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Severe theophylline poisoning: charcoal
haemoperfusion or haemodialysis?
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Summary
Theophylline poisoning with a blood level
of 183 mg/l in a 38-year-old man was
treated with activated charcoal by mouth,
but despite this the blood level of
theophylline rose and there was circu-
latory collapse with rhabdomyolysis,
acute renal failure and hyperthermia.
Treatment with charcoal haemoper-

fusion and simultaneous haemodialysis
was given, followed by continuous
arteriovenous haemodialysis (CAVHD).
Mean extraction rates of theophylline
were 26% during CAVHD, and 86% dur-
ing combined dialysis and charcoal
haemoperfusion. During combined treat-
ment, the mean extraction rate ofhaemo-
dialysis was 62%, compared with 48% for
charcoal haemoperfusion.
In summary, activated charcoal given

by mouth may be unable to prevent a rise
in blood levels and the development of
complications after substantial theophyl-
line overdose. If theophylline is to be
removed from the blood, a combination
of charcoal haemoperfusion and haemo-
dialysis will give the best clearance, but
haemodialysis alone may be effective.
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Introduction

In theophylline poisoning, activated charcoal
given by mouth has been shown to reduce the
half-life of the drug, and has been recom-
mended as first-line treatment. '7 However, its
efficacy has not been proven in massive over-
dose. Charcoal haemoperfusion has been
recommended as the technique of choice if
theophylline is to be removed.''4 However,
there are few data which compare charcoal
haemoperfusion with modem dialysis tech-
niques, using either biocompatible dialysis
membranes or continuous dialysis.
We present a case of theophylline overdose

treated with haemodialysis, charcoal haemo-
perfusion and continuous arteriovenous
haemodialysis (CAVHD). Extraction rates and
drug clearance rates were calculated for each of
these techniques.

Case report

A 38-year-old man with mild asthma took
approximately 100 tablets of theophylline slow
release 250 mg (Uniphyllin Continus, Napp
Laboratories, Cambridge, UK). Six hours later
he presented to hospital with a sinus tachy-
cardia of 125 beats/min and plasma potassium
level of 2.8 mmol/l.
Ten hours after admission he developed a

broad complex tachycardia with cardiac arrest
and fits. Sinus rhythm was restored by car-
dioversion. The blood level oftheophylline was
183 mg/l. Activated charcoal was given, at a
dose of 200 g followed by 50 g every two hours
via a nasogastric tube.

Seventeen hours after admission he developed
continual fitting with a supraventricular
tachycardia and respiratory arrest. He was
intubated and ventilated. He had profound
shock, and intravenous adrenaline and
noradrenaline were administered. He was
oliguric, and had a core temperature of 41.80C.
The blood level of theophylline had risen to
192 mg/l, despite the continued administration
of activated charcoal (figure).

Charcoal haemoperfusion was commenced
25 hours after overdose. Bilateral femoral
venous cannulae were inserted and blood
passed sequentially through a charcoal column
(Gambro Adsorba 300c), and an artificial
kidney (Fresenius F6) with bicarbonate
buffered dialysate at a flow rate of 500 ml/min.
Blood flow was 250 ml/min, and hydrocorti-
sone 100 mg and chlorpheniramine 4 mg were
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Figure Time course of theophylline levels and treat-
ment given. HP, charcoal haemoperfusion combined
with haemodialysis; CAVHD, continuous arterio-
venous haemodialysis
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Theophylline poisoning

given intravenously at the start of this treat-
ment.
Treatment was given for four hours (figure).

The blood level of theophylline fell to 36 mg/l,
and the pulse rate from 170 to 128 beats/min.
The following morning the blood level rose to
49 mg/l, and CAVHD was started, using
Dianel 6.1 dialysate at a flow rate of 1 1/h. After
40 h ofCAVHD the blood level oftheophylline
had fallen from 78 mg/l to 49 mg/l, but as there
was persistent tachycardia and the drug was not
being removed quickly, a second treatment
with charcoal haemoperfusion was given.
Thereafter the blood level was less than 10 mg/l.
There were no dysrhythmias after the start of

the first dialysis session, but the patient
remained oliguric for two weeks. The creatin-
ine kinase level was elevated at 31 000 iu/l, so

that rhabdomyolysis was considered to be a

major contributory factor in the development
of acute renal failure. Compartment syndrome
developed in the calves, and this was treated
with bilateral fasciotomies.

Despite the eventual recovery of renal func-
tion, he had sustained irreversible brain
damage and was unable to sustain spontaneous
ventilation. It was thought that he may have
sustained cerebral hypoxia either during resus-
citation from cardiac arrest, or while he was

profoundly shocked and receiving large doses
of intravenous noradrenaline. He died three
weeks after taking the overdose.

AMINOPHYLLINE CLEARANCES
Simultaneous blood samples were taken from
the afferent and efferent blood lines about both
the charcoal column and artificial kidney, and
also from the radial artery. Samples were also
taken across the artificial kidney during
CAVHD. Theophylline was analysed using the
Technicon theophylline assay (Bayer Diagnos-
tics). The assay is sensitive down to 2.5 mg/l
and the between-assay variability at a level of
30 mg/l is a standard deviation of 1.6 mg/l and a

coefficient of variability of 5.2. Extraction rate
and clearance were calculated according to the
formulae:

Extraction rate
(afferent level - efferent level)x 1000

afferent level
Clearance = extraction rate x blood flow (ml/min).

Four sets of blood samples for clearance
measurements were taken during each session
of charcoal haemoperfusion and haemodialysis
(table 1), and the mean extraction rates and
clearances for the combined treatment as well
as the dialysis and haemoperfusion components
are shown in table 2.

Table 1 also shows the blood levels of
theophylline during the first session of dialysis,
when simultaneous blood samples were taken
from the radial artery and femoral venous
cannula. Despite the tendency for recirculation

of blood from the efferent dialysis line to dilute
blood entering the dialysis circuit from the
femoral vein, the theophylline level was always
lower in the radial artery than in the afferent
dialysis line. This suggests release oftheophyl-
line into venous blood coming from the legs.

Table 1 Theophylline levels during char-
coal haemoperfusion and dialysis

Radial Dialysis Distal to Distal to
Time artery inlet HP HD

Ist HP andHD session
1 h 120.0 135.0 126.0 8.2
2 h 92.0 107.0 41.3 13.8
3 h 34.6 71.0 37.7 13.1
4 h ND 53.0 22.3 ND

CAVHD ND 78.0 - 57.5

2ndHPandHD session
10 min ND 36.2 1.0 0.9
1 h ND 27.9 5.9 3.3
2 h 22.7 ND 11.7 4.5
3h ND 14.7 10.1 3.2

The theophylline level in the CAVHD dialysate was
also measured, simultaneously with the other two
samples, and was 58.2 mg/l, indicating dialysis equili-
brium with the blood. CAVHD, continuous arterio-
venous haemodialysis; HD, haemodialysis; HP,
charcoal haemoperfusion.

Table 2 Extraction rate, clearance and half-
life of theophylline

Treatment Extraction Clearance Half-life
modality (%) (ml/min) (h)

Oral charcoal - - (rising
level)

CAVHD 26 - 15
HD 62 156 -
HP 48 120 -
HP + HD 86 215 2.5

CAVHD, continuous arteriovenous haemodialysis;
HD, haemodialysis; HP, charcoal haemoperfusion.

Discussion

This patient with severe theophylline overdose
manifested the expected features of poisoning
with blood levels ofover 175 mg/l (see box)." 2"15

In this case the administration of activated
charcoal by mouth was ineffective in prevent-
ing a rise in blood levels. Activated charcoal has
been shown to reduce the half-life of theophyl-
line in cases with blood levels of less than
60 mg/1.5-7 However, it is possible that in
substantial overdose the amount of theophyl-
line available for binding to charcoal may
exceed its absorptive capacity. Therefore when
activated charcoal is given by mouth, there
should be measurements of theophylline blood
levels.

In our case theophylline was removed from
the blood by dialysis combined with charcoal
haemoperfusion. Although most previous

Features of severe theophylline
poisoning

* hypokalaemia * hypotension
* cardiac dysrhythmias * hyperthermia
* fits * rhabdomyolysis
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reports have suggested that charcoal
haemoperfusion is superior to haemodialysis in
theophylline overdose, the published data were
obtained several years ago. In some cases
dialysis was performed using flat-plate artificial
kidneys and low blood flow rates.8"6 Our data,
as well as that of Krishna et al,'7 suggest that, if
charcoal haemoperfusion is not readily avail-
able, haemodialysis alone may be used. The
duration of treatment may need to be extended
if a charcoal column is not used, but we would
recommend that serial blood levels should be
measured whichever dialysis technique is used.
Are continuous methods of providing renal

replacement therapy useful in theophylline
poisoning? In recent years a number of new
techniques have been introduced, using either
arteriovenous blood flow, or pumped veno-
venous blood flow. This may be combined with
either continuous haemodialysis, or haemofil-
tration and replacement with an electrolyte
solution. Theophylline clearance during con-
tinuous dialysis has not previously been
reported.'4
CAVHD achieved an extraction rate of only

26% in our case. The clearance could not be
calculated, because there were no measure-
ments of blood flow through the CAVHD
circuit. However, the half-life of theophylline
during CAVHD was 15 hours, much longer
than that during combined charcoal haemoper-
fusion and haemodialysis. Thus continuous
dialysis methods are not likely to be useful in
theophylline overdose because of relatively low
flow rates of both blood and dialysate.
There was a significant rebound in blood

levels after the first treatment with charcoal
haemoperfusion, from 36 mg/l to 78 mg/l. This
phenomenon has previously been attributed to
delayed absorption of theophylline from the
gastrointestinal tract.'5",8 In our case, there

Severe theophylline poisoning

* oral activated charcoal may not prevent a rise
in blood level

* charcoal haemoperfusion is the treatment of
choice

* if this is not available, haemodialysis alone is
ofbenefit

were consistently higher theophylline levels in
the femoral vein than in the radial artery (table
1). This suggests the release of drug from the
leg. It is known that theophylline is distributed
in the body in a two-compartment manner."2
One of these compartments is the circulating
blood, but if a significant part of the second
compartment were muscle, then the drug could
be released after fitting and muscle damage.
Rebound in blood levels after an initial fall have
previously been reported in association with
fitting and severe muscle damage in the calves
requiring fasciotomy.'5

In conclusion, we have presented a case of
severe theophylline overdose, in whom treat-
ment with oral activated charcoal was not
sufficient to prevent a rise in blood levels. If
charcoal haemoperfusion is not available,
haemodialysis alone may be an effective
method for rapid theophylline removal. How-
ever, the extraction rate and half-life of
theophylline during continuous arteriovenous
haemofiltration did not provide rapid thera-
peutic benefit. If active elimination techniques
are to be used in cases of massive theophylline
overdose, they also need to be instituted early
and not, as here, 25 hours afterwards, when
cardiac arrest had already occurred and irrever-
sible brain damage had been sustained.
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