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We report a case of a patient who developed dialysis-dependent renal failure after the use of 

Canagliflozin. A 66-year old male with type 2 diabetes recovering from left knee septic arthritis at 

a rehabilitation facility, was admitted with oliguric acute kidney injury (AKI) five days after 

starting caniglifozin the SGLT2 inhibitor. The patient presented with hematuria, non-nephrotic 

proteinuria and creatinine of 6.8 mg/dL from a baseline of 1.1 to 1.3 mg/dL. There was no recent 

use of radiocontrast, intravenous immunoglobulins or colloids. The patient subsequently required 

hemodialysis. Due to recent antibiotic use (ampicillin-sulbactam), acute interstitial nephritis was 

considered as a differential diagnosis. Hence, a kidney biopsy was performed which documented 

the presence of osmotic nephropathy. The patient’s renal function returned to baseline after 2 

weeks of hemodialysis. This case confirms an association of osmotic nephropathy with the use of 

Canagliflozin and discusses potential mechanisms. We recommend kidney biopsy for cases of 

severe AKI associated with SGLT2 inhibitors to better understand the relationship of this 

complication with the use of this class of medications.

Keywords

Acute renal failure; Canagliflozin; hemodialysis; SGLT2 inhibitors; osmotic nephropathy

Introduction:

SGLT2 inhibitors (the glifozins) have been considered a breakthrough in the management of 

diabetes, as recent clinical trials with this class demonstrate reduction in cardiovascular 

mortality1,2 and preservation of kidney function in type 2 diabetes3,4. SGLT2 inhibitors have 

several protective effects, including lowering systemic and glomerular pressure, stimulating 

natriuresis, reducing serum uric acid levels, and decreasing body weight5–7. Despite the 

benefits of SGLT2 inhibitors, there are concerns that SGLT2 inhibitors might increase risk of 

acute kidney injury (AKI). The Federal Drug Administration (FDA) received over 1200 

reports of AKI between January 2013 and September 2016 of which 42 % were hospitalized 

and 16 individuals died.8 This was 1.7-fold higher than the reports the FDA received for 

AKI in type 2 diabetics receiving other medications and led to a warning on the risk for AKI 

in SGLT2 inhibitors by the FDA.

Lately the FDA data have been questioned, as there was no specified control group, and a 

propensity analysis suggested that SGLT2 inhibitors carry an overall reduced risk for AKI 

compared with people with type 2 diabetes with similar clinical characteristics over a 

follow-up of one to two years.9 Furthermore, some cases of AKI being reported may simply 

relate to the acute reduction in eGFR that occurs with initiation of SGLT2 inhibitors, likely 

due to the hemodynamic effect of SGLT2 inhibitors to reduce glomerular pressure.3,7 Other 

cases may be from volume depletion triggered by use of diuretics and ACE inhibitors that 

augment the salt and water losses associated with SGLT2-dependent osmotic diuresis.10

Unfortunately, very few subjects with SGLT2 inhibitor-associated AKI have undergone 

kidney biopsy, so it remains unclear whether there are specific kidney lesions induced by 

these drugs. Recently, a patient with AKI likely from SGLT2 inhibitors was reported to have 

Phadke et al. Page 2

Am J Kidney Dis. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the lesion of osmotic nephrosis.11 Here we report another case, and discuss its potential 

pathogenesis.

Case Report:

A 66-year-old male presented to our hospital with oliguric acute kidney injury and possible 

need for hemodialysis on May 24th, 2018. On April 1st, 2018, he underwent a left total knee 

replacement and 3 weeks after surgery presented with pain and redness over the left knee. 

Left knee septic arthritis from group B streptococcus was diagnosed, and the patient was 

started on ampicillin-sulbactam and was admitted to the local rehabilitation facility for 

intravenous antibiotics and physical therapy. After 4 weeks he was switched to oral 

augmentin and the patient finished the six-week course of antibiotics two days prior to 

presenting to our hospital. The patient had a history of morbid obesity, type 2 diabetes 

mellitus and hypertension. The baseline serum creatinine ranged between 1.1 to 1.3 mg/dl, 

eGFR (CKD-EPI formula) of 56 to 60 ml/min/1.73m2, without microalbuminuria. While at 

the rehabilitation facility, the patient was started on Canagliflozin at 300 mg PO daily. The 

patient was on furosemide 80 mg and enalapril 5 mg PO daily. Five days after starting 

Canagliflozin, blood work revealed a serum creatinine of 6.8 mg/dl. Canagliflozin was 

discontinued on admission. See Table 1 for laboratory data. Two days after hospitalization, 

renal failure worsened, and hemodialysis was started. Prior to admission, the patient had 

history of mild diarrhea, 2 times a day, attributed to antibiotic use, but Clostridium difficile 
testing was negative. Detailed history obtained from the rehabilitation facility and thorough 

review of electronic records revealed no history of hypotension, no recent use of NSAID 

use, or other nephrotoxic agents such as intravenous contrast, intravenous immunoglobulins, 

or colloids. Given the temporal relationship of recent Group B streptococcus infection and 

antibiotic use, and severe acute kidney injury, a kidney biopsy was performed to rule out 

acute post-infectious glomerulonephritis or acute interstitial nephritis respectively. The 

biopsy showed glomeruli with mild mesangial sclerosis with 15–20 % tubulointerstitial 

fibrosis. The proximal tubules showed extensive vacuolization with foamy appearance and 

epithelial cell injury with cytoplasmic swelling and prominent cytoplasmic vacuolization 

(Figure 1, A). These features were suggestive of osmotic nephropathy. After continuing 

dialysis for 2 weeks, the patient recovered from renal failure and at discharge had a 

creatinine of 1.2 mg/dl.

Discussion:

We report a case of dialysis-dependent AKI due to ‘osmotic nephrosis’ in a patient receiving 

the SGLT2 inhibitor, Canagliflozin. Features resembling osmotic nephrosis has been 

previously reported in a patient receiving dapaglifozin.11 In our case, one could argue that 

concomitant use of furosemide, and enalapril may have caused volume depletion and intra-

renal hemodynamic changes predisposing to kidney injury. However, the diffuse and 

significant features of osmotic nephropathy was the predominant lesion. The dose of 

Canagliflozin used in our patient was also in accordance to the prescribing guidelines. Our 

patient did not receive intravenous contrast, immunoglobulins, mannitol or any other agent 

known to cause osmotic nephropathy. The significance of these findings is that subjects with 

severe AKI from the glifozins are not commonly biopsied, and the cause is generally 
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attributed to volume depletion from an osmotic diuresis which is a known consequence of 

SGLT2 inhibition.

Osmotic nephrosis is generally associated with the infusion of hyperosmotic agents (such as 

radiocontrast, mannitol, sucrose-containing immunoglobulins) or hyperoncotic agents 

(colloids) but can also be observed with severe hyperglycemia and glycosuria.12–14 A 

favored hypothesis is that the injury is due to pinocytosis with uptake into lysosomes, but 

osmotic and/or oncotic have not been completely ruled out.12 Acute kidney injury may be 

subtle and subclinical or severe. Clinical features develop with a week of exposure to the 

substance known to cause osmotic nephropathy. Although usually reversible in patients who 

do not have underlying severe chronic kidney disease, about 40 % patients may need renal 

replacement therapy during the acute phase. The kidney biopsy is characterized by diffuse 

“clear-cell” transformation of proximal tubular epithelial cells with isometric fine 

vacuolization of the cytoplasm.

A similar proximal tubular lesion can be observed in uncontrolled diabetes mellitus (often in 

cases of diabetic ketoacidosis or hyperglycaemic hyperosmolar nonketotic coma ) and is 

called the Armanni Ebstein lesion15. This lesion is likely mediated by hyperosmolality, and 

can be associated with both glycogen and lipid-containing vacuoles16. Vacuolization with 

glycogen can also be observed in Fanconi syndromes associated with glycosuria.17

Inhibition of the SGLT2 transporter is expected to increase urinary glucose concentrations 

by several fold in the proximal tubular lumen where 70% of the glomerular filtrate is 

absorbed. This could increase osmotic pressure for both proximal and distal tubular 

segments while also leading to enhanced glucose uptake in the S3 segment of the proximal 

tubule that does not express the SGLT2 transporter. We suggest that the etiology might be 

due to hyperosmolality–induced aldose reductase expression with the subsequent generation 

of sorbitol and fructose from the glucose that is taken up into the cells. Fructokinase, the 

enzyme metabolizing fructose, is present in all three segments of the proximal tubule with 

the highest concentration in the S3 segment.18 Fructose metabolism by fructokinase 

preferentially produces glycogen and lipid that might be protective in situations of mild 

hypoxia or injury. However, persistent activation leads to oxidative stress, uric acid 

accumulation, tubular injury, and local inflammation.19 Consistent with these observations, 

we observed de novo expression of aldose reductase in proximal tubules along with some 

fructokinase expression as well as glycogen deposition, and even rare lipid accumulation 

(Figure 1, C).

Further studies are needed to better understand the risk factors for the development of 

osmotic nephrosis with SGLT2 blockade. For example, this might be a greater problem for 

agents that block both SGLT1 and SGLT2, as this may lead to greater osmotic effects on 

distal tubules. Although speculative, we suggest that low-grade activation of this pathway 

may be reno-protective and account for less renal injury in recent studies with SGLT2 

inhibitors, while excessive activation of these pathways may lead to severe AKI are also 

being observed.
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In summary, osmotic nephrosis should be considered in the differential of AKI in the patient 

on SGLT2 inhibitors. We recommend a kidney biopsy in any individual who develops 

prolonged AKI (>5 days) or dialysis-dependent AKI that persists despite holding the SGLT2 

inhibitor. Such a clinical presentation is unlikely due to a reduction in glomerular pressure or 

the effects of sodium and water depletion. Further studies are needed to understand how 

common this complication is, the mechanisms of its development, and its long-term 

consequences.
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Figure 1. Osmotic Nephrosis in a Patient with Canagliflozin-Mediated AKI.
A. PAS stain shows vacuolated cytoplasm of proximal tubular cells consistent with severe 

osmotic nephrosis (40x magnification). B. PAS stain at high power showing the presence of 

small glycogen deposition (pink dots, arrows) in the cytoplasm of the injured proximal 

tubular epithelium (100x). Documentation this was glycogen was shown by diastase 

staining. C. Oil Red O staining shows the presence of rare positive lipid deposits in some 

proximal tubules (arrows, 40x). D. Immunofluorescence of some proximal tubules for aldose 

reductase (white arrows 40x). E. As in D) but for fructokinase (white arrows, 100x).
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Table 1.

Laboratory Data on Admission and Six months after discharge.

On admission
(on canagliflozin)

6 months after discharge
(off canagliflozin)

Height/Weight/BMI
Vital signs

Admission Height 70 inches / 386 pounds / 55 BMI
Pulse regular, 88 per min; BP 139/80

Sodium 131 mEq/L 139 mEq/L

Potassium 5.5 mEq/L 3.8 mEq/L

BUN 52 mg/dL 25 mg/dL

Creatinine 6.8 mg/dL 1.29 mg/dL

Serum glucose 128 mg/dL 200 mg/dL

Urine glucose >500 mg/dL N/A

Urine sodium/ FeNa 32 mEq/L / 4.4 N/A

Urine microscopy 30–49 Rbc/hpf 3–5 Rbc/hpf

Urine protein/creatinine 2.0 gm/gm undetectable

Urine microalbumin undetectable undetectable

AST/ALT/Bilirubin 18 Iu/L; 22 Iu/L ; 0.8 mg/dL

N/A, not available.
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