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Conn’s syndrome after kidney transplantation
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ABSTRACT

Conn's syndrome, defined as uniiateral aldosterone-producing adenoma, accounts for 35—40% of casas of
primary hyperaldosteronism. Primary hyperaldosteronism typically occurs in younger patients with pooriy
confrolled arterial hypertension due to extraceliular fluid retention, in whom at least a triple combination of
antihypertensives, including a diuretic. is needed to maintain normotension. The clinical picture of arterial
hypertension may be complemented by symptoms associated with hypokalaemia, such as weakness, fatigue,
palpitations, convulsions, polydipsia, or polyuria. In addition to arterizl hypertension and hypokalaemia. the
diagnosis of Conn's syndroma relies on examination of serum renin and aldosterone concentrations, plasma
renin activity, exercise or furosemide stimulation tests, and imaging studies, preferably computed tomograghy.
The method of treatment of Conn's syndrome is adrenalectomy. In patients with primary hyperaldosteronism
with underlying bilateral adrenal cortical hyperplasia or patients contraindicated for surgery, mineralocorticold
receptor antagonists are administered in combination with antihypertensives targeted for optimal biood

pressure control.

in the group of patients after kidney transplantation, the exact incidence of primary hyperaldosteronism is
unknown. Based on a cross-sectional study performed in 2020, it is estimated to be approximatety 15% in

the group of patients with unsatisfactorily compensated arterial hypertension; in the cohort of nermotensive
recipients, the incidence of primary hyperaldosteronism is not documented. Diagnosis of Conn's syndrome

in patients in the early period after kidney transplantation is problematic, as the prevaience of arterial
hypertension in transplanted patients is high (70-90%) according to the literature, Mineral abnormalities,
including hypokalaemia, are also common in the early post-iransplant period. mainly due to factors such as
duration of cold ischaemia, onset of graft function, donor parameters, post-transpiant tubulopathy, and diuretics,
the effects of immunosuppressive drugs {especially calcineurin inhibitors and corticosteroids), and possibly
potassium-restricted dietary habits that the patient brings from the pre-transplant period, which may mask the

effect of hyperaldosteronism on potassium.

We present the case of & patient who was diagnosed with Conin's syndrome 7 months after primary kidney
transplantation from a deceased donor based on persistent hypokalaemia unresponsive to repiacement
therapy. At the time of the first manifestation of severe hypckalaemia, the patient was treated with a dual
combination of antihypertensives (amlodipine at a daily dose of 5 mg and carvedilol at a daily dose of 50 mag),

without the need for a diuretics.

We consider the case interesting because the spectrum of mineral and acid-base abnormalitiss in advanced
renal failure and in the early post-transplant period, as well as acid-base and mineral imbalances, including
hypokalaemia, and the high prevalence of arterial hypertension in the post-transplant period, may mask the

picture of Conn's syndrome (Fig. 3, Ref. 79). Text in PDF www.elis. sk

KEY WORDS: kidney transplantation, primary hyperaldosteronism, hypokalaemia, metabolic alkalosis,

secondary arterial hypertension.
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Introduction

Conn’s syndrome is defined as excessive and refatively autane-
mous production of aldosterone. escaping regulation by the renin-
angiotensin-aldosterone system {1). Primary hyperaldosteronism
typicaily occurs in younger patients with poorly controlied arterial
hypertension due to exiracetlular fluid retention, in whom at least
a triple combination of antilypertensives, including a diuretic. is
required to maintain normotension. In a proportion of patients.
& positive family history with early onset of arterial hypertensian
or cerebrovascular accident at a younger age may be detected.
Subjective discomfort is mainly related 1o hypokalaemia: muscle
weakness, fatigue, palpitations, potvdipsia or polyuria have been
described {2).

The most common cause of primary hyperaldosteronism is
bilateral hyperplasia of the zona glomerulosa of the adrenal gland
{idivpathic hyperaidosteronism): other causes include aldosterone-
producing adrenal adenoma, adrenal cortical carcinoma. ccropic
aldosterone secretion in the kidney or ovary, or familial forms of
hyperaldosteronism (3). A specific case that is similar (o primary
hyperaldosteronism is reninoma. in which excessive ectopic renin
secretion stimulates aldosterone secretion o an incrensed degree
(2).

The diagnosis of primary hyperaldosteronism relies on an
clevated ratio of morning plasma aldosterone and renin concen-
trations. If the ratio of aldesterone 1o renin is greater than 20:1,
primary hyperaldosteronism is highly probable. The method of
choice for imaging adrenal hyperplasia or adenoma is computed
tomography (CT).

In paticnts with unilateral discase. adrenalectomy is recom-
mended. Patients who are contraindicated for surgery or have
primary hyperaidosteronism with underlying bilateral adrenal cor-
tical hyperplasia should be treated with mineralocorticoid receptor
antagonists (spironolacione, eplerenone) and antihypertensives for
optimal bleod pressure control {4, 5),

The exact incidence of Conn’s syndrome in the group of pa-
tients after kidney transplantation is unknown. In 2020, a cross-sec-
tional study was conducted at the University of Wisconsin — Madi-
son that examined the incidence of primary hyperaldosteronism
in kidney transplant recipients with unsatistactorily compensated
arterial hypertension whao required at least a triple combination of
antihypettensives. The study resulted in an incidence of Conn’s
syndrome in 15.7% of enrolled patients (6).

Diagnosis is complicated by a wide spectrum of mineral and
acid-base abnormalities in the early post-transplant period, includ-
ing hyper- or hypokalaemia, hyper- or hypocalcaemia, hypomag-
nesaemia, hypophosphatemia. metabolic acidosis or metabolic
alkalosis. Several factors contribute to the occurrence of these
abnormalitics, including the rate of onset of graft function, duration
of cold ischemia. donor parameters, acute tubular necrosis, post-
transplant tubulopathy, and immunesuppressive therapy, especially
caleineurin inhibitors and corticosteroids (7. 8), Protracted cold
ischemia may be the cause of acute tubular necrosis. Activation
of the renin-angiotensin -aldosterone system (RAAS) leads 16 de-
creased glomerular filtration and fluid retention, resulting in com-

pensatory suppression of RAAS activily with subsequent potyuria
leading to hyponatremia, hypokalzemia, hypomagnesaemia. and
hypophosphatemia (9). Renal tubular acidosis {RTA) represents
a disorder of transport mechanisms at the tubular level. In the
carly post-transplant periad, it may result from acute rejection,
treatment with calcineurin inhibitors or prolonged cold ischeniia of
the grafi. The early post-transpiant perivd is characterized by type
I (proximal) RTA, which is characterized by reduced bicarbonate
reabsorption at the level of proximal whbules due to calcineurin
toxicity or persistent hyperparathyroidism {17, 18). Type I (distal}
RTA, typical of the late post-transplant period, results tiom a defect
in the transport mechanism for hydrogen cations ¢(11+) at the fevel
of the distal tubulc and collecting duct, resulting in an inability to
acidify the urine and a decrease in ammonium cation (NH4+) ex-
cretion. Type I RTA is associated with interstitial damage induced
by chronic rejection or long-term use of calcineurin mhibitors (10,
L, 12) As a result of the participation of the above mechanisms,
stimulation of proinflammatory cytokine production. activation
of intrarenal complement. endothelin ET-1 and H-+-ATPase in
secondary hyperaldosteronism. tubulointerstitial injury develops
in the wansplanted kidney (11, [2).

Case

We present the case of a 65-year-old patient with cnd-stage
renal failure probably due (o diabetic nephropathy (type If diabe-
tes mellitus on diet) and hypertensive nephrosclerosis with grade
3 proteinuria (3.57 g/day), in whom the cause of chronic kidney
disease (CKD) was not confirmed by renal biopsy. The patient
treated with a triple combination of antihypertensive agenrs
{bisoprolol 5 mg, irbesartan 300 mg and urapidil 180 myg per
day) was enrolled in a chronic hacmodialysis program in Janu-
ary 2010, He was tree of long-term antihyperiensive treatment
in the pre-dialysis period. and his laboratory parameters showed
normokalaemia (3.59 mmol/L). The patent underwent primarv
deceased donor kidney transplantation in June 2022. The donor
lidney was a 70-year-old male, cause of death gunshot wound
to the head, after failed cardiopulmonary-cerebral resuscitation.
history of Gilbert's discase, otherwise no internal pre-cxisting dis-
ease, history of repeated transurethral prostatcetomics for benign
prostatic hyperplasia (creat. 152 umol/l, polvuria).

Baseline admission characteristics of the recipient included
residual diuresis of 500 ml, blood pressure of 160/90 mmHg.
sonographically shrunken kidneys with simplex cysts bilaterally.
hyperkalaemia of 6.12 mmol/l, and creatininacmia of 886 ymol/l.

Because of the higher risk of delayed onsct of graft function
due to the length of hacmodialysis treatment (42 months)., cold is-
chaemia {22 h 10 min) and a donor with extended criteria (age over
60 years, reduced renal function: creat. 152 umol/l), antithymocyte
slobulin was administered at a dose of 3.38 mg/kg (total 240 me)
in the induction and a combination of prednisone, mycophenolic
acid, and tacrolimus in the maintenance treatment. Primary onsel
of graft function was nowed.

The carly post-iransplant period was complicated by urosep-
sis in acufe nonobstructive pyelonephritis in the graft caused by
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Enterococeus facealis and Pseudomonas acruginosa, treated with
vancomyein and meropenem. The patient was discharged on post-
operative day 32 with creatininaemia 168 umol/l, normokalaenia
4.61 mmol/l, blood pressure controlled with a quadruple combina-
tion of antihypertensives {amlodipine 10 mg, carvedilol 50 meg,
rilmenidine 2 mg, doxazosin 8 mg) and furosemide at a daily dose
of 20 mg. Blood pressure ranged between 120-130/75-80 mmbg
in the home environment and outpatient follow-ups with gradual
withdrawal of antihvpertensives to a dual combination amlodipine
5 mg and carvedilol 50 mg/day). Maintenanee immunasuppression
consisted of a triple combination of a caleineurin inhibitor (mean
valley concentration of tacrolimus 9.3 ng/ml). mycophenalic acid
(720 mg/day), and prednisonc (5 mg/day). 7 months after kidney
transpiantation, hypokalaemia (2.83 mmol/l) with metabolic alkalo-
sis (BE 6.7 mmol/) was first noted. Thypokalaemia was attributed to
dictary error (patient reported adherence to a low-potassium dict) in
combination with a loop ditretic and conticosteroids. The patient was
hospitalized for replacement therapy. Powssium chioride supplemen-
tation of 3000 mg potassium chloride/day was required to achieve
normokalaemia, representing 1575 mg (40 mmol) of potassivm.

The patient was discharged with a dual combination of an-
tihypertensives (amlodipine at a daily dose of 5 mg, carvedilol
at a daily dosc of 30 mg}, without diurctic therapy, maintenance
immunosuppressive therapy was unchanged. The daily dose of
potassiun: chloride at the time of discharge was 1800 mg. repre-
senting 945 mg (24 mmol) of potassium. At follow-up 36 days later,
severe hypokalaemia {2.91 mmol/l) with metabolic alkalosis {base
deficit +4.7 mmol/l) recurred, The paticnt did not report vomiting
or diarrhoea, diet without potassium restriction. Urinary findings
confirmed increased potassium (24,2 mmold) and chloride (115
mmol/1). slightly increased fractional excretion of sodium (3.09),
chloride (4.1 5} and significantly increased fractional excretion of
potassiuni {29.75), which, together with hypokalaemia, led to the
suspicion of hyperaldosteronism.

Transplantation

In the differential diagnosis of hypokalaemia. a physiological
morning serum aldosterone concentration (442 ng/l), a significantly
suppressed morning serum renin concentration (< 0.5 ng/l) and
a high renin/aldosterone ratio (884 ng/mU) were found. Serum and
urinary cortisol concentrations (298.6 nmol/l and 412 nmol/24 h,
respectively) as well as serum adrenecorticotropic hormone
concentration (5.7 pg/ml) were within the physiological range.
Urinary aldosterone excretion/24 h was elevated (43.8 nmol/24 h).
Based on the above findings, hypercorticism was ruled out and
primary hyperaldosteronism was supposed. For turther diagnosis,
a computed tomography (CT) scan of the abdomen was performed
with the finding of a 16 mn: lesion in the medial limb and junction
of the right adrenal gland with a density of -3 HU, which cor-
responded to the CT image of the adenoma, A high serum renin/
aldosterone ratio with increased urinary aldosterone exerction
and CT findings suspicious for a right adrenal adenoma led 1o the
diagnosis of Conn’s syndrome. Due to adenoma size less than
20 mm. the endocrinofogist recommended conservative treatment
with mineralocorticoid receptor antagonists {MRASs) at a dose of
50 mg daily with beneficial effect and achievement of fong-term
normokalaemia. Maintenance immunosuppressive and antihyper-
tensive treatment did not change after inidation of MR As, blood
pressure was around 120/80 mmHg. A protocol biopsy performed
4 months after transplantation was negative,

The course of graft function and potassium blood levels in the
first vear after kidney transplantation are shown in Figures 1 and 2.

Dscussion

in the differential diagnosis of hypokalacmia (Fig. 3), it is
necessary to think about inadequate dietary potassium intake,
cxtrarenal losses mainly through the gastrointestinal tract and
renal potassium fosses (renal tubular acidosis, loop diuretic)
2,34y,
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Fig. 1. The course of graft function after renal transplantation.
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Fig. 2. The course of kalaemia after renal transpiantation.

A new spectrum of mineral and acid-base abriormalities must
be considered in patients aficr kidney transplantation. which are
caused by multipte mechanisms. The most important of these
are donor parameters, onset of graft function, duration of cold
ischemia, acute tubular necrosis, and immunosuppressive therapy,
especially caleineurin inhibitors (CNIs) and corticosteroids ¢ 13,
14). CNIs fead fo an increasc in magnesium excre-
tion. Persistent hypomagnacsemia may increase
katiuresis and exacerbate hypokalaemia. However,
hyperkalacmia, which is induced by inhibition af

aldosterone (5, 13, 15). In our case repart, we ruled out these
possibilities by examining the scrum aldosterone concentration.
Other, less frequent causes of hyperaldosteronism include exces-
sive intake of liquorice. where the mechanism of hvpokalaemia is
inhibition of 1 [-beta-hydroxysteroid dehydrogenase, in which the
conversion of cortisol to cortisane is decreased. Fxeess cortisol

Hypokalaemia
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aldosterone production. is more common with CNI1
treatment { 14),
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syndrome, which are assaciated with normotensive
hypokataemia, metabolic alkalosis and high chle-
ride exeretion. Bartter syndrome is an autosomal

I
Renal loses
BP

recessive inherited tubulopathy that develops on

Low/normal BP
ABB

High BP
RAAS

the basis of a defective Na'-K'-Cl- cotransporter
in the ascending thick loop of Henle, resulting in
inadequate sodium absorption and activation of the

|

Without MAL

I
MAL

PRA

RAAS with the development of secondary hyper-
aldosteronism, Gitelman syndrome, an autosomal

Urine chioride

High :
excretion

MAL

Low I

¥ I

recessive inherited tubulopathy. also referred to as

- 5 ¥ 5 4 Secondary
familial hypokalaemia with hypomagnesaemia, is

hyperaldosteronism

Urine chioride
excretion

Serum aldosterone

characterised by hypokalaemic metabolic atkalosis
combined with hypomagnesaemia and low urinary
calcium excretion. Another cause of hypokalaemia

I I 1 1

Low Normai/High r

J

Low High

1 I I I

is Liddle’s syndrome. an autosomal dominant
tubulopathy, which is caused by a mutation of the

Exogenous MRA
Liddle syndrome

Chiloride
depletion

Primary
hyperaldosteronism

Salt-wasting
MAL

sodium channel subunit gene on the luminal side
of the collecting duct cells, resufting in increased
urinary sodium absorption and manifestations of
hyperaldosteronism in the presence of low serum

Diuretics
Barrter syndrome
Gittelman syndrome

Fig. 3. Differential diagnosis of hypokalaemia.
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binds to mineralocorticoid receptors and functionally manifests
as a mineralocorticoid (14).

In patients with primary hyperaldosteronism, arterial hyperten-
sion is an important diagnostic matker of Conn’s syndrome. The
prevalence of arterial hypertension in renal transplant recipients
is high and thercfore is not among the findings that require more
detailed diagnosis (15},

Conclusion

Conn’s syndrome, a unilateral aldosterone-producing adeno-
ma, is defined as excessive and relatively awtonomous aldosterone
production escaping regulation by the renin-angiotensin—aidoster-
one system. The incidence of Conn’s syndrome in the early period
after kidney transplantation is lows; it is usually an unrecognized
cause of arterial hypertension before kidney transplantation (9,
18). Diagnosis of Conn’s syndrome in patients with end-stage
renal faiture and in the carly period after renal wansplantation is
problematic because of low glomerular filtration rate in patients
with end-stage renal faiture and immunosuppression together
with loop diuretic, and possibly potassium-restricted dietary

habits prior to the transplantation period, may mask the effect of

hyperaldosteronemia on potassium. which. together with arterial
hypertension, is crucial for the suspicion of Conn’'s syndrome.
The prevalence of arterial hypertension in patients with end-stage
renal faslure and afier resal transplantation has been reported 1o
be between 70-90% (19). We present the case of a past-kidney
transplant patieat with a mild form of arferial hypertension in
whont antihypertensive therapy could be detrained to 2 two-
combination regimen afier kidney wansplantation, with persis-
tent severe hypokalaemia, first appearing 7 months afler kidney
transplantation, unresponsive to potassium chloride replacement
therapy. Conn’s syndrome was diagnosed. Considering the rela-
tively early onset afler kidney transplantation, we hypothesize
that this was an wnrecognized primary hyperaldosteronism in
the pre-dialysis phase, which may have been the cause of arfe-
rial hypertension and hypertensive nephroangiosclerosis, which.
together with diabetic nephropathy, led to end-stage renal failure.
We hypothesize that laboratory findings related to end-stage renal
failure (oliguria, metabolic acidosis, hyperkalaemia) in the pre-
transplant period masked signs of primary hyperaldosteronism.
Mineral abnormalities, including hypokalacmia, are common
after kidney transplantation and are influenced by a wide range
of factors such as the duration of cold ischacmia, onset of graft
function, donor parameters. develepment of post-transplant tu-
bulopathy, diurctics, and the effect of immunosuppressive drugs
{especially caleineurin inhibitors and corticosteroids). Therefore,
misinterpretation of hypokalaemia in the early post-transplant
period and delay in the diagnosis of Conn’s syndrome may oc-
cur. However, hypokalacmia unresponsive to treatment led to
consideration of'its hormonal cause and to the diagnosis of Conn’s
syndrome, including the setting of adequate treatment. In this
context, the importance of early diagnosis of Conn’s syndrome
should be emphasized. as early adequate treatment is crucial for
good blood pressure control and prevention of the development
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of CKD, possibly slowing the propression of CKD as well as
cardiovascular complications.

Highlights

Although the kidney wansplantation is most effective. life-
saving, and cheapest treatment {or patients with terminal kidney
failure, there is not always a complete restitution of health, The
most commeon comorbidities that persist even after a successful
kidney transplantation include high biood pressure or bone disease,
approximately 20% ot patienis develop post-transplant diabetes
mellitus in the first year afler transplamation, Early recognition
of complications and their effective weatment significantly affect
the survival of patients and grafis. We present the case of a patient
who was diagnoscd with Conn's syndrome 7 months after primary
kidney transplantation from a deceased denor based on persistent
hiypokalaemia naresponsive o replacement therapy. Al the time
of the first manifestation of severe hypokalaemia, the patient was
treated with a dual combination of antithypertensives (amlodipine
and carvedilol), without the need for a diwretic. We consider the
case interesting because the spectrum of mineral and acid-base ab-
normalities in advanced renal failure and in the carly post-transplant
period. as well as acid-base and mineral imbalances. including hy-
pokalaemia, and the high prevalence of arterial hypertension in the
post-transplant period, may mask the picture of Conn'’s syndrome.
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