
Casuistic Contribution · Kasuistik

Onkologie 2003;26:469–472
DOI: 10.1159/000072981

Dr. med. Harald-Robert Bruch
Praxis für Hämatologie und Onkologie
Europaring 42
D-53123 Bonn
Tel. +49 228-644546, Fax -747680
E-mail bonner-onkologen@t-online.de

© 2003 S. Karger GmbH, Freiburg

Accessible online at: 
www.karger.com/onk

Fax +49 761 4 52 07 14
E-mail Information@Karger.de
www.karger.com

Schlüsselwörter
Kalziumfolinat · Natriumfolinat · 5-FU · Katheterokklusion ·
Rektumkarzinom

Zusammenfassung
Hintergrund: Bei der Behandlung des kolorektalen Karzi-
noms ist die sequentielle Therapie bestehend aus einer
2-stündigen Vorinfusion von Kalziumfolinat und einer
sich anschließenden 24-stündigen Dauerinfusion von 5-
Fluorouracil (5-FU) eine Standardtherapie. Basierend auf
neu veröffentlichten Daten wurde von uns eine Mischin-
fusion aus beiden Komponenten, 5-FU und Kalziumfoli-
nat, in einer Pumpe vorgenommen. Patient und Metho-

den: Wir berichten über einen Patienten mit einem Rekt-
umkarzinom. Nach einer Erst- und Zweitlinientherapie
wurde eine Drittlinientherapie begonnen, die aus einer
24-h-Dauerinfusion mit einer Mischung aus Kalziumfoli-
nat (1 000mg) und 5-FU (4 000 mg) in einem Gesamtvo-
lumen von 240 ml in einer Pumpe bestand. Nach 11 Ap-
plikationen entwickelte der Patient eine Urokinase-resis-
tente Portthrombose. Der okkludierte Port wurde chirur-
gisch explantiert und das im Lumen befindliche feste
Material analysiert. Ergebnisse: Das Material wurde mit-
hilfe einer rasterelektronischen Untersuchung und Rönt-
genspektralanalytik untersucht. Beide Untersuchungen
zeigten übereinstimmend, dass es sich bei dem Material
um Kalziumkarbonat handelt. Zusammenfassung: So-
wohl dieser Fall als auch die Analyse stimmen mit frühe-
ren beschriebenen Problemen und Ergebnissen überein.
Eine physikalische und/oder chemische in-vitro Kompati-
bilität von 5-FU und Kalziumfolinat ist ohne klinische
Überprüfung offensichtlich nicht für die routinemäßige
klinische Anwendung als Mischinfusion ausreichend.
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Summary
Background: The treatment of colorectal cancer with ad-
ministration of a 2-h infusion of calcium folinate followed
by a 24-h infusion of 5-fluorouracil (5-FU) is a standard
therapy. Based on newly published data we have applied
an infusion of both compounds, 5-FU and calcium foli-
nate, mixed together in an ambulatory pump. Patient

and Methods: We report on a patient suffering from
metastatic rectal cancer. After first and second line
chemotherapy we started third line chemotherapy con-
sisting of calcium folinate (1,000 mg) and 5-FU (4,000
mg) mixed together in a total volume of 240 ml in an am-
bulatory pump and administered over a period of 24 h.
After a total of 11 applications the patient developed a
port thrombosis resistant to lysis with urokinase. The
blocked catheter was surgically explanted and the firm
material inside was analyzed. Results: The material from
inside the lumen of the catheter was analyzed using x-
ray spectroscopy and a scanning electron microscopy.
Both analyses confirmed that the isolated material is cal-
cium carbonate. Conclusion: This case and the results of
the analyses are in accordance with the described prob-
lems and results published earlier. A physical and/or
chemical in vitro compatibility of 5-FU and calcium folin-
ic acid, without validated clinical data is not sufficient to
use this mixture in routine clinical practice.

Catheter Occlusion by Calcium Carbonate during
Simultaneous Infusion of 5-FU and Calcium Folinate 
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Introduction

Since the development of 5-fluorouracil (5-FU) by Heidel-
berger et al. [1] this drug is the most important component of
standard therapy in the treatment of colorectal cancer [2]. At
first 5-FU was administered as an intravenous short-time infu-
sion or as a bolus-injection. Later it became obvious that the
modulation of 5-FU by various compounds enhances the anti-
tumor activity. Especially the modulation with calcium foli-
nate is nowadays the generally accepted standard in the treat-
ment of colorectal cancer. In addition to the biochemical
modulation of 5-FU with folinic acid, it became more and
more obvious in the past years that prolonged infusion of
high-dose 5-FU over 24 h improves the activity of 5-FU with-
out increasing the toxicity [3–9]. Ardalan and co-workers first
described the concept of prolonged infusion of high-dose 5-
FU (2,600 mg/m2 weekly) in combination with calcium foli-
nate [10]. In several clinical studies high-dose 5-FU infusion
regimes have proven to be highly effective and superior com-
pared to bolus 5-FU treatment [11, 12]. Ardalan et al. [10] ini-
tially described the use of one pump with a mixture of 5-FU
and calcium folinate together as a 24-h infusion in a total vol-
ume of 100 ml. Soon it became evident that many catheters
were blocked by calcite (calcium carbonate) formation.
Ardalan and other authors speculated that the incidence of
catheter occlusion could be reduced by a more dilute concen-
tration of these two agents [10, 13]. Because of this complica-
tion Ardalan changed the mode of administration to the use
of two separate pumps to avoid this catheter occlusion. Later
on, due to its very encouraging results this original schedule
was modified by other groups to the prior administration of a
2-h infusion of calcium folinate followed by the 24-h infusion
of 5-FU via a portable infusion pump. However, in these stud-
ies the original results of Ardalan et al. could not be achieved
[6–9, 11, 12]. 
In 2002 individual providers of calcium folinate (e.g. Wyeth
Pharma GmbH, Germany) presented in-vitro data on physico-
chemical compatiblity in an infusion pump of calcium folinate
and 5-FU. To avoid catheter problems the volume was raised
form the 100 ml described by Ardalan et al. [10] to 240–250 ml.
These data were integrated in the summary of product charac-
teristics (SPC). Based on these new data we have applied an
infusion of both compounds 5-FU and calcium folinate mixed
together to one patient. The infusion was mixed in an ambula-
tory pump in a volume of 240 ml an infused over the period of
24 h. 

Case Report

A 53-year-old male patient was diagnosed with rectal cancer with metas-
tases in the liver and in lungs in August 2001. After preoperative
chemoradiotherapy (chemotherapy 2 cycles 5-FU, calcium folinate (Leu-
covorin®) in weeks 1 and 5 simultaneous to radiotherapy) the tumor was
surgically removed with palliative intention on October 10, 2001.

Histopathological staging was pT3 N1 M1 (PUL, HEP). A port catheter
system (Fresenius AG, Bad Homburg, Germany) was implanted October
19, 2001 in the right jugular vein. Palliative first and second line
chemotherapy was administered from November 2001 until May 2002
and consisted of 5-FU mixed with sodium folinate (Sodiofolin, Medac
GmbH, Wedel, Germany) solved in 120 ml sodium chloride 0.9% com-
bined with a preceding infusion of oxaliplatin or irinotecan, respectively.
After 23 cycles without any catheter problems we started a third line
chemotherapy of mitomycin 10 mg weekly bolus injection followed by the
schedule according to Ardalan et al. consisting of calcium folinate (1,000
mg) and 5-FU (4,000 mg) mixed together in a total volume of 240 ml sodi-
um chloride 0.9% in an ambulatory pump (LV10, Baxter GmbH, Mu-
nich, Germany) and administered over a period of 24 h. The mixture of
these both compounds was administered intravenously once weekly
through the same port as used before. In September 2002, after a total of
11 applications, the patient developed a port thrombosis, which was docu-
mented by venographic x-ray. To resolve this occlusion a lysis therapy
with urokinase was started on September 6 and 10 (each application
100,000 U). However, after treatment with urokinase catheter occlusion
was still present. The blocked catheter was surgically explanted (fig. 1)
and sent for further analysis to the analytic laboratory BioChem,
Kalrsruhe, Germany. 
The firm material inside the lumen of the catheter was removed, washed
and centrifuged. The purified residue was analyzed by x-ray spectroscopy
using calcite (calcium carbonate p.a.) as a reference sample (fig. 2). This
analysis showed that the precipitated material from the catheter is mainly
calcium carbonate. The additional peaks in the catheter-material are
traces of NaCl and a sulphur-containing drug, which were not completely
removed by washing. Further on, a scanning electron microscopy was
performed using the firm material from the explanted port in comparison
to the reference sample calcite (fig. 3). Concurrent to the results of the x-
ray spectroscopy both materials matched in their crystalline structure and
in size of their crystals although the surface of the crystals from the lumen
of the catheter were partially spoiled. Taken together, both analyses con-
firmed that the isolated firm material from inside the lumen of the ex-
planted blocked catheter was indeed calcium carbonate. 

Discussion

The combination therapy of 5-FU and folinic acid is undoubt-
edly the standard chemotherapy in the treatment of colorectal

Fig. 1. Explanted port. Arrows indicating the occlusion by a firm mate-
rial with the size of approximately 2 cm.
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cancer. It was shown that the 1–2-h infusion of calcium foli-
nate preceding a 24-h continuous infusion with high-dose 5-
FU appeared to be most practicable and superior to bolus 5-
FU and folinic acid or continuous infusion of high-dose 5-FU
alone [11, 12]. 
Since the development of combination therapy with high-
dose 5-FU and calcium folinate in the 1990s both drugs were
applied sequentially because of catheter blockage resulting
from the mixed application of 5-FU and calcium folinate de-
scribed by Ardalan et al. [10, 13]. In 2002 individual providers
of calcium folinate described the physical and chemical com-
patiblity of calcium folinate and 5-FU in an infusion pump in
an elevated volume of 240–250 ml (e.g. Wyeth Pharma
GmbH, Germany). The higher volume should overcome
catheter problems as originally described by Ardalan.
In the present case after 23 mixtures of 5-FU with sodium foli-
nate without any catheter problems a mixture of 5-FU and
calcium folinate was infused over 24 h weekly. After 11 appli-
cations the catheter was blocked and the occlusion was resis-
tant to a repeated lysis with urokinase. This blockage led to
the surgical removal of the catheter. The material from the lu-
men of the catheter was analyzed and found to be calcite.
There was no evidence of a catheter blockage caused by nor-
mal clotting. This case and the results of the analyses are in
accordance to the problems and results published by Ardalan
1991 and 1995. The catheter occlusion did not appear after the
first application but after 11 applications, which is in accor-

dance with the initial report of Ardalan (catheter occlusion in
the range of 8–24 weeks of therapy [10, 13]). 
To raise the volume of the mixture from 120 ml to 240 ml is
not sufficient to overcome the catheter occlusion. Marschall
et al. [14] report on their clinical approach about a mixture of
5-FU and calcium folinate in a total volume of 500 ml without
any catheter occlusion. Considering these results the volume
of 240–250 ml seems to be too low and should be increased for
further applications.
Considering the described case a simple physical and/or
chemical in vitro compatibility of 5-FU and calcium folinate,
as described in the SPC, without validated clinical data is not
sufficient to use it in clinical routine. It seems that the in vivo
condition within the lumen of the port differs from the in vit-
ro condition of the 5-FU and calcium folinate mixture in an
infusion pump. There seem to be some unknown factors
within the catheter which are responsible for calcite forma-
tion and those factors are missing in the in vitro setting. 
To overcome the described problems of catheter occlusion, a
new salt of folinc acid, sodium folinate, is now available. Sodi-
um folinate possesses the same pharmacological parameters
as calcium folinate and can be easily mixed to 5-FU in one
pump without risk of catheter occlusion. A clinical study us-
ing sodium folinate in the treatment of metastatic colorectal
cancer revealed a response rate and time to progression that
are fully comparable to regimes using the calcium salt of folin-
ic acid without catheter complications [15].

Fig. 3.
Pictures from scanning electron microscopy
from a) the firm material from the explanted
port and b) calcite (calcium carbonate p.a.) as
reference.

a b

Fig. 2. Results of x-ray spectroscopy of a) the
purified material from the lumen of the catheter
and b) calcite (calcium carbonate p.a.) as refe-
rence.

a b
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