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This document contains a detailed explanation of DMSA therapy protocol for the children living at the Osterode camps, for the interim period (until RAE IDPs are relocated to a lead safe environment; screening, chelating and monitoring should continue, later on). 

An outline of the DMSA therapy protocol is attached. The guidelines of this protocol are derived from the following two sources and are modified and adapted for the Roma population. This protocol is developed after careful discussion among WHO experts and outside advisers.

The guidelines for this manuscript are obtained from:

1. Recommendations for the use of DMSA (Succimer), Poison Control Center, Children's Hospital of Philadelphia (Regional Poison Control Center, certified by the American Association of Poison Control Centers).
2. US-CDC, Lead Prevention guidelines; Medical assessment and intervention.

The WHO experts and outside advisers include: 

Rokho Kim, MD, DrPH; Dorit Nitzan Kaluski, MD, MPH, RD; Javed Hussain,MD; 

Yona Amitai, MD, MPH; Mary Jean Brown, ScD, RN, Skender Syla, MD, MPI; Gerry McWeeney, MSc, and Michael Shannon, MD, MPH.

Abbreviations:

BAL               British Anti- Lewisite

BID                Twice a day

BLL               Blood lead level

CBLL            Capillary blood lead level

CDC              Center for Disease Control

EBLL            Elevated blood lead level

EDTA           Ethylenediamine tetra-acetic acid
FEP
          Free erythroprotoporphyrins

TID                hree times a day

VBLL            venous blood lead level

WHO             World Health Organization

ZPP                Zinc protoporphyrins

Overview 
Medical case management for children with elevated blood lead levels (EBLL) is largely based on a secondary prevention model i.e., intervention after an EBLL have been detected, usually prior to the onset of symptoms. EBLLs in the range of 10 to 45 µg/dL are usually sub-clinical. However, neuro-developmental impairment is often apparent at a later age. 

Screening programs are used for identifying children with EBLL. US-CDC recommendations for confirmation of capillary blood lead results and schedule of follow-ups, and other interventions are presented in the following tables.

	Recommended Schedule for Obtaining a Confirmatory Venous Sample

Screening test result (µg/dL)
Perform a confirmation test within:
10-19

3 months

20-44

1 week-1 montha
45-59

48 hours

60-69

24 hours

> 70

Immediately as an emergency lab test



	aThe higher the BLL on the screening test, the more urgent the need for confirmatory testing


	

	Blood Lead Level (µg/dL) 

10 - 14 

15 - 19 

20 - 44 

45 - 69 

>70 

Lead education  
  -Dietary  
  -Environmental 

Follow-up blood  lead monitoring

  

Lead education
  -Dietary
  -Environmental
  
Follow-up blood lead monitoring

Proceed according to actions for 20-44 µg/dL if:
  -A follow-up
   BLL is in 
   this range at
   least 3 months
   after initial
   venous test
or
  -BLLs increase 

Lead education
  -Dietary
  -Environmental
  
Follow-up blood 
lead monitoring 

Complete history 
and physical exam 

Lab work:
  -Hemoglobin or
   hematocrit
  -Iron status 

Environmental investigation 

Lead hazard reduction 

Neurodevelop-
mental monitoring 

Abdominal X-ray 
(if particulate lead ingestion is suspected) with bowel decontamination if indicated 

Lead education
  -Dietary
  -Environmental
  
Follow-up blood 
lead monitoring 

Complete history 
and physical exam 

Lab work:
  -Hemoglobin or
   hematocrit
  -Iron status
  -FEP or ZPP 

Environmental investigation 

Lead hazard reduction 

Neurodevelop-
mental monitoring 

Abdominal X-ray
with bowel
decontamination
if indicated 

Chelation therapy 

Hospitalize and commence chelation therapy 

Proceed according to actions for 45-69 µg/dL 

The following actions are NOT recommended at any blood lead level:
   

· Searching for gingival lead lines 

· Testing of neurophysiologic function 

· Evaluation of renal function
(except during chelation with EDTA) 

· Testing of hair, teeth, or fingernails for lead 

· Radiographic imaging of long bones 

· X-ray fluorescence of long bones 




	CDC Recommendations

The US-CDC’s recommends treating children with chelation for blood lead levels above 45µg/dL. Between blood lead levels (BLL) of 45- 69µg/dL, the recommendation is to use oral chelating agents such as DMSA. At levels above 70µg/dL, the recommendation is to admit the patient in a hospital and treat with IV chelating agents such as EDTA. 

The CDC recommendations were followed in Osterode Camp during 2006.  

However,  due to the fact that Osterode cannot provide the adequate long-term environment that is needed for chelation, only children who are moved to a lead safe environment should be provided with this treatment. 

In such cases, children with BLL between 45 and 70 µg/dL will be treated with DMSA in the clinic in their neighborhood (e.g. Mahala). Children with BLL over 70 µg/dL will be treated with EDTA at the local hospital (e.g. N. Mitrovica or Pristina, or in the Mother and Child Institute of Serbia, Belgrade).  All children with BLL below 45µg/dL will follow the same guidelines as suggested by the CDC including lead education, environmental control measures and dietary support. 

Succimer (DMSA)

Succimer (Chemet), marketed by McNeil Consumer Products Company, a Division of McNeil-PPC, Inc., is an orally active chelating agent indicated for the treatment of lead poisoning in children with blood level concentrations >45 µg./dL. Succimer is the first oral lead chelator for the treatment of lead poisoning in children. The selectivity, efficacy and safety characteristics of succimer offer many advantages over currently available agents.1 As an oral agent, it offers ease of administration and offers physicians the option of treating children as outpatients.2,3 The specificity of Succimer substantially reduces the risk of essential mineral depletion associated with conventional chelating agents.

Succimer contains the stable meso-isomer of dimercaptosuccinic acid which has also been known as DMSA. Succimer is a heavy metal chelating agent that, in vitro, forms stable water-soluble complexes with lead4 and consequently increases the urinary excretion of lead.2-9 Succimer has also been found to chelates other toxic heavy metals such as arsenic10 and mercury.11 

DMSA Twice a Day, 28 Days Course
According to the US-CDC guidelines, a 19 days oral chelation course, consisting of three times a day doses for first five days followed by twice a day doses for the remaining 14 days, is recommended. 

The WHO-EURO experts on DMSA therapy in the Mitrovica settings agreed to use a 28 days regimen of twice a day dosing. The main reason behind this regimen was an increased number of doses (56 doses compared to the 43 doses with the 19 day regimen), while a lowering the risk for liver toxicity. The majority of children residing at these camps have been exposed to lead for many years and many of them may have high lead levels. Also, BID dosages are easier to administer and would increase compliance.

This BID regimen has and is being used at Children’s Hospital, Boston, USA for many years and has been safe and effective. Also, this regimen was also suggested by Dr Michael Shannon, the Chairperson, on Environmental Health Committee of American Academy of Pediatrics. 

Evaluation and treatment

From the evaluation and treatment standpoint, children with EBLL are categorized into 4 subclasses:

            1-Children with BLL between 45ug/dL to 69ug/dL.

2-Children with BLL above 70µg/dl and no neurological symptoms.

3-Children with BLL above 70µg/dL and with neurological symptoms.

4-Children with BLL above 100µg/dL and no neurological symptoms.

The risk of encephalopathy increases with BLL of 70ug/dl and above. Children in class 1, with BLL between 45 to 69ug/dL need a complete history and physical exam and a baseline blood work including a venous lead level, liver enzymes, blood urea nitrogen, creatinine, complete blood cell count, iron level and urinalysis. If the patient exam is within normal limits and transaminases and white cell counts are within normal range, patient will be considered for DMSA therapy. Health team should discuss the treatment benefit and potential side effect and will initiate it, after provision of inform consent from the parents.

Patients in class 2 will need a complete history and physical exam, including a neurological assessment and fundoscopic examination to rule out signs of increased intracranial pressure, an indication of encephalopathy.  If the exam is within normal limits and the patient does not have any central nervous system (CNS) symptoms, the situation should be discussed with his/her parents, and plan for hospitalization should be set, after parents approval. EDTA therapy will be initiated, after obtaining informed consent, in hospital.  If  EDTA therapy is refused, the option of DMSA will be given.  Providing the child is stable and without signs of increased intracranial pressure, DMSA therapy may be commenced, after obtaining informed consent from the parents.  

Children in class 3 with BLL above 70µg/dL with symptoms such as agitation, irritability, somnolence, continuous vomiting, abdominal pain, stupor, lethargy, increased sleepiness and convulsions, will need a complete neurological examination including fundoscopic assessment. Patients will be evaluated by a pediatrician who is familiar with lead poisoning (preferably, one of the doctors who participated in WHO capacity development). After obtaining an informed consent from the parents, the pediatricians and his/her staff should make arrangements to transfer the child a hospital with the expertise and facilities of administering EDTA/ BAL chelation therapy. In the interim, oral chelation will be initiated if patient is clinically stable and can tolerate the oral medication, after obtaining informed consent from the parents.

Children in class 4 with venous blood lead levels above100 µg/dL will be candidates for transfer to a hospital with the expertise of administering EDTA/BAL chelation therapy. Families will be approached to get their informed consent for the transfer. Awaiting transfer, patient will undergo a full assessment including a complete neurological, fundoscopic and ophthalmologic evaluation to determine signs of increase intracranial pressure. Depending on circumstances an intensive environmental remediation will be instituted if patient reside within a lead contaminated house. 

Priority Classification

Due to limited drug supply and a brand new clinical structure, the treatment priorities are set as follows:

Age (years)

Priority 1

Priority 2

Priority 3

Priority 4

<3

BLL>100ug/dL

>45ug/dL

-

-

3-6

BLL>100ug/dL

>70ug/dL

>45ug/dL

-

>6

BLL>100ug/dL

-

>70ug/dL

>45ug/dL

Children who exhibit signs of Central Nervous System dysfunction will be immediately evaluated and will be referred to General Hospital for emergency managements, as stated above. Children who are clinically stable will follow the above priority guidelines. These priority guidelines are developed to streamline the supplies and resources and to give precedence to those children who have high lead level or are more vulnerable to the lead toxicity due to a young age. 

Home-based therapy

WHO-EURO Task Force and health experts recommended to implement a home-based DMSA therapy program, adapted to the prevailing situation at Osterode camps for a short-term, and later on in their permanent place of residence (e.g. Mahala, or another place) . The major contributing factors for this program were, inadequate structure and lack of resources at local hospitals, possible resistance from the families to admit child to a hospital, and inadequate means to monitor treatment intervention at various sites. The home based program allows the treatment team to implement and monitor a comprehensive management schedule.

The home based program was implemented during 2006-7 from a clinic established within the premises of the Osterode camps. The clinic was staffed with physicians, nurses, security and administrative personnel, and guided by WHO. 

In Osterode, patients were evaluated by physicians and started on DMSA therapy based on above criteria. During the course of therapy, patients came to the clinic twice a day to receive their DMSA medication. Nurses gave them the medication and ask for information on the developments of any adverse symptoms. The nurse were trained to identify neurological symptoms from other symptoms. They were instructed that if after starting therapy patients develop any clinical signs/symptoms indicating neurological dysfunction, he/she should be examined by an Osterode Clinic doctor, or be referred to the local General Hospital for further evaluation.

This is a home based program with the idea of administering oral DMSA medicine in the clinic by a nurse based on the principle of Direct Observed Therapy (DOT). The nurses keep a log of every dose given to the patient. 

The same protocol should be continued in the Mahala or in any other lead safe environment to which the IDPs are relocated. Due to the current conditions and the length of stay in Osterode, it is no longer qualifies for a chelation site.

DMSA Adverse Affects
The most common adverse effects reported in clinical trials in children and adults were primarily gastrointestinal in nature and included nausea, vomiting, diarrhea, appetite loss and loose stools. Rashes, some necessitating discontinuation of therapy, have also been reported in about 4 percent of patients. If rash occurs, other causes should be considered before ascribing the reaction to DMSA. Rechallenge with DMSA may be considered if blood lead levels are high enough to warrant re-treatment.

Mild, transient elevations of serum transaminases have been observed in approximately 6-10 percent of the patients  receiving DMSA therapy. The significance of these increases is presently unknown.
Clinical/ Laboratory Evaluation during DMSA therapy
Measurement of BLLs is the main method of determining whether significant absorption of lead has occurred, how urgent the intervention is needed, and how successful case management has been. 

The rate of BLL decrease can depend on both the amount of lead in the child’s body and the duration of the BLL elevation. A course of chelation therapy with succimer results in a rapid fall in BLL after 1 week of treatment. However, BLLs of those treated rebounds after treatment ends. And by approximately 7 weeks after an initial course of therapy, BLLs of treated patients may reach almost 75% of prechelation levels (13). 

US-CDC recommends rechecking children’s BLLs 7 to 21 days after completion of chelation therapy (14). A continuing increase in children’s BLLs above the rebound level during the follow-up period may indicate continuing or possibly increased exposure to lead and definitely indicates a need for further environmental investigation. Common causes of rising BLLs include failure to address hazards in the child’s environment, improper environmental lead abatement techniques, and continued use of imported pottery, cosmetics, or folk medicines that are contaminated with lead. However, medical conditions resulting in bed rest or similar immobilization (15), or in acidosis (16), can cause children’s BLLs to rise unexpectedly, or fail to fall.


DMSA heavy metal chelates are excreted in the urine; therefore, all patients undergoing treatment should be adequately hydrated. Caution should be exercised in considering DMSA therapy in patients with compromised renal function. 


Because transient elevations of serum transaminase levels have been observed during the course of DMSA therapy, serum transaminases should be monitored prior to the initiation of therapy and at regular intervals, particularly in patients with a history of liver disease.
Based on these recommendations and with consideration to the local health structure and capacity, WHO Taskforce has decided on the following laboratory blood work: complete blood count, hemoglobin and hematocrit level, neutrophil count, iron level, liver transaminase levels, blood urea nitrogen and creatinine level (see table 1 in protocol outline). Also suggested is an abdominal x-ray, if there is a history suggestive of the patient ingesting particulate lead, use of folk medicines, ritual practices, leaded paint in the house, or parental occupation of battery recycling. If the abdominal film is positive for lead, the patient should be referred to the hospital for a whole bowel irrigation or will get enemas or laxatives, depending on the availability of these interventions. 

In Osterode, the DMSA protocol included also assessment of venous and capillary lead levels on the first group of patients every week, scheduled on day 1, 7, 14, 21 and 28 (see Addendum 1), in order to assess the rate of decrease in their BLL. The other blood work to assess the potential toxic impact of drug was on day 7, day 28 and day 42 (week 6), to assess if the patient is tolerating the medication well and to assure there is no liver toxicity and the iron stores are within normal limits. If patient has low hemoglobin/ hematocrit and low serum iron, the patient will be started on iron supplements. This protocol should be continued for all children who are residing in a lead safe environment.

According to WHO Taskforce recommendations, patients had urinary tests for lead, cadmium, and arsenic assessment, 24 hours after initiation of DMSA therapy and on days 7, 14, 21 and 28. On week 6 if BLL was still above 45ug/dL, the medical team repeated the DMSA course (Table 2 in the protocol outline). Zinc protoporphyrin (ZPP) was done prior to initiating each treatment.  Some of the laboratory work had to be adapted to the availability of funds and willingness of local population and will be held off in certain situations (please see footnote of table 1).

DMSA Dose

The current recommended initial dosage in children is 10 mg/kg or 350 mg/m2 ,every eight hours for five days. Initiation of therapy at higher doses is not recommended. After the initial phase (e.g. the first five days ) of therapy is completed, the dosage has to be reduced to 10 mg/kg or 350 mg/m2, every 12 hours (two-thirds of initial daily dosage) for an additional two weeks of therapy. A course of treatment lasts 19 days. 

Due to the circumstances at Osterode camp, the WHO environmental health team decided to follow a convenient dosing regimen suited to the local population. It was decided to use 10mg/kg/dose BID X 28 days. As mentioned above, this dosing regimen is being practiced at Children’s Hospital, Boston (Harvard Medical School) for many years and found to be safe and effective.


In young children who cannot swallow capsules, DMSA can be given by separating the capsule and administering immediately by sprinkling the beads on soft food or putting them in a spoon and following with a fruit drink, which may help to mask the characteristic sulfur odor and taste.
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DMSA THERAPY PROTOCOL AT OSTERODE HEALTH CLINIC, MITROVICA

                          This protocol outline should be followed in conjunction with the detail guideline text attached with it. 

1. All Children with Venous Blood Lead levels above 45µg/dL will be evaluated by a Doctor.

2. VBLL> 70µg/dl- Pt will have a complete evaluation including neurological and fundoscopic examinations.

3. VBLL> 100µg/dL- Pt will need a complete evaluation including neurological, fundoscopic and ophthalmologist evaluations to rule out papilledema, a sign of increased intracranial pressure.
 Arrangements will be made on case by case basis to transfer them to a facility for IV chelation.

4. Patients with clinical suspicion of encephalopathy will be assessed by a WHO trained physician to make appropriate arrangements for emergency medical management.

5. Signs of encephalopathy:  agitation, irritability, somnolence, continuous vomiting, stupor, lethargy, increase sleepiness and convulsions.

Abbreviations:

ALT              Alanine transaminase

AST               Aspartate transaminase

Baso              Basophile

BUN             Blood urea nitrogen

CBLL            capillary blood lead level

CDC               Center for disease control

Creat             Creatinine

Eos                Eosinophil

Hgb              Hemoglobin

Hct                Hematocrit

Hlth               Health

MCV             Mean corpuscular volume

MCHC          Mean corpuscular hemoglobin concentration

Neutro           Neutrophil

Plt                 Platelets

Pt.                 Patient

S.Ferritin       Serum ferritin

WBC            White cell count

WHO             World health organization

WNL             within normal limit

VBLL           Venous blood lead level

ZPP              Zinc protoporphyrins

Common Adverse Effects of DMSA therapy:

1- Digestive(12% of children): Abdominal pain, loss of appetite, nausea, vomiting, loose stool.

2- Metabolic(4.2%) Elevated liver enzymes.

3- Respiratory(3.7%): Throat sore, rhinorrhea, nasal congestion, cough.

4- Skin(2.6%): rashes, pruritus.

5- Heme(indicated by dg manufacturer): Neutropenia.

6- Nervous(1%): drowsiness, dizziness, sleepiness. 

Table 1
	    Day 1         
	Day 7
	Day 14
	Day 21
	Day 28
	Wk 6
	Wk 8

	Initial Full Assessment
	F/U assessment
	
	
	Stop DMSA
	Repeat Labs.
	F/U assessment

	Review of Labs.

VBLL, ZPP,

CBC,Diff, S.Ferritin,

ALT,AST, BUN, Creat.

Abd.film if indicated¥
	Draw labs.

VBLL, 

CBC, Diff, S.Ferritin,

ALT, AST, BUN, Creat.
	*CBLL

VBLL
	*CBLL

VBLL
	*Draw Labs.

 CBLL, VBLL, CBC, Diff, AST, ALT, BUN, Creat.
	VBLL, 

CBC, Diff., S.Ferritin,

ALT, AST, BUN, Creat.
	Review Labs done on wk 6.

	If Pt. in good hlth, all labs WNL.

Initiate DMSA therapy
	Review lab results in 1-2 days.

If all WNL, Cont. DMSA
	
	
	Review Lab results in 1-2 days.
	
	If VBLL > 45µg/dL, start 2nd course of DMSA. 

Follow Tb. 2

	UA, Urine Lead, Cadmium, Zinc (24 hr after starting DMSA)
	UA, Urine Lead, Cadmium, Zinc
	UA, Urine Lead, Cadmium, Zinc
	UA, Urine Lead, Cadmium, Zinc
	UA, Urine Lead, Cadmium, Zinc
	
	


¥ PICA behaviour, developmental disability, history of using folk remedies or other ethnic rituals involving lead.

*May withhold these labs if constraints arise such as community compliance or budget cost.

Table 2
	Step 1
	Step 2
	Step 3
	Step 4

	Pt starts DMSA after evaluation by the doctor, and all labs are WNL and VBLL above 45µg/dL.
	Stop DMSA after 28 days of continuous BID therapy
	Draw labs after 2 wks of stopping the DMSA
	4 wks after stopping DMSA, F/U with Doctor for  pt. evaluation and lab assessment. Repeat Step one again.


DMSA Dosage based on weight in Kg

	Weight  Kg
	Dose(mg)
	Number of Capsules

	8-15
	100
	1x BID

	16-23
	200
	2X BID

	24-34
	300
	3X BID

	35-44
	400
	4x BID

	>45
	500
	5X BID


Addendum 1

Capillary blood lead levels (CBLL) will be used to monitor the blood lead levels during the course of DMSA (also known as Succicaptal and Succimer) treatment instead of venous blood lead levels (VBLL).  VBLLs will continue to be used to confirm CBLLs prior to initiating a course of DMSA treatment.  

Rationale

The reasoning for this proposal is several-fold.  

First, it is difficult to obtain frequent blood draws from the Roma children in general.  While practically speaking it may be just one needle stick while obtaining blood samples for other tests (e.g. CBC, LFTs, BUN, Cr, etc.), psychologically, the increased amount of blood drawn may deter further blood draws during the course of treatment.  

Second, there is no laboratory nearby with an accredited Graphite Furnace Atomic Absorption Spectrometry (GFAAS) to analyze the VBLLs.  As of yet, duplicate VBLLs are being shipped to laboratories with an accredited GFAAS which takes resources in the way of time and costs.   

Third, CBLLs have been shown to be reliable with a correlation coefficient between CBLL and VBLL of at least 0.95 (see below).  

Justification

Capillary blood lead levels will be measured using a portable LeadCare( Blood Lead Testing System (LCS).
  The range of blood lead levels (BLL) reliably measured by this system is 1.4 – 65 mcg/dL.  According to data provided by the manufacturer of LCS, 112 samples compared with the results run on GFAAS showed slope 1.07, intercept -0.47 mcg/dL, and correlation coefficient 0.97.  In an independent study comparing the LCS versus graphite furnace atomic absorption spectrometry (GFAAS) from analysis of 76 samples of blood lead collected from workers in different industrial sectors showed overall correlation coefficient of 0.95.
  This study recommended LCS as ‘quite suitable’ for screening purposes. It also suggested that conservative threshold values should be applied when using the LCS for initial screening in the field.  

In our own screening of the Roma children, the correlation coefficient between capillary and venous BLL measurements from 26 children were 0.95 (P-value<0.01). Simple regression coefficient with capillary BLLs as outcome variable was 0.97 (95% Confidence interval, 0.83, 1.10) with intercept –0.42 (95%CI, -3.72, 2.89).  These results confirm that the portable capillary BLLs measurement method used in the study was very reliable. 

Addendum 2

Iron, Calcium, and Folic Acid Supplementation

Based on a nutritional assessment conducted on the RAE population in December 2005 and depending on the levels of anemia (diagnosed by laboratory data) found in children, supplementation will be given in the form of multivitamins.  The multivitamins will be administered once daily via directly-observed therapy (DOT).  The following recommendations are to be followed concomitantly with DMSA and also after completing courses of therapy.  

1.  For those with hemoglobin levels above 12.0 g/dl - a preventive dose of elemental iron at 1 mg/kg/day.

2.  For those with hemoglobin levels between 12.0 and 11.0 g/dl - a treatment dose of 3 mg/kg/day. The treatment will last 4-6 weeks, after which a follow-up complete blood count (CBC) will be rechecked.  

3.  For those with frank iron deficiency anemia (Hgb<11, MCV<70) - a treatment dose of elemental iron at 5 mg/kg/day.  To reduce the possibility of gastrointestinal upset, the initial two days of treatment will be at ½ the prescribed dose.  The treatment will last 4-6 weeks, after which a follow-up complete blood count (CBC) will be rechecked.  

4.  For all - Dietary modification. The three main ways in which diets can increase iron status are: 

· increasing the intake of heme iron (from animal products);

· increasing the intake of vitamin C (which improves the absorption of nonheme iron);

· reducing the intake of iron absorption inhibitors (such as coffee and tea).

5. In addition, the children with anemia should be followed up for hemoglobin levels and for other causes of anemia such as lead poisoning, and parasite infestation.   

6. Calcium supplementation will be given to the level of AI (Adequate Intake) according to age:

· 1-3 years: 500 mg/day

· 4-8 years: 800 mg/day

· 9-14 years: 1300 mg/day 

7. Females of child-bearing age will receive an additional supplement of 400 mcg of Folic Acid daily.  

� Children with BLL below 45ug/dL, are having ongoing BLL screening, nutritional education and assistance, environmental control education and assistance to move to lead safe residences. 


� CDC guidelines, BLL above 70ug/dL possess risk of developing encephalopathy, which is an emergency.


� BLL> 100ug/dL can cause coma, convulsion and even death; CDC ,preventing lead poisoning in children, 1991.


� Side effects of DMSA; Micro-index, from Department of Pharmacy, Boston, Children’s Hospital, Harvard Medical School. Boston MA USA.


� Adopted from Boston, Children’s Hospital, DMSA therapy protocol.





� ESA Biosciences, Inc. 22 Alpha Road, Chelmsford, MA 01824 USA. � HYPERLINK "http://www.easinc.com" ��www.easinc.com�





ii Pineau A, Fauconneau B, Rafael M, Viallefont A, Guillard O. Determination of lead in whole blood: comparison of the LeadCare blood lead testing system with Zeeman longitudinal electrothermal atomic absorption spectrometry. J Trace Elem Med Biol. 2002;16(2):113-7.  
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