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Abstract

Membranous nephropathy (MN) is one of the most common causes of nephrotic syndrome in non-diabetic adult patients;
75% of adult patients with MN suffer from primary idiopathic membranous nephropathy (IMN). The treatment of choice is
immunosuppressive therapy, with a combination of steroids and cyclophosphamide (CYF) or chlorambucil or, as second-line
treatment, calcineurin inhibitors (CNIs). One of the main concerns associated with the usage of CNIs is their potential to
induce nephrotoxicity. We report a case of acute kidney injury that developed on two separate occasions within days of the
administration of CNIs in a 57-year-old male patient treated for MN. The patient was qualified for first-line treatment with
prednisone and CYF. Due to insufficient response and bad tolerance of CYF infusions, the immunosuppressive regimen was
modified and CNIs were introduced, starting with cyclosporine A (CsA). On the third day of treatment, a severe decrease
in diuresis and kidney function occurred and CsA was discontinued, resulting in a return to baseline kidney function. After
2 months, the situation repeated after attempting to introduce tacrolimus.

Calcineurin inhibitors are drugs that may exert a poten-
tially toxic effect in the kidneys, which in turn might
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to current records IMN is either the second or third most
frequent cause of end-stage renal disease [4]. Long-term
prognosis depends on whether remission is obtained.

One characteristic feature of IMN is spontaneous remis-
sions, occurring in about 30% of patients during the first
2 years of the disease. The probability of remission is
inversely related to the daily protein loss [5]. Other prog-
nostic factors of poor clinical outcome include male gender,
hypertension, age older than 50 years and impaired kidney
function at the beginning [6]. Nephroprotection is the cur-
rent treatment of choice for IMN and includes maintenance
of appropriate arterial blood pressure, proteinuria reduction
achieved by inhibition of the renin—angiotensin—aldosterone
system, reduction of dietary protein intake and dyslipidemia
correction.

If such treatment is inefficient, immunosuppressive ther-
apy is introduced. The treatment of choice is a combination
of steroids and cyclophosphamide (CYF) or chlorambu-
cil. In patients for whom this treatment is contraindicated,
insufficient or poorly tolerated, the recommended second-
line treatment is calcineurin inhibitors (CNIs) [7]. CNIs
(previously cyclosporine (CsA) and nowadays increasingly
popular tacrolimus [TAC]) are recommended in treatment
regimens for glomerulonephropathies with significant pro-
teinuria, such as minimal change disease, focal and segmen-
tal glomerulosclerosis and MN [8].

One of the main concerns associated with the use of CNIs
is their potential to induce nephrotoxicity. Kidney injury fol-
lowing treatment with CNIs may be acute (AKI) or chronic
[9, 10]. This complication is relatively well-described; how-
ever, large studies have only evaluated transplant recipients.

Both CsA and TAC may induce a dose-dependent reduc-
tion in the glomerular filtration rate (GFR), caused predomi-
nantly by diminished renal blood flow, which is associated
with contraction of the afferent and efferent arteriole [11,
12]. Renal vessel contraction that accounts for these revers-
ible changes has been proven to be caused by increased acti-
vation of the sympathetic system in the kidney [13], stimu-
lation of the renin-angiotensin system, elevated production
of thromboxane A2, a diminution in production of vessel-
diluting prostaglandins and increased endothelin secretion
in the kidney [14].

The incidence of chronic kidney disease (CKD) with
an estimated GFR (eGFR) diminution below 29 mL/
min/1.73 m? ranges from 7 to 21% in transplant patients
and depends on the type of transplanted organ and the dura-
tion of drug intake [15]. In more severe cases and upon pro-
longed treatment, CNIs have the potential to damage renal
arterioles and induce interstitial lesion formation, mainly
nodular hyalinosis and mucinous thickening of the tunica
intima, which in turn can lead to vascular contraction or, in
severe cases, to occlusion [16]. Other renal effects of CNIs
include tubular dysfunction and, rarely, hemolytic uremic
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syndrome (HUS) that can lead to acute graft loss [17].
Interstitial fibrosis could be also considered as a cause of
CKD, most plausibly associated with excessive production
of transforming growth factor beta (TGF-f) [18]. A similar
pattern of renal injury from CsA is seen with the use of
TAC, thereby suggesting a drug class effect [19].

We report a case of AKI in a patient with nephrotic syn-
drome during IMN in the course of CNI treatment. Written
informed consent was obtained from the patient for publi-
cation of this case report and any accompanying images.
A copy of the written consent may be requested for review
from the corresponding author.

Case History

A 57-year-old, white male patient with nephrotic syndrome
due to IMN was admitted to the Nephrology Department
because of edema, with high proteinuria despite immuno-
suppressive therapy applied previously. He was hypertensive
and obese, with a history of myocardial infarction treated
conservatively in 1995, coronary artery bypass surgery in
2005 and multiple coronary interventions in 2016.

In March 2016, the patient experienced edema in the
lower extremities, with nephrotic syndrome characteristics in
laboratory tests: urinalysis: urine specific gravity 1.015, pro-
tein 570.7 mg/dL, leukocytes 3.77/uL, erythrocytes 32.06/
pL (with dysmorphic erythrocytes); daily urine protein
loss 11.7 g; biochemical tests: serum creatinine level (Cr)
1.33 mg/dL (eGFR 59.3 mL/min/1.73 m? according to the
Modification of Diet in Renal Disease [MDRD] formula),
serum total protein 5.2 g/dL, albumin 2.55 g/dL, alphal
0.208 g/dL, alpha2 0.931 g/dL, betal 0.619 g/dL, beta2
0.317 g/dL, and gamma 0.567 g/dL, with hyperlipidemia:
total cholesterol (TC) 226 mg/dL, low-density lipoprotein
(LDL) 133 mg/dL, high-density lipoprotein (HDL) 45 mg/
dL, and triglycerides (TG) 240 mg/dL.

Renal biopsy revealed changes typical for MN (Fig. 1).

The imaging tests performed were computed tomography
of the thorax, abdominal ultrasound, gastroscopy, and colo-
noscopy. The tumor marker tests performed were prostate-
specific antigen (PSA), carcinoembryonic antigen (CEA),
and carbohydrate antigen 19-9 (Cal9-9). Virology (hepatitis
C virus antibodies [anti-HCV], hepatitis B core antibodies
[anti-HBc], and hepatitis B surface antigen [HBsAg]) did not
reveal any secondary cause of glomerulonephritis.

The patient originally qualified for treatment according
to the Ponticelli regimen (prednisone and CYF in monthly
intravenous infusions). In the fourth month of treatment, the
patient experienced acute coronary syndrome. Coronarogra-
phy revealed an occlusion of the venous bypass vein to the
right coronary artery; simultaneously, a stent coated with
rapamycin was implanted. In November 2016, the patient
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Fig. 1 Kidney biopsy in light microscopy (LM). The renal biopsy
containing two glomeruli with diffuse thickening of the capillary
walls. Interstitial fibrosis and tubular atrophy were focal and covered
less than 10% of the renal cortex

was admitted to the Nephrology Department due to lack of
improvement in the nephritic syndrome and bad tolerance to
the treatment. Until admission, the patient had been admin-
istered 3.6 g of CYF, 1500 mg of methylprednisolone, and
subsequently prednisone 20 mg/day. Concomitant medica-
tion included furosemide 80 mg/day, hydrochlorothiazide
25 mg/day, bisoprolol 2.5 mg/day, lercanidipine 10 mg/
day, ramipril 10 mg/day, doxazosin 8 mg/day, rosuvasta-
tin 20 mg/day, acetylsalicylic acid 75 mg/day, clopidogrel
75 mg/day, and pantoprazole 20 mg/day.

On admission, the physical exam revealed peripheral
edema, body weight of 114.4 kg (body mass index [BMI]
36.8 kg/m?), and well-controlled hypertension, with results
below 130/80 mmHg. The laboratory findings revealed the
following: daily urine protein loss 17.3 g, hypoproteinemia,
hypoalbuminemia (serum total protein 46.5 g/L, albumins
26.6 g/L), disturbances in lipid metabolism (TC 250 mg/
dL, LDL 138 mg/dL, HDL 73 mg/dL, TG 197 mg/dL), and
good kidney function, with Cr 1.16 mg/dL and eGFR 69 mL/
min/1.73 m*.

Due to insufficient response to the previously applied
treatment and bad tolerance of CYF infusions reported by
the patient (nausea, headaches), the decision was made to
change the immunosuppressive treatment. Alongside con-
tinued 20 mg/day prednisone, CsA was added at a dosage
of 150 mg twice a day. On the third day of the treatment,
there was a diminution of daily diuresis (with the lowest
value 300 mL) and a decrease in kidney function (Cr rose
up to 2.8 mg/dL, with an eGFR of 28 mL/min/1.73 m?).
The CsA trough level was 186.4 ng/mL. Neither an eleva-
tion of blood pressure nor other side effects were observed.
Considering an evident relationship between the deteriora-
tion of kidney function and the administration of CsA, the

CNI medication was discontinued. After the termination of
the treatment, proper diuresis was obtained (up to 2000 mL
daily) and kidney function improved (with Cr 1.4 mg/dL
and eGFR 53 mL/min/1.73 m? on the third day following
discontinuation). During that time, no other changes were
made in the associated treatment, including prednisone at
the dosage of 20 mg/day.

Rehospitalization occurred after 2 months (January
2017). The patient was in good general condition, with little
edema in the lower extremities and an arterial blood pres-
sure of 125/75 mmHg. In laboratory tests, there was per-
sisting characteristics of nephrotic syndrome, with a daily
urine protein loss of 13 g, with preserved kidney function
(Cr 1.08 mg/dL, eGFR 73 mL/min/1.73 m?).

During the hospitalization, treatment (prednisone 10 mg)
was modified by adding TAC at a dosage of 0.1 mg/kg twice
a day.

On the second day of TAC administration, there was
a reduction in diuresis (to 300 mL/day) and deterioration
in kidney function (with Cr 2.3 mg/dL and eGFR 28 mL/
min/1.73 m?). The treatment with TAC was stopped. On the
next day after discontinuation, diuresis returned, alongside a
gradual decrease in Cr, down to 1.5 mg/dL; by the third day
the eGFR reached the level of 52 mL/min/1.73 m?.

Due to the second AKI incident, we decided to begin
treatment with rituximab. After two injections of 1000 mg
of rituximab, we observed complete remission.

Discussion

In the patient described (with heavy nephrotic syndrome
and preserved kidney function during the course of IMN),
the first line of therapy was steroids with CYF used in addi-
tion to nephroprotective treatment. Due to poor tolerance to
this treatment and its inefficacy, the decision was made to
convert immunosuppressive therapy to CsA. On the third
day of the treatment, despite normal serum drug concentra-
tion, AKI symptoms were observed. An analogous situation
recurred after a few weeks, at an attempt to initiate treat-
ment with TAC (AKI observed after three doses of the drug).
Considering the symptoms, it was decided to exclude TAC
from the treatment, which resulted in a quick return of diu-
resis and renal parameter improvement. Kidney function was
restored rapidly following CNI discontinuation, confirming
the supposition that AKI had been caused by those drugs.
CNIs are drugs that may exert a potentially toxic effect in
the kidneys, which in turn might increase the risk of renal
insufficiency progression in patients. This dose-independent
risk [20] is especially significant in patients with initially
deteriorated kidney function and concomitant tubulointer-
stitial changes in biopsy. In the described patient, the afore-
mentioned risks of AKI were absent. The patient presented
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good kidney function before treatment, with only minor
interstitial lesions observed in the biopsy.

Moreover, the drug dose applied was lower than the one
suggested in the recommendations (5 mg/kg/day), and the
serum drug concentration remained within the approved lim-
its during the onset of symptoms. TAC concentration was
not checked, as the reaction occurred almost immediately
after its administration and the drug concentration would
most probably not have reached the therapeutic level. Based
on our experience in transplantation, the first drug concen-
tration measurement should be performed about 4 days after
treatment initiation. The patient presented arterial hyperten-
sion that was well-controlled pharmacologically; surpris-
ingly, it did not deteriorate during the episode of AKI.

Our patient did not develop any of the most common
adverse effects associated with CNIs namely, neurological
symptoms, a decline in hypertension or glycemic control,
hirsutism, or gingival hyperplasia [21], presumably due to
the short treatment period. He also did not develop the HUS
symptoms, which have been previously reported to occur
during treatment with drugs of this class [22]. However, the
presence of AKI with oliguria following only a few drug
doses may argue in favor of the vascular background of this
complication (arterial vessel contraction). Other arguments
suggestive of this background may be the use of angiotensin
convertase inhibitors, diuretics, and significant proteinuria
with hypoalbuminemia observed in laboratory findings in
our patient. All these circumstances are risk factors for AKI
in patients with massive nephrotic syndrome. However, this
complication occurred only after instigation of treatment
with CNIs and reversed quickly and completely after their
withdrawal, without any modification in the concomitant
treatment. This argues in favor of the toxic activity of these
drugs in our patient. Considering the rapid return of diuresis
and renal function improvement after drug discontinuation,
no repeated renal biopsy was performed. The examination
of the blood flow in small renal vessels indicated an increase
in vascular resistance during the course of CNI use, which
normalized after drug discontinuation. No changes in blood
flow in large kidney vessels were observed.

So far, very little data has been gathered about the side
effects of CNIs in patients with IMN. In one study, 15 out
of 41 patients reported the presence of side effects, among
which the most common included gingival hypertrophy, nau-
sea, and muscle cramps. The number of side effects did not
correlate with the duration of treatment [23]. In a study by
Howman et al. that included 36 patients affected by IMN
and treated with CsA, the authors observed deteriorating
kidney function, but only over long observation; they did
not report AKI in their patients during the first 2 years of
follow-up [24].

In a recently published, large study including 408 IMN
patients treated with TAC, this drug proved to be especially
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effective in reducing proteinuria [25]. The most frequently
observed side effect was a decline in renal function, as
an eGFR reduction of at least 40% occurred in 10.5% of
patients, whose eGFR levels recovered after a reduction in
TAC dose or drug withdrawal. In 14 of those patients, a
decrease of eGFR >50% was observed during TAC treat-
ment, and none of them recovered the eGFR levels after
the treatment discontinuation. In this study, the development
of eGFR decline appeared to be time dependent, and could
occur at any time during TAC treatment [25]. However, the
authors do not describe AKI in any patient in an early period
after the first drug intake. Nevertheless, since the eGFR
decline occurred during TAC treatment, nephrotoxicity of
TAC should be considered for safety reasons.

Similarly, in the Ramachandran et al. study, which
assessed 35 patients with IMN receiving TAC combined
with corticosteroids versus patients treated with modified
Ponticelli regimen, the authors observed a significantly
higher incidence of nephrotoxicity in the TAC group.
Patients with nephrotoxicity had higher TAC levels (> 8 ng/
mL) at the time of diagnosis and the nephrotoxicity did
not resolve in any cases following a TAC dose reduction.
Patients treated with TAC experienced a significant eGFR
reduction at the end of the 12th month of therapy. The
authors did not report AKI in any patient, and their expla-
nation for the increase in serum creatinine and reduction
in eGFR was potential nephrotoxic effect associated with
TAC therapy [26]. We cannot exclude the possibility that the
decline in renal function in IMN patients is caused solely by
the advancement of disease.

There is a lack of reports concerning AKI following CNI
administration in patients treated for MN. The reported case
urges us to be cautious regarding ambulatory initiation of
CNIs in patients presenting MN, particularly if we observe
features of the nephrotic syndrome. The clinician is obliged
to educate the patient to consult a doctor immediately after
observing a sudden reduction in the amount of urine passed,
and to monitor their kidney function closely.
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