
explanation appears unlikely as sevelamer is not absorbed
by the gastrointestinal tract and thus is devoid of any systemic
effect.

Previous studies have shown that sevelamer does not affect
absorption of digoxin, warfarin, enalapril or metoprolol [2,3].
Sevelamer does affect the bioavailability of ciprofloxacin [4].
Recently Guillen-Anaya reported an interaction between
sevelamer and cyclosporin A [5].

The primary amine groups of sevelamer are respon-
sible for the phosphate binding. These amine groups
become protonated at physiological pH (pKa¼ 9.5) [6],
are therefore cationic and bind negatively charged
phosphate ions. This results in lower serum phosphate
concentrations. Furosemide is anionic at physiological pH
(pKa¼ 3.9) [7] and can therefore bind to sevelamer at
physiological pH.

We observed that sevelamer can decrease the diuretic
action of furosemide when they are administered at the same
time. This interaction can be avoided by taking the drugs at
different times.

If this interaction occurs, the physician may erroneously
conclude that the remaining diuresis has declined and may
stop the diuretic therapy prematurely.

The consequences of this interaction have to be explored
further in clinical practice.

Conflict of interest statement. None declared.

1Department of Hanneke W. H. A. Fleuren1

Clinical Pharmacy Yuhan Kho1
2Department of Nephrology Martin M. J. Schuurmans2

Canisius Wilhelmina Hospital Ernst J. Vollaard1

Postbus 9015
6500 GS Nijmegen
The Netherlands
Email: hwha.fleuren@cwz.nl

1. Bleyer AJ, Burke SK, Dillon M et al. A comparison of
the calcium free phosphate binder sevelamer hydrochloride
with calcium acetate in the treatment of hyperphosphatemia
in hemodialysis patients. Am J Kidney Dis 1999; 33: 694–701

2. Burke SK, Amin NS, Incerti C, Plone MA, Lee JW. Sevelamer
hydrochloride (Renagel�), a phosphate-binding polymer, does
not alter the pharmacokinetics of two commonly used
antihypertensives in healthy volunteers. J Clin Pharmacol
2001; 41: 199–205

3. Burke SK, Amin NS, Incerti C, Plone MA, Watson N.
Sevelamer hydrochloride (Renagel�), a nonabsorbed
phosphate-binding polymer, does not interfere with digoxin
or warfarin pharmacokinetics. J Clin Pharmacol 2001; 41:
193–198

4. Kays MB, Overholser BR, Mueller BA, Moe SM, Sowinski
KM. Effects of sevelamer hydrochloride and calcium acetate on
the oral bioavailability of ciprofloxacin. Am J Kidney Dis 2003;
42: 1253–1259

5. Guillen-Anaya MA, Jadoul M. Drug interaction between
sevelamer and cyclosporin. Nephrol Dial Transplant 2004; 19:
1939–1940

6. Braunlin W, Zhorov E, Guo A et al. Bile acid binding of
sevelamer HCl. Kidney Int 2002; 62: 611–619

7. Moffat AC (ed.). Clarke’s Isolation and Identification of Drugs,
2nd edn. The Pharmaceutical Press, London: 1986

doi:10.1093/ndt/gfi020

Advance Access publication 26 July 2005

A rare case of alveolar haemorrhage
due to malignant hypertension

Sir,
We describe a patient with an alveolar haemorrhage that
probably arose due to malignant hypertension. A 26-year-old
man noticed a cough with clear sputum 10 days before
admission to the hospital. Six days before admission, he
flew from Miyazaki to Osaka, and returned 4 days before
admission. Two days before admission, he developed exer-
tional dyspnoea and haemoptysis. He had at least a 3 year
history of hypertension, but treatment was not administered.

Upon admission, his vital signs were as follows: blood
pressure, 210/150mmHg; pulse rate, 128 beats/min and
respiratory rate, 32/min. A fundus revealed severe hyper-
tensive changes consisting of retinal haemorrhage, soft
exudates and papilloedema. Laboratory data revealed
3.1mg/dl creatinine, 2.2 g/dl albumin, haemoglobin
13.0 g/dl, platelets 6.0� 104/ml, C-reactive protein
20.0mg/dl, haptoglobin <8mg/dl, and the absence of anti-
nuclear antibody, MPO-antinuclear cytoplasmic antibody
(ANCA), PR3-ANCA and anti-glomerular basement mem-
brane antibody. Plasma renin activity was 31.2 ng/ml/h and
plasma aldosterone concentration was 492 pg/ml. Ultrasonic
cardiograph revealed a conspicuous thickening of the left
ventricular wall (LVPWTd 22mm).

Bronchial intubation and mechanical ventilation was
applied, since the patient had become drowsy during
admission. Chest computed tomography examination
showed a prominent bilateral dense pulmonary infiltration
indicating alveolar haemorrhage. Bronchoalveolar lavage
(BAL) fluid contained increased numbers of red blood cells.
Hypertension was controlled at �150/90mmHg with a
calcium antagonist, b-blocker and angiotensin II blockade.
We performed a kidney biopsy and obtained 30 glomeruli.
The capillary walls of almost all of them were thickened
and wrinkled. Crescent formation was absent. A small artery
showed ‘onion peel’ thickening with a narrowed lumen.
An immunofluorescent study did not detect immunoglobulin
or complement deposition.

The mechanism of how malignant hypertension can
cause alveolar haemorrhage remains unclear, but humoral
factors might be involved in the alveolar capillaries [1].
A careful review of the patient’s medical history
showed that the symptoms worsened after flying to Osaka.
Since planes on this route travel at 8000m, the patient
would have been subjected to the equivalent of�2000–2500m
of altitude and 0.7–0.8 atm of air pressure [2]. We
supposed that this patient had mild congestive heart
failure and/or airway inflammation, that could cause more
hypoxia than in normal subjects. High-altitude pulmonary
oedema is a life-threatening condition caused by rapid
ascent to altitudes >2500m [3]. Grissom et al. described
a patient who developed high-altitude pulmonary oedema
after rapidly ascending a mountain [4] and in whom BAL
findings confirmed alveolar haemorrhage. We speculated
from these reports and the present findings that flying
at high altitude could trigger alveolar haemorrhage in
the presence of underlying conditions such as malignant
hypertension, mild congestive heart failure and airway
inflammation.
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A case of leptospirosis presenting
with end-stage renal failure

Sir,
Leptospirosis is a zoonosis caused by spirochetes.
Information concerning leptospirosis-induced end-stage
renal failure (ESRF) is very scarce [1]. This report describes
a young male patient presenting with leptospirosis who
continued as a chronic haemodialysis patient despite treat-
ment for leptospirosis.

A 21-year-old, previously healthy man, a farmer by pro-
fession, was brought to the Emergency Room on March 20,
2004 by relatives due to high fever, headache, nausea

and vomiting, and constant sleepiness. At admission, he was
lethargic and clinically dehydrated. At physical examination,
conjunctival congestion and petechia in the soft palate
region were observed. Pupils were symmetric and reactive.
No meningism was noted. Axillary temperature was 37.8�C,
blood pressure was 130/90mmHg and heart rate was
88 beats/min. Initial laboratory evaluation showed leukocyte
levels of 4200/mm3 with a fraction of 86% polymor-
phonuclear cells, haemoglobin at 9.2 g/dl, thrombocytes
at 62 000/mm3, serum urea at 474mg/dl, creatinine at
17.8mg/dl, albumin at 3.5 g/dl, uric acid at 10.2mg/dl,
serum sodium at 127mmol/l, potassium at 8.8mmol/l,
calcium at 8.9mg/dl, phosphorus at 6.1mg/dl and
proteinuria of 1750mg/day. Liver function tests, and
the levels of serum glucose, lactate dehydrogenase and
creatine kinase were normal. Arterial blood gases were
pH7.25, HCO3

� 8.5mmol/l, pO2 114mmHg and pCO2

22mmHg. Urinalysis showed microscopic haematuria, and
leukocyturia. The daily urine volume was 3000–5000ml.
Blood and urine cultures were sterile. Serum antibodies
for brucella, salmonella, toxoplasmosis, cytomegalovirus,
Epstein–Barr virus and hantavirus were negative. At
bone marrow biopsy, megakaryocytes were reduced.
Haemodialysis treatment was immediately initiated. In
addition, empirical antibiotic therapy was started using
cefoperazone/sulbactam.

His relatives stated that he lived in the south of Turkey,
which has a temperate climate, and that 20 days previously
he had worked without gloves in an irrigation channel
containing river water.

Leptospirosis was investigated 10 days after the patient’s
admission due to high fever, haematological and renal
abnormalities. No leptospira were seen in the blood under
dark field microscopy. Leptospira icterohaemorrhagiae
and Leptospira australis were positive by macrotube
agglutination (Danke-Seien) test. Leptospira immunoglo-
bulin M (Ig M) was positive by enzyme-linked immuno-
sorbent assay (ELISA). Blood samples were screened
for anti-leptospiral IgM antibodies using a Leptospira

Fig. 1. Interstitial mononuclear cell infiltration and mild fibrosis in the first kidney biopsy specimen [Trichrome staining (Gomori), �10].
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