Lead poisoning: case studies
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Early clinical features of lead toxicity are non-specific and an occupational history
is particularly valuable.

Lead in the body comprises 2% in the blood (#1,5 35 days) and 95% in bone and dentine
(t1,2 20-30 years). Blood lead may remain elevated for years after cessation from long
exposure, due to redistribution from bone.

Blood lead concentration is the most widely used marker for inorganic lead exposure.
Zinc protoporphyrin (ZPP) concentration in blood usefully reflects lead exposure over
the prior 3 months.

Symptomatic patients with blood lead concentration >2.4 umol 17" (50 pg dl™") or
in any event >3.8 umol 17" (80 ug dl™ ") should receive sodium calciumedetate i.v.,
followed by succimer by mouth for 19 days.

Asymptomatic patients with blood lead concentration >2.4 umol 17" (50 ug dl™ ")
may be treated with succimer alone.

Sodium calciumedetate should be given with dimercaprol to treat lead encephalo-

pathy.
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Introduction

The danger to public health from lead in the environment
continues to be a matter of concern, for subtle effects of
the element on intelligence quotient and blood pressure
have potentially widespread significance. Acute intoxica-
tion occurs sporadically, and when it does, the source of
lead is commonly in the household. we report three cases
of lead poisoning caused by old leaded paint, and review
the sources and the management of this form of heavy
metal poisoning.

Case reports
Case 1

A painter and decorator aged 40 years presented with
a 6 week history of malaise, abdominal cramps, nausea,
arthralgia and mild mental impairment. He had previously
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been working in a Georgian building in Bath using an
industrial blowtorch and sander to remove paint. Two
of the three floors had timber-panelled walls; all had
8 to 10 coats of paint and some were clearly very old.
Although he had acquired a new respirator he did not wear
it when other workmen were burning off or sanding in
other rooms on the same floor, and during breaks he
ate, drank and smoked cigarettes in the same building.
No measurements of atmospheric lead concentrations
were made.

Investigation by the patient’s general practitioner
showed a blood lead of 4.18 umoll™' (87.1 g
100 ml™") (Table 1) and he was referred for treatment.

Apart from mild abdominal tenderness, physical exam-
ination was unremarkable and in particular neurological
examination was entirely normal.

Blood results were as follows: haemoglobin (Hb)
9.4 g17', mean corpuscular volume (MCV) 92.0 f,
white cell count (WCC) 13.2x 10”17, platelet count
231 x10” 17", Plasma electrolytes and liver function tests
were normal. basophilic stippling of erythrocytes was
noted on the blood film.

He was treated initially with sodium calcium edetate
acid)

(disodium calcium ethylenediamine-tetra-acetic
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Table 1 Concentrations of blood lead (Pb)* (umol 17" and zinc
protoporphyrin (ZPP) (ug g~ ' Hb) before and after treatment with
chelating agents.

Case 1 Case 2 Case 3
Day R Pb ZPP R Pb ZPP R Pb ZPP

1 4.18 7.2 4.04  10.6 409 282
7 I 433 126
8 | 413 86 | !
9 | 217 133 |
11 ] 286 92 | 072 133 |
2 | ! !
27 | 213 114 !
29 ]
36 247 322
64 251 23.6
79 1.93 139
143 245 11.6
245 206 128
366 1.53 3.6
647 1.85 7.4
758 1.35

R =period of treatment with chelating agents.

ZPP values of 5-10 ug g~ ' Hb represent borderline, and >10 pg g~ '
Hb serious toxicity. See Discussion for interpretation of blood Pb values.
* It is the practice of United Kingdom Supra-regional Assay Service
laboratories to use the SI molar system as the prime unit of report-
ing, but mass units are in general use, because the existing UK
regulations for control of lead at work have not yet been converted.
To convert Pb in pmol 17" to pg 100 ml~', multiply by 20.83
(1 pg 100 ml™"'=0.048 pmol 17 1.

Table 2 Sources of exposure to lead.

Occupational Environmental

Smelting or refining lead Lead paint/pigments
Battery manufacture Lead piping
Plastics manufacture Leaded petrol
Housing renovation Ceramic lead glaze

Lead crystal

Recreational Other
Model soldier making Alternative medicines
Home jewellery making (especially Indian)
Indoor range firearm use Gunshot wounds
Ingestion of moonshine whisky Mobilization of bone in
Petrol sniffing hyperthyroidism

Eye shadow/cosmetics from

less developed countries

40 mg kgf1 iv. every 12 h for 48 h and then com-
menced succimer (2,3 dimercaptosuccinic acid, dmsa)
30 mgkg™' by mouth for 5 days followed by
20 mg kg~ ' for a further 14 days. At review 14 days
later his Hb was 11.5 g1~ and WCC 5.2x 10”17 ';

other relevant investigations appear in Table 1.
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Table 3 Symptoms and signs of lead poisoning.

Mild Lethargy
Anorexia
Abdominal discomfort
Arthralgia

Anaemia
Headache
Abdominal cramps

Moderate

Gingival lead line
Peripheral neuropathy (motor)

Severe Convulsions
Coma
Encephalopathy

Renal failure

Case 2

A self-employed decorator aged 51 years presented to his
general practitioner with a 4 week history of nausea,
constipation, headaches, intermittent dizziness, and para-
esthesiae and weakness of the hands. He said that he had
experienced prolonged exposure to lead paint whilst
redecorating a late regency house (circa 1820) in Bath. His
initial blood lead was 4.04 pmol 17! (84.2 pg 100 ml™ ).
no abnormalities were detected on physical examination.

Investigation revealed Hb 132¢gl1° ', WCC
7.4x10° 17", platelet count 233 x 10” 17" Plasma elec-
trolytes and liver function tests were normal. Basophilic
stippling was not present on the blood film.

He received sodium calcium edetate i.v. for 48 h
followed by succimer by mouth, as above. After 14 days
he developed an urticarial reaction and the succimer was
discontinued. Further data appear in Table 1.

Case 3

A man of 22 years presented with a 2 week history
of lethargy, malaise, headaches, nausea and cramping
abdominal pain. He had been working in the same site as
case 1, though intermittently over 12 weeks. His blood
lead was 4.09 pmol 17" (85.2 ug 100 ml™"). On exam-
ination anaemia was noted but he was otherwise well
and exhibited no neurological or intellectual impair-
ment. Investigation showed: Hb 9.7 g 100 ml™ ' with
moderate polychromasia and basophilic stippling of the
red cells. his blood count was otherwise within normal
limits as were his electrolytes and liver function tests.

He received a 19 day course of succimer by mouth
as above, but no sodium calciumedetate. At review
4 weeks later his symptoms had resolved and his Hb
was 11.3 g 100 ml~". Other relevant findings appear in
Table 1.
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Comment

All three patients presented with symptoms consistent
with, and blood lead concentrations indicative of, acute
poisoning. The setting of the exposure, removing leaded
paint, represents an established source of danger. Cases 1
and 2 had more marked clinical features and received
sodium calcium edetate followed by succimer. The urti-
carial reaction experienced by case 2 is a recognized
adverse effect of succimer. Case 3 was thought to be well
enough to justify treatment with succimer alone. Blood
lead concentrations fell with chelation therapy in all
cases. Despite removal from the source of exposure,
cases 2 and 3 show sustained elevation of blood lead
and zinc protoporphyrin (zpp) long after therapy; this
is compatible with continued release of lead from
the skeleton.

Discussion

Lead poisoning has long been recognized as an occu-
pational hazard and indeed Hippocrates described the
case of a metal extraction worker with abdominal colic [1].
The metal was used extensively for purposes that ranged
from tool formation in ancient Egypt to the sweeten-
ing of wines in the Middle Ages. Famously, in 1767
Sir George Baker demonstrated that Devonshire colic
was caused by lead in the production equipment of
Devonshire cider [2]. In the 19th century lead poison-
ing was classified as a notifiable occupational disease
in Britain, though the necessity of reducing workers’
exposure was fully appreciated only in the latter half
of the 20th century. The Control of Lead at Work
Regulations [3, 4] prescribe safety limits. Blood lead
values <1.45 pmol 17" (30 pg 100 ml™") represent
reasonably well controlled occupational exposure pro-
vided there is 6 monthly monitoring, 1.45-2.4 umol 1™
(30-50 pg 100 ml™ ") require investigative action by the
employer and 2.4-2.9 umol 17" (50-60 pg 100 ml™")
call for suspension of the worker from exposure. Special
consideration is made for young workers and ‘genetically
useful” women. Most cases of acute lead poisoning now
occur in employees of small companies, individuals
renovating old buildings or in conjunction with hobbies
that incur lead exposure, such as model soldier making
or firearms use.

Chronic lead poisoning, by contrast, remained a
problem and in 1988 some 3—4 million children in
North America were considered at risk of toxicity judged
by blood lead concentrations exceeding 0.72 pmol 17
(15 pg 100 ml ") [5]. Evidence that children chronically
exposed to raised environmental lead concentrations suffer
impaired intellectual and neurological development [6—8]
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Case presentation

has forced developed countries to reduce lead pollution,
as witness the introduction of policies to promote lead
free petrol [9] and to reduce the lead content of manu-
factured items such as ceramics and paint. In the years
1984-95, population blood lead concentrations fell by
more than three-fold in the UK [10]. Recognized sources
of exposure to lead appear in Table 2.

As adult lead poisoning becomes less common, it is
important to be aware of the problem in persons who
present with non-specific symptoms, and to take a full
occupational history. The dangers of lead exposure in
workers who strip paint in old buildings should be
appreciated, for there are relatively few reports of this
potentially important source of intoxication [11, 12].

Metabolism of lead

The discussion refers to the inorganic form of lead in
which the different salts and oxides are regarded as acting
identically once in the systemic circulation. The organic
form, e.g. tetraethyl lead, possesses difterent absorption
and disposition characteristics.

Marked age-related differences in the absorption and
metabolism of lead contribute to the increased sus-
ceptibility to lead toxicity in children. The main route
of absorption in adults is the respiratory tract where
30-70% of inhaled lead finds its way into the circula-
tion. Particle size is the most important determinant
of absorption. Gastrointestinal absorption in adults is
generally less complete and averages approximately 10%
of the ingested load. In children, alimentary absorption is
about 50% and, together with their greater volume of
air inhaled in relation to body size, total lead absorption
from the environment is around three times higher
than for adults [13].
dietary calcium promote lead absorption [14]. Dermal
absorption of inorganic lead is negligible. Organic lead
enters the lipophilic body tissues and the body burden is
less well reflected by the concentration of lead in the
blood.

Lead deposition in the body comprises three major
pools. The blood pool contains the rapidly exchangeable
component but accounts for only 2% of the total body
burden (95% 1is bound to the erythrocyte membrane
and haemoglobin and 5% is in the plasma). Biochemically,
the blood lead constitutes the most important component
and the concentration reflects recent exposure; it has a
biological f1,, of about 35 days [15]. The remainder of
the total body burden is distributed between an inter-

Fasting, iron deficiency and low

mediate pool comprising skin and muscle, and a stable
pool in dentine and the skeleton. This latter contains
over 95% of the total body load and has a biological
t1y» of 20-30 years [16]. Lead is eliminated mainly
in the urine.
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Toxic effects of lead

General symptoms

The classical picture of abdominal colic and constipation
is now not generally seen in developed countries, and
patients more usually present with non-specific symptoms
including fatigue, aches in muscles and joints and
abdominal discomfort. Patients with poor dental hygiene
(but not the edentulous) may exhibit a blue line at
the dental margin of the gums due to deposition of
lead sulphide. The clinical features are summarized in

Table 3.

Biochemical and haematological

Lead has three important biochemical properties that
contribute to its toxic effects on humans. Firstly, it is
an electropositive metal with high affinity for sulthydryl
groups and thus inhibits sulphydryl dependent enzymes
such as 5-aminolaevulinic acid dehydratase (ALAD,
EC 4.2.1.24) and ferrochelatase (EC 4.99.1.2) which are
essential for the synthesis of haem (Figure 1). Secondly,
divalent lead acts in a manner similar to calcium and
competitively inhibits its actions in important areas such as
mitochondrial oxidative phosphorylation. In particular,
lead impairs the intracellular messenger system normally
regulated by calcium and thereby affects endocrine and
neuronal function. Lead also changes the vasomotor action
of smooth muscle by its effect on Ca ATPase. Thirdly, lead
can affect the genetic transcription of DNA by interaction
with nucleic acid binding proteins with potential con-
sequences for gene regulation [17]. To date there has been
no convincing evidence that lead is a human carcinogen
although it has been shown to be so in animal models [18].

Inhibition by lead of cytosolic ALAD prevents the
formation of porphobilinogen and accumulation of the
precursor 5-amino-laevulinic acid (ALA) in the plasma
may play a significant role in the pathogenesis of lead
poisoning by triggering an oxidative stress response, as
in acute intermittent porphyria (Figure 1) [19]. The
sensitivity of ALAD to lead is high, especially in children.

Inhibition of mitochondrial ferrochelatase prevents the
incorporation of ferrous iron into protoporphyrin IX.
Consequently free protoporphyrin IX accumulates and
forms a metal chelate with zinc, which remains in the
erythrocyte for its life-time. Zinc protoporphyrin (ZPP)
is thus an indicator of exposure to lead over the prior
3 months.

Elevation of ZPP also occurs in iron deficiency
anaemia, thalassaemia trait, haemoglobin E and proto-
porphyria [20]. Ferrochelatase is less sensitive than ALAD
to the effects of lead [21], and recent work has suggested
that inhibition of the related enzyme ferrireductase is more
important [22]. Anaemia in lead poisoning is typically
hypochromic and microcytic with basophilic stippling of
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(defect of acute intermittent porphyria)
uroporphyrinogen

uroporphyrinogen decarboxylase negative
coproporphyrinogen feedback

coproporphyrinogen oxidase

protoporphyrinogen
protoporphyrin oxidase
protoporphyrin IX + iron*

ferrochelatase

«— «— <«— <«

haem

enzymes depressed by lead are underlined
*in lead poisoning free protoporphyrin IX chelates with
zinc to form zinc protoporphyrin

Figure 1 Haem synthesis and the effects of lead.

red cells (due to inhibition of pyrimidine 5-nucleotidase,
EC 3.2.2.10); it is a late complication and generally
appears only when blood lead concentrations exceed

2.40 pmol 17! (50 pe 100 ml) [23].
{ vg

Neurological

Symptoms in adults range from mild lethargy and fatigue
to a severe motor neuropathy, characteristically with
weakness of forearm extensor muscles. The presentation
in children is commonly with a severe encephalopathy.
Chronic, low-level exposure of young children is asso-
ciated with deficits in central nervous system function
including impaired intelligence [4, 24]. Environmental
contamination may result from home renovation that
disturbs lead-based paints, creating a dust that is inhaled
or ingested by children [25].

The mechanisms of lead neurotoxicity have not been
fully elucidated. Acute encephalopathy appears to follow
disruption of the blood-brain barrier. Impairment of the
intracellular action of calcium in second messenger
signalling leads to loss of integrity of the tight junctions
between brain endothelial cells and the subsequent passage
of plasma into the brain causes cerebral oedema [14]. Lead
also appears to be capable of acting either as a devel-
opmental toxin in the central nervous system in children
or as [26].
Cognitive impairment in children chronically exposed

a direct toxicant on neurotransmission

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 451-458



to low concentrations of lead in early life may be due to
an effect on cell:cell connections in the immature brain.
Interference with neuronal cell adhesion molecules,
demonstrated in rodents, has been proposed as a mechan-
ism of developmental toxicity [27]. In contrast, at the
neurosynaptic junction, it appears that lead interferes with
transmitter release and signal transduction. In adults the
classical picture of severe lead toxicity includes bilateral
wrist drop. The histology shows segmental axonal de-
myelination and degeneration, and decreased nerve con-
duction velocities have been demonstrated in lead
workers with blood lead concentrations of 1.9 pmol 1!
(40 pg 100 ml~") [28]. The underlying mechanism
may be substitution of calcium and zinc by lead at the
synapse, affecting intracellular messengers such as cAMP
and protein kinase [29].

Renal

Lead nephropathy used to be relatively common in
industrial workers and the distillers of illegal ‘moonshine’
whisky in America. Chronic lead exposure causes
interstitial nephritis and chronic renal failure. Acute
severe lead exposure may give rise to proximal tubular
dysfunction with glycosuria, hyperphosphaturia, and
aminoaciduria. The diagnosis of chronic lead nephropathy
is based on the typical clinical picture, chronic tubulo-
interstitial nephritis on biopsy and the exclusion of other
causes. Evaluating the lead stores by X-ray fluorescence
or sodium calcium edetate mobilization test may be help-
ful in adding weight to the diagnosis [30] but there is no
single diagnostic test.

Diagnosis

The diagnosis is usually based on the blood lead con-
centration in association with compatible clinical symp-
toms. The issues have recently been reviewed [31]. Blood
lead concentrations are the most widely used marker
for inorganic lead exposure. The concentrations gradually
decline over 2—4 weeks after the patient has been removed
from the source. Thus a subject may experience symp-
tomatic lead poisoning with a blood lead concentration
within the acceptable range, and the ZPP should
additionally be measured (see below). By contrast, after
long exposure, the blood lead may remain elevated for
years after cessation, due to redistribution from bone.
Urinary lead excretion following a dose of sodium calcium
edetate has been used to estimate the body burden [32].
Exposure to organic lead is best reflected by its urinary
excretion.

Inhibition of ALAD leads to an accumulation of ALA,
which is excreted in the urine. Urinary ALA excretion
and ALAD activity are both sensitive indicators of lead
exposure, but are not used routinely.

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 451458

Case presentation

Inhibition of mitochondrial ferrochelatase results in
accumulation of erythrocyte precursors including proto-
porphyrin, which binds to available zinc. ZPP remains in
the blood for the life-time of the erythrocyte and reflects
lead exposure over the prior three months.

Treatment

The most important initial aspect of management of lead
poisoning is the removal of the patient from the source of
exposure. With adults this usually means a change in work
or at least in working practice, or the cessation of hobbies
that involve lead exposure. If there is no occupational
hazard then sources of lead at home must be eliminated,
particularly in the case of children. Isotopic analysis of
lead can usefully detect the domestic source of the toxin
[33]. Lead occurs as a mixture of four isotopes (atomic
weights 204, 206, 207 and 208), which behave identically
with respect to their metabolism. The relative abundance
of these varies according to the source of the lead; where
there are several sources of lead in the environment,
comparing their relative abundance with that in the patient
may identify the cause of the poisoning.

The mainstay of treatment for lead poisoning is the
use of chelating agents which form complexes with lead,
prevent its binding to cell constituents and, being hydro-
philic, are eliminated in the urine. The concept of accel-
erating the elimination of a toxic metal by giving a
complexing substance was proposed in 1942 [34] and
was given practical expression by the development of
dimercaprol  (2,3-dimercapto-1-propanol) for
poisoning.

The most widely examined agents are the polyamino-
carboxylic acids, of which sodium calcium edetate
(EDTA) is particularly effective for lead poisoning because

arsenic

of its capacity to exchange calcium for lead [35]. The
resulting lead chelate is rapidly excreted in the urine.
Sodium calcium edetate principally mobilises lead from
bone and the extracellular compartment [36]. It is given
intravenously as less than 5% is absorbed from the gut
following oral administration, and intramuscular injection
is extremely painful. The t#,, is 20—60 min following
iv. injection. It is wusually given in a dosage of
50-80 mg kg~ for 2-5 days.
Sodium calcium edetate is generally well tolerated, the
principal side-effect being nephrotoxicity, especially in
subjects with underlying renal impairment, in whom the
maintenance of adequate hydration during administration
is essential. Other reported adverse effects include head-
ache, fatigue, myalgia, thirst, fever, nausea and vomiting,
sneezing, lacrimation, nasal congestion, rashes, anaemia
and hypotension.

in 1-2 doses day '

More recently succimer (2,3-dimercaptosuccinic acid,
DMSA), a water-soluble analogue of dimercaprol, has
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been increasingly used. Originally employed as the
antimony chelate to treat schistosomiasis [37], succimer
was later developed for heavy metal poisoning [38]
including lead, arsenic and mercury. The advantages of
succimer include its high affinity for lead and suitability
for administration by mouth. It is better tolerated and has
a wider therapeutic index than dimercaprol [39]. Succimer
is 95% protein bound in plasma and has a f;,, of 3 h. The
usual dosage is 10-30 mg kg~ ' day ' for the first 5—7
days, and then at a reduced dose for a further 10—14 days
[40]. Adverse effects are uncommon and mainly comprise
of nausea, diarrhoea, skin rashes, and transient elevation of
liver enzymes [41]. Haemolytic anaemia was reported
in a patient with glucose-6-phosphate dehydrogenase
deficiency following exposure to succimer [42].

Previously, the treatment of severe lead poisoning or
lead encephalopathy was with a combination of sodium
calcium edetate and dimercaprol [43]. Dimercaprol is
more effective than sodium calcium edetate in chelating
lead from the soft tissues such as the brain and combination
therapy appeared superior to monotherapy. Recently
succimer has been employed in preference to dimercaprol
due to its ease of use and lesser toxicity. There is less
published experience with succimer (which is not for-
mally licenced for treating lead poisoning in the UK,
although it is in the USA). Animal studies have shown
it to reduce tissue lead concentrations [44, 45]. Succimer
appears to enhance excretion of lead from both the
intracellular and extracellular compartments. It does not,
however, promote urinary lead excretion to the same
degree as EDTA [46] and following cessation of treatment
blood lead levels may rebound. Administration over
19 days may prevent the rebound phenomenon [47, 48]
making oral monotherapy with this agent attractive
for the treatment of mild to moderate lead poisoning.
In severe lead poisoning sodium calcium edetate is
commonly used to initiate lead excretion and occurs
through chelation of lead from bone and the extra-
cellular space, with the wurinary excretion of lead
diminishing over approximately 5 days as extracellular
lead is exhausted. Worsening colic and encephalopathy
following initiation of treatment have been attributed
to redistribution of lead from bone to brain [49].
Redistribution of lead from the skeleton to the soft tissues
by sodium calcium edetate has been demonstrated in
animals. It appears that combination treatment with
succimer can prevent this occurrence [50, 51] although
another study produced conflicting results [52]. It is not
known if combination therapy prevents lead redistribution
in humans.

Depletion of essential trace elements may accompany
chelation therapy. Sodium calcium edetate significantly
increases urinary excretion of calcium, copper, zinc and
iron. Quantification of such loss showed that the urinary
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excretion of zinc increased by a factor of 22 and iron by
3.8 [53]. Succimer, by contrast, does not appear signifi-
cantly to influence the excretion of trace elements other
than urinary copper and zinc, effects which do not appear
to be clinically important [54, 55]. Combination therapy,
however, does increase urinary zinc excretion, an out-
come which may be more relevant to children, as adults
are less sensitive to trace element deficiencies. It seems
reasonable, nevertheless, to ensure an adequate dietary
intake of calcium, iron, and zinc in all subjects undergoing
treatment.

As there is individual variation in response to lead
exposure [56], the decision to treat is based on clinical
symptoms and length of exposure as well as the blood
lead concentration. A reasonable approach is to treat
symptomatic patients with blood lead concentration
>2.4 ymol 1I”" (50 ug 100 mI™ ") or in any event
>3.8 umol 17" (80 ug 100 ml~"). This may be achieved
with sodium calcium edetate by i.v. infusion followed
by succimer by mouth for at least 5 days. Administration
of succimer 19 days rebound
elevation of blood lead after treatment has stopped.

over may prevent

Asymptomatic patients with blood lead concentration
>2.4 umol 17" (50 ug 100 ml~ ") may be treated with
succimer alone, with regular monitoring of blood lead
concentration [47].

The authors wish to thank Dr P. Astley and the Clinical Chemistry
Laboratory, Southmead Hospital, Bristol for measuring blood lead
and ZPP concentrations.
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