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Abstract
Rationale: Urinary lithiasis is one of severe postoperative complications in patients undergoing renal transplantation, possibly
leading to anuria, urinary infection, or even acute renal failure. Potassium sodium hydrogen citrate (PSHC), a potassium-bearing
citrate, is commonly prescribed to prevent stone formation.

Patient concerns: A 25-year-old man (patient 1) and a 31-year-old man (patient 2) receiving renal transplantation for end-stage
renal disease (ESRD) were enrolled in this study. They were given 10g/day of PSHC granules from the ninth day to the 17th day after
surgery. Patient 1 presented chest tightness, nausea, muscle weakness, and ascending paralysis on the 10th day. Patient 2
presented weak waves on EGG on the 17th day. Moreover, their serum potassium concentrations (SPCs) were 7.67 and 6.05mmol/
L, respectively.

Diagnosis: Acute hyperkalemia.

Interventions:Hemo-filtration was performed for patient 1, while patient 2 received 10% calcium gluconate 10mL, 5% NaHCO3

125mL, and 10% glucose 500mL with the addition of 10 units of insulin through intravenous drip.

Outcomes: Their SPCs dropped to the normal range.

Lessons: Physicians should pay close attentions to potential risks caused by PSHC, and monitor the SPCs to minimize the
occurrence of hyperkalemia.

Abbreviations: BMI = Body mass index, BTCs = Blood tacrolimus concentrations, ECG = Electrocardiograms, ESRD = End-
stage renal disease, PSHC = Potassium sodium hydrogen citrate, SCrCs = Serum creatinine concentrations, SPCs = Serum
potassium concentrations.
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1. Introduction especially early after transplantation due to unrecovered kidney
Allograft urolithiasis is a common postoperative complication
among patients receiving renal transplantation, with a reported
prevalence rate ranging from 0.2% to 10%.[1–4] The disease
shows different manifestations such as oliguria, anuria, and acute
renal failure, leading to serious consequences. Renal transplan-
tation patients are at a high risk of allograft urolithiasis,
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function, hyperparathyroidism, chronic urinary tract infection,
etc.[5,6] Currently, the application of alkaline citrate is the major
therapeutic strategy for this disease, and this agent plays
important roles in preventing stone formation via increasing
urinary citrate.[7–9] Potassium sodium hydrogen citrate (PSHC), a
potassium-bearing citrate, is widely used to prevent stone
formation. Potassium citrate (PC) represents the first-line
treatment for uric acid nephrolithiasis because it just causes
mild gastrointestinal tract complications under acceptable doses,
without adverse effects of calcium salt precipitation.[10]

The report presented 2 unusual patients suffering from acute
hyperkalemia after renal transplantation caused by PSHC
granules. The transplanted kidneys for these 2 patients were
from cardiac death donors from the distribution of China’s
Organ Transplant Response System (COTRS) at the Second
Affiliated Hospital of Zhengzhou City in June 2015. Data were
obtained from the combination of COTRS, pharmacy records,
and departmental transplantation database. The main causes of
hyperkalemia and related prevention measures were discussed as
follows. To our knowledge, acute hyperkalemia caused by PSHC,
especially after renal transplantation, was rarely reported in
published literature.
2. Case presentation

With normal BMI (body mass index, BMI), a 25-year-old man
(patient 1, weight: 58kg) and a 31-year-old man (patients 2,
weight: 62kg) receiving renal transplantation for end-stage
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Figure 1. ECG at presentation for the first patient. ECG at presentation shows
dramatically peaked T waves. ECG = electrocardiogram.

Wang et al. Medicine (2017) 96:42 Medicine
renal disease (ESRD) were enrolled in the current study. The 2
patients, following normal operation processes, received the
kidneys of cardiac death donors from the Second Affiliated
Hospital of Zhengzhou City. General systemic examinations
for these 2 patients before surgery showed normal statuses:
hematocrit, 0.26 and 0.24; hemoglobin, 87 and 82g/L; serum
albumin, 43 and 40g/L; total serum proteins, 75.8 and 70.5mg/
L; aspartate aminotransferase, 18 and 20units/L; alkaline
phosphatase, 75.7 units and 78.4 units; and alanine amino-
transferase, 24 and 29units/L. HIV and HbsAg were nonreac-
tive. Preoperative hemodialysis was conducted for more than 6
months for both cases. The electrolyte levels and electrocardio-
grams (ECGs) of the patients before renal transplantation were
normal. During the operation, the first patient lost 1000mL
blood, and received blood transfusion of 400mL. The second
patient needed no blood transfusion. After operations, both of
them received immunosuppressive therapy with tacrolimus,
mycophenolate mofetil, and prednisolone. The following
described the immunosuppressive therapy in detail. Tacrolimus
was given at a dose of 0.1mg/kg/day and then adjusted to
maintain target trough level of 7 to 12ng/mL in the first month,
6 to 10ng/mLduring the second and thirdmonths, and 3 to 8ng/
mL for the following time.Mycophenolatemofetil was supplied
at a daily dose of 500mg for 3 days followed by 1g/day.
Prednisolone was provided 250mg directly after transplanta-
tion, followed by 100mg/day for 3 days, and then reduced to
20 x0200A;mg per day for the rest of the first month following
the operation. Afterwards, it was continued to be given at 10
mg/day for the next 5 months, and reduced to 5mg/day 6
months after transplantation. Postoperative ECG detection and
blood component analyses were performed to monitor the
electrolyte levels of the 2 patients. At the fourth day after renal
transplantation, both of the patients exhibited normal renal
function, with normal blood pressure and serum potassium
concentration (SPC). According to doctor’s advice and the pH
values of their urine, the patients were given recommended
doses (10g/day) of PSHC granules (trade name: Uralyt-U, made
in Germany Madausag) from the ninth day to the 17th day
after surgery. The daily dose was 4 standard measuring spoon
(2.5g/standard measuring spoon), and supposed to be taken
orally 3 times a day after meal. The patients took 1 spoon of
Uralyt-U in themorning and at noon, respectively, and 2 spoons
in the evening. Both of them showed different symptoms after
taking the drug. The first patient presented chest tightness,
nausea, muscle weakness, and ascending paralysis at the second
day after taking the drug with a cumulative dose of 12.5g. This
patient’s blood pressure, heart rate, respiratory rate, and SPCs
were 106/51mm Hg, 46beats/min, 16 times/min, and 7.67
Figure 2. The changes in the concentrations of SP (mmol/L), BT (mmol/L), and S
transplantation. (A) It shows that hyperkalemia happens on the 18th day for the first
shows that hyperkalemia happens on the 14th day for the second patient 5 day
tacrolimus, SCr = serum creatinine, SP = serum potassium.
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mmol/L, respectively. The ECGwith peaked Twaves for patient
1 is shown in Fig. 1. Bedsides, hemo-filtration was performed
immediately for patient 1, showing stably improved status, with
SPCs dropping to 5.30mmol/L and discomfort disappearing
gradually. On the 17th day with a cumulative dose of 62.5g,
patient 2 had stable vital signs but slightly weakened waves on
ECG. SPCs of patient 2 was 6.05mmol/L. Patient 2 was then
given 10% calcium gluconate 10mL, 5% NaHCO3 125mL,
and 10%glucose 500mLwith the addition of 10 units of insulin
through intravenous drip. One hour later, patient 2 recovered
well and SPCs dropped to 5.48mmol/L. The information on
SPCs (mmol/L), serum creatinine concentrations (SCrCs,
�10�2mmol/L), and blood tacrolimus concentrations (BTCs,
mg/L) of the 2 cases were recorded along with the process of the
treatments after renal transplantation (Fig. 2A, B).

3. Discussion

Stone formation, which is caused by metabolic anomalies and
side effects of relevant medical treatments, is frequently observed
after renal transplantation.[11] Immunosoppressive agents, such
as calcineurin inhibitor glucocorticoid, may cause calculi after
transplantation, thus leading to hyperuricemia, hyperoxaluria,
and hypocitraturia.[12–15] Therefore, to reduce the risk of calculi
formation, alkaline citrate is given to the patients to increase
urinary citrate excretion and urinary solubility index.[16–19]

Currently, several types of potassium-bearing citrates (PC,
sodium PC, potassium magnistium citrate, and PSHC) are
available. With its alkalinizing effect, PSHC can reduce urinary
Cr (�10�2mmol/L) in the 2 patients along with the passage of time after renal
patient 1 day after taking the drug with a SP concentration of 7.67mmol/L; (B) It
s after taking the drug with a SP concentration of 6.05mmol/L. BT = blood
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saturation of calcium, and then decrease ionic calcium
concentration, thus preventing stone formation.[20–23] Therefore,
this agent is commonly used for the prevention of stone formation
among patients undergoing renal transplantation.
First, in the present study, we found that in both cases, SPCs

increased gradually and hyperkalemia only occurred 1 and 6 days
after the treatment with PSHC granules for patient 1 and patient
2, respectively (Fig. 2A, B). The degrees of hyperkalemia in the 2
patients were observed to be directly influenced by PSHC.
According to previous studies, single oral potassium at a dose of
0.5mmol/kg produced a minimal increase in serum potassium,
while total doses of approximately 1mmol/kg increased serum
potassium by as much as 1mmol/L in a healthy man.[24,25] The
molecular formula of PSHC is K6Na6H3(C6H5O7)5, with the
molecular weight of 1321.06. According to the instructions of
PSHC granules, each gram of PSHC contains 4.4 mmol
potassium. Patient 1 (weight: 58kg) presented hyperkalemia
after orally taking a cumulative dose of 12.5g PSHC, equal to
0.95mmol/kg potassium, while patient 2 (weight: 62kg)
developed hyperkalemia after being given a cumulative dose of
62.5g PSHC, equal to about 1mmol/kg. For the patients
undergoing renal transplantation, the cumulative doses they
taking might be a “heavy” load, increasing the risk of
hyperkalemia. In addition to PSHC, some other factors might
also contribute to the occurrence of hyperkalemia in the 2
patients, such as the application of calcineurin inhibitors,
glucocorticoids, and diuretics.[26–28] In this report, both of the
cases received tacrolimus (calcineurin inhibitor) and predniso-
lone (a type of glucocorticoid) in immunosuppressive treatment
that might increase the risk of hyperkalemia. Furthermore, blood
transfusion might also stand for a potential risk factor for
hyperkalemia. It was reported that supernatant potassium
concentration of stored blood was frequently higher than
potassium levels in normal human plasma, and that rapid
intravenous infusion might allow a mass of potassium into
receiver’s body in a short time, thus swiftly increasing blood
potassium concentration.[29,30] However, the specific mecha-
nisms of blood transfusion inducing hyperkalemia remain
unclear. Besides, surgical procedure represented another poten-
tial risk factor for hyperkalemia. Hirata et al[31] reported that
anesthesia contributed to a sharp potassium increase after kidney
transplantation. In a word, the application of PSHC together
with the uses of calcineurin inhibitors and glucocorticoids, as well
as blood transfusion and invasive surgical procedures might
contribute to hyperkalemia in the 2 cases.
Second, there was a clear correlation between the application

of PSHC and the occurrence of hyperkalemia, the situation also
applying to other potassium-bearing citrates.[23] The correlation
between PC and hyperkalemia-related complications has been
investigated in previous studies.[17–19] Hyperkalemic ventricular
fibrillation was even observed in patients with fine renal function
after ingesting small amounts of PC (40–60mmol/L).[23,24] It
might be not harmless for patients with normal renal function
even at an acceptable dosage, although there is 28mmol
potassium in 10-mL PC mixture. The recommended daily dose
is up to 40mL, more than twice the daily intake of PSHC, which
means more dangers of hyperkalemia. Therefore, we suggest that
more attentions should be given when potassium-bearing citrate
is prescribed, especially for the elderly and those with impaired
renal functions.
Third, these cases highlighted potentially serious consequences

of PSHC application in patients receiving renal transplantation.
We would like to emphasize side effects of potassium alkaline
3

citrate, despite its significant advantage in preventing urinary
lithiasis.[24] Physicians should evaluate the role of potassium-
bearing citrates besides PSHC in patients after renal transplanta-
tion, particularly in those with renal insufficiency or combination
medication. It has been suggested that when coprescribing
medicine, it would be better to avoid using potassium-bearing
citrate that may interfere with potassium homeostasis among
patients with renal dysfunction.[26,32] If not, oral dose should be
reduced according to the severity of renal dysfunction. In a
previous study, sodium bicarbonate did not allow additional
potassium into blood, and showed an effect equivalent to
potassium-bearing citrate in the treatment of urinary stone,
suggesting that sodium bicarbonate might be a better choice for
patients who could not tolerate PC.[33] At the moment, people
can purchase all types of potassium-bearing citrates from
counters in any retail pharmacies in communities, while many
patients and even physicians pay little attention on this issue.
Considering the analysis results about the 2 unusual patients in

our study, it was not safe to use PSHCor other potassium-bearing
citrates (PC, sodium PC, and potassium magnistium citrate) for
patients undergoing renal transplantation. Both frequencies and
timing of potassium evaluation should be regimented to control
the level of serum potassium during the therapy. Besides, the
therapy should be better performed in centers with advanced
equipment and more experts who make appropriate treatment
plans.
4. Conclusion

The application of PSHC may increase the risk of hyperkalemia
in patients undergoing renal transplantation. Physicians should
keep a watchful eye on potential risks caused by potassium-
bearing citrates, and monitor SPCs to minimize the rate of drug-
induced hyperkalemia.
References

[1] Ferreira Cassini M, Cologna AJ, Ferreira Andrade M, et al. Lithiasis in
1,313 kidney transplants: incidence, diagnosis, and management.
Transplant Proc 2012;44:2373–5.

[2] Romero-Vargas L, Barba Abad J, Rosell Costa D, et al. Staghorn stones
in renal graft. Presentation on two cases report and review the
bibliography. Arch Esp Urol 2014;67:650–3.

[3] Mamarelis G, Vernadakis S, Moris D, et al. Lithiasis of the renal
allograft, a rare urological complication following renal transplantation:
a single-center experience of 2,045 renal transplantations. Transplant
Proc 2014;46:3203–5.

[4] Khositseth S, Gillingham KJ, Cook ME, et al. Urolithiasis after kidney
transplantation in pediatric recipients: a single center report. Transplan-
tation 2004;78:1319–23.

[5] Cicerello E, Merlo F, Mangano M, et al. Urolithiasis in renal
transplantation: diagnosis and management. Arch Ital Urol Androl
2014;86:257–60.

[6] Duty BD, Conlin MJ, Fuchs EF, et al. The current role of endourologic
management of renal transplantation complications. Adv Urol
2013;2013:246520.

[7] del Valle EE, Spivacow FR, Negri AL. Citrate and renal stones. Medicina
2013;73:363–8.

[8] Krieger NS, Asplin JR, Frick KK, et al. Effect of potassium citrate on
calcium phosphate stones in amodel of hypercalciuria. J Am SocNephrol
2015;26:3001–8.

[9] Aslani A, Fattahi F. Formulation, characterization and physicochemical
evaluation of potassium citrate effervescent tablets. Adv Pharm Bull
2013;3:217–25.

[10] Cicerello E, Merlo F, Maccatrozzo L. Urinary alkalization for the
treatment of uric acid nephrolithiasis. Arch Ital Urol Androl
2010;82:145–8.

[11] Saxena S, Sadideen H, Goldsmith D. Treating stones in transplanted
kidneys. Minerva Med 2013;104:31–40.

http://www.md-journal.com


[12] PackhamDK, KosiborodM. Potential new agents for the management of [23] Song Y, Hernandez N, Shoag J, et al. Potassium citrate decreases urine

Wang et al. Medicine (2017) 96:42 Medicine
hyperkalemia. Am J Cardiovasc Drugs 2016;16:19–31.
[13] Gao J, Shen Y, Sun N, et al. Therapeutic effects of potassium sodium

hydrogen citrate on melamine-induced urinary calculi in China. Chin
Med J 2010;123:1112–6.

[14] Elderwy AA, Kurkar A, Hussein A, et al. Dissolution therapy versus
shock wave lithotripsy for radiolucent renal stones in children: a
prospective study. J Urol 2014;191(5 Suppl):1491–5.

[15] Heilberg IP, Goldfarb DS. Optimum nutrition for kidney stone disease.
Adv Chronic Kidney Dis 2013;20:165–74.

[16] Lyons KS, McGlinchey P. Hyperkalaemic cardiac arrhythmia due
to prolonged ingestion of potassium citrate. Int J Cardiol 2009;131:
e134–6.

[17] Browning JJ, Channer KS. Hyperkalaemic cardiac arrhythmia
caused by potassium citrate mixture. Br Med J (Clin Res Ed) 1981;
283:1366.

[18] Wilson RG, Farndon JR. Hyperkalaemic cardiac arrhythmia
caused by potassium citrate mixture. Br Med J (Clin Res Ed) 1982;
284:197–8.

[19] Perez GO, Oster JR, Pelleya R, et al. Hyperkalemia from single small oral
doses of potassium chloride. Nephron 1984;36:270–1.

[20] Bollee G, Cochat P, Daudon M. Recurrence of crystalline nephropathy
after kidney transplantation in APRT deficiency and primary hyper-
oxaluria. Canad J Kidney Health Dis 2015;2:31.

[21] Sadaat F, Walter E. Stability of citrate and calcium dosing in citrate renal
replacement therapy. Intensive Care Med Exp 2015;3:e23191.

[22] Jackson EC, Avendt-Reeber M. Urolithiasis in children: treatment and
prevention. Curr Treat Options Pediatr 2016:e23492.
4

calcium excretion in patients with hypocitraturic calcium oxalate
nephrolithiasis. Urolithiasis 2016;44:145–8.

[24] Youssef RF, Preminger GM, Lipkin ME. Potassium Citrate and Calcium
Stones: Benefit or Risk. 2014;Springer, New York:115–130.

[25] Doizi S, Maalouf N, Poindexter J, et al. PD31-07 comparison of
potassium citrate, citric acid and placebo on calcium hposphate stones
recurrence: preliminary results. J Urol 2016;195:e719–20.

[26] Eschmann E, Beeler PE, Kaplan V, et al. Patient- and physician-related
risk factors for hyperkalaemia in potassium-increasing drug-drug
interactions. Eur J Clin Pharmacol 2014;70:215–23.

[27] Medford-Davis L, Rafique Z. Derangements of potassium. Emerg Med
Clin N Am 2014;32:329–47.

[28] Ben Salem C, Badreddine A, Fathallah N, et al. Drug-induced
hyperkalemia. Drug Safety 2014;37:677–92.

[29] Rizos CV, Milionis HJ, Elisaf MS. Severe hyperkalemia following blood
transfusions: is there a link? World J Nephrol 2017;6:53–6.

[30] Vraets A, Lin Y, Callum JL. Transfusion-associated hyperkalemia.
Transfus Med Rev 2011;25:184–96.

[31] Hirata ES, Pereira RI, Filho GA, et al. Hyperkalemia by Euro-Collins
solution in anesthesia for renal transplantation: a case report. Braz J
Anesthesiol 2013;63:429–32.

[32] Ramirez E, Rossignoli T, Campos AJ, et al. Drug-induced life-threatening
potassium disturbances detected by a pharmacovigilance program from
laboratory signals. Eur J Clin Pharmacol 2013;69:97–110.

[33] Pinheiro VB, Baxmann AC, Tiselius HG, et al. The effect of sodium
bicarbonate upon urinary citrate excretion in calcium stone formers.
Urology 2013;82:33–7.


	Safety of potassium-bearing citrate in patients with renal transplantation
	1 Introduction
	2 Case presentation
	3 Discussion
	4 Conclusion
	References


