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Information about the grade of PVD was collected from
212 patients. Of these, 89 patients had PVD.

The most common clinical sign was intermittent claudica-
tion, seen in 65 patients (30%). In asymptomatic patients,
PVD was diagnosed using imaging tests. Fifteen patients
(6.5%) had ischaemia or ulcers in lower limbs, and 9 patients
(3%) showed signs of necrosis. 

As regards treatment, 95% received medical treatment, while
1 patient was treated with angioplasty (0.5%), 4 were treated
with bypasses (2%), and 5 underwent amputations (2.5%). All
patients undergoing amputations had diabetes mellitus.

A significant association was seen between patients with
PVD and the following variables: age, etiology of renal failu-
re, diabetes mellitus, Charlson comorbidity index, C-reactive
protein, albumin, prealbumin, and fibrinogen (table II).

No statistically significant association was found between
the presence of PVD and sex, follow-up time of each patient,
time on haemodialysis, and erythropoietin resistance index.

Status at study end, mortality, and associated
factors
The study population was followed up for 47 months. At the
end of the study, 36.8% of patients continued on haemodialy-
sis, 37.3% had died, 22.7% had undergone a transplant, and
3.2% had been transferred to another hospital. 

A higher mortality was seen in the group of patients with
more severe PVD, as shown in figure 1. Crude mortality in
the study population was 6%, 18%, and 24% at 1, 2, and 3
years respectively.

Mortality associated to PVD
Forty-eight of the 87 patients with PVD had died (55.2%).
Survival of patients with PVD was significantly shorter, as
shown by the Kaplan-Meier curve (Figure 2), with a log-rank
of 12.42 (p = 0.0004) as compared to subjects with no PVD.

A higher mortality was found among patients with an older
age, higher Charlson indices, greater CRP and fibrinogen le-
vels, and low albumin and prealbumin levels. The presence of
PVD, advanced age, and low prealbumin levels was indepen-
dently related to mortality.

With regard to relationship between treatment and status,
the patient treated with angioplasty (0.5%) continued on hae-
modialysis, while among the 4 patients undergoing bypass
surgery (1.9%), 2 continued on haemodialysis (50%), one had
died (25%), and one had received a transplant (25%). Of the 5
patients undergoing amputations (2.5%), 4 had died (80%)
and one continued on haemodialysis (20%).

DISCUSSION
The prevalence of PVD in the population on haemodialysis in
our study was 40%, which is in the upper normal range repor-
ted in the literature (from 17% to 48% depending on the se-
ries).1,2 While enrolment criteria in both these studies were si-
milar to those used in our study, including personal history,
physical examination findings, and diagnostic tests, they re-
ported that the proportion doubled when diagnostic tests were
used as the screening method. The high prevalence of chronic
glomerulonephritis and the low prevalence of diabetic neph-
ropathy in our population should be noted. In our opinion,
this is related to the high mortality in patients with diabetic
nephropathy on haemodialysis.

This study has a number of limitations. It was a descriptive,
retrospective study, which makes it difficult to determine the
incident cases of PVD. A search for prevalent cases could
only be made. The time of diagnosis, the time since disease
onset, and whether the condition was present in prior stages
of chronic kidney disease were difficult to establish. All cases
of PVD had been documented with imaging tests. However,
due to the design characteristics, there may be a proportion of
asymptomatic patients with silent vascular disease who were
not performed imaging tests at revisions. Diagnosis of PVD is
therefore difficult and requires objective assessments, mainly
in early disease stages. Supplemental tests are not routinely
performed in all patients because of their high costs and no
proven benefits.

An analysis of risk factors in patients developing PVD sho-
wed that this was associated to both classical risk factors, si-
milar to those of the general population,1,3,4,7 and to factors
unique to the uremic population. Moreover, chronic kidney
disease, together with diabetes mellitus, is a risk marker for
PVD occurrence and poor outcomes. Our study showed PVD
to be associated to elderly and diabetic patients, but no signi-
ficant sex association was seen.

Patients on haemodialysis have a number of additional risk
factors related to chronic kidney disease and to treatment it-
self.1,3 The calcium-phosphorus product increases in early sta-
ges of kidney disease, with development of vascular calcifica-
tions. Inflammation and malnutrition also occur in early
kidney disease stages, and worsen when replacement therapy
is started because proteins and water soluble vitamins are lost
in each session and blood contact with dialyser membranes
also trigger an inflammatory response with increased levels
of C-reactive protein and proinflammatory cytokines that sti-
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Table I. Description of laboratory parameters

Variables Mean Standar deviation

CRP (mg/dL) 1.3 1.2
Albumin (g/dL) 3.8 0.5
Prealbumin (mg/dL) 29.0 8.4
Fibrinogen (mg/dL) 458 132
Haemoglobin (g/dL) 12.9 1.6

Table II. Univariate analysis

PVD No PVD p

Age (years) 67.5 ± 10.1 58.5 ± 16.3 0.000
Diabetes mellitus (yes/no) 36/51 11/122 0.000
Charlson index 5.9 ± 5.0 1,9 ± 1,8 0.000
Albumin (g/dL) 3.6 ± 0.5 3.9 ± 0.4 0.000
Prealbumin (mg/dL) 27.5 ± 9.2 30.0 ± 7.7 0.02
Fibrinogen (mg/dL) 486 ± 138 440 ± 126 0.01
CRP (mg/dL) 1.7 ± 1.8 1.0 ± 1.3 0.001
Epo resistence index 11.1 ± 8.6 10.4 ± 9.0 0.58(IU/wk/kg/g/dL)
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mulate protein catabolism.8 This results in increases in oxida-
tive stress, endothelial dysfunction, and secondary atheroscle-
rosis.9,10 Our study tried to focus on epidemiological, comor-
bidity, and inflammation data, and significant factors such as
smoking, calcium-phosphorus product, or characteristics of
haemodialysis were therefore not studied. A significant asso-
ciation was found between PVD and inflammation and mal-
nutrition markers such as C-reactive protein, fibrinogen, and
decreased albumin and prealbumin levels A very high propor-
tion of patients on dialysis, higher than 30%, have malnutri-
tion,11 which has an unfavourable influence on survival.12

Among all poor prognostic markers, plasma albumin levels
lower than 4 g/dL were the laboratory finding most closely
associated to risk of mortality. Such association was substan-
tial when plasma albumin levels were lower than 3 g/dL.13

One of the main criticisms made to hypoalbuminemia as a de-
terminant of mortality is that it may not only be a marker of
malnutrition, but may also indirectly indicate an increase in
circulating volume (haemodilution) or result from a systemic
inflammatory response (decrease hepatic synthesis).14 Toget-
her with serum albumin, a non-specific inflammation marker
such as serum levels of C-reactive protein has been related to
mortality and morbidity in patients with renal failure.15 Under
normal conditions, C-reactive protein (CRP) levels are 0.2
mg/dL, but may be up to 1 mg/dL in some individuals. Values
above 1 mg/dL are considered indicative of clinical inflam-
mation. Vascular wall inflammation is essential for onset and
progression of atherosclerosis related to vascular rarefaction
events, replacement of contractile fibres by fibrotic areas, and
calcification of the latter.16 The source of this systemic inflam-
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Figure 1. Relationship between status and PVD grade.
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Figure 2. PVD survival according to Ka-
plan-Meier.
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matory response in uremic patients is uncertain, but has been
closely related to malnutrition and atherosclerotic complica-
tions (malnutrition- inflammation-atherosclerosis syndrome
[MIA]).17 Results of the F. Caravaca et al study18 show the as-
sociation between the malnutrition, inflammation, and athe-
rosclerosis syndrome and uremic patients before dialysis is
started. MIA development may therefore not be fully attribu-
ted to the potential inflammation triggers inherent to the
dialysis procedure (exposure to non-biocompatible materials
or bacterial toxins in the dialysis fluid) as suggested by some
researchers.19 Similarly, uremia severity per se does not appe-
ar to explain this association either, since patient populations
studied with the same severity of renal failure may show a
very wide range of C-reactive protein levels. Classification of
malnutrition of patients on dialysis into two types has re-
cently been proposed.20 Type 2, associated to other comorbid
processes and inflammation, could be the most prevalent and
difficult to treat if no satisfactory control of the associated
conditions is achieved. One of the most salient findings in the
F. Caravaca et al study18 demonstrates the great impact of vas-
cular disease on early mortality on dialysis in the younger po-
pulation, suggesting the significance of rigorous control and
prevention of vascular disease from the earliest renal failure
stages. 

As regards survival, our study showed that patients with
PVD have a higher mortality rate as compared to disease-free
patients, as demonstrated by the Kaplan-Meier curve. Most of
our patients were in early disease stages, i.e., with symptoms
of intermittent claudication. The risk of death was already
significantly greater at this stage.2,21

Early diagnosis of PVD may be difficult, as the disease
may develop in a silent form.2 Savage et al22 found in a study
that 75% of 24 patients with stage V chronic kidney disease,
but with no clinical signs of PVD, had calcified plaques in the
carotid and femoral arteries. In addition, the standard diag-
nostic methods used once symptoms have already occurred
may not be helpful due to small vessel calcifications.2,23 In any
case, screening methods should be implemented at our hae-
modialysis units to monitor and control the disease, and a seg-
mental pressure study should be performed if distal pulses are
absent or routinely in patients with risk factors.

As regards treatment, the low proportion of patients under-
going interventional treatment in our study should be noted:
bypass surgery, angioplasty, or amputation were performed in
only 5% of patients probably because of late disease diagno-
sis or a high morbidity making an invasive approach difficult.
There are no studies available about whether bypass or angio-
plasty should be performed. Angioplasty is generally used in
cases of intermittent claudication, but bypass is being increa-

singly used at this stage of disease.2,24-26 A study27 showed a
greater increase in overall mortality among patients on hae-
modialysis treated with bypass as compared to those treated
with angioplasty. 

Incidence of amputation in the United States is ten times
higher in patients on haemodialysis as compared to the gene-
ral population.2,28 Diabetes mellitus is known to be the main
risk factor for amputation in the haemodialysis population.29

Male sex, a prior diagnosis of PVD, systolic hypertension,
and hyperphosphoremia are also predictors of amputation in
the newt two years.30 Special attention must therefore be paid
to patients with these characteristics, and an attempt must be
made to control or treat modifiable risk factors. Since the
mortality rate after amputation is extremely high in the popu-
lation on haemodialysis,10,28,31-34 strategies should be imple-
mented to prevent amputation, i.e. to slow disease develop-
ment.31,35,36

In summary, PVD is a common complication in the HD po-
pulation that is often associated to an inflammatory state and
an increased mortality risk. Early diagnosis of PVD by orien-
ted questioning or supplemental examinations is therefore
mandatory to start treatment. 
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SUMMARY
Chronic kidney disease (CKD) and its related complications
have become an important health and social problem. Very ex-
pensive resources are required in end-stage renal disease, and
both complications of CKD as well as the important associated
cardiovascular risk demand for interventions long before renal
substitution therapies are needed. Thus, early diagnosis of CKD
is currently considered of paramount importance, and it is
based essentially upon the estimation of the glomerular filtra-
tion rate by formulae such as the abbreviated equation of the
MDRD study. Nevertheless, in spite of international published
recommendations, an automatic calculation to estimate the
glomerular filtration rate (GFR) from serum creatinine is not re-
ported by most laboratories yet and the need for creatinine
assay standardisation is far from being implemented. Thus, we
have designed some tables to show the creatinine value corres-
ponding to different GFR for ages between 20 and 90 y/o, at 5
years intervals and in both sexes with both the MDRD-4 and
MDRD-IDMS equations (Modification of Diet in Renal Disease-
Isotope Dilution Mass Spectrometry). Moreover, we have crea-
ted a global table including an estimation of GFR from plasma
creatinine, age and sex by the MDRD-IDMS formula, the re-
commended for those laboratories which measure serum crea-
tinine with assays aligned to the reference method. These ta-
bles aim to increase the awareness of the different assays for
serum creatinine and to facilitate the diagnosis of CKD conver-
ting serum creatinine into GFR. This action should allow not
only the early detection but also the possibility to establish the
appropriate medical actions recommended after CKD detec-
tion. 

Key words: Glomerular filtration rate. Creatinine. Tables. Chronic
kidney disease. MDRD-4. MDRD-IDMS.

RESUMEN
La enfermedad renal crónica (ERC) y las complicaciones
que de ella se derivan se ha convertido en un importan-
te problema social y sanitario, tanto por los recursos que
se requieren en los estadios finales de la enfermedad
como por las complicaciones secundarias a la propia ERC
y a su elevado riesgo cardiovascular asociado. Hoy se
considera de gran valor el diagnóstico precoz, basándo-
se la definición y la clasificación actuales fundamental-
mente en la estimación del filtrado glomerular (FG) por
medio de fórmulas como la ecuación abreviada del estu-
dio MDRD. No obstante, a pesar de las recomendaciones
internacionales, no en todos los laboratorios es posible
el cálculo automático del FG a partir de la creatinina
plasmática ni se ha enfatizado la necesidad de estanda-
rización de los métodos de medición de la misma. Es por
ello que hemos diseñado unas tablas en las que se ha
calculado el valor de creatinina correspondiente a los di-
ferentes FG con significación clínica para cada una de las
edades comprendidas entre 20 y 90 años y a intervalos
de 5 años en ambos sexos con las fórmulas MDRD-4 y
MDRD-IDMS (Modification of Diet in Renal Disease-Iso-
tope Dilution Mass Spectrometry). Además hemos crea-
do una tabla que integra de forma global una estima-
ción del FG a partir de la creatinina plasmática por el
método MDRD-IDMS que es el recomendado para aque-
llos laboratorios que utilizan un método de medición de
la creatinina con trazabilidad respecto al método de re-
ferencia de espectrometría de masas por dilución isotó-
pica. Estas tablas pretenden, no sólo incrementar la con-
ciencia de la existencia de distintos ensayos en la
medida de la creatinina sérica que influyen sobre la esti-
mación del FG, sino también el facilitar el diagnóstico de
la ERC a partir de la conversión de la creatinina plasmáti-
ca en FG, para permitir así el diagnóstico precoz y el es-
tablecimiento de las acciones precisas que se recomien-
dan tras su detección. 

Palabras clave: Filtrado glomerular. Creatinina. Tablas. Enfermedad
renal crónica. MDRD-4. MDRD-IDMS.

INTRODUCTION
Chronic kidney disease (CKD) is currently recognised as a le-
ading health problem worldwide, not only because of the
need for significant healthcare resources in patients reaching
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end-stage CKD, requiring dialysis and transplant, but also be-
cause of the significant burden of cardiovascular disease, hos-
pitalisation, and early death inherent to CKD diagnosis.1

There is increasing evidence that these adverse events
may be prevented or, at least, delayed.2 In 2002, the US Na-
tional Kidney Foundation (NKF) Kidney Disease Outcome
Quality Initiative (K/DOQI) published clinical guidelines to
define and to classify CKD in different stages.3 In 2005,
another initiative, Kidney Disease: Improving Global Outco-
mes (KDIGO), international in character, accepted with
minor clarifications the definition and classification initially
proposed by the K/DOQI.4

There is currently general agreement in that CKD classi-
fication is based on the estimated glomerular filtration rate
(GFR) as the parameter to measure kidney function, parti-
cularly at low GFR ranges. For GFR values > 60
mL/min/1.73 m2, other renal «damage» markers (albuminu-
ria, haematuria, changes in imaging tests, etc…) are requi-
red due to the imprecision of GFR estimation in higher va-
lues, amongst other reasons.3,4 Despite the existence of
some limitations, the abbreviated equation from the MDRD
study (Modification of Diet in Renal Disease)5 has been va-
lidated in multiple studies and conditions, and is now the
formula to estimate GFR in adults most commonly recom-
mended4 not only by many nephrological societies,3,6 but
also in other clinical guidelines, such as those from the
Joint National Committee 7 (JNC7)7, the American Heart
Association, and others.8,9 We recently published, on behalf
of a work group of the Spanish Society of Nephrology
(SEN) and the Spanish Society of Clinical Chemistry
(SEQC), a consensus document on «Recommendations
about use of equations for estimating the glomerular filtra-
tion rate in adults» in which automatic calculation of GFR
using the MDRD-4 formula is advised whenever plasma
creatinine levels are requested.6 On the other hand, for labo-
ratories using a creatinine measuring procedure traceable to
the reference method (isotopic dilution mass spectrophoto-
metry), use of the MDRD-IDMS variant is recommended,
as advised by the National Kidney Disease Education Pro-
gram.10

However, these recommendations have not bee still im-
plemented by all laboratories, and international recommen-
dations have not been followed yet in many countries.
There is thus a need for tools that allow for rapid transla-
tion of serum creatinine into an estimated GFR at different
ages and for both sexes. We therefore calculated and desig-
ned numerical tables with different clinically significant
cut-off points, as well as a table globally integrating an esti-
mation of GFR from plasma creatinine levels, age and sex
using the MDRD-IDMS method, emphasising the need for
standardisation of plasma creatinine measurement at the
different laboratories.

METHODS
Results shown in the tables were obtained using a spreadsheet
prepared with Excel software (Microsoft, USA). The creatini-
ne value corresponding to the different GFRs at each of the 5-
year intervals between 20 and 90 years of age was calculated

for both sexes by first finding serum creatinine raised to its
exponent in each formula (MDRD-4/ MDRD- IDMS) (table
I). Then, by fixing the GFR value, the spreadsheet is used to
obtain the value of creatinine raised to its exponent for each
of the ages of interest. By a linear estimation consisting of the
practice of 100 iterations by the Newton method, with a preci-
sion of 0.000001, the serum creatinine value is finally obtai-
ned. Because of the characteristics of the average population
in our country, the correction factor for the black race was ob-
viated.

Data in table V were obtained by applying the MDRD-
IDMS formula to each of the creatinine values and ages.

RESULTS
Table II shows the serum creatinine value corresponding to an
estimated GFR of 60 mL/min/1.73 m2 according to the
MDRD-4 and IDMS formulas. The MDRD-IDMS formula
should be used when creatinine was measured using a method
with spectrophotometric traceability, as previously mentio-
ned.10 This GFR maintained for ≥ 3 months normally defines
the presence of CKD without the need for kidney damage
markers (stage 3).3,4

Table III shows the serum creatinine value corresponding
to an estimated GFR of 30 mL/min/1.73 m2 according to the
MDRD-4 and IDMS formulas. This GFR maintained for ≥ 3
months normally defines the presence of stage 4 CKD wit-
hout the need for kidney damage markers.3,4 This stage is ge-
nerally considered per se, among others, a criterion for refe-
rral to specialised care, although some divide stage 3 into two
substages (3A and 3B) partially for this purpose.11

Table IV shows the serum creatinine value corresponding
to an estimated GFR of 15 mL/min/1.73 m2 according to the
MDRD-4 and IDMS formulas. This GFR maintained for ≥
3 months normally defines the presence of stage 5 CKD
without the need for kidney damage markers.3,4 This stage
not only represents a criterion for mandatory (though late)
referral to specialised care, but may in itself be an indica-
tion for early entry in a dialysis programme in some pa-
tients (i.e. CKD in diabetic patients, refractory heart failu-
re, etc.).12-14

Table V shows the integrated estimation of GFR by plasma
creatinine values, age and sex, using mean creatinine values
and age for each interval and the MDRD-IDMS formula, stra-
tified into the different CKD stages.

C. Canal et al. Tables to estimate glomerular filtration rate
or iginals

Table I. Equation for estimation of glomerular filtra-
tion rate (International System of Units)

MDRD - 4
Estimated GFR (mL/min/1.73 m2) = 186 x (creatinine/88.4)-1.154 x (age)-0.203

x (0.742 if female) x (1.210 if black)

MDRD - IDMS
Estimated GFR (mL/min/1.73 m2) = 175 x (creatinine/88.4)-1.154 x (age)-0.203

x (0.742 if female) x (1.210 if black)

Abbreviations and units: MDRD: Modification of Diet in Renal Disease. IDMS: Iso-
topic dilution mass spectrometry. Age (years). Creatinine: serum creatinine levels
(µmol/L). If mg/dL is used as unit, division by the correction factor, 88.4, is not
required. 
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Table II. Serum creatinine corresponding to a GFR of 60 mL/min/1.73 m2 (stage 3 CKD) according to the MDRD-
IDMS and MDRD-4 formulas

Glomerular filtration rate (MDRD-IDMS) Glomerular filtration rate (MDRD-4)
(60 mL/min/1.73 m2) (60 mL/min/1.73 m2)

Female Male Female Male

Age mg/dL µmol/L mg/dL µmol/L mg/dL µmol/L mg/dL µmol/L

20 1.15 102 1.49 132 1.22 107 1.57 139

25 1.11 98 1.44 127 1.17 103 1.51 134

30 1.07 95 1.39 123 1.13 100 1.47 130

35 1.04 92 1.35 120 1.10 97 1.43 126

40 1.02 90 1.32 117 1.08 95 1.39 123

45 1.00 88 1.29 114 1.05 93 1.36 121

50 0.98 87 1.27 112 1.03 91 1.34 118

55 0.96 85 1.25 110 1.02 90 1.32 116

60 0.95 84 1.23 109 1.00 89 1.30 115

65 0.94 83 1.21 107 0.99 87 1.28 113

70 0.92 82 1.20 106 0.97 86 1.26 112

75 0.91 81 1.18 105 0.96 85 1.25 110

80 0.90 80 1.17 103 0.95 84 1.23 109

85 0.89 79 1.16 102 0.94 83 1.22 108

90 0.88 78 1.15 101 0.93 82 1.21 107

Table III. Serum creatinine corresponding to a GFR of 30 mL/min/1.73 m2 (stage 4 CKD) according to the MDRD-
IDMS and MDRD-4 formulas

Glomerular filtration rate (MDRD-IDMS) Glomerular filtration rate (MDRD-4)
(30 mL/min/1.73 m2) (30 mL/min/1.73 m2)

Female Male Female Male

Age mg/dL µmol/L mg/dL µmol/L mg/dL µmol/L mg/dL µmol/L

20 2.10 186 2.72 241 2.22 196 2.86 253

25 2.02 179 2.61 231 2.13 188 2.75 243

30 1.96 173 2.54 224 2.06 182 2.67 236

35 1.91 168 2.47 218 2.01 177 2.59 229

40 1.86 165 2.41 213 1.96 173 2.53 224

45 1.82 161 2.36 209 1.92 170 2.48 219

50 1.79 158 2.32 205 1.89 167 2.44 215

55 1.76 155 2.28 202 1.85 164 2.40 212

60 1.73 153 2.25 198 1.83 161 2.36 209

65 1.71 151 2.21 195 1.80 159 2.33 206

70 1.69 149 2.19 193 1.78 157 2.30 203

75 1.67 147 2.16 191 1.76 155 2.27 201

80 1.65 146 2.13 189 1.74 153 2.25 199

85 1.63 144 2.11 187 1.72 152 2.22 197

90 1.61 143 2.09 185 1.70 150 2.20 195
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DISCUSSION
Current recommendations by different national and interna-
tional societies to estimate GFR using formulas have not
still been automatically implemented by some laboratories,
and such initiative has not been taken in many countries be-
cause of a lack of leadership or willingness. As a result,
there is a need for tools permitting rapid translation of
serum creatinine into an estimated GFR for the different
ages and weights, thus adapting clinical practice to current
guidelines. Plasma creatinine levels have been used as a
measure of kidney function because they are simply tested,
but are affected by many other parameters that go beyond
the GFR itself. Hence, a same plasma creatinine value does
not reflect the same grade of kidney function in all patients.
Thus, the tables shown allow for converting a parameter as
little sensitive and precise as plasma creatinine into an esti-
mated GFR that, being inaccurate, is currently considered
to be the most practical parameter for assessing kidney
function without requiring 24-hour urine collection with
their attendant inaccuracies.15,16 In addition, early detection
of CKD also allows for detection of the associated compli-
cations (anaemia, secondary hyperparathyroidism, etc.),17

modification of treatments or therapeutic objectives18,19 (e.g.
blood pressure values, start of angiotensin converting inhi-
bitors or angiotensin II receptor blockers, plasma choleste-
rol or LDL goals, among others) for preventing progression
and the associated cardiovascular complications,20 or awa-
reness that once CKD is detected, nephrotoxics or dange-

rous drugs in this setting should be avoided (i.e. potassium
sparing agents). 

The tables provided therefore not only allow for seeing that
methodological differences exist in creatinine measurement
with use of both formulas, but also very visually show (e.g.
Table II) that plasma creatinine values as low as 0.88 to 1.15
mg/dL (78 to 102 µmol/L) may correspond to a diagnosis of
CKD in women at various ages. On the other hand, at the other
side of the spectrum, plasma creatinine levels of 3 mg/dL (270
µmol/L) could indicate a GFR of 15 mL/min/1.73 m2 in a 70-
year old woman, suggesting the nephrogenic origin of a po-
tential associated anaemia, or the need to start dialysis in a
diabetic patient. 

While any formula (i.e. the Cockcroft-Gault formula) is
probably better than serum creatinine, the formulas derived
from the MDRD study are the ones currently recommended
by most clinical guidelines and societies.3,4,11,21-23 However,
if they are not automatically reported by the clinical labo-
ratories, they cannot be calculated without use of program-
med computers. This is one of the reasons why the Cock-
croft and Gault formula24 continues to be the most widely
used in clinical practice because of its simplicity. However,
it is well known that this formula is highly imprecise, parti-
cularly as the GFR decreases, and only reports creatinine
clearance (mL/min), not GFR (mL/min/1.73 m2). While
this latter aspect is controversial,25,26 the European Best
Practice Guidelines (EBPG), for instance, do not consider
the Cockcroft-Gault equation as an adequate method for
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Table IV. Serum creatinine corresponding to a GFR of 15 mL/min/1.73 m2 (stage 5 CKD) according to the MDRD-
IDMS and MDRD-4 formulas

Glomerular filtration rate (MDRD-IDMS) Glomerular filtration rate (MDRD-4)
(15 mL/min/1.73 m2) (15 mL/min/1.73 m2)

Female Male Female Male

Age mg/dL µmol/L mg/dL µmol/L mg/dL µmol/L mg/dL µmol/L

20 3.83 339 4.96 439 4.03 356 5.22 461

25 3.69 326 4.78 422 3.88 343 5.02 444

30 3.57 315 4.62 409 3.75 332 4.86 430

35 3.47 307 4.49 397 3.65 323 4.73 418

40 3.39 300 4.39 388 3.57 315 4.62 408

45 3.32 294 4.31 381 3.49 309 4.53 400

50 3.26 288 4.22 373 3.43 303 4.44 393

55 3.22 284 4.16 368 3.37 298 4.37 386

60 3.16 279 4.09 362 3.32 294 4.30 380

65 3.11 275 4.05 358 3.28 290 4.24 375

70 3.07 272 3.98 352 3.23 286 4.19 370

75 3.04 269 3.94 348 3.19 282 4.14 366

80 3.00 265 3.89 344 3.16 279 4.09 362

85 2.97 263 3.85 340 3.12 276 4.05 358

90 2.94 260 3.81 337 3.09 273 4.01 354
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deciding entry of a patient into a dialysis programme.12 In
fact, many studies comparing both equations in different
population groups have been published in recent years. Re-
sults reported by the different studies have varied, depen-
ding not only on the characteristics of the populations
analysed and their mean GFRs, but especially on the gold
standard used to assess GFR, and particularly on the creati-
nine measurement method, which makes comparison of the
results obtained difficult.6 Moreover, the Cockcroft-Gault
equation has not been re-expressed for use with standardi-
sed creatinine tests, and is therefore likely to routinely ove-
restimate the actual GFR and be even less useful in the fu-
ture.27

Our comprehensive review of international guidelines
found that only the CARI guidelines (Caring for Australa-
sians with Renal Impairment) recommend use of the Cock-
croft-Gault formula for calculating kidney function in pa-
tients with CKD. The Australian organisation published
similar tables based in this other formula.28 On the other
hand, the British Columbia Health Service recently publis-
hed tables based on the MDRD-4 equation only where the
age range for which the GFR for each creatinine value is
analysed is wider, and which are therefore less precise.29 In
this study, however, Table V overall shows the GFRs as a
function of serum creatinine and age, using mean creatinine
values and age for each of the intervals according to the
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Table Va. Estimation of glomerular filtration rate as a function of plasma creatinine (µmol/L) and age using the
MDRD-IDMS formula

Male Female

Age (years) Age (years)

20-29 30-39 40-49 50-59 60-69 70-79 80-89 > 89 20-29 20-30 20-31 50-59 60-69 70-79 80-89 > 89

130 121 115 111 107 104 101 99 96 90 85 82 79 77 75 73
110 103 98 94 91 88 86 84 82 76 72 70 67 65 64 62

95 89 85 81 78 76 74 73 71 66 63 60 58 57 55 54
84 78 74 71 69 67 65 64 62 58 55 53 51 50 48 47
75 70 66 64 61 60 58 57 55 52 49 47 46 44 43 42
67 63 60 57 55 54 52 51 50 47 44 42 41 40 39 38
61 57 54 52 50 49 48 47 45 42 40 39 37 36 35 35
56 52 50 48 46 45 44 43 41 39 37 35 34 33 32 32
51 48 46 44 42 41 40 39 38 36 34 33 31 31 30 29
48 44 42 41 39 38 37 36 35 33 31 30 29 28 28 27
44 41 39 38 36 35 35 34 33 31 29 28 27 26 26 25
41 39 37 35 34 33 32 32 31 29 27 26 25 25 24 23
39 36 34 33 32 31 30 30 29 27 26 25 24 23 22 22
37 34 32 31 30 29 29 28 27 25 24 23 22 22 21 21
34 32 31 29 28 28 27 26 26 24 23 22 21 20 20 20
33 30 29 28 27 26 25 25 24 23 21 21 20 19 19 18
31 29 27 26 26 25 24 24 23 21 20 20 19 18 18 18
29 28 26 25 24 24 23 22 22 20 19 19 18 17 17 17
28 26 25 24 23 22 22 21 21 19 18 18 17 17 16 16
27 25 24 23 22 21 21 20 20 19 18 17 16 16 16 15
26 24 23 22 21 21 20 20 19 18 17 16 16 15 15 15
25 23 22 21 20 20 19 19 18 17 16 16 15 15 14 14
24 22 21 20 19 19 18 18 17 16 16 15 14 14 14 13
23 21 20 19 19 18 18 17 17 16 15 14 14 13 13 13
22 20 19 19 18 17 17 17 16 15 14 14 13 13 13 12
21 20 19 18 17 17 16 16 16 15 14 13 13 12 12 12
20 19 18 17 17 16 16 15 15 14 13 13 12 12 12 11
20 18 17 17 16 16 15 15 15 14 13 12 12 12 11 11
19 18 17 16 16 15 15 14 14 13 12 12 12 11 11 11
18 17 16 16 15 15 14 14 14 13 12 12 11 11 11 10
18 17 16 15 15 14 14 14 13 12 12 11 11 11 10 10
17 16 15 15 14 14 13 13 13 12 11 11 11 10 10 10
17 16 15 14 14 13 13 13 12 12 11 11 10 10 10 9
16 15 14 14 13 13 13 12 12 11 11 10 10 10 9 9
16 15 14 13 13 13 12 12 12 11 10 10 10 9 9 9
15 14 14 13 13 12 12 12 11 11 10 10 9 9 9 9
15 14 13 13 12 12 12 11 11 10 10 9 9 9 9 8
14 14 13 12 12 12 11 11 11 10 10 9 9 9 8 8
14 13 13 12 12 11 11 11 10 10 9 9 9 8 8 8
14 13 12 12 11 11 11 10 10 10 9 9 8 8 8 8
13 13 12 11 11 11 10 10 10 9 9 8 8 8 8 8
13 12 12 11 11 10 10 10 10 9 9 8 8 8 8 7
13 12 11 11 11 10 10 10 9 9 8 8 8 8 7 7
12 12 11 11 10 10 10 10 9 9 8 8 8 7 7 7
12 11 11 10 10 10 10 9 9 8 8 8 7 7 7 7

60-69
70-79
80-89
90-99

100-109
110-119
120-129
130-139
140-149
150-159
160-169
170-179
180-189
190-199
200-209
210-219
220-229
230-239
240-249
250-259
260-269
270-279
280-289
290-299
300-309
310-319
320-329
330-339
340-349
350-359
360-369
370-379
380-389
390-399
400-409
410-419
420-429
430-439
440-449
450-459
460-469
470-479
480-489
490-499
500-509

Pl
as

m
a 

cr
ea

tin
in

e 
(µ

m
ol

/L
)



Nefrología (2008) 3, 317-324322

MDRD-IDMS formula. It should be noted that the main li-
mitation for use of estimating equations stems from the
lack of standardisation of methods to measure serum creati-

nine and their different degrees of inaccuracy, imprecision,
and susceptibility to interference. Use of calibration mate-
rials with traceability to the accepted reference method
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Table Vb. Estimation of glomerular filtration rate as a function of plasma creatinine (mg/dL) and age using the
MDRD-IDMS formula

Male Female

Age (years) Age (years)

20-29 30-39 40-49 50-59 60-69 70-79 80-89 > 89 20-29 30-39 40-49 50-59 60-69 70-79 80-89 > 89

137 128 122 117 113 110 107 105 102 95 90 87 84 82 80 78
118 110 105 100 97 94 92 90 87 82 78 74 72 70 68 67
103 96 91 88 85 82 80 78 76 71 68 65 63 61 60 58

91 85 81 78 75 73 71 69 68 63 60 58 56 54 53 52
82 76 72 69 67 65 64 62 61 57 54 52 50 48 47 46
74 69 65 63 61 59 58 56 55 51 49 47 45 44 43 42
67 63 60 57 55 54 52 51 50 47 44 43 41 40 39 38
62 58 55 53 51 49 48 47 46 43 41 39 38 37 36 35
57 53 51 49 47 46 44 43 42 40 38 36 35 34 33 32
53 49 47 45 44 42 41 40 39 37 35 33 32 31 31 30
49 46 44 42 41 39 38 38 37 34 33 31 30 29 29 28
46 43 41 39 38 37 36 35 34 32 30 29 28 27 27 26
43 41 39 37 36 35 34 33 32 30 29 27 27 26 25 25
41 38 36 35 34 33 32 31 30 28 27 26 25 24 24 23
39 36 34 33 32 31 30 29 29 27 25 24 24 23 22 22
37 34 33 31 30 29 29 28 27 25 24 23 22 22 21 21
35 33 31 30 29 28 27 27 26 24 23 22 21 21 20 20
33 31 29 28 27 27 26 25 25 23 22 21 20 20 19 19
32 30 28 27 26 25 25 24 23 22 21 20 19 19 18 18
30 28 27 26 25 24 24 23 22 21 20 19 18 18 17 17
29 27 26 25 24 23 23 22 21 20 19 18 18 17 17 16
28 26 25 24 23 22 22 21 21 19 18 18 17 16 16 16
27 25 24 23 22 21 21 20 20 18 18 17 16 16 15 15
26 24 23 22 21 21 20 20 19 18 17 16 16 15 15 14
25 23 22 21 20 20 19 19 18 17 16 16 15 15 14 14
24 22 21 20 20 19 19 18 18 16 16 15 15 14 14 13
23 21 20 20 19 18 18 18 17 16 15 15 14 14 13 13
22 21 20 19 18 18 17 17 16 15 15 14 14 13 13 13
21 20 19 18 18 17 17 16 16 15 14 14 13 13 12 12
21 19 18 18 17 17 16 16 15 14 14 13 13 12 12 12
20 19 18 17 17 16 16 15 15 14 13 13 12 12 12 11
20 18 17 17 16 16 15 15 14 14 13 12 12 12 11 11
19 18 17 16 16 15 15 14 14 13 12 12 12 11 11 11
18 17 16 16 15 15 14 14 14 13 12 12 11 11 11 10
18 17 16 15 15 14 14 14 13 12 12 11 11 11 10 10
17 16 15 15 14 14 14 13 13 12 11 11 11 10 10 10
17 16 15 14 14 14 13 13 13 12 11 11 10 10 10 10
16 15 15 14 14 13 13 13 12 11 11 10 10 10 10 9
16 15 14 14 13 13 13 12 12 11 11 10 10 10 9 9
16 15 14 13 13 13 12 12 12 11 10 10 10 9 9 9
15 14 14 13 13 12 12 12 11 11 10 10 9 9 9 9
15 14 13 13 12 12 12 11 11 10 10 9 9 9 9 8
15 14 13 12 12 12 11 11 11 10 10 9 9 9 8 8
14 13 13 12 12 11 11 11 11 10 9 9 9 8 8 8
14 13 12 12 11 11 11 11 10 10 9 9 8 8 8 8
14 13 12 12 11 11 11 10 10 9 9 9 8 8 8 8
13 12 12 11 11 11 10 10 10 9 9 8 8 8 8 8
13 12 12 11 11 10 10 10 10 9 9 8 8 8 8 7
13 12 11 11 10 10 10 10 9 9 8 8 8 8 7 7
12 12 11 11 10 10 10 10 9 9 8 8 8 7 7 7
12 11 11 10 10 10 10 9 9 8 8 8 7 7 7 7

Stage 1 ≥ = 90 mL/min/1.73 m2 with kidney damage markers (albuminuria, haematuria, changes in imaging tests).

Stage 2 = 60-89 mL/min/1.73 m2 with kidney damage markers (albuminuria, haematuria, changes in imaging tests).

Stage 3A = 45-59 mL/min/1.73 m2.

Stage 3B = 30-44 mL/min/1.73 m2.

Stage 4= 16-29 mL/min/1.73 m2.

Stage 5 = < 15 mL/mi/1.73 m2.

0,7
0,8
0,9

1
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(isotopic dilution mass spectrophotometry or IDMS) is the-
refore currently recommended.6,10 This is why this study
provides tables corrected by the MDRD-IDMS formula and
integrates GFRs in a single table in accordance with these
recommendations, thus calling clinician attention to this
significant aspect of methodology. In fact, diagnostic labo-
ratories are revising their tests to be in line with this met-
hod, that also appears to have a greater precision in diffe-
rent ranges.21,30

To summarise, while the procedure currently recommen-
ded for estimating GFR would be automatic calculation using
the MDRD-IDMS formula, with adequate creatinine measu-
rement by a method with traceabililty, the availability of ta-
bles with the MDRD-4 and MDRD-IDMS formulas allows
clinicians for visualisation and conversion of plasma creatini-
ne, not only to detect the presence of CKD with creatinine va-
lues even in the normal range, but also to rapidly and simply
transform plasma creatinine into a more clinically significant
parameter such as GFR.
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SUMMARY
Introduction: Aging is associated to several structural and
functional kidney changes. Recently, there is a great interest
in the detection of Chronic Kidney Disease (CKD) in the gene-
ral population. A classification of CKD, based on several sta-
ges of the estimated glomerular filtration rate (eGFR), has
been established. In this study we followed up, clinically and
biochemically, during one year eighthy patients older than 65
years so as to ascertain the applicability and utility of such
classification to those patients.
Patients and methods: 80 clinically stable patients, with a me-
dian age of 83 years, recruited within january and april 2006,
were followed up during one year. We separated them in two
groups: Group 1: 38 patients with serum creatinine < = 1,1
mg/dl (range 0,7-1,1) and with no proteinuria; and Group 2:
42 patients with serum creatinine > 1.1 mg/dl (range 1,2-3)
and with proteinuria < 3 g/24 hours. Clinically we registered
morbimortality and treatments received, and biochemically
we measured serum creatinine and eGFR at the time of re-
cruitment and after one year of follow up using two equa-
tions: Cockroft and abreviated MDRD. Statistical comparisons
were made using the general lineal model for repeated mea-
sures of the SPSS 11.0 program.
Results: 10% of the patients died during the follow up. Car-
diac problems were the kind of morbidity more frequently
found. Only a small proportion (23%) of group 2 patients
were receiving erithropoietin (EPO) treatment. Estimated GFR
and proteinuria remained stable at the end of one year inde-
pendently of basal GFR; we found no significant differences
between groups in the rest of analitical parameters.
Conclusion: In old patients with no significant proteinuria, the
similarity of their clinical evolution and the stability of their
eGFR (independently of its basal value), as well as the lack of
differences in other analitical parameters, appears not to con-
fer any advantages to the use of matematical formulae to cla-
sifie them according to their eGFR. 

Key words: Creatinine. Chronic kidney disease. Filtrate glomeru-
lar estimate. Elderly.

RESUMEN
Introducción: El envejecimiento conlleva diversos cambios es-
tructurales y funcionales en el riñón. Recientemente se está
prestando un gran interés a la detección precoz de la Enfer-
medad Renal Crónica (ERC) en la población general, a partir
de la estimación mediante fórmulas matemáticas del filtrado
glomerular (FG); por otra parte, se ha establecido una clasifi-
cación de la ERC en diversos estadios según el FG estimado
(FGe). En este estudio se analizó la evolución clínica y del FGe
en un grupo de pacientes ancianos con FGe basal disminuido,
con el objetivo de valorar si la aplicación de dicha clasifica-
ción tiene utilidad práctica en este tipo de pacientes.
Pacientes y métodos: 80 pacientes clínicamente estables con
una media de edad de 82,4 ± 6,5 años, reclutados entre enero
y abril de 2006 fueron seguidos durante un año (grupo 1: 38
pacientes con creatinina sérica (Crs) < = 1,1 mg/dl (rango 0,7-
1,1) y sin proteinuria; y grupo 2: 42 pacientes, con Cr s > 1,1
mg/dl (rango 1,2-3) y con proteinuria < 3 g/día). El 70% del
total de pacientes tenía un estadio 3 ó 4 de ERC, de acuerdo
con el FGe (MDRD abreviado). Clínicamente se estudiaron la
morbi-mortalidad y los fármacos empleados. Analíticamente
se determinó la Crs y se estimó el FG basal y un año después
según fórmulas de Cockroft y MDRD abreviado. La estadísti-
ca se realizó con el programa SPSS 11.0 usando un modelo li-
neal general para medidas repetidas.
Resultados: Un 10% de los pacientes falleció antes del año.
La patología cardíaca fue la comorbilidad más frecuente. Sólo
el 23% de los pacientes del grupo 2 recibía terapia con eritro-
poyetina (EPO) al final del estudio. La función renal (FR) y la
proteinuria permanecieron estables al cabo del año con inde-
pendencia del grado de FG previo; no hubo diferencias signi-
ficativas en el resto de los parámetros analíticos analizados.
Conclusión: En pacientes ancianos que no presentan protei-
nuria significativa la evolución clínica similar (independiente-
mente del grado de FG basal) y la estabilidad de los diversos
parámetros analíticos asociados al descenso de la función
renal en el tiempo, permiten simplificar su seguimiento sin
necesidad de recurrir a la estimación del FG mediante fórmu-
las matemáticas. 

Palabras clave: Creatinina. Enfermedad renal crónica. Filtrado glo-
merular estimado. Anciano.

INTRODUCTION
Aging is associated to a number of changes in the structure
and function of various organs.1 In the kidney, among other
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changes, the glomerular filtration rate (GFR) decreases at an
average rate of 0.8 mL/min/year.2 It is known that a marked
decrease in GFR leads to the occurrence of various manifesta-
tions associated to chronic renal failure (CRF), including ana-
emia3, osteodistrophy4, metabolic acidosis5 and so on. 

On the other hand, a great interest is currently being paid to
early detection of «occult kidney disease» in the general po-
pulation from GFR estimation. For this purpose, a number of
mathematical equations based on serum creatinine (SCr) have
been devised. Thus, depending on GFR, chronic kidney dise-
ase (CKD) is divided into several stages. A GFR ranging from
60 and 30 mL/min is considered indicative of stage 3 CKD.6

This classification has been considered applicable to the
whole population.

In a prior study,7 we reported that all elderly patients enro-
lled, including those with SCr values within the normal range,
already had decreased GFR values, and approximately one
third were in stage 3. Today, a laboratory finding of a decrea-
sed GFR in asymptomatic elderly patients with no other asso-
ciated signs of CKD (anaemia, etc.) is a reason for referral to
the nephrology outpatient clinic. This study was therefore in-
tended to establish whether such classification has a practical
value in this specific group of patients or is only imposing an
unnecessary overload on nephrology clinics. For this purpose,
a clinical a laboratory monitoring was performed in a group
of patients over 65 years of age, analysing the changes in their
kidney function and their morbidity and mortality for one
year.

PATIENTS AND METHODS

Patients
Eighty patients > 65 years of age (mean, 82.4 ± 6.5 years;
range, 69-97 years) seen during the January-April 2006 pe-
riod were enrolled. Of these, 38 patients were recruited at the
geriatrics outpatient clinic (Group 1, SCr ≤ 1.1 mg/dL (range
0.7-1.1) and 42 patients at the general nephrology outpatient
clinic (group 2, SCr > 1.1 mg/dL (range 1.2-3). Overall,
68.8% of patients were females (84.2% in group 1 and 54.8%
in group 2, p < 0.005). A history of diabetes mellitus (DM)
and high blood pressure (HBP) was found in 37.3% and
81.3% of patients respectively. Comparison of both groups
showed no significant differences in DM or HBP distribution.
Study patients were clinically stable and underwent a clinical
and laboratory re-evaluation one year later.

Patient distribution by CKD stage at baseline using the
Cockcroft-Gault formula was as follows: stage 1, 0%; stage 2,
7.9%; stage 3, 66.6%; stage 4, 20.6%; stage 5, 4.7%. The dis-
tribution obtained with the abbreviated MDRD formula was:
stage 1, 0%; stage 2, 30%; stage 3, 60%; stage 4, 10%; stage
5, 0%. 

Established treatments with statins, antihypertensives, cal-
cium salts, iron, and erythropoietin (EPO).

Methods
A prospective, observational study. The baseline assessment
was performed at a scheduled patient visit to the clinic during

January-April 2006. All patients underwent clinical and labo-
ratory monitoring for one year, and a re-evaluation was done
in the January-April period of 2007. Hospital admissions and
their reasons were recorded, as well as the occurrence of car-
diovascular events and mortality. Laboratory monitoring was
based on GFR estimation using the Cockcroft-Gault8 and ab-
breviated MDRD formulas.9

Laboratory tests were performed one week before patients
attended the scheduled visits at the geriatrics and nephrology
clinics both at baseline and at one year. The following para-
meters were measured in venous blood using standard hospi-
tal methods: creatinine, urea, uric acid, lipid profile, albumin,
calcium, phosphorus, alkaline phosphatase, electrolytes, hae-
moglobin, and haematocrit. In group 2, 24-hour urine protein
was measured.

Statistical analysis
SPSS 11.0 software was used for statistical analysis. Data are
given as proportions, means, and standard deviations. A lineal
model for repeated measures was used to assess change in
kidney function over time. The significance level was 95%.

RESULTS
Ten percent of patients died before the end of the study year
(four due to impairment in overall status, two from fracture
complications, one from a tumour, and one from a stroke).
Hospital admission of 21.8% of patients was required during
the year; 27.8% of these admissions were for cardiac disease,
and 22.2% for infections. No significant differences in morta-
lity, admission, and cardiovascular events were found betwe-
en the groups. 

As regards use of drugs, 27.7% were receiving statins,
82.8% antihypertensive drugs, 10.3% calcium salts, and
14.5% iron. No significant differences were found between
the groups in use of these drugs. Only some group 2 patients
(23%) were receiving EPO (p < 0.003). These were older pa-
tients (89 ± 5 vs 81 ± 6 years, p < 0.001) with higher SCr le-
vels (2.0 ± 0.5 vs 1.2 ± 0.2 mg/dL; p 0.000) and lower eGFRs
according to the MDRD formula (32 ± 10 vs 54 ± 15 mL/min;
p 0.000). 

Figure 1 shows the change in kidney function (KF) at one
year in the 72 patients who completed the study. While signi-
ficant differences exist in SCr levels and GFR between both
groups (p = 0.000), it may be seen that both SCr levels and
GFR (estimated by MDRD and Cockcroft-Gault) do not sig-
nificantly differ from baseline values. 

In group 2, proteinuria showed no significant changes at
one year: baseline, 0.14 ± 0.23 g/24 hours (range 0-3 g/24 h),
vs 1 year, 0.23 ± 0.46 g/24 h (range 0-1.96 g/24 h).

Figure 2 shows the change in anaemia over time by group.
All patients had a haematocrit value higher than 35% both at
baseline and at one year of follow-up. No significant differen-
ces were found between the groups in all other laboratory pa-
rameters tested at baseline and one year.

Similarly, no significant changes over time were found
when GFR values were compared between diabetic and non-
diabetic patients (table I). 

M. Heras Benito et al. Elderly patients with CKD
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DISCUSSION
There are few studies reporting the progression of CKD in the
elderly population. One such report is the Hemmelgarm
study,10 describing CKD progression during two years of fo-
llow-up in a population > 66 years. Progression was slow, ex-
cept in diabetic patients and in those with a GFR < 30
mL/min, in agreement with other studies11,12 where association
of estimated GFR to mortality, as well as progression to end-
stage CRF, was seen to be lower in the elderly population as
compared to young patients.

With the current CKD classification, most patients diagno-
sed the condition are elderly subjects.13 However, only a small
proportion of them will require renal replacement therapy,
often dying before from cardiovascular disease.14 This study
assessed the clinical and laboratory changes over one year in
patients over 65 years of age with different grades of baseline

GFR. A significant proportion of patients had cardiovascular
risk factors (HBP and/or DM), and cardiac disease was the
main morbidity cause among the studied groups. One may
therefore wonder what benefits may these patients derive
from referral to nephrology clinics, whether emphasis should
rather be placed on cardiovascular prevention, and where and
how would their monitoring be most adequate. 

Aging is associated to a decrease in GFR.2 In a previous
study,7 our group found that despite the fact that all elderly
patients studied had a decreased GFR (even with SCr within
the normal laboratory ranges), no characteristic signs of CRF
were seen in most of them. Moreover, SCr showed higher sta-
tistical correlation levels with the laboratory changes associa-
ted to CRF than the GFRs estimated from mathematical for-
mulas. That study concluded that GFR estimations provided
no advantages over a simple SCr measurement for assessing
KF in the elderly. Moreover, since part of the GFR decrease
in these patients is associated to age and the main cause of
mortality is cardiovascular disease, the current classification

M. Heras Benito et al. Elderly patients with CKD
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Figure 1. Change in kidney function at one year. While significant differences (at baseline and one year) exist in kidney function in both groups (P
0.000), analysis of repeated measures at one year showed no significant changes from baseline values. Group 1: SCr ≤ 1.1 mg/dL; Group 2: SCr > 1.1
mg/dL. NS: Non significant.
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Figure 2. Change in haematocrit at one year in both groups.
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Table I. Change in kidney function depending on the
presence of diabetes mellitus

Diabetics Non-diabetics P

SCr (B/A) (mg/dL) B 1.23 ± 0.43 B 1.31 ± 0.5 NS
A 1.22 ± 0.36 A 1.34 ± 0.5

MDRD (B/A) (mL/min) B 54.6 ± 15 B 51.3 ± 16 NS
A 54.4 ± 15 A 49.8 ± 16

Cockroft (B/A) (mL/min) B 45.4 ± 14 B 42.3 ± 18 NS
A 47.9 ± 17 A 42.1 ± 16

A comparison of the change in kidney function between diabetic and non-dia-
betic patients. B: baseline; A: one year later.



Nefrología (2008) 3, 325-328328

of CKD may induce unnecessary confusion and alarm and
does not appear to have practical advantages for management
of this type of patients. 

In this study, we performed a clinical and laboratory fo-
llow-up to ascertain what happened with GFR. It was seen
that, though significant variations existed in GFR levels in
both groups, when compared after one year of follow-up, no
differences were found, irrespective of such baseline levels.

With GFR decrease, various laboratory changes associated
to CRF occur (anaemia, changes in bone and mineral metabo-
lism, metabolic acidosis, etc.). When such changes were loo-
ked for, the group of patients with SCr within the normal labo-
ratory range (group 1, SCr < = 1.1 mg/dL), despite having a
decreased GFR, showed a baseline haematocrit higher than
35%, that remained one year later at similar levels without the
need for using agents to stimulate erythropoiesis. Group 2 pa-
tients (SCr > 1.1 mg/dL) were also seen to have a baseline hae-
matocrit higher than 35% that was maintained one year later.
The proportion of patients receiving erythropoietin therapy was
low. No differences were found between the groups in all other
laboratory parameters studied. When the parameters associated
to use of erythropoietin in these elderly patients were analysed,
SCr levels > 2 mg/dL and advanced age were found to be the
two factors that appear to contribute to the need for EPO the-
rapy to prevent the occurrence of anaemia associated to CRF. 

It therefore appears that, in standard clinical practice, CKD
detection and management in elderly patients could continue
to be performed as done to date, in a simpler form, with a
simple measurement of SCr and a systematic urine analysis
(Multistix) to rule out the presence of kidney disease requi-
ring specialised care. This approach would allow for dispe-
lling the confusion felt by many physicians who are not used
to CKD management when they see this type of patients.15 It
would also allow for avoiding or reducing unnecessary refe-
rrals and overload for the nephrology teams.16 We therefore
postulate that elderly patients with SCr higher than 1.1 mg/dL
but no changes secondary to CRF (anaemia, etc.) or proteinu-
ria need not be routinely referred to specialised care. In fact,
the recommendations recently published in the Consensus
Document on CKD of the SEN and the Society of Family and
Community Medicine state that patients over 70 years of age
with a stable GFR > 30 mL/min and albuminuria < 0.5 g/24 h
may be monitored at primary care without the need for refe-
rral, provided adequate control is maintained of blood pressu-
re and all other vascular risk factors (recommendation 11).17

In conclusion, in elderly patients showing no significant
proteinuria or laboratory changes associated to CKD (anae-

mia), the similar clinical course (irrespective of baseline
GFR) and the stability of the various laboratory parameters
associated to the decrease in kidney function over time allow
for simplification of follow-up, with no need to resort to GFR
estimation using mathematical formulas. 
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SUMMARY
Data were collected in 18.922 patients attending Primary Care
Centers in Alcañiz (Spain), mean age 59,96 ± 17 years, 42,9%
males and 57,1% females. The prevalence of eGFR was: stage 3
(30-59 ml/min/1,73 m2) 15,7%; stage 4 (15-29 ml/min/1,73 m2)
0,6%; stage 5 no dialysis (GFR < 15 ml/min/1.73 m2) 0,1%. This
prevalence increased with age and 32% of patients attending
Primary Care services over 65 years presented a eGFR < 60
ml/min/1,73 m2. Of the total patients with eGFR < 60
ml/min/1,73 m2, 26% had normal serum creatinine levels. Proto-
col implementation could implied for the Renal Unit an increase
in the number of patients, specially the oldest ones. This study
documents the substantial prevalence of significantly abnormal
renal function among patients at Primary Care level and the im-
portance of Primary Care collaboration in their early identifica-
tion and appropriate management. 

Key words: Epidemiology. Chronic kidney disease. Primary care.
Cardiovascular risk factors.

RESUMEN
La incidencia de Enfermedad Renal Crónica (ERC) en los
18.922 pacientes con determinación bioquímica realizada
en los Centros de Salud del Sector Sanitario de Alcañiz a lo
largo de 2006 fue del 16,4% (mujeres 19,1%, varones
12,9%, p < 0,0001). Por estadios K/DOQI la mayoría de los
casos pertenecen al estadio 3. Encontramos Insuficiencia
renal oculta en 810 pacientes (4,3%), todos ellos mujeres.
Esta elevada prevalencia de ERC y de ERC oculta puede de-
tectarse de forma precoz mediante la inclusión en los re-
sultados de laboratorio del cálculo del filtrado glomerular
por la fórmula MDRD y hace necesaria la implantación de
un protocolo que facilite una colaboración estrecha con
Atención Primaria. El control y seguimiento de pacientes
con ERC estable y sin complicaciones recaería principal-
mente sobre el Médico de Cabecera, siendo necesario
mantener su formación y el apoyo por parte de nefrología. 

Palabras clave: Epidemiología. Enfermedad renal crónica. Atención
primaria. Consultas nefrología. Factores de riesgo cardiovascular.

INTRODUCTION AND OBJECTIVES
In recent years, large studies have reinforced consideration of
chronic kidney disease (CKD) as a public health problem be-
cause of its high prevalence in the general population (5.1%
in Spain according to data from the EPIRCE study),1 its atten-
dant increase in morbidity and mortality mainly of a cardio-
vascular origin,2,3 and the possibility of improving such cour-
se by early intervention.4,5

An adequate coordination between nephrology and pri-
mary care is required to manage such a significant condi-
tion.6 Being aware of this, in January 2006 the Department
of Quality, primary care coordinators, and the Departments
of Nephrology and Biochemistry of the Alcañiz health sec-
tor, after receiving support from the sector management,
created a work group that prepared a common protocol for
detection and update in CKD within a wider proposal for
optimisation of laboratory requests and criteria for referral
to specialised care. 

In the analysis of the implementation process, this prelimi-
nary study was conducted with two objectives:

short  or iginals
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1. To estimate the prevalence of CKD and occult CKD
among all laboratory tests performed in the healthcare
centres of the Alcañiz health sector.

2. To analyse the predictable impact of this protocol on pa-
tients characteristics and on the activity and care pressu-
re at nephrology outpatient clinics.

MATERIALS AND METHODS
Study design: A cross-sectional epidemiological study in

patients performed blood chemistry tests at their healthcare
centres during 2006.

Inclusion criteria: Patients of both sexes older than 18
years performed chemical tests for any reason at healthcare
centres of the Alcañiz health sector (consisting of Alcañiz
Hospital and 12 healthcare centres covering a total of 83,456
inhabitants) from January 1 to December 31, 2006. 

Chemistry tests were performed in a central laboratory at
the Department of Biochemistry of the Alcañiz Hospital. Sex,
age, and plasma creatinine values requested in the laboratory
forms were recorded using a computerised process. 

Plasma creatinine was measured by a modified kinetic
Jaffé method using a C-Architec 8000 autoanalyser (Abbot
Científica).

Estimated glomerular filtration rate (eGFR) was calculated
using the abbreviated MDRD formula.7,8

Occult chronic kidney disease was defined as coexistence
of an eGFR < 60 mL/min/1.73 m2 with normal serum creatini-
ne, < 1.1 mg/dL in females and < 1.2 mg/dL in males.9

Results were analysed providing the following criteria for
referral to nephrology outpatient clinics:

A) First group of criteria:
• < 65 years: eGFR < 60 mL/min/1.73 m2

• 65-80 years: eGFR < 30 mL/min/1.73 m2

• > 80 years: eGFR < 20 mL/min/1.73 m2

B) Second group of criteria:
• < 65 years: eGFR < 45 mL/min/1.73 m2

• 65-80 years: eGFR < 30 mL/min/1.73 m2

• > 80 years: eGFR < 20 mL/min/1.73 m2

Patients referred for CKD in 2006 were reviewed, and the
proportion of them who would meet these criteria was calcu-
lated from all eGFR determinations made at healthcare cen-

tres. The characteristics of both groups were analysed (age,
sex, plasma creatinine, eGFR, and K/DOQI stages of CKD).

Statistical analysis
Quantitative variables were described using means and stan-
dard deviations, and qualitative variables using proportions
with calculation of the 95% confidence interval (CI). Statisti-
cal significance of the differences between proportions was
assessed using a Chi-square test. Means of independent
groups were compared using ANOVA or Student’s t tests. A
value of p < 0.05 was considered significant. SPSS 10.0 soft-
ware was used for statistical calculations.

RESULTS
During the 12 months, 22,250 measurements of plasma crea-
tinine were performed in 21,321 patients from the healthcare
centres. Of all measurements, 1,321 (5.94%) were discarded
because they were repeat tests in the same patient, and 2,007
(9.02%) because the age was not recorded in the request
form, and eGFR could therefore not be calculated using the
MDRD formula. Data from a total of 18,922 patients were re-
corded. 

Table I gives the mean age, plasma creatinine, and eGFR
values, overall and by sex, and distribution by age groups.

Overall prevalence of CKD, defined as an eGFR < 60
mL/min/1.73 m2, was 16.4 %, and was significantly higher in
females as compared to males (19.1% versus 12.9%, p <
0.0001). Distribution by K/DOQI stages showed most pa-
tients to have stage 3 CKD (table II).

Occult renal failure, according to the definition proposed in
Materials and methods, was found in 810 patients, 4.3% of
the Spanish population. It should be noted that occult CKD
was only found in females. The proportion of females with
occult CKD was 7.5%, and the condition was more com-
monly detected in the group > 65 years (3.9% of women
under 65 years of age versus 12.1% of those over 65 years, p
< 0.001). This means that 39.3% of the 2,061 women with an
eGFR < 60 mL/min/1.73 m2 had normal plasma creatinine va-
lues, lower than 1.1 mg/dL.

During 2006, there were 194 first visits to our nephrology
clinics, in 103 of which (53.1%) an eGFR < 60 mL/min/1.73
m2 was found. The first group of referral criteria was met in
41 of these visits, and the second group of criteria was met in
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Table I. Patient characteristics and estimated GFR, overall and by sex

Total Males Females P
Variables 18,922 8,115 (42.9%) 10,807 (57.1%) Male/Female

Age (years)

Age by groups
18-65 years
66-80 years
> 80 years

PCr (mg/dL)
GFR mL/min/1.73 m2

59.96 ± 17.7

10,450 (55.2%)
6,476  (34.2%)
1,996  (10.5%)

0.97 ± 0.26
75.89 ± 17.4

61.07 ± 16.6

4,400 (54.2%)
2,867 (35.3%)
848 (10.4%)

1.08 ± 0.32
78.02 ± 17.3

59.13 ± 18.4

6,050 (56%)
3,609 (33.4%)
1,148 (10.6%)

0.88 ± 0.23
74.29 ± 17.3

< 0.0001

P = 0.02

< 0.0001
< 0.0001
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33 visits. The number of patients who would require revision
at our clinics based on these criteria would be:

- According to the first group: The number of first visits for
CKD would increase from 41 to 422, 2.2% of patients perfor-
med tests. This increase would mainly occur at the expense of
females, patients younger than 65 years, and patients with
stage 3 CKD. 

- According to the second group: The number of first visits
for CKD would increase from 33 to 113, 0.6% of patients un-
dergoing tests. Increases would mainly occur in females and
patients with stage 3-4 CKD (table III).

DISCUSSION
This study was intended to assess the prevalence of CKD in
patients over 18 years of age who were performed chemical
tests for any reason at their healthcare centers during 2006.
Among 18,922 patients, 3,107 (16.4%) had CKD, with an
eGFR < 60 mL/min/1.73 m2. 

The EROCAP study9 reported a higher prevalence, 21.3%,
maybe because of the different methodology used. For this
multicentre study, the first two patients attending the health-
care centre on three consecutive days were selected. In pri-
mary care, laboratory tests are usually performed for chronic
conditions such as diabetes, high blood pressure, dyslipide-
mia, and so on, avoiding the coincidence with acute condi-
tions that may cause transient impairment of kidney function
(the main reasons for visits include acute respiratory condi-

tions, rheumatological conditions with NSAID intake, and
gastroenteritis). Our study recorded the usual laboratory tests,
performed in more clinically stable states, which would ex-
plain this lower incidence of CKD.

Assessment of kidney function using plasma creatinine va-
lues reveals a significant rate of occult CKD.10,11 In our series,
occult CKD was found in 4.3% of patients, and showed two
characteristics worth mentioning: all 810 cases were recorded
in females, with a higher frequency among those older than
65 years. 

The high frequency of CKD poses a significant healthcare
problem. Early diagnosis, management, and follow-up of
CKD would depend on support and training of primary care
physicians and on reconsideration of the procedures followed
at our practices. In a first phase, we nephrologists have consi-
dered use of poorly restrictive referral criteria,12 which in our
case would represent multiplying by 10 the number of pa-
tients to be seen for a decrease in eGFR, mainly at the expen-
se of women, patients under 65 years of age, and those with
stage 3 CKD, which is an unfeasible option. A review of the
large population studies by Go et al and O’Hare et al2,3 shows
that the risk of cardiovascular events inherent to CKD mar-
kedly increases from a GFR < 45 mL/min/1.73 m2, and this
could therefore be considered a referral criterion in patients
under 65 years of age. This would virtually multiply by three
the number of patients to be seen at our practice, an option
that, in principle, appears more feasible. Use of more restricti-
ve criteria, such as a decrease in GFR below 30 mL/min/1.73
m2, could maybe deprive patients with a high risk of cardio-
vascular morbidity and mortality and progression to end-
stage CKD from nephrological review. All other patients with
CKD could continue to be supervised by their general practi-
tioners, provided kidney function remained stable and ade-
quate control was maintained.13,14

As conclusions, it may be stated that the high prevalence of
CKD may be detected early in primary care by including in
the laboratory results the eGFR calculated by the MDRD for-
mula, and that a protocol to facilitate management of these
patients implying a close collaboration with primary care and
use of reasonable criteria for referral to the nephrology outpa-
tient clinics should be implemented. Joint monitoring of the
results is required to assess results, correct defects, and im-
prove our procedures.
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INTRODUCTION 
Kidney function plays a role in regulation of the acid-base ba-
lance, water and electrolyte balance, calcium and phosphorus
metabolism, and nitrogen balance. Hence, acute (ARF) or ch-
ronic renal failure (CRF) particularly affect the nutritional
metabolic state of patients.1,2

Patients with CRF have a high prevalence of protein-ca-
lorie malnutrition, with an impaired fat and protein com-
partment, as well as a marked change in serum proteins.
Different studies have shown the relationship between
maintenance of a good nutritional status and a decreased
morbidity in these patients.3,4 Even if patients have a good
nutritional status, they should be monitored every 6 months
if they are younger than 50 years and every 3 months if
older than 50 years. Protein-restricted diets have been used
for decades to relieve uremic symptoms, and have also pro-
ved to be able to decrease progression of kidney function
loss. Development of haemodialysis and peritoneal dialysis
has resulted in an increased survival in these patients, with
a clear improvement in quality of life. These advances have
led to recommend specific nutritional requirements as a
function of treatment received.5

Nutritional problems in patients with ARF and CRF will be
successively reviewed, as well as tools used to assess them
and dietary and advanced nutritional support recommenda-
tions published in the literature.

MALNUTRITION AND NUTRITIONAL ASSESSMENT
IN RENAL FAILURE
A hypercatabolic state occurs in ARF, causing an increased
glucose consumption. If there is no adequate glucose supply
in diet, a gluconeogenesis phase starts when hepatic glycogen
deposits are depleted.3,6 Uptake of new glucose molecules
from visceral and skeletal muscle proteins causes an unfavou-
rable metabolic situation. On the other hand, proteolysis cau-
ses metabolic acidosis, which in turn promotes protein cata-
bolism, leading to an increasing muscle mass and impairment
of the nutritional status of the patient. In addition, accumula-

tion in blood of nitrogenated products causes anorexia and
nausea, maintaining the catabolic state by not allowing an
adequate intake. To sum up, it is important to maintain an
adequate energy supply, with a good supply of carbohydrates
to maintain nitrogen balance.

In patients with chronic renal failure, protein-calorie mal-
nutrition7 results from failure of kidney function itself, cau-
sing increases in neuroendocrine factors and cytokines. This
hormonal change causes hypertriglyceridemia and an impai-
red carbohydrate metabolism, with insulin resistance that may
lead to diabetes. Increased levels of nitrogen products and
electrolyte changes cause gastrointestinal disorders that redu-
ce intake, with nausea and vomiting. On the other hand, treat-
ments received by these patients also have an impact on their
nutritional status. One of the most common dietary recom-
mendations is protein restriction in diet, that reduces progres-
sion of nephropathy.5 However, this dietary change may indu-
ce in uremic patients a decrease in their calorie intake due to
their poor compliance with changes required in nutritional ha-
bits.8 Dialysis may also condition the nutritional status. It
should not be forgotten that patients on haemodialysis have a
higher protein consumption than those on peritoneal dialysis,
and also a greater risk of deficiency of water soluble vitamins
and iron. 

In order to achieve a good protein and calorie intake and
maintain and adequate nutritional state, appropriate assess-
ment tools are therefore required. Different parameters to as-
sess the nutritional state of these patients9 and protocols to
evaluate the different tools used10 have been traditionally em-
ployed, and it has been concluded that the most useful tools
are those integrating parameters related to different fields of
nutritional evaluation (subjective, anthropometric, and bio-
chemical parameters, etc.). 

The most important among these include data derived from
physical examination using anthropometric data (current
weight, ideal weight, usual weigh, dry weight, oedema-free
adjusted weight, skin folds, arm circumference). 

The precise definition of the different procedures to assess
body weight should be known to avoid errors:

1. Current weight, the weight seen at that given time. 
2. Ideal weight, or weight obtained from reference tables. 
3. Usual weight, or historical weight of the patient. 
4. Dry weight, or weight found after dialysis. 

http://www.senefro.org
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5. The oedema-free adjusted weight is calculated as (dry
weight – (ideal weight – dry weight) x 0.25)

Body mass index (BMI) is another commonly used anthro-
pometric parameter. The results of a study with a cohort of
more than 10,000 patients conducted in the USA and Europe11

showed that mortality significantly decreased in patients with
a higher BMI. Another study (Dialysis Outcomes and Practice
Patterns Study)9 showed that a BMI decrease greater than
3.5% was associated to a higher mortality. The significance of
this parameter in nutritional monitoring of these patients has
also been evaluated in our setting.12

As regards biochemical data, albumin has been used as a
parameter to assess the protein-calorie status of patients on
dialysis.13 In the abovementioned study (DOPPS),9 a 1.38%
increase in mortality was seen in patients with albumin levels
lower than 3.5 g/dL. Prealbumin has also been shown to be a
predictor of mortality in patients at the start of dialysis the-
rapy.9

Among integrated nutritional assessment methods, the
Subjective Global Assessment (SGA) test is the most com-
monly used. The SGA is a simple method for assessing and
monitoring the nutritional status of patients using a number of
nutritional, clinical, and anthropometric data that are easy to
obtain. This method has been shown to be of value in renal
failure patients (fig. 1).11

Questionnaires to evaluate food intake may also be used
for detecting deviations from the recommendations that will
subsequently be analysed14 or from those of other diets, such
as the Mediterranean diet.15,16 These questionnaires should be
administered with some regularity and in several different
days because of the inherent variability of the results obtained
and the possibility that the intake level of patients may be mo-
dified by multiple intercurrent factors.

Other more sophisticated techniques may be used, such as
single or multiple frequency impedanciometry (including
vectorial analysis), X-ray absorptiometry, or neutron activa-
tion analysis. 

D. de Luis et al. Nutritional aspects of RF
continued training

Figure 1. Subjective global assessment
test.

Subjective Global Assessment
(Tick the adequate category or write the numerical value after #)

A. Clinical history

1. Change in weight
Weight loss in the past 6 months Total: #_____________ kg, % lost#_____________
Change in the past 2 weeks: ______ increase,______ no change,______ decrease

2. Changes in food intake (as compared to usual intake)
________ no change
________ change ________ duration = # ________ weeks

________ type: ________ suboptimal solid diet ________ liquid diet
________ low-calorie fluids ________ fasting

3. Gastrointestinal symptoms (> 2 weeks in duration)
________ none, ________ nausea, ________ vomiting, ________ diarrhoea, ________ anorexia

4. Functional capacity
________ no dysfunction
________ dysfunction ________ duration = # ________ weeks

________ type: ________ working suboptimal
________ ambulatory
________ bedridden

5. Disease and its relationship to energy requirements
Primary diagnosis (especify): ______________________________________________________
Metabolic demand (stress): ________ no stress, ________ low stress

________ moderate stress, ________ high stress

B. Physical examination (specify for each: 0 = normal, 1 = mild, 2 = moderate, 3 = severe)

# ________ loss of subcutaneous fat tissue (triceps, chest)
# ________ loss of muscle mass (quadriceps, deltoid)
# ________ ankle oedema
# ________ sacral oedema
# ________ ascites

C. Subjective Global Assessment (grading)

________ A = well nourished
________ B = moderate or suspected undernutrition
________ C = severely undernourished
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DIETARY REQUIREMENTS IN RENAL FAILURE
Energy requirements may be calculated by formulas used for
nutritional evaluation in general patients (with no renal failu-
re), such as the Harris-Benedict formula17 or other special for-
mulas18 (table I). 

However, various authors use approximations to facilitate
daily practice ranging from 35-40 calories per kg and day in
chronic kidney disease.19 Once energy requirements are calcu-
lated, nutrient distribution20 in the diet should be balanced.
The recommended proportions are 10%-15% of protein,
55%-70% of carbohydrates, and 20%-30% of lipids. The wi-
despread recommendation of protein restriction to
0.6-0.8 g/kg/day has only been shown to be beneficial for pa-
tients with CRF receiving conservative treatment (evidence
A), because it slows progression of kidney disease to its end
stage.21 However, patients on replacement therapy need
1-1.2 g/kg when on haemodialysis and 1-1.5 g/kg when on
peritoneal dialysis.3,19

After calculating energy and protein supply, water require-
ments of our patients should be considered. Water balance
should be calculated, taking into account the residual urine
output of patients. Fluid intake should usually be approxima-
tely 500-600 mL, added to the residual urine output of pa-
tients. 

Mineral and electrolyte requirements are marked by the
nutritional status and the degree of renal failure of the pa-
tient. In highly malnourished patients, mineral requirements
may be increased due to the anabolism they experience
when adequate oral diet and/or a nutritional support proce-
dure are started, so that an excessive and/or rapid supply of
calories and proteins may lead to a refeeding syndrome with
a sudden decrease in potassium and phosphorus levels and
severe heart failure. Kidney function should also be taken
into account. For instance, oligoanuric patients (urine output
< 500 mL/day) excrete little or no sodium, potassium, mag-
nesium, or phosphate, which should therefore be restricted

in the diet. A finer adjustment of minerals, based on measu-
rement of electrolytes and minerals in urine and creatinine
clearance, may be considered, particularly in patients with
preserved urine output, having widely variable require-
ments. On the other hand, because of the deficient hydroxy-
lation of vitamin D at the 1-hydroxy position, calcium
supply should be increased up to a minimum of 1 gram
daily. An increased intake of foods rich in vitamin D could
involve complications because these are a usual source of
protein (fish, milk products, etc.).

Another important issue is the metabolic acidosis suffered
by patients. Administration of bicarbonate as oral supple-
ments to maintain pH > 7.2 or serum bicarbonate levels >
17 mEq/L is therefore recommended. A possible dietary mea-
sure is to recommend intake of bicarbonate waters, though
most patients require oral bicarbonate at different doses.

Vitamin requirements also depend on treatment received
by patients.20 For instance, patients who follow restrictive die-
tary recommendations as a conservative measure in their tre-
atment plan should receive supplements of water soluble vita-
mins and active vitamin D as 1,25 dihydroxyvitamin D.
However, for patients on dialysis (peritoneal or haemodialy-
sis), vitamin A, D, and B

12
supplements are recommended be-

cause these vitamins are bound to proteins and, thus, easily
removed at dialysis sessions. Decreased levels are also seen
of water soluble vitamins such as vitamins C and B1 and folic
acid. However, supplements of vitamin C and folic acid are
only required.

Iron is one of the minerals that should be paid special atten-
tion.21 The general population requires 10-15 mg/day of iron,
but patients with renal failure and ferritin levels < 100 mg/dL
should receive supplements of at least 60 mg/day of ferrous
sulphate. Concomitant intake of iron with a citrus juice, pro-
moting iron absorption together with vitamin C, may be re-
commended.

SPECIAL NUTRITIONAL ASPECTS IN ARF
ARF causes a wide variety of changes in intermediate meta-
bolism, the most sever of which is a severe hypercatabo-
lism.22,23 The primary nutritional objective in these patients is
to accelerate kidney function recovery and preserve lean
mass.

As regards energy requirements (table II), 30-40 kcal/kg
body weight are recommended, with a protein supply of
0.8-1 g/kg ideal weight, that is increase as glomerular filtra-
tion rate normalises. Potassium intake should be limited to
30-50 mEq/day and sodium intake to 20-40 mEq/day in the
oliguric phase, with replacement of losses in the diuretic
phase. In order to apply these electrolyte recommendations,
diets with fixed menus may be used, or tables are routinely
used to limit electrolyte intake. It should also be reminded
that removal of water used to cook vegetables and legumes
may decreased potassium content by up to 40%. However,
this also results in a substantial loss of water soluble vitamins.
Fluid intake should consist of daily expenditure plus an addi-
tional 500 mL. 
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Table I. Formulas to calculate energy expenditure

Harris Benedict formula17:

Males. Energy expenditure = 66 + (13.7 x weight) + (5 x height) - (6.8 x age)
Females. Energy expenditure = 655.1 + (9.6 x weight) + (1.8 x height) - (4.7 x age)

Special formulas18:

De Luis.
Males: Energy expenditure = 58.6 + (6.2 x weight) + (1,023 x height) - (9.5 x age)
Females: Energy expenditure = 1,272.5 + (9.8 x weight) - (61.6 x height) - (8.2 x age)

Schofield.
Males

18-30 years: Energy expenditure = 15.3 x weight + 679
30-60 years: Energy expenditure = 11.6 x weight + 879
> 60 years: Energy expenditure = 13.5 x weight + 487

Females
18-30 years: Energy expenditure = 14.7 x weight + 496
30-60 years: Energy expenditure = 8.7 x weight + 829
> 60 years: Energy expenditure = 10.5 x weight + 596
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However, many patients are unable to cover the abovemen-
tioned nutritional requirements because of their clinical sta-
tus, therefore requiring advanced nutritional support. The Eu-
ropean Society of Parenteral and Enteral Nutrition (ESPEN)24

recently prepared guidelines listing all requirements of pa-
tients with ARF. Non-protein energy requirements range from
20-30 kcal/kg/day, and 3-5 g/kg/day of carbohydrates and
0.8-1.2 g/kg/day of fat should be administered. Protein supply
may range from 0.6 g/kg/day in patients on conservative tre-
atment and up to 1.5 g/kg/day in patients on extracorporeal
treatment.

Despite these recommendations, various studies have
shown23,25,26 the difficulty for achieving an adequate protein in-
take with the artificial formulas available in the market. This
problem is more marked in the subgroup of patients requiring
dialysis. An alternative measure consists of supplementing
the nutritional supply with parenteral amino acids.27 Standard
amino acid solutions are recommended to maintain a neutral
balance. Non-essential amino acids have been shown28 to play
an essential role in certain stress conditions in ARF patients.
Only in cases where avoidance of dialysis is intended, use of
solutions containing essential amino acids as the only source,
at doses of 0.3-0.5 g/kg, and for less than three weeks would
be indicated. Finally, the ESPEN guidelines provide a number
of recommendations for this type of patients:

1. Macronutrient requirements are not so much determined
by ARF as by the severity of the condition triggering it,
the type and intensity of extracorporeal renal replace-
ment therapy, and the nutritional status and associated
complications (Evidence C).

2. Extracorporeal treatments induce losses of micronu-
trients which should be supplemented (Evidence C).

3. Micronutrient level should be monitored to prevent
supplementation from resulting in toxic levels (Evi-
dence C).

4. In ARF patients in intensive care units, electrolytes con-
tained in an enteral formula providing 1,500-2,000 calo-
ries are usually adequate. However, individual require-

ments may differ, and monitoring is required. Special
care should be taken to avoid hypokalemia and/or hy-
pophosphoremia after starting enteral nutrition (refee-
ding syndrome) (Evidence C).

5. In patients with uncomplicated ARF, enteral nutrition
should be used if requirements are not met with oral
supplements (shakes) (Evidence C).

6. In ARF patients in critical care units, enteral nutrition
should be started early (within 24 hours) (Evidence C).

7. In patients with uncomplicated ARF, when spontaneous
oral feeding is insufficient, oral supplements (shakes)
should be used (Evidence C).

8. The nasogastric tube should be the access route of choi-
ce for enteral nutrition. Jejunal access is indicated in
conditions causing a severe impairment in gastrointesti-
nal motility.

9. In cases where nutritional requirements are not met
using enteral support, parenteral support should be used
(Evidence C).

10. Standard enteral formulas are the products of choice in
most cases (Evidence C).

11. In ARF patients with water and electrolyte disturban-
ces, special nephrological nutritional formulas may be
useful (Evidence C).

As regards the last recommendation, table IV shows that
various nutritional oral supplements have changes in their
composition for patients with acute renal failure. 

However, these recommendations may be qualified taking
into account the guidelines published in Nutrición Hospitala-
ria (the official journal of the Spanish Society of Enteral and
Parenteral Nutrition):26

1. ARF patients should receive 3-5 g/kg/day of glucose,
i.e. a similar amount as in other clinical conditions (Evi-
dence C).

2. Fat infusion should be limited to 1 g/kg/day, and lipid
supply should be discontinued if triglyceride levels hig-
her than 300 mg/dL are reached (Evidence C).

3. Protein supply should be adapted to the clinical situa-
tion and to the catabolic state, as assessed by the occu-
rrence of urea nitrogen. Urea nitrogen occurring is the
sum of urinary urea nitrogen plus urea nitrogen in
dialysis fluid plus change in the organic urea pool (Evi-
dence B).
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Table II. Summary of dietary recommendations in
acute renal failure

Nutrients Amounts

Protein 0.8-1 g/kg ideal weight, increased on normalisation of
glomerular filtration rate.

Energy 30-40 kcal/kg body weight.

Potassium 30-50 mEq/day in oliguric phase, replace losses in diu-
retic phase.

Sodium 20-40 mEq/day in oliguric phase, replace losses in diu-
retic phase.

Fluid Replace daily urine output plus 500 mL.

Phosphorus Limit as required.

Table III. Nutritional support requirements in patients
with acute renal failure (protein-free calorie
supply)

Energy 20-30 kcal/kg/d
Carbohydrates 3-5 (max. 7) g/kg/d
Fat 0.8-1.2 (max. 1.5) g/kg/d
Protein (essential and non-essential

amino acids)
Conservative therapy 0.6-0.8 (max. 1.0) g/kg/d
Extracorporeal therapy 1.0-1.5 g/kg/d
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4. Amino acids formulas consisting only of a mixture of
essential amino acids should not be used (Evidence A).

5. Amino acids such as tyrosine, histidine, taurine, and
branched amino acids should be provided in amounts
higher than recommended for other patients (Eviden-
ce C.)

6. Use of glutamine is recommended (Evidence B).
7. Protein supply should be increased in patients with ARF

on haemodialysis (Evidence C).
8. Assessment of vitamin A, C, and D supply is impor-

tant (Evidence A). At least 60-100 mg/day of vitamin
C are recommended. Minimum supplies of pyridoxine
(5-10 mg) and folic acid (1 mg/day) are also recommen-
ded.

9. Use of standard enteral nutrition diets poses no problem
if patients are being treated with clearance techniques
(Evidence B).

10. Enteral diets adapted to renal failure could be indicated
for patients with multiorgan failure who are being trea-
ted with clearance techniques (Evidence C).

11. Clearance techniques could be used for providing nu-
trients (Evidence C).

SPECIAL NUTRITIONAL ASPECTS IN CRF
In CRF patients, nutritional objectives include achieving an
adequate nutritional status, helping control azotemia and its
effects to improve quality of life, and delaying progression of
renal failure. 

With regard to the first objective, various series have
shown an improved prognosis in these patients when they are

well nourished.19,28-31 As to the delay in progression of kidney
function loss, there are also general recommendations on the
matter, even with an Evidence A.17 In most studies, protein-
and phosphorus-restricted diets delay reduction of glomerular
filtration rate and progression to end-stage renal disease in
renal failure patients in general and type 1 diabetics in parti-
cular, in the latter irrespective of glucose control.16 Thus,
CARI guidelines (Caring for Australasians with Renal Im-
pairment) give the following recommendations:32

1. A protein-controlled diet (0.75-1 g/kg/day) should be
prescribed to all patients with CRF. Low protein diets
(< 0.6 g/kg/day) are not justified because they mini-
mally improve glomerular filtration rate and their im-
pact on the nutritional status advises against their use
(Evidence A).

2. In children, reduction of protein intake to the minimum
levels recommended by the World Health Organisation
(0.8-1.1 g/kg/day depending on patient age) has not
been shown to decrease progression of chronic renal fai-
lure, and should therefore not be recommended.

For the group of diabetic patients, the American Diabetes
Association (ADA) guidelines33 specifically recommend,
with an Evidence B, reduction of protein intake to
0.8-1 g/kg/day in patients with diabetes and early stages of
CRF, and to 0.8 g/kg/day in patients in the final stages of
CRF. The Cochrane Collaborative Group34 showed that a
small reduction in protein intake resulted in a slight but not
statistically significant decrease in progression to renal failu-
re. However, because of the great individual variability of pa-
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Table IV. Nephrological nutritional formulas

Nepro® Suplena® Nutrison low sodio® Nefronutril® Resource 2.0® Novasource renal®

How supplied (mL) 236 236 500 mL 91 g sachet 200 237 

Kcal/mL 2 2 1 1 2 2

Protein (g/L) 68.9 29.6 40 27 90 73.4
(TCV* percentage) 14 6 16 11 18 17.4

Lipids (g/L) 95.8 95.6 39 18.5 87 100
(TCV percentage) 43 43 35 39 45

Carbohydrates (g/L) 215 255 123 181 214 200
(TCV percentage) 43 51 49 73 43 40

Na (mg/L) 830 784 250 257 600 1,000

K (mg/L) 1,056 1,116 1,500 78 1,600 840

PO4 (mg/L) 686 728 720 126 900 650

Mg (mg/L) 210 210 230 16 300 200

Ca (mg/L) 1,372 1,386 800 128 1,900 1,300

TCV: Total caloric value.
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tients, a therapeutic trial of protein restriction for 6 months
may be started in all patients, continuing treatment in only
those patients with a favourable response. 

As shown, great doubts exist about the true effectiveness of
this type of diets because of poor patient adherence.35 Howe-
ver, use of diet as a therapeutic tool must always be our first
option, as it may be useful even for management of complica-
tions of CRF such as osteodystrophy.36

Despite dietary recommendations, some patients with CRF
required advanced nutritional support. As a general recom-
mendation, nutritional support should be given when a
5-7 day fasting period is expected or when oral intake does
not meet patient requirements. The first step consists of use of
oral nutritional supplements (table III), which have been
shown to improve the course of disease.17,37 The nutritional
support type and requirements depend on the treatment recei-
ved by the patient.19,24 Two possibilities should be distinguis-
hed: nutritional support for CRF patients on conservative tre-
atment-predialysis, and nutritional support for patients on
dialysis treatment (haemodialysis and/or peritoneal dialysis).

Nutrition in CRF patients on conservative
treatment
According to recommendations by the National Kidney
Foundation38 (table V), the goal is to achieve the normal
weight for the patient. An energy supply of 35 kcal/kg/day,
to be adjusted based on the nutritional state of the patient, is
recommended. As regards protein supply, this organisation

gives different objectives depending on stage of kidney di-
sease:

a) For patients with more than 50% kidney function (plas-
ma creatinine levels less than 2 mg/dL or glomerular fil-
tration rate > 70 mL/min), 0.8-1 g/kg/day of protein of a
high biological value should be provided, plus an addi-
tional 1 g per g of proteinuria.

b) For patients with 20%-50% kidney function (plasma
creatinine levels 2-5 mg/dL or glomerular filtration rate
25-70 mL/min), protein intake must be reduced to
0.6 g/kg/day, the amount considered minimum for a he-
althy adult. Sixty percent of protein should be of high
biological value.

c) For patients with less than 20% kidney function (plasma
creatinine levels higher than 8 mg/dL or glomerular fil-
tration rate < 25 mL/min), protein must be restricted to
0.30 g/kg/day.

d) Patients with more reduced kidney function (glomerular
filtration rate < 10 mL/min) are amenable to extrarenal
clearance. Only in the event that clearance is not possi-
ble, a protein-free diet would be used, supplemented
with essential amino acids or their keto analogues.

As regards carbohydrates, they should represent the main
energy source (approximately 60%) and consist of complex
carbohydrate because of protein restriction. Fat represents
30% of calorie supply, and consists of at least 10% saturated
fats and more than 10% monounsaturated fats. The recom-
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Table V. Nutritional requirements in renal failure

Predialysis Haemodialysis Peritoneal dialysis

Energy kcal/day 30-35 35 35

Fluids (mL) Water balance Water balance + 500 mL Water balance

Protein
(g/kg/day) 0.6-0.8 based on GFR* 1.2-1.4 1.5

Electroytes
Na RDA** 60-100 Según tolerancia
K RDA 1 mEq/kg/day 2-3 g/day

Minerals
Ca (g/day) 1.5-2 1-1.5 RDA
P (mg/kg/d) 5-10 17 RDA
Iron If EPO If EPO If EPO

Trace elements

RDA RDA RDA
Vitamins (mg/day)
Pyridoxine 5 10 10
Vit C 30-50 30-60 100
Folic acid 0.25 100 100

*GFR: Glomerular filtration rate. See text.
**RDA  (Recommended dietary allowance).
(reference 38) According to Kidney Foundation.
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mended daily amount of cholesterol is less than 300 mg. As
regards electrolytes, sodium intake should be limited to
1,000 mg/day, and potassium intake to 40-60 mEq/day.

Mineral and vitamin provision to these patients is essential.
Patients have a deficient intestinal absorption of calcium due
to vitamin D3 deficiency, and should therefore receive cal-
cium supplements (1,500-2,000 mg/day). By contrast, phosp-
horus intake should be restricted to 5-10 mg/kg/day, limiting
consumption of milk products, eggs, meat, and some vegeta-
bles, because increased phosphorus levels contribute to hy-
perparathyroidism and kidney function impairment. Iron
should be provided to patients treated with erythropoietin. In
these patients, supplementation is recommended with the fo-
llowing vitamins: vitamin B

6
, 5 mg/day; vitamin D(1,25-dihy-

droxyvitamin D), 0.25 micrograms/day; vitamin C,
30-50 mg/day. Multivitamin complexes are generally used
(table VI). 

The ESPEN also provided a number of recommendations
in patients having some unique characteristics:

1. Energy intake should be approximately 35 kcal/day in
patients with stable CRF and weights within ± 10% of
ideal weight (Evidence A).

2. Energy supply should be adjusted in patients with obe-
sity or low weight.

3. With an evidence B, a protein intake of 0.55-0.6 g/kg/day
(2/3 of high biological value) is recommended in pa-
tients with creatinine clearance ranging from
25-70 mL/min, and 0.55-0.6 g/kg/day (2/3 of high bio-
logical value) or 0.28 and the rest as essential amino
acids. 

4. Mineral intake should be 600-1000 mg/day of phospho-
rus, 1500-2500 mg/day of potassium, and 1.8-2.5 g/day
of sodium (Evidence B).

5. Enteral nutrition should be started when requirements
are not met despite diet and oral supplements (shakes).

Evidence C. The main indications for this dietary moda-
lity would be in patients with CRF and some comorbid
condition in which oral intake is not possible, i.e. pa-
tients in whom dietary recommendations cannot be met
using the oral route alone. In these cases, the procedure
of choice is enteral support by night using nasogastric
tube, maintaining oral intake during the day. Finally, el-
derly patients with CRF are a group with a high nutritio-
nal risk.

6. The recommended type of formula is a standard formula
(Evidence C).

7. In patients receiving enteral nutrition for more than
5 days, special formulas with modified electrolyte con-
tents (table V) may be used (Evidence C).

8. Essential amino acids and their keto analogues, in asso-
ciation with enteral formulas low in protein, may pre-
serve kidney function (Evidence B).

Nutrition in CRF patients on haemodialysis
and peritoneal dialysis
In these patients, calorie requirements are 35 kcal/kg/day
under baseline conditions (table V). The goal is to achieve a
protein supply of 1.2-1.4 g/kg/day (2/3 of high biological
value).. Water requirements depend on residual urine output,
to which 500-800 mL/day may be added. If protein-calorie re-
quirements are not covered by the normal diet, oral nutritional
supplements and even parenteral nutrition may be given du-
ring haemodialysis. 

Intradialysis parenteral nutrition is administered during the
dialysis session using the high flow of the arteriovenous fistu-
la. This allows for administration of a hyperosmolar solution,
thus minimising the volume overload from haemodialysis it-
self.39 Approximately 16 kcal/kg and 0.08 g of nitrogen per kg
of weight are provided. Despite its initial advantages, intra-
dialysis parenteral nutrition has a number of disadvantages:
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Table VI. Multivitamin complexes

A IU D3 IU E IU K1 mg C mg B
1

mg B
2

mg B
6

mg B
12

ug Folate ug Biotin ug Pantothenate mg

Multicentrum 2,666 200 (5 ug) 14.9 30 60 1.4 1.6 2 1 200 150 6

Micebrina complex 1,500 400 30 150 10 5 6 12 400 45 15

Micebrina 1,500 400 30 100 10 5 2 3 10

Micebrina ginseng 1,500 400 30 60 1.5 1.7 2 3 400 45 10

Supradyn 800 retinol
and 400 carotene 200 10 mg 30 60 1.4 1.6 2 1 200 150 6

Dayamineral 5,000 1,667 83.33 2.5 2 0.83

Hidropolivit 2,500 500 1 mg 100 40 2 1 1 2 100 250 2

Rochevit 2,500 400 15 mg 100 1.6 1.8 2.6 4 400 250 10
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1. Administration of a great amount of nutrients in a very
short time causes hyperglycemia and hyperlipidemia.

2. In addition, nutrition is provided two or three times per
week, only during the dialysis session, so that it should
be considered a nutritional supplementation method,
rather than a total nutritional support.

3. As compared to other possibilities of nutritional sup-
port, intradialysis parenteral nutrition has a high econo-
mic cost.

It should therefore be carefully indicated, being reserved to
patients with severe malnutrition and hypoalbuminemia40 or
to very special situations.41 The main criteria for administra-
tion of intradialysis parenteral nutrition reported in the litera-
ture38-41 include:

• Predialysis serum creatinine levels < 8 mg/dL for
3 months.

• Predialysis serum albumin levels < 3.4 g/dL for
3 months.

• > 10% loss of ideal weight.
• Protein intake < 0.8 g/kg/day and calorie intake <

25 kcal/kg.
• Grade C Subjective Global Assessment (severe malnutri-

tion).

The presence of three of the previous criteria plus impossi-
bility to increase oral intake or failure of oral supplements or
rejection of enteral nutrition. There are also criteria for dis-
continuation of intradialysis parenteral nutrition:

• Achievement of predialysis serum albumin levels >
3.8 g/dL for 3 months.

• Achievement of predialysis serum creatinine levels >
10 mg/dL for 3 months.

• Dry weight increase.
• Subjective Global Assessment A or B.
• Increase in protein intake to > 1 g/kg/day and in calorie

intake to > 30 kcal/kg.

The presence of three of the previous criteria plus occu-
rrence of complications or intolerance to parenteral nutrition
or no improvement after 6 months of parenteral nutrition. 

The following supplements of vitamins and minerals are
recommended:38 vitamin C, 30-60 mg/day; vitamin B

6
,

10-20 mg/day; folic acid, 1 mg/day. Vitamin B1 supplementa-
tion is considered optional. No more than 60-100 mEq/day of
sodium should be provided. In anuric patients on haemodialy-
sis, water and sodium should be limited to a minimum during
week ends to limit interdialytic weight gain and prevent volu-
me overload. As regards potassium, 1 mEq/kg/day should not
be exceeded in patients in acidosis or with no urine output.
Iron should be provided to patients receiving erythropoietin.
Calcium requirements are 1-1.5 g/day. Phosphorus require-
ments are approximately 17 mg/kg/day. 

ESPEN recommendations for this type of patients are simi-
lar:24

1. In patients with acute disease in a regular haemodialysis
programme, nutritional requirements should be similar
to those for ARF patients.

2. Protein requirements are 1.2-1.4 g/kg/day (> 50% of
high biological value) in stable patients on haemodialy-
sis and 1.2-1.5 g/kg/day (>50% of high biological
value) in patients on peritoneal dialysis. With an energy
supply of 35 kcal/kg/day, taking into account the gluco-
se contained in the dialysis fluid for patients on perito-
neal dialysis (Evidence B).

3. Mineral requirements of metabolically stable patients inclu-
de 800-1,000 mg/day of phosphate, 2,000-2,500 mg/day of
potassium, 1.8-2.5 g/day of sodium. Fluid requirements
are 1,000 mL/day plus urine output. Dialysis sessions
cause loss of vitamins, particularly water soluble vita-
mins, which should be supplemented as follows: folic
acid, 1 mg/day; pyridoxine, 10-20 mg/day; vitamin C
(30-60 mg/day). Vitamin D should be supplemented de-
pending on calcium, phosphorus, and parathyroid hor-
mone levels. Loss of trace elements with haemodialysis
is minimal, but depleted patients should be administered
15 mg/day of zinc and 50-70 µg/day of selenium (Evi-
dence B).

4. Advanced nutritional support should be indicated for
undernourished patients on haemodialysis. Undernutri-
tion is defined as a body mass index < 20 kg/m2, a
weight loss greater than 10% in 6 months, serum albu-
min levels lower than 3.5 g/L, and prealbumin levels
lower than 300 mg/L (Evidence C). The following pa-
tients deserve special attention:

4. a) Patients on haemodialysis with acute concomitant
diseases causing catabolism and in whom adequate
nutritional support is not possible. 

4. b) Stable patients on haemodialysis not reaching the re-
commended oral requirements.

4. c) Unconscious haemodialysis patients, e.g. with neu-
rological disease, in nursing homes.

5. The first nutritional support measure are oral supple-
ments (Evidence A).

6. If diet and oral supplements are of no value, nasogastric
tube support should be used (Evidence C).

7. In patients with gastroparesis and who do not respond to
prokinetics, a nasojejunal tube should be the procedure
of choice (Evidence C).

8. In patients who will receive nutritional support for a
long time, endoscopic gastrostomy or jejunostomy
should be used (Evidence C).

9. Standard formulas are recommended for nutritional sup-
port using oral supplements. However, specific formu-
las (taking into account phosphorus and potassium re-
quirements) are recommended for patients with
nasogastric tube nutrition (Evidence C).

Patients on peritoneal dialysis have a number of unique re-
quirements.24,38 Protein requirements are higher, approxima-
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tely 1.5 g/kg/day. Calories from carbohydrates, approxima-
tely 60% of the total amount, should include the glucose con-
tained in the dialysis fluid. There are studies evaluating the
effect of use of amino acid-based peritoneal dialysis solu-
tions. Results failed to show a significant improvement in
serum protein levels, but there was a trend to an improve-
ment.42 No differences were seen in the incidence of peritoni-
tis, hospital stay, and mortality. Another essential difference
was a more liberal diet in these patients, as they undergo daily
dialysis. For instance, potassium intake may be increased to
2000-3000 mg/day. Losses of water soluble vitamins are less
striking. Provision of 10 mg/day of vitamin B

6
and

100 mg/day of vitamin C is recommended. If patients are re-
ceiving treatment with erythropoietin, iron supplements
should be given as in all other case. 

REFERENCES
1. Star R. Treatment of acute renal failure. Kidney Int 1998; 54: 1817-

1831 
2. Galindo P, Pérez de la Cruz A, Cerezo S, Martínez T, López P, Asen-

sio C. Malnutrition and mortality in hemodialyzed patients. Nutr
Hosp 2001; 16: 27-30. 

3. Steffee W. Nutritional support in renal failure. Surg Clin N Am 1981;
61: 661-670. 

4. Osorio Moratalla JM, Osuna Ortega A, Feliú Roig F, Orduña Espino-
sa RM, Bravo Soto J, Arrebola Nacle JA, Asensio Peinado C, Pérez
de la Cruz AJ. An evaluation of the nutritional status of patients
with chronic kidney failure on hemodialysis via rapid-turnover pro-
teins. Nutr Hosp 1992; 7: 52-7. 

5. Pérez VO, Hernández EB, Bustillo GG, Penié JB, Porbén SS, Bo-
rrás AE, González CM, Martínez AA. Nutritional status in chro-
nic renal failure patients assisted at the hemodialysis program of
the «Hermanos Ameijeiras» Hospital. Nutr Hosp 2007; 22: 677-
94. 

6. López Martínez J, Sánchez Castilla M, García de Lorenzo y Mateos
A. New prospects in the treatment of acute kidney failure. Nutr
Hosp 1996; 11: 82-93. 

7. Bristrian B. Role of the systemic inflammatory response syndrome in
the development of protein calorie malnutrition in ESRD. Am J Kid-
ney Dis 1998; 32: S113-S117. 

8. Orzáez Villanueva MT, Rodríguez Cisneros A, Morales Ruiz E, Marti-
néz Rincón C. Determination of factors conditioning adherence and
accomplishment of renal protection diet in patients with chronic
renal failure: pilot study for the elaboration of a dietary guideline.
Nutr Hosp 2006; 21: 145-54. 

9. Combe C, McCullough KP, Asano Y, Ginsberg N, Maroni BJ, Pifer
TB. Kidney Diseases Outcomes Quality Initiative (K/DOQI) and the
Dialysis Outcomes and Practice Patterns Study (DOPPS): Nutrition
Guidelines, Indicators, and Practices. Am J Kidney disease 2004; 44:
S39-S46. 

10. Hecking E, Bragg-Gresham JL, Rayner HC, Pisoni RL, Andreucci VE,
Combe C et al. Hemodialysis prescription, adherence and nutritio-
nal indicators in five European countries: results from the Dialysis
Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial Trans-
plant 2004; 19: 100-107. 

11. Leavey SF, McCullough K, Hecking E, Goodkin D, Port FK, Young
EW. Body mass index and mortality in «healthier» as compared with
«sicker» haemodialysis patients: results from the Dialysis Outcomes
and Practice Patterns Study (DOPPS). Nephrol Dial Transplant 2001;
16: 2368-2394. 

12. Palomares Bayo M, Quesada Granados JJ, Osuna Ortega A, Asensio
Peinado C, Oliveras López MJ, López G de la Serrana H, López Mar-
tínez MC. Longitudinal study on the body mass index (BMI) of dialy-
sis patients. Nutr Hosp 2006; 21: 155-62. 

13. Kaysen GA, Stevenson FT, Depner TA. Determination of albumin
concentration in hemodialysis patients. Am J Kidney disease 1997;
29: 658-668. 

14. Lou LM, Gimeno JA, Paúl J, Sanz París A, Gutiérrez Dalmau A,
Gómez Sánchez R, Pérez Pérez J, Boned B. Evaluation of food inta-
ke in hemodialysis using a food consumption and appetite ques-
tionnaire. Nefrología 2002; 22 (5): 438-47. 

15. Lou LM, Campos B, Gimeno JA, Caverní A, Boned B. Nutrient inta-
ke and eating habits in hemodialysis patients: comparison with a
model based on mediterranean diet. Nefrología 2007; 27 (1): 38-
45. 

16. Pérez Bañasco V, Gil-Cunquero JM, Borrego FJ, Grassó M, Segura P,
Warletta F, Lozano JL, Costa LA, Torres J, Gaforio JJ, Villarrubia VG.
[Preliminary study on efficacy and tolerance of a «coupage» of olive
oil in patients with chronic kidney disease. Nutritonal evaluation]
Nefrología 2007; 27 (4): 472-81. 

17. Harris JA, Benedict FG. A biometric study of basal metabolism in man.
Washington DC: Canergie Institute of Washington, 1919: 40-44. 

18. De Luis DA, Aller R, Izaola O, Romero E. Prediction equation of res-
ting energy expenditure in an adult spanish population of obese
adult population. Ann Nutr Metab 2006; 50: 193-196. 

19. Kopple J. Dietary protein and energy requirements in ESRD patients.
AM J Kidney Dis 1998; 32: 97-104. 

20. Amler C, Kopple JD. Nutrition support for patients with renal failu-
re. En: Merrit RJ et al. (eds.) ASPEN. Nutrition Support Practice Ma-
nual. Silver Spring, MD. American Society for Parenteral and Enteral
Nutrition 1998; 16: 1-16. 

21. Zarazaga A, García de Lorenzo L, García-Luna PP, García Peris P,
López Martínez J, Lorenzo V, Quecedo L, Del Llano J. Nutricional
support in chronic renal failure: systematic review. Clinical Nutrition
2001; 20: 291-299. 

22. Kopple JD. The nutrition management of the patient with acute
renal failure. JPEN 1996; 20: 3-12. 

23. Fiaccadori E, Maggiore U, Giacosa R, Rotelli C, Picetti E, Sagripanti S
et al. Enteral nutrition in patients with acute renal failure. Kidney In-
ternational 2004; 65: 990-1008. 

24. Cano N, Fiaccadori E, Tesinsky P, Toigo G, Druml W et al. ESPEN Gui-
delines on enteral nutrition: acute renal failure. Clinical Nutrition
2006; 25: 295-310. 

25. Ortiz A, Arduán MJ. Artificial nutrition in kidney failure. Nutr Hosp
1991; 6: 267-75. 

26. Jiménez Jiménez FJ, López Martínez JA, Sánchez-Izquierdo Riera J.
Artificial nutrition in acute renal failure. Nutr Hosp 2005; 20: 18-21. 

27. Abel RM, Beck CH Jr, Abbott WM, Ryan JA Jr, Barnett GO, Fischer
JE. Improved survival from acute renal failure after treatment
with intravenous essential L-amino acids and glucose: results of a
prospective, double-bind study. N England J Med 1973; 288:
695-699. 

28. Suleiman M, Zaloga G. Renal failure and nutrition. En: Zaloga G
(ed.) Critical Care. St Louis: Mosby; 1994: 661-684. 

29. Fernández-Reyes MJ, Álvarez-Ude F, Sánchez R, Mon C, Iglesias P,
Vázquez A. Nutritional status, comorbidity, and inflammation in he-
modialysis. Nefrología 2000; 20: 540-9. 

30. Raimundo P, Ravasco P, Proença V, Camilo M. Does nutrition play a
role in the quality of life of patients under chronic haemodialysis?
Nutr Hosp 2006; 21 (2): 139-44. 

31. Ayúcar Ruiz de Galarreta A, Cordero Lorenzana ML, Martínez-Puga
y López E, Gómez Seijo A, Escudero Álvarez E. Nutrition and chronic
renal failure. Nutr Hosp 2000; 15: 101-13. 

32. Harris D, Thomas M, Johson D, Nicholls K, Gillin A. Prevention of
progression of kidney disease. The Cari Guidelines. April 2006. On-
line publication. 

33. Executive summary: Standards of medical care in diabetes 2008.
Diabetes Care 31 S1: s3-s11. 

34. Robertson L, Waugh N, Robertson A. Protein restriction for diabetic
renal disease. The Cochrane Library 2007, issue 4. 

35. García Valderrama FW, Fajardo C, Guevara R, Gonzáles Pérez V,
Hurtado A. Poor adherence to diet in hemodialysis: role of anxiety
and depression symptoms. Nefrología 2002; 22 (3): 244-52. 

36. Martínez I, Saracho R, Ocharán J, Muñoz RI, Montenegro J. Role of
diet in the management of osteodystrophy during progressive renal
insufficiency. Nefrología 2003; 23 Supl. 2: 57-63. 

37. Montes-Delgado R, Guerrero Riscos MA, García-Luna PP, Martín He-
rrera C, Pereira Cunill JL, Garrido Vázquez M. Tratamiento con dieta
hipoproteica y suplementos calóricos en pacientes con insuficiencia
renal crónica en prediálisis. Estudio comparativo. Rev Clin Esp 1998;
198: 580-586. 

D. de Luis et al. Nutritional aspects of RF
continued training



Nefrología (2008) 3, 333-342342

38. National kidney Foundation. Kidney Disease Outcomes Quality Ini-
tiative. Clinical Practice Guidelines for Nutrition in Chronic Renal
Failure. I. Adult guidelines. B. Advanced chronic renal failure wit-
hout dialysis. Am J Kidney Dis 2000; 35 (Supl. 2): S56-S65. 

39. Foulk Ch J. An evidence. Based evaluation of intradialytic parenteral
nutrition. Am J Kidney Dis 1999; 33: 186-192. 

40. Lazarus JM. Recomended criteria for initiating and discontinuing in-
tradialitic parenteral nutrition therapy. Am J Kidney Dis 1999; 33:
211-215. 

41. Martínez P, Sánchez-Vilar O, Picón J, Gonzalo A, De Villar N, Riobó
P. Parenteral nutrition in a case of renal insufficiency due to amyloi-
dosis. Nutr Hosp 1999; 14: 96-8. 

42. Li F, Chan L, Woo J, Ho S, Lo W, Lai K. A year, prospective, randomi-
zed, controlled study on amino acid dialysate in patients on CAPD.
Am J Kidney Dis 2003; 42: 173-183.

D. de Luis et al. Nutritional aspects of RF
continued training



Nefrología (2008) 3, 343-346 343

case reports

Hypokalemic rhabdomyolysis and tetany as a
presentation of celiac disease in an adult
J. M.ª Peña Porta, E. Calvo Beguería*, C. Vicente de Vera Floristán** and R. Oncins Torres***

Unidad de Nefrología. Hospital de Barbastro. Huesca. *Sección de Medicina Interna. Hospital de Barbastro. Huesca. **Servicio de Medicina
Interna. Hospital Universitario Arnau de Vilanova. Lérida. ***Unidad de Anatomía Patológica. Hospital de Barbastro. Huesca.

Nefrología 2008; 28 (3) 343-346

Correspondence: José María Peña Porta
Unidad de Nefrología. Hospital de Barbastro
Ctra. Nacional 240, s/n
22300 Barbastro. Huesca
pporta@hispavista.com

SUMMARY
We describe the case of a 38-year-old man with an hypokalemic
rhabdomyolysis and tetany as a presentation of celiac disease.
We disuss the several electrolitic disturbances found in this pa-
tient with chronic diarrhoea and malabsortion syndrome and
also the treatment which conduced to complete clinical resolu-
tion. We conclude that celiac disease should be considered a
cause of hypokalemic rhabdomyolysis.

Key words: Rhabdomyolysis. Hypokalemia. Tetany. Celiac disease.

RESUMEN
Describimos el caso de un paciente de 38 años de edad
con una rabdomiólisis hipopotasémica y tetania como
forma de presentación de una enfermedad celíaca. Discu-
timos las diversas alteraciones electrolíticas que presen-
taba como consecuencia de la diarrea crónica y el síndro-
me de malabsorción así como el manejo terapéutico que
condujo a una evolución clínica favorable. Concluimos
que la enfermedad celíaca debería considerarse como
una posible causa de rabdomiólisis hipopotasémica.

Palabras clave: Rabdomiólisis. Hipopotasemia. Tetania. Enfermedad
celíaca.

INTRODUCTION
Hypokalemia maybe the most common electrolyte distur-
bance.1 When severe, hypokalemia may cause severe chan-
ges in various organs, including rhabdomyolysis. Various
diseases have been reported to be able to cause hypokale-
mia, and muscle necrosis as a result of this.2-19 Celiac disease
is one of such conditions, though very few cases have been
reported to date, and most of them occurred in children or
young patients.20-25

We report the case of an adult who had severe hypokalemia
leading to subsequent rhabdomyolysis and tetany as most sa-
lient findings, as well as other electrolyte disturbances, in the

setting of chronic diarrhoea and a malabsorption syndrome
caused by celiac disease.

CASE REPORT
A 38-year old male patient with an unremarkable history. He
reported progressive weight loss over the past months, toget-
her with generalised fatigue and muscle weakness. In the last
two months, the patient experienced liquid diarrhoea with no
pathological products that further worsened the condition.
Treatment with loperamide achieved no improvement. Mus-
cle weakness increased in the days before admission, mainly
affecting the deltoid area and legs. The patient had great diffi-
culty to walk and especially to climb stairs, and had to stop to
rest very frequently.

The following findings were made at the emergency
room: BP 129/79, HR 84 bpm, temperature 35.2ºC, SAT
O2 98%. Poor general condition, asthenic habit. Glasgow
15. Skin pallor, no signs of dehydration. Eupneic. CA:
Rhythmic sounds with no audible murmurs or rubs. PA: nor-
mal. Abdomen soft and amenable to pressure, no tenderness.
Peristalsis present. Generalised decrease in bone and tendon
reflexes Indifferent plantar reflex. No meningeal signs. Du-
ring his stay at the hospital ward and coinciding with stress
from blood sampling, the patient experienced bilateral car-
popedal spasm that subsided spontaneously after inspiration
and expiration in a plastic bag. Spasm subsequently recurred
in the left arm when the cuff for measuring blood pressure
was inflated.

A chest X-ray film on admission was normal. The ECG
showed sinus rhythm with normal atrioventricular conduction
with a tray-shaped ST segment descent with late negative U
wave and a diffusely long QT, suggesting hypokalemia.

Table I shows the main laboratory changes on admission
and their changes over time. Myoglobin was not tested. A
spot urine sample taken on admission showed: potassium
8.1 mEq/L, sodium 14 mEq/L, chloride 74 mEq/L, pH
6.5 with normal sediment.

Intensive therapy with parenteral fluids and electrolyte re-
placement was started. Table 1 details the treatment started.
Adequate urine output volumes were maintained throughout
hospital stay. No additional episodes of tetany occurred, and
muscle weakness gradually subsided. ECG changes had di-
sappeared on the sixth admission day. Both potassium and all
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other electrolytes progressively normalised, as well as hae-
mostatic changes.

Supplemental tests included fecal cultures and detection of
Clostridium difficile toxins, that were negative. Serologic
tests for HIV and hepatitis B and C viruses were also negati-
ve. TSH, cortisol, ACTH, and aldosterone levels were nor-
mal, as well as those of vasoactive intestinal peptide and cate-
cholamines in 24-hour urine. PTH levels were increased
(113 pg/mL), and vitamin D levels decreased (8 ng/mL). Vita-
min B

12
and folic acid levels were normal. Imaging tests (ul-

trasonography and abdominal CT scan) revealed no patho-
logy. No changes were seen in the EMG-ENG. Colonoscopy
was normal up to the hepatic flexure. Gastroscopy revealed a
normal gastric mucosa, showing an obvious atrophy of duo-
denal mucosa, from which biopsies were taken. Pathological
findings are described in Figure 1 caption. IgA antitransgluta-
minase and antigliadin antibodies were detected (> 100 U/mL
and 120 U/mL respectively).

Based on diagnosis of celiac disease, a gluten-free diet was
started, with a good response and gradual normalization of
bowel motions.

DISCUSSION
Severe hypokalemia, while rare, is a recognised cause of
rhabdomyolysis. This association has previously been repor-
ted. The reported causes of hypokalemia include renal tubular
acidosis,2 Bartter syndrome,3 Gitelman syndrome,4 licorice in-
take5 (mineralocorticoid effect of glycyrrhicic acid),
diuretics,6 laxative abuse,7 Conn’s syndrome,8 pheochromocy-
toma,9 alcoholism,10 amphotericin B,11 HIV,12 chronic intestinal

obstruction,13 Crohn’s disease,14 neuroendocrine pancreatic tu-
mour,15 ureterosigmoidostomy,16 short bowel syndrome,17 itra-
conazole therapy,18 and hyperemesis gravidarum.19 With re-
gard to celiac disease, since the first case was reported in
1982,20 five additional cases have been reported in which the
disease started with rhabdomyolysis induced by hypokale-
mia.21-25

Until recently, celiac disease was considered an uncom-
mon condition mainly affecting children. In the past
15 years, however, celiac disease has become an increa-
singly frequent diagnosis, and it is now considered an extre-
mely common condition affecting patients at all ages and
causing symptoms in multiple organ systems.26 A change in
its clinical presentation has reported in recent years. Symp-
tomatic cases with diarrhoea and weight loss are now less
common, and availability of serological tests has allowed
for an increasingly earlier diagnosis in the subclinical sta-
ges.27 In our patient, there was no doubt about diagnosis be-
cause of both the clinical presentation and the positive sero-
logical tests and duodenal biopsy.

In a patient such as the one reported here, with long-term
diarrhoea causing severe electrolyte deficiencies, metabolic
acidosis caused by gastrointestinal bicarbonate losses would
be expected, with a normal anion gap and a negative urinary
net charge (that would reflect urinary excretion of ammo-
nium, a usual renal response in metabolic acidosis of an ex-
trarenal origin).28 While the latter two conditions were met in
our case: Serum anion gap [Na+ - (Cl- +HCO-

3
)] = 11.4 and

urinary net charge [(Na+ + K +) – Cl- ] = -51.9, venous blood
gases were virtually normal on admission. An explanation
for this apparently paradoxal situation may be the existence
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Table I. Changes in blood laboratory test results during hospital stay. Treatment started is also detailed. Black
bars indicate duration of each medication

Day 1 Day 2 Day 3 Day 4 Day 6 Day 7 Day 8 Day 14 Day 17

CPK  (IU/L) 7,489 9,368 12,596 12,271 12,250 7,519 5,459 249 93
Potassium (mEq/L) 1.83 2 1.96 2.22 3.14 3.97 3.68 4.6 4.5
Calcium (mg/dL) 7.6 7.9 7.95 8.1 7.7 8 8 9.1 9
Creatinine (mg/dL) 0.72 0.6 0.6 0.5 0.4 0.4 0.6 0.6
Chloride (mEq/L) 106 102 104 106 104 107 97 104 105
Sodium (mEq/L) 146 143 145 143 139 140 140 142 142
Phosphorus (mg/dL) 1.36 2.7 3.89
Magnesium (mg/dL) 1.4 1.7 1,6 2.1 2.1
Prothrombin activity (%) 38.16 36.44 55.43 80 87
Haematocrit (%) 38.2 36.8 34 32 34.8 35.1
LDH (IU/L) 423 419 415 234 203
AST (IU/L) 190 296 203 75 50
Albumin (g/dL) 3.42 2.6 3.05 3.95 3.8
Total cholesterol (mg/dL) 80 66 79 125 120
pH 7.49 7.55 7.54 7.50 7.43 7.38
[HCO-

3
] (mmol/L) 28.6 36.3 37.6 31.4 24.5 26.7

PCO
2 

(mmHg) 38.5 41.8 45 41 37.1 45.9

Bicarbonate 1/6 M, 500 mL/24 hours IV
Magnesium sulphate 296 mg/24 h IV

Magnesium lactate 142 mg/24 h PO
Calcium gluconate 465 mg/24 h IV

Calcium pidolate 1 g + cholecalciferol 800 IU/24 h PO
Cloruro potásico EV Total administ. 820 mEq

Potassium bicarbonate 30 mEq/24 h PO
Vitamin K1 20 mg/24 h IV

Vitamin K1 10 mg/24 h PO
Fluid therapy IV Mean: 3.000 mL/24 h



of a mixed disorder of acid-base balance. When metabolic
acidosis coexists with metabolic alkalosis, virtually normal
values of pH, pCO2, and [HCO-

3
] may occur.29 Severe hypo-

kalemia (< 2 mEq/L) may cause alkalosis. This is because,
in response to low potassium levels, potassium is released
from intracellular deposits and a flow of sodium and hydro-
gen ions into the cell is generated, resulting in a paradoxal
situation: the existence of intracellular acidosis in the setting
of an extracellular alkalosis. Intracellular acidosis is one of
the main mechanisms that stimulate the systems secreting
hydrogen ions into the renal tubule lumen, and bicarbonate
is secondarily reabsorbed. In addition, by an ill-defined me-
chanism, potassium depletion is associated to an obligate
chloride loss in the distal tubule, which promotes a hypoch-
loremic state.30 Chloride depletion itself may play an essen-
tial role in maintenance of alkalosis together with other well
known mechanisms, such as depletion of the effective circu-
lating volume. In this latter situation, the renal tubule reab-
sorbs virtually all filtered sodium, which is associated to an
excess bicarbonate reabsorption. The possibility that our pa-
tient had volume depletion as a consequence of diarrhoea
cannot be ruled out. We may therefore hypothesise that aci-
dosis resulting from gastrointestinal losses of bicarbonate
and the alkalosis caused by severe hypokalemia together
with volume contraction due to diarrhoea counteracted each
other in our patient. 

The priority objective at treatment start was to prevent a
potential renal failure due to rhabdomyolysis because CPK
levels, which were already very high at baseline, showed an
ascending curve. Intravenous bicarbonate was therefore ad-
ministered, but at not very high doses. However, IV bicarbo-
nate was discontinued at 36 hours after finding that kidney
function was not impaired and urine output was adequate.
Seen in retrospect, bicarbonate use was undoubtedly risky,
since alkalosis could have aggravated hypokalemia and the
clinical signs of tetany, despite early start of both potassium

and calcium replacement. It may also be argued that if acute
renal failure had occurred, this would have greatly compli-
cated patient management. It is therefore difficult to esta-
blish general guidelines, and each clinician should decide in
each individual case which are the most appropriate actions.
However, close monitoring of clinical and laboratory para-
meters should be maintained at all times, as was done in our
patient.

Cases of celiac disease starting as tetany have also been re-
ported, but rhabdomyolysis was not found in any of them.31-34 In
our patient, tetany should be attributed to hypocalcemia resul-
ting form vitamin D malabsorption and deficiency. It should
be reminded that rhabdomyolysis is usually associated to hy-
pocalcemia due to calcium deposition in muscle tissue. The
tetany attack was triggered in the setting of an anxiety state
with subsequent respiratory alkalosis and ionic calcium de-
crease, with the enhancing effect of hypomagnesemia. While
calcium treatment is controversial in rhabdomyolysis,35 it was
required in our patient due to the presence of clinical symp-
toms. No rebound hypercalcemia occurred on normalisation
of muscle enzymes.

When serum potassium levels decrease to less than
2.5 mEq/L, muscle necrosis may occur through several me-
chanisms.11 The probability of muscle necrosis appears to be
related to the rate at which potassium levels decrease. Hypo-
kalemia may sometimes be overlooked due to the compensa-
tory increase in serum potassium levels caused by rhabdom-
yolysis itself. By contrast, in other cases the initial
hypokalemia subsequently becomes severe as a result of mus-
cle necrosis.36 It is admitted that for acute renal failure to
occur in cases of hypokalemic rhabdomyolysis, a number of
conditions such as dehydration, acidosis, physical exercise, or
nephrotoxic drugs should also be present.3

The patient reported had two additional marked electrolyte
disorders, hypomagnesemia and hypophosphatemia. Magne-
sium deficiency is considered to be severe when levels are
below 1.2 mg/dL. Symptomatic hypomagnesemia is fre-
quently associated to other biochemical abnormalities such as
hypokalemia, hypocalcemia, and metabolic alkalosis. As a re-
sult, it is often difficult to attribute specific clinical signs to
deficiencies in this mineral.37

Hypophosphatemia may be classified as moderate (1-
2.5 mg/dL) or severe (< 1 mg/dL). While most cases of rhab-
domyolysis associated to hypophosphatemia in humans have
been reported in the setting of alcoholism, an association bet-
ween rhabdomyolysis and hypophosphatemia has also been
reported in cases of anorexia nervosa.38 There is experimental
evidence in animals of a causal relationship between both
conditions.39

Despite such evidence, and though its possible contribution
cannot be ruled out, the fact that magnesium and phosphorus
depletion was not as severe as potassium depletion suggests
that potassium deficiency was the main factor responsible for
rhabdomyolysis.

To summarise, we report the case of a patient with celiac
disease starting in adulthood as rhabdomyolysis and tetany
caused by the severe electrolyte changes induced by the ma-
labsorption syndrome The rarity of the condition and its florid
clinical and laboratory changes make the case particularly in-
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Figure 1. Duodenal biopsy showing villous atrophy and severe inflam-
mation in the lamina propria (haematoxylin-eosin x 400). In the left
lower inset, enlarged image showing T lymphocyte infiltrate inside epit-
helium and in the lamina propria (CD3 immnunochemical stain x 400).
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teresting and may help clinicians rule out similar etiologies in
adult patients with a clinical picture consistent with the one
reported here.
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SUMMARY
We describe the case of a 36 year old man, habitual consumer
of cocaine, who after the inhaled cocaine consumption develops
acute renal failure secondary to massive left and segmental right
renal infarction. Although the most frequent complications asso-
ciated to cocaine consumption are of cardiovascular and neuro-
logical nature, the kidney can be frequently affected. 

Key words: Cocaine. Renal infarction. Cocaine intoxication.

RESUMEN
Describimos el caso de un varón de 36 años, consumidor
habitual de cocaína, que desarrolla un cuadro de insufi-
ciencia renal aguda, secundario a infarto isquémico masi-
vo en riñón izquierdo y segmentario en el riñón derecho.
Las complicaciones más frecuentemente asociadas al uso
de cocaína son de índole cardiovascular y neurológica, sin
embargo, la afectación renal es frecuente.

Palabras clave: Cocaína. Infarto renal. Intoxicación por cocaína.

INTRODUCTION
Cocaine has been associated to multiple complications, the
most common of which are cardiovascular and neurological.
Pulmonary, ocular, intestinal, haematological, and urogenital
complications have also been reported.1 The most common
renal complications are secondary to rhabdomyolysis2 or HBP
difficult to control with drugs.3-5 Acute renal failure, intersti-
tial nephritis, anti-MBG glomerulonephritis, thrombotic mi-
croangiopathy,6 or renal infarction7-11 less frequently occur.

CASE REPORT
A 36-year old male attended the emergency room for pain in
the flank and left lumbar fossa. The patient reported a history
of bilateral saphenectomy for varicose veins at the age of
32 and smoking (20 cigarettes daily) and habitual cocaine use
(the last dose had been taken on the night before admission).
Physical examination revealed high anxiety, sweating, skin

pallor and dry mucosal membranes, dyspnoea, tachypnoea,
rhythmic and regular heart sounds, tachycardia at 110 beats
per minute, and no murmurs. Pulmonary auscultation showed
preserved vesicular murmur with no added sounds. The abdo-
men was soft and amenable to pressure, with left lumbar pain
and negative renal fist percussion on both sides. BP:
165/110 mmHg, and temperature: 37ºC.

The following findings were made on admission: Labo-
ratory tests: Creatinine, 2.1 mg/dL; sodium, 142 mEq/L;
potassium, 4.4 mEq/L; CK, 66 U/L; LDH, 4371 U/L; total
bilirubin, 1,5 mg/dL; GOT, 143 U/L; GPT, 148 U/L; hae-
moglobin, 17.2 g/dL haematocrit, 49.3%; platelets,
272,000/mm3; white blood cells, 24,040/mm3 (94% segmen-
ted). Urine analysis: Protein > 400 mg/dL. Red blood cells:
> 300/L. No other changes. Urinary sediment: Abundant
white blood cells and red blood cells, a moderate number of
granular hyaline casts. Urine chemistry: Urea, 759 mg/dL;
creatinine, 159 mg/dL; Na, 82 mmol/L; potassium,
99 mmol/L. Chest X-rays showed no changes. An electro-
cardiogram revealed sinus rhythm at 100 beats per minute,
QRS axis at 60º with no repolarisation disorders. Abdomi-
nal and renal ultrasonography: Both kidneys were of nor-
mal size, with good corticomedullary differentiation and no
dilation of the collecting system. A 14-mm right cortical
renal cyst was seen. The bladder could not be assessed due
to gas interposition. A hyperechogenic, well defined lesion
1.5 cm in diameter, consistent with a hepatic angioma, was
seen in the liver.

SUPPLEMENTAL TESTS
Cocaine and opiates were found in urine (opiates had been
administered at the emergency room for severe pain). 24-hour
urine: Protein, 4 g. Creatinine clearance, 77 mL/min. Immu-
nological study (ANA, ANTI DNA, ENA, ANCA) was nega-
tive. Serological tests for HBV, HCV, and HIV were negative.

IMAGING TESTS
An abdominal CT scan with oral an intravenous contrast sho-
wed no changes in liver, spleen, pancreas, gallbladder, adre-
nals, bowel, and urinary bladder. Almost the whole left kid-
ney was hypodense, with some parenchymal area enhanced as
compared to spared parenchyma, showing no uptake in the
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late phase. The left kidney showed triangular hypodense
areas. These findings were considered to be consistent with
renal infarctions.

Selective arteriography with contrast showed multiple fi-
lling defects in the left renal artery due to thrombosis. Right
renal artery was patent, with minimum peripheral defects.

COURSE
Based on diagnosis of acute renal failure secondary to renal
infarction, anticogulant therapy was started consisting of
heparin sodium and subsequently acenocoumarol. Kidney
function showed little improvement despite an increased
urine output. Creatinine levels remained stable at approxi-
mately 2 mg/dL. Abdominal pain disappeared. During his
hospital stay, the patient experienced a self-limiting episo-
de of generalised weakness, paresis in the left upper limb,
and sensorial impairment. A CT scan of the head showed no
ischaemic foci. Patient was discharged on anticoagulation
with dicoumarin drugs. He returned at one month to the
outpatient clinic with no symptoms and BP values of
120/80 mm Hg, but a persistent kidney function impair-
ment, with creatinine levels of 2 mg/dL, creatinine clearan-
ce of 71 mL/min, a 24-hour urine output of 2000 mL, and
proteinuria of 402 mg/24 hours. Anticoagulant therapy was
maintained for 6 months.

DISCUSSION
The Spanish national drug plan (March 2007 report) shows
that 7% of the Spanish population aged 15-65 years have
used cocaine at least once during their lives. Cocaine is the
most commonly used drug after cannabis. At Hospital Clinic
in Barcelona, cocaine use was the second leading cause of
emergencies from abuse drugs during 2002.2 In the United
States, cocaine use causes annual hospitalisation costs of
80 million dollars.12 Cocaine-induce renal infarction has
been associated to cocaine use by both the intravenous and
inhaled routes.9

Cocaine use induces both acute and chronic changes in the
kidney. Chronic cocaine use triggers haemodynamic and
structural changes mediated by an increased oxidative stress
and stimulation of RAS that lead to mesangial matrix enlarg-
ment and increased tubulointerstitial fibrosis and atherogene-
sis. Cocaine has a potent vasoconstricting effect upon the vas-
cular smooth muscle. The intimate mechanism is not exactly
known, but it is known that calcium entry into the vascular
smooth muscle cell, endothelin synthesis, and catecholamine
production by the adrenal medulla are increased, with a si-
multaneous decrease in catecholamine uptake at the synapse.
Cocaine may acutely induce renal ischaemic infarction th-
rough its potent vasoconstricting effect and by changes in pla-
telet aggregation and an increased synthesis of thromboxan
A2.12-14

The reported case again shows that cocaine may cause se-
rious renal disorders, and though the most common causes
of renal damage are rhabdomyolysis and difficult to control
high blood pressure, complications secondary to renal ischa-
emia may also occur. The spectrum of severe complications

associated to cocaine use is increasing, and we should re-
member that the kidney is one of the target organs affected.
Studies should be conducted to elucidate the mechanisms of
renal damage. The possibility of renal damage associated to
cocaine should be suspected when faced with kidney disease
of uncertain etiology in a patient with difficult to control
HBP, renal infarction without other risk factors, or rhab-
domyolysis from an unknown cause. This patient had eleva-
ted LDH and liver enzymes, but CPK levels remained at all
times within the normal range, thus ruling out the presence
of rhabdomyolysis. It should not be forgotten that cocaine
addicts require multisystemic vigilance and that no specific
cocaine antidote is currently available, so that the only ef-
fective tool is prevention.

K. Furaz et al. Cocaine-induced ARF
case reports

Figure 1. Abdominal scan. Infarction of almost the whole left kidney,
and triangular ischaemic areas in the right kidney.

Figure 2. Selective renal arteriography. Multiple filling defects in the left
renal artery due to thrombosis. Right renal artery is patent, with mini-
mum peripheral defects.



Nefrología (2008) 3, 347-349 349

REFERENCES
1. Nzerue CM, Hewan-Lowe K, Riley LJ Jr. Cocaine and the kidney: a

synthesis of pathophysiologic and clinical perspectives. Am J Kidney
Dis 2000; 35 (5): 783-95.

2. El-Hayek BM, Nogué S, Alonso D y Poch E. Rhabdomyolysis, com-
partment syndrome and acute kidney failure related to cocaine con-
sume. Nefrología 2003; 23 (5) 469-70.

3. Marron B, Tuñón J, Santana H, Sanchís A, Albalate M, Ortiz A, Barat
A, Casado S, Caramelo C. Crisis vascular por cocaína: recuperación
del fracaso renal tras el abandono de la droga y control de la pre-
sión arterial. Nefrología 1999; Vol. 29. Número 2 190-193.

4. Rodríguez Jornet A, Andreu FJ, Mendoza D, Carvajal A, Sala M, Cer-
vantes M, García M. Malignant arterial hypertension and acute renal
failure caused by cocaine use. Nefrología 2000; 20 (6): 501-509.

5. Mendoza Asensi D, Rodríguez A, Carvajal A, Andreu FJ, Sala M,
Cervantes M. Acute renal insufficiency associated to cocaine con-
sumption. Rev Clin Esp 2004; 204 (4): 206-211. 

6. Volcy J, Nzerue CM, Oderinde A, Hewan- Iowe K. Cocaine-induced
acute renal failure, hemolysis, and thrombocytopenia mimicking th-
rombotic thrombocytopenic purpura. Am J Kidney Dis 2000; 35 (1):
E3. 

7. Goodman PE, Rennie WP. Renal infarction secondary to nasal insuf-
flation of cocaine. Am J Emerg Med 1995; 13 (4): 421-423.

8. Kramer RK, Turner RC. Renal infarction associated with cocaine use and
latent protein C deficiency. South Med J 1993; 86 (12): 1436-1438.

9. Saleem TM, Singh M, Murtaza M, Singh A, Kasubhai M, Gnanase-
karan I. Renal infarction: a rare complication of cocaine abuse. Am J
Emerg Med 2001; 19 (6): 528-529.

10. Sharff JA. Renal infarction associated with intravenous cocaine use.
Ann Emerg Med 1984; 13 (12): 1145-1147.

11. Huang CC, Kao WF, Yen DH, Huang HH, Huang CI, Lee CH. Renal
infarction without hematuria: two case reports. J Emerg Med 2006;
30 (1): 57-61.

12. Mochizuki Y, Zhang M, Golestaneh L, Thananart S, Coco M. Acute
aortic thrombosis and renal infarction in acute cocaine intoxication:
a case report and review of literature. Clin Nephrol 2003; 60 (2):
130-133.

13. Bemanian S, Motallebi M, Nosrati SM. Cocaine-induced renal in-
farction: report of a case and review of the literature. BMC Nephrol
2005; 22: 6-10.

14. Gitman MD, Singhal PC. Cocaine-induced renal disease. Expert
Opin Drug Saf 2004; 3 (5): 441-8.

K. Furaz et al. Cocaine-induced ARF
case reports



Nefrología (2008) 3, 350-359350

letters  to the editor

Impact of the
SEN-SEMFYC consensus
document on chronic
kidney disease upon
organisation of our
nephrology 
departments
Nefrología 2008; 28 (3) 350

To the editor: The challenge posed by
a pathology such as chronic kidney dise-
ase (CKD)1-3 imposes an adequate coor-
dination of the nephrology departments
and primary care (PC) centres.4 the re-
cently issued «SEN-SEMFYC consen-
sus document on chronic kidneys disea-
se» represents a significant effort in this
direction.

A concern arising when a standardised
procedure to manage CKD is prepared is
the potential saturation of nephrology
outpatient clinics. In our experience, im-
plementation of a common procedure
with PC led to a 40% increase in the
number of first visits in the first year.
This has led us to be cautious about crite-
ria to be agreed on. As regards values of
the glomerular filtration rate estimated
by the MDRD formula (eGFR), the do-
cument proposes referral of patients with

eGFR < 45 mL/min/1.73 m2 in those
older than 70 years and with eGFR <
30 mL/min/1.73 m2 in patients older of
70 years. Are these the most reasonable
criteria for all departments? 

In order to analyse their impact on
the Alcañiz health sector (Teruel), co-
vering an aged rural population of
83,456 inhabitants, we used our databa-
se of 18,922 patients over 18 years of
age who were performed laboratory
tests at our healthcare centres during
2006. CKD prevalence was 16.4%, and
208 patients would meet these referral
criteria. Use of values proposed in our
protocol (< 65 years, eGFR <
45 mL/min/1.73 m2; 65-80 years, eGFR
> 30 mL/min/1.73 m2; > 80 years,
eGFR < 20 mL/min/1,73 m2) would de-
crease this figure to 113 patients. The
characteristics of both groups are
shown in the table.

Result analysis suggests than in our
health sector we could use the referral
criteria in the consensus document in pa-
tients under 70 years of age, but always
stressing that morbidity and mortality
are particularly increased in males under
60 years of age with eGFR ranging from
45-60 mL/min/1.73 m2, who should be
considered at a high cardiovascular
risk.2 However, application of such crite-
ria would not be feasible to older pa-

tients, particularly those over 80 years of
age. The excessive patient volume and
the limited prevention of cardiovascular
and renal risk we could achieve lead us
to reconsider the question.5 In this case,
adequate patient management and refe-
rral of patients with progressive kidney
function impairment (since replacement
therapy is often feasible) or requiring
management of their complications (par-
ticularly anaemia) would be left at PC
discretion.

Based on these data, we think that
training and cooperation with PC and
adjustment of criteria for referral to
nephrology outpatient clinics based on
the capacity of each department are es-
sential for early detection and follow-up
of CKD. Adequate management of CKD
by PC in male patients younger than
60 years with eGFR values ranging from
45-60 mL/min/1.73 m2 and in those older
than 75-80 years with eGFRs ranging
from 20-30 mL/min/1.73 m2 is particu-
larly relevant.
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Table I. Characteristics of the population groups that would require referral
to nephrology outpatient clinics according to the different criteria
for the glomerular filtration rate estimated by the MDR formula

Prediction according Prediction according
to the SEN-SEMFYC to Alcañiz

document protocol

Study population
No. of patients meeting 

referral criteria
Sex (male/female)
Mean age
A. Age groups

< 65 years
65-80 years
> 80 years

B. Age groups
< 70 years
> 70 years

PCr (mg/dL)
GFR (mL/min/1.73 m2)
K/DOQI stage

– 3
– 4
– 5

18,922
208 (1.1%)

37.5%/62.5%
72.9 ± 14

50 (24%)
79 (38%)
79 (38%)

89 (42.8%)
119 (75.2%)
2.19 ± 0.98

30 ± 9.3

80 (38.5%)
116 (55.8%)
12 (5.7%)

18,922
113 (0.6%)

42.5/57.5%
67.1 ± 14

50 (44.3%)
47 (41.6%)
16 (14.1%)

56 (49.6%)
57 (50.4%)
2.39 ± 1.2
29.7 ± 11

46 (40.7%)
55 (48.7%)
12 (10.6%)
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Oliguric acute
renal failure as a
complication of
treatment of an
infrarenal aortic
aneurysm by
implantation of an
aortic stent
Nefrología 2008; 28 (3) 351

To the editor: Endovascular repair of
abdominal aortic aneurysm (AAA) is a
therapeutic alternative to open surgery
in selected patients.1,2 Occurrence of
acute renal failure (ARF) following im-
plantation of an aortic stent in a patient
with AAA is reported here.

CASE REPORT
A 58-year old male with a history of
NSAID intolerance, a former smoker of
60 cigarettes daily recently diagnosed
locally advanced non-small cell lung
carcinoma. The patient had started bi-
weekly chemotherapy with cisplatin-
gemcitabine, of which two cycles had
been administered. Baseline kidney
function was normal (serum creatinine
levels, 0.8 mg/dL).

The patient experienced acute is-
chaemia in the right lower limb. An
angio-CT revealed a 4.5-cm infrarenal
aortic aneurysm extending to common
iliac arteries and thrombosis of the
right external and internal common
iliac arteries. A right femoral throm-
boembolectomy was performed. One
day later, aneurysm exclusion was
performed using a left monoiliac aor-
tic stent and a left-to-right femorofe-
moral bypass. After this procedure,
the patient experienced oliguric ARF
that required haemodialysis replace-
ment therapy. Despite the finding of
vascular patency in the arterial Dop-
pler and control arteriography, kidney
function was not recovered, and conti-
nued haemodialysis was required. A
subsequent scan showed absence of
renal uptake. Because of the underl-
ying disease (lung cancer), vascular
conservative treatment was decided,
and the patient continued on haemo-
dialysis.

DISCUSSION
AAA is a serious vascular condition
characterised by a permanent focal di-
lation in the aorta.3 More than 90% of
AAAs are secondary to arteriosclero-
sis, and most of them are infrarenal in
location.4 This condition is more com-
mon in males, and its incidence subs-
tantially increases from 55 years of
age.5 Endovascular repair of AAAs is
an alternative to elective open surgery,
particularly in selected patients, with
low mortality and acute complication
rates.6 In the case reported, and becau-
se of the history of lung neoplasm, en-
dovascular repair was decided, and
oliguric renal failure occurred as a
complication of such procedure. Since
the subsequent arterial Doppler and
control arteriography showed patent
renal and femoral flow, and in the CT
scan the right kidney appeared normal
and the left kidney showed hypodense
areas suggesting infarction, the possi-
bility that the ARF was related to the
renal ischaemia-acute tubular necrosis
caused by the procedure and was po-
tentially reversible was considered.
Failure of kidney function to recover
over time may perhaps be related to
late migration of the stent to renal ar-
teries, which was subsequently confir-
med by the absence of renal uptake in
a scan.

In conclusion, migration of the aortic
stent is a potential cause of ARF in pa-
tients with AAA undergoing this endo-
vascular procedure.
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Acute renal failure
after intake of
mushrooms: the
orellanus syndrome
Nefrología 2008; 28 (3) 351-352

To the editor: Harvesting and intake
of wild mushrooms causes a signifi-
cant number of poisonings, particu-
larly in autumn. A patient with a mixed
syndrome of hepatic and renal failure
following intake of mushrooms from
the species Amanita phalloides and
Cortinarius orellanus is reported. No
description of any poisoning showing
such an association has been found in
the literature. A 74-year old male pa-
tients with an unremarkable history at-
tended the emergency room for intrac-
table vomiting and diarrhoea. The
patient reported to have taken mushro-
oms 12-15 hours before. Physical exa-
mination showed an acceptable gene-
ral condition and haemodynamic
stability. Laboratory test results inclu-
ded: urea 89 mg/dL, creatinine 3.4
mg/dL, Na 137 mmol/L, K 4 mmol/L,
GOT 1406 IU/L, GPT 1170 IU/L,
LDH 1319 IU/L. Coagulation: PAI
71%, APTT 43.4 sec, INR 1.24. Com-
plete blood count: Hb 18 mg/dL, hae-
matocrit 53.3%, WBCs 11,200/mm3

(N 78%). Urine: Na 30 mmol/L, K 66
mmol/L, urea 16.3 g/L, creatinine
155.4 mg/dL. Acute renal failure due
to volume depletion and hepatic failu-
re secondary to mushroom intake were
diagnosed, and the patients was admit-
ted to the intensive care unit. Treat-
ment was started with penicillin G so-
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dium, activated charcoal, water and
electrolyte replacement, pyridoxine,
vitamin K, traxenamic acid, and fresh
plasma. The reference liver transplant
unit was contact because of suspected
poisoning by Amanita phalloides. The
cytolysis pattern and coagulation
changes started to improve on the third
day of stay at the ICU, and the patient
was discharged to the gastroenterology
ward. On the fourth day of stay at the
ward (7 days since mushroom intake),
creatinine levels of 4.2 mg/dL (as
compared to a previous value of 1.5
mg/dL) were reported to the nephro-
logy department. Urine: Na 95
mmol/L, K 49.08 mmol/L, urea 14.94
g/L, creatinine 100 mg/dL, protein 0.5
g/L, no RBCs. Normal complete blood
count without eosinophilia, and nor-
mal C3 and C4. A further evaluation
ruled out a prerenal cause, nephrotoxic
agents, and an obstructive cause (by
ultrasonography). Since a relationship
with mushroom intake was suspected,
mushrooms were analysed by an ex-
pert mycologist, who identified seve-
ral species, including Amanita phalloi-
des and Cortinarius orellanus. Support
measures were started and an adequate
water balance was ensured. Patient re-
mained asymptomatic with a preser-
ved urine output and maximum creati-
nine levels of 7.1 mg/dL with
metabolic acidosis. Liver enzymes and
coagulation were normal. Renal repla-
cement therapy was not required at
any time, and kidney function gra-
dually improved until basal creatinine
levels of 2 mg/dL were achieved.
These levels have been maintained to
date. 

Mushroom poisoning is classified
into two large groups based on whether
the time elapsed from intake to symp-
tom occurrence is shorter or longer than
6 hours. Poisonings caused by the Ama-
nita and Cortinarius genera belong to
the latter group (2-21 days). The poten-
tial occurrence of mixed syndromes
due to the concomitant intake of several
species, as occurred in our case, should
also be taken into account.

Species from the genus Cortinarius
have two types of toxins, cortinarins
and orellanines. Orellanines show a
high renal tropism, inhibiting protein
synthesis in tubular cells. Orellanine
degradation produces oxygen free ra-

dicals and glutathione depletion. Ore-
llanines remain in renal tissue for up
to 6 months after intake.

Renal failure occurs in 30%-75% of
all poisonings depending on individual
sensitivity and the amount ingested.
End-stage chronic renal failure occurs
in approximately one third, temporal
haemodialysis is required in another
third in which total or partial recovery
of kidney function is subsequently
achieved, and the remaining third expe-
rience no renal damage.

Non-specific gastrointestinal symp-
toms initially occur. These are associa-
ted to urinary frequency, that is occa-
sionally followed by an oliguric phase
with onset of uremic symptoms. Hepa-
tic damage is rare, and some cases of
transient cytolysis have only been re-
ported.

Renal biopsy mainly shows intersti-
tial nephritis with tubular necrosis and
infiltration by lymphocytes, plasma
cells, and PMNs with no glomerular in-
volvement. 

There is no specific antidote. Treat-
ment should be supportive and sympto-
matic. Haemodialysis and plasmaphe-
resis are not effective for toxin removal
because of the long symptom-free pe-
riod involved in late diagnosis. Howe-
ver, good results have been reported in
some cases when performed within 5
days of poisoning. Use of corticoids
and N-acetylcysteine for its antioxidant
and glutathione-donating effect has
been reported, but their efficacy is con-
troversial.
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Acute pancreatitis
and polycystic
kidney disease

Nefrología 2008; 28 (3) 352-353

To the editor: Adults with polycystic
liver and kidney disease have cysts in
the kidneys and, in many cases, asymp-
tomatic cysts in the liver, pancreas,
ovaries, and spermatic duct.1,2 A patient
with polycystic kidney disease and pan-
creatic cysts who experienced acute
pancreatitis is reported. 

The patient was a 47-year old male
without no toxic habits. He had been on
regular haemodialysis since September
2006 due to adult polycystic liver and
kidney disease, and had underwent
nephrectomy because of multiple com-
plications derived from his renal cysts
(infections, ruptures…). 

The patient reported nausea, vomi-
ting, severe abdominal pain, and loose
stools. 

The most common extrarenal com-
plications in polycystic kidney disease
include cerebral aneurysms, hepatic
cysts, cardiac valve disease, colonic di-
verticulosis, and abdominal and ingui-
nal hernias.3

Physical examination revealed diffu-
se abdominal pain, liver increased of
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size, and peristalsis with no signs of pe-
ritoneal irritation. 

Laboratory tests showed the presen-
ce of high amylase, lipase, and CRP le-
vels and triglyceride levels of 218
mg/dL, with normal bilirubin, transa-
minase, LDH, and alkaline phosphatase
values. Electrocardiogram was normal.
No changes were seen in chest and ab-
dominal X-rays.

Antibiotic coverage and fluid the-
rapy were started, and absolute diet was
maintained.

A picture of severe abdominal pain
in epigastrium and the periumbilical re-
gion, often irradiating to the back, nau-
sea, and high serum amylase or lipase
levels usually confirms diagnosis of
pancreatitis. Fever and ST decreases in
the electrocardiogram are not uncom-
mon. 

While the main causes of pancreatitis
are stones, alcohol consumption, high
triglyceride levels, drugs, etc., it should
also be considered in the differential
diagnosis of abdominal pain in patients
with polycystic kidney disease.4

Ultrasonography revealed a liver
consistent with liver steatosis or chro-
nic liver disease, with multiple cystic

lesions. No stones were seen in the
gallbladder. The bile tract was not dila-
ted. Several cysts up to 2.6 cm in dia-
meter were seen in the pancreas. Bilate-
ral nephrectomy was performed. 

A CT scan of the abdomen identified
a cystic mass with a multilobulated
contour in the pancreatic neck region,
approximately 4.7 x 3.7 cm in size, that
dilated the pancreatic duct at pancreas
body and tail level (fig. 1). 

An echoendoscopy confirmed the
presence of multiple thin-walled, ane-
choic cysts of various sizes with no
solid contents in the pancreas head and
isthmus causing a 5-mm dilation in the
Wirsung’s duct. 

No fever or leukocytosis was found
at any time. The maximum amylase, li-
pase, and CRP levels achieved were
628 U/L, 8806 U/L, and 70 mg/L res-
pectively. These concentrations subse-
quently decreased gradually during the
course, abdominal pain improved, and
oral diet could be restarted at 4 days
with good tolerance.

The final diagnosis was acute pan-
creatitis, probably obstructive in nature.

As this was the first episode of pan-
creatitis, and given the clinical and la-

boratory improvement, a continued
watching attitude was decided, but if
the patient should experience a new
episode in the future4 or evidence of
chronic pancreatitis occurred,5 more ag-
gressive measures already used at hepa-
tic level,6 such as cyst aspiration and
sclerosis, surgical or laparoscopic treat-
ment, transplant, etc. would be conside-
red.

We think this is an interesting case,
because pancreatic extrarenal cysts are
usually asymptomatic.
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Chylotorax: an
uncommon cause
of pleural effusion
in patients on
haemodialysis
Nefrología 2008; 28 (3) 353-355

To the editor: Chylothorax is an ac-
cumulation of lymph (containing a
great amount of lymphocytes, triglyce-Figure 1. 
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rides, and chylomicrons) in the pleura
as a consequence of impaired drainage
of the thoracic duct. Chylothorax may
result from traumatic or non-traumatic
causes (such as neoplasms, sarcoidosis,
chest irradiation, etc.), but there are
also idiopathic forms.1,2

The thoracic duct may be damaged
during placement of central catheters or
as the result of stenosis or thrombosis
of the thoracic veins caused by the cat-
heter.3 However, it is noteworthy that
very few cases have been reported in
the literature despite the enormous
number of catheters placed.4

The case of a female patient on hae-
modialysis who developed chylothorax
secondary to a superior vena cava le-
sion related to the presence of a right
jugular catheter is reported here.

CASE REPORT
A 72-year old female patient included
in a regular haemodialysis programme
in April 2004 because of chronic kid-
ney disease secondary to diabetic
nephropathy. The patient had many
vascular access problems since she
entered the programme. She was ini-
tially placed a tunnelled right jugular
catheter. In May 2004, a brachiocep-
halic arteriovenous fistula was perfor-
med in the upper limb, but experien-
ced early thrombosis. A vascular study
considered a new fistula or prosthesis
unfeasible. In May 2005, oral anticoa-
gulant therapy was started due to cat-
heter dysfunction. An angio-MRI (fig.
1) showed stenosis of the right inter-
nal jugular and superior cava veins.
The superior vena cava was dilated
and a tunnelled catheter was placed
through the right jugular vein with the
tip at inferior cava level, which allo-
wed for continuing haemodialysis the-
rapy.

In November 2005, the patient ex-
perienced a gradual increase in dysp-
noea until she also suffered dyspnoea
at rest. Chest x-rays showed a right
pleural effusion with no fever or signs
of infection. Laboratory test results
included a WBC count of 9130/mm3,
haemoglobin 14.3 g/dL, creatinine 6
mg/dL, glucose 125 mg/dL, total pro-
tein 61.2 g/L, LDH 120 IU/L, trigly-
cerides 237 mg/dL, and cholesterol
178 mg/dL; Kt/V was 1.7 and protein

catabolic rate (PCR) 0.86. A thoracen-
tesis yielded a milky fluid with 1620
cells/mm3 (95% lymphocytes), gluco-
se 128 mg/dL, protein 34 g/L, LDH
86 IU/L, triglycerides 754 mg/dL, pH
7.43, and adenosine deaminase 15
IU/L. Cytology was benign and cultu-
re was sterile.

Based on a diagnosis of chylothorax,
a pleural draining tube was placed and
pleurodesis with talc was attempted, but
was ineffective. In March 2006, the pa-
tient was admitted for right upper lobe
pneumonia that improved on antibiotic
therapy. A CT scan of the chest showed
an encapsulated pleural effusion, with
prevented pleurodesis. Videothoracos-
copy was considered but was rejected by
the patient, who subsequently died from
septic shock of a pulmonary origin. Ne-
cropsy was not authorised.

DISCUSSION
Patients on haemodialysis may expe-
rience pleural effusion due to highly di-
verse causes.4 While exudates may
occur in the setting of infections, neo-
plasms, uremic pleuritis, or haemotho-
rax, transudates due to volume overload
or an impaired venous drainage occur
in most cases.4-7 Occurrence of chylot-
horax in patients on haemodialysis is
very uncommon.4

The cause of chylothorax in the repor-
ted patient is difficult to establish, but
caval stenosis or a direct lesion to the
thoracic duct may have possibly been in-
volved in its pathogenesis.8,9 Diagnosis
was confirmed based on the milky appe-
arance and composition of the fluid
(triglyceride levels higher than 110
mg/dL and elevated lymphocyte count).

Treatment of chylothorax is contro-
versial and depends on both its cause
and symptoms. The approach may
range from conservative treatment to
elective surgery.10 A low fat diet with
medium chain triglycerides (that are
directly absorbed to blood) is advised
to decrease the amount of lymph. Che-
mical pleurodesis using tetracycline,
bleomycin, or talc, and pleuroperito-
neal shunts have been shown to be
useful.10 In patients with vena cava
obstruction, angioplasty may solve the
problem.11 Surgery by minimally inva-
sive thoracoscopy with supradiaphrag-
matic repair or ligation of the thoracic
duct may correct chylothorax.2,10,12 In
order to prevent infectious complica-
tions and malnutrition, chylothorax
fluid has been successfully reinfused
during haemodialysis in some pa-
tients.4

To sum up, chylothorax associated to
central catheters for haemodialysis is
uncommon and requires adequate diag-
nostic evaluation and a specific thera-
peutic approach.
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Figure 1. Angio-MRI of the chest showing se-
vere stenosis of the superior vena cava (top
arrow) and filling defects suggesting venous
thrombi (bottom arrow).
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Mixed cryoglobulinemia
in patients with dual
HCV/HIV infection:
analysis of
cryoprecipitate as 
a therapeutic 
decision tool
Nefrología 2008; 28 (3) 355-356

To the editor: Infection by the hepati-
tis C virus (HCV) is the main cause of
mixed cryoglobulinemia.1,2 However, the
human immunodeficiency virus (HIV)
also causes cryoglobulinemia.3 In high-
risk people, dual HIV/HCV infection is
common. The decision to add treatment
for HCV to antiretroviral medication is
difficult, because it may be harmful in
immunodepressed individuals. A more
precise diagnosis is also required becau-
se occult infection exists, with a falsely
negative antibody test.4

In order to contribute to solve this pro-
blem, we studied cryoprecipitates from
HIV-positive patients with cryoglobuli-
nemia and membranoproliferative glo-
merulonephritis (MPGN). Serologic tests
were positive for HIV/HCV in one pa-
tient, and for HIV alone in two patients.

The result was markedly clear: in the
patient with dual infection, the cryopre-

cipitate only showed anti-HCV activity,
while in the two patients with HIV in-
fection alone, the cryoprecipitate only
showed anti-HIV activity. These data
allowed for taking the decision that
only one patient had to be receive treat-
ment for HCV. 

CASE 1
A 45-year old male with HIV and HCV
infection (genotype 1a) on antiretrovi-
ral therapy and with negative HIV load.
In March 2007, the patient experienced
nephrotic syndrome, and was diagno-
sed MPGN (table I). Cryoprecipitate
was positive for HCV alone, and addi-
tional treatment with alpha-interferon
was started.

CASE 2
A 36-year old male with HIV infection
detected two years before and diagnosed
of non-Hodgkin lymphoma in May
2006. He then had nephrotic syndrome
with normal kidney function and positi-
ve cryoglobulins (table I). No antibodies
to hepatitis C and B viruses were detec-
ted, and type I MPGN was diagnosed.
Cryoprecipitate was positive for HIV
and negative for HCV. Antiretroviral and
chemotherapeutic therapy was started.

CASE 3
A 35-year old male with known HIV
infection for eight years who showed

nephrotic proteinuria, normal kidney
function, and positive cryoglobulins
(table I). A type I MPGN was diagno-
sed. HIV was only shown to be present
in the cryoprecipitate, and treatment
with antiretrovirals and steroids alone
was started.

In all three cases, the cryoprecipitate
was separated from the supernatant by
centrifugation (3,000 rpm at 4 ºC), with
adhered proteins being removed by
washing with warm saline. Viral RNAs
were extracted using Cobas-Amplipred
(Roche). HIV and HCV loads were me-
asured by RT-PCR using Cobas-Ampli-
cor ultrasensitive for HIV-1 (limit, 50
copies/mL) and by PCR, using Taq
Man 48 for HCV (limit, 10 IU/mL).

Several studies have shown the rela-
tionship between HIV and HCV infec-
tions, and the role of cryoglobulins in
causing renal damage, particularly
MPGN.5-9 It is unknown whether the
higher percentage of cryoglobulinemia
found in cases with dual HIV/HCV in-
fection2 is due to one and/or the other
virus.3 No reference has found in the li-
terature with respects to the concomi-
tant presence of both viral particles in
the cryoprecipitate from patients with
dual HIV/HCV infection.

Analysis of the cryoprecipitate is a
useful tool for differential diagnosis of
cryoglobulinemia in patients with dual
HIV/HCV infection. It may also be
used as a supplemental test to rule out a
diagnosis in patients apparently mo-
noinfected by HIV.

Table I. Main laboratory data from the three patients at the time of cryo-
precipitate analysis

Case 1 Case 2 Case 3

Plasma creatinine (mg/dL) 3.5 0.73 1.4

Plasma albumin (g/dL) 3 2.4 1.3

Proteinuria (g/24 hours) 9 4 5

Complement C3 (mg/dL) 109 49 111

Complement C4 (mg/dL) 47 24 24

Cryoglobulins Positive Positive Positive

HIV viral load (copies/mL) 42 69,000 27,900

HCV viral load (copies/mL) 245,714 0 0

HIV viral load in cryoprecipitate (copies/mL) 0 1.200 700

HCV viral load in cryoprecipitate (copies/mL) 42,840 0 0

CD4 lymphocytes/mL 746 100 458

Table 1 shows the main laboratory data from the three patients at the time of cryoprecipitate analysis.
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Renal oncocytoma
and papillary
microcarcinoma
coexistint with cystic
disease acquired
before dialysis
Nefrología 2008; 28 (3) 356-357

To the editor: We report the case of a
76-year old female patient with acqui-

red cystic disease (ACD) who under-
went nephrectomy due to the occurren-
ce of images suggesting malignancy le-
ading to a diagnosis of associated
oncocytoma and papillary microcarci-
noma.

She had been diagnosed in 1982 of
HBP without renal involvement, and
experienced a cerebrovascular episode
leaving no sequelae. In 1999 the patient
showed clinical signs of nephrosis, and
a biopsy revealed membranous glome-
rulonephritis (GM) resistant to steroids
and azathioprine. She had glomerular
filtration rates of approximately 50
mL/min and nephrotic proteinuria. Tre-
atment was started in 2002 with my-
cophenolate mofetil with an excellent
response. Proteinuria decreased from
12.9 g to 1.03 g in 6 months, and even-
tually disappeared in 3 years, with Cr
levels of 1.6 mg/dL.

In December 2005, she was admitted
for anuria, oedema, and infraabdominal
pain, showing acute impairment in cre-
atinine (3.5 mg/dL), proteinuria of 4.2
g/24 h, and haematuria of 100 cells per
high-power field. Early haemodialysis
was required. A new biopsy was repor-
ted as sclerosis in 50% of glomeruli. A
majority of the other glomeruli showed
extracapillary GN with epithelial cres-
cents associated to GM, with moderate

interstitial fibrosis. Imaging studies
found images suggesting ACD, particu-
larly a 2.5-cm solid nodule in the upper
pole of the right kidney, suspected to be
malignant and for which nephrectomy
was performed.

The specimen showed multiple
cysts, and the 3-cm nodule was gre-
yish green in colour. Microscopically,
renal parenchyma was highly destruc-
tured, with sclerosis, crescents, and
severe tubulointerstitial involvement,
showing papillary and tubulopapillary
adenomas, eventually forming a papi-
llary microcarcinoma, and with abun-
dant oncocytic changes, forming in-
terstitial nodular aggregates. The
biggest nodule was a conventional on-
cocytoma.

Coexistence of GM and extracapi-
llary GN occurs in 3%-5% of biopsies
with a main diagnosis of GM, either at
the time of diagnosis or as transforma-
tion of a primary GM in cases of lymp-
hoproliferative disease, vasculitis, co-
llagen diseases…1,2 In this case, tumour
degeneration of an ACD provides the
additional mechanism of an extracapi-
llary GN related to neoplasm.

ACD has been considered virtually
exclusive of patients on dialysis, but
age, grade of CKD, and particularly
time since disease onset are also impor-

Figure 1. Epithelial crescents with significant proliferative activity close to oncoytic nodule
(MIB 1).
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tant, in our patient even with a kidney
function only slightly impaired.3-5

ACD is in turn determinant in the oc-
currence of renal cancer, appearing
most commonly as a papillary micro-
carcinoma, unlike in the general popu-
lation, in which clear cell carcinoma
predominates.5,6 We have found 5 cases
of oncocytoma reported as occurring in
association with ACD, 4 of them in pa-
tients on dialysis and one in the native
kidney of a transplanted patient. Our
case is the first reported occurring wit-
hout prior replacement therapy.7-9

Association of extracapillary GN to
renal neoplasms is well known,6,10 and
its relationship to oncocytoma,11 a rare
tumour that is usually associated to
other tumour cell lines, is doubtful.
Here, it would more probably be related
to the papillary microcarcinoma.

As a practical suggestion, we re-
commend that in patients with chronic
glomerular disease on immunosup-
pressants, screening for renal tumours
should be the same as in transplanted
patients.
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Acute renal failure 
after venography
Nefrología 2008; 28 (3) 357-358

To the editor: Venography is a pro-
cedure intended to ascertain the loca-
tion of veins in the arm in order to se-
lect the most adequate for performing
the arteriovenous fistula required for
haemodialysis. The case of a 73-year
old female patient with a history of
diabetes mellitus and high blood pres-
sure, both starting 20 years before,
atrial fibrillation, mitral and aortic ste-
nosis, chronic anaemia, and chronic
kidney disease diagnosed five years
before and monitored at our depart-
ment of nephrology, with creatinine le-
vels of 3 mg/dL and a creatinine clea-
rance of 15 mL/min, is reported here.
She was being treated with insulin,
acenocoumarol, furosemide, oral iron,
doxazosin, atenolol, isosorbide dini-
trate patches, folic acid, and omepra-
zole. The patient attended the hospital
reporting oligoanuria (150 mL/24 h)
for the past 24 hours after a veno-
graphy. There was no other potential

triggering factor of oligoanuria. Physi-
cal examination found no fever and
blood pressure values of 130/60
mmHg. CA: Rhythmic heart sounds.
PA: Preserved vesicular murmur.
Lower limbs: No oedema or signs of
DVT. Laboratory tests showed a nor-
mal WBC differential, haemoglobin
8.9, platelet count 159,000. Urea 104,
creatinine 7.2, sodium 128, potassium
4.6, LDH 564, elemental urine analy-
sis: pH 5, specific gravity 1005, positi-
ve protein (+++), sodium 13 mEq/L,
and potassium 53 mEq/L. The ECG
showed atrial fibrillation with contro-
lled ventricular response at approxi-
mately 80 bpm. Chest and abdominal
X-rays revealed no radiographic chan-
ges. During admission, patient recei-
ved intravenous fluid therapy, diure-
tics, and N-acetyl cysteine, showing
basal creatinine levels of 4 mg/dL at
three days of admission. 

Renal failure triggered by intrave-
nous contrast after a venography is very
uncommon, but has been reported as
one of its complications.1,2 Acute renal
failure caused by a contrast agent is de-
fined in absolute form as a 0.5 mg/dL
increase and in relative form as a 25%
increase in creatinine levels 48-72 h
after administration.3

Contrast-induced renal failure is
more common in patients who pre-
viously have some grade of renal in-
sufficiency, those with a prediabetic
state, those with diabetes mellitus star-
ting some years before,4-6 or patients
with hyperuricemia7 (values higher
than 7 mg/dL in males and 5.9 mg/dL
in females). The most common clini-
cal sign is oligoanuria from renal func-
tion impairment, occurring as a conse-
quence of renal vasoconstriction and
medullary hypoperfusion.8 There is no
defined treatment for contrast toxicity,
and there are different theories about
the most adequate treatment. Effective
treatment with fluid therapy and N-
acetyl cysteine has been reported in
the literature,9 but there are also arti-
cles reporting no benefits from use of
these treatments.10

1. Allon M, Robin ML. Increasing arteriove-
nous fistulas in hemodyalisis patients:
Problems and solutions. Kidney interna-
tional 2002; 62: 1109-1124. 



Nefrología (2008) 3, 350-359358

letters  to the editor

2. Asif A, Cheria G, Merrill D, Cipleu CD, Ta-
wakol JB, Epstein DL, Lenz O. Venous
mapping using venography and the risk
of radiocontrast-induced nephropathy.
Semin Dial 2005; 18: 239-242.

3. Mehran R, Nikolky E. Contrast induced
nephropathy: definition, epidemiolgy,
and patients and risk. Kidney Int Suppl
2006; 100: S11-5.

4. Toprak O, Cirit M, Yesil M, Bayata S, Tanri-
sev M, Varol U, Ersoy R, Esi E. Impact of
diabetec and prediabetic state on develop-
ment of contrast induced nephropaty in
patients with cronic kidney disease. Neph-
rol Dial Transplant 2007; 22: 819-26.

5. Asif A, Preston RA, Roth D. Radiocontrast
induced nephropathy. Am J Ther 2003;
10: 137-147.

6. Parfrey PS, Griffiths SM, Barret BJ, Paul
MD, Genge M, Withers J, Farid N, McMa-
namon PJ. Contrast material induced
renal failure in patients with diabetes me-
llitus, renal insufficiency, or both. A pros-
pective controlled study. N Engl J Med
1989; 320: 143-9.

7. Toprak O, Cirit M, Esi E, Postaci N, Yesil M,
Bayata S. Hiperuricemia as a risk factor for
contras induced nephropathy in patients
with chronic kidney disease. Catheter car-
diovasc Interv 2006; 67: 227-235. 

8. Erley CM. Does hydratation prevent ra-
diocontrast induced renal failure? Neph-
rol Dial Transplant 1999; 14: 1064-6.

9. Recio-Mayoral A, Chaparro M, Prado B,
Cozar R, Méndez I, Banarjee D, Kaski Jc,
Cubero J, Cruz JM. The reno-protective
effect of hydratation with sodium bicar-
bonate plus N-acetylcysteine in patients
undergoing emergency percotaneus co-
ronary intervention: the RENNO Study. J
Am Coll Cardiol 2007; 49: 1283-8.

10. Chong E, Zed PJ. N-acetylcysteine for ra-
dioconstrast induced nephropathy: Po-
tential role in the emergency depart-
ment? CJEM 2004; 6: 253-8.

J. J. Castellanos Monedero1,
A. Carreño Parrilla2, M. Arambarri
Segura2 and G. Caparrós Tortosa2

1Servicio de Medicina Interna. Hospital La Man-
cha Centro. Alcázar de San Juan. 2Servicio de
Nefrologia. Hospital General de Ciudad Real.
Correspondence: Jesus Javier Castellanos Mo-
nedero. castellanosvela@hotmail.com. Hospital
General de Ciudad Real.

Asepsis and automated
peritoneal dialysis
Nefrología 2008; 28 (3) 358

To the editor: Asepsis is essential in
automated peritoneal dialysis to pre-
vent infectious complications.

Patients undergoing automated peri-
toneal dialysis (APD) usually have a
lower risk of peritonitis as compared to

those subject to CAPD.1-4 However,
drainage fluid is stored in an open con-
tainer at room temperature. This contai-
ner is washed daily with diluted sodium
hypochlorite (bleach).

OBJECTIVES
To determine the contamination status
of the drainage fluid collected in the
container.

To assess whether this fluid storage
method involves an infection risk for
patients.

To ascertain whether the usual met-
hod for disinfecting containers is effec-
tive.

MATERIALS AND METHODS
Samples were taken from patients on
APD at our unit for Gram staining and
microbiological cultures in standard
and blood culture media. A manually
drained sample was collected in all
cases to be used as control.

In addition, serial samples were
taken from a patient subgroup to see the
type of flora and whether this was sen-
sitive to routine disinfection.

The drainage container was disinfec-
ted with diluted bleach.

RESULTS
Nine cases of patients on APD, whose
containers were cleaned daily, were stu-
died. 

The fluid in the container was conta-
minated by a germ in 5 cases (55.5%),
by 2 germs in 2 cases (22.2%), and by
more than 2 germs in another 2 cases
(22.2%).

Ten different germs were identified
out of the total 15 germs found. Of
these, 60% were Gram-negative and
40% Gram-positive organisms. 

The container fluid had Gram-nega-
tive germs in 5 cases, Gram-positive
germs in 3 cases, and both types of
germs in one case.

Most common germs included Serra-
tia marcescens, Pseudomonas putida,
Streptococcus agalactiae, Enterobacter
cloacae, and Staphylococcus epidermi-
dis, all of them identified twice, while all
other organisms only occurred once. 

Enterobacteriaceae accounted for more
than 40% of germs, while the remaining

organisms were mainly environmental
germs proliferating at room temperature.

Serial samples were taken in 4 cases.
When samples were taken after 24
hours, recurrence of some germ was
seen in 50% of cases. 

The control culture was negative in
all cases.

CONCLUSIONS
All fluids in the containers were conta-
minated.

Forty percent of contaminants were
enterobacteriaceae.

It is questionable that bleach remo-
ves contaminating germs.

Neither the container nor contamina-
ted drainage fluid caused infection in
patients.

The container is a safe but not com-
pletely aseptic model.
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Beçet’s disease in
a patient on
haemodialysis
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To the editor: Behçet’s disease is a
rare inflammatory disorder of an
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unknown origin defined by the pre-
sence of relapsing oral ulcers and at
least two of the following: genital ul-
cers, eye or skin lesions, and a positi-
ve pathergy test.1 Vascular involve-
ment as venous or arterial thrombosis
and aneurysms (vascular Behçet’s di-
sease) may be predominant and cause
morbidity and mortality.2 Renal in-
volvement has been reported in one
third of cases. In a series of 159 pa-
tients, it was secondary to amyloido-
sis in 69, to glomerulonephritis in 51,
from a vascular cause in 35, and to
interstitial nephritis in 4 patients.3

Glucocorticoids are the drugs most
commonly used in patients with mo-
derate to severe involvement,4,5 but
there is evidence of the value of cy-
closporin,6,7 azathioprine,8 cyclop-
hosphamide5 and, in recent years, in-
fliximab.9

We report the case of a 47-year old
male patient who first attended the
nephrology outpatient clinic in 2000.
He had been diagnosed Behçet’s dise-
ase based on clinical criteria, inclu-
ding the presence of oral and genital
ulcers and recurrent uveitis. He had
experienced an episode of deep vein
thrombosis. The patient was a HCV
carrier with no viral replication data
and normal liver function tests. He
had chronic renal failure with plasma

creatinine levels of 2.3 mg/dL and a
creatinine clearance of 37 mL/min,
normal urinary sediment and negative
proteinuria. This was related to a
nephritis-uveitis syndrome associated
to Behçet’s disease. Patient was trea-
ted with steroids first and then with
cyclosporin, adjusting dose to main-
tain trough levels of 50-100 ng/mL.
Kidney function gradually impaired,
and in May 2007 haemodialysis had to
be started. Because of the absence of
signs secondary to Behçet’s disease in
the last years, cyclosporin was discon-
tinued. In the following months, the
patient experienced skin lesions con-
sistent with seborrhoeic eczema in the
scalp and face, and a decreased visual
acuity probably related to a new epi-
sode of uveitis. An angio-CT scan of
the lower limbs requested before in-
clusion in the waiting list for kidney
transplant showed in the distal part of
the superficial femoral artery an
aneurysmal dilation up to the popliteal
artery (fig. 1).

After haemodialysis start and dis-
continuation of immunosuppressive
therapy, the patient developed eye,
skin, and vascular manifestations that
required surgery and led us to recon-
sider resumption of immunosuppres-
sive treatment. Cyclosporin was used
as immunosuppressant because neph-

rotoxicity was not a concern at this
time and avoidance of steroids, that
could promote HCV replication, was
desirable. Behçet’s disease is therefo-
re a multisystemic condition requi-
ring a multidisciplinary team for its
management. Though treatment dura-
tion is not clearly defined because of
the possibility of recurrence invol-
ving a high morbidity, an indefinite
therapy consisting of an induction pe-
riod with more aggressive drugs and a
maintenance period switching to
drugs with less side effects should be
considered.

Pre-transplant evaluation is another
aspect to be defined because vascular
signs, as occurred in the case reported,
may be a casual finding and affect vir-
tually any vascular territory. A vascular
systemic evaluation should be made
even in asymptomatic patients.
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ERRATA
In the article published in NEFROLOGÍA 2008; 28 (2); 151-158, an erratum occurred in prin-
ting article authors.

The article was headed as follows:

Report on the status of dialysis and transplant 
in Spain, 2005
J. Arrieta Lezama1, G. Gutiérrez Ávila2, I. Moreno Alía2, T. Sierra Yébenes3, C. Estébanez4, 
A. M.ª Olmos Linares4, R. González4, C. Fernández Renedo4, M. Arias5, J. Cotorruelo5, 
A. L. M. de Francisco5, O. Zurriaga6, M.ª J. García Blasco6, M.ª de los A. García Bazaga7, 
J. M. Ramos Aceitero7, A. Gil Paraíso8, A. Sánchez Casajús8, J. J. Unzue Gaztelu9 y A. Magaz Lago10

1Unidad de Información de Pacientes Renales de la CAPV. 2Registro de Enfermos Renales en Tratamiento Sustitutivo de Castilla-La Mancha.
3Sociedad de Nefrología de Castilla-La Mancha. 4Registro de diálisis y trasplante de Castilla y León. 5Unidad de Información de Pacientes Renales
de Cantabria. 6Registro de Enfermos Renales de la Comunidad Valenciana. 7Sistema de información de enfermos renales en tratamiento renal sus-
titutivo de la Comunidad Autónoma de Extremadura. 8Sociedad de Nefrología de La Rioja. 9Coordinación de Trasplantes de Navarra. 10COHS, Con-
sultores en Ciencias Humanas, S. L.
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The correct versión, that did appear in the *html version in the website, is as follows:

Report on the status of dialysis and transplant 
in Spain, 2005
Javier Arrieta1, Sistema de Información de la Coordinación Autonómica de Trasplantes de Andalucía,
Gonzalo Gutiérrez Ávila2, Inmaculada Moreno Alía2, Tomás Sierra Yébenes3, Carmen Estébanez4, 
Ana María Olmos Linares4, Raquel González4, Carlos Fernández Renedo4, Manuel Arias5, Julio Cotorruelo5,
Ángel Luis Martín de Francisco5, Oscar Zurriaga6, Mª José García Blasco6, María de los Ángeles García
Bazaga7, Julián Mauro Ramos Aceitero7, Antonio Gil Paraíso8, Ángel Sánchez Casajús8, Juan José
Unzue Gaztelu9, Registro de Insuficiencia Renal Crónica en tratamiento sustitutivo de Aragón, 
Sociedad Madrileña de Nefrología, Ángela Magaz Lago10.

1) Unidad de Información de Pacientes Renales de la CAPV; 2) Registro de Enfermos Renales en Tratamiento Sustitutivo de Castilla-La Man-
cha; 3) Sociedad de Nefrología de Castilla-La Mancha; 4) Registro de Diálisis y Trasplante de Castilla y León; 5) Unidad de Información de Pa-
cientes Renales de Cantabria; 6) Registro de Enfermos Renales de la Comunidad Valenciana; 7) Sistema de información de Enfermos Renales en
Tratamiento Renal Sustitutivo de la Comunidad Autónoma de Extremadura; 8) Sociedad de Nefrología de La Rioja; 9) Coordinación de Trasplan-
tes de Navarra; 10) COHS, Consultores en Ciencias Humanas, S.L.

We are sorry for this error and apologize the authors for the prejudice caused. This error has
been corrected in the *pdf version posted at the NEFROLOGÍA website and in the paper
offprints of the article.
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