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Methotrexate (MTX) is a folate antagonist with cytotoxic and immunosuppressant activity. Low-dose MTX
is widely used for psoriasis and usually does not cause
severe toxicities unless patient’s renal function is poor.
MTX is mainly excreted by glomerular filtration and
tubular secretion. If renal function deteriorates, MTX
will accumulate in the body and cause toxicity (1, 2).
Glucarpidase, a carboxypeptidase G2, can rapidly reduce
MTX concentrations independent of renal function, but
it is not available in every country (3). High-flux haemodialysis (HD) can remove MTX successfully in patients
receiving high-dose MTX (4). Although MTX has a
high clearance rate during HD, it is difficult to use HD
in patients with unstable haemodynamic. We reported a
case with unstable vital sign who received continuous
veno-venous haemofiltration (CVVH) to treat MTX
intoxication.

ally developed after MTX discontinuation and he visit our clinic
again. This time, the physician prescribed 10 mg MTX weekly.
Generalised itching with erythema and diarrhoea developed 2
days after the first dose of MTX. He took another dose one week
later and oral erosions and ulcers were noticed the following
day. He came to our clinic immediately and MTX intoxication
was suspected. Blood examination on the same day revealed
leucopenia, hypoalbuminaemia and renal failure (SCr: 6.2 mg/
dl). Decreased urine output, poor oral intake and severe diarrhoea were also noticed. His vital signs were normal except for
tachycardia. MTX plasma concentration on admission (about 48
h after the last dose of MTX) was 0.14 μmol/l. Leucovorin injection and hydration with urine alkalisation was given immediately.
The next day, the lab data revealed pancytopenia and further
deteriorated renal function (SCr:7.9 mg/dl). Granulocyte-colony
stimulating factor and famotidine were given for leucopenia and
anaemia. However, shock occurred later. Lab data still showed
leucopenia, deteriorated renal function (SCr: 8.7 mg/dl) and high
MTX levels (0.15 μmol/l). In addition, respiratory distress occurred, and he was intubated with mechanical ventilator support.
After transfer to the intensive care unit, antibiotics were used
for febrile neutropaenia. Pseudomonas aeruginosa was found in
blood culture. Due to shock and MTX intoxication, emergency
CVVH was applied. The haemofilter was Gambro HF-1400 with
polyarylethersulphone hollow fibre and a surface area of 1.4 m2.
The ultrafiltration rate and blood pump flow rate of CVVH were
35 ml/kg/h and 150 ml/min, respectively. After CVVH, MTX
level declined gradually (Fig. 1), and leucopenia recovered 6
days after admission. However, ST elevation myocardial injury
and ventricular arrhythmia (VT) occurred during the intensive
care treatment. His family refused further aggressive treatment
and inquired palliative care. Eventually, the patient passed away
after a VT episode.

CASE REPORT
A 48-year-old man had hypertension, diabetes mellitus, chronic
kidney disease and psoriasis for many years, and medications
were used chronically for underlying disease. Psoriasis was diagnosed at the age 35, and was treated with topical corticosteroids
and oral acitretin initially. Due to the exacerbation of psoriasis,
he started oral MTX 7.5 mg every week. Serum creatinine (SCr)
was 1.8 mg/dl at that time. The patient chose to discontinue the
medication and was lost to follow-up thereafter due to clinically
significant improvement. However, generalised itchiness gradu-
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Fig. 1. Methotrexate (MTX) serum
concentration and white blood cell (WBC)
count before and after a continuous
veno-venous haemofiltration (CVVH)
use. A gradual reduction in serum MTX
concentrations and recovery of WBC
count was observed after CVVH use. After
discontinuing CVVH, a rebound of MTX
levels were observed.
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DISCUSSION
The severity of MTX toxicity is related to the duration
of exposure to high MTX concentrations. The MTX
levels should be lower than 5, 0.1 and 0.05 μmol/l at
24, 48 and 72 h after MTX intake, respectively. In
this case, the MTX levels were 0.14 μmol/l at 48 h.
Although leucovorin rescue, hydration and urine alkalisation were applied, MTX toxicities still exacerbated.
Glucarpidase was not available (3). Extracorporeal
removal, such as HD, continuous renal replacement
therapy (CRRT) and haemoperfusion, is another way
to remove MTX. CRRT includes 3 primary variants:
CVVH, continuous venovenous haemodialysis (CVVHD), and continuous venovenous haemodiafiltration
(CVVHDF). Haemoperfusion is usually used for
highly protein bound molecules (5). Haemodialysis
and haemofiltration utilise diffusion and convection,
respectively, to remove solute (6). Diffusion methods
are usually more effective in removal of substances
than convection. Therefore, dialysis should be the first
choice to remove toxic substances. CRRT can remove
larger molecules (20,000 Dalton) than high flux HD
(up to 1000 Dalton) (7). However, high flux HD is
more effective than CRRT because of higher blood and
dialysate flow rate. Other determinants include blood
flow rate, protein binding, properties of the membrane
and volume of distribution (Vd) of solute (7). A solute
with smaller molecular weight, lower Vd (≤ 0.7l/kg)
and protein binding (< 80%) is easier to remove by
HD and CRRT (6). The physiochemical characteristics
of MTX, including a molecular weight of 454 Dalton,
a Vd of 0.4~0.8 l/kg, and a plasma protein binding of
50% at therapeutic plasma concentration, make its extracorporeal removal possible (8). The success of high
flux HD and haemoperfusion to treat MTX intoxication
has been published (4, 9). Three case reports showed
that CRRT could help eliminating MTX (10–12). All
these cases received high dose MTX for malignancy
(10–12). This is the first report to treat low dose MTXrelated toxicity by CVVH. Although the MTX levels
in our patient were much lower than other cases, it
still caused serious toxicity and resulted in death. This
suggests that MTX toxicities are related to exposure
time of high drug levels rather than the magnitude of
peak drug levels (13).
Because of profound hypotension (despite the use
of high dose inotropic agents), our patient received
CVVH rather than HD. The t1/2 of low dose MTX in
patients with severe renal insufficiency without dialysis
is around 42 h (14). In our patient, MTX was eliminated
very slowly when CVVH was not used in this case (Fig.
1). The MTX levels were below toxic levels 3 days
after CVVH use and leucopaenia gradually recovered
after MTX removal. A rebound of MTX levels when
CVVH was discontinued was observed, which was also
found in the 3 cases mentioned above (10–12). This
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phenomenon may be caused by redistribution of tissue MTX. Monitoring MTX levels for another several
days is recommended to ensure that MTX levels are not
within toxic range after CVVH is stopped.
ACKNOWLEDGEMENTS
We are grateful to Dr. Vin-Cent Wu (Department of Internal
Medicine, College of Medicine, National Taiwan University, Taipei, Taiwan) for his helpful discussion on the dialysis and CRRT.
The authors declare no conflict of interest.

REFERENCES
1. Chatham WW, Morgan SL, Alarcon GS. Renal failure: a
risk factor for methotrexate toxicity. Arthritis Rheum 2000;
43: 1185–1186.
2. Yang C-P, Kuo M-C, Guh J-Y, Chen H-C. Pancytopenia after
low dose methotrexate therapy in a hemodialysis patient: case
report and review of literature. Ren Fail 2006; 28: 95–97.
3. Buchen S, Ngampolo D, Melton RG, Hasan C, Zoubek A,
Henze G, et al. Carboxypeptidase G2 rescue in patients with
methotrexate intoxication and renal failure. Br J Cancer
2005; 92: 480–487.
4. Mutsando H, Fahim M, Gill DS, Hawley CM, Johnson DW,
Gandhi MK, et al. High dose methotrexate and extended
hours high-flux hemodialysis for the treatment of primary
central nervous system lymphoma in a patient with end
stage renal disease. Am J Blood Res 2012; 2: 66–70.
5. Bayliss G. Dialysis in the poisoned patient. Hemodial Int
2010; 14: 158–167.
6. Heintz BH, Matzke GR, Dager WE. Antimicrobial dosing
concepts and recommendations for critically ill adult
patients receiving continuous renal replacement therapy
or intermittent hemodialysis. Pharmacotherapy 2009; 29:
562–577.
7. Goodman JW, Goldfarb DS. The role of continuous renal
replacement therapy in the treatment of poisoning. Seminars
in dialysis 2006; 19: 402–407.
8. DRUGDEX System (Micromedex 20) Greenwood Village,
CO: Truven Health Analytics; c1974–2013. Available at:
http://wwwmicromedexsolutionscom/micromedex2/librarian# [Accessed May 8, 2014].
9. Nemoto T, Imai C, Kaneko U, Takachi T, Iwabuchi H,
Tanaka A, et al. Effect of charcoal hemoperfusion for
removal of plasma methotrexate in a patient with acute
renal failure. Pediatr Hematol Oncol 2009; 26: 520–525.
10. Goto E, Tomojiri S, Okamoto I, Tanaka K. Methotrexate
poisoning with acute hepatorenal dysfunction. J Toxicol
Clin Toxicol 2001; 39: 101–104.
11. Vilay AM, Mueller BA, Haines H, Alten JA, Askenazi
DJ. Treatment of methotrexate intoxication with various
modalities of continuous extracorporeal therapy and glucarpidase. Pharmacotherapy 2010; 30: 53e–58e.
12. Grafft C, Gunderson H, Langman L, Farmer JC, Leung N.
High-dose continuous venovenous hemofiltration combined
with charcoal hemoperfusion for methotrexate removal.
NDT Plus 2011; 4: 87–89.
13. Widemann BC, Adamson PC. Understanding and managing methotrexate nephrotoxicity. Oncologist 2006; 11:
694–703.
14. Thomson AH, Daly M, Knepil J, Harden P, Symonds P.
Methotrexate removal during haemodialysis in a patient
with advanced laryngeal carcinoma. Cancer Chemother
Pharmacol 1996; 38: 566–570.
Acta Derm Venereol 95

