining the role of SGLT2 inhibitors in the

comanagement of diabetes and ascites in cirrhosis are

necessary to test the hypothesis that these agents can

safely attenuate the maladaptive neurohormonal and

inflammatory responses. In a potential study focusing on

the management of ascites, dapagliflozin or empagliflo-

zin could be compared with standard MRA therapy with

or without furosemide. A positive trial with acceptable

safety outcomes could be followed up with a multifacto-

rial study combining anti-SGLT2 therapy with standard

diuretics. Additional studies focusing on the impact of

SGLT2 inhibitors on diabetes management in cirrhosis are

also essential with some emphasis on further exploring

the idea that long-term insulin use can be detrimental.

Ultimately, if the benefits of neurohormonal modulation

in cirrhosis are at all comparable with the landmark

achievements made in the management of congestive

heart failure, these trials could pave the way for the tar-

geted management of cirrhosis and its complications.
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