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CLINICAL FOCUS: GASTROENTEROLOGY, HEPATOLOGY AND NEPHROLOGY
REVIEW

Hyperchloremic metabolic acidosis in the kidney transplant patient
Debora Avila-Polettia, Leticia De Azevedoa, Candela Iommia, Kristian Heldalb,c and Carlos G. Mussoa

aHuman Physiology Department, Instituto Universitario del Hospital Italiano de Buenos Aires, Buenos Aires, Argentina; bClinic of Internal Medicine,
Telemark Hospital Trust, Skien, Norway; cInstitute of Clinical Medicine, Faculty of Medicine of University of Oslo, Oslo, Norway

ABSTRACT
Hyperchloremic metabolic acidosis of renal origin results from a defect in renal tubular acidification
mechanism, and this tubular dysfunction can consist of an altered tubular proton secretion or bicarbo-
nate reabsorption capability. Studies have documented that all forms of renal tubular acidosis (RTA),
type I to IV, are documented in kidney transplant patients. Among RTA pathophysiologic mechanisms
have been described the renal mass reduction, hyperkalemia, hyperparathyroidism, graft rejection,
immunologic diseases, and some drugs such as renin-angiotensin-aldosterone blockers, and calcineurin
inhibitors. RTA can lead to serious complications as is the case of muscle protein catabolism, muscle
protein synthesis inhibition, renal osteodystrophy, renal damage progression, and anemia promotion.
RTA should be treated by suppressing its etiologic factor (if it is possible), avoiding hyperkalemia, and/
or supplying bicarbonate or a precursor (citrate). In conclusion: Hyperchloremic metabolic acidosis of
renal origin is a relatively frequent complication in kidney transplantation patients, which can be
harmful, and should be adequately treated in order to avoid its renal and systemic adverse effects.
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Introduction

Metabolic acidosis, and particularly hyperchloremic metabolic
acidosis (HMA) or metabolic acidosis with normal serum anion
gap (8 −16 mmol/L) is a frequent complication of chronic
kidney disease (CKD) patients of whom glomerular filtration
rate (GFR) decreases below 50 ml/min/1.73m2 [1]. Even though
the prevalence of metabolic acidosis is higher in CKD patients
than in kidney transplant recipients, the prevalence of this
disorder ranges from 11% up to over 50% in kidney transplant
patients [1–3]. Experimental and clinical studies suggest that
chronic metabolic acidosis could increase renal disease pro-
gression, and even morbidity and mortality in CKD patients [1].
However, most of these studies have been performed in dif-
ferent stages of CKD, but not in kidney transplant recipients
[3,4]. Even though HMA can be induced by intestinal bicarbo-
nate loss in kidney transplant patients (e.g.: mycophenolate
induced diarrhea), HMA is usually induced by renal tubular
incapability to eliminate the hydrogen ion load derived by
both dietary and endogenous sources and to generate bases
[3]. The main difference between congenital renal tubular
acidosis (RTA) and post-transplantation RTA is that the former
characteristically involves dysfunction of specific transporter
proteins or enzymes; while the latter is influenced by donor´s
kidney conditions, and/or inflammatory, ischemic, toxic events
which involve the graft immediately before surgery or during
the post-transplantation period [5–7]. Studies have documen-
ted that kidney transplant-associated RTA is related to
patient´s age, transplantation period, graft function, hyperpar-
athyroidism, hemoglobin level and treatment with angiotensin

conversing enzyme inhibitors (ACEI), angiotensin receptor
antagonists (ARA), and calcineurin inhibitors (CNI) [5–9]. Even
though it has been reported that HMA is significantly higher in
cadaveric donor recipients, there is as yet no reliable informa-
tion on the impact of the donor renal function and cold
ischaemia duration on the occurrence of post-kidney trans-
plant metabolic acidosis [3]. Therefore, kidney transplant reci-
pients are more likely to suffer from secondary RTA due to
tubular dysfunction leading to a defect in H+ excretion, bicar-
bonate reabsorption or both, usually inducing an asympto-
matic HMA [8,9].

It is worth mentioning that primary RTA are infrequent entities
(exact prevalence is unknown) which are considered as orphan
diseases, their respective numbers are: proximal tubular acidosis
ORPHA: 47,159, and distal tubular acidosis ORPHA: 18 [10,11].

Among the main type of RTA described in kidney trans-
plant patients are the following (Table1):

• Type I distal RTA: This tubular dysfunction has been
associated to interstitial damage caused by acute or chronic
transplant rejection, long-term intake of calcineurin inhibitors
(CNI), or persistent (pre-transplant) or new (post-transplant)
inflammatory status. In addition, hyperkalemic distal RTA (vol-
tage-dependent RTA) can be secondary to obstructive uropa-
thy, since urinary tract obstruction can alter the normal
negative tubular lumen voltage which is crucial for stimulating
proton secretion [5,9–14].

• Type II (proximal) RTA: This tubular disorder is character-
ized by the decrement of bicarbonate reabsorption in the
proximal tubule because of the toxic effects of CNIs or post-
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transplant persisting hyperparathyroidism. RTA might comple-
tely improve during the first 6 months after transplantation
since tubular damage and hyperparathyroidism resolves. This
RTA can also be documented not only as an isolated entity but
also joined to a complete proximal tubular deficiency (Fanconi
syndrome) secondary to administered drugs or tubular ische-
mia usually found in post-transplant setting. Among the main
Fanconi syndrome inducing drugs are: cisplatin, aminoglyco-
sides, valproate, 6-mercaptopurine, and ifosfamide [4,5,9,12].

• Type IV RTA: This tubular functional alteration is mainly
caused by the renin-angiotensin-aldosterone system (RAAS)
suppressing drugs, trimethoprim-sulfamethoxazole, calci-
neurin inhibitors (CNI), adrenal insufficiency or hyporeninemic
hypoaldosteronism secondary to diabetic, lupic or acquired
immunodeficiency syndrome nephropathy. Less frequently, it
can be induced by acute transplant rejection [3,5,8–16].

RTA inducing mechanisms in kidney transplantation

Several RTA inducing mechanisms in kidney transplant recipi-
ents have been described in the literature [5,9–13].

A) Reduced renal function [3–5,8–17]: This pathophysiolo-
gical mechanism results in a proportional impairment of both
processes: acid excretion and base reclamation/regeneration,
leading to a decreased renal net acid excretion of ammonium
and titratable acidity, rather than a selective impairment of
a specific tubule segment. CKD patients usually present HMA
when their GFR is below 30 ml/min/1.73 m2 when the com-
pensatory mechanisms of the residual functioning renal mass
are usually not enough to adequately eliminate net acidity.
However, this form of HMA is observed in kidney transplant
patients when the graft function is well over the above-
mentioned GFR threshold. To explain this phenomenon, it
has been postulated that since a renal graft is a single kidney,
it receives higher blood flow, and consequently impairs the
transtubular electro-chemical gradient, reducing luminal nega-
tivity, and consequently affecting proton secretion, and bicar-
bonate reabsorption.

B) Insulin Resistance [3,12–26]:
Insulin stimulates sodium/proton exchange in proximal

tubular cells, which in turn induces urine ammonium excre-
tion, and consequently insulin will stimulate proximal tubular
ammoniagenesis. In accordance with these findings, hyperin-
sulinemia increases urinary ammonium excretion in humans.
On the other hand, insulin resistance has been documented in
renal transplant patients, which can be attributed to immuno-
suppressive drugs, especially corticosteroids and CNI, as well
as to an inflammatory status, and increased body fat mass.
Thus, the combined effects of immunosuppressive therapy
and metabolic changes after transplantation with develop-
ment of insulin resistance may cause a renal acidification
defect due to impaired renal ammoniagenesis. This distur-
bance in renal ammonia synthesis and acid excretion could
be corrected by insulin sensitizers (e.g.: thiazolidinediones)
which can improve insulin sensitivity in renal transplant
patients. However, since not all individuals who suffer from
insulin resistance present RTA, unknown factors should be
implicated in its appearance.

C) Hyperkalemia [3,9,12,27,28]: A highly significant inverse
linear relationship exists between serum potassium and whole
blood base excess in kidney transplant recipients. Moreover, it
has been proposed that HMA can be caused by hyperkalemia
by at least two mechanisms: Firstly, hyperkalemia can induce
unfavorable (relatively positive) tubular lumen voltage, which
impairs urine hydrogen secretion. Secondly, hyperkalemia
induces potassium entry into the intracellular compartment
in exchange with proton, which leads to intracellular alkalosis,
and ammoniagenesis inhibition [29]. It is worth mentioning
that CNI can inhibit potassium secretion at the collecting duct
by inhibiting basolateral sodium-potassium-ATPase pump.
This phenomenon results in a decline in sodium uptake
impairing the transepithelial potassium secretion, conse-
quently leading to hyperkalemia.

D) Calcineurin inhibitors (CNI) [3,5,8–14,18,20,30]:
CNI are the most likely contributors to RTA in kidney trans-

plant recipients among all the immunosuppressive drugs. As
described above, CNI contribute via both the insulin resistance
and hyperkalemia RTA inducing mechanisms. In addition, CNI
can induce RTA by exerting structural damage (direct tubular
toxic effect), and functional alteration (electrolyte tubular
transport modification). CNI can increase sodium transporter
activity, limiting sodium delivery to collecting tubules,
and consequently altering distal tubular acidification.
Blankenstein et al documented that direct epithelial action of
CNI is sufficient for the Na-Cl cotransporter activation, whereas
its effect on furosemide-sensitive Na-K-2Cl cotransporter
requires concomitant vasopressin stimulation [30].

CNI inducing RTA effect depends on the drug dose, and
a reduction of the dosage has been reported to be associated
with a recovery of the RTA [5,8–14,18]. It has been demon-
strated that CNI nephrotoxicity can be seen as early as 3
months after kidney transplantation and it increases to
60–70% in 2 years. Thus, chronic CNI toxicity plays an impor-
tant role in the development of RTA in long-term kidney
transplant recipients. It is known that acidosis induces trans-
formation of beta-intercalated tubular cells, which secrete
bicarbonate, into alfa-intercalated tubular cells, which secrete

Table 1. Types of renal tubular acidosis in kidney transplant.

Renal tubular acidosis types Pathophysiologic mechanisms

Distal RTA (type Ia or classic RTA,
rate limited distal RTA)

Interstitial damage secondary to
transplant rejection, calcineurin
inhibitors, or persistent
inflammatory status.

Hyperkalemic distal RTA without
aldosterone deficiency (type Ib
RTA or voltage- dependent RTA)

Obstructive uropathy

Proximal RTA (type II RTA or RTA
secondary to bicarbonate loss)

Calcineurin inhibitors, persisting
hyperparathyroidism, Fanconi
syndrome secondary to drugs or
ischemia

Distal RTA with bicarbonate loss
(type III or mixed RTA)

Renal ischemia

Hyperkalemic RTA associated to
aldosterone deficiency (type IV
RTA)

Renin-angiotensin-aldosterone system
suppressing drugs, trimethoprim-
sulfamethoxazole, calcineurin
inhibitors, adrenal insufficiency or
hyporeninemic hypoaldosteronism
secondary to diabetic, lupic or
acquired immunodeficiency
syndrome nephropathy, acute
transplant rejection
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hydrogen. However, it has been documented that this phe-
nomenon is inhibited by cyclosporine but not by tacrolimus
[3]. Inhibition of the intercalated cell transformation prevents
an increased hydrogen secretion after an acid load, since the
number of beta-intercalated cells remains unchanged, bicar-
bonate excretion continues at the same rate leading to a net
bicarbonate loss which results in a hyperchloremic metabolic
acidosis with high urinary pH (classic RTA). Even though tacro-
limus did not influence intercalated cell transformation, it has
a more pronounced effect on reducing tubular H+ secretion
than cyclosporine, thus tacrolimus also induces distal RTA by
a different mechanism. Even though, it has been reported that
tacrolimus has a more pronounced effect on the development
of distal RTA than cyclosporine, this finding has not been
supported by all studies [3].

Finally, it is worth mentioning that CNI-induced hyperkalemic
RTA in kidney transplant recipients can be managed by dosage
reduction, adding low dose fludrocortisone, or transitory switching
to sirolimus [31].

• Other causes:
Since RTA can appear in several immune-mediated diseases

(eg: systemic erythematosus lupus, Sjögren disease, hyper-
gammaglobulinemic conditions), these disorders can also
reappear in the kidney graft [3,5,18,32,33].

Despite the fact that recent studies were not able to confirm
a significant association between acute kidney rejection and RTA,
few reports support the existence of this HMA inducing mechan-
ism, and its neutralization after controlling kidney rejection with
immunosuppressive treatment [3]. A high prevalence of distal RTA
has been documented in the transplant recipients receiving the
mTOR inhibitor sirolimus, suggesting that this immunosuppressant
may also cause distal tubular dysfunction. Even though it is known
that sirolimus can cause proteinuria and hypokalemia, themechan-
ismof development andprevalence of RTA in these patients remain
unclear [3,34]. Renin–angiotensin–aldosterone system (RAAS) inhi-
bitors have been described to induce approximately 25% of cases
with distal RTA in kidney transplant recipients [3,32].
Hyperparathyroidism can also induce RTAby reducing the proximal
tubule reabsorption capability [4]. Finally, various explanations,
including azathioprine toxicity and antigen-antibody reaction,
have been proposed to explain post-transplantation tubular acid-
ification dysfunction [3,10,28].

Acidosis adverse effects
Clinical and experimental studies have demonstrated that

chronic metabolic acidosis secondary to RTA can lead to the
following complications [3,10].

• Muscle protein catabolism and inhibition of muscle protein
synthesis [3,10]: Low serumbicarbonate concentration is associated
with higher serumcortisol level, and the rate of protein degradation
has been shown to be directly related to serum cortisol level and
indirectly to serum bicarbonate level. Besides, acidosis related lean
mass reduction can also be induced by insulin resistance.

• Renal osteodystrophy [3]: Bone mineral composition can be
affected in a setting of metabolic acidosis since there is a reduction
in bone formation and resorption, and growth retardation in chil-
dren. Chronic metabolic acidosis reduces 1.25 vitamin D synthesis
by proximal tubule, andmay thereby limit calcium absorption from
diet. Since chronic metabolic acidosis alters the homeostatic

relationships between blood ionized calcium, parathyroid hor-
mone, and active vitamin D, these patients are more vulnerable
to suffer from osteopenia, and bone fractures, which is further
worsened by the use of corticosteroids.

• Renal damage [3,5,10,19]: Metabolic acidosis can affect
graft function by causing progressive tubulointerstitial injury.
Administration of bicarbonate to individuals with CKD and
metabolic acidosis slowed the progression of CKD. The decline
in GFR was less than half of the control group who received
sodium chloride. In addition, metabolic acidosis can promote
nephrocalcinosis, and/or nephrolithiasis.

• Excessive phosphaturia [3]: It has been documented that
more than 90% of transplant recipients exhibit inappropriate
phosphaturia during the first months post-transplant.
Moreover, metabolic acidosis is associated with an increase
in urinary phosphate loss, since metabolic acidosis induces
phosphaturia by impairing renal proximal tubular apical
sodium gradient-dependent phosphate transporter activity. It
is worth pointing out that phosphaturia induced by metabolic
acidosis is independent of endogenous parathyroid hormone
activity. In metabolic acidosis the increase in urinary phos-
phate may contribute substantially to renal proton secretion
by increasing titratable acidity. Thus, phosphaturia can com-
pensate the impaired renal net acid excretion in transplant
patients. However, this hyperphosphaturia can also lead to
muscle phosphorous depletion.

• Acidic environment could contribute to induce anemia in
this population [11,12,19].

RTA treatment

Acid-base status should be monthly monitored in all kidney trans-
plant patients in order to early detect and treat RTA in this popula-
tion. The basis of HMA treatment consists of administering
appropriate amounts of alkali in the form of either bicarbonate
or citrate. The amount of alkali administered should compensate
for the urinary loss of bicarbonate plus the amount of acid gener-
ated by the protein catabolism. Besides, it has been strongly
proposed that alkalitherapy represents a well-tolerated, safe and
cost-effective treatment which can slow the progression towards
graft failure, therefore prolonging long-term graft survival [34]. In
clinical practice, metabolic acidosis is usually corrected when
serum bicarbonate level is <22 mmol/L [3]. In proximal RTA, the
amount of alkali required may be very large (up to 10–20 mmol/
kg/day) due to the massive urinary bicarbonate loss [10].
Conversely, distal RTA usually [35] requires less sodium bicarbo-
nate supply to be solved: (1–3 g/day) [3]. Besides, it has been
suggested that potassium citrate could be superior to sodium
bicarbonate, because it lacks volume effects and obligatory cal-
cium excretion associated with sodium [36]. It has been documen-
ted that bone surface, connectivity density, cortical thickness, and
cortical porosity are better preserved with potassium citrate than
with potassium chloride [36–38]. For instance, when a reversible
RTA inducing mechanism is detected, one should try to remove
the cause, as is the case of a drug-induced RTA or hyperkalemia-
inducedRTAbywithdrawingor adjusting thedrugdoseornormal-
izing serum potassium levels, respectively [3]. With respect to
changing HMA inducing drugs, Schulte et al. have recently
reported that a late conversion from a tacrolimus-based
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immunosuppression to belatacept was safe, effective and signifi-
cantly improved renal function and acid-base balance, indepen-
dently of glomerular filtration rate, in kidney transplant recipients
[38]. With respect to normalizing serum potassium levels, it can be
achievedbydifferent strategies, such as lowpotassiumdiet,miner-
alocorticoid (eg: fludrocortisone), cationic exchange resins, etc. It is
worth pointing out that mineralocorticoid should be used with
precaution in these patients due to their potent sodium retention
effect [14,28,38,39]. Therefore, based on the exposed above the
following HMA therapeutic algorithm can be proposed (Figure 1).

Conclusion

Renal tubular acidosis is a relatively frequent complication in
kidney transplant recipient, which can be harmful, and should
be adequately treated in order to avoid its renal and systemic
adverse effects.
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