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Abstract

Hyponatraemia, defined as a serum sodium concentra-
tion <135 mmol/l, is the most common disorder of body
fuid and electrolyte balance encountered in clinical prac-
tice. It can lead to a wide spectrum of clinical symptoms,
from subtle to severe or even life threatening, and is
associated with increased mortality, morbidity and length
of hospital stay in patients presenting with a range of
conditions. Despite this, the management of patients
remains problematic. The prevalence of hyponatraemia in
widely different conditions and the fact that hyponatrae-
mia is managed by clinicians with a broad variety of
backgrounds have fostered diverse institution-and speciali-
ty-based approaches to diagnosis and treatment. To ob-
tain a common and holistic view, the European Society
of Intensive Care Medicine (ESICM), the European So-
ciety of Endocrinology (ESE) and the European Renal
Association-European Dialysis and Transplant Association
(ERA-EDTA), represented by European Renal Best
Practice (ERBP), have developed the Clinical Practice
Guideline on the diagnostic approach and treatment of
hyponatraemia as a joint venture of three societies rep-
resenting specialists with a natural interest in hyponat-
raemia. In addition to a rigorous approach to methodo-
logy and evaluation, we were keen to ensure that the do-
cument focused on patient-important outcomes and inclu-
ded utility for clinicians involved in everyday practice.

Key words: hyponatremia, mild, moderate, severe,

Correspondence to:

acute, chronic

Chapter 1. Introduction and Methodology

Hyponatraemia, defined as a serum sodium concentration
<135 mmol/L, is the most common disorder of body fluid
and electrolyte balance encountered in clinical practice.
Hyponatraemia is present in 15-20% of emergency ad-
missions to hospital and occurs in up to 20% of critica-
Lly ill patients. It can lead to a wide spectrum of clinical
symptoms, from subtle to severe or even life threatening
and is associated with increased mortality, morbidity and
length of hospital stay in patients presenting with a range
of conditions. Despite this, the management of patients
remains problematic. The prevalence of hyponatraemia
in widely different conditions and the fact that hypo-
natraemia is managed by clinicians with a broad variety
of backgrounds, has fostered diverse institution- and spe-
ciality-based approaches to diagnosis and treatment.

Against this background, the European Society of Inten-
sive Care Medicine (ESICM), the European Society of
Endocrinology (ESE) and the European Renal Association-
European Dialysis and Transplant Association (ERA-
EDTA), represented by European Renal Best Practice
(ERBP) have developed this Clinical Practice Guideline
on the diagnostic approach and treatment of hyponatraemia
as a joint venture of three societies representing specialists
with a natural interest in hyponatraemia. In addition to a
rigorous approach to methodology and evaluation, we

Goce Spasovski, University clinic of nephrology, "Vodnjanska" 17, 1000 Skopje, R. Macedonia;
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were keen to ensure the document focused on patient-
important outcomes and had utility for clinicians
involved in every-day practice.

This condensed and translated version of the Clinical
Practice Guideline on Diagnosis and Treatment of Hy-
ponatraemia focuses on recommendations on diagnosis
and treatment of hyponatraemia. For aspects of conflict
of interest, purpose and scope, methods of guideline
development and pathophysiology of hyponatraemia, we
refer to the full version of the guideline, which is free
available on http:/ndt.oxfordiournals.ore/content/29/suppl
2/il full pdf+html.

Disclaimer: this guideline was translated with approval
of ERBP, the official guideline body of ERA-EDTA. Ho-
wever, ERBP only takes full responsibility for the ori-
ginal full guideline in English as published in Nephrol. Dial.
Transplant. (2014) 29 (suppl 2): 11-i39. doi: 10.1093/ndt/gfu
(040-First published online: February 25, 2014: http://ndt.
oxfordiournals.org/content/29/suppl2/il.full.pdf+html;

http://european-renal-best-practice.org [1].

Chapter 2. Diagnosis of Hyponatraemia
2.1. Classification of hyponatraemia

2.1.1. Definition of hyponatraemia based on
biochemical severity

We define "mild" hyponatraemia as a biochemical fin-
ding of a serum sodium concentration between 130 and
135 mmol/L as measured by ion specific electrode.
We define "moderate” hyponatraemia as a biochemical
finding of a serum sodium concentration between 125
and 129 mmol/L as measured by ion specific electrode.
We define "profound" hyponatraemia as a biochemical
finding of a serum sodium concentration <125 mmol/L
as measured by ion specific electrode.

2.1.2. Definition of hyponatraemia based on time of
development

We define "acute" hyponatraemia as hyponatraemia that
is documented to exist <48 hours. We define "chronic"
hyponatraemia as hyponatraemia that is documented
to exist for at least 48 hours.

Table 1. (Table 5 of the online full document): Classification
of symptoms of hyponatraemia

Severity Symptom

Moderately severe Nausea without vomiting
Confusion
Headache

Severe Vomiting

Cardio-respiratory distress
Abnormal and deep somnolence
Seizures

Coma (Glazgow Coma Scale <8)

If the hyponatraemia cannot be classified, we consider it
being chronic, unless there is clinical or anamnestic
evidence of the contrary (Table 1, 2).

2.1.3. Definition of hyponatraemia based on symptoms

We define "moderately symptomatic" hyponatraemia as
any biochemical degree of hyponatraemia in the presence
of moderately severe symptoms of hyponatraemia (Table 1).
We define "severely symptomatic" hyponatraemia as any
biochemical degree of hyponatraemia in the presence
of severe symptoms of hyponatraemia (Table 1).

Table 2. (Table 8 of the online full document): Drugs and
conditions associated with acute hyponatraemia

(< 48 hours)

hyponatraemia (< 48 hours)

Postoperative phase

Post-resection of the prostate, post-resection of endoscopic
uterine surgery

Polydipsia

Exercise

Recent thiazides prescription
3,4-methyleendioxymethamfetamine (MDMA, XTC)
Colonoscopy preparation

Cyclophosphamide (intravenous)

Oxytocin

Recently started desmopressin therapy

Recently started terlipressin, vasopressin

Hyponatraemia can be classified based on different pa-
rameters, such as serum sodium concentration, rate of
development, symptom severity, serum osmolality, and
volume status. We intended to make the classification
directly relevant for patient management. However, treat-
ment strategies cannot be adequately classified with
reference to a single criterion. Hence, treatment strate-
gies have been classified according to combinations of
these criteria.

Published research suggests using a threshold of 48
hours to distinguish "acute" from "chronic" hyponatraemia,
as brain oedema seems to occur more frequently when
hyponatraemia develops in less than 48 hours. Experi-
mental studies also suggest that the brain needs app-
roximately 48 hours to adapt to a hypotonic environ-
ment. Before adaptation, there is a risk of brain oedema,
because the lower extracellular osmolality promotes a
shift of water into the cells. However, once adaptation is
completed, brain cells can again sustain damage if the
serum sodium concentration increases too rapidly. Break-
down of the myelin sheath insulating individual neurons
can result in what is called the osmotic demyelination
syndrome. It is thus important to distinguish between
acute and chronic hyponatraemia to assess whether
someone is at greater risk of immediate brain oedema
than of osmotic demyelination. In clinical practice, the
distinction between acute and chronic hyponatraemia
is often unclear, particularly for patients presenting to the
emergency room. If classification as acute or chronic
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is not possible or when there is doubt, it should be con-
sidered chronic, unless there are reasons to assume it
is acute (see Table 10 of original document).

The classification based on symptoms aims to reflect
the degree of brain oedema and the extent of immediate
danger. It allows matching treatment to the immediate
risk, with more aggressive treatment for symptoms that
are more severe. Nevertheless, a classification based only
on symptom severity has several shortcomings, as pa-
tients may porgress from moderately severe to severe
symptoms within hours. In addition, symptoms of hypo-
natraemia are nonspecific and clinicians need to assess
the possibility that symptoms can be caused by conditions
other than hyponatraemia on itself. In general, one
should be particularly careful when attributing moderate-
ly severe to severe symptoms to hyponatraemia when
the biochemical degree of hyponatraemia is only mild.
Patients with hyponatraemia may be hypovolaemic,
euvolaemic, or hypervolaemic, and many traditional
diagnostic algorithms start with a clinical assessment
of volume status [2] .The sensitivity and specificity of

clinical assessments of volume status are low, poten-
tially leading to misclassification early in the diagnostic
tree. In addition, there might be confusion regarding the

compartment the fluid is in (circulating or extracellular).
Therefore, we have used the terms "effective circulating
volume" and "extracellular fluid volume" throughout the
text to reduce ambiguity.

2.2. Confirming hypotonic and excluding non-
hypotonic hyponatraemia

We recommend excluding hyperglycaemic hyponatraemia
by measuring the serum glucose concentration and co-
rrecting the measured serum sodium concentration for the
serum glucose concentration if the latter is increased (1D).
Hyponatraemia with a measured osmolality <275
mOsm/kg always reflects hypotonic hyponatraemia
(Not Graded).

Accept as "hypotonic hyponatraemia" a hyponatraemia
without evidence for causes of non-hypotonic hypo-

Table 3. (Table 10 of the online full document): Causes of nonhypotonic hyponatraemia

Setting Serum Examples
osmolality
Presence of "effective" osmoles Isotonic or I%IUCO,SGI
that raise serum osmolality and can  hypertonic Gf;,rgilrllteo

cause hyponatraemia

Presence of "ineffective" osmoles
that raise serum osmolality but do
not cause hyponatraemia

Presence of endogenous solutes Isotonic
that cause pseudohyponatraemia

(laboratory artifact)

Isotonic or
hyperosmolar

Histidine-tryptophane-ketoglutarate
Hyperosmolar radiocontrast media
Maltose

Urea

Alcohols
Ethylene-glycol

Triglycerides, cholesterol, protein
Intravenous immunoglobulins
Monoclonal gammapathies

natraemia as listed in table 3 (Not Graded). Estimates
of the serum sodium concentration corrected for the

presence of hyperglycaemia can be obtained from the
following equations:

Corrected serum (Na*) = measured (Na") + 2.4 x (glucose (mmol/l) - 100 (mmol/1)

100 mmol/l

Corrected (Na*) = measured (Na*) + 2.4 x (glucose (mmol/l) - 5.5 (mmol/l)

5.5 mmol/l

T [Na+], serum sodium concentration; [Glucose], serum glucose concentration.

This translates into adding 2.4 mmol/L to the measured
serum sodium concentration for every 5.5 mmol/L (100
mg/dL) incremental rise in serum glucose concentration
above a standard serum glucose concentration of 5.5
mmol/L (100 mg/dL).

2.3. Which parameters to use for differentiating
causes of hypotonic hyponatraemia? (Figure 1.)

We recommend interpreting urine osmolality of a
spot urine sample as a first step (1D).
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If urine osmolality <100 mOsm/kg, we recommend
accepting relative excess water intake as a cause of
the hypotonic hyponatraemia (1D).

If urine osmolality >100 mOsm/kg, we recommend in-
terpreting the urine sodium concentration on a spot urine
sample taken simultaneously with a blood sample (1D).
If urine sodium concentration <30 mmol/L, we suggest

accepting low effective arterial volume as a cause of
the hypotonic hyponatraemia (2D).

If urine sodium concentration >30 mmol/L, we suggest
assessing extracellular fluid status and use of diuretics to
further differentiate likely causes of the hyponatraemia (2D).
We suggest against measuring vasopressin for confir-
ming the diagnosis of SIADH (2D).

Hyponatraemia

Exclude hyperglycaemia

nd ather causes

of non-hypotanic hyponatraemia

Hypotonic hyponatraemia

Acute or
sympto

Consider immediate treatment
with hypertonic saline
(Section 7)

Urine osmolality

Consider

= Primary polydipsia
- Low solute intake
- Beer potomania

Urine sodium concentration

Low effective arterial
blood volume

l

If ECF expanded consider
- Heart failure

= Liver cirrhosis

- Nephrotic syndrome

- All other causes

If ECF reduced consider
- Diarrhoea and vomiting

- Third spacing

- Remote diuretics

Consider
- Diurstics
- Kidney dissase

> 30 mmold

If ECF reduced consider
- Vomiting
= Primary adrenal insufficiency
- Renal salt wasting
sy = Cerebral salt wasting
- Occult diuretics

If ECF normal consider

- SIAD

- Secondary adrenal insufficiency
- (Hypothyroidism)

- Qecult diuretics

Fig. 1. (Figure 6 of the online full document): Algorithm for the diagnosis of hyponatraemia

Adyvice for clinical practice

Correct interpretation of laboratory measurements requires
contemporaneous collection of blood and urine specimens.
For practical reasons, urine osmolality and sodium concen-

tration are best determined in the same urine sample.
If clinical assessment indicates the volume of extracellu-
lar fluid is not overly increased and the urine sodium
concentration >30 mmol/L, exclude other causes of hy-
potonic hyponatraemia before implicating SIAD.
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Table 4. (Table 6 of the full online document): Diagnostic
criteria for the syndrome of inappropriate antidiuresis

Essential criteria

Effective serum osmolality < 275 mOsm/kg

Urine osmolality > 100 mOsm/kg at some level of decreased
effective osmolality

Clinical euvolaemia

Urine sodium concentration > 30 mmol/L with normal
dietary salt and water intake

Absence of adrenal, thyroid, pituitary or renal insufficiency
No recent use of diuretic agents

Supplemental criteria

Serum uric acid < 0.24 mmol/L (< 4 mg/dL)

Serum urea < 3.6 mmol/L (< 21.6 mg/dL)

Failure to correct hyponatraemia after 0.9% saline infusion
Fractional sodium excretion > 0.5%

Fractional urea excretion > 55%

Fractional uric acid excretion > 12%

Correction of hyponatraemia through fluid restriction___

Adapted from Schwartz WB et al. Am J Med 1957; 23: 529-
543. and Janicic N et al. Endocrinol Metab Clin North Am
2003; 32: 459-481 [3].

Consider using the diagnostic criteria listed in Table 4
and looking for known causes of SIAD (Table 5 and 6).
Consider primary or secondary adrenal insufficiency
as an underlying cause of the hypotonic hyponatraemia.
Kidney disease complicates differential diagnosis of
hyponatraemia. Besides possibly contributing to
thehyponatraemia, the ability of the kidneys to
regulate urine osmolality and urine sodium is often
diminished, much like with the use of diuretics.

As urine osmolality and sodium may no longer reflect
the effects of the regular hormonal axes regulating water
and sodium homeostasis, any diagnostic algorithm for
hyponatraemia must be used with caution in patients
with kidney disease.

The water-loading test is generally not helpful for diffe-
rential diagnosis of hypotonic hyponatraemia and may be
dangerous in this setting.

Table 5. (Table 7 of the online full document): Differences between SIADH and cerebral salt

wasting
Malignant diseases Pulmonary disorders Disorders of the nervous system
Carcinoma Infections Infection
Lung Bacterial pneumonia Encephalitis
Oropharynx Viral pneumonia Meningitis
Gastrointestinal tract Pulmonary abscess Brain abscess
Stomach Tuberculosis Rocky Mountain spotted fever
Duodenum Aspergillosis AIDS
Pancreas Asthma Malaria
Genitourinary tract Cystic fibrosis Vascular and masses
Ureter Respiratory  failure associated ~Subdural hematoma
with  positive -  pressure
breathing
Bladder Subarachnoid haemorrhage
Prostate Stroke
Endometrium Brain tumors
Endocrine thymoma Head trauma
Lymphomas Other
Sarsomas Hydrocephalus

Ewing's sarcoma
Olfactory neuroblastoma

Cavernous sinus thrombosis
Multiple sclerosis
Guillain-Barre' syndrome
Shy-Drager syndrome
Delirium tremens

Acute intermittent porphyria

AIDS, acquired immunodeficiency syndrome; MOAI, monoamine oxidase inhibitors; MDMA, 3.4-
methylenedioxymethamphetamine; NSAIDs, non-steroidal anti-inflammatory drugs; SSRIs, selective

serotonin reuptake inhibitors

Drugs Other causes

Vasopressin release or action stimulants Hereditary

Antidepressants Gain-of-function mutation of the
vasopressin V2 receptor

SSRIs Idiopathic

Tricyclic Transient

MAOI Exercise-associated
hyponatraemia

Venlafaxine General anaesthesia

Anticonvulsants Nausea

Carbamazepine Pain

Oxcarbazepine Stress
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Sodium valproate
Lamotrigine
Antipsychotics
Phenothiazides
Butyrophenones
Anticancer drugs
Vinca alkaloids
Platinum compounds
Ifosfamide
Melphalan
Cyclophosphamide
Methotrexate
Pentostatin
Antidiabetic drugs
Chlorpropamide
Tolbutamine
Miscellaneous
Opiates

MDMA (XTC)
Levamisole
Interferon

NSAIDs
Clofibrate
Nicotine
Amiodarone
Proton pump inhibitors
MABs
Vasopressin analogues
Desmopressin
Oxytocin
Terlipressin
Vasopressin

Table 6. (table 11 of the online full document): Differences
between STADH and cerebral salt wasting

SIADH Cerebral salt

wasting
Serum urea .
. Normal-low Normal-high
concetration
Serum uric acid
. Low Low
concentration

Urine volume
Urine sodium

Normal-low High

. >30 mmol/L >>30 mmol/L
concentration
Blood pressure Normal Normal—qrthostatlc
hypotension
Central venous Normal Low

pressure

Adapted from Sherlock M et al. Clin Endocrinol 2006; 64:
250%2S4 and Brimioulle S et al. Intensive Care Med 2008;
34:125-31 [5].

Chapter 3. Treatment of Hypotonic Hyponatraemia
How to use the treatment recommendations?

Individual recommendations and statements on manage-
ment of hyponatraemia can only be correctly interpreted
and implemented if considered within the structure illus-
trated in figure 2.

The guideline development group felt that with severe
or moderately severe symptoms, the acute risk of brain
oedema outweighs the risk of osmotic de- myelination

syndrome. They felt it justifies urgent treatment in these
conditions, irrespective of biochemical degree or timing
(acute versus chronic) of hyponatraemia. Conversely,
the guideline development group believed that in the
absence of severe or moderately severe symptoms, there
is time for diagnostic assessment, and cause-specific
treatment is the most reasonable approach.

It is crucial to understand that for correctly classifying
symptoms as "severe" or "moderately severe", there must
be sufficient confidence that the symptoms are caused
by hyponatraemia itself. If hyponatraemia is mild and
symptoms are severe or moderately severe, the guideli-
ne development group advises to only accept causa-
lity in exceptional cases. Consequently, generally, chapters
3.1, 3.2, and 3.3 are not applicable when hyponatraemia
is mild (see chapters 7.1, 7.2 and 7.3 full guideline pub-
lication). It is also essential to understand that the guide-
line development group distinguishes between targets
and limits. A target is a goal one is aiming for; it is the
change in serum sodium concentration that one wishes and
expects to achieve with a particular treatment. In contrast, a
limit is a change in serum sodium concentration one does
not want to exceed and if surpassed, requires prompt coun-
ter-regulating intervention. In addition, the reader should
bear in mind that the absolute numbers provided as "tar-
gets" or "limits" should always be interpreted in the clini-
cal context of the individual patient.
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3.1. Hyponatraemia with severe symptoms

3.1.1. First hour management, regardless of
whether hyponatraemia is acute or chronic

‘We recommend prompt intravenous infusion of 150 mL 3%
hypertonic saline or equivalent over 20 minutes (1D).

We suggest checking the serum sodium concentration
after 20 minutes while repeating an infusion of 150 mL

Severe symptoms?

Go to chapter 7.1
Hyponatraemia

with severe symptoms

Go Ia chapler 7.2

3% hypertonic saline or equivalent over the next 20
minutes (2D).

We suggest repeating the two therapeutic recommen-
dations above twice or until a target of 5 mmol/L in-
crease in serum sodium concentration is achieved (2D).
Manage patients with severely symptomatic hyponat-
raemia in an environment where close biochemical and
clinical monitoring can be provided (Not Graded).

Moderately severe symptoms?

Acute hyponatraemia?

Hyponatraemia with
moderately severe symptoms
Go to chapter 7.3 Go to chapter 7.4.1
Acute hyponatragmia without severe Chronic
or moderately severe symptoms hyponatragmia

Reduced circulating volume?

Go to chapter 7.4.4
Reduced circuiating volume

Expanded extracallular fluid?

Go to chapler 7.4.2

Go to chapter 7.4.3
Expanded extraceliular fiuid SIAD

Fig. 2. (Figure 7 of the online full document): Algorithm for the management of

hypotonic hyponatraemia*

3.1.2. Follow up management in case of improvement
of symptoms after a 5 mmol/L increase in serum sodium
concentration in the first hour, regardless of whether
hypo-natraemia is acute or chronic

We recommend stopping the infusion of hypertonic
saline (1D).
We recommend keeping the intravenous line open by

infusing the smallest feasible volume of 0.9% saline
until cause-specific treatment is started (1D).

We recommend starting a diagnosis specific treatment
if available, aiming at least to stabilize sodium con-
centration (1D).

We recommend limiting the increase in serum sodium
concentration to a total of 10 mmol/L during the first
24 hours and an additional 8 mmol/L during every 24
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hours thereafter until the serum sodium concentration
reaches 130 mmol/L (1D).

We suggest checking the serum sodium concentration
after 6 and 12 hours, and daily afterwards until the se-
rum sodium concentration has stabilised under stable
treatment (2D).

3.1.3 Follow up management in case of no improvement
of symptoms after a 5 mmol/L increase in serum sodium
concentration in the first hour, regardless of whether
the hyponatraemia is acute or chronic

We recommend continuing an intravenous infusion of 3%
hypertonic saline or equivalent aiming for an additional
1 mmol/L/h increase in serum sodium concentration (1D).

We recommend stopping the infusion of 3% hyperto-
nic saline or equivalent when the symptoms improve,
the serum sodium concentration increases 10 mmol/L
in total or the serum sodium concentration reaches 130
mmol/L, whichever occurs first (1D).

We recommend additional diagnostic exploration for
other causes of the symptoms than hyponatraemia (1D).

We suggest checking the serum sodium concentration
every 4 hours as long as an intravenous infusion of 3%
hypertonic saline or equivalent is continued (2D).

Change in serum [Na™] =

Adpvice for clinical practice

Prompt infusion of hypertonic saline may save lives.
However, preparing a 3% hypertonic saline infusion
takes time and errors may occur in calculating the re-
quired amount of sodium chloride. Therefore, it may
be wise for the pharmacy to store pre-prepared 150 mL
bags of 3% hypertonic saline. It ensures that solutions
are prepared under sterile conditions, by either the phar-
macist or the manufacturer, and are available for imme-
diate infusion without having to prepare them on the spot.
Consider using weight based (2mlL/kg) rather than the
fixed 150 mL infusion volumes of 3% hypertonic saline
in case of obviously deviant body composition.

Do not expect patients with severe symptoms to comp-
letely recover immediately, as it may take some time for
the brain to fully recover. Be aware that sometimes it
may not be possible to assess an improvement in symp-
toms, e.g. because the patient is intubated and sedated.
In these cases, we advise to follow guidance as described
under 3.1.2. (see chapter (7.1.2. full guideline publication).
Keep in mind that if hypokalaemia is present, correction
of the hypokalaemia will contribute to an increase in
serum sodium concentration.

To achieve the 1 mmol/L/h increase advised in 3.1.3. (see
chapter 7.1.3. full guideline publication)., the formula of
Adrogue-Madias may be used, but keep in mind that the
actual increase may exceed the calculated increase [7]:

mfuzate [Ma+]- semum [WNat+

total body water + 1

(mfuzats [Nat+]+ mfusate [E+])- semum [Na +]

Change in serum [Na—+]

= total body water + 1

+ [Nat], sodium concentration m mmol’L; [K+], potassium concentration m mmol/L

§ The numerator in formula 1 is a simplification of the
expression in formula 2, with the value yielded by the
equation in mmol/L. The estimated total body water
(in litres) is calculated as a fraction of body weight.
The fraction is 0.6 in nonelderly men and 0.5 in no-
nelderly women; and 0.5 and 0.45 in elderly men and
women respectively. Normally, extracellular and intra-
cellular fluids account for 40% and 60% of total body
water respectively.

3.2. Hyponatraemia with moderately severe symptoms

We recommend starting prompt diagnostic assess-
ment (1D).

Stop, if possible, medications and other factors that can
contribute to or provoke the hyponatraemia (Not Graded).
We recommend cause-specific treatment (1D).

We suggest immediate treatment with a single intra-
venous infusion of 150 mL 3% hypertonic saline or
equivalent over 20 minutes (2D).

We suggest aiming for a 5 mmol/L/24 h increase in se-
rum sodium concentration (2D).

We suggest limiting the increase in serum sodium con-
centration to 10 mmol/L in the first 24 hours and 8 mmol/L
during every 24 hours thereafter, until a serum sodium
concentration of 130 mmol/L is reached (2D).

We suggest checking the serum sodium concentration
after one, 6 and 12 hours (2D).

We suggest additional diagnostic exploration for other
causes of the symptoms if the symptoms do not improve
with an increase in serum sodium concentration (2D).
We suggest considering to manage the patient as in se-
verely symptomatic hyponatraemia if the serum sodium
concentration further decreases despite treating the un-
derlying diagnosis (2D).
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3.3. Acute hyponatraemia without severe or moderately
severe symptoms

Make sure that the serum sodium concentration has
been measured using the same technique as used for
the previous measurement and that no administrative
errors in sample handling have occurred (Not Graded).
If possible, stop fluids, medications and other factors
that can contribute to or provoke the hyponatraemia
(Not Graded).

We recommend starting prompt diagnostic assessment (1D).
We recommend cause-specific treatment (1D).

If the acute decrease in serum sodium concentration
exceeds 10 mmol/L, we suggest a single intravenous in-
fusion of 150 mL 3% hypertonic saline or equivalent
over 20 minutes (2D).

We suggest checking the serum sodium concentration
after four hours, using the same technique as used for
the previous measurement (2D).

3.4. Chronic hyponatraemia without severe or
moderately severe symptoms

3.4.1. General management

Stop non-essential fluids, medications and other factors
that can contribute to or provoke the hyponatraemia
(Not Graded).

We recommend cause-specific treatment (1D).

In mild hyponatraemia, we suggest against treatment
with the sole aim of increasing the serum sodium
concentration (2C).

In moderate or profound hyponatraecmia, we reco-
mmend avoiding an increase in serum sodium concen-
tration of >10 mmol/L during the first 24 hours and >8
mmol/L during every 24 hours thereafter (1D).

In moderate or profound hyponatraemia, we suggest
checking the serum sodium concentration every six
hours until the serum sodium concentration has
stabilised under stable treatment (2D).

In case of unresolved hyponatraemia, reconsider the diag-
nostic algorithm and ask for expert advice (Not Graded).

3.4.2. Patients with expanded extracellular fluid

We recommend against a treatment with the sole aim
of increasing the serum sodium concentration in mild
or moderate hyponatraemia (1C).

We suggest fluid restriction to prevent further fluid
overload (2D).

We recommend against vasopressin receptor anta-
gonists (1C).

We recommend against demeclocycline (1D).

3.4.3. Patients with syndrome of inappropriate
antidiuresis

In moderate or profound hyponatraemia, we suggest
restricting fluid intake as first- line treatment (2D).

In moderate or profound hyponatraemia, we suggest the
following can be considered equal second line treat-
ments: increasing solute intake with 0.25 to 0.50 g/kg/day
of urea or a combination of low dose loop diuretics
and oral sodium chloride (2D).

In moderate or profound hyponatraemia, we reco-
mmend against lithium or demeclocycline (1D).

In moderate hyponatraemia, we do not recommend
vasopressin receptor antagonists (1C).

In profound hyponatraemia, we recommend against
vasopressin receptor antagonists (1C).

3.4.4. Patients with contracted circulating volume

We recommend restoring extracellular volume with
intravenous infusion of 0.9 % saline or a balanced
crystalloid solution at 0.5 to 1.0 mL/kg/h (1B).
Manage patients with haemodynamic instability in an
environment where close biochemical and clinical mo-
nitoring can be provided (Not Graded).

In case of haemodynamic instability, the need for rapid
fluid resuscitation overrides the risk of an overly rapid
increase in serum sodium concentration (Not Graded).

Adpvice for clinical practice

A sudden increase in urine output to >100 mL/h signals
increased risk of overly rapid rise in serum sodium con-
centration. If vasopressin activity is suddenly suppre-
ssed, as happens when intravascular volume is restored
in hypovolaemia, free water clearance can dramatically
increase, resulting in serum sodium concentrations rising
more rapidly than expected. If urine output suddenly in-
creases, we would advise measuring the serum sodium
concentration every two hours until it has stabilised under
stable treatment. The implicit advice to monitor urine
output does not imply we advise a bladder catheter so-
lely for this purpose. Most patients will be able to void
spontaneously and collect urine for output monitoring.
As a means of increasing solute intake, we suggest daily
intake of 0.25 to 0.50 g/kg urea can be used. The bitter
taste can be reduced by combining it with sweet tas-
ting substances. The pharmacist may be asked to pre-
pare the following as sachets: urea 10 g+NaHCO3 2
g+citric acid 1.5 g+sucrose 200 mg, to be dissolved in
50 to 100 mL water. This will result in a more pala-
table, slightly sparkling solution.
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3.5. What to do in case hyponatraemia is corrected
too rapidly?

We recommend prompt intervention for relowering the
serum sodium concentration if it increases >10 mmol/L
during the first 24 hours or >8 mmol/L in any 24 hours
thereafter (1D).

We recommend discontinuing the ongoing active
treatment (1D).

We recommend consulting an expert to discuss if it is
appropriate to start an infusion of 10 mL/kg body weight
of electrolyte-free water (e.g. glucose solutions) over
one hour under strict monitoring of urine output and
fluid balance (1D).

We recommend consulting an expert to discuss if it is
appropriate to add intravenous desmopressin 2 pig, with
the understanding that this should not be repeated more
frequently than every 8 hours (1D).

The guideline development group wants to underscore
that these symptoms can also be induced by other con-
ditions. Clinical and anamnestic data should be taken
into account when assessing the causal relation between
the hyponatraemia and a certain symptom (i.e. to assess
whether the symptom has been caused by the hyponat-
raemia or the hyponatraemia by the underlying condi-
tion/symptom). The less pronounced (e.g. mild) the bio-
chemical degree of hyponatraemia, the more caution
should be taken when considering that the hyponatraemia
is the cause of the symptoms. This list is not exhaus-

tive, and all symptoms that can be signs of cerebral
oedema should be considered as severe or moderate
symptoms that can be caused by hyponatraemia.
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We are proud to announce that BANTAO Journal (BJ)
as an official journal of the BANTAO association has
reached another milestone joining De Gruyter Open
publisher group.

Nowadays, it's not an easy task to run the journal as
Editor in chief for at least two reasons. Scientifically, the
associated editors (Mustafa Arici, Ankara, Turkey; Nada
Dimkovic, Belgrade, Serbia; Dimitrious Goumenos,
Patra, Greece; and Nikolina Basic-Jukic, Zagreb, Cro-
atia) are doing a great deal of work, but there is tough
competition among journals in the academic world
and scientists reasonably seek for journal with as high
as possible impact factor where they could publish their
work. Second, the funds for running small journals
without a subscription fee do not allow secretarial
assistance and thus the workload is overwhelming.
Finally, the reviewers for small journals are not
seriously taking this task when invited, so,
considerable efforts and engagement was and still is
to be shared with the associate editors.

However, BJ has succeeded to be included in the
EBSCO, DOAJ and SCOPUS/SCIMAGO databases.
This great progress was made thanks to the con-
tributors to the Journal, as well as Veselin Nenov as
responsible for the maintenance of the Journal web page
over the years as an important milestone for the
improvement and worldwide recognition of the Journal.
Reaching certain level of BJ within all above
mentioned circumstances we considered further
progress of the journal may not be achieved without a
professional help of a publisher. Hence, at the last few
Bantao Board meetings this question was discussed and
agreed among the members, but the establishment of
such contract was difficult primarily because of the

Correspondence to:

problems with the registration of the BANTAO
association and related taxation numbers.

So, the process of joining De Gruyter Open (DGO) as the
leading publisher of Open Access academic content for
further improvement and promotion of the journal and
Medline application was initiated [4] somewhere at the
beginning of 2014 when the current President of BANTAO,
Adalbert Schiller, Timisoara, Romania signed the con-
tract. Then, many files had to be completed and special
technical criteria were to be fulfilled in addition to the
improving scientific content of the journal from issue
to issue. Finally, IT professionals were communicated
to get submitted to the advanced DGO web established
platform for easier promotion of the journal. Finally, we
have already got BJ published under the DGO platform
and we are proud of that as the first step towards our
aim for Medline application.

In the meanwhile, BJ was further applied to the largest
number of abstracting and indexing services that cover
the scope of our journal either entirely or to some extent
(such as ProQuest, CAB Abstracts etc). In addition, the
data of BJ has been already promoted by the services
which index all titles from the DGO platform: Celdes,
CNPIEC, CNKI Scholar (China National Knowledge
Infrastructure), EBSCO Discovery Service, Google Scho-
lar, J-Gate, Naviga (Softweco), Primo Central (ExLibris),
ReadCube, Summon (Serials Solutions/ProQuest), TDOne
(TDNet) and WorldCat (OCLC).

We are proud to announce that we have our own web
site www.bantao.org, but now BJ could also be found
at http://www.degruyter.com/view/j/bj. We have already
received certain DGO evaluation that BANTAO Journal
has got the potential to apply for inclusion in the Master
Journal List and to be indexed in other products of
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Thomson Reuters. However, we have been also warned
that Thomson Reuters’ requirements for inclusion of
journals are very high. In this regard, further journal
preparations are to be undertaken before the applica-
tion to Thomson Reuters is possible. Among the other
issues it is advisable to get as many as possible citation
of BJ manuscripts and further careful selection of the
submitted papers.

We are at the edge of reaching our goal and do hope
we'll have your support!

Adalbert Schiller
Bantao President

Goce Spasovski
Editor in Chief BJ
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Abstract

The use of the various forms of Automated Peritoneal
Dialysis (APD) has considerably increased in the past
few years. This increase is driven by improved cycler
design, apparent lifestyle advantages, and the increased
ability to achieve adequacy and ultrafiltration targets.
It is therefore reasonable to raise the question whether
APD is superior to Continuous Ambulatory Peritoneal
Dialysis (CAPD). APD is considered the most suitable
Peritoneal Dialysis (PD) modality for high transporters
as well as for assisted PD. It has also been associated with
improved compliance, lower intraperitoneal pressure
and possibly lower incidence of peritonitis. On the other
hand, there are concerns regarding increased cost, a more
rapid decline in residual renal function, inadequate so-
dium removal and disturbed sleep. Besides its beneficial
results in high transporters, other medical advantages of
APD still remain unclear. Individual patient’s choice re-
mains the most important indication for applying APD,
which should be made available to all patients starting PD.

Key words: automated peritoneal dialysis (APD), con-
tinuous ambulatory peritoneal dialysis (CAPD), high
transporters, patient selection

Introduction

The utilization of the various modalities of Automated
Peritoneal Dialysis (APD) has increased considerably
during the past few years. This upward trend could be
mainly attributed to the improved cycler design as well
as better adjustment of APD to patient’s lifestyle. Accor-
ding to the ERA/EDTA Registry Annual Report for
the year 2010, a significant increase in the utilization
of APD has been noted in Europe. In Greece, 40% of
patients who initiated peritoneal dialysis (PD) in 2010
were switched to APD (annual incidence). Fifty-eight
percent (58%) of all PD patients utilized APD. This
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proportion varied between 40 to 50% in France, UK,
Italy and the Netherlands. Moreover, in countries such
as Belgium, Finland and Denmark, more than 60% of
PD patients used APD [1]. In USA, the preference of APD
as the modality of choice for patients being treated with
PD was evident from the late 90s’. This fact together
with the decline in the overall PD utilization, suggests
that the development of APD was rather accomplished
at the expense of CAPD. Thus according to the USRDS,
the proportion of patients on APD in the USA increased
from 47% in 2000 to 66% in 2009, while the overall
proportion of patients undergoing PD (APD and CAPD)
decreased from 8.9% to 6.9% during the same time pe-
riod [2]. Accordingly, the percentages of APD in Canada
were 43% in 2001 and 62% in 2010 [3]. In 2010, 61% and
43% of patients on PD underwent APD in Australia and
New Zealand, respectively [4]. A recent epidemiological
study [5] showed that the proportion of patients on APD
is significantly smaller in the developing countries com-
pared to the developed ones (15.8% in developing count-
ries versus 42.4% in developed countries, of all patients
on PD). It appears that the increase in APD utilization
in the developed world is attributed mainly to patient’s
personal choice [6]. The predominance of APD over
CAPD could not be supported by robust clinical evi-
dence, but by the improved cycler design as well as the
improvement of patient’s quality of life [7].

Patient and technique survival

Whether APD is superior to CAPD regarding patient
and technique survival remains to be elucidated. This
question is hard to answer considering that the accom-
plishment of randomized controlled clinical trials is
apparently difficult and moreover it is impossible to
conduct blinded randomized controlled clinical trials.
The results of the already available trials are controver-
sial. The study of Guo and Mujais from the USA, which
was based on the Baxter Healthcare Corporation On-
Call TM system, including approximately 30.000 patients,
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showed improved patient and technique survival during
the first year in patients on APD [8]. In a more recent
trial, including approximately 40.000 patients, Mujais and
Storey reported that APD has a dominant effect on
technique success, with a relative risk of 0.845 compa-
red to CAPD [9]. According to Australia and New
Zealand Registry Report (ANZDATA), the application
of APD had similar technique and patient survival with
CAPD in 4128 patients [4]. A meta-analysis of 3 rando-
mized controlled trials which compared CAPD to APD,
including a total of 139 patients, did not show any
benefit of either technique over the other regarding pa-
tient mortality or technique survival [10]. In particular,
APD seems to be superior to CAPD regarding patient
and technique survival in patients less than 65 years
old [11]. A prospective trial, with 5-year follow-up
(NECOSAD) showed similar results with respect to
patient and technique survival [12]. The superiority of
APD, with regards to technique survival, was shown
by a trial based on a database of 620 patients from the
USA [13], while a similar superiority of APD reported
in a UK trial was lost after adjusting for comorbidities
[14]. A recent trial from Thailand, in which 121 patients
were retrospectively evaluated, showed that APD was
associated with a lower risk of technique failure. Spe-
cifically, although there was no difference shown in
the mortality risk, technique survival during the first 2
years was better in patients on APD compared to those
on CAPD [15]. In conclusion, both methods do not seem
to differ substantially regarding technique and patient
survival, except a possible comparable advantage of
APD in the subpopulation of high transporters.

APD and high transporters

The European Best Practice Guidelines-EBPG, acknow-
ledge three main indications for APD application: pa-
tient’s preference, the necessity to avoid increased intra-
peritoneal pressure and inability to achieve the targets
of ultrafiltration and substance clearance, especially in
high transporters [16]. Towards the same direction, the
International Society of Peritoneal Dialysis ad hoc Co-
mmittee on Ultrafiltration Management in Peritoneal
Dialysis recommends the application of APD in cases
of ultrafiltration loss in high transporters [17].

The status of high or more precisely rapid transport of
substances across the peritoneal membrane is most pro-
bably the ideal circumstance when APD is indicated.
The association between high peritoneal permeability
with poor patient and technique survival in PD is already
recognized [18-20]. Still, several clinical trials have
shown that high transporters might benefit from the
utilization of APD. The EAPOS trial showed that the
baseline peritoneal membrane transport status does not
correlate with the ultrafiltration rate achieved during
the first year and it does not affect technique survival
[21]. In a publication ensuing from the Oceania Registry

(ANZDATA), an association between high peritoneal
transport and worse outcomes was shown only in pa-
tients on CAPD and not in those on APD [20]. A more
recent trial from Toronto has shown that a high perito-
neal transport status does not constitute a risk predict-
tive factor of worse patient survival or technique failure
in patients on APD, with or without icodextrin use [22].
Another trial including 4128 patients managed to show
that APD is associated with a significant survival advan-
tage in high transporters compared with CAPD. Howe-
ver, APD treatment was associated with inferior survi-
val in low transporters. There was no difference observed
between APD and CAPD in the same trial regarding
technique survival [23]. Thus, the initial concern regar-
ding clinical outcomes of high transporters undergoing
PD seems to be how to overcome APD utilization in this
subgroup of patients, regardless of the icodextrin use.

Peritonitis-exit site infections

Over a 24-hour period, APD involves one connection and
one disconnection. On the other hand, CAPD involves
on average four connections and four disconnections.
It is obvious that the smaller number of manipulations
required from patients on APD could probably result
in a substantial reduction in the incidence of peritonitis
[24]. Moreover, it has been demonstrated that white
blood cell function is improved with prolonged dwell
times of fluid in PD [25], such as the daily dwell in con-
tinuous cycling PD (CCPD). The peritoneal mesothelial
cells show improved function after several hours of pe-
ritoneal membrane rest [26], as occurs during daytime
with nocturnal intermittent PD (NIPD). Nevertheless,
the delay in the diagnosis of peritonitis in APD raises se-
veral concerns. The evidence with respect to the effect
of APD on peritonitis when compared to CAPD is
controversial. A number of retrospective studies favor
APD [27], some other favor CAPD [28,29], while other
publications have shown that both methods are equiva-
lent regarding the overall rate of peritonitis [30]. A large
prospective non-randomized trial including 328 patients
demonstrated similar rates of peritonitis and exit site
infections for both modalities [31]. Nevertheless, a sma-
ller trial (n=20) showed lower rates of peritonitis in pa-
tients on APD [32]. A more recent publication from Me-
xico including 237 patients, has reported a significantly
lower peritonitis rate, in favor of APD [33]. In this trial,
the relative risk for suffering the first peritonitis event
was 0.68 in patients on APD compared to patients on
CAPD. The above-mentioned meta-analysis of 2007 did
not detect any differences between APD and CAPD in
respect to relative risk, although APD was found to have
significantly lower peritonitis rates compared to CAPD
[10]. This meta-analysis was based on three randomized
controlled trials, from which only two dealt with the
issue of peritonitis and just one reported only three
peritonitis episodes. Moreover, the results of this study
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were virtually based on a clinical trial which included
patients employing a cycler that had been abandoned
[34] and thus should be interpreted cautiously [35].
Another prospective clinical trial from USA, from the
late 80s’, included 82 young patients and managed to
demonstrate superiority of APD, with an approximately
double risk for peritonitis events with CAPD, but still
a similar incidence of exit site infections between both
modalities [36].

A clinical trial including 132 pediatric patients in Turkey
revealed a similar rate of peritonitis events between the
two submodalities, but an increased peritonitis events
rate caused by Gram-negative bacteria in children on
APD [37]. In another study which analyzed data from
4247 patients from Canada, who had undergone PD from
1996 until 2005, a similar risk for peritonitis events was
found between the two submodalities [38]. Another
noteworthy recent clinical trial, including 508 cases of
peritonitis in 205 patients, showed that APD was asso-
ciated with prolonged duration of elevated leukocyte
count in peritoneal dialysis fluid as well as longer du-
ration of antibiotic treatment [39]. A prospective, multi-
center clinical trial including 10 nephrological centers
in Scotland, with follow-up period of 8 years, showed
lower rates of peritonitis in patients on APD [40]. The
authors commented that their results warrant cautious
interpretation, considering the fact that patients on CAPD
were older and that there were significant differences
between the participating centers, such as the different
peritonitis rates reported from the different centers, the
small patient sample as well as the short follow-up period
after the first peritonitis event. Finally, the utilization of
the spike system for dialysis bag connection to the cycler
in the USA instead of the safer Luer-lock connector used
in Europe might play the most important role [41,42].

Intraperitoneal pressure-Patient compliance

The increased intraperitoneal pressure observed during
the application of PD might lead to hernia formation
and leakage of peritoneal fluid, causing discomfort in
some patients. Performing the exchanges in the supine
position, as occurs in APD, reduces the intraperitoneal
pressure for more than 50% compared to the upright
"full abdomen" position. The incidence of hernias is
reported to be lower in patients on APD [16]; still this has
not been confirmed by all trials [10]. Nevertheless, in-
creased nighttime volumes and decreased daytime vo-
lumes (or even the preservation of an empty abdomi-
nal cavity during the day), might prove to be beneficial
for patients unable to tolerate increased intra-abdominal
pressure [43]. Thus, APD might be a satisfactory alterna-
tive solution to the surgical treatment of such hernias [6].

Patient compliance to the prescribed regimen is an im-
portant issue, since a considerable proportion of patients
on PD do not comply with the treatment, with detrimen-
tal consequences to patient and technique survival [44].

The risk of inadequate compliance seems to be higher
in patients on CAPD compared to those on APD, most
probably due to the higher number of connections and
disconnections needed in CAPD [45], as well as the dis-
comfort associated with the increased intraabdominal
pressure during CAPD [46].

Arterial blood pressure-Ultrafiltration and sodium
clearance-Residual renal function

It is well-known that it is more difficult to achieve the
ultrafiltration targets when the residual renal function
declines. Existing data is not clear whether APD aids in
achieving these targets. In a prospective study, including
53 patients on CAPD and 51 patients on APD, with a 10
month follow-up, ultrafiltration and sodium removal were
lower in patients on APD than in their counterparts un-
dergoing CAPD. Moreover, patients on CAPD demon-
strated a better control of systolic blood pressure [47].
On the other hand, the EAPOS trial (European APD Out-
come Study) enrolling 177 anuric patients undergoing
APD demonstrated that more than 75% of patients achie-
ved the ultrafiltration target of more than 750 mL/24h
[48]. In a Canadian study including 56 patients on APD,
with liberal icodextrin use during daytime dwells, blood
pressure control was achieved in 93% of patients while
volume control was independent of sodium removal
[49]. Furthermore, recent data showed that fluid state
and blood pressure control were not different between
APD and CAPD, despite a higher daily sodium removal
in CAPD patients [50]. A study from Korea, where 24-
hour ambulatory blood pressure monitoring was perfor-
med in 26 patients on CAPD and 18 patients on APD,
did not show any significant differences in blood pressure
control and left ventricular hypertrophy in APD compa-
red to CAPD [51]. A recent study from a Greek nephro-
logical center enrolling 46 patients did not show any
significant differences in sodium removal between pa-
tients on APD and CAPD, assuming appropriate utili-
zation of icodextrin in both groups [52]. In conclusion,
it appears that APD could be effective in achieving
the targets of ultrafiltration and euvolemia despite the
declining residual renal function, provided that pres-
cribed clearance dose is adjusted accordingly [53].
The probability of a faster decline of residual renal
function in patients on APD remains a subject of con-
cern, especially regarding patients on NIPD. Although
the results of the existing studies might be controversial,
Marron et al. in their review report showed no statisti-
cally significant reduction of residual renal function in
patients on APD [54]. Data from the NECOSAD trial
demonstrated a higher risk of losing residual renal func-
tion in patients starting dialysis on APD compared to
those starting on CAPD, especially during the first
year [55]. Still this fact has not been confirmed in
other recent publications [13,14] and both modalities
appear to be equivalent.
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Quality of life and sleep quality

APD appears to be superior compared to CAPD with
respect to patient’s quality of life; still all related pub-
lished evidence is not definitive. In a multicenter study
from the Netherlands investigators showed that patients
on APD demonstrated better mental health, with lower
levels of anxiety or depression compared to patients on
CAPD during the same period of treatment. On the other
hand, the physical aspects of quality of life were similar
in both groups [56]. Another study from Denmark sho-
wed that patients on APD had significantly more time
available for work, family, and social activities compa-
red to those on CAPD. There was a tendency for less
physical and emotional discomfort in the APD group,
yet the difference was not significant [57]. In another
interesting, although small study with regards to sample
size, patients were allocated to CAPD treatment for 6
months and then they were shifted to APD therapy for
the next 6 months. Patients showed improvement in pa-
rameters such as vitality, social functioning and mental
health scores while being on APD; however this tenden-
cy was not significant [58]. More recent studies have
not demonstrated any difference regarding the quality
of life between the two methods [59-61]. A recent meta-
analysis of 190 trials, all of them evaluating quality of
life in end-stage CKD patients in relation to treatment
modality, showed superiority of APD compared to
CAPD, though not significant [62].

The issue of sleep disorders in patients on APD was
studied in a randomized trial of Bro and associates,
who showed that patients on APD demonstrated more
sleep problems as compared to those on CAPD [57].
APD was also associated with a higher incidence of
excessive daytime sleepiness [61]. Yet in another study,
sleep quality was estimated as similar in both methods
[59], whilst in another one, in which overnight polysom-
nography was performed in the patients enrolled, APD
was associated with improved sleep quality and lower
sleep apnea incidence, most probably due to better
control of the hydration status during sleep [63].

APD in children and the elderly-assisted PD

In the United States approximately 95% of children with
end-stage CKD, younger than 19 years old, undergo
APD [2]. The same applies in Europe as well, for exam-
ple in Italy [64]. Regarding the elderly patients on PD, APD
is the prevalent modality of renal replacement treatment.
In the USA more than 60% of PD patients over 65 years
old, receive APD [2]. In this patient-group there is a greater
need of assistance by a caregiver in order to perform the
exchanges [65], a fact which might explain the increased
use of APD, as it requires fewer connections.

Moreover APD has proved to be a reliable method of
renal replacement treatment in patients older than 65

years. According to a study from the USA, technique
failure and peritonitis rates in the elderly (>65 years
old) patients on APD were not different compared to
the younger patients. Additionally, quality of life measu-
res were similar between all age groups [66].

APD plays a central role in the treatment of pediatric
patients with end-stage CKD, especially infants. APD
due to accurate determination of fill volume allows app-
ropriate treatment individualization according to age,
body size and growth- related metabolic needs [67]. Mo-
reover, children on APD and their parents have more
free time available during the day, as no exchanges
are required during school time [68]. Compared to
children on CAPD, children on APD showed lower
peritonitis rates [68]. In another trial, enrolling more
than 300 pediatric patients who were switched from
CAPD to APD, results showed improved ultrafiltration,
less edema, lower mean arterial blood pressure, improved
peritonitis rates and fewer hospitalizations [69]. Another
study from Hong-Kong reported impressing results with
respect to quality of life of patients included. In this stu-
dy, both children on APD (as well as their parents) and
children who underwent renal transplantation and their
parents seemed to experience similar quality of life [70].
A significant number of patients on PD need the assis-
tance of a companion, nurse or caregiver in order to
perform the exchanges. APD might be the modality of
choice in these cases. APD requires only two connec-
tions and disconnections daily, which is an important
advantage with regard to time saving. This diminishes
the daily workload of the assistant and also might prove
to be useful for patients who reside in nursing care insti-
tutions [25,71]. In another study from Denmark, 65 pa-
tients underwent assisted APD with satisfying results
(54% two year survival and one episode of peritonitis
in 26 patient-months), confirming the aforementioned
results [72]. A recent observational trial from Brazil,
enrolling elderly patients with physical or cognitive
disabilities and lack of assistance as well as patients with
lack of vascular access or hemodynamic instability du-
ring hemodialysis, showed that assisted APD is a re-
liable and effective homecare alternative for patients
without other renal replacement therapy options [73].

When to apply APD

APD remains an alternative option for patients who are
unable to achieve adequate clearance and ultrafiltration
targets with CAPD. In such cases, an increased number
of exchanges with CAPD leads to an impaired quality
of life and might cause switching of dialysis modality
to hemodialysis. Thus the application of APD with lar-
ger dwell volumes and longer nocturnal sessions, espe-
cially in combination with the use of icodextrin for the
long dwell, or the addition of one daytime exchange
(CCPD plus), could probably prolong technique survi-
val. In slow transporters, a regimen with less frequent
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exchanges during the night and probably the addition of
one manual exchange during the day could be an al-
ternative option.

Additionally, APD has been tried as a dialysis moda-
lity in patients who require urgent renal replacement
therapy. The association of APD with lower intraperito-
neal pressure might render the best option for imme-
diate initiation of PD. In a retrospective study from Den-
mark, patients who initiated PD in less than 24 hours after
peritoneal catheter insertion had a technique survival
that was similar to that of patients who initiated APD
on a scheduled basis [74]. In a prospective study from
France, acute initiation of APD was an effective dia-
lysis method [75], whilst it has been performed as a
first-line emergent dialysis therapy as well, with satis-
factory results [76].

APD and patient’s employment and financial cost

In a study from Finland [77], similar employment rates
were observed between patients on APD, those on home
hemodialysis and transplanted patients, which ranged
from 39-44%. Another study from Hong-Kong showed
a statistically significant difference in the employment
status of patients on APD compared to those on CAPD
[78]. Thus, patients on APD had higher rates of full-ti-
me employment compared to those on CAPD (62.2%
versus 15%). Moreover, a Spanish study concluded that
APD, and to a lesser extent renal transplantation are
the modalities of renal replacement treatment with the
lowest impact on indirect costs due to morbidity, sho-
wing higher rates of employment than hemodialysis and
requiring less disability benefits [79]. Another trial from
the same research group demonstrated that the most
active patients prefer APD as the initial modality of
renal replacement therapy. Thus, approximately half
of patients on APD are working, while approximately
only one in five patients on hemodialysis are working
[80]. Finally, according to a study from Mexico the
annual direct medical cost per patient on PD increased
from 15072 dollars in 2008 to 16452 dollars in 2010.
The cost was higher for patients on APD compared to
those on CAPD, although the difference was not sta-
tistically significant [81].

Conclusions

Automated PD is the most promising PD modality,
with undoubtable advantages in patient’s lifestyle. The
possible clinical benefits of the method are still con-
troversial and currently high peritoneal permeability
remains the only strong indication for APD application.
APD offers the advantage of choice and it can be more
easily performed by employed patients, while offering mo-
re time for personal or family activities. It is suitable for
children, elderly patients and patients who need assisted
PD. APD should always be offered with respect to the

patient’s choice, which should not be overlooked during
initiation of therapy [82]. Accepting (and application of)
the patient’s preference, regarding the modality of renal
replacement therapy, has positive effects on quality of
life [83], which is probably the most important criterion
in the treatment of end-stage kidney disease.
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Abstract

As chronic kidney disease (CKD) progresses to the
terminal stage, proper actions must be taken to prepare
the patient for the initiation of the renal replacement
therapy (RRT). If hemodialysis is an option for RRT,
decisions should be made about the right vascular access
for each individual patient. The available options for
vascular access include the use of native arteriovenous
fistulas (AVF), synthetic arteriovenous grafts (AVG)
and double lumen dialysis catheters. With the help of
ultrasound mapping, chances for choosing a right access
are today very high. For hemodialysis patients the selec-
tion of the proper vascular access is of vital issue in
regard of preventing complications and unnecessary
procedures. Planning, creation and monitoring of the
vascular access in dialysis patients should involve not
only the nephrologist, but also the vascular surgeon and
the interventional radiologist. Thus, multidisciplinary
approach should be taken, in order to choose the way
that has the most advantages and the least damage for
the patient. That is the proper mode for hemodialysis
patients to have longer and better quality of life.

Key words: vascular access, hemodialysis, arteriovenous
fistula, graft, catheter, ultrasound

Introduction

As chronic kidney disease (CKD) progresses to the ter-
minal stage, proper actions must be taken to prepare
the patient for the initiation of the renal replacement
therapy (RRT). If hemodialysis is an option for RRT,
decisions should be made about the right vascular
access for each individual patient. The available options
for vascular access include the use of native arteriove-
nous fistulas (AVF), synthetic arteriovenous grafts (AVG)
and double lumen dialysis catheters. In the following text,
the proper approach to each patient in the creation of
vascular access will be discussed.
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Arteriovenous fistulas

Arteriovenous fistula (AVF) is a surgically created direct
juncture between an artery and a vein resulting in dilata-
tion and maintenance of arterial blood flow rates in the
adjacent vein. This groundbreaking type of access was
first introduced by Brescia and Cimino in 1966 and
enabled hemodialysis to be widely applied around the
world [1]. In their publication, the authors described the
creation of side-to-side anastomosis between the cepha-
lic vein and the radial artery in the wrist. This originally
described type of anastomosis is still created for almost
50 years now without major modifications.
According to the 2006 published KDOQI Guidelines,
in patients with CKD stage 4 or 5, arm veins should be
spared from venipuncture allowing them to be used in
the future for creation of AV fistulas. Also, the use of
jugular vein catheters should be prefered over subcla-
vian vein catheters because of the smaller propability of
stenosis and vein occlusion. An AVF should be created
at least 6 months before the planned start of hemodialysis,
and when glomerular filtration rate (GFR) is less than 25
ml/min and the serum creatinine level is above 350 pmol/l.
European Best Practice Guidelines (EBPG) suggest that
patients should be referred to the surgeon for preparing
a vascular access in stage 4 of CKD (GFR<30 ml/min/
1.73 m?) or earlier in case of rapidly progressive nephro-
pathy or specific clinical conditions (e.g. diabetes, se-
vere peripheral vascular disease) [2]. Similarly, UK Renal
Association advises that planning for access should be
started in stage 4 of CKD, and the exact time will be
determined by the rate of decline of renal function, co-
morbidities and by the surgical pathway [3]. Canadian
Society of Nephrology recommends that vascular access
should be provided when GFR is about 15-20 ml/min [4].
Arteriovenous fistulas are the preferred type of vascular
access because of their better long-term patency rates,
the lower frequency of infection and the lesser need for
interventions to maintain patency and functionality com-
pared to the other types of access [5,6].

The American Vascular Surgery Society recommends
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that the first created native fistula should be located in
the non-dominant arm and as far distally as possible in
order to preserve proximal sites if needed for future
access creation [7]. The order for creating AV fistula,
according to KDOQI Guidelines is: radio-cephalic or
distal AV fistula, brachio-cephalic or proximal AV fis-
tula, brachial-basilic AV fistula with transposition or
proximal AV fistula [8].

When an AVF is surgically created, maturation process
is the next important issue that determines its future use
and long-term patency. Therefore, besides an adequate
surgical technique, the quality of the veins is an impor-
tant factor that allows a sufficient maturation process.
It is known that the fistula failure is more common
among women, older patients, and patients that have
vascular disease or diabetes [9-11].

The percentage of patients who are using a native arte-
riovenous fistula as a vascular access varies remarkably
between Europe and the United States (US). It is inte-
resting to note, that the use of AV fistulas is much more
common in Europe than in the US, while patients on
hemodialysis have lower comorbidity in Europe than
in the US as it was shown in the DOPPS study [12]. Mo-
re than half of the US dialysis patients receive a synthe-
tic arteriovenous graft. Meta-analysis done by Murad
et al. on 83 studies, has shown that AVF for chronic hemo-
dialysis is superior to the AVG (significant reduction
of death and access infection, non-significant reduction
in the risk of postoperative complications-hematoma,
bleeding pseudoaneurysm, steal syndrome, and also shor-
ter lenght of hospitalization and primary and secondary
patency at 12 and 36 months) [13]. But, it has to be pointe
out that hospitalization rates for vascular access problems
are equally common in Europe and in the US [14].

Arteriovenous grafts

If there are no suitable veins for creating an AVF, then

the creation of a synthetic arteriovenous graft (AVG)

should be considered as an option. AVG are usually

made of expanded polytetrafluoroethylene (ePTFE).

Anastomotic configuration of AV grafts includes [15]:

- curved brachio-axillary,

- looped axillo-axillary,

- forearm looped brachio-basilic,

- straight radial to cubital fossa vein,

- looped graft between the common femoral artery
and saphenous or femoral vein.

The most common complication with AV grafts is

outflow stenosis of the vein and infection that usually

requires complete removal of the graft in spite of anti-

biotic therapy [16]. Arteriovenous graft failure is the

result of a dynamic proccess involving hyperplasia of

vascular smooth muscle cells that finally causes ste-

nosis and occlusion of the vasular lumen [17].

The use of catheters

Catheters for hemodialysis can be used for short- or
long-term periods. Short-term catheters can usually be
placed into the internal jugular veins, the subclavian
veins or the femoral veins by using the standard Seldin-
ger technique. The use of this kind of catheters is pre-
dicted for a period of about 3 weeks and is mostly a
bridging access until arteriovenous fistulas or grafts are
ready for use. Long-term catheters can be plased also
in the same above-mentioned veins and are designed for
use for a longer period. In both cases, the preferred
site of insertion should be the right jugular vein due
to its lower rates of central venous stenosis, the more
straight course allowing better flow rates during hemo-
dialysis sessions and the lower complication rates in
comparsion to the other insertion sites [18,19].
Taking into account the increasing number of patients
with implanted pacemakers and defibrillators, usually
inserted via the subclavian vein and superior vena, spe-
cial consideration should be taken in the decision of
where to place a central venous catheter [20].

Th meta-analysis by Ravani P. et al. that included 62
cohort studies comprising over 500,000 participans found
that patients using hemodialysis central venous catheters
had a much higher risk of death, infection, cardiovascular
events and hospitalization compared to patients who used
arteriovenous fistulas or grafts as a vascular access
for hemodialysis [21].

Complications of the vascular access

Access failure is the most common complication. The
blood flow needed for adequate dialysis is about 200-400
ml/min. Some factors that may contribute to the vascular
access failure are advanced age, diabetes, female gender
and forearm fistula [22] and hypotension and obesity [23].
Some future perspectives may help in maintaining AV
fistula functioning, like the use of far infrared electro-
magnetic radiation to improve endothelial function with
antiproliferative and anti-inflammatory effect [24] or
transdermal glyceryl trinitrate administration that increases
local blood flow in the new AV fistulas [25].

Steal phenomenon refers to ischemic lesions that re-
sult from an arterial steal phenomenon and is more
frequent in eldery patients with comorbid conditions
and diabetes. The first type that is also called "high-
flow steal phenomenon" is mostly associated with the
presence of a high-flow anastomosis, thus creating cri-
tical ischemia of the fingers. The other type of steal
phenomenon involves patients with low fistula flow.
In this case peripheral ischemia is a result of the occ-
luded periheral arteries so even normal blood flow in
the anastomosis will create critical ischemia in the peri-
pheral vascular bed. According to the clinical features
and level of effect, the steal syndrome is classified into
four stages, from the first stage where the hands are
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blue, pale, or cold without any pains, till the forth stage
when there are ulcers, necrosis and gangrene lesions
[26]. Therapeutic options are few and include measure
for narrowing the anastomosis or closing of the fistula
and insertion of a dialysis catheter. Arterial steal phenol-
menon appears in 1% of AVF's and 9% of AVG's [27].
Aneurysm, a progressive desctruction of venous vessel
wall and replacement of normal tissue with scar collage-
nous tissue resulting in the formation of aneurysms
[28,29]. Major complications of aneurysms are rupture,
infection and rarely embolism. Because of their tenden-
cy to progress spontaneously, sometimes it is necessary
to perform a partial or complete resection of the aneu-
rysmal sac, to correct any accompanying stenoses and
to create an adequate lumen [30].

Pseudoaneurysm may occur during the placement of
temporary catheter when there is an arterial puncture
and consequent arterial bleeding into the surrounding
subcutaneus tissue. In this case, the patient should be
on bed rest and with the use of focal compression. In
case of greater pseudoaneurysms, an ultrasound-guided
thrombin injection into the aneurysmal neck can resolve
about 75% of cases [31]. Pseudoaneurysm of arteriove-
nous grafts is more common. Surgical ligation is one
of the treatment options for resolving this complication.
It is important to note that covered stent grafts are a safe,
flexible and durable treatment option for patients with
AV graft pseudoaneurysms that improve graft patency [32].
Congestive heart failure is a result of hypercircula-
tion because of the too low outflow resistance, and
involves mostly patients with pre-existing cardiac
problems and arteriovenous grafts. Hypercirculation is
present on the field of too large anastomotic diameter
that usually is the case in AV grafts and brachial artery
fistulas. Banding procedures that narrow the anastomo-
sis have been recomended but the results are poor and
unpredictable. Ligation of the anastomosis is probably
the most reliable procedure.

Central vein stenosis

Central stenosis is usually the result of past subclavian
vein catheters, but also in rare cases of previous pace-
maker cables or coagulation disorders. Clinically a cen-
tral vein stenosis becomes symptomatic only when
flow is increased as it is the case in AV fistula or grafts.
This situation results in the swelling and cyanosis of
the arm as well as the formation of collaterals on the
chest wall. Therapeutic options include ligation of the
anastomosis or if applicable, dilation and stenting of
the stenosis using interventional techniques and rarely
surgical correction [33,34].

The role of ultrasound mapping

Ultrasound examination of the veins and arteries of
the upper extremities, the so called "vascular mapping"

has been increasingly implemented as a standard pre-
operative procedure when planning and creating an
arteriovenous fistula or graft. With this procedure the
veins are examined for the presence of stenotic or
fibrotic lesions, the vessel diameter is measured, while
for the arteries factors such as diameter and the presence
of atherosclerotic lesions is also examined. This approach
has increased the success of arteriovenous fistula matu-
ration and the frequency of arteriovenous fistulas [35].
Patients who benefit from vascular mapping are particu-
lar those with:
- insufficient clinical examination (absent pulses,
obese, multiple previous access surgery),
- possible arterial disease (diabetes, cardiovascular
disease, older age),
- possible venous disease (previous cannulation) [36].
In order to perform a good vein mapping, a proper
technique should be used. Firstly, we need to examine the
superficial veins using the B-mode (cephalic, basilic,
median cubital vein) by checking the compressibility
every 2 cm and then by measuring the diameter of the
veins in transverse view. Also whenever possible, the
proximal deep veins should be examined: brachial,
axillary, subclavian. In order to perform a dilatation
of the veins and to make a more accurate diameteres,
tourniquets should be used. Accordingly, the first tour-
niquet is placed on the upper arm so that deeper veins
are occluded, and the second is placed below the elbow
to occlude the superficial veins. After B-mode, doppler
spectral analysis should be performed with adjustment
of an angle at 60 degrees or less and with alignment of
Doppler cursor parallel to the vessel walls [37].
Vessel mapping using ultrasound has become the stan-
dard of care for preoperative planning of AV access,
and Duplex Doppler ultrasound has the capability to
provide functional evaluation of vascular access-fistula
maturation evaluation and maturation failure thus fa-
cilitating early intervention [38].
The following factors indicate adequate vessels for
creating distal radio-cephalic AV fistula [39]:
- inner diameter of radial artery >2 mm,
- inner diameter of cephalic vein >2.5 mm,
- flow velocity through radial artery VmaxS >50cm/s,
- flow through radial artery Qa.radialis > 40 ml/m.
- Four weeks after the AV fistula creation, the follo-
wing factors indicate adequately matured AV fistula
and a good possibility of achieving puncture [40]:
- diameter of cephalic vein >4 mm,
blood flow QAy =500 ml/min.
Flnally, maximal blood flow velocity through AV fis-
tula of 100-350 cm/s and blood flow of 500-1000 ml/
min are the signs of a good function of AV fistula provi-
ding sufficient blood flow for hemodialysis [41].
Lockhart et al. showed in their study on 112 patients
that there were no differences in the preoperative peak
systolic velocity nor in the resistive index (RI) of su-
ccessful and failed fistulas, but the measurement of the
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radial artery peak systolic velocity changes after release

of fist clenching identified a subset of female patients

with a very low likehood for success [42].

However, Hasaballah et al. found an accuracy of 94.8%

in 455 End-Stage Renal Disease patients of duplex

based desicion in reference to intraoperative findings
and post-operative results of upper arm arteriovenous
fistulas. Accordingy, they suggest that preoperative
duplex planning should be performed in all patients,
and that brachiocephalic fistulas should be the first
choice in the upper arm because of their best patency
rates and lower complications. Brachiobasilic fistulas
should be considered as a second option, and then

grafts, which were most prone to infection (27.7%)

and thrombosis (10.6%) [43].

Lauvao et al. in their study on 185 native arteriovenous

fistula showed no significant difference in fistula matu-

ration according to age, gender, diabetes and body-
mass index, but they have underlined that vein diameter
was a sole independent predictor of fistula functional

maturation [44].

Also, Zadeh et al. in their study on 96 hemodialysis

patients with AV fistula discovered that the maturation

of fistula showed some correlation between duration
of maturation period and vein diameter in patients with
radiocephalic fistula, but did not show a correlation with

arterial diameter, diabetes mellitus, gender and age [45].

It is suggested that after performing a preoperative vein

mapping with ultrasonography in patients with a mini-

mal cephalic vein size of 2.0 mm or less, a procedure
other than wrist fistula should be considered for opti-

mization of dialysis access [46].

In dialysis patients with a functioning vascular access,

the following signs are indicative of malfunction and

should prompt initiation of an ultrasound examination

of the access [47]:

- abnormal fistula functioning: difficult cannulation,
thrombus aspiration, elevated venous pressure
greater than 200 mmHg on a 300 ml/min pump,
elevated recirculation time of 15% or greater, urea
reduction rate of less than 60%;

- clinical signs and symptoms of AV access insu-
fficiency: access collapse suggesting poor arterial
inflow, poorly matured fistula, loss or change in
the intensity of thrill, clinical signs of infection,
distal limb ischemia, perigraft mass, aneurysm,
pseudoaneurysm.

- Duplex ultrasound evaluation of hemodialysis access
should include the following examinations:

- inflow artery proximal to the fistula or graft,

- inflow artery distal to the fistula or graft,

- anastomotic sites (fistula: one site, graft: two sites),

- puncture sites,

- proximal, mid, and distal outflow vein or graft,

- axillary and subclavian veins [47].

It is important to emphasize that the sensitivity of ultra-

sound in the diagnosis of AV fistula and graft stenosis is

very high and comparable to the fistulography especially
when performed by an experienced operator [48].

In summary, ultrasound is a relatively inexpensive and
readily available tool that has an important contribution
for a successful placement and maintenance of dialysis
access. Using it to diagnose a stenosis if a clinical prob-
lem occurs, helps the interventionist to choose a better
approach for the procedure [49]. On the other hand,
angiographic evaluation of the artery end veins using
radiocontrast optimally visualizes both, peripheral as
well as central veins, but exposes the patient to the risk
of radiocontrast-induced nephropathy in pre-dialysis
patients and has a greater economic cost [50].

Also, ultrasound-guided placement of a central venous
hemodialysis catheter is more precise and visualizes
anatomical variants and vein thrombosis in regard to
landmark technique. In this way, repeated puncture
can be prevented, as well as the complications like
pneumothorax and arterial laceration [51]. In conclusion,
many studies have demonstrated that the use of ultra-
sound in pre-operative mapping increases the success
of AV fistula creation and patency [52,53].

Conclusions

For hemodialysis patients the selection of proper vascular
access is a vital issue in regard of preventing complica-
tions and unnecessary procedures. It is known that mor-
tality and morbidity among patients who start dialysis
with a catheter is two- to three-fold higher than in those who
start hemodialysis with a functioning AV fistula [54,55].
Therefore, it is important to carefully prepare and
plan the right vascular access for every patient in an
individual manner.

The planning, the creation and the monitoring of the
vascular access in dialysis patients should involve not
only the nephrologist, but also the vascular surgeon
and the interventional radiologist in a multidisciplinary
approach in order to achieve the maximum benefit
for the patients.
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Abstract

Hematopoietic stem cell transplantation (HSCT) is be-
coming an increasingly popular treatment considering
that it is the only curative option for many malignant
and non-malignant diseases. Many patients treated in
this way have been followed for two or three decades
post-transplant and are presumed to be cured. But, on
the other hand, a great proportion of these patients are
experiencing long-term side effects after HSCT, inclu-
ding non-malignant organ or tissue dysfunction, chan-
ges in quality of life, infections and secondary malignan-
cy. Renal complications caused by HSCT are high and
are associated with the development of both acute and
chronic kidney failure. So, considering the increasing
numbers of HSCT survivors many years after the trans-
plantation, chronic kidney disease due to HSCT is be-
coming a growing problem and represents a new po-
pulation of patients who are presented to nephrologists.
The three most common forms of chronic kidney di-
sease related to HSCT are: chronic calcineurin nephro-
toxicity, glomerular disease after HSCT and HSCT asso-
ciated thrombotic microangiopathy.

Key words: hematopoietic stem cell transplantation,
acute kidney failure, chronic kidney failure

Case presentation

In January 2013 a 21-year-old man was admitted to the
Department of Nephrology after experiencing pedal and
facial edema for the last 14 days. His medical history be-
gan in 2007 when he was diagnosed with acute lympho-
blastic leukemia (ALL). He underwent chemotherapy
according to the ALL-IC-BFM 2002. After an apparent
remission, three years later he presented with isolated
medullary relapse. He received treatment with the ALL-
REZ BFM protocol that led to cytomorphological remi-
ssion. The patient underwent myeloablative allogenic
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peripheral stem cell transplantation with his HLA-iden-
tical sister as the donor. The conditioning regimen con-
sisted of cyclophosphamide and 12-Gy total-body irra-
diation. The patient received cyclosporine and methotre-
xate for graft-versus-host disease (GVHD) prophylaxis.
He responded well and continued further ambulatory
monitoring by a hematologist. There was no sign of
residual ALL on follow-up.

Results of his physical examination showed periorbital
and pretibial edema. Renal function was normal; with a
serum creatinine level of 80 umol/L. He had proteinuria
with protein of 9 g/24h. The kidney ultrasound was
normal. He underwent a percutaneous renal biopsy that
showed membranous nephropathy. Further hematology-
cal investigation showed no signs of ALL relapse.

Introduction

Hematopoietic stem cell transplantation (HSCT) is be-
coming an increasingly popular treatment considering
that it is the only curative option for many malignant
and non-malignant diseases [1]. In general, HSCT con-
sists of three steps. In the first phase, patients are
given preconditioning regimen which consists of total-
body irradiation and/or chemotherapy. The decision
whether to perform myeloablative or nonmyeloablative
conditioning regimen depends on the patient age, co-
morbid states, the underlying disease and the disease
stage. Myeloablative regimens may be associated with
high morbidity during the cytopenic period, and for this
reason this approach is reserved for younger patients
without co-morbid conditions. In the second step, the
patient receives an infusion consisting of bone marrow,
peripheral-blood, or umbilical cord progenitor cells
which are derived from either a donor (and then we are
talking about allogeneic HSCT) or the patients them-
selves (autologous HSCT). In the third step immuno-
suppressive medications are used in order to decrease
the risk of graft-versus-host disease (GVHD). These
are usually methotrexate or the calcineurin inhibitors
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(CNIs) cyclosporine or tacrolimus. Using the mentioned
approach many patients have now been followed for
two or three decades post-transplant and are presumed
to be cured [1,2]. On the other hand, a great proportion
of these patients are experiencing long-term side
effects after HSCT, including non-malignant organ or
tissue dysfunction, changes in quality of life, infections
and secondary malignancy [3]. Rates of renal complica-
tions caused by HSCT have been reported as high as
92% and are associated with the development of both
acute and chronic kidney failure [4]. The risk factors for
kidney injury following HSCT vary depending on the
types of regimens that are used in patients undergoing
HSCT. Namely, a high-dose conditioning regimen is used
in both myeloablative allogeneic and autologous HSCT
and frequently in combination with high dose radiothe-
rapy. Furthermore, myeloablative allogeneic HSCT also
requires the use of immunosuppressive therapy post-
transplant, most of the time with calcineurin inhibitors
and this is not necessary in autologous HSCT [2,5].
Recently, a newly developed form of HSCT, a non-
myeloablative or reduced-intensity conditioning (RIC)
allogeneic HSCT is being used in older patients or in
those with co-morbid medical conditions. With this pro-
cedure patients receive a lower dose of chemoradiothe-
rapy, but post-transplant immunosuppression therapy
is also required. The intensity of the conditioning regi-
men, especially the use of full-dose myeloablative total
body irradiation (TBI) is more likely to cause late
complications after allo-HSCT. On the other hand, it has
been well-established that the use of RIC can reduce short-
term acute toxicity, but it has also been well-documen-
ted that the probability of chronic graft-host-versus
disease (cGHVD) is not reduced after implementation
of this regimen, namely because this approach is used
in older patients and in more advanced disease stages
[1,6-8]. These observations are supported by the study
of Al Hazzouri, as well [9]). In the aforementioned
analysis the authors have investigated the appearance
of chronic kidney disease (CKD) in patients that have
received RIC versus myeloablative regimens, and they
observed that there were no significant differences in
terms of renal complications between two patients’
groups. According to this observation and considering
the increasing incidence of HSCT related nephropathy,
the aim of this review is to provide an update on the
recent knowledge in the approach to patients with
suspected HSCT nephropathy.

Acute kidney injury (AKI) after HSCT

The incidence of AKI in the days and weeks following
myeloablative regimens varies from 30% to 90%. It is
significantly higher in patients receiving an allogenic
HSCT, and approximately 33% of these patients require
renal replacement therapy (RRT) (10). Mortality is 2 to
7 times higher in patients experiencing AKI compared

to those without AKI, and when those patients require
RRT, the mortality rates may eventually rise to more
than 80%, mainly due to association with coexistent
injury of multiple organs [11,12]. Also, the important
risk factor that may be driving the sustained rates of
AKI is patients’ age at the time of transplantation,
which is steadily increasing. The fastest growing group
of patients who undergo HSCT includes patients over
the age of 60. It has already been well-established that
age is a risk factor for AKI. Acute kidney injury follo-
wing HSCT is related to prerenal (such as fluid deple-
tion, sepsis, drugs...), intrinsic renal (acute tubular
necrosis due to ischemia, nephrotoxic drugs, acute
interstitial nephritis, infection-associated kidney injury
and vascular disorders) and postrenal (intratubular or
extratubular obstruction) causes [2]. During the first
month after HSCT the main predisposing factors for
development of AKI are: sepsis, nephrotoxic drugs,
obstruction, tumor lysis syndrome, hepatorenal syndro-
me from veno-occlusive disease, acute thrombocytope-
nic purpura or hemolytic uremic syndrome (TTP/HUS),
acute graft-host-versus disease (aGHVD) and cytome-
galovirus (CMV) reactivation. Veno-occlusive disease
(VOD) usually develops within 30 days after HSCT
with the incidence of approximately 10% for allogenic
HSCT, and with lower incidence rate for autologous
HSCT. VOD is also known as sinusoidal obstruction
syndrome, and is a conditioning-related toxicity usually
associated with regimens including cyclophosphamide,
busulfan, and/or total body irradiation. Clinically, it is
characterized by an acute onset of jaundice, ascites
and painful hepatomegaly followed by azotemia, low
urine sodium excretion and with bland urine. The
severity of the disease varies. In mild to moderate
cause hepatic injury is self-limited, but this condition
can progress to multi-organ failure (MOF) [2,11,13].
Tumor lysis syndrome is characterized by hyperkale-
mia, hyperuricemia, hyperphosphatemia, and hypocal-
cemia. Acute graft-host-versus disease (aGHVD) is the
most frequent complication following allogenic HSCT
and it usually occurs within the time frame of two weeks
up to three months after transplantation and aGHVD
causes renal injury that ranges from prerenal azotemia to
thrombotic thrombocytopenic purpura-like microangio-
pathy [2]. TTP-like microangiopathy has a poor respon-
se to treatment with apheresis and is accompanied by
a mortality rate up to 60%. When approaching a
patient with AKI following HSCT, it's important to
differentiate the cause of renal failure. According to
this, management of AKI ranges from adequate use of
fluids, antibiotics, avoidance of nephrotoxic agents, use
of dialysis, etc. Treatment of hepatorenal syndrome
due to veno-occlusive disease in these cases is mainly
supportive [13]. Treatment of TTP/HUS because of the
applied specific therapy primarily involves avoidance
of the aforementioned medications. Management of
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other types of TTP/HUS demands implementation of
plasma exchanges and/or eculizumab [2]. There is no
convincing data to support the efficiency of plasma
exchange in patients who develop thrombotic microan-
giopathy after HSCT. This is in contrast to the well-
known beneficial effect seen in most other forms of TTP-
HUS. This might be partially explained by the fact that
TTP-HUS following HSCT occurs due to direct injury to
the kidney from nephrotoxic drugs and/or radiation. Treat-
ment of tumor lysis syndrome consists of identifying
those patients that are at risk, careful laboratory moni-
toring and the use of prophylactic therapy (hydration,
urine alkalinization and use of xanthine oxidase inhi-
bitors). Acute renal failure due to tumor lysis syndrome
often requires some dialysis treatment (hemodialysis
and/or hemofiltration) [14-16].

Chronic kidney disease (CKD) after HSCT

Within six months of transplantation some of the pa-
tients who undergo HSCT develop chronic kidney di-
sease (CKD). The incidence of CKD related to HSCT
varies worldwide and depends on the used diagnostic
criteria, definition of CKD, duration of follow-up, and
the type of HSCT. When we include all these factors
the incidence of CKD related to HSCT ranges from 15%
to as high as 60%. The growth in non-myeloablative
protocols may actually increase the incidence of CKD in
patients undergoing HSCT despite its milder conditioning
regimen, because of older patients’ age and increased base-
line co-morbidities in this population of patients [2,17-18].
Independent risk factors for development of CKD in-
clude AKI in the first 100 days, previous autologous
HSCT, CNI use, and chronic GVHD [2].

The three most common forms of CKD related to
HSCT are: chronic CNI nephrotoxicity, glomerular disease
after HSCT (chronic GVHD-associated glomerulo-
nephritis), and HSCT associated thrombotic microan-
giopathy (TA-TMA) [2].

Chronic CNI nephrotoxicity

Calcineurin inhibitors, mainly cyclosporine and tacro-
limus, can cause renal injury similar to that seen in other
settings, such as solid organ transplantation. These are
used to prevent GVHD in the period of several months
after allogenic HSCT. This approach is associated with
a 25% incidence of moderate to severe aGVHD. Accor-
ding to these observations, patients who require prolon-
ged therapy for GVHD will receive these medications
for a longer period of time and are at great risk of de-
veloping side-effects, mainly nephrotoxicity. The main
pathohistological findings are non-specific and include
obliterative arteriolopathy, afferent arteriolar hyalinosis,
and patchy interstitial fibrosis [2,19-20].

HSCT associated thrombotic microangiopathy
(TA-TMA)

Transplant-associated thrombotic microangiopathy (TA-
TMA) is a severe complication of HSCT, and usually
occurs within 6 to 12 months after transplantation. The
kidney is the most commonly affected organ, but in
some cases it may present as a systemic condition, with
high mortality rate, while in milder cases there is an in-
creased risk of a resulting chronic kidney disease [2,21-23].
Published studies have shown discrepant results in the
incidence rates of TA-TMA, ranging from 0.5% to 76%
which is mainly due to diagnostic uncertainty, and limi-
ted prospective data. According to the most large, retro-
spective studies, the incidence rate of TA-TMA is about
10-25%, which more likely represents the true burden of
the disease [2,24].

The pathogenesis of thrombotic microangiopathy after
HSCT is still poorly understood but it is believed that the
most important setting in the pathogenesis of TA-TMA is
the endothelial injury in the context of HSCT. Namely, it
is believed that during the first six months after transplan-
tation various etiological factors cause endothelium inj-
ury, which leads to endothelial inflammation. Further-
more, dysregulation of interaction between platelets and
damaged endothelium results in thrombosis and fibrin
deposition in the microcirculation, which in turn causes
end-organ damage [2]. The most important risk factors
for development of TA-TMA are: irradiation and che-
motherapy, mainly the use of cyclophosphamide, busul-
fan, cisplatin and carmustine [24,25]. Radiotherapy is
performed as a total-body irradiation or radio- immu-
notherapy or both treatments are implemented. TA-TMA
is more common after allogeneic HSCT, but it can de-
velop in patients who undergo autologous transplanta-
tion. Both myeloablative and reduced intensity condi-
tioning regimens are risk factors for developing TA-
TMA. Recent investigations have failed to produce a
statistical difference in the prevalence of TA-TMA bet-
ween reduced intensity and myeloablative conditioning
regimens. Furthermore, it is known that partial renal
shielding during total body irradiation may reduce the
risk of TA-TMA development [2,25-27].

It is also believed that several other conditions may con-
tribute to the development of TA-TMA, such as: sclero-
derma, pregnancy-related kidney disease, malignancy,
numerous medications and infections (most commonly
Aspergillus, cytomegalovirus, and adenovirus). It remains
unclear if other potential infections (parvovirus B19,
human herpes virus-6, and BK virus infection) play a
role in the development of TA-TMA even though there
has been a great interest in their role. It is important to
emphasize that TA-TMA can occur in the presence or
absence of GVHD, and with or without a triggering
infection [28-30].
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However, considering the complexity of the HSCT po-
pulation, it's doubtful that a single etiological factor is
responsible for the development of TA-TMA in all
affected patients and it is more likely that TA-TMA is a
consequence of several etiological factors that lead to
endothelial injury of the kidney and other organs in the
setting of HSCT. This hypothesis is supported by the
fact that classic thrombotic microangiopathies have been
successfully linked to a single etiology, such as Shiga
toxin in diarrhea-positive HUS. According to these ob-
servations, TA-TMA was first thought to be TTP but as
TA-TMA did not respond as well to plasma exchange
as TTP did, this condition was distinct from "classic"
TTP/HUS [5]. This might be partially explained by the
fact that TTP-HUS following HSCT occurs because of
direct injury to the kidney from nephrotoxic drugs and/
or radiation. Furthermore, it is believed that deficiency
of the ADAMTS-13 protease, present in classic TTP, is
not involved in the pathogenesis of thrombotic microan-
giopathy following HSCT [2,23,24].

The pathohistological features of TA-TMA in the kid-
ney are non-specific and include thickened capillary
walls, fragmented erythrocytes, occluded vascular lu-
mens, and endothelial separation accompanied by swe-
lling, fibrin deposition, and necrosis [2,33]. As mentioned
above, in contrast to patients with "classic" TTP, patients
with TA-TMA have rarely been reported to have sys-
temic thromboses, although recent case reports have
presented the involvement of other organs, namely
the lungs [32] and the gastrointestinal tract [33].
Characteristic clinical features include slowly rising
plasma creatinine, hypertension, and disproportionate
anemia, but some patients are experiencing a more
fulminant presentation. It is important to say that hy-
pertension is more likely due to CNI-nephrotoxicity.
Proteinuria, usually in the absence of persistent hypo-
albuminemia, is an important sign of renal involve-
ment in TA-TMA. Also, urinalysis shows variable hema-
turia, depending on the extent of kidney involvement.
In some patients, chronic TA-TMA presents as a low-
grade microangiopathic hemolysis with the usual la-
boratory findings such as intermittent or persistent ele-
vation in plasma lactate-dehydrogenase level, low serum
haptoglobin level, anemia, thrombocytopenia, and pre-
sence of schistocytes in the peripheral blood [2,16,-
23,24]. Furthermore, in patients with kidney-limited TMA,
the characteristic laboratory findings are missing, and hence
a kidney biopsy is necessary in these patients [2].
Treatment of TA-TMA includes medical management
and withdrawal of promoting medications, mainly CNIs
and cisplatin. However, medical approach includes the
use of antihypertensive drugs, use of recombinant eryt-
hropoietin, red blood cell transfusions, and plasma ex-
change. Preclinical studies indicate a beneficial effect
of the angiotensin converting enzyme inhibitors (ACEI)
in the treatment of HSCT-related TMA. Although the
use of ACEI has not been utilized in patients with TA-

TMA, it seems reasonable to believe that patients with
persistent proteinuria after HSCT could benefit from
this therapy. Further prospective studies are needed
to confirm their beneficial effect [2,15,16].

The effectiveness of plasma exchange in the treatment
of TA-TMA is unclear, and according to most studies
patients who have undergone this treatment had poor
response and high mortality rate [34].

According to some studies, the use of new drugs, such
as daclizumab, rituximab, defibrotide, and eicosapentae-
noic acid could be useful in the treatment of HSCT-
related TMA [2,35-37].

Another therapeutic approach to patients with ESRD
due to HSCT is kidney transplantation. In the last deca-
de numerous cases of successful kidney transplantta-
tion in these patients have been published [2].

In the absence of controlled trials that evaluate addi-
tional treatment modalities in patients with HSCT-re-
lated TMA, for now, discontinuation of offending agents
may be the most promising therapeutic option com-
pared to other treatment modalities.

Glomerular disease after HSCT

Nephrotic syndrome (NS) is a well-documented but
rare complication after HSCT. It is mainly related to
membranous nephropathy and occurs in about 75%
of all cases of HSCT-associated NS [38,39]. It is less
frequently related to minimal change disease, focal
segmental glomerulonephrosis, diffuse proliferative
glomerulonephritis or IgA nephropathy. Post-HSCT
NS is characterized with immune-complex deposits, and
mainly represents the consequence of GVHD. Namely,
most patients with HSCT-related NS have other mani-
festations of cGVHD at the time of diagnosis. Accor-
ding to some authors this condition could represent the
renal manifestation of cGVHD. This hypothesis is su-
pported by the fact that NS usually occurs late in the
course of transplantation when the patient is off immu-
nosuppressive therapy [2,4,39-42].

It is also important to say that in adult subjects NS
may represent the manifestation of different malignancy
states, and the appearance of NS is an absolute indica-
tion for renal biopsy. It is necessary to exclude a clinical
relapse of primary disease in HSCT patients, as well [4].
Treatment of HSCT-related NS is controversial, and in
the absence of randomized controlled trials, the current
therapeutic options mostly include use of cyclosporine
(CSA) and corticosteroids (CS). In the majority of stu-
dies patients were treated with a high-dose steroid the-
rapy (starting dose was 1 mg/kg, and the duration of
treatment ranged from 2 months to a year) in order to
reduce NS. Furthermore, in most cases the use of an
additional immunosuppressive drug was necessary. Cyc-
losporine was the most commonly used additional drug.
The duration of treatment with CSA varies from 6 to 12
months. Other immunosuppressive drugs that are repor-
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ted in the setting of HSCT-related NS were mycophe-
nolate, azathioprine, and cyclophosphamide. TNF blo-
ckers have showed a limited success, but there are pro-
mising results with the use of anti-CD 20 antibody,
such as rituximab. According to these observations, the
current approach in the treatment of HSTC-related NS
should include the use of CSA and CS in order to con-
trol the acute manifestations of cGVHD. This is nece-
ssary as a prerequisite to the remission of NS [39-42].

Approaching the patients with HSCT-related
chronic kidney disease

Patient’s history important notes include the type of
HSCT, the used conditioning regimen and the use of
nephrotoxic drugs, mainly CNIs. General treatment should
be recommended for any CKD patient. In a patient with a
TA- TMA due to HSCT the hypertension control is nece-
ssary in order to reduce endothelial damage. Further-

more, patients with persistent proteinuria after HSCT
could benefit from the use of ACEL Hyperkalemia may
be more common in HSCT patients than in patients
with other forms of CKD. Diuretics are often needed.
Considering the toxicity of CNIs, it is worthwhile to
minimize their dosage or to replace them with other
agents, such as m-TOR inhibitors, sirolimus or evero-
limus. According to some investigations, GVHD prophy-
laxis with sirolimus and mycophenolate mofetil has been
found to be promising alternative therapy to CNIs [2,4].

A subset of patients progress to ESRD, and overall
patients who undergo hemodialysis have worse survi-
val rates than patients with ESRD due to other etiolo-
gical factors. Renal transplantation is treatment option
in some patients, especially in those who receive a renal-
allograft from the same donor as their original HSCT,
considering the fact that this approach may obviate the
need for antirejection therapy because of the immunoto-
lerance of the allograft [5,4,33].

Cytomorphaological
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Fig. 1. Shematic view of the disease course in our patient

* acute lymphoblastic leukemia (ALL); graft-versus-host disease (GVHD); chronic graft-versus-host disease (cGVHD)

Case review

In line with the findings of kidney biopsy, nephrotic
syndrome associated with membranous nephrophaty
was diagnosed, probably due to cGVHD. The treatment
of the patient started with an oral dose of ramipril 1.25
mg per day. This led to an improvement of hypertension
and proteinuria. The patient was discharged from our
Department and referred to the Hematological Depart-
ment because of the need for further immunosuppressi-
ve therapy in order to control cGVHD (Figure 1).

Conclusions

Hematopoietic stem cell transplantation offers a curative
treatment for many malignant and non-malignant di

sorders. A wide spectrum of renal involvement can be
observed in these patients. Considering the increasing
number of HSCT survivors many years after transplant-
tation, especially older patients with co-morbidities,
long-term complications such as CKD and ESRD rep-
resent a growing problem. Renal biopsies are often
needed to identify the underlying cause of renal failure
in HSCT patients. According to this, once the under-
lying pathology is known, an appropriate therapeutic
approach can be used in order to prevent progression to
ESRD. There is a need for further research in this field
in order to better define the natural history and clinical
features of HSCT-related kidney injury and the treat-
ment of this relatively new entity.
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Abstract

Introduction. Kidney disease is associated with many
abnormalities in the oral health status as well as with
alterations in salivary flow and composition. The aim of
this study was to evaluate and to correlate oral clinical
findings, salivary flow (SF) and salivary pH values in
patients with chronic kidney disease (CKD) not yet on
hemodyalisis treatment, those undergoing hemodialysis
and in kidney transplant recipients.

Methods. In a cross-sectional study 90 patients were inclu-
ded. The cohort was composed of three groups: 30 patients
with CKD (serum creatinine values under 120 pmol/L-
group 1), 30 patients with CKD on hemodialysis (group
2) and 30 kidney transplanted patients (group 3). The con-
trol group consisted of 20 healthy individuals. Oral sym-
ptoms, signs and lesions: salivary volume, salivary pH and
SF of stimulated and unstimulated saliva were evaluated.
Results. Among patients with CKD without dialysis
treatment inverse relationship was found between uremic
fetor, unpleasant taste and unstimulated SF and also bet-
ween xerostomia and stimulated SF. Negative correla-
tion between thirst and unstimulated salivary flow was
found in both groups, patients with CKD on dialysis and
kidney transplant group. Furthermore, in kidney-trans-
plant patients a negative correlation was found between
petechiae and SF, while in group of patients with CKD
on hemodialysis the same negative correlation was
registered between uremic fetor and stimulated SF.
Conclusions. Salivary flow was significantly lower in
hemodialysis patients, while the highest was in the kid-
ney-transplant recipients accompanied with improvement
in the other oral clinical findings observed in our study.

Key words: hemodialysis, kidney transplantation, oral
findings, salivary flow
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Introduction

Patients with chronic kidney disease (CKD) often present
systemic complications such as anemia, coagulation and
platelet function disorders [1]. Some of them manifest
oral symptoms and signs [2]. Oral symptoms may be mo-
re or less prevalent in the oral mucosa [3,4]. It has been
proven that approximately 90% of the patients with
CKD have soft tissue changes [5]. Besides changes in
the soft tissue, in these patients there is an increased risk
of caries which is considered to be a multifactorial disease.

Several studies have reported the connection of the sa-
livary flow with periodontal, dental and oral status in
CKD patients [6,7]. It has been also reported that in
CKD patients saliva has important protective properties,
participating in the maintenance of oral mucosa and hard
tissues integrity, that is in the physiological balance within
normal condition. Any deviation may influence the con-
dition of the tissues in the oral cavity [8]. Salivary bu-
ffer capacity is an important parameter in maintaining
pH of saliva, thereby reflecting on the integrity of soft
and hard tissue in the oral cavity [9-11].

According to Bots et al. [6] any disorder which influen-
ces on the established equilibrium of all components
in the oral cavity leads to a reduction in salivary flow,
which may cause symptoms and signs of xerostomia and
atrophic changes on the oral mucosa. It is considered
that determination of some biomarkers in saliva can be
effective alternative method for monitoring the efficacy
of the treatment with dialysis in CKD patients [12]. In
that context Blicharz et al. [12] believe that saliva sample
represents a revolution in diagnostic and therapeutic
monitoring strategies in CKD patients and those su-
ffering from other chronic diseases.

Considering these facts the aim of our study was to find
the association between salivary flow and oral clinical
findings in patients with chronic kidney disease.
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Material and methods

Ninety patients with diagnosed CKD from the Universi-
ty Department of Nephrology, University of Skopje and
the eponymous hemodialysis center were included in
the study. Complete anamnestic procedure and clinical
examination were performed at the University Depart-
ment of Oral Pathology and Periodontology, and labora-
tory investigations were performed at the Department
of Medical and Experimental Biochemistry in Skopje.
Twenty healthy subjects without any kidney disease
were included in the control group.

Patients with CKD included in the study were divided
into three groups. The first group (group 1) consisted of
30 patients with CKD and serum creatinine level below
120 pmol/L. The second group (group 2) consisted of 30
patients with CKD undergoing hemodialysis, and the third
group (group 3) consisted of 30 kidney transplant patients.
Our cohort was predominantly female (52 women) with
mean age of 46+14 years. The frequency of hemodialysis
was three times per week with duration of four hours
per session in the group of patients undergoing hemodia-
lysis (group 2). Kidney transplanted patients (group 2)
received standard triple immunosuppressive therapy
which include micophenolate mophetil, prednosine and
cyclosporine at a daily dose of 100-175 mg (neoral 3-4
mg/kg/day). All subjects were informed about the proce-
dure and agreed to participate in the study. Informa-
tion about oral health status of all patients included in
the study was obtained from the anamnesis and clinical
examination. Oral changes were followed on the entire
mucosal surface of the oral cavity and were classified
into subjective and objective findings.

The anamnestic data gave the following most common
subjective oral symptoms and signs: uremic fetor, un-
pleasant taste, thirst, xerostomia and burning tongue.
Uremic fetor was recorded as a urine-odor breath, and
unpleasant taste as a lack of normal perception of di-
fferent tastes in food. Diagnosis of xerostomia was made
based on the patients' report of dry mouth and during
oral inspection when dental instrument was sticking to
the oral mucosa.

The objective clinical finding based on the examination
of the oral mucosa revealed changes and lesions such as:
pale mucosa, dry fissured lips, coated tongue, petechiae
and ecchymoses, uremic stomatitis and angular cheilitis.
Oral lesions in our study were registered according to
acknowledged clinical diagnostic criteria [13,14]. Dry

and fissured lips were recorded when smaller or larger
squamous formations on mildly erythematous vermilion
surface were observed. Coated tongue was recorded as
dirty white plaque formations on the dorsal surface with
present elongated filiform papillae. Uremic stomatitis
was registered as irregular erythematosus areas covered
with grayish white pseudomembranes localized on late-
ral borders and dorsum of the tongue or buccal muco-
sa accompanied with painful sensations.

In all subjects included in our study, stimulated and un-
stimulated saliva samples were obtained, and salivary
pH and salivary flow were determined. In patients on
hemodialysis treatment (group B) saliva samples were
taken immediately before the dialysis session, and in
the other subjects samples of saliva were collected in the
morning before breakfast, according to the spitting
method. The collection of saliva started with instruction
to the subjects to abstain from smoking, eating, drinking,
and tooth brushing for one hour prior collection. All
subjects were advised to rinse the mouth with water
before the collection of saliva. The collection period
lasted for five minutes. Stimulated saliva was collected
by using chewing gum.

During preparation of saliva samples, the test tubes
were kept on ice. The volume of saliva was determined
gravimetrically (assuming 1 g=1 ml) and the pH was
determined within five minutes after collection by elec-
trolyte analyzer (Humalyte Plus [5], Human, Germany).

Statistical analysis

The obtained data were statistically analyzed, presented
as mean values with standard deviation. The significan-
ce of differences in the salivary flow and salivary pH
values among all studied groups were assessed by using
the Kruskall-Wallis-test. The Mann-Whitney U-test was
used to examine the significance of difference between two
groups. Correlations between salivary findings and oral
changes were performed using the Spearman’s rank test.
A p-value <0.05 was considered as statistically significant.

Results

The examined groups had different flow rates of saliva,
with or without stimulation. As expected, the lowest flow
rate of unstimulated saliva was evident in patients under-
going hemodialysis (Table 1). Mann-Whitney test sho-
wed that unstimulated salivary flow was significantly

Table 1. Salivary flow and salivary pH in control and examined groups

Control Examined group p
group
Laboratory results Group A Group B Group C
Salivary flow Unstimulated 0.54+0.20 0.36£0.09  0.31+0.21  0.37+£0.27  p<0.05
ml/min Stimulated 1.90+0.42 0.95+0.31°  0.59£0.35 1.02+0.55 p<0.001
Salivary pH Unstimulated 7.34+0.05 7.37£0.19  7.26+0.35  7.32+0.47 NS
Stimulated 6.78+0.32 6.88+£0.16  6.91+0.35 6.72+0.38 NS

* Mann-Whitney A/B p<0.05; NS = not significant
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lower (p<0.001) in both, the group A (patients on pre-
dialysis phase) (0.362+0.09 ml/min) and group B (pa-
tients on hemodialysis) (0.31£0.21 ml/min) when com-
pared to the control group (0.54+0.20 ml/min).

There was no statistically significant difference in pH
values of stimulated and unstimulated saliva among
examined and control groups in our study.
Furthermore, the obtained data from laboratory findings
of stimulated saliva indicated that patients on hemodialy-
sis had the lowest salivary flow rate, and significant di-
fference between the groups for flow rate of stimula-
ted saliva was found (p<0.001).

Additionally, significant difference (p<0.001) in stimu-
lated salivary flow rate between group B (lower) versus
other groups (group A, group C and control group)
(higher), and significant difference (p<0.01) between
group A (lower) and control group (higher) was found.
The obtained results for the correlation between oral and
salivary flow changes are shown in Table 2 and Table 3.
In pre-dialysis patients (group A) a negative correlation
between uremic fetor and unstimulated salivary flow
(r =-0.686; p<0.001) was found, which was not found
in patients on hemodialysis (group B) nor in kidney
transplant patients (group C).

Table 2. Correlation between unstimulated salivary flow and oral changes in patients with CKD

Salivary flow rate of unstimulated saliva

Oral symptoms, signs, Group A Group B Group C
changes and lesions Spearman Spearman Spearman
Rank Test p Rank Test p Rank Test p
Uremic fetor r=-0.686 <0.001 r=-0.352 NS r=0.184 NS
Unpleasant taste r =-0.686 <0.001 r=-0.70 NS r=0.084 NS
Thirst r=-0.718 <0.001 r=-0.617 <0.001 r=-0.075 NS
Xerostomia r=-0.533 <0.01 r=-0.512 <0.01 r=-0.283 NS
Burning tongue r=-0.046 NS r=-0.639 <0.001 r=0.046 NS
Dry, fissured lips r=-0.087 NS r=0.014 NS r=-0.309 NS
Coated tongue r=-0.224 NS r=0.215 NS r=-0.010 NS
Angular cheilitis r=-0.759 <0.001 r=-0.165 NS r=-0.313 NS
Pale mucosa r=0.107 NS r=0.105 NS r=0.108 NS
Petechiae/ecchymosemoses r=-0.268 <0.05 r=-0.381 <0.001 r=-0.228 <0.05
Uremic stomatitis r=-0.034 NS r=-0.062 NS r=-0.025 NS

Table 3. Correlation between stimulated salivary flow and oral changes in patients with CKD

Oral symptoms,

Salivary flow rate of stimulated saliva

. Group A Group B Group C
signs, changes and
lesions Spearman » Spearman Spearman »
Rank Test Rank Test Rank Test

Uremic fetor r=-0.277 <0.01 r=-0.300 <0.001 r=-0.240 <0.05
Unpleasant taste r=-0.188 NS r=-0.120 NS r=-0.084 NS
Thirst r=-0.121 NS r=-0.115 NS r=-0.117 NS
Xerostomia r=0.092 NS r=0.008 NS r=-0.157 NS
Burning tongue r=-0.119 NS r=-0.121 NS r=-0.125 NS
Dry, fissured lips r=-0.218 <0.05 r=-0.255 <0.05 r=-0.206 <0.05
Coated tongue r=-0.160 NS r=-0.158 NS r=-0.120 NS
Angular cheilitis r=-0.128 NS r=-0.119 NS r=-0.121 NS
Pale mucosa r=-0.101 NS r=-0.107 NS r=-0.115 NS
Petechiae / r=0405  <0.001  r=-0398  <0.00l  r=0348  <0.001
ecchymoses

Uremic stomatitis r=-0.034 NS r =-0.049 NS r =-0.055 NS

Furthermore, a negative correlation between unpleasant
taste and unstimulated salivary flow (r=-0.686; p<0.001);
was found in the group A, nor in the other two groups.
Moreover, we found a negative correlation between thirst
and unstimulated salivary flow in group A (r=-0.718;
p<0.001) and group B (#=-0.617; p<0.001). In groups
A and B we also found a negative correlation between
xerostomia or oral dryness and unstimulated salivary flow.
However, the correlation between unstimulated salivary
flow and burning tongue did not reach statistically signi-
ficant level in patients from group A, while in patients
from group B burning tongue negatively correlated with
unstimulated salivary flow (r =-0.639; p<0.001).

In all of the three studied groups, a significant correlation
between angular cheilitis and unstimulated salivary flow was
found only in patients of group A (r=- 0.759; p<0.001).

There was no correlation between unstimulated salivary
flow with dry fissured lips, coated tongue, pale mucosa
and uremic stomatitis in either of the examined groups.

Furthermore, in our study we found a negative correlation
between petechiae and ecchymoses with unstimulated
salivary flow in all examined groups. In kidney-transplant
patients (group C) with unstimulated salivary flow we found
a negative correlation between petechiae and ecchymoses,
which was not the case between the other oral changes.
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As shown in table 3, stimulated salivary flow was nega-
tively correlated with uremic fetor (r=-0.277; p<0.01),
dry fissured lips (r=-0.218; p<0.05), petechiae and ecchy-
moses (r=-0.405; p<0.001) in pre-dialysis patients from
group A. Similarly, a negative correlation was found bet-
ween stimulated salivary flow and the same listed oral
changes in hemodialysis patients from group B and
kidney- transplant patients from group C.

Discussion

The improved health care, pharmacological progress and
extended life span have increased the number of pa-
tients living with chronic kidney disease seeking den-
tal treatment. In most of them a wide range of oral ma-
nifestations as gingivitis, xerostomia, uremic fetor, pale
mucosa etc. were observed [15,16]. Here, according to
Bots et al. [6] the saliva has a crucial role. Changes in
the flow of saliva, pH values and biochemical composi-
tion are reflected on the oral clinical finding. In this
study, patients with CKD had reduced flow of stimula-
ted and unstimulated saliva, compared to the control
group. In group A (patients with serum creatinine 120
umol/L) there was a negative correlation between ure-
mic fetor, unpleasant taste, thirst, xerostomia and unsti-
mulated salivary flow. Similarly, in group B (hemodia-
lysis patients) a negative correlation between thirst,
xerostomia, burning tongue and unstimulated salivary
flow was found. Thus, we assume that thirst in hemodia-
lysis patients is a result of fluid restriction implemen-
ted in order to prevent fluid overload between dialysis
sessions, and consequently to prevent the occurrence
of hypertension. The presence or occurrence of thirst in
patients in pre-dialysis phase and patients on hemodia-
lysis might be explained as a consequence of the present
hyposalivation; in our study confirmed by the negative
correlation between thirst and unstimulated salivary flow
in groups A and B (r=-0.718, p<0.001; r=-0.617, p<0.001).
Hence, it means that reduction of the salivary flow in
groups A and B, results with the emergence of thirst.
Abuleo et al. [17] reported high levels of serum so-
dium, angiotensin II, rapid rise of urea in serum, as well
as psychological factors as possible reasons for thirst in
CKD patients. In patients with kidney transplantation
(group C), although they had nearly the same values
of unstimulated saliva as patients from group A
(0.37+0.27 ml/min vs 0.36 ml/min), there was no asso-
ciation between thirst and their average amount of un-
stimulated salivary flow (r=0.695; p>0.05). The authors
believe that the reason for presence of thirst in kidney-
transplant patients is of a complex nature. In fact, despite
the determined hyposalivation, dominant role belongs
to the synergistic side effect of the maintenance immuno-
suppressive and corticosteroid therapy [3,6,11].

According to Hamid et al. [1], except thirst, xerostomia
appears as a quite frequent oral symptom in CKD patients.
On the other side, Dirschabel et al. [18] registered a high

prevalence of oral lesions, such as xerostomia and coated
tongue in hemodialysis and renal transplant patients.
Our experience showed that xerostomia and thirst are
the most common oral discomforts, which patients in pre-
dialysis phase and patient undergoing haemodialysis face.
Bots et al. [6] after a two-year period of monitoring of
CKD patients, showed that the prevalence of xerostomia
and thirst remained the same quantity during the period
of follow-up in patients on dialysis treatment. In contrast,
in the same study, patients who carried out renal trans-
plantation were characterized with decreased oral dryness,
thirst and increased salivary flow. In line with the pre-
vious observation, in our study we did not find any sta-
tistically significant correlation between oral dryness with
either stimulated or unstimulated salivary flow (r=-
0.157; r=-0,283; p>0.05) in renal transplant patients.
However, we found a negative correlation between
unstimulated salivary flow and xerostomia (r=-0.533;
r=-0.512; p<0.01) between the groups A and B. Besides the
reduced salivary flow in patients with CKD, we assume
that oral dryness could further exacerbate by the applied
medicament therapy. It has to be pointed out that pa-
tients included in this study, despite their main immu-
nosuppressive regimen, were treated with ACE-inhi-
bitors, antidepressants and sedatives.

On the other side, in this study an inverse correlation
between unpleasant taste and unstimulated salivary
flow in pre-dialysis patients from group A was found.
Actually, the reduced salivary flow causes the oral dry-
ness, which initiates a changed taste perception in these
patients. It is well-known that the sensitivity of taste per-
ceptions is altered for all four basic types of flavor, due to
insufficient solubility which reacts to oral chemorecep-
tors, causing an unpleasant metallic taste and the taste
perception is impaired in all uremic patients, regard-
less of the type of treatment [17].

In our study, an inverse correlation between uremic fetor
and unstimulated salivary flow in patients from group
A (r=-0.686 p<0.001) and between uremic fetor and
stimulated saliva in patients from groups A (r=-0.277
p<0.01) and B (r=-0.240 p<0.05) was found. Therefore,
we think that the reduced salivary flow in this category of
patients abounded with urea metabolites, especially
ammonia that could be accepted as a main factor for
the occurrence of uremic fetor. Keles er al. [19] and
Martins et al. [20] reported identical findings. However,
this correlation is interpreted differently by Mason et
al. [21]. In fact, along with the reduction of salivary
flow there is an increase in the concentration of uric acid.
So, in patients with reduced salivary flow and subsequen-
tly increased concentration of uric acid in saliva, an in-
creased presence of uremic fetor may occur. In CKD
patients, despite previously mentioned reasons, the poor
oral hygiene and dental plaque accumulation, due to
their lack of motivation and less priority to maintain oral
health, are accepted as additional factors that emphasize
the uremic fetor.
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Among all of our studied groups, a negative correlation
between salivary flow of unstimulated saliva and the
burning tongue in hemodialysis patients from group
B was found. We assume that the major reason for
appearance of burning tongue is dehydrated oral muco-
sa. The reduced salivary flow affects the vulnerability of
oral mucosa, making it too sensitive, thereby emphasi-
zing the symptom of burning sensation. Additionally, the
dry and vulnerable mucosa, insufficient humidity in
mouth and lost elasticity, make the oral mucosa to be
easily traumatized, which is clinically manifested by
occurrence of petechiae and ecchymoses. Petechiae and
ecchymoses of oral mucosa, in all of our studied groups
were negatively associated with unstimulated and stimu-
lated flow of saliva (p<0.001). These results do not match
with those of Skorecki et al. [22], Kerr et al. [23] and
Ziccardi et al. [24]. According to these authors petechiae
and ecchymoses are common oral clinical finding seen
in patients with CKD, as a result of altered platelet
aggregation in conditions of uremia. Kho et al. [25] and
Chuang et al. [26] claim that reduced salivary flow,
heparin and other anticoagulants that patients on dialysis
receive, are the primary reason for petechiae and ecchy-
moses. In agreement with these data and the results from
the current study, we think that all previously mentioned
reasons may mutually contribute to the occurrence of
petechiae and ecchymoses in patients with CKD.
Furthermore, in this study we found a negative correla-
tion between angular cheilitis and unstimulated salivary
flow in patients from group A. Unfortunately, in the
literature there are poor data and hence, we could not
compare our findings. In support of our findings are
the results reported by Klassen ez al. [27]. They found a
prevalence of 4% angular cheilitis in dialysis patients.
On the other side, in the studies of Obry et al. [28] and
Holmstrup et al. [29] an association between angular
cheilitis and anemia and candidiasis was reported. Ho-
wever, we consider that with the reduced amount of sa-
liva and lost humidity of oral epithelium there is a re-
duced local defense mechanism in patients with CKD.
We confirmed in our study that the lower flow of saliva
impaired keratinization and decreased immunity, and
created an ideal base for development of fungal or bac-
terial infection on the corner of the lips, especially in the
immunocompromised CKD patients.

In our study, flow rate of both stimulated and unstimu-
lated saliva was not associated with coated tongue, ure-
mic stomatitis and pale mucosa among all participants.
In hemodialysis patients salivary flow of unstimulated
saliva was inversely associated with xerostomia, thirst,
burning tongue, petechiae and ecchymoses. On the other
side, salivary flow of unstimulated saliva was inversely
associated with thirst, uremic fetor, unpleasant taste
and angular cheilitis, in pre-dialysis patients, while in
kidney-transplant patients, petechiae and ecchymoses
salivary flow of unstimulated saliva was not associated
with any other oral changes.

Conclusions

In conclusion, the reduced salivary flow in patients with
CKD negatively affects their oral health, resulting in
occurrence of many oral symptoms, changes and le-
sions. In this study, salivary flow rates were found to
be the lowest in patients on hemodialysis, and the highest
in kidney-transplant patients. Hence, renal transplantation
as a treatment of choice in patients with irreversible
renal failure not only restores renal function, but has
also influence on increased flow of saliva and reduced
incidence of oral changes.

Conflict of interest statement. None declared.
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Abstract

Introduction. Secondary renal amyloidosis due to tu-
berculosis is a debilitating disease with considerable
mortality and morbidity due to renal failure and other
manifestations of both amyloidosis and renal failure.
Most patients with amyloidosis have been adequately
treated with DOTS (Directly observed treatment, Short
Course strategy). The aimof our study was to analyze
the epidemiological and demographic profile of patients
undergoing renal biopsy and found to have renal amy-
loidosis secondary to tuberculosis.

Methods. In this study, retrospective renal biopsy data
was collected from 2009-2012 and patients with amy-
loidosis were identified and their clinical and bioche-
mical parameters were analyzed.

Results. Incidence of amyloidosis was 4.66% (n=24/514)
among total renal biopsies. Among this, secondary amy-
loidosis constituted 87.5% of total amyloidosis. The
commonest etiology in these patients was pulmonary
tuberculosis (73.5%). All patients with tuberculosis had
previously received DOTS treatment. 47.5% of patients
with amyloidosis had renal impairment and 10.5% de-
veloped end-stage renal disease over 12 months and
were dialysis dependent.

Conclusions. Amyloidosis due to tuberculosis is a well-
established, yet under-diagnosed complication of tuber-
culosis. The duration and treatment status of tuberculosis
does not influence the occurrence of amyloidosis, as most
of the patients were treated appropriately with DOTS.
There are no predictive factors in patients who will deve-
lop secondary amyloidosis. At present there is no specific
treatment apart from supportive therapy. The prognosis is
poor, as most of these patients inexorably progress to-
wards end-stage renal disease (ESRD) with significant
mortality and morbidity. To conclude, at present we are
only treating tuberculosis, we are yet to cure tuberculosis.

Key words: secondary renal amyloidosis, pulmonary
tuberculosis, end-stage renal disease (ESRD), DOTS,
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Introduction

Tuberculosis is an overwhelming public health prob-
lem of the 21* century in India. The incidence of tuber-
culosis in India is 1.96 million new cases annually and
the prevalence was 3.8 million cases in 2000 [1]. The
annual mortality due to tuberculosis is 3,30,000 deaths
per year [1]. Among various long-term complications of
tuberculosis, secondary amyloidosis is perhaps the rarest
and one of the most debilitating [2-4]. Apart from the
sequelae of tuberculosis, the patient suffers from various
manifestations of amyloidosis like edema, anemia, renal
failure, malnutrition (due to proteinuria and losses from
gastrointestinal tract), cardiac failure and autonomic neuro-
pathy [5-7]. In this study, retrospective data was collected
from 2009 to 2012 of all patients undergoing renal biop-
sies. Renal amyloidosis cases were identified and their
clinical and biochemical parameters were analyzed.

Material and methods

We have analyzed the demographic and epidemiological
profile of patients undergoing renal biopsy and found to
have renal amyloidosis secondary to tuberculosis.
Retrospective renal biopsy registry data from 2009 to
2012 was analyzed.

All renal biopsies found to have amyloidosis were iden-
tified and retrospectively analyzed. All renal biopsies
were found to be adequate [7] .They were reported by a
fixed panel of pathologists. The biopsies were analyzed
with standard light microscopy stains like hemotoxylin
& eosin, congo red, Masson’s trichome, Periodicacid-
Schiff, silver methenamine stain. All congo red positive
samples were subsequently examined with polarizing
microscope and apple green birefringence was confir-
med in all of the samples. Immunohistochemical staining
to differentiate primary from secondary amyloidosis was
not performed. Demographic, clinical, treatment history
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and biochemical data of these patients were analyzed
using standard analytical methods.

Ethical approval was not needed because of the retro-
spective nature of the study.

Results

A total of 514 biopsies were available for analysis from

Amyloidosis; n

=24; 4.66%

2009 to 2012, out of which a total of 24 patients (4.66%
of the total biopsies) were found to have renal amyloido-
sis (Figure 1). Among these patients, secondary renal
amyloidosis was found in 21 patients (87.5% of total
amyloidosis patients). The remaining 3 patients (12.5%
of total amyloidosis patients) had primary amyloidosis,
1 patient had AL amyloidosis and the remaining 2 pa-
tients had multiple myeloma.

Other

Glomerular
Diseases; n =
490; 95.33%

O Other Glomerular Diseases; n = 490 m Amyloidosis; n = 24

Fig. 1. Percentage of patients having amyloidosis among total renal biopsies

O Primary Amyloidosis in 12.5%

@ Tuberculosis as etiology of
Secondary Amyloidosis in
80%

O Rheumatoid Arthritis as

etiology of secondary
amyloidosis in 3.75%
a Bronchiectasis as etiology

of secondary amyloidosis in
3.75%

Fig. 2. Various etiologies of amyloidosis

Among the 21 patients deemed to have secondary renal
amyloidosis, 19 patients had definite history of tubercu-
losis in the past, 1 patient had evidence of rheumatoid
arthritis and 1 patient had bronchiectasis (Figure 2).
The demographic profile of the patients with secondary
amyloidosis due to tuberculosis is given in Tablel.
All patients had received anti-tuberculosis treatment
according to DOTS, at sometime during the course of
their illness. Among these, 6 out of 19 patients (31.5%
of total secondary amyloidosis patients) were defaulters
and 3 out 6 of the defaulters had received 2 or more

courses of anti-tuberculosis treatment. The remaining 13
patients were declared to be cured of tuberculosis. Except
for 1 patient who had active pulmonary TB, receiving Anti
Tubercular Treatment (ATT) at the time of diagnosis,
none of the patients had any clinical features suggestive
of active TB at the time of diagnosis of amyloidosis.
The clinical profile of these patients is given in Table 2.
None of the patients had significant hematuria, hyper-
lipidemia or evidence of any other glomerular diseases.
Nine (9) patients (47.2%) had deranged renal functions,
defined as serum creatinine of more than 1.3 mg/dl at the
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Table 1. Demographic profile of patients with secondary amyloidosis

due to tuberculosis

Age of patients

a) Mean age

b) Range of age

Sex

Male: Female

History of tuberculosis prior to presentation
a) Mean duration of history of tuberculosis

b) Range of duration of history of tuberculosis

38 years

13 years to 66 years
11: 8 (n=19)

3.5 years

2 months* to 16 years

*1 patient was diagnosed with pulmonary tuberculosis 2 months prior to
the diagnosis of amyloidosis and he was already on anti tuberculosis

treatment

time of presentation. Two (2) patients presented with uremic
symptoms, requiring dialysis at the time of presentation.
Glomerular amyloid deposition was present in 17 pa-

tients (90%), tubular deposition in 2 (10.5%) patients and
arteriolar deposition in 3 (15.7%) patients.

Table 2. Clinical and biochemical profile of patients; n = 19

1) Site of tuberculosis
i) Pulmonary
ii) Extrapulmonary
a) Lymphadenopathy
b) Gastrointestinal tract
¢) Bone and joint

d) Disseminated tuberculosis

2) Clinical features at presentation
a) Edema
b) Anemia
c) Fatigue and malaise
d) Fever
€) Anorexia
f) Dyspnea on exertion
g) Ascites
h) Autonomic dysfunction
i) Cardiac failure
j) Uremic symptoms

(Any combination of: Oliguria,
asterexis, anorexia, pericardial rub,

nausea & vomiting )
k) Hypertension

14 (73.68%)
5(26.31%)
1 (5.25%)
1 (5.25%)
1 (5.25%)
2 (10.5%)

16 (84.2%)
11 (57.9%)
11 (57.9%)
2(10.5%)
3 (15.7%)
7 (36.8%)
12 (63.1%)
1(5.2%)
2 (10.5%)

2 (10.5%)

3 (15.7%)

3) Degree of renal dysfunction at presentation

a) Mean Serum Creatinine (mg/dl)
b) Mean 24 hour Proteinuria (grams) 2.8

¢) Mean hemoglobin (g/dl)

d) Mean serum albumin (g/L)
4) Patients developing ESRD over 12 months

1.66 (Range: 0.9-5.8)

(Range: 1.6-6.2)

10.6 (Range: 7.7-13.4)

2.6 (Range: 1.8-3.6)
2 (10.5%)

Discussion

In this study, the incidence of amyloidosis in patients with
glomerular disease was found to be 4.66%, which was
concordant with data from similar studies [2-4,11-13].
Not surprisingly, tuberculosis was the most common
etiology of amyloidosis in our study and primary amy-
loidosis was rare in our study as in similar studies from
Indian sub-continent with AL amyloidosis and multiple
myeloma being fairly uncommon causes of amyloidosis
[2,12,13]. Tuberculosis is an overwhelming public health
problem in India. It causes significant mortality and mor-
bidity, often afflicting the most productive age group,
thus affecting the physical health and also the socio-eco-
nomic status of the family and the community [1]. Amy-

loidosis is a serious and debilitating complication of
tuberculosis and its incidence and prevalence among
tuberculosis patients in India is not known. Pulmonary
tuberculosis was the commonest site of tuberculosis and
extra-pulmonary sites being uncommon in our study.
In western countries chronic rheumatologic diseases
[5,6,9] are common etiologies of secondary renal amy-
loidosis, however they are distinctly uncommon causes
of amyloidosis in our country as found in our study and
in other similar studies [2,4,11,13]. This could be due to
low incidence of rheumatologic diseases in India when
compared to western countries and also the long dura-
tion of illness required (often more than 20 years) to
cause secondary amyloidosis. None of the patients had
chronic bronchiectasis, which has been often implicated
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in pulmonary tuberculosis as the source of persistent
inflammation despite apparent cure of TB [4,11,14].
The duration of tuberculosis required to cause amyloido-
sis ranged from 2 months to 16 years, thus implying that
even remote history of tuberculosis is enough to trigger
amyloidosis; the flip side being that patients having tuber-
culosis for a short duration can also suffer from amy-
loidosis. As already mentioned, all of the patients had
received some form of anti-tuberculosis treatment (DOTS)
prior to the diagnosis of amyloidosis and up to 70% of
the patients were declared to be cured of tuberculosis,
after which they subsequently went on to develop amy-
loidosis. This raises a few pertinent questions regarding
tuberculosis and its treatment. Firstly, do dormant myco-
bacterium bacilli continue to be a focus of inflammatory
stimuli without producing clinical disease? Secondly,
the often quoted time interval of decades [5,7,10] re-
quired prior to the development of amyloidosis was not
seen in patients suffering from amyloidosis secondary
to tuberculosis; so, does this imply that mycobacterial
infection causes more rapid and higher levels of serum
amyloid A protein (SAA) production leading to early
amyloidosis?

Amyloidosis is a systemic disease affecting many organs
and can be fatal or extremely debilitating due to the invol-
vement of gastrointestinal tract, cardiovascular system
and kidneys [6,7,17,18]. Amyloidosis formation is a
nucleation-initiation process [8,9], in some cases of di-
sseminated tuberculosis and destroyed lung due to tu-
berculosis, large quantity of SAA is constantly produ-
ced. These act as a constant source of inflammation and
may accelerate deposition of amyloid fibrils on a pre-
existing nidus and may perpetuate amyloidosis, even af-
ter apparent cure [9-11]. This, however, remains conjec-
tural at present and needs to be proven.

Diagnosis of amyloidosis in a patient with remote his-
tory of tuberculosis also causes dilemma with respect
to treatment of these patients. The obvious treatment of
secondary amyloidosis is to treat the underlying infla-
mmatory disorder, which may include specific measures
like using DMARD’s/biological agents in patients with
rheumatoid arthritis [20-23], treatment of chronic osteo-
myelitis etc, depending on the specific underlying cause.
These measures are known to slow or even completely
stop the progress of amyloidosis. However most of the
patients in our study did not have any evidence of active
tuberculosis, so there is often no justification in star-
ting anti-tuberculosis treatment. It is ironical that even
though we have effective treatment for tuberculosis, we
cannot offer any definitive treatment in secondary amy-
loidosis. Hence, we are often left with the only option
of offering supportive treatment and to closely monitor
the patient for progression of the disease.

A significant number of these patients inexorably prog-
ress towards ESRD, requiring some form of renal repla-
cement therapy. These patients often have difficulty in
tolerating hemodialysis [24-26] due to frequent episodes

of hypotension due to cardiomyopathy and autonomic
neuropathy. Continuous ambulatory peritoneal dialysis
(CAPD) is often the preferred modality in these patients
[24-28]. Renal transplant can also be offered to these
patients; however the incidence of recurrence of amy-
loidosis in the transplanted kidney and duration of graft
survival has not been studied in any large studies [29-31].
There is also the possibility of re-activating tuberculosis
in these patients after initiation of immunosuppressants.
Apart from routine measures used in chronic kidney
disease (CKD) patients, drugs like colchicines [5,6,19]
often used in familial amyloidosis, have not been found
to be useful in this group of patients. Newer drugs like
dimethylsulfoxide and eprosidate are yet to be tried in
this group of patients [6,9,19,32].

In India, it is a well-established fact that tuberculosis is
the commonest etiology of amyloidosis. The clinical
features and pattern of organ involvement have been
well-established in many studies [4,11,12]. The latency
between the infection with tuberculosis and initiation
of the amyloidosis is not known clearly. Patients may
be totally asymptomatic till the establishment of pedal
edema. It is the importance of diagnosing amyloidosis,
which needs to be highlighted. As shown in our study,
edema may be absent in a few patients (15%) and hy-
pertension may be present in a few patients (15%). Hig-
hlighting these exceptions to the general practitioners
and to inculcate a high index of suspicion in them to-
wards diagnosing amyloidosis will go a long way in ma-
naging these patients. Given the tremendous public
health importance of tuberculosis and its re-emergence
in a more severe form due to its association with HIV
and the emergence of multidrug and extensively drug-
resistant tuberculosis (MDR&X-DR TB), any disease
sequelae due to tuberculosis should be taken seriously.
Even though there is no definite data on the incidence
and prevalence of secondary amyloidosis in tuberculosis
patients, it should be given due importance because of
the sheer number of patients afflicted with TB in India [1].
Limitations of this study include retrospective nature
of the data, with limited follow-up. Patients with non-
renal manifestations were not included in this study.
The criteria for renal biopsy was not uniform, patients
with sub-nephrotic range proteinuria were not universa-
lly biopsied, hence possibly leading to under-diagnosing
those patients with sub-nephrotic proteinuria and non-
glomerular amyloidosis deposition.

Conclusions

Amyloidosis due to tuberculosis is a well-established,
yet under-diagnosed complication of tuberculosis. The
duration and treatment status of tuberculosis does not
influence the occurrence of amyloidosis, as most of the
patients were treated appropriately with DOTS. Educa-
tion regarding the typical and atypical manifestations of
amyloidosis is important in establishing the diagnosis.
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As shown in our study, in many patients amyloidosis
develops after apparent cure of tuberculosis, and even
in patients currently receiving treatment for tuberculosis.
There are no predictive factors in patients who will
develop secondary amyloidosis

Once established, there is no specific treatment for amy-
loidosis due to tuberculosis, there is no role of anti-tu-
berculosis treatment in a large majority of patients, as
they usually do not have evidence of active tuberculosis.
Only supportive treatment and management of CKD
can be offered to these patients. Large multicentric
studies with long follow-up are needed to identify the
subset of tuberculosis patients who are prone to develop
amyloidosis in future, and to answer the various ques-
tions raised in this study regarding management of these
patients. To conclude, at present we are only treating
tuberculosis, we are yet to cure tuberculosis.

Contflict of interest statement. None declared.
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Abstract

Introduction. BNP plasma levels are significantly in-
creased in heart failure and have an excellent negative
predictive value for left ventricular dysfunction. Measu-
rement of BNP level is useful for "screening" in high-
risk populations. It is suitable for detection of left ven-
tricular hypertrophy (LVH) and/or dysfunction and risk
assessment in the sub-acute phase of acute myocardial
infarction in hypertensive patients. The aim of our study
was to find whether BNP may correlate with the left
ventricular systolic function, i.e. its echocardiographic
parameters in chronic kidney disease (CKD) patients.

Methods. In a prospective study performed at the
Department of Nephrology and Clinic for hemodialysis
at the Clinical Center in Sarajevo we followed-up 80 pa-
tients stratified in three separate groups according to CKD
stage (Stage III, IV and V) for two years, regardless of
their cardiovascular symptoms. We analyzed levels of
BNP before and after diuretic therapy or hemodialysis
and echocardiographic characteristics of the left ventricle.
Results. There was a strong negative correlation between
BNP values and the size of the EF before (rho=-0.692,
p<0.0001) and after diuretic therapy (rho=-0.683, p<0.0001)
for patients in CKD stage III, stage IV (rho=-0.314,
p>0.05) and after diuretic therapy (rho=-495, p<0.05)
Similarly, a negative correlation was found for BNP
and EF values before (tho=-0.432, p<0.05) and after
hemodialysis (tho=-0.556, p<0.01) for stage V CKD.

Conclusions. Our study confirmed that the value of BNP
in CKD patients may represent a measure of left ventricular
systolic function with a strong negative correlation with
ejection fraction. BNP measurement is a reliable parame-
ter for further follow-up and prognosis in patients with es-
tablished left ventricular dysfunction, acute coronary syn-
drome and for estimation of the left ventricular dysfunction.
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Key words: BNP, left ventricle systolic function,
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Introduction

B-type natriuretic peptide (BNP) is a hormone which
is secreted from the ventricle in response to elevated
volume and filling pressures. Levels of BNP depend
on the presence or absence of chronic kidney disease
(CKD). Along with the aging of the left ventricle (LV)
and developed stiffness an increase in BNP is observed
until it develops systolic or diastolic LV dysfunction.
Cardiac and atrial natriuretic peptide (ANP) as well as
the brain natriuretic peptide (BNP) act as key regulators
of homeostasis of body fluid volume and blood pressu-
re, by decreasing the retention of salt and water inhibi-
ting the intensive action of the sympathetic nervous
system and vasoconstrictor hormone secretion [1]. BNP
plasma levels are significantly increased in heart failure.
Measurement of BNP level is useful for "screening" in
high-risk populations [2]. In addition, BNP has an exce-
llent negative predictive value for left ventricular dys-
function. It is also suitable for "screening” in hypertensi-
ve patients for detection of left ventricular hypertro-
phy (LVH) and/or dysfunction (LVD) and risk assessment
in the sub-acute phase of acute myocardial infarction. Mea-
surement of BNP level is also useful for treatment moni-
toring and optimization of the heart failure therapy [3].
The question might be why, when and in which population
we should determine the BNP? Of course it's not necessary
to determine the BNP level in the entire population, but
only in patients with positive cardiovascular (CV) anam-
nesis and in presence of CV risk factors. That's why the
European Society of Cardiology guides for LVH diagnosis
with BNP in these patients as an early diagnostic procedure.
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The normal value of BNP(<100pg/ml) is associated
with high probability that the patient is without LVD.
In cases of increased BNP values another diagnostic
procedures should be carried out in order to establish
a more detailed morpho-functional characteristics of
the damaged myocardium.

However, BNP levels cannot replace echocardiography
and similar techniques, because these methods provide
different information. Thus, for cardiologists determina-
tion of the natriuretic peptides is a useful complement-
tary parameter to the standard clinical investigation of
patients with LVD [4,5].

Material and methods

In a prospective study performed at the Department of
Nephrology and Clinic for hemodialysis at the Clinical
Center in Sarajevo we followed-up 80 patients stratified
in three separate groups according to CKD stage (Stage
1L, IV and V) for two years, regardless of their cardiovas-
cular symptoms. We analyzed levels of BNP before
and after diuretic therapy or hemodialysis and echocar-
diographic characteristics of the left ventricle.
Group A: 28 patients, CKD stage III (GFR 30-60 ml/
min/1.73m?), 12 males, mean age 65.3£19.36 years and
16 females, mean age 67.7£13.51 years.
Group B: 25 patients, CKD stage IV (GFR 15-29 ml/
min/1.73m?), 15 males, mean age 58.3£13.51 years and
10 females, mean age 69.2+11.41 years.
Group C: 27 hemodialysis patients, CKD stage V (GFR<
15 ml/min/1.73m?), 16 males, mean age 50.5£16.52 years
and 11 females, mean age 62.6+17.70 years.
All patients were subjected to detailed personal medical
history, physical examination, BMI calculation, ECG,
echocardiography at the beginning and end of study,
and laboratory tests (BNP and Tnll) before/after diuretic
therapy and hemodialysis.
Hemodialysis of bicarbonate type, and low and high-
flow dialyzers with programmed ultrafiltration (UF)
were used.
Echocardiography was performed on the machine Hewlett
Packard 5500 Sonors, Philips Inc.
Left ventricle mass as a sign of myocardial hypertrophy
was determined based on the formula for calculation
of left ventricle mass by the Penn convention:

LV mass=1,04 [(LVIDd+IVS+LVPWd)*-

(LVIDd)* +13,6 g]

where LVIDd-left ventricle in diastole dimension, IVS-
interventricular septum thickness in diastole and LVPW-
posterior wall thickness in diastole. Left ventricle volume
as a sign of myocardial hypertrophy was determined
using the following formula:

Volume LV (RWT) = 2x (LVPWdJ/LVIDd)
where LPWd-posterior wall thickness in diastole, LVIDd-
left ventricle in diastole dimension.

BNP concentration was determined by immunoassay
(quantitative determination of BNP in human plasma),

centrifuged at room temperature at 3000 rpm for 3 mi-
nutes (ARCHITECTE 2000 SR machine).

We used descriptive and analytical method for statistical
analysis. The groups were compared with the Student’s
t-test for normally distributed variables; the Mann Whit-
ney U-test was used for skewed variables distribution
and x2 test for categorical values. SPSS statistical soft-
ware (version 13.0 SPSS) was used for the analysis, and
p<0.005 level was considered significant. Data were
presented as mean + standard deviation.

Results

Out of 80 patients, 19 patients had normal value of BNP
(BNP<100) and regular EF (EF 53-66%). Five patients
with normal values of BNP had a lower EF (EF app-
roximately 52-40%).

Ejection fraction (%)

0,0 10000 2000,0 3000,0 4000,0 5000,0
BNP (pg/ml)

Fig. 1. Correlation between BNP and ejection fraction size in stage III
CKD before therapy (tho=-0,692; p<0,0001). Results of the individual
values of BNP (pg/ml) compared to the size of the ejection fraction (%)
of patients in stage IIl CKD, before the use of diuretic therapy
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Fig. 2. Correlation between BNP and ejection fraction size in stage III
CKD after therapy (rho=- 0,683; p<0,0001). Results of the individual
values of BNP (pg/ml) compared to the size of the ejection fraction (%)
of patients in stage IIl CKD after the use of diuretic therapy
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None of the patients with normal values of BNP had
extremely low EF (EF <40%).

Based on the results of this study, the total number of
patients (80) 22 patients with normal BNP value (BNP<100)
did not have verified LVH on echocardiography, while
three of them with normal BNP value had verified LVH.
Thirteen (13) patients with an elevated BNP value
(BNP>100) did not have verified LVH, while 42 of
them with elevated BNP value had verified LVH on
echocardiography.

Based on the assumption of investigated association
between the value of BNP and EF (LVEF) we present
some interesting observations.

In patients with stage III CKD before use of diuretic
therapy there was strong negative correlation between
BNP and EF values (rho=-0.692; p<0.0001) (Figure 1.).
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Fig. 3. Correlation between BNP and ejection fraction size in stage
IV CKD after therapy (tho=-0.495; p<0.05). Results of a single
value of BNP (pg / ml) compared to the size of the ejection fraction
(%) of patients in stage IV CKD and after the use of diuretic therapy.
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Fig. 4. Correlation between BNP and ejection fraction size in HD
patients before dialysis (tho=-0.432; p<0.05). Eesults of a single
value of BNP (pg/ml) compared to the size of the ejection fraction
(%) in HD patients before hemodialysis.

In these patients, even after the use of diuretic therapy
negative correlation between BNP values and the size of
the EF was confirmed (tho=-0.683, p <0.0001) (Figure 2).

In CKD patients with stage IV before diuretic therapy
the correlation between BNP and EF (tho=-0.314, p>0.05)
was not found. However, after the administration of
adequate diuretic therapy in these patients a strong,
negative correlation between BNP and EF values
(rho=- 0.495, p<0.05) was demonstrated (Figure 3).
In CKD patients with stage V before HD therapy there was
strong, negative correlation between BNP and EF values
(tho=-0.432, p<0.05) (Figure 4), which was maintained
after dialysis (rho=-0.556, p<0.01) (Figure 5).

(=2}
o

o
o

40

Ejection fraction (%)

W
o

0,0 20000 40000 60000  8000,0
BNP (pg/ml)
Fig. 5. Correlation between BNP and ejection fraction size in
HD patients after hemodialysis (rho=- 0.556; p<0.01). Results
of a single value of BNP (pg/ml) compared to the size of the
ejection fraction (%) in HD patients after hemodialysis.

In order to verify LVH on echocardiography in addi-
tion to EF, the following parameters were also measu-
red: left ventricular mass, volume of the left ventricle and
left ventricular shortening fraction (FS).

Mean BNP level in serum of patients with CKD stage 111
with LVH before diuretic therapy (654.31£223.07) was
significantly higher than mean BNP level in serum of
patients without LVH (58.43£15.48, p<0.0005).
Similar pattern of mean BNP level in serum of CKD
stage III patients with LVH after the use of diuretic the-
rapy (530.73£188.24) was significantly higher than the
mean BNP level in serum of patients with CKD stage
I without LVH (59.28+13.68, p<0.0005).

In addition, we observed that CKD stage III patients with
elevated BNP levels (BNP>100 pg/ml) have LVH, whe-
reas patients with baseline values of BNP (BNP<100
pg/ml) didn’t have LVH on echocardiography. The mean
BNP value in patients with LVH was greater compared
to mean BNP level in patients without LVH before and
after diuretic therapy.

In contrast, there was no correlation between the BNP
levels and LVH parameters in patients with CKD stage
IIT before use of diuretics, neither between BNP levels
and left ventricular volume, nor between BNP and frac-
tional shortening.

Nevertheless, in patients with CKD stage III we found a
strong, positive correlation between fractional shortening
(FS) and left ventricular volumes before and after ad-
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ministration of diuretic therapy (rho=0.587, p<0.001
(Figure 6) before diuretic therapy; rho=0.592, p<0.001
after diuretic therapy) (Figure 7).

Mean BNP level in serum of CKD stage IV patients with
LVH before use of diuretic therapy (464.00£100.34)
was significantly higher compared to CKD stage IV
patients without LVH (125.22+32.65, p<0.001).

Left ventricular volume

20,00 2500 30,00 3500 40,00 4500
Fractional shortening (%)

Fig. 6. Correlation between fractional shortening and left ventricular
volume (rho=0,587; p<0,001). Values of fractional shortening (FS)
and left ventricular volume (LVV) in patients in stage IIl CKD before
diuretic therapy.
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Fig. 7. Correlation between fractional shortening and left ventricular
volume (rho=0.592; p<0.001). Values of fractional shortening (FS)
and left ventricular volume (LVV) in patients in stage IIl CKD after
diuretic therapy.

Mean BNP levels in CKD stage IV patients with LVH
after the use of diuretics (359.85+71.52) was significantly
higher compared to patients with CKD stage IV without
LVH (118.774£25.16, p<0.001).

The mean BNP levels in serum of patients with CKD stage
V (HD) with LVH before hemodialysis (1173.59+530.35)
was significantly higher than those in CKD patients stage
V (HD) without LVH (119.28+19.12, p<0.0005).

The mean BNP levels in patients with CKD stage V
(HD) with LVH after hemodialysis (1025.63+481.16)

was significantly higher compared to the mean BNP
levels in CKD stage V patients (HD) without LVH
(115.32+16.76, p<0.0005).

There was no correlation between BNP levels and left
ventricular mass, left ventricular volume and fractional
shortening in patients with CKD stage V (HD) before
hemodialysis. However, a strong negative correlation
between values of fractional shortening and left ventricu-
lar mass in HD patients before hemodialysis (tho=-0.680,
p<0.0001 (Figure 8)), as well as a negative correlation
between values of fractional shortening and left ventricu-
lar mass in HD patients after hemodialysis (rtho=- 0.748,
p <0.0001) was observed (Figure 9).
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Fig. 8. Correlation between fractional shortening and left ventricular

mass (tho=-0.680; p<0.0001). Values of fractional shortening (FS) and
left ventricular mass (LVM) in HD patients before hemodialysis.
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Fig. 9. Correlation between fractional shortening and left ventricular

mass (tho=-0.748; p<0.0001). Values of fractional shortening (FS)
and left ventricular mass (LVM) in HD patients after hemodialysis.

Discussion
These results have shown that an increase in BNP con-

centrations in serum of CKD patients with stage III be-
fore and after administration of diuretic therapy, lead
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to a reduction in the size of the EF. Patients with CKD
(stage III, IV and V) have elevated BNP levels compared
to healthy population at the same age, even in the ab-
sence of congestive heart failure. This might be due to
decreased renal clearance, increased stress on the myo-
cardium, left ventricle hypertrophy, subclinical ischemia
and remodeling, and fibrosis. However, the limited va-
lue of BNP in diagnosis of congestive heart failure
should be adjusted in patients with GFR <60 ml/min.
According to the study of Forfia et al., who monitored
40 patients in an Intensive Care Unit, 63% of patients
in various CKD stages and without diagnosed congestive
heart failure had BNP values between 100-250 pg/ml
[6]. Hence and in addition to our observations, BNP
value in patients with different stages of CKD associated
with congestive heart failure has only a limited value
for BNP of 200 pg/ml instead of 100 pg/ml as previously
considered. Hence, BNP of 390 ng/L. might be conside-
red a weak predictor of adverse cardiovascular events
in patients on hemodialysis [6].

As expected, the HD patients have higher BNP levels
compared to patients in other CKD stages (III and IV)
[7] that might be explained by the high prevalence of
left ventricle structural and functional abnormalities.
We have confirmed the positive correlation between
BNP levels and LVH and an inverse correlation with
the ejection fraction (EF) [7-9]. Naganuma et al. have
prospectively monitored a cohort of 164 patients for 36
months, showing the BNP correlation with LVH, car-
diovascular diseases and diabetes mellitus [8]. Zoccali
et al. monitored the levels of ANP and BNP and perfor-
med echocardiography in 246 CKD patients, without
clinical evidence of congestive heart failure. They showed
significant association between both natriuretic peptides
and left ventricle mass index, LVH and ejection fraction [9].
Our results showed a negative correlation between BNP
levels and ejection fraction in all groups of patients be-
fore and after diuretic therapy or hemodialysis, except
in patients with CKD stage III, before diuretic therapy,
where the correlation was not significant. However, we
could not find any correlation between BNP and left
ventricle mass, left ventricle volume and fraction shor-
tening. Hence, the question is what might be the reason
for such an inconsistency in correlations between the
above-mentioned parameters in our study. The first po-
ssible explanation might be the insufficient number of
patients included in the study (n=80). Another reason
may be the drug effect that was not recorded when per-
sonal history data were collected, and finally the intra-
observer variation i.e. the individual approach in determi-
ning of the parameters of LVH on echocardiography.
Given that BNP is secreted in response to the increase
in myocardial wall stretch, it is hypothesized that the
circulating BNP might be a useful marker of volume
status. A few studies have investigated the relationship
between BNP levels and volume load, but the direct
evidence still lacks [10].

Several limitations should be considered in interpreting
our results. Firstly, we used a single baseline measure-
ment for BNP at the start and end of the study. We did
not use average values during the follow-up. Secondly,
we considered only plasma levels of BNP, we did not
measure plasma levels of NT-pro-BNP. Thirdly, the follow-
up period was relatively short, only two years (a lon-
ger follow-up period might produce more relevant results).

Conclusions

Study results show that the BNP value in CKD patients
may represent a measure of left ventricular systolic fun-
ction and correlate well with echocardiographic parame-
ters. BNP levels correlate directly with left ventricular
mass index and left ventricular hypertrophy, and negate-
vely with ejection fraction. Correlation of the BNP levels
and ejection fraction is negative and statistically signifi-
cant. The BNP level may be useful for risk stratifica-
tion and administered therapy in CKD patients. Measu-
rement of the BNP level is important in the prognosis
of the outcome in patients with established left ventricle
dysfunction, acute coronary syndrome and for estima-
tion of the likelihood of ventricle dysfunction.
Testing of natriuretic peptides (BNP) is perhaps the
greatest advance in the diagnosis of congestive heart
failure since theintroduction of echocardiography. Howe-
ver, tests of BNP can not be used independently, they
provide additional information.

Their sensitivity and negative predicitive value makes
them suitable for elimination of congestive heart failure
with high certainty. Conversely, increasing their levels
goes in line with the increase of their specificity and
positive predictive value.

Conflict of interest statement. None declared.
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Abstract

Introduction. Recurrent urinary tract infections (rUTIs)
after kidney transplantation (KT) are associated with
significant decrease in graft survival. There is a growing
body of evidence for the pleiotropic effects of vitamin D
(VD), including immunomodulatory and antibacterial
effect. The number of studies on VD’s pleiotropic effects
in kidney transplant recipients (KTRs) however is low.
The aim of our study was to assess the influence of VD
on the incidence of recurrent UTIs after KT.

Methods. The KTRs were tested for 25-hydroxyvitamin
D (25VD) between 1.05.2012 and 30.11.2012. Patients
within 12 months of transplantation, performed parathy-
roidectomy, concomitant intake of calcineurin inhibit-
tors and mTOR inhibitors, advanced liver disease and
VD supplementation were excluded from the study.
Recurrent UTIs were defined as more than 3 episodes
of active UTI within the last 12 months of testing for
25VD. Statistical analysis was carried out with SPSS
version 22.0 and included descriptive statistics, Mann-
Whitney U test. Determination of total 25VD was per-
formed by a validated LC-MS/MS method.

Results. A total of 275 patients met the above-mentioned
criteria (males 182, females 93). The mean 25VD in
patients with rUTIs (n=14) was 51.41+25.17 nmol/L,
whereas in the group without rUTIs (n=261) the level
was 60.35+23.29 nmol/L. After matching the two groups
for seasonal factors (sampling for 25VD in July, August,
September) and gender 169 patients were selected, and
11 were with rUTIs. No significant difference was detec-
ted in the 25VD level in the two groups (53.30+18.37
vs 49.08+21.04 nmol/L), p=0.342.

Conclusions. Despite the higher 25VD in the KTRs
without rUTTs, the difference between the two groups
remained insignificant.

Key words: 25-hydroxyvitamin D, pleiotropic effects,
recurrent urinary tract infections, renal transplantation

Introduction

Correspondence to:

Urinary tract infections (UTIs) are one of the most co-
mmon complications after kidney transplantation (KT),
with prevalence peaking up to 80% [1]. UTIs, including
recurrent UTIs, are associated with graft failure, risk
for rejection episode and decreased patient survival
[2,3]. On the other hand, vitamin D is getting more
and more popular for its pleiotropic effects-renoprotec-
tion, control of diabetes mellitus and hypertension,
immunomodulation. One of these non-skeletal effects
is stimulating protective immunity [4-6]. Low VD level
predicts higher incidence of recurrent UTIs (rUTIs) in
premenopausal women [7]. A recent study by Lowery et
al. has revealed that poor VD status is linked to higher
infection rate after lung transplantation [8]. However,
there is still no data proving the protective role of VD
in reducing the risk for infection, including UTI after
KT. Therefore, the aim of our study was to assess the
association between rUTIs and VD status after KT,
measured by the serum level of 25-hydroxyvitamin D
[25(OH)VD], as generally accepted [9].

Material and methods
Subjects

Three hundred ninety five kidney transplant recipients
(KTRs) in our transplant center were tested for 25(OH)D
between 01.05.2012 and 30.11.2012. The following se-
lection criteria were applied: KTRs less than 36 months
after kidney transplantation were excluded, patients with
performed parathyroidectomy and unstable kidney func-
tion were also excluded from the study; subjects with
advanced liver disease (Child-Pugh score B and over)
and with vitamin D supplementation were not taken into
consideration, as well as outliers for BMI and 25(OH)D
(absolute value for Z-score greater than 3.29). Our
study was approved by the Institutional Ethics Commi-
ttee, and was in accordance to the Helsinki Declaration
of 1975 (as revised in 2000). All participants gave their
informed consent prior to inclusion in the study. Recu-
rrent UTIs were defined as more than 3 episodes of UTI
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within 12 months before testing for 25(OH)D. In order
to assess the link between VD status and rUTIs the pa-
tients in both groups (with and without rUTI) were
matched for gender and months of sampling for VD, due
to the influence of these factors on 25(OH)D [10-12].

Methods
Analysis of 25(OH)D

Determination of 25(OH)D was performed by a validated
LC-MS/MS method developed in-house, utilizing extrac-
tion with hexane, d325(OH)D3 as internal standard, iso-
cratic elution on C18 analytical column, positive-ion
electrospray ionization, and selected reaction monitor-
ring for the respective m/z transitions: 401—383 for
25(0OH)D3, 413—395 for 25(0OH)D2, and 404—386 for
d325(0OH)D3. This method was calibrated with the use
of commercial, NIST (National Institute of Standards and
Technology, USA) 972 traceable reference materials and
was validated according to FDA guidance requirements,
with documented selectivity and matrix effect, accuracy
and precision within 7.5%; extraction recoveries avera-
ging 57-73%; linearity range 3.0-300.0 nmol/L, R2>0.99,
freeze-thaw stability for three cycles of 24 h, post-pre-
parative stability for 96 h at 10°C, short-term stability
at ambient temperature for 24 h in the dark and for 2 h
at daylight; stock solution stability and long-term stabi-
lity in plasma for 5 days at 4-8°C, and for 99 days at -
20°C. It participated in DEQAS (UK Vitamin D Exter-
nal Proficiency Testing Scheme) external proficiency
testing scheme with achieved certification for 2012.

Microbiological analysis

Conventional biochemical methods were used to identify
different strains of uropathogens-automatic and semi-
automatic biochemical identification systems-miniApi (bio-
Merieux, France) and BBL Crystal (BD). The antibiotic
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sensitivity was determined via disc-diffusion method, accor-
ding to the accepted CLSI standard in Bulgaria.

Statistical analysis

Descriptive statistics, Fisher's exact test and Mann-
Whitney U test were used to investigate the association
between 25VD and recurrent UTIs. Level of significan-
ce was set at P<0.05, SPSS 22.0 Software (SPSS Inc,
Chicago, IL, USA) was used. In order to avoid distor-
tions of parameter and statistic estimates, we screened
the data for BMI and 25(OH)D level for outliers using
the Z-score method, with cut-off values lower than /-
3.29/ and higher than /+3.29/.

Results

Two hundred and twenty two patients were shortlisted
after the selection criteria were applied. Males outnum-
bered the females (145 vs 77). The baseline characteris-
tics of the group are depicted in Table 1.

Table 1. Basic characteristics of the study subjects, n=222

Males Females

n=145 n=77
Age (years) 43.67+13.08 43.51+11.42
Time after TR * (months) 112.49+54.83 121.25+53.73
eGFR ' (ml/min/l,7gm2) 62.59+22.02 62.73+26.54
Vit.D concentration 65.77+24.12  52.58421.57

(nmol/L)

([PERCENTAGE]}

"TR-transplantation, 'eGFR-estimated glomerular filtration
rate-CKD-EPI formula, * total 25(OH)D

In almost 80% of the subjects suboptimal 25(OH)D
levels were established (Figure 1). Out of 222 patients 8
were detected with recurrent UTIs. Two out of 47 VD
sufficient kidney transplant recipients (KTRs) were
detected with rUTIs (4.3%), compared to 6 KTRs
with rUTI out of 175 patients with suboptimal VD sta-
tus (3.4%). The difference was found to be insignificant,
p=0.678 (Fisher’s exact test, Figure 2).

B YD sufficiency, 25(OH}D =80
nmol/L

Mild VD insufficiency,
25(0OH)D 50 -79.9 nmol/L

W Severe VD insufficiency,
25(0OH)D 25 - 49.9 nmol/L

O VD deficiency, 25{0OH)D < 25
nmol/L

Fig. 1. VD status of the assessed KTRs, n=222; VD-vitamin D
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Fig. 2. rUTT incidence rate KTRs with optimal VD (n=47) vs KTRs with suboptimal
VD level (n=175) VD-vitamin D, rUTI-recurrent urinary tract infection

In addition, VD status between patients with and without
rUTIs was compared. The mean 25(OH)D for patients with
rUTIs was 52.64+30.59 nmol/L, whereas in the group with-
out infection-61.51£23.81nmol/L (Figure 3). The diffe-
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Patients without rUTI, n=214

rUTI — recurrent urinary tract infections

rence was insignificant, p=0.490 (Mann-Whitney U test).

In order to assess the link between VD level and rUTI
incidence rate more accurately, the patients were matched
according to gender and month of sampling. Patients

Patients with rUTI, n=8

P=0.490

Fig. 3. Mean 25-hydroxyvitamin D levels in patients with rUTI and without rUTI

tested for 25VD in July, August, September were exclu-
ded due to the significant influence of summer testing
on VD status. After the second selection was performed
56 patients were shortlisted. Five [5] out of 56 were with
rUTIs. The mean 25(OH)D Ilevel for patients without
infection was 48.25+18.19 nmol/L vs 48.24+26.26nmol/L.
The difference was statistically insignificant (Mann-Whit-
ney U test, p=0.978). The result is summarized in Figure 4.

Discussion

Considering the relationship between rUTIs and VD
status we should bear in mind two basic considerations.

UTIs are a frequent and important complication after
KT, with various clinical presentations. The major risk

factors for development of rUTIs are female gender,
immunosuppression, in-dwelling catheters, anatomical
abnormalities of the native kidneys or the graft,
diabetes mellitus, urologic procedures, elderly patients,
antibiotic resistance of the bacterial strains [2,13]. The
influence of these factors gradually decreases with the
increase of time interval after KT. In order to exclude
most of the above-mentioned predictors for UTI inciden-
ce we deliberately selected patients with longer period of
time after KT. In our study no significant association
was established between VD status and rUTI incidence.
It is possible that our results reflect the persistent influen-
ce of the well-known predictors in the course of time
after KT, thus being the more important cause for higher
rUTIs incidence rather than 25(OH)D level.
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Fig. 4. Mean 25-hydroxyvitamin D, gender and season matched group, n=56

rUTI-recurrent urinary tract infections

Furthermore, the impact of 25(OH)D on infection rate
after kidney transplantation is still unclear [14]. Indeed,
several in vitro studies proved that calcitriol leads to an
increased synthesis of cathelicidin, an antimicrobial
peptide, by macrophages [15]. Calcitriol was also associa-
ted with increased production of interleukin 1 and mono-
cyte proliferation [16,17]. Vitamin D3 supplementation re-
duced influence infection rate in humans and improved
antiviral response in hepatitis C infected patients [18,19].
A retrospective study however failed to detect beneficial
effect of regular VD supplementation on infectious mor-
tality rate in patients on hemodialysis [20]. In addition,
the number of reports linking VD status and infection
rate after solid organ transplantation is small and insu-
fficient. Therefore we can conclude that further data must
be gathered in order to evaluate any potential rela-
tionship between 25(OH)D level and rUTIs after KT.
The major drawback of our study is its retrospective
model and the relatively small number of patients with
rUTIs. However, the studies assessing the pleiotropic
effects after KT are mainly observational, except for 2
small studies reporting of the immunomodulatory effect
of 25(OH)D in kidney transplant recipients [14,21,22)].
Evidently, larger prospective multicenter controlled stu-
dies with adequate VD supplementation are needed to
evaluate the link between VD status and urinary tract
infection rate in kidney transplant recipients.
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Abstract

Ventricular shunting is the usual method for treatment
of congenital or acquired hydrocephalus. Immune-me-
diated glomerulonephritis (shunt nephritis) is a rare but
life-threatening complication of this neurosurgical tech-
nique. Intraglomerular deposition of circulating immune
complexes and the subsequent activation of the classical
pathway of serum complement’s cascade result in glo-
merular inflammation. Membranoproliferative gomeru-
lonephritis is the most common histologic pattern obser-
ved in renal biopsy. The diagnosis needs high suspicion
and is based on clinical and laboratory findings. Dete-
rioration of renal function in association with signs of
infection and low levels of serum complement’s proteins
C3 and C4 make the diagnosis possible. The prognosis is
variable and depends on the time of diagnosis after the
onset of glomerular injury. The optimal treatment inclu-
des timely removal of the infected shunt in combina-
tion with aggressive antibiotic therapy. In this paper we
present the case of a membranoproliferative glomerulo-
nephritis type 1 in a patient with a ventriculoperitoneal
shunt. Although this type of shunting is considered safer
than the ventriculoatrial one, the risk of complications
such as an immune-mediated glomerulonephritis still exists.

Key words: hypocomplementemia; membranoprolifera-
tive glomerulonephritis; shunt nephritis; ventriculoperito-
neal shunt

Introduction

Ventricular shunting is the usual method for treatment
of congenital or acquired hydrocephalus. Ventriculoatrial
(VA) and ventriculoperitoneal (VP) shunts are commonly
used for the drainage of CSF into the right atrium or the
peritoneal cavity, respectively. Each type of shunting
presents a series of potential complications. Among them,
infections are frequent with an average incidence of 10-
15% [1]. They usually occur during the first months after
surgery. Clinical manifestations of an infected shunt may

Correspondence to:

be variable, ranging from an asymptomatic infection to
severe clinical conditions such as sepsis, ventriculitis,
intraabdominal collections, peritonitis, glomerulonephri-
tis (GN) or cor pulmonale [2]. However, in terms of du-
rability and severity of complications, the VA shunt is
considered to be a safer choice than the VP one [2-4].
Shunt nephritis, an immune-mediated GN, is a relatively
rare complication of an infected shunt, with an estimated
incidence of 0.7-2.25% [5]. Since its first description in
1965 [6], several hundreds of cases have been reported
in the literature, mostly associated with an infected VA
shunt [7,8]. However, its frequency tends to be lower in the
last years, mostly due to better preventive measures taken
perioperatively. In this report we describe a case of a
shunt nephritis which complicated an infected VP shunt.

Case report

A 51-year-old female patient was admitted to the Nephro-
logy Department for investigation of low-grade fever,
headache and acute renal failure. Her medical history
included hydrocephalus with intracranial hypertension
syndrome secondary to CNS echinococcosis and pla-
cement of the first VP shunt 10 years earlier. Since then
the patient underwent multiple neurosurgical operations
for shunt malfunction, including placement of two new
shunts, one VA 9 years ago and one VP 4 years ago,
respectively, as well as various revisions of the latter.
The VP shunt was still functional on her admission.
The patient was presented in our outpatient department
well orientated in time and space, hemodynamically stab-
le (BP 120/80 mmHg, 90 pulses/min) and with low-
grade fever. She reported recurrent episodes of fever
and headache during the last six months responding to
simple antipyretics and analgesics. The clinical examina-
tion was unremarkable with the exception of mild dy-
sarthria and generalized muscle weakness. No edema,
rash or palpable lymphadenopathy was present.

The initial laboratory workup revealed anemia (Hb 8.6
g/dl, Het 26.5%) with high erythrocyte sedimentation
rate (59 mm/h) and moderate renal dysfunction (urea=64
mg/dl, creatinine 2.05 mg/dl). On urinalysis there was
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microscopic hematuria (60 dysmorphic red blood cells
per high-power field with few erythrocyte casts) and
proteinuria (+++) without leucocyturia. Twenty-four
hours urine collection revealed proteinuria within
nephrotic range (4349.1 mg/24h). The immunological
tests showed mildly increased IgG (1786 mg/dl, normal
700-1600), positive rheumatoid factor (44.3 TU/ml, nor-
mal <20) and decreased serum complement’s proteins
C5 (35 mg/dl, normal 82-17) and C4 (6 mg/dl, normal
10-40). The rest of the immunological tests (ANA, anti
dsDNA, anti ENA, c-ANCA, p-ANCA, HBs Ag, anti-
HCV, cryoglobulins, Coombs’ tests) were negative. The
renal ultrasound showed kidneys and cortex of normal
size, with diffuse hyperechogenicity without signs of ob-
struction. The chest X-ray was normal and the echocar-
diogram excluded infective endocarditis showing only a
small pericardial effusion. All the initial blood cultures
as well as the urinary culture were negative.

Based on the medical history and the clinical and labo-
ratory findings the suspicion of shunt nephritis was set.
Thus, the patient underwent renal biopsy which showed
hypertrophic glomeruli with lobular appearance and en-
docapillary hyperplasia. Glomerular basement membra-
nes (GBM) appeared segmentally thickened and redupli-
cated (double contour) (Figure 1). Immunofluorescence
revealed granular, mesangial and intra-membranous de-
posits of IgM, C3, Clq and A light chains. There were a
few atrophic tubules and interstitial fibrosis to a small
extent (<10% of the cortex). The histologic pattern
was type 1 membranoproliferative GN.

Flg “1.."-1:\;/0 glor;lenm with increased lobulation and hypercellularity.
Hyperplasia of endothelial and mesangial cells (H-E staining x 62,5).

Three days after the admission the clinical condition
of the patient was deteriorated with high fever (40°C)
and signs of intracranial hypertension (vomiting, headache
and confusion). The cranial CT scan showed dilatation
of the third and fourth ventricles secondary to shunt’s
malfunction (Figure 2). The examination of cerebrospi-
nal fluid (CSF) revealed marked leucocytosis and hypo-
glycorrhachia (1600 cells/mm’, PMNn=90%, glucose=64
mg/dl, protein=12.5mg/dl). Cerebrospinal fluid and blood
cultures were sent for analysis while an empirical an-
tibiotic therapy was initiated (Vancomycine 1 gr / 48h

iv and Rifampicin 600 mg / 24h iv). In the meantime the
obstructed shunt was removed and a temporary external
CSF drainage was placed.

2012/07/18

Fig. 2. Cranial CT

Staphylococcus aureus in both blood and CSF cultures
as well as at the tip of the shunt was detected. Progressi-
vely a decline of the number of cells was observed in the
CSF examination and a new cranial CT scan showed decon-
gestion of the ventricles and thus a new ventriculoperi-
toneal shunt was placed. Renal function and proteinuria
were normalized on the 17th and 36th day, respectively.
After 68 days in the ICU the patient was transferred to
the Internal Medicine Department in stable condition.

Discussion

Shunt nephritis is an immune-mediated GN, which rarely
complicates an infected ventricular shunt. Colonization of
the distal tip of the shunt and passage of the nephritigenic
strains into the bloodstream are the initial pathophysiolo-
gical events. Persisting bacteremia stimulates the formation
of circulating immune complexes. Intraglomerular depo-
sition of the complexes and the subsequent activation
of the classical pathway of the serum complement in-
duce glomerular injury [7]. The presence of bacterial
antigens in the renal tissue has been described [9].

In our case Staphylococcus aureus was isolated from
blood and CSF cultures. Staphylococcus species are res-
ponsible for the majority of shunts’ infections. Staph.
epidermidis accounts for about 40% and Staph. aureus
for another 20% of all cases respectively [2]. Staphylo-
coccus has a high affinity for the material of the shunt
and produces a biofilm which protects the strains from
the bactericide antibiotic effect [10]. Other bacteria of
the normal skin flora such as gram positive cocci, gram
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positive anaerobic bacilli, gram negative bacilli or yeasts
may also infect a ventricular shunt causing nephritis [11,12].
The clinical condition of our patient was initially domi-
nated by renal dysfunction in the context of recurrent
febrile episodes but rapidly complicated by intracranial
hypertension. Indeed, the clinical picture of shunt nephri-
tis includes signs and symptoms of infection such as
recurrent fever, purpuric rash, hepato-splenomegaly or
arthritis [13] as well as cerebral manifestations (vomiting,
changes of behavior, seizures). The renal manifestations
are variable, including microscopic or macroscopic he-
maturia (88-100%), non-nephrotic range proteinuria
(64-100%) or nephrotic syndrome (28-43%), arterial
hypertension (10-64%) and renal failure (46-61%) [7,8].
The laboratory work-up is helpful for the diagnosis. Ane-
mia and increased markers of inflammation (leucocytes,
CRP and erythrocyte sedimentation rate) are observed. A
characteristic finding is hypocomplementemia (C3, C4,
CHS50), which reflects the activation of the classical
pathway of the serum complement. Antinuclear antibo-
dies and serological markers suggestive of circulating
immune-complexes such as rheumatoid factor or cryo-
globulines may be positive. Cases of shunt nephritis
with positive titers of proteinase-3 ANCA have also been
reported [14]. Blood and cerebrospinal fluid cultures as
well as cultures of the removed shunt’s tip can determine
the causative agent, guiding accordingly the antibiotic
therapy. Brain imaging (CT or MRI scan) can confirm
the presence of shunt obstruction.

Histologically, the membranoproliferative pattern is
dominant in renal biopsy. Hypertrophic glomeruli with
mesangial expansion and hypercellularity, duplication of
the GBM and granular, mesangial, subendothelial or
intramembranous depositions, predominantly of IgM,
IgG and C3 are common findings. Pure mesangioprolife-
rative lesions as well as endocapillary hyperplasia or
extracapillary proliferation with crescents have also
been reported [11].

Shunt nephritis must be differentiated from subacute
infective endocarditis, glomerulopathies with low serum
complement levels such as poststreptococcal GN, lupus
nephritis or C3 glomerulopathy as well as other seconda-
ry causes of membranoproliferative GN (i.e. HCV-rela-
ted cryoglobulinemic GN or light chain deposit disease).
Although the initial colonization of the shunt usually
occurs within the first months after the operation, glo-
merulonephritis may develop after several months or
even years. In our case the diagnosis was made 4 years
after the last operation for shunt’s placement. The patient
complained of low-grade fever and intermittent episodes
of headache during the previous six months. This clinical
information in association with the histologic finding
of the preponderance of IgM glomerular depositions was
suggestive of a relatively recent inflammatory process
with good prognosis.

In general, the time of removal of the shunt after the
onset of the infection has influence on the prognosis of

the disease. The optimal treatment consists of complete
shunt removal and temporary external drainage of CSF,
in combination with the appropriate antibiotics administe-
red intravenously and intraventricularly for at least 10
days [8]. A new shunt must be placed only after clinical
remission. In our patient the removal of the infected
ventriculoperitoneal shunt and the antibiotic course
rapidly normalized her renal function.

Conclusions

Although the therapy of hydrocephalus with placement
of a VP shunt has fewer complications in comparison with
a VA one, glomerulonephritis should be considered in
patients with VP shunt, signs of infection and coexisting
deteriorated renal function. The therapeutic approach
includes removal of the shunt combined with aggressive
antibiotic therapy. The aforementioned may improve
the prognosis of the renal injury.
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Abstract

Type I membranoproliferative glomerulonephritis (MPGN)
is a systemic disease that almost invariably recurs in
renal allografts. This is a case of a 45-year-old woman
with biopsy proven type Il MPGN that led to renal failure
10 years after diagnosis. During the fifth month after
cadaveric transplantation she was treated with pulse do-
ses of methylprednisolone owing to acute T-cell mediated
rejection without pathohistological signs of type Il MPGN
recurrence. One month later the patient was hospitalized
due to acute bilateral vision deterioration. Ophthalmoscopy
showed bilateral, multifocal drusen, concentrating in
the posterior pole, and exudative ablation of the retinal
pigment epithelium. Ocular coherence tomography (OCT)
revealed focal retinal pigment epithelial elevation and
detachments. The patient was treated with methylpred-
nisolone (1 mg/kg) for 3 days. Therapy led to regression
of exudation and flattening of the pigment epithelial
detachments with discrete subjective visual improve-
ment. Type I MPGN almost invariably recurs and leads
to graft failure in 50% of cases. Our patient had evident
chronic eye changes due to type I MPGN leaving allo-
graft function intact during the first year of follow-up.
Considering these potentially devastating effects of
the disease, type I MPGN patients should be observed
carefully from both the renal and eye point of view,
because the severity of ocular changes, like in our case,
is not always in line with allograft function.

Key words: type Il membranoproliferative glomerulo-
nephritis, drusen

Introduction

Type I membranoproliferative glomerulonephritis (MPGN)
is a systemic disease of insufficiently understood origin
[1]. The pathognomonic feature of type I MPGN is the
presence of white-yellowish spots or drusen, extracellu-
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lar dense depositions within the glomerular basement
membrane (GBM), the choriocapillaris-Bruch’s membra-
ne-retinal pigment epithelial interface and the sinusoidal
basement membranes of the spleen [2]. The first clinical
report of fundus changes with "drusen-like" deposits was
made by Duvall-Young in 1989 and since then drusen
and retinal pigment epithelium damage have been recog-
nized as features of type Il MPGN [3]. Recent reports des-
cribe similar changes in type I MPGN [4]. Type I MPGN
almost invariably recurs morphologically in renal allografts
and, although progression to end-stage renal disease is
not inevitable, half of the allografts ultimately fail [5].

Case report

We report a case of a 45-year-old woman with biopsy
proven type II MPGN that led to renal failure 10 years
after being diagnosed. After a year of hemodialysis she
received a renal allograft from a cadaveric donor. Induc-
tion therapy consisted of antithymocyte globulin (9
mg/kg) followed by maintenance with tacrolimus (0.15
mg/kg), mycophenolate sodium and prednisone. During
the fifth month after transplantation she was treated with
pulse doses of methylprednisolone due to an episode of
biopsy proven acute T-cell mediated rejection, without
pathohistological signs of type I MPGN recurrence.
At discharge allograft function was stable (Table 1).

Table 1. Allograft function during ocular drusen formation

At the onset One
. At
of visual discharge year
deterioration g later
scr (umol/l)* 97 88 86
cer (ml/min)** 89 98 79
Proteinuria
0.2 0.12 0.04
(g/day)

*scr=serum creatinine, **ccr=creatinine clearance

One month later the patient was hospitalized due to acu-
te bilateral vision deterioration. Blood tests revealed
normal allograft function without any evidence of sys-
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temic inflammation (Table 1). There were no signs of
vasculitis or recent history of accelerated hypertension.
The NMR excluded expansive processes in the endocra-
nium. Ophthalmoscopy showed bilateral, multifocal dru-
sen, concentrating in the posterior pole and exudative
ablation of the retinal pigment epithelium (Figure 1).
In addition, ocular coherence tomography (OCT) re-
vealed focal retinal pigment epithelial elevation and
detachments (Figure 2). The patient was treated with
methylprednisolone (1 mg/kg) for 3 days, with graduated
dose reduction. The control OCT 4 months later showed

Fig. 1. Ophthalmoscopy: drusen and subretinal hemorrhage
of the left eye

regression of exudation and flattening of the pigment
epithelial detachments followed by discrete subjective
visual improvement. During the follow-up of 1 year there
were no reported signs of allograft function deterioration
or proteinuria (Table 1).

00:00:03 / 00;00°19 (19 )
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Fig. 2. Ocular coherence tomography: retinal pigment epithelial
elevation of the left eye

Discussion

Type I MPGN is an uncommon renal condition leading
to end-stage renal failure in 6 to 10 years [6)]. Its sys-
temic nature lies in the fact that the electron dense depo-
sits may also be found in the spleen, choriocapillaris
and Bruchs membrane of the eye and because the
disease has a tendency of recurring in allografts [7].
Unlike ocular drusen in age-related macular degenera-
tion, typically seen in patients over 50 years old, those
in type I MPGN occur at an early age and correlate with
the duration of the renal disease [7,8]. These deposits
initially have little impact on visual acuity. However,
long-term visual deterioration caused by subretinal neo-
vascularisation, macular detachments and central serous
retinopathy occurs in approximately 10% of patients
with type I MPGN [1].

There is no correlation between disease severity in the
kidney and in the eye, so an ophthalmologic examination
at the time of diagnosis including periodical fundoscopic
assessments as part of the patient’s treatment is suggested
[9)]. Our patient had posterior pole drusen deposition with
hemorrhagic ablation of the retinal pigment epithelium
and acute vision deterioration suggesting bleeding from
subretinal choroidal neovascular membranes and a chro-
nic nature of the eye deposition. There is no universally
effective treatment for type Il MPGN, including the eye
changes [1]. There are data suggesting spontaneous and
significant improvement in the anatomical and clinical
picture in the retina of patients suffering from type II
MPGN [10]. We treated our patient with pulse doses of
corticosteroids for 3 days and subsequent low doses of
prednisone. Therapy led to relative improvement of
vision acuity and OCT findings. Type Il MPGN almost
invariably recurs morphologically in renal allografts
leading to graft failure in 50% of cases [1]. In our case,
the patient had only evident chronic eye changes due to
type I MPGN, leaving allograft function intact during
the first year of follow-up. Segmental areas of retinal
pigment epithelium detachments associated with secon-
dary exudation following organ transplantation were first
described in 1992 and it was suggested that local intravas-
cular coagulation induced by subclinical graft rejection
may have some impact on the ocular symptoms [11].
However, some results of long-term monitoring indica-
ted that renal transplantation did not appear to increase
the risk of progression of drusen and choroidal neovas-
cularisation in patients with type I MPGN [7, 9].

Conclusions

Considering the potentially devastating effects of the
disease, type Il MPGN patients should be observed care-
fully from both renal and eye points of view, although
the severity of ocular changes, like in our case, is not
always in line with allograft function.
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