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CHAPTER ONE

INTRODUCTION

Kidney transplantation is the current treatment of choice for patients with end-stage renal
disease. Newer and safer innovations in transplantation and immune-suppression
regimens have greatly improved the renal allograft survival.

Kidney transplantation is now a common procedure in patients with chronic kidney
disease. Patients undergoing solid organ transplantation require lifelong immune-
suppression to prevent allograft rejection. The ideal form of immune-suppression should
induce donor specific tolerance without impairing the host defenses’ or increasing the
susceptibility to infections and without giving toxicities that may impair the allograft or
the organ system. Patients therefore trade their renal disease for a chronic, albeit less

lethal, condition — that of relative immune-incompetence.

End-stage kidney disease is associated with a variety of metabolic and electrolyte
derangements. In as much as most of these abnormalities resolve with kidney
transplantation, a new wide spectrum of electrolytes and acid-base abnormalities are
noted. The abnormalities seen in the post-transplant period are surprisingly different
from those seen in chronic kidney disease. Multiple factors contribute to the high
prevalence of these abnormalities that include level of allograft function, use of
immunosuppressive medications and metabolic changes in the post-transplant period.
These electrolyte disturbances are common in patients after renal transplantation, and
several studies have tried to determine the clinical significance of these disturbances.

In a study done by FEinollahi et al, the authors observed that the most frequent post-
transplant electrolyte and acid-base disturbances are hyperkalemia, metabolic acidosis,

hypercalcemia, hypomagnesaemia, and hypophosphatemia.

Although kidney transplantation can improve mineral disorders, it cannot completely
relieve the condition. The early period after renal transplantation is a critical phase in
terms of extracellular volume assessment, intravenous fluid administration, and
electrolyte balance. The electrolyte levels including sodium, potassium, bicarbonate,
calcium, phosphorus, and serum magnesium and parameters of renal function in Renal

Transplant Recipients (RTRs) are carefully examined during this period.



CHAPTER TWO
LITERATURE REVIEW

2.1 HYPERKALEMIA

2.1.1Epidemiology

Hyperkalemia is a common complication in renal allograft recipients and is reported to have an
incidence ranging from25 to 44% in kidney transplant recipients on calcineurin inhibitors [CNIs]
(2, 3). Dual kidney-pancreas transplant recipients with bladder drainage are reported to have more
frequent hyperkalemia, with one study reporting an incidence of 73 %( 3). Studies are few that
describe the time course of hyperkalemia after kidney transplantation. In a small study published
in 1996 in type 1 diabetics, hyperkalemia occurred up to average post-operative day of 100 for
kidney transplant recipients. Only two patients had hyperkalemia beyond 8 months after
transplantation (3). Patients on tacrolimus have more frequent hyperkalemia when compared to

patients’ on cyclosporine (4).

2.1.2 Mechanisms of hyperkalaemia
Potassium (K+) is the most abundant intracellular cation with a concentration of 150 mEq/L

compared to just 4 mEg/L in the extracellular compartment. The difference in concentration
between compartments is maintained by the Na- K-ATPase pump. Since the ratio between the
intracellular and extracellular K+ concentration is the main determinant of the resting membrane
potential then maintaining K+ homeostasis, i.e., maintaining a relatively constant plasma K+
concentration, is critical for cell function (5). Plasma K+ concentration are determined by the
relationship between K+ intake, its distribution between the intracellular and extracellular
compartments, and renal K+ excretion. Under normal conditions, a dietary K+ load is absorbed by
the gut into the circulation followed by a rapid uptake by muscle and liver cells facilitated by the
presence of insulin and beta 2 adrenergic receptors.

Thereafter the K+ load is mostly renally excreted, in a process that is primarily determined by
potassium secretion by the principal cells located in the connecting tubule and cortical collecting
duct. K+ secretion in these segments is tightly regulated. Adequate aldosterone secretion and
responsiveness and adequate distal water and sodium delivery are key determinants of renal K+

secretion (5).
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Distal sodium delivery is especially important because sodium reabsorption via the epithelial
sodium channel (ENaC) in these distal nephron segments creates an electrical gradient that favors
K+ secretion. Common mechanisms for hyperkalemia in the non-transplant individual are insulin
deficiency, inorganic metabolic acidosis, decreased glomerular filtration rate, and decreased distal
sodium delivery. Hyperkalemia in the kidney transplant recipient is usually seen in association
with renal tubular acidosis and can be seen even without any of the above-mentioned factors.
Insulinopenia or insulin resistance can decrease translocation of potassium and glucose from the
extracellular to the intracellular compartment and cause hyperkalemia and hyperglycemia in the

post-transplant setting, especially in insulin dependent diabetics.

. Tacrolimus

Cyclosporine
| O Angiotensin|
| ~——— ACEI
i (@) Angiotensinll
Y (VC|091’!ITII!/.‘ / 3 ARB
AT1 receptor
:/
‘_“_\ / Aldosterone
@ / E @)
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+ - 4

—7—-’—- Na*

Figure 1- illustrating the most common mechanisms of hyperkalemia in the renal
transplant recipient.

Medications used post-transplant are thought to be the major cause for post-transplant
hyperkalemia in recipients with a well-functioning graft. Use of trimethoprim in
Trimethoprim/Sulfamethoxazole (TMP/SMX) in standard doses contributes to hyperkalemia by
ENaC blockade (7) but the incidence is low especially when the regimen comprises of single

strength tablet three times weekly for Pneumocystis and urinary tract infection prophylaxis (8).
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Use of pentamidine can also cause hyperkalemia by a similar mechanism (9). Use of renin-
angiotensin system blockers is associated with better patient and graft survival in renal transplant
recipients but risk of life threatening hyperkalemia is also 2-fold when compared to recipients not

on these medications (10).

2.1.3. Calcineurin inhibitors
Calcineurin inhibitors (CNIs) such as tacrolimus and cyclosporine are considered the major players

in the development of hyperkalemia in the kidney transplant recipient. Deppe and Heering showed
that CNIs inhibit mineralocorticoid receptor transcriptional activity, causing down regulation of
mineralocorticoid expression leading to impaired mineralocorticoid function and aldosterone
resistance (11, 12). Hence, patients on CNIs might show signs of hypoaldosteronism despite
normal plasma aldosterone levels. Hoorn EJ et al. postulated a new mechanistic pathway of
hyperkalemia in transplant recipients by demonstrating that tacrolimus activates the thiazide-
sensitive sodium-chloride co- transporter (NCC) in the distal convoluted tubule (DCT) leading to
hyperkalemia and hypertension similar to the ones that occur in Gordon syndrome (13). What is
more, it seems that the tacrolimus causes this effect predominantly by directly inhibiting
calcineurin in DCT cells (14). If this concept is further validated in future studies, thiazide diuretics

may become an attractive and more targeted therapeutic option for hyperkalemia in these patients.

2.1.4. Managing hyperkalaemia
Limiting the use or lowering the dose of drugs that increase potassium levels may not always be

feasible in the immediate post-transplant setting. Initial approach should include dietary
modification and addition of thiazide or loop diuretic if volume status permits. Fludrocortisone has
mineral corticoid properties and causes sodium re-absorption and potassium excretion in the distal
nephron. Studies indicate that fludrocortisone can ameliorate persistent hyperkalemia and
metabolic acidosis in transplant recipients, but it can result in fluid retention (11, 16).Sodium
polystyrene sulfonate is a cation exchange resin that has been commonly used to treat chronic
hyperkalemia for decades. Its use is associated with colonic perforation, which is a rare yet
catastrophic complication after renal transplantation, mainly when used with sorbitol as a carrier.
Hence, caution is advised in its use, especially in the immediate peri-operative period (17, 18).
Patiromer, a relatively new cation exchange resin which exchanges potassium for calcium and has
been approved for the treatment of chronic hyperkalemia in chronic kidney disease (19), but

studies are still ongoing to assess the drug interactions between patiromer and anti-rejection
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medications and to assess its efficacy in the transplant recipients (20). Renal replacement therapy

is reserved for severe hyperkalemia and to patients with delayed graft function or allograft failure.

2.2 HYPERCALCAEMIA

2.2.1. Epidemiology

Hypercalcemia after kidney transplantation has been reported to occur with a very high variability
from around 10 to 59% (21).

The incidence is highest within 3 months after transplant and in majority of the patients, it resolves
by 1 year after transplantation. However, in 5-10% of the patients, it persists beyond 1 year (22—
24). Pre-transplant parathyroid function and longer duration of dialysis, i.e., the indicators of pre-

transplant bone status, are considered risk factors for post-transplant hypercalcemia.

2.2.2 Mechanisms of Hypercalcaemia
Calcium is the fifth abundant mineral in our body with greater than 99% being stored in the bone.

Serum calcium is tightly regulated by parathyroid hormone (PTH) and 1, 25-dihydroxyvitamin D3
by acting on receptors in the gut, kidney, and bone. Calcium is essential for cellular signaling,
nerve impulse transmission, coagulation, muscle contraction, and bone mineralization (25). The
distal nephron is responsible only for the reabsorption of 5— 10% of the filtered calcium load. Yet,
the distal convoluted tubule is the main regulator of calcium excretion as calcium absorption here
is regulated independent of sodium absorption and is also the principal site of action of PTH,
calcitonin, and vitamin D (26, 27). Tertiary hyperparathyroidism is a very common cause of post-
transplant hypercalcemia. A successful kidney transplant eliminates the stimuli that usually induce
parathyroid overactivity in dialysis patients. Yet parathyroid involution does not always occur
immediately, especially in patients with severe pre-transplant hyperparathyroidism, probably due
to the presence of underlying parathyroid hyperplasia or adenoma, causing persistent and
sometimes significant hypercalcemia. The improvement in production of calcitriol post-transplant,
further stimulated by the inappropriately high PTH levels and low phosphorous levels, also is
considered an important factor for the development of hypercalcemia. Steroid therapy and the
resorption of soft-tissue calcium phosphate deposition formed in dialysis patients are also

hypothesized as potential contributors for post-transplant hypercalcemia (23, 28—30).
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2.2.3. Clinical Manifestations
The clinical manifestations of hypercalcemia range from anorexia, nausea, constipation, polyuria,

polydipsia, and nephrocalcinosis in mild cases to cognitive difficulties, drowsiness or obtundation
in severe cases in the general population (15). Given that post-transplant hypercalcemia is usually
mild to moderate and is chronic in nature, such drastic symptoms are not very common. There are
conflicting results in the literature about the effect of persistent hypercalcemia on graft function.
Some studies consider hypercalcemia as an innocent complication that is well tolerated (31), while
others have shown association with impaired graft function (32, 33), fractures, bone disease and

vascular calcification.

2.2.4. Treatment of hypercalcaemia.
KDIGO guidelines recommend that we apply the same principles for managing the mineral bone

disorders in patients with chronic kidney disease stages 3—5 to managing bone mineral disorders
after renal transplant. However, no specific guidelines are offered by KDIGO pertaining to the
management of metabolic derangements in kidney transplant recipients with normal renal
function. The first treatment option nowadays for post-transplant hypercalcemia is a calcimimetic,
cinacalcet being most commonly used. Calcimimetics induce changes in conformation of the
calcium receptor and thus increase sensitivity to extracellular calcium and cause reduction in PTH
secretion and thereby decrease calcium levels in tertiary hyperparathyroidism (34). If there are no
symptoms and patient does not have significant hypercalcemia, i.e., serum calcium greater than 11
mg/dL, most practitioners wait for at least a year for spontaneous resolution before opting for
parathyroidectomy (35). Gastrointestinal side effects and cost of cinacalcet can limit the use of
cinacalcet in some patients. Parathyroidectomy is more cost effective when cinacalcet duration
reaches 14—16 months (36, 37).Evenepoel et al. studied the effect of cinacalcet in a placebo-
controlled trial for management of post-transplant hypercalcemia due to persistent
hyperparathyroidism. They demonstrated that cinacalcet normalizes serum calcium and lowers
PTH levels while placebo treatment led to no significant changes in these parameters and the
discontinuation rate was quite low. However, after 1 year of treatment, the cinacalcet group had
several other outcomes similar to placebo treatment: no improvement in bone mineral density
(BMD), no improvement in biomarkers of high bone turnover and both groups had comparable
and stable estimated GFR (38). When they looked at serum calcium and PTH levels after

withdrawal of cinacalcet, the levels were similar in the cinacalcet and placebo groups, suggesting
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that cinacalcet did not hasten parathyroid gland involution. The follow up period in this study was
relatively short; however, this study underlines the dilemma that continues when prescribing
calcimimetics. There is definite improvement in PTH and calcium levels while using cinacalcet,
but the studies that have shown improvement in hard outcomes like BMD are few and some studies
in turn indicate a concern for low bone turnover state and decrease in BMD (39—41).Cruzado et al
randomized 30 post-transplant patients with hyperparathyroid hypercalcemia to receive cinacalcet
or subtotal parathyroidectomy. The surgery group in the study had greater reduction of parathyroid
hormone levels and was associated with a significant increase in femoral neck BMD but also had
higher incidence of hypocalcemia. No significant change in vascular calcification was seen in
either group (36). Future larger and randoomized trials that assess hard clinical outcomes such as
bone disease and graft function would help guide the management of hypercalcemia in the post-
transplant population.

Contributors to Hypercalcemia in kidney transplant recipients include improvement in production
of calcitriol post-transplant, resorption of soft-tissue calcium phosphate deposition formed in
dialysis patients, steroid therapy, lack of parathyroid involution and underlying parathyroid

adenoma.

2.3 HYPOMAGNESEMIA

2.3.1. Epidemiology

In renal transplant recipients, hypomagnesemia is reported with high prevalence with lowest serum
magnesium concentration noticed around second month post transplantation. In 20% of the renal
transplant recipients, hypomagnesemia might persist several years after transplantation (42). The
incidence of hypomagnesemia and that of post-transplant diabetes (previously referred as

NODAT) is reported to be higher among patients using tacrolimus than those on cyclosporine (43—
45).

2.3.2. Pathophysiology
Magnesium is the fourth most abundant cation in the body and the second most abundant

intracellular cation after potassium (46). Around 99% of body magnesium is found in bone, muscle
and soft tissues. Renal excretion is the major regulator of magnesium balance of the body and

plays a crucial role in magnesium homeostasis. Bulk of the reabsorption of the filtered magnesium
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occurs in the thick ascending loop of Henle where magnesium is reabsorbed via the paracellular
pathway facilitated by tight-junction proteins Claudin 16 and 19. Magnesium reabsorption in this
segment depends on lumen-positive voltage created by potassium recycling in the thick ascending
limb cells. Around 10% of the filtered magnesium is reabsorbed in the DCT via TRPM6 (transient
receptor of potential melastatin 6) transporters, playing an important role in determining the final
urinary magnesium concentration (47). Use of CNIs is associated with an inappropriate and
significant increase in fractional excretion of calcium and magnesium. CNIs induce renal
magnesium wasting by down regulation of magnesium transport proteins in the distal tubule
(Figure 2). CNIs induce decrease in expression of the magnesium transporter TRPM6 in the distal
tubule, which is the main site for active transcellular reabsorption for magnesium (48). This
decrease in expression of magnesium transport proteins leads to increased magnesium excretion,
causing persistently elevated fractional excretion of magnesium despite hypomagnesaemia in these
patients. Some recent data suggest that cyclosporine down regulates renal epidermal growth factor
(EGF) production, which in turn leads to inhibition of TRPM6 activation (49, 50). This magnesium
wasting effect is seen even with use of low dose of CNIs (50).Use of steroids, hyperglycemia,
diuretics, and proton pump inhibitors could be the other contributing factors to hypomagnesaemia

in the early post-transplant period.

Distal Convoluted Tubular Cell

Tacrolimus
Cyclosporine

Cyclin M2

Figure 2 Illustrating mechanisms of hypomagnesaemia in post-transplant patient.

2.3.3. Clinical Manifestations
Magnesium is an essential cofactor for critical enzymatic reactions, and hence has a role in various

physiological functions involving the neuromuscular and cardiovascular systems. Magnesium

plays a role in PTH-induced release of calcium from bone and in severe hypomagnesemia also
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might cause diminished PTH secretion (51). Hypomagnesaemia can cause tremors, tetany, and
convulsions and in some cases hypokalemia. Initial EKG changes in hypomagnesemia manifest as
widening of the QRS complex and peaking of T waves. Severecases can lead to prolonged PR
interval, progressive widening of the QRS complex, and diminution of the T wave (52).Even mild
hypomagnesemia has been associated with ventricular arrhythmias in patients with underlying
cardiac disease. There are studies showing association of hypomagnesemia with vascular stiffness
and decreased graft survival inpatients with CNI toxicity (53-56). Gupta et al. looked atl4
hypomagnesemic non diabetic renal transplant recipients and their effect on lipid and glucose
metabolism over a 6-monthperiod. This was a small and short term study, however their results
suggest that correction of hypomagnesemia in renal transplant recipients was associated with
reduced serum total cholesterol, LDL, and total cholesterol/HDL ratio (57).It has been well
established that there is a strong association between hypomagnesemia and insulin resistance in
the general population. Due to increasing awareness about post-transplant diabetes, several studies
looked at hypomagnesemia after renal transplantation and its relation with post-transplant diabetes.
Intracellular Magnesium regulates enzymes and ion transport channels in pancreatic beta cells and
plays arole in insulin receptor phosphorylation. Conversely, insulin activates the renal magnesium
channel TRMP6 that plays a role in magnesium reabsorption in the kidney and hence plays a role
in magnesium homeostasis. Consequently, it is suggested that a vicious cycle may ensue in
hypomagnesemic patients with diabetes in which low magnesium levels causes insulin resistance
and insulin resistance reduces serum magnesium concentrations (58).Huang et al. from University
of Toronto looked at 948 non diabetic kidney transplant recipients to examine the relationship
between serum magnesium level and post-transplant diabetes during a median follow up of 3.4
years. Lower plasma magnesium level (defined as a plasma magnesium less thanl.8mg/dL) in
their study was associated with a quantitatively increased risk of post-transplant diabetes, based
on time-fixed,conventional time-varying, and rolling-average time varying Cox proportional

hazards models. (Hazard ratio of 1.58—1.83, p < 0.05) (59).

2.3.4. Treatment
Though several such studies exist that show an independent association between hypomagnesemia

and post-transplant diabetes (60, 61), treating it by way of magnesium supplementation has not
always translated into beneficial results in clinical studies. Van Laecke et al. conducted an open-

label study to assess if magnesium supplementation improved glycemic control in renal transplant
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recipients. They randomized 54 patients within 2 weeks after kidney transplantation to receive
magnesium oxide supplementation (with goal serum magnesium greater than 1.9mg/dl) or no
treatment. Patients on magnesium supplementation displayed lower fasting plasma glucose at 3
months post-transplant compared with controls. However, the effect was not large (104.1 mg/dl in
the control group vs. 92.6 mg/dl in the treatment group, p = 0.02), and study had the drawback that
fasting plasma glucose levels were higher in the control group already at baseline. In addition, no
significant differences were noted in other measures of glycemia i.e., area under the glucose curve
during an oral glucose tolerance test and in insulin resistance as expressed by Homeostasis Model
of Assessment-Insulin Resistance (HOMA-IR). The trial was also underpowered to evaluate the
effect of magnesium supplementation on the risk of post-transplant diabetes. Of note, one in four
patients in the treatment group had persistent hypomagnesemia despite reasonably high doses of
magnesium oxide (62).There are conflicting reports about magnesium levels adequately improving
with magnesium supplementation inpatients on CNIs due to high rate of renal excretion with CNIs.
While some studies demonstrated that serum magnesium levels increased to normal range after
magnesium oxide therapy (57, 63), other studies did not demonstrate an adequate improvement in
levels despite supplementation (43, 60). While magnesium supplementation for patients with Type
2 diabetes mellitus has shown improvement in glucose metabolism and insulin sensitivity, the
same results have not been demonstrated in renal transplant recipients so far. Magnesium therapy
is usually well tolerated but gastrointestinal side effects are not infrequent. As there are
controversies yet to be answered whether magnesium supplementation would help any of the
above outcomes, it is reasonable to supplement magnesium in all patients with even mild
hypomagnesemia if underlying cardiovascular disease is present. In post renal transplant patients
with mild hypomagnesemia and no risk factors, it is reasonable to at least advise foods rich in
magnesium and reserve supplementation for moderate (less than 1.5 mg/dl) and severe
hypomagnesemia (less than 1.2 mg/dl). Intravenous magnesium supplementation followed by oral
supplementation should be reserved for severehypomagnesemia and in symptomatic patients. The
population in the United States does not usually meet the expected average requirement for
magnesium from food consumed due to change in dietary habits and move toward more processed
foods in recent years. In plants, magnesium forms the central ion of chlorophyll and hence

magnesium is abundant in green leafy vegetables. It is also found in abundance in other foods such
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as legumes, nuts, brown rice, unprocessed cereals such as whole grains, and whole wheat bread

(46, 64).

2.4 HYPOPHOSPHATEMIA

2.4.1. Epidemiology

Hypophosphatemia in kidney transplant recipients has been reported with varying incidence from
40 to 93% in different studies (31, 65, and 67). Data indicate that the incidence of
hypophosphatemia peaks at week two post-kidney transplant and renal phosphate wasting usually

regresses by 1 year after successful kidney transplantation (68, 69).

2.4.2. Pathophysiology
Phosphate is a major player in energy metabolism, bone formation, nucleic acid, and cell

membrane formation and in several signaling pathways. Majority of total body phosphate is stored
in the bone, with less than one percent present in the extracellular fluid. Maintaining this small
percentage of total body phosphate in the narrow range of 2.5 to 4.5 mg/dl in the serum is mainly
achieved by the kidneys via regulation of renal phosphate reabsorption in the proximal tubule. The
renal sodium phosphate co-transporters NaPilla and NaPillc in the proximal tubule use the energy
derived from the transport of sodium down its gradient to move inorganic phosphate from the
lumen into the cell and are responsible for reabsorbing 85% of the filtered phosphate in the tubule
(27). Dietary phosphate, parathyroid hormone, vitamin D, insulin and fibroblast growth factor 23
(FGF23) are the major regulators of phosphate homeostasis and they involve a complex interplay
between intestinal absorption, internal redistribution, and renal excretion of phosphate. FGF23 is
a recently characterized phosphaturic hormone that is produced in osteoblasts in response to
increased phosphate levels. FGF23 causes suppression of vitamin D 1a hydroxylation, increase in
renal phosphate excretion, and decreases gut absorption of phosphate causing a decrease in serum
phosphate levels. Vitamin D increases phosphate absorption in gut and kidney while PTH
increases renal excretion of phosphate (70). FGF23 and PTH are found to be at elevated levels in
chronic kidney disease and end stage renal disease patients in response to elevated phosphate
levels. After successful kidney transplantation, elevated FGF23 levels and other phosphatonins
might take some time to come down and this persistent elevation is considered to play a key

causative role in the phosphaturia and hypophosphatemia seen in the kidney transplant recipients
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(71, 72). Tacrolimus also increases renal phosphate wasting by decreasing the abundance of
phosphate co-transporter NaPi-2a in the renal tubule (30, 87).Factors such as dialysis vintage, low
calcitriol levels, elevated parathyroid hormone level, and tubular damage from
immunosuppression are thought to be the other contributors that determine phosphate wasting after

renal transplantation (81, 86, 88, 89).

2.4.3. Clinical Manifestations
Hypophosphatemia, especially in the severe forms is known to cause predisposition to hemolysis,

rhabdomyolysis, respiratory failure, muscle weakness, seizures, and myocardial depression. There
is growing concern that hypophosphatemia can cause muscle weakness, osteodystrophy and
contribute to increased fracture risk in this patient population. However, no association exists
between renal phosphate wasting and adverse graft outcomes (76). In fact, some newer studies
actually show favorable outcomes in patients with hypophosphatemia likely indicating a very-well

functioning graft (77).

2.4.4. Treatment
Though no specific guidelines exist for the management of post-transplant hypophosphatemia,

patients are usually treated with oral phosphate supplements and the treatment is well tolerated.
However, intervention studies are scarce for the treatment of post-transplant hypophosphatemia
and phosphate supplementation in these patients is not always considered benign. There is a
theoretical risk that phosphate supplementation can in turn increase PTH and FGF23 synthesis and
hence worsen hyperparathyroidism and cause further phosphate wasting in patients with a well-
functioning allograft (58, 78). This effect was not seen in the early period after kidney
transplantation, but was seen in late post-transplant periods in some studies. (66, 79). Patients with
persistent  post-transplant  hyperparathyroidism with  concurrent hypercalcemia and
hypophosphatemia can be treated effectively with cinacalcet (48, 52). Kidney transplant recipients
should be advised to consume phosphate rich foods like whole grains, eggs, poultry, fish, and dairy

products as soon as good graft function is achieved (80, 81).
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2.5 METABOLIC ACIDOSIS

2.5.1. Epidemiology

Metabolic acidosis after kidney transplantation is not an uncommon finding. It has been reported
with varying prevalence from 12 to 58% (82). While in patients with chronic kidney disease, it is
seen mainly at glomerular filtration rates (GFR) of less than 30 mL/min, in renal transplant
recipients it is seen at higher GFR and even in patients with normal renal function. Factors such
as suboptimal allograft function, donor age, deceased donor transplantation, graft rejection,
hyperparathyroidism, and the use of calcineurin inhibitors have been associated with post-
transplant acidosis (82—83). One year post kidney transplantation, the prevalence of metabolic

acidosis falls to around 13-16% (82, 85).

2.5.2. Pathophysiology
When present, metabolic acidosis is predominantly of the normal anion gap variant. In addition to

the common pathogenic factors acting in any form of chronic kidney disease, there are other
mechanisms specific to the kidney transplant status. Both proximal and distal (including type 4)
renal tubular acidosis can be seen in kidney transplant recipients (86). Diarrhea causing
bicarbonate loss from the gut is also a common cause of normal anion gap acidosis in post-
transplant patients. Diarrhea in the post-transplant setting can also constitute a side effect of
medications like mycophenolate, from known underlying bowel disease or enteric pathogens like
Clostridium difficile, Cytomegalovirus infections, parasites etc. Various mechanisms have been
suggested for high prevalence of renal tubular acidosis in the kidney transplant recipient, which
include immunological injury from rejection, subclinical tubular dysfunction from ischemia,
reduced nephron mass from the single kidney processing the acid load and effect of various
medications (CNIs, TMP/SMX, etc.) (87, 88). Tubulitis seen in rejection, the reduced activity of
H+-V-ATPase pumps and anion exchanger (AE1) and decrease in renal function are postulated to
be the factors responsible for association between rejection and metabolic acidosis (89).
Experimental data suggests that calcineurin inhibitors impair mineralocorticoid transcriptional
activity in the distal tubular cells and can thus cause aldosterone resistance contributing to
hyperkalemia and metabolic acidosis in the post-transplant setting (12). Cyclosporine and
tacrolimus can produce metabolic acidosis but by different mechanisms also.

In the cortical collecting duct, the intercalated cell exists as a beta form that secretes bicarbonate

in exchange for chloride and the alpha intercalated cell that secretes acid. Work by Watanabe et al
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suggests that cyclosporine produces distal renal tubular acidosis by blocking peptidyl prolyl cis-
trans isomerase activity of cyclophilin and thus inhibiting this remodeling of the intercalated cell
from the bicarbonate secreting beta form to the acid secreting alpha form, especially in times of
acid loading (90) (Figure 2). Animal studies by Mohebbi et al. demonstrated that tacrolimus can
impair urinary acidification especially in the setting of acid load by dysregulation of many acid-
base transporters in the proximal and distal nephron including H+-ATPase, sodium bicarbonate
cotransporter and anion exchangerAEl (91). TMP/SMX can cause type 4 renal tubular acidosis
often seen in association with hyperkalemia. Kidney transplantation, unrelated to
immunosuppressive therapy or transplant related histologic changes, also has been shown to cause

a generalized decrease in H+-ATPase expression and hence impaired proton handling (92).
Cyclosporine
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Figure 3. Illustrating mechanisms of metabolic acidosis

2.5.3. Clinical Manifestations
Metabolic acidosis in the non-transplant population affects growth in children, causes progression

of nephrocalcinosis, bone disease and is an indicator of poor outcome in chronic kidney disease at
all ages (80). In the past, post-transplant renal tubular acidosis was considered asymptomatic and
subclinical; however, various studies have now implicated it as a factor in bone disease, mineral
metabolism and now consider it as a marker of poor renal outcome in the renal transplant recipient
(83, 84, 87, 93). In a recently published retrospective cohort study of 2318 adult kidney transplant

recipients, a strong detrimental association between low bicarbonate levels(less than 22 mEq/L)
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and graft function as well as death censored graft failure was noted even after adjusting for

estimatedGFR (87).

2.5.4. Treatment
Starke et al performed a one-year study to assess the effect of improving bicarbonate levels on

bone health in 30 kidney transplant recipients. Nineteen patients treated with potassium citrate
were able to achieve bicarbonate levels of greater than 24 mEq/L and had better bone histology
and markers of bone turnover when compared to 11 patients in the control group treated with
potassium chloride. However, no relevant changes were seen in the DEXA scans at the end of 1
year and the study was limited by the small number of patients. In addition, this study did not
comment on graft function/graft survival. Currently, given that alkali therapy is inexpensive and
relatively safe, bicarbonate supplementation is recommended at least to protect the bone, if the
condition is prolonged (94). It is unknown whether this supplementation will have a positive effect
on renal outcomes in this population. Attention should also be paid to dietary factors, as diet might
have an influence on the post-transplant acidosis. Modification of diet by higher intake of fruits
and vegetables and lower animal protein intake can improve the acidosis by a small extent even in

transplant recipients (95).

2.6. SODIUM

Studies have shown that CNI cause NA reabsorption via thiazide sensitive Sodium Chloride co-
Transporter and Na - K - 2CL co-transporter (NKCC - 2) which is made possible through
prevention of inhibitory effects of Calcineurin on “with no lysine kinases” (WNK), Glucocorticoid
regulated kinases1, STEZO; SPSI related Proline alanine rich Kinases (SPAK) and oxidative -
stress responsive protein type 1 kinases (OSR1) that activate NCC.

NCC and NKCC-2 are specifically found in different portions of nephron. The NKCC - 2 is
expressed in the apical membrane of the thick ascending loop of Henle and in macula densa while

NCC is expressed in the late portion of the distal convoluted tubule.
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By inhibiting calcineurin, CNIs prevent its inhibitory effect on the kinases and consequently
increase activation of NCC. This effect causes increased Sodium -absorption and causes

Hypertension.

2.7. URIC ACID

Reduced uric acid excretion can occur after renal transplantation leading to Hyperuricaemia and
in some cases gout. This is more common in patients treated with CNI -cyclosporin. Other co-
morbities common in kidney transplant recipients such as CKD, Hypertension, diabetes Mellitus

and other cardiovascular diseases may also contribute to the increased risk of hyperuricaemia.

Uric acid levels in patients with cyclosporine induced hyperuricaemia ranges from 8-14 mg/dl and

approximately 10% of them develop gout.

Hyperuricaemia occurs early after transplantation and is associated with decreased GFR, Diuretic

use, cyclosporine therapy and a preexisting history of gout or hyperuricaecmia.

Diuretics used in post-transplant period may contribute to hyperuricaemia especially the thiazide

type antihypertensives.

These drugs interfere with urate clearance and by inducing a certain degree of hypovolemia,they

induce tubular urate absorption.
With cyclosporin, over 50% of patients develop hyperuriceamia and about 10% develop gout.

The mechanism of cyclosporine induced hyperuricaemia include increased net tubular urate
absorption as well as decreased glomerular filtration rate with a decrease in filtered load of uric

acid.

This effect is not restricted to renal transplant recipients receiving cyclosporine but was also
observed in different groups of patients receiving cyclosporine independent of the presence of

impaired renal function before the initiation of treatment.

Tacrolimus has also been reported to cause hyperuricaemia but with no reported cases of gout.
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2.8 Study question

This study will attempt to characterize and quantify the extent of electrolyte derangements in post

kidney transplant patients.

2.9 Study objective

To do a chart review of patients file so as to establish and describe the prevalence and patterns of
electrolytes disorders in kidney transplant recipients with stable graft function at different stages

after kidney transplantation at Kenyatta National Hospital

2.10 Specific objectives

1. To determine and identify trends in measured electrolytes in post kidney transplant recipients
2. To correlate the electrolytes derangements with immunosuppressive and other drug regimens in
post kidney transplant recipients.

3. To correlate the electrolyte derangements with demographic patterns of post kidney transplant

recipients

2.11 Study justification
At KNH, there are about 200 post kidney transplant patients on follow up at the transplant clinic.

These patients are invariably at various stages post transplantation and are on various
immunosuppressive drugs.

There is no documentation of various electrolytes disorders and acid base derangements that may
be expected in these patients.

There are also no guidelines that have been laid down on how to manage these electrolyte or acid
base disorders when they occur.

This study will help in raising doctor’s awareness and attention in picking these electrolyte
disorders.

It will also help in designing guidelines on management of such disorders when they occur.

It will also provide baseline data on expected electrolyte and acid base disorders and inform on

individualization of immunosuppressive therapy.
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CHAPTER THREE
METHODOLOGY

3.1 STUDY DESIGN

Retrospective and descriptive chart review Study

3.2 STUDY AREA

The study was carried out at Kenyatta National Hospital transplant clinic within the renal unit.
Kenyatta National Hospital is the largest tertiary referral hospital in Eastern and Central Africa
located in the capital city of Kenya, Nairobi. It was established in 1900 and it has a capacity of
2600 beds. It serves as the teaching hospital for the University of Nairobi, College of Health
Sciences, Kenya Medical Training College, neighboring Health colleges and institutions such as
KEMRI, Kenyatta University, and The Nairobi hospital. It serves as a referral hospital for Kenya
and East Africa. It runs general and specialized clinics and in-patients services in surgical, medical,
obstetrics and gynaecology, ophthalmology and paediatrics. Renal unit is one of the specialized
units in Kenyatta National Hospital. The main services offered in the unit are haemodialysis and
kidney transplantation. The renal unit has a weekly kidney transplant clinic that caters for pre- and
post-transplant patients as well as kidney donors. The Transplant clinic runs every Tuesday
overseen by Consultant Nephrologists, EAKI Fellows of Nephrology, Internal Medicine Registrars

and a Transplant Coordinator nurse. An average of 15 — 20 patients are seen at every clinic

3.3 Study population

The study population included adult kidney transplant patients who are on follow-up in the
transplant clinic. There are about 200 patients on follow up majority of them transplanted in KNH
with a few others transferred in from India and also from neighbouring transplant centres such as
Agha Khan University hospital -Nairobi, The Nairobi Hospital and Moi Teaching and Referral
Hospital in Eldoret, Kenya. The study involved study of all the sampled files of these patients and
extracting all the data needed in this study.

3.4 Sampling

All Kidney transplant patients attending the transplant clinic had their files numbered and sampled

randomly. The sampled files had relevant data extracted and entered into the study questionnaire.
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CHAPTER FOUR
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RESEARCH FINDINGS

4.1 Introduction

The main objective of the study was to do a retrospective chart review to establish and describe
the prevalence and trends of electrolytes disorders in kidney transplant recipients at different stages
after kidney transplantation at Kenyatta National Hospital. A total of 156 recipients files were

selected for the study and of these 106 files were reviewed and analyzed.

4.2 Patient characteristics

This section describes the characteristics of kidney transplant recipients whose files

were studied at Kenyatta National Hospital.

Table 1: Patient characteristics

Frequency Percent
n %
Gender
(n=106)
Male 67 63.2
Female 39 36.7
Age (n=106)
13-25 9 8.4
26-35 19 17.9
36-45 28 26.4
46-55 25 23.5
>55 25 23.5

63.2% of the patients studied were males.
The mean age of the patients was 44.4 (SD=14.2) years, while the median age was
43.0 (IQR=21) years. The lowest age was 13 years, while the highest was 73 years.

28



Table 2: Duration since transplantation

Frequency Percent
n=106 %
16.9
Less than or equal to 18
12 months
14.1
13 — 24 months 15
8.4511
25 — 36 months 9
13.2
37 — 48 months 14
47.16
Above 48 months 50

Figure 4: Duration since transplantation
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All the 106 recipients’ source of allograft was from a living related kidney donor. The table below

shows the relationship of the recipient’s donor.
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Table 3: Relationship with Donor

Frequency n=106 Percent %

Brother 30 28.3
Sister 21 19.8
Father 1 9
Mother 6 5.7
Wife 4 3.8
Husband 2 1.9
Cousin 1 9
Nephew 2 1.9
Son 8 7.5
Daughter 1 0.9
Others 4 3.8
Unknown 24 22.6
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Figure 5: Relationship with Donor
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Table 4: Primary renal disease leading to transplantation
Frequency %

Hypertension 77 80.2%
Diabetes Mellitus 26 27.1%
Chronic o
Glomerulonephritis 44 45.8%
Autosomal Dominant o
Polycystic Kidney Disease 4 4.2%
Lupus
Nephritis/Connective 3 3.1%
Tissue Disease
Others 3 3.1%
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Figure 6: Primary renal disease leading to transplantation

Primary renal disease leading to transplatation

Majority of the patients had hypertension as the primary disease leading to transplantation.
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However many patients had multiplicity of conditions leading to transplantation.

Table 5: Immunosuppressive medications

Frequency Percent
of
patients
%
(n=106)

Cyclosprin-A 19 20.4%
Tacrolimus 71 76.3%
Mycophenolate

Mofetil/Mycophenolate 87 93.5%
Sodium

Glucocorticoids 101 95.2%
Everolimus 1 2.2%
Azathiopurine 9 8.4%
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Figure 7:Immunosuppressive medications
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Table 6: Proton pump inhibitors

Frequency Percent %
(n=65)
Pantoprazole 50 76.9
Omeprazole 2 3.06
Esomeprazole 12 18.4
Ranitidine | 1.53
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Figure 8: Proton pump inhibitors
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Table 7: Oral glucose lowering agents

Frequency Percent of
patients %
(n=15)
Metformin 9 60.0%
Sulphonylureas 3 20.0%
DPP4 ;
Inhibitors 8 36.7%
Others 9 60.0%
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Figure 9: Oral glucose lowering agents
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Table 8: Diuretics

Oral Glucose Lowering Agent
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Frequency Percent %
(n=2)
Frusemide 11 100.0

35




Figure 10: Diuretics
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Table 9: Angiotensin converting enzyme inhibitors

Frequency Percent

(n=7) %
Enalapril 6 85.7
Ramipril 1 14.3
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Figure 11: Angiotensin converting enzyme inhibitors
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Table 10: Angiotensin receptor blockers
Frequency Percent of
(n=11) %
Losartan 6 54.5
Candesartan 1 9.1
Telmisartan 2 18.2
Irbersartan 2 18.2
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Table 11: Beta blockers

Frequency Percent of

patients %
(n=44)
Atenolol 6 13.6%
Nebivolol 18 40.9%
Carvedilol 6 13.6%
Metoprolol 15 34.1%

Figure 12: Beta blockers
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Table 12: Calcium channel blockers/other antihypertensives

Frequency Percent of

patients %

(n=106)
Nifedipine 18 23.1%
Amlodipine 48 61.5%
Diltiazem | 1.3%
Nicardipine 1 1.3%
Felodipine 2 2.6%
Clonidine 1 1.3%
Minoxidil 1 1.3%
Hydralazine 41 38.6%
Prazocin 9 11.5%
Aldomet 2 2.6%

Figure 13: Calcium channel blockers/other antihypertensives
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4.3 ESTIMATED GLOMERULAR FILTRATION RATE

Table 13: Estimated Glomerular Filtration Rate (e¢GFR) as per MDRD FORMULA
The parameters in the table below were used for classification of eGFR into the

various stages as shown in table 13.

Stage GFR* Description
1 90+ Normal kidney function but urine
findings or structural

abnormalities or genetic trait
point to kidney disease

2 60-89 Mildly reduced kidney function,
and other findings (as for stage 1)
point to kidney disease

3A 45-59 Moderately  reduced  kidney
3B 30-44 function
4 15-29 Severely reduced kidney function
5 <15 or Very severe, or end-stage kidney
on failure
dialysis

eGFR = 186 x (Creatinine/88.41-13% x (Age)*?%3 x (0.742 if female) x (1.210 if
black)

Table 14: EGFR (n=106)

Stage GFR* Frequency n (%)
1 90+ 24 (22.6)
2 60-89 53 (50.0)
3A 45-59 17 (16.0)
3B 30-44
8(7.5)
4 15-29 4 (3.8)
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CHAPTER FIVE

5.1 RESULTS

Trends in measured electrolytes

This section presents the results of the trends in measured electrolytes in post kidney transplant

recipients.

A one-way repeated measures analysis of variance (ANOVA) was conducted to evaluate the null
hypothesis that there is no change in the recipients measured electrolytes when measured in
intervals of 3 months for 1 year. The results of the ANOVA indicated a significant time effect for
Potassium, thus, there is significant evidence to reject the null hypothesis.

Follow up comparisons for Potassium indicated that the pair wise difference was observed to be
significant only between K1 and K12, p = .005. There was a significant decrease in Potassium
levels over time.

Trend analysis for Chloride, Calcium, Phosphate, Magnesium, and Uric acid cannot be performed

due to the few observations and inconsistent readings.

5.2 POTASSIUM

Table 15: Potassium levels

Potassium N Mean p-
(SD) value
4.05 0.530
Male 67 (0.6)
38 4.07
Female (0.3)
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An independent-samples t-test was run to determine if there were differences in potassium levels
between the genders. The female had a higher mean (4.07 = 0.3) than male (4.05 £0.6), a not
statistically significant difference of 0.02 (95% CI, -0.18 to 0.21), t (103) = 0.146, p = .866.

Potassium
age Pearson Correlation .058
p-value 0.559
N 105

A Pearson's product-moment correlation was run to assess the relationship between age and
potassium. There was a weak positive correlation between age and potassium (r = .058), but this

was not statistically significant (p = .559).

5.3 HYPERKALAEMIA

Incidence of Hyperkalaemia (high potassium >5.0mmol/L) at different stages after kidney

transplantation
Month 1 3 6 9 1
2
n 19/106 11/106 7/106 7/106 6/106
N
% 17.9 12.6 7.86 7.86 6.7

The incidence of hyperkalaemia was highest in the first month after transplantation
and appears to stabilize over time. The average prevalence of hyperkalaemia was

found to be 10.5%
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5.4 PREVALENCE OF HYPERKALAEMIA BASED ON GENDER OF RECIPIENT

Table 16: Prevalence of Hyperkalaemia Based On Gender of Recipient

Month 1 3 6 9 12
M (n, %) 11/19(57.8) | 6/11(54.5) | 4/7(57.1) 3/7(43.9) 1/6(16.6)
F (n, %) 8/19(42.1) | 5/11(45.5) | 3/7(43.9) 4/7(57.1) 5/6(83.3)

Males were found to have a higher prevalence of hyperkalaemia than females.

5.5 HYPOKALAEMIA

Table 17: Prevalence of hypokalaemia (low potassium <3.5Smmol/L) Electrolytes
derangements with demographic patterns

month 1 6 9 12
3
n 18/106 15/106 10/106 14/106 13/89
/
N
% 16.9 14.1 9.4 13.2 12.3

Average prevalence of hypokalemia was found to be 13.18%

Table 18: Prevalence of Hypokalaemia Based On Gender of Recipient

1 3 6 9 12
M (n, %) 8/18(44.4) 13/15(86.6) 5/1050) | 11/14(78.5) 12/13(92.3)
F (n, %) 10/18(55.6) 2/15(13.3) 5/10(50) | 3/14(21.4) 1/13(7.6)
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5.6 SODIUM

MONTHS 3 6 9 12

N 38/106 25/106 26/106 25/10
6

% 35.8 23.5 24.5 23.5

Of 106 patients studied, hyponatraemia (sodium levels <135mmol/L) was the only

sodium disorder that was evident at different times after transplantation.

Table 19: Prevalence of Hyponatraemia Based On Gender of Recipients

3 6 9 12
M (n, %) 26/38(68.4) 19/25(76) 17/26(65.3) 15/25(60)
F (n, %) 12/38(31.57) 6/25(24) 9/26(34.6) 10/25(40)

Hyponatraemia was found to be more prevalent in male recipients.

Sodium N Mean p-
(SD) value
136.0 0.829
Male 67 (4.0)
39 136.2
Female (5.0)

An independent-samples t-test was run to determine if there were differences in
sodium levels between the genders. The females had a higher mean (136.2 + 5.0)
than males (136.0 £4.0), a not statistically significant difference of 0.2 (95% CI, -
1.6 t0 1.9), t (103) =.217, p = .829.
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Sodium

Age

Pearson -.060
Correlation

p-value .540
N 105

A Pearson's product-moment correlation was run to assess the relationship between

age and sodium. There was a very weak negative correlation between age and

sodium (r = -.060), but this was not significant (p = .540).

5.7 CALCIUM.

Table 20: PREVALENCE OF HYPOCALCAEMIA (LOW CALCIUM<2.2mmol/L) AT
DIFFERENT STAGES POST TRANSPLANTATION

MONTH 1 3 6 9 12
N 4/58 6/20 3/14 5/16 5/13
% 6.8 30.0 21.42 31.25 38.46

Hypocalcaemia was found to have unpredictable variability within the year after

transplantation. The prevalence appears to decrease with increased number of

observations. Of note there were a decreasing number of recipients who had their

calcium measured over time.

Table 21: PREVALENCE OF HYPERCALCAEMIA (HIGH CALCIUM>2.6mmol/L) AT
DIFFERENT STAGES POST TRANSPLANTATION

MONTH 1 3 6 9 12
N 6/58 3/20 3/14 1/16 2/13
% 10.3 15.0 21.4 6.2 15.3
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Similarly, prevalence of hypercalcemia showed variability over the months after

transplantation. Note also very few patients had their calcium done as they

approached 12 months post transplantation.

5.8 PHOSPHATES

Table 22: Prevalence of Hypophosphataemia

MONTH 1 3 6 9 1

2
N 58 20 12 16 13
Hyperphosphataemia (%) 1(1.7) 0(0.0) 0(0.0) 3(18.75) | 1(7.6)
Hypophosphataemia (%) 13(22.3) 4(25) 2(16.6) 6(37.5) 4(30.7)

A high prevalence of hypophosphataemia was demonstrated in the study population

compared to hyperphosphataemia.

5.9 URIC ACID

Table 23: Prevalence of Hyperuricaemia (High Uric Acid Levels) Male>420, Female >390

month 1 3 6 9 12

N 28 14 7 10 7
MALE>420,FEMALE 6/16,4/12 3/12, 0/2 3/4, 0/3 2/6, 3/4,1/3
>390 1/4

We found hyperuricaemia in 30.4%and low uric acid levels in 21.3% of our study

patients.

46




PREVALENCE OF HYPOMAGNAESIMIA/HY PERMAGNAESIMIA

LOW

HIGH

N,%

11/37(29.7%)

1/37(2.7%)

Only 37 patients had their magnesium done in the first year postransplantation.

In the studied patients 29.7% had hypomagnesaemia.
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CHAPTER SIX
DISCUSSION

6.1 POTASSIUM-
Our study found an incidence of hyperkalaemia 9.3 %.

Hyperkalemia is described as a common complication in renal allograft recipients and is reported
to have an incidence ranging from 25 to 44% in kidney transplant recipients on calcineurin

inhibitors [CNIs].

The low incidence in our study may be explained by the low numbers of study subjects and the
high number of patients on loop diuretics. In our study it was not possible to compare rates of

hyperkalaemia in patients on different CNIs.
Very few patients were on cyclosporine.

Patients on tacrolimus have been reported to have more frequent hyperkalemia when compared
to patients on cyclosporine. A very weak positive correlation between Potassium and age,
duration or age of allograft was noted. Also, a weak negative correlation between potassium levels

and tacrolimus level was noted. There was no difference in potassium levels across gender.

6.2 SODIUM-
We found hyponatraemia in 13% in our study. This is not widely reported in studies. The low

levels in our study could be explained by possibility of low salt intake in many of the patients who
had hypertension, weight gain, possibility of coexistent dyslipidaemia, use of steroids, and use of

diuretics.

6.3 CALCIUM

We found an incidence of hypercalcaemia of 8.3%.Hypercalcemia after kidney transplantation
has been reported to occur with a very high variability from around 10 to 59%. Usually related to
treatment of CKD -Mineral bone disorders, improved production of calcitriol post-transplant and

steroid therapy.
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6.4 PHOSPHATES
We found an incidence of hypophosphataemia of 22.9% .Hypophosphatemia in kidney transplant

recipients has been reported with varying incidence from 40 to 93% in different studies. Data
indicate that the incidence of hypophosphatemia peaks at week two post-kidney transplant and

renal phosphate wasting usually regresses by 1 year after successful kidney transplantation

6.5 MAGNESIUM

We found an incidence of 36.4% of hypomagnaesimia. Hypomagnesemia is reported with high
prevalence with lowest serum magnesium concentration noticed around second month post
transplantation. In 20% of the renal transplant recipients, hypomagnesemia might persist several
years after transplantation. The small number of patients studied could not allow further

interrogation of the hypomagnaesemia i.e.-relation to diabetes,age or immunosuppressant drugs

6.6 URIC ACID
We found hyperuricaemia in 30.4%and low uric acid levels in 21.3% of our study patients. This
could be explained by the fact that very few of our patients are on cyclosporin which has been

found to cause hyperuricaemia and gout.Tacrolimus has minimal effect on uric acid metabolism

7.7 CONCLUSION

There are significant electrolyte imbalances in our post-transplant population with

hypomagnesaemia being the commonest electrolyte imbalance.
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APPENDIX 1

Study timelines

s/n Activity Timeline
May‘l | Jun‘l | Jul Aug ‘19 | Sept ‘19| Oct ‘19 | Nov‘19
9 9 ‘19
1 Protocol
‘ >

presentation and

corrections
2 Submission of

>

protocol for

ethics for

approval
3 Data collection = —
4 Data analysis —
5 Results

=

presentation
6 Corrections and

write up —————

submission
7 Final write up

=
submission
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APPENDIX 2

NORMAL RANGES

Urea and electrolytes (U&Es)

Na+ — 133-146 mmol/ L

K+ —3.5-5.3 mmol/ L

Ca’" (adjusted) — 2.2-2.6 mmol/L

Mg?* —0.7-1.0 mmol/ L

Urea — 2.5 — 7.8 mmol/L

Creatinine — (MALE 59-104 pumol/ L) // (FEMALE 45-84 umol/ L)

Uric acid (umol/litre) MALE 150-420,FEMALE-120-390
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APPENDIX 3
STUDY PROFORMA

1. SOCIODEMOGRAPHIC DATA
DATE OF INTERVIEW..............
STUDY NUMBER....................
FILENUMBER........................
SEX/GENDER MALE FEMALE

YEAR OF BIRTH..... ..... ......

BP..../....... LHEIGHT............... CM WEIGHT....... KG BMI.......
2. DATE OF TRANSPLANT.........ooco i e,
3. DURATION SINCE TRANSPLANTATION............... (Months)
4. SOURCE OF ALLOGRAFT
1. CADAVERIC
2. LIVING RELATED KIDNEY DONOR
5. IF LIVING RELATED DONOR, RELATIONSHIP
1. SIBLING: BROTHER
SISTER
2. PARENT. FATHER........... MOTHER..........
3.SPOUSE  WIFE.... HUSBAND........
4. COUSIN

5.NIECE......... NEPHEW........
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6. OTHER...................

6. PRIMARY RENAL DISEASE LEADING TO TRANSPLANTATION

1. HYPERTENSION

2. DIABETES MELLITUS

3. CHRONIC GLOMERULONEPHRITIS

4. AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE

5. LUPUS NEPHRITIS/CONNECTIVE TISSUE DISEASE

6. UNKNOWN

7. OTHERS

7. IMMUNOSUPPRESSION MEDICATIONS

1. CYCLOSPRIN-A

2. TACROLIMUS

3. MYCOPHENOLATE MOFETIL/MYCOPHENOLATE SODIUM

4. GLUCOCORTICOIDS

5. SIROLIMUS

6. EVEROLIMUS

7. AZATHIOPURINE

8. PROTON PUMP INHIBITORS

1. PANTOPRAZOLE

2. OMEPRAZOLE
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3. LANSOPRAZOLE

4. ESOMEPRAZOLE

5. RABEPRAZOLE

9. ORAL GLUCOSE LOWERING AGENTS

1. METFORMIN

2. SULPHONYLUREAS: GLICLIZIDE

GLIMEPIRIDE

GLIBENCLAMIDE

3. DPP4 INHIBITORS

4. OTHERS

9. ANTIHYPERTENSIVES

1. DIURETICS-
1. FRUSEMIDE
2.HYDROCHLOROTHIAZIDE
3.TORASEMIDE
4 METOLAZONE
5.BENDROFLUTHIAZIDE

2. ANGIOTENSIN CONVERTING ENZYME INHIBITORS

—_—

ENALAPRIL
CAPTOPRIL
RAMIPRIL
LISINOPRIL
PERINDOPRIL

TSI

10. ANGIOTENSIN RECEPTOR BLOCKERS
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IS

&

1. LOSARTAN

2. VALSARTAN

3. CANDESARTAN

4. TELMISARTAN

5. IRBERSARTAN

11. BETA BLOCKERS

ATENOLOL
NEBIVOLOL
CARVEDILOL
METOPROLOL
LABETALOL

12. CALCIUM CHANNEL BLOCKERS

NIFEDIPINE

AMLODIPINE

NICARDIPINE

DILTIAZEM

VERAPAMIL

FELODIPINE

OTHERS: CLONIDINE

MINOXIDIL

HYDRALLAZINE
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APPENDIX 4

BIOCHEMICAL PARAMETERS

. UREA

CREATININE....... ESTIMATED GLOMERULAR FILTRATION

SERUM SODIUM
SERUM POTASSIUM
SERUM CHLORIDE
SERUM IONIC CALCIUM
SERUM PHOSPHATE
SERUM MAGNESIUM
URIC ACID LEVELS
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