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Summary

Background: Chelation therapy has been used as a
means of reducing the body burden of lead for five
decades. Intravenous sodium calcium edetate has
been the preferred agent, but there is increasing evi-
dence that dimercaptosuccinic acid (DMSA) is also
a potent chelator of lead.
Methods: Oral DMSA 30 mg/kg/day was admin-
istered to adults with blood lead concentrations
> 50mg/dl. The impact of DMSA on urine lead
excretion, on blood lead concentrations and on
symptoms was observed. The incidence and severity
of adverse effects was also recorded.
Results: Thirty-five courses were given to 17
patients. DMSA significantly (P< 0.0001) increased
urine lead excretion and significantly (P< 0.0001)
reduced blood lead concentrations. Mean daily
urine lead excretion exceeded the pre-treatment

value by a median of 12-fold with wide variation
in response (IQR 8.9–14.8, 95% CI 10.1–14.6).
Pre-treatment blood lead concentrations correlated
well with 5-day urine lead excretion. Headache,
lethargy and constipation improved or resolved in
over half the patients within the first 2 days of chela-
tion. DMSA was generally well tolerated, but one
course was discontinued due to a severe mucocuta-
neous reaction. There was a transient increase in
alanine aminotransferase (ALT) activity during 14%
of chelations. DMSA caused a significant increase
in urine copper (P< 0.0001) and zinc (P < 0.05)
excretion.
Conclusion: Oral DMSA 30 mg/kg/day is an effec-
tive antidote for lead poisoning, though there is a
wide inter- and intra-individual variation in
response.

Background

Lead poisoning is one of the oldest diseases known

to man and cases still occur from occupational

exposure1 and ingestion of lead-containing materi-

als.2 Lead has deleterious effects on all major body

systems at blood concentrations <30 mg/dl3–5 and is

particularly damaging to the developing nervous

system.6–8 Symptoms are particularly likely at

blood lead concentrations >50 mg/dl.3,9 Chelation

therapy has been used for over half a century as a

means of reducing the body burden of lead. While

no controlled clinical studies have been performed

to confirm that chelation reverses the clinical, bio-
chemical or physiological effects of lead, there are
substantial data from observational studies to sug-
gest improved outcome with chelation therapy.10–22

Intravenous sodium calcium edetate has been the
mainstay for treatment of lead poisoning for over
half a century. With evidence that the water-soluble
derivative of dimercaprol, dimercaptosuccinic acid
[the Recommended International Non-proprietary
Name (rINN) of the meso form is succimer; DMSA
is the shortened chemical name], is also a potent
chelator of lead,21–24 several countries, for example
the USA, have approved DMSA as the standard of
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care for moderate lead poisoning. However, in other
countries, sodium calcium edetate remains the pre-
ferred agent. Potential benefits of DMSA over intra-
venous sodium calcium edetate are that it may be
administered orally and causes less zinc depletion
than the parenteral antidote.20

It has been demonstrated that DMSA 30 mg/kg/
day is significantly more effective than either 10 or
20 mg/kg/day both in terms of enhancing lead excre-
tion and reducing blood lead concentrations.21 The
same study also showed that the typical rebound
increase in blood lead concentration after DMSA
therapy is largely complete within 1 week of the
last dose. For these reasons, DMSA 30 mg/kg/day
was administered to our patients and a break of at
least 1 week was interposed between each course to
allow time for redistribution of lead from bone to soft
tissues and blood.

Few clinical studies20,21,24 have involved daily
urine and blood measurement of lead, so the
impact of DMSA on the body burden of lead has
not been characterized fully. Our objectives were
to make a detailed assessment of the effect of oral
DMSA 30 mg/kg/day on urine lead excretion, blood
lead concentrations, symptoms attributable to lead
poisoning and the incidence and severity of adverse
effects, including depletion of essential trace metals.

Methods

Patients (>16 years) presenting with lead poisoning
between January 1991 and April 2008, regardless of
the source of exposure (occupational or ingestion of
lead-containing traditional remedies), and who had
a blood lead concentration >50mg/dl and who con-
sented to receive treatment, were admitted to the
West Midlands Poisons Unit (WMPU), City
Hospital, Birmingham, UK. A value of 50mg/dl was
chosen on the basis that although the literature and
clinical experience indicate that lead can cause
subtle health effects in adults at concentrations
<50 mg/dl, symptoms were more likely to occur at
>50 mg/dl. However, the presence of symptoms in
addition to a blood lead concentration >50mg/dl
was not an absolute requirement for inclusion
since a blood lead concentration >50mg/dl is by
itself evidence of lead poisoning. Admission not
only facilitated urine and blood collection but
also prevented the possibility of continued lead
exposure. Patients were given more than one chela-
tion course if the blood lead concentration at least
1 week after the initial course remained >50mg/dl
and they consented to treatment. The only exclusion
criterion was a previous confirmed or suspected
adverse reaction to DMSA.

DMSA 30 mg/kg/day was administered as a series
of courses each lasting for at least 5 consecutive
days. The decision when to terminate a DMSA
course after 5 days took into account resolution of
symptoms, daily urine lead excretion and reduction
in blood lead concentration. The course was
stopped short of 5 days only if there was non-
compliance or suspected adverse effects of
treatment. A complete break of at least 1 week
was interposed between courses to allow time for
redistribution of lead from bone to soft tissues and
blood.

Pre-treatment investigations included a 24-h urine
collection for measurement of lead, copper and zinc
excretion. Plasma creatinine concentrations, plasma
alanine (ALT) or aspartate aminotransferase (AST)
activities, serum zinc and copper concentrations
and a full blood count were also assayed. Serial
24-h collections of urine were made during treat-
ment for assessment of lead, zinc and copper excre-
tion. To maximize compliance, patients were
interviewed daily to confirm that no errors had
occurred in urine collection. If urine had been lost
for any reason, the collection was documented as
failed for that day. Blood lead concentrations were
measured daily and plasma zinc and copper con-
centrations were also monitored during each chela-
tion course. Plasma creatinine concentrations,
plasma ALT or AST activities and a full blood
count were measured during treatment. Symptoms
were recorded daily.

The results are reported to reflect the effect of
each day’s treatment. Thus, results reported as pre-
chelation (baseline or Day 0) are those from samples
taken in the 24 h before the first dose of chelation.
Thereafter, blood or plasma concentrations are rec-
orded at the end of the respective day’s treatment.
That is, ‘Day 1’ results are from samples drawn 24 h
after the first dose, ‘Day 2’ from samples drawn 24 h
after the second dose, etc. Similarly, urine metal
excretion results are presented to reflect the impact
of each dose so that ‘Day 1’ results are excretion
data for the 24 h immediately following the first
dose, etc.

Heavy metal analyses of blood, serum and urine
were undertaken by the Regional Toxicology
Laboratory at City Hospital, Birmingham, part of
the Supraregional Assay Service (SAS) for heavy
metals. Blood samples were immediately stored at
48C, either as whole blood (for lead) or after spin-
ning down and separating serum (for zinc and
copper). Analyses were undertaken usually in real
time and always within 1 week of collection. Urine
collections were measured and an aliquot was
saved at 48C until assay (usually within 1 week)
and then frozen as storage space allowed. Prior to
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2004, blood and urine lead and urine copper con-
centrations were measured by graphite furnace
atomic absorption spectrometry (GF-AAS), serum
copper and zinc and urine zinc concentrations
were measured by flame atomic absorption spectro-
metry (Flame-AAS). Thereafter, all analyses with the
exception of those for blood lead were performed
using inductively coupled plasma mass spectrome-
try (ICP-MS). Calibration was undertaken using
matrix matching, that is, using the same medium,
blood or urine, as that to be analysed. Analytical
accuracy was checked against assigned samples dis-
tributed to all SAS laboratories as part of the
approved quality control process. In addition, labo-
ratory performance was monitored by participation
in internationally recognized, accredited, external
quality assurance schemes, three for blood lead
and two for the remaining analytes. Biochemical
and haematological parameters were analysed by
the Department of Pathology, City Hospital,
Birmingham.

MinitabTM statistical software (release 13) was
used to analyse data. Data were tested for normality
using the Kolmogorov–Smirnov test with P<0.05 to
indicate a non-normal distribution. If this was the
case, pre- and post-treatment parameters were com-
pared using the non-parametric Wilcoxon one
sample test with significance at 5%. Where the
Kolmogorov–Smirnov test for normality resulted in
P>0.05, data were treated as a normal distribution,
using the paired t-test to compare differences before
and after treatment with a 5% level for statistical
significance. Correlation was measured using the
Pearson product moment coefficient for normally
distributed data and the Spearman correlation coef-
ficient for data that were not normally distributed.

Results

All patients who presented to the West Midlands
Poison’s Unit with a blood lead concentration
>50mg/dl consented to treatment with DMSA,
with the exception of one patient who had suffered
an adverse reaction previously (see below) and who
was treated with sodium calcium edetate. Thirty-five
courses of oral DMSA were given to 17 patients.
Patient ages ranged from 17 to 68 years (mean 45
years); of whom four were females. The mean� SD
of courses per patient was 2.1�1.3. Twenty-two
courses involved 11 individuals who had been
taking lead-containing traditional remedies for
between 3 weeks and 1 year for problems including
eczema, diarrhoea, diabetes, hypertension and
nocturnal enuresis. Ten courses were given to
five patients who had been exposed to lead

occupationally for several years. The source of
exposure for one patient (three courses 33, 34 and
35) could not be determined.

Chelation therapy commenced within 24 h of
completion of the pre-treatment urine collection in
33 cases and within 72 h in 1. On one further occa-
sion, the baseline investigations were 6 days before
DMSA as the patient was allowed home following
the pre-chelation assessment. DMSA 30 mg/kg/day
was administered as a single dose for 32 courses
and in divided doses in three to achieve compli-
ance. Thirty-two courses continued for at least 5
days and 12 of these continued beyond 5 days.
The decision to continue chelation beyond 5 days
was a clinical judgement based on the blood lead
concentration, evidence that the daily urine lead
excretion on Day 5 remained substantial and con-
tinuing symptoms. Three courses were discontinued
before 5 days; two (01 and 02) due to poor compli-
ance and the other (06) to the development of a
mucocutaneous eruption.

Urine collections during two 5-day chelations
(24,25) were incomplete due to lack of cooperation
by the patient. Complete urine lead excretion data
were available, therefore, for 30 5-day courses.
Figure 1 illustrates the median, IQR and range of
urine lead excretion and shows that the amount
eliminated falls with successive days of treatment.
In 26 of 30 courses of at least 5 days duration,
urine lead excretion was maximal during the first
day. Lead excretion on Day 1 expressed as the per-
centage of 5-day excretion varied between 23% and
46% (mean� SD 30.7�5.2, 95% CI 28.7–32.6%).

As paired data, there was a highly significant dif-
ference (P< 0.0001) in daily urine lead excretion
before and during 5 days of DMSA. The median
difference in daily urine lead excretion with chela-
tion was 1329 mg/24 h (IQR 975–2918, 95% CI
1243–2675 mg/24 h). The factor by which mean
daily urine lead excretion exceeded the pre-
treatment value varied between 1.3 and 37.1
(median 12.0, IQR 8.9–14.8, 95% CI 10.1–14.6).
This variation was observed not only between indi-
viduals but also in the same individual given
repeated courses. In one patient, during the
second course of chelation the urine lead excretion
was only 1.3 times greater than the pre-chelation
value. This is not easily explained but the possibility
of contamination of the pre-chelation sample cannot
be excluded.

Pre-treatment blood lead concentrations (Fig. 2)
correlated well (Spearman rank correlation coeffi-
cient 0.81, P< 0.0001) with the total 5-day urine
lead excretion for each course. The Spearman rank
coefficients for pre-chelation urine lead excretion
vs. 5-day urine lead excretion (Fig. 3) and for
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pre-treatment blood lead concentration vs. pre-treat-
ment urine lead excretion (Fig. 4) (n = 30) were 0.82
(P<0.0001) and 0.72 (P< 0.0001), respectively.

Blood lead data were available for 32 5-day
courses of DMSA. Figure 5 shows that the median
(with IQR and ranges) daily blood lead concentra-
tion fell fairly consistently with treatment. The

mean� SD blood lead concentration after treat-
ment was 42.8� 23.7 mg/dl, which was significantly
(P< 0.0001) lower than the mean� SD pre-
chelation value of 74.2� 19.9 mg/dl (95% CI for
the difference 25.7–37.4 mg/dl). The mean� SD
decline in blood lead concentration with chelation
was to 55.4�21.9% of the respective pre-treatment
value (95% CI 47.2–63.5%).

Twelve courses of DMSA extended beyond 5 days
though reliable urine data were available for only 11
of these. Table 1 summarizes the effect of chelation
beyond 5 days on urine lead excretion and shows
that whereas mean daily urine lead excretion during
the first 5 days was between 5.3 and 37.1 (median
13.1, IQR 10.9–22.8) times pre-chelation values, it
varied between 1.9 and 13.3 (median 7.6, IQR 3.0–
9.9) times for additional days. Thus, lead elimina-
tion substantially higher than pre-chelation was
achieved beyond 5 days in selected patients.

The effect on blood lead concentrations of pro-
longing treatment beyond 5 days is shown in
Table 2. In most cases, where the concentration
after 5 days remained >50% of the pre-chelation
value, additional treatment led to a further reduction
in the blood lead concentration. For one course (24),
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Figure 1. Median, IQR and range of daily urine lead

excretion with DMSA for 30 courses of at least 5 days

duration.
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Figure 2. Scatter plot of pre-chelation blood lead con-

centration and urine lead excretion during 30 5-day

courses of DMSA.
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Figure 3. Scatter plot of pre-chelation 24 h urine lead

excretion and urine lead excretion during 30 5-day

courses of DMSA.
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Figure 5. Median (IQR and range) blood lead concentra-

tions with DMSA 30 mg/kg/day for 32 five day courses.
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the lead concentration was slightly higher after 5

days’ chelation than before treatment. This is diffi-

cult to explain, but occurred in the individual in

whom urine data were not analysed due to extre-

mely poor compliance with sample collections.

Failed compliance with treatment may have con-

tributed or the patient may have continued surrepti-

tiously taking the lead-containing traditional remedy

that was the cause of poisoning.
The most commonly reported symptom was

headache (in 14 of 35 cases). This improved in

11 patients by Day 2 of treatment, in one by Day

5 and remained unchanged in the remaining two.

Lethargy, a presenting complaint in 14 patients,

improved after two doses of DMSA in 11 cases

and by the fifth dose in the remaining three. Seven

of 10 patients reported improvement in constipation

and in 6 of 7 abdominal pain resolved after 2 days

chelation. Dizziness, complained of by four

patients, resolved in one case before the first dose

of DMSA was given and in two others by the second

day of chelation. Other symptoms (impaired con-

centration, limb paraesthesiae, anorexia, nausea

and vomiting) showed some resolution after 2 to 3

days’ chelation with the exception of one of two

patients who listed weight loss as a presenting fea-

ture and a further patient in whom confusion was

not improved. In this patient, the abnormal mental

Table 1 Effect of DMSA beyond 5 days on urine lead excretion

Course code Further days

treatment

24-h urine (Pb mg)

Pre-chelation Mean of

days 1–5

Mean of

days 1–5/

pre-chelation

Mean of

further days

Mean of

further days/

pre-chelation

05 1 33 395 12.0 277 8.4

07 1 189 2483 13.1 1108 5.9

09 3 43 1030 23.9 574 13.3

12 4 200 3636 18.2 2358 11.8

13 4 920 4845 5.3 2775 3.0

15 3 612 5582 9.1 1800 2.9

16 1 84 1023 12.2 157 1.9

17 2 267 6081 22.8 2248 8.4

26 2 180 6669 37.1 1789 9.9

33 2 171 2611 15.3 1099 6.4

34 1 120 1312 10.9 911 7.6

Median (IQR) 2 (1–3.0) 180 (84–267) 2611 (1030–5582) 13.1 (10.9–22.8) 1108 (574–2248) 7.6 (3.0–9.9)

Table 2 Effect of DMSA beyond 5 days on blood lead concentration

Course

code

Additional days

treatment

Blood lead concentration as percentage of pre-chelation value

Day 5 Day 6 Day 7 Day 8 Day 9

05 1 44 40 – – –

07 1 47 46 – – –

09 3 36 33 30 26 –

12 4 73 82 75 65 48

13 4 67 62 61 53 51

15 3 62 54 54 54 –

16 1 48 a – – –

17 2 66 69 60 – –

24 3 102 98 91 a –

26 2 52 48 39 – –

33 2 93 83 82 – –

34 1 79 67 – – –

aPatient left before blood taken.
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state was thought to be primarily due to dementia
rather than lead poisoning. On seven occasions (five
patients) no symptoms were present prior to chela-
tion; six of these were second or third courses in
individuals whose symptoms resolved during their
first course of DMSA.

One course of DMSA was discontinued after
2 days due to the development of a mucocutaneous
reaction. Soon after the second dose, the patient,
who had no history of atopy or drug allergy, com-
plained of pruritus affecting the neck. A semi-
confluent erythematous rash developed over the
neck and forearms in the ensuing hours, associated
with a mild fever (37.98C). There was no wheeze or
other systemic effect and the white cell count was
normal. Further DMSA was withheld. The following
morning (�24 h after the second dose), the patient
was apyrexial but had developed ulcers in the oro-
pharynx. The opinion of an oral surgeon confirmed
a probable adverse drug reaction that settled over
3–4 days with conservative treatment. The patient
was not given further DMSA. This patient had
received five previous courses (01–05) of DMSA,
two of which (01, 02) had been discontinued
before 5 days, since the patient found the sulphur
smell of the tablets so unpleasant that she could not
cooperate fully with treatment.

Baseline transaminase (ALT, AST) activity was
increased (>50 IU/l) in 8 of 35 courses (range 56–
189 IU/l). In six, the activity normalized during
DMSA therapy, in one it remained stable and in
the patient with a pre-treatment activity of 189 IU/
l, there was a downward trend over 8 days to
121 IU/l at the end of the treatment.

Increased plasma transaminase activities were
recorded during 5 of the 27 chelations (in four
patients) for which baseline activity was normal. In
four of these five, a value above the normal range
was recorded on 1 day only (103 IU/l on Day 3,
53 IU/l on Day 4, 64 IU/l on Day 6 and 64 IU/l on
Day 2), and subsequently normalized in three
instances (not re-measured in the fourth). One che-
lation course was associated with a progressive
increase in ALT activity from 41 IU/l baseline to
97 IU/l on Day 5 when chelation was discontinued
(blood lead on Day 5 was 17mg/dl). One week later,
the ALT activity was 43 IU/l. All plasma creatinine
concentrations measured before and during treat-
ment were within the normal range.

In view of the occasional report of neutropenia in
association with DMSA therapy,28 a neutrophil
count was checked before, during and after chela-
tion, the latter within 2 days of completion of treat-
ment in all but three cases when the interval
between last DMSA dose and neutrophil count
was 4–17 days. Neutropenia was not observed.

Although continuous 24-h urine collections were

saved during all chelation courses, samples for six

courses were discarded accidentally after measure-

ment of the urine lead concentration. Patient com-

pliance with urine collections was unreliable in a

further two courses. Excretion data for zinc and

copper during chelation were thus only available

for 27 of 35 courses. Both mean daily urine zinc

(P = 0.013) and copper (P< 0.0001) excretion were

significantly increased by chelation. The 95% con-

fidence intervals for the increases were 40.0–

284.0 mg/24 h and 36.0–70.5 mg/24 h for zinc and

copper, respectively. For individual courses, mean

daily urine zinc excretion during chelation ranged

from 0.7 to 5.3 (median 1.5, IQR 0.9–2.6) times the

pre-chelation value, while the comparable values

for copper were 0.9 and 9.6 times (median 3.1,

IQR 2.3–4.3). This variation was observed not only

between individuals but also in the same individual

given repeated courses.
Serum zinc and copper concentrations for 35

courses of DMSA were measured before and

during treatment. The serum copper concentrations

were normal (0.7–1.6 mg/l) before treatment in all

but one course (pre-chelation value 0.6 mg/l) in

which it increased to within the normal range by

the end of the treatment. In the remaining 34 courses

for which data were available, in only one the serum

copper concentration was marginally below the

normal range (value 0.6 mg/l) by the end of the

course. This patient received a further course of

DMSA 2 weeks later during which the copper con-

centration returned to normal.
The pre-chelation serum zinc concentration was

normal in 22 of 35 courses. In 17 of these serum

zinc remained normal throughout chelation, while

in three courses there was a transient fall to 0.6 mg/l

during treatment (serum zinc was normal by the end

of each of these courses). In two courses, no further

serum zinc concentrations were measured after the

pre-chelation sample.
For 13 of 35 courses, the pre-chelation serum zinc

concentration was below the normal range of

0.7–1.6 mg/l with 9 values of 0.6 mg/l and 4 of

0.5 mg/l. In 11 of these, the daily serum zinc con-

centration fluctuated during chelation between 0.4

and 1.3 mg/l, though it was only below the normal

range at the end of chelation in four cases (with

values of 0.6 mg/l at the end of three courses and

0.5 mg/l at the end of one). In the 12th patient, who

had a low pre-chelation zinc concentration, the

values during treatment were normal. In the 13th

case, no further serum zinc concentrations were

measured.
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Discussion

We report the largest case series of adult lead poi-
soned patients treated with DMSA 30 mg/kg/day in
which comprehensive urine and blood data have
been collected. The effect of chelation on urine
lead excretion was the main outcome measure
investigated, as this is the only easily measured
parameter that can confirm a reduced body
burden of lead. Furthermore, because it is known
that there is a large variation in response to chela-
tion,22,23 it was considered mandatory to assess
enhanced elimination with reference to individual
pre-treatment values.

It has been customary, particularly in North
America for a 19- to 26-day regimen to be employed
in which DMSA 30 mg/kg/day is given for 5 days,
then 20 mg/kg/day for 14–21 days25–29 on the basis
that treatment beyond 5 days at a lower DMSA dose
will blunt the rebound in blood lead concentration
that follows cessation of chelation. However, in 19
lead-poisoned children given DMSA 30 mg/kg/day
for 5 days followed either by no further chelation
(n = 7), DMSA 10 mg/kg/day (n = 6) for 14 days or
DMSA 20 mg/kg/day (n = 6) for 14 days, the mean
blood lead concentration increased in all groups
between Day 6 and 20.30 Although this increase
was less marked in the 20 mg/kg/day group than in
the group receiving no treatment, 2 weeks later there
was no significant difference in mean blood lead
concentration between any group.

Farrar et al.31 compared the effect on blood lead
concentrations of the 19 day DMSA regimen (n = 7
children) and two 5-day courses of DMSA �30 mg/
kg/day separated by 1 week (n = 4). Four to six
weeks after completion of therapy, blood lead con-
centrations had fallen significantly in both groups
but the difference between treatments was not sig-
nificant. This study is difficult to interpret because
only two blood lead concentrations were measured
per patient, the second at least 4 weeks after
treatment.

As it has been demonstrated21 that DMSA 30 mg/
kg/day is significantly more effective than either 10
or 20 mg/kg/day both in terms of enhancing lead
excretion and reducing blood lead concentrations,
DMSA 30 mg/kg/day was administered to our
patients. Graziano et al.21 also showed that the typ-
ical rebound increase in blood lead concentration
after DMSA therapy is largely complete within 1
week of the last dose. For this reason, a break of at
least 1 week was interposed between each course to
allow time for redistribution of lead from bone to soft
tissues and blood.

The median increase in daily urine lead excretion
was 12.0 times baseline (range 1.3–37.1). This is

comparable with that observed by others. For exam-
ple, Restek-Samarzija et al.32 found a mean� SD
increase in urine lead excretion of 14.4� 4.3-fold
(range 9.4- to 22.5-fold) in seven Croatian battery
workers given oral DMSA 2100 mg/day (30 mg/kg/
day if the body weight was 70 kg) for 5 days.
Fournier et al.22 recorded an increase in mean
daily urine lead excretion of 4.5–16.9 times pre-
chelation values in six patients given DMSA
30 mg/kg/day for 5 days. Restek-Samarzija et al.32

found that the first dose of DMSA had the greatest
impact on 24-h urine lead excretion in most (5/7)
patients, as in the present series.

Some authors have observed a greater impact on
urine lead elimination with DMSA therapy. In six
occupationally poisoned men, Graziano et al.21

found that the mean daily urine lead excretion was
about 17 times (estimated from a graph) greater than
the mean pre-chelation value after oral DMSA
30 mg/kg/day for 5 days. These men had similar
pre-chelation blood lead concentrations (mean
79mg/dl) to the patients in the present series (mean
75mg/dl) suggesting that the greater effect was not
due to higher pre-chelation blood lead concentra-
tions. Moreover, five children with a mean blood
lead concentration of 36mg/dl showed an increase
in mean urine lead excretion of approximately 16
times the mean pre-chelation value during oral
DMSA 1050 mg/m2/day (equivalent to 30 mg/kg/
day) for 5 days.24 Nineteen children (mean pre-
treatment blood lead concentration 53mg/dl) treated
with the same regimen30 had a mean daily urine
lead excretion about 20 times greater than pre-
chelation.

Chisolm,33 described a series of 59 children with
blood lead concentrations of 25–66 mg/dl who
received a total of 116, 26–28 day courses of oral
DMSA. DMSA was given in a dose of 1050 mg/m2/
day (�30 mg/kg/day) for the first 5 days, then
700 mg/m2/day for 21–23 days. Urine lead excretion
data (as the ratio of microgram lead: mg creatinine
per sample) were available before and for a 6-h col-
lection at the end of the first week of treatment in
nine cases and showed a mean� SD increase of
5.1�2.9-fold (range 1.8- to 9.8-fold). The time of
urine collections during chelation was not specified
with respect to time after DMSA dosing and is there-
fore difficult to interpret. In addition, the children
were being treated on an outpatient basis and com-
pliance with therapy could not be assured.

Ten occupationally exposed workers (mean� SD
blood lead concentration 67.9� 8.8 mg/dl) showed a
significantly (P< 0.0001) increased mean� SD
urine lead excretion from 89.1� 62.3 mg/g creati-
nine to 885�374 mg/g creatinine, measured 12 h
after completion of a 5-day course of DMSA
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(600 mg daily; 8.6 mg/kg/day assuming a body
weight of 70 kg).34 The mean� SD increase was
14.2�9.8 (range 6.3–33.5) times the pre-chelation
value. Lead excretion was based on a spot urine
sample rather than continuous collection.

Pre-treatment urine lead excretion might be
expected to reflect readily-mobilizable lead and
thus correlate with the amount of lead removed
during chelation. This was found to be true in the
present series (Spearman rank correlation coefficient
of 0.82). In addition, pre-treatment blood lead con-
centrations correlated well (Spearman rank correla-
tion coefficient 0.81) with 5-day urine lead
excretion suggesting that the blood lead concentra-
tion is a good indicator of the DMSA-chelatable
body lead burden. A similar positive correlation
(Pearson’s correlation coefficient r = 0.73) was pre-
sent between the pre-treatment blood lead concen-
tration and urine lead excretion in the seven patients
investigated by Restek-Samarzija et al.32

In our patients, the blood lead concentration
(n = 32) fell from a mean� SD of 74.2� 19.9 mg/dl
to 42.8� 23.7 mg/dl at the end of 5 days’ treatment,
a decline to 57.7% of the mean pre-chelation value.
However, if individual post-chelation blood lead
concentrations are utilized and expressed as the per-
centage of their respective pre-chelation concentra-
tion, the mean� SD fall was to 55.4�21.9% (range
9.4–102%).

This percentage fall is comparable with that
reported by others. For example, the mean blood
lead concentration in eight patients given DMSA
30 mg/kg day for 5 days fell to 51% of the mean
pre-chelation value (from 93 to 48mg/dl).22 The
mean blood lead concentration fell from 38mg/dl
pre-chelation to 17mg/dl at the end of the first
week, a decline to 45% of the pre-treatment value
in 39 children administered 66 courses of DMSA
with ‘excellent and good compliance’.33 At this
point, the children had received 5 days’ DMSA
30 mg/kg/day and 2 days’ DMSA 20 mg/kg/day.

Several papers35–37 have been published based
on the data collected during a large trial involving
multiple clinical sites across North America, in
which 780 children aged between 12 and 33
months with blood lead concentrations between
20 and 44 mg/dl were randomized to receive either
placebo (n = 384) or up to three 26-day courses of
oral DMSA (30 mg/kg/day for 7 days then 20 mg/kg/
day for 19 days, n = 396). Blood lead concentrations
were measured on Days 7, 28 and 42 after the
beginning of each course of DMSA. Thus, data on
Day 7 were at completion of the 30 mg/kg/day part
of the treatment. The blood lead concentration fell
from a mean pre-treatment concentration of
26.5�5 to �13.5 mg/dl,36 a fall to �50% of the

mean pre-chelation value which corresponds clo-
sely to the present results.

Graziano et al.30 observed a greater decline in
mean blood lead concentration to 39% of the pre-
chelation mean (from 52.5 to 20.5 mg/dl) in 19 chil-
dren administered DMSA 30 mg/kg/day for 5 days.
Two smaller case series21,32 also reported greater
reductions in mean blood lead concentrations fol-
lowing 5 days of chelation with DMSA, to 27%32

and 29%,21 respectively, of the mean pre-chelation
values. The greater effect in these studies is not
easily explained. One32 involved seven occupation-
ally poisoned men with a mean� SD pre-chelation
blood lead concentration of 45.3� 8.9 mg/dl, which
fell to 12.3� 2.5 mg/dl after 5 days DMSA 30 mg/kg/
day. The other21 involved six occupationally poi-
soned men in whom the mean� SE blood lead con-
centration fell from 79� 5mg/dl to 23.7� 7mg/dl
after 5 days of chelation with DMSA.

Su et al.38 reported two children treated with the
19-day DMSA regimen in whom the follow-up
blood lead concentrations were measured after the
fifth dose of DMSA 30 mg/kg/day. The results can,
therefore, be compared directly with data from the
present series. In these children, the pre-treatment
blood lead concentrations were 52 and 62 mg/dl,
which fell to 18 and 21 mg/dl, respectively, after che-
lation, that is, the blood lead concentrations fell to
35 and 34% of the pre-treatment values.

In 10 occupationally exposed workers, the
mean� SD blood lead concentration had decreased
from 67.9�8.8 to 38.9� 7.2mg/dl, that is, to 57.3%
of the pre-treatment value, 12 h after the fifth daily
dose of oral DMSA 600 mg (8.6 mg/kg/day assuming
a body weight of 70 kg).34

Thirty-five Andean children living and working in
a highly lead-contaminated environment had a
mean� SD blood lead concentration of
43.4� 18.3 mg/dl before a 10-day course of oral
DMSA (about 8–15 mg/kg/day).39 Three weeks
after the last dose, the mean� SD blood lead con-
centration was 34.3� 16.2 mg/dl, a decline to 79%.
However, suboptimal treatment doses were
employed, lead exposure continued during treat-
ment and there was a delay of 3 weeks before mea-
surement of the post-chelation concentrations. This
delay would have allowed redistribution of lead
from tissues to blood so that the mean blood lead
concentration is likely to be higher than would have
been the case if it had been measured immediately
after treatment.

Studies which employed a 19-day course of
DMSA (30 mg/kg/day for 5 days then 20 mg/kg/day
for 14 days) provide data regarding the effect of
prolonged chelation on blood lead concentrations.
Six children given this regimen30 had a mean blood
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lead concentration at the end of treatment of �50%
of the mean pre-treatment value. Liebelt et al.26

found that the mean blood lead concentration in
seven children given 19 days of oral DMSA fell
from 51mg/dl (range 45–60) pre-chelation to 21mg/
dl after treatment, that is, to 42% of the pre-
chelation value. In another study,40 the mean
blood lead concentration in 19 children fell from
34.9� 4.7 mg/dl pre-chelation to 27.4�7.5 mg/dl
(n = 14 for post-treatment concentration) 10 days
after completion of the course, that is, to 78.5% of
the pre-treatment value. The mean blood lead con-
centration 10 days after chelation was not signifi-
cantly different from that found in children who
received placebo.40

Headache, lethargy and constipation were the
most frequently reported features associated with
lead poisoning in the present series. Over half the
patients described improvement or resolution of
symptoms within the first 2 days of chelation and
this is similar to that reported by others.20,22,41

Since the first two DMSA doses in this study
removed 40–60% of the total lead excreted over 5
days, symptomatic improvement within this time
may be explained by removal of ready-chelatable
lead. This may be the case for abdominal pain and
constipation as circulating lead may influence gas-
trointestinal motility, but it is less easy to explain a
rapid resolution of neurological features. However,
experience with sodium calcium edetate in lead
encephalopathy endorses the fact that significant
and rapid reversal of cerebral toxicity occurs11,15

even if the pharmacodynamics are not understood.
The effect of chelation therapy on symptoms sug-
gests that even though the percentage of the total
body lead burden that is removed by chelation
is small (which is particularly likely to be true
in cases of chronic exposure when most lead
is in bone), it is the compartment from which lead
is being removed that is clinically important.

DMSA was generally well tolerated by our
patients. The only major adverse effect was a muco-
cutaneous reaction that necessitated discontinuation
of therapy after the two doses. The succimer data
sheet (Lund beck Inc., Deerfield IL, USA) includes
mucocutaneous eruption as one of several adverse
reactions affecting ‘skin and appendages’ to have
occurred in 325 patients (191 children and 134
adults). Twenty dermatological reactions were
described involving ‘papular rash,’ herpetic rash’,
‘pruritus’ or ‘mucocutaneous eruptions’ with thus
an overall incidence of cutaneous reactions of 6%.
One of these reactions was classified as ‘mucocuta-
neous’ and occurred after ‘repeated’ DMSA admin-
istration. Grandjean et al.42 described a man with
occupational lead poisoning who developed a

mucocutaneous vesicular eruption on the second
day of his third course of oral DMSA. Although the
distribution of lesions was similar to Stevens Johnson
syndrome, they did not have the classical ‘target’
outline nor was the patient as systemically unwell
as usually seen with this condition. The mucosal
lesions in our patient were confined to the mouth.
Taking the present series together with the
Grandjean report and the manufacturer’s experi-
ence, three cases of a mucocutaneous reaction
occurred among 343 patients, in each case after
more than one course of DMSA. A further case of
an urticarial rash after 14 days oral DMSA has been
published.43 These dermatological reactions to
DMSA are probably best classified as fixed drug
eruptions, the pathogenesis of which are poorly
understood.44

In our patients, the most common adverse effect
associated with DMSA was a transient rise in ALT
activity (maximally to 103 IU/l) that occurred in five
courses involving four different patients. In a further
eight courses, involving seven patients, ALT activity
was increased prior to commencement of chelation
and either normalized or improved during treat-
ment. No DMSA course had to be discontinued
due to escalating liver enzyme activities. Others
have reported mild increases in ALT activities in
up to 57% of DMSA chelations26 without clinically
significant hepatic sequelae. The incidence appears
to be higher in the paediatric population and prob-
ably in part reflects the wider range of values that
occur in growing children. In keeping with this,
Angle45 reported pre-chelation rises in AST activity
with fluctuations independent of therapy in 24 of 26
paediatric cases.

DMSA significantly increased both urine zinc
(median increase 1.5 times pre-chelation) and
copper (median increase 3.1 times pre-chelation)
excretion. The increased elimination of zinc and
copper showed wide individual variation (range
0.7–5.3 and 0.9–9.6 times pre-chelation for zinc
and copper, respectively) but in no case was asso-
ciated with symptoms. The serum zinc concentra-
tions are difficult to interpret as they showed marked
variability, an observation that is well recognized in
those not being chelated.46 In only 3 of the 22 cases,
where the pre-treatment serum zinc concentration
was normal, did the concentration fall below the
normal range during chelation. Only in one of
34 cases where the pre-treatment serum copper con-
centration was normal did the serum copper con-
centration fall during treatment to below the
normal range. In all cases, the serum concentrations
returned to normal within a few days.

Few data are available from other studies. A sig-
nificant increase (P< 0.01) in zinc excretion was
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noted by Graziano et al.21 in 12 men given either

oral DMSA 20 or 30 mg/kg/day. The six men who

received DMSA 20 mg/kg/day also showed a signif-

icant (P< 0.05) increase in urine copper excretion,

though not surprisingly those who received 30 mg/

kg/day. Individual values were not stated so the vari-

ation in effect was not known. No significant effect

on copper and zinc elimination was found in 59 chil-

dren given DMSA for 26–28 day courses (�30 mg/

kg/day for 5 days then 20 mg/kg/day),33 although

assessment was by fractional rather than complete

urine collections. Chisolm33 reported ‘no substantial

increase in the output of copper and that the urinary

output of zinc during (the first 5 days) therapy did

increase perhaps 2-fold’ in seven children given oral

DMSA 30 mg/kg/day for 5 days then 20 mg/kg/day

for 21–23 days.36 Numerical data were not stated.
In 10 asymptomatic occupationally lead-

poisoned men (mean pre-chelation blood lead con-

centration 67.9 mg/dl) administered oral DMSA

600 mg/day (�8.6 mg/kg assuming a body weight

of 70 kg), the excretion of zinc and copper (mea-

sured as microgram per gram creatinine) 72 h after

the first DMSA dose were increased significantly

(P<0.0001) compared with pre-treatment values.

There was a greater effect on urine copper which

showed a mean increase of 2.4-fold compared with

baseline values while the mean increase in zinc

excretion was 2.1-fold.34 Serum concentrations of

these metals were not measured.

Conclusions

Oral DMSA 30 mg/kg/day for at least 5 days

increased urine lead excretion and reduced blood

lead concentrations significantly, though there was

wide inter- and intra-individual variation. DMSA

was generally well tolerated, though chelation was

associated with significant increases in urine zinc

excretion and, to a greater extent, copper excretion

but without a clinically important effect on serum

concentrations of these trace elements. There was

a transient increase in ALT activity during 5 of

35 (14%) chelations. A mucocutaneous skin reac-

tion occurred on one occasion. The length of a

DMSA 30 mg/kg/day course should ideally be tai-

lored to an individual patient’s response as indicated

by assessment of urine lead excretion and blood

lead concentration on Day 5, though 5 days chela-

tion would appear to be a minimum. Lead-induced

symptoms are unlikely to be present on Day five,

though if they are, this would also support the con-

tinuing of DMSA. This approach requires regular

clinical review and ready access to a laboratory
able to undertake frequent analyses.

Oral DMSA 30 mg/kg/day is an effective antidote
for lead poisoning though there is a wide inter-
individual variation in response to chelation. To

optimize the impact of treatment, and determine
its length and identify adverse effects (notably
those on zinc and copper excretion, on liver func-
tion and the skin), clinical and biochemical moni-

toring should be undertaken during chelation,
though there is as yet no consensus internationally
on the intensity of monitoring required.

Acknowledgements

We acknowledge gratefully the help of the nursing

staff of the West Midlands Poisons Unit in the care
of the patients, the analytical support of the
Department of Biochemistry at City Hospital,
Birmingham, the critical review by Dr Alex
Proudfoot, Professor Robin Ferner and Professor

Kevin Chipman, and the statistical advice of Dr
Roger Holder and Professor Tim Marshall.

References
1. Virji MA, Woskie SR, Pepper LD. Task-based lead exposures

and work site characteristics of bridge surface preparation

and painting contractors. J Occup Environ Hyg 2009; 6:

99–112.

2. Araujo J, Beelen AP, Lewis LD, Robinson GG, DeLaurier C,

Carbajal M, et al. Lead poisoning associated with Ayurvedic

medications - five states, 2000-2003. MMWR Morb Mortal

Wkly Rep 2004; 53:582–84.

3. IPCS. Environmental Health Criteria 165. Inorganic Lead.

Geneva, World Health Organization, 1995.

4. Borja-Aburto VH, Hertz-Picciotto I, Rojas Lopez M, Farias P,

Rios C, Blanco J. Blood lead levels measured prospectively

and risk of spontaneous abortion. Am J Epidemiol 1999;

150:590–7.

5. Kosnett MJ, Wedeen RP, Rothenberg SJ, Hipkins KL,

Materna BL, Schwartz BS, et al. Recommendations for med-

ical management of adult lead exposure. Environ Health

Perspect 2007; 115:463–71.

6. Bellinger D, Needleman HL, Bromfield R, Mintz M. A follow-

up study of the academic attainment and classroom behavior

of children with elevated dentine lead levels. Biol Trace Elem

Res 1984; 6:207–33.

7. Needleman HL, Schell A, Bellinger D, Leviton A, Allred EN.

The long-term effects of exposure to low doses of lead in

childhood. An 11-year follow-up report. N Engl J Med

1990; 322:83–8.

8. Stokes L, Letz R, Gerr F, Kolczak M, McNeill FE, Chettle DR,

et al. Neurotoxicity in young adults 20 years after childhood

exposure to lead: the Bunker Hill experience. Occup Environ

Med 1998; 55:507–16.

730 S. Bradberry et al.



9. Pasternak G, Becker CE, Lash A, Bowler R, Estrin WJ, Law D.

Cross-sectional neurotoxicology study of lead-exposed

cohort. J Toxicol Clin Toxicol 1989; 27:37–51.

10. Bessman SP, Rubin M, Leikin S. The treatment of lead ence-

phalopathy—a method for the removal of lead during the

acute stage. Pediatrics 1954; 14:201–8.

11. Byers RK, Maloof C. Edathamil calcium-disodium (versenate)

in treatment of lead poisoning in children. Am J Dis Child

1954; 87:559–69.

12. Karpinski EE Jr, Rieders F, Girsh LS. Calcium disodium verse-

nate in the therapy of lead encephalopathy. J Pediatr 1953;

42:687–99.

13. Markus AC, Spencer AG. Treatment of chronic lead-

poisoning with calcium disodium versenate. Br Med J

1955; 2:883–5.

14. Wade JE Jr, Burnum JF. Treatment of acute and chronic lead

poisoning with disodium calcium versenate. Ann Intern Med

1955; 42:251–9.

15. Whitfield CL, Ch’ien LT, Whitehead JD. Lead encephalopa-

thy in adults. Am J Med 1972; 52:289–98.

16. Crutcher JC. Clinical manifestations and therapy of acute

lead intoxication due to the ingestion of illicitly distilled alco-

hol. Ann Intern Med 1963; 59:707–15.

17. Zuckerman MA, Savory D, Rayman G. Lead encephalopathy

from an imported Toby mug. Postgrad Med J 1989; 65:

307–9.

18. Hess JW. Lead encephalopathy simulating subdural hema-

toma in an adult. Report of a case. N Engl J Med 1961;

264:382–4.

19. Linz DH, Barrett ET Jr, Pflaumer JE, Keith RE.

Neuropsychologic and postural sway improvement after

Ca++-EDTA chelation for mild lead intoxication. J Occup

Med 1992; 34:638–42.

20. Friedheim E, Graziano J, Popovac D, Dragovic D, Kaul B.

Treatment of lead poisoning by 2,3-dimercaptosuccinic acid.

Lancet 1978; 2:1234–6.

21. Graziano JH, Siris ES, LoIacono N, Silverberg SJ, Turgeon L.

2,3-Dimercaptosuccinic acid as an antidote for lead intoxi-

cation. Clin Pharmacol Ther 1985; 37:431–8.

22. Fournier L, Thomas G, Garnier R, Buisine A, Houze P,

Pradier F, et al. 2,3-Dimercaptosuccinic acid treatment of

heavy metal poisoning in humans. Med Toxicol Adverse

Drug Exp 1988; 3:499–504.

23. Wang S-C, Ting K-S, Wu C-C. Chelating therapy with Na-

DMS in occupational lead and mercury intoxications. Chin

Med J 1965; 84:437–9.

24. Graziano JH, Lolacono NJ, Meyer P. Dose-response study of

oral 2,3-dimercaptosuccinic acid in children with elevated

blood lead concentrations. J Pediatr 1988; 113:751–7.

25. Besunder JB, Anderson RL, Super DM. Short-term efficacy of

oral dimercaptosuccinic acid in children with low to moder-

ate lead intoxication. Pediatrics 1995; 96:683–7.

26. Liebelt EL, Shannon M, Graef JW. Efficacy of oral meso-2,3-

dimercaptosuccinic acid therapy for low-level childhood

plumbism. J Pediatr 1994; 124:313–17.

27. Lifshitz M, Hashkanazi R, Phillip M. The effect of 2,3 dimer-

captosuccinic acid in the treatment of lead poisoning in

adults. Ann Med 1997; 29:83–5.

28. Chisolm JJ. BAL, EDTA, DMSA and DMPS in the treatment of

lead poisoning in children. J Toxicol Clin Toxicol 1992;

30:493–504.

29. Meggs WJ, Gerr F, Aly MH, Kierena T, Roberts DL, Shih R,

et al. The treatment of lead poisoning from gunshot wounds

with succimer (DMSA). J Toxicol Clin Toxicol 1994; 32:

377–85.

30. Graziano JH, LoIacono NJ, Moulton T, Mitchell ME,

Slavkovich V, Zarate C. Controlled study of meso-2,3-dimer-

captosuccinic acid for the management of childhood lead

intoxication. J Pediatr 1992; 120:133–9.

31. Farrar HC, McLeane LR, Wallace M, White K, Watson J. A

comparison of two dosing regimens of succimer in children

with chronic lead poisoning. J Clin Pharmacol 1999;

39:180–3.

32. Restek-Samarzija N, Blanusa M, Pizent A, Samarzija M,

Turk R, Corovic N, et al. Meso-2,3-dimercaptosuccinic

acid in the treatment of occupationally exposed lead work-

ers. Arh Hig Rada Toksikol 1998; 49:137–45.

33. Chisolm JJ. Safety and efficacy of meso-2,3-dimercaptosuc-

cinic acid (DMSA) in children with elevated blood lead con-

centrations. J Toxicol Clin Toxicol 2000; 38:365–75.

34. Torres-Alanı́s O, Garza-Ocañas L, Piñeyro-López A. Effect of
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