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ABBREVIATIONS AND ACRONYMS 
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PRÉCIS 

Study Title 
A dose-escalation, safety and feasibility study of enteral levetiracetam for seizure control in pediatric cere-
bral malaria  

Primary Objectives 
1. To evaluate the safety and feasibility of eLVT use for acute seizure control in pediatric CM 
2. To identify the optimal dose of eLVT for seizure control in acute CM by escalating from standard to up to 
three times standard dose of LVT titrating to the goal of achieving seizure freedom in the 24 hours after 
LVT administration in 75% of subjects. Seizures will be defined based upon clinical semiology and cEEG. 
Stopping rules will be imposed for a combined outcome of case fatality and suspected severe adverse drug 
reaction. 
3. To describe the Pk characteristics of eLVT when used in study participants age 24-83 months old with 
acute CM  
 
Secondary Objectives  
1. To obtain preliminary efficacy data on eLVT for seizure control in acute CM by giving 30 study participant 
optimal dose eLVT and comparing their time with seizure activity to 30 study participants with CM who re-
ceive standard AED treatment. Time with seizure will be determined based upon cEEG. The eLVT study 
participant will receive standard AEDs for any breakthrough seizures. 
2. To obtain additional information which may be helpful in planning future clinical trials  
  (i) AEDs required for breakthrough seizures (dose and agent)  

(ii) Mean time to coma resolution meaning a return to consciousness with a Blantyre Coma Score≥4  
   (iii) Neurologic sequelae evident at discharge   
 
Design and Outcomes  
Single center dose escalation study to efficacy limited by toxicity 
 
Secondary study includes an open label, randomized clinical trial comparing eLVT to standard AEDs for 
seizure control in CM with outcomes that include time with seizures (in minutes) in the 72 hours post LVT 
administration in study participants given optimal dose eLVT vs. routine AEDs.  

Interventions and Duration 
Primary 
Four dose strata with a maximum of 8 subjects per strata have been prespecified—100% standard, 150, 
225 and 300%. The dose will not exceed 300% standard 40 milligrams per kilogram of eLVT followed by 30 
milligrams per kilogram (or 100% standard dose) via NGT every 12 hours for 72 hours. cEEG monitoring 
will be undertaken to ascertain subclinical seizures. Hematologic, hepatic and renal laboratory assessments 
will be made just prior to LVT administration, 24 hours post LVT and 7 days post LVT administration. An 
ECG will be obtained at baseline and again 3 hours post LVT administration and the cardiac rhythm as-
sessed. LVT serum levels will be measured at time (hours) = 0, 1.5, 4, 12, 24, 36, 40, and 84. A detailed 
neurologic exam will be completed at discharge. Dose escalation will proceed until 75% of study subjects 
are seizure free for the 24 hours after LVT administration or toxicity limits escalation.  
 
Secondary Intervention 

Once the optimal dose is determined, we will compare 30 study participants with CM and seizures given 
optimal dose eLVT to 30 study participants receiving standard AED therapy1 on time with seizures (in 

                                                 
1 See appendix 2 for details of standard AED therapy for cerebral malaria seizures in Malawi 
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minutes) in the 72 hours post LVT administration. The same safety assessments will be undertaken as in 
the primary intervention.   

Sample Size and Population 
Children (24-83 months) admitted to the Queen Elizabeth Central Hospital’s Pediatric Research Ward with 
CM (defined as P. falciparum parasitemia, a Blantyre Coma Score of ≤2, and no other coma etiology evi-
dent) and active seizures on admission or within 24 hours of admission including subclinical seizures identi-
fied on routine EEG. Up to 8 study participants will be evaluated at each dose stratum for a maximum of 32 
study participants (minimum of 7). 
 
Once the optimal eLVT dose is identified, 30 study participants with CM and seizures will receive optimal 
dose eLVT and they will be compared to study participants receiving standard AED treatment for time (in 
minutes) with seizures in the 72 hours after enrollment as determined by cEEG. 
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1.  STUDY OBJECTIVES 

1.1 Primary Objective 
1.1.1 To evaluate the safety and feasibility of eLVT use for acute seizure control in pediatric CM 
 
1.1.2. To identify the most optimal dose of eLVT for seizure control in acute CM by escalating from 
standard to up to three times standard dose of LVT titrating to the goal of achieving seizure freedom 
in the 24 hours after LVT administration in 75% of subjects. Seizures will be defined based upon 
clinical semiology and cEEG. 
 
1.1.3. To describe the Pk characteristics of LVT when used in study participants age 24-83 months 
old with acute CM  

 

1.2 Secondary Objectives 
1.2.1. To obtain preliminary efficacy data on eLVT for seizure control in acute CM by giving 30 study 
participants optimal dose eLVT and comparing their time with seizure activity to 30 study partici-
pants with CM who receive standard AED treatment. Time with active seizure will be determined 
based upon cEEG interpretation by off-site epileptologist. The eLVT study participants will receive 
standard AEDs for any breakthrough seizures based upon real-time, clinical interpretations provided 
by Drs. Birbeck, Mallewa or Postels. 
1.2.2. To obtain additional information which may be helpful in planning future clinical trials  

   1.2.2. a.  AEDs required for breakthrough seizures (dose and agent)  
1.2.2.b.  Mean time to coma resolution meaning a return to consciousness with a Blantyre 
Coma Score of ≥ 4  

    1.2.2.c. Neurologic sequelae evident at discharge   

2.  BACKGROUND 

2.1  Rationale 
Prior Clinical Experience & Study Rationale 
LVT Use in General Pediatric Populations  

Levetiracetam (LVT) is a novel AED in its mechanism as it binds to presynaptic vesicle pro-
teins SV2A in the brain and partially inhibits the high voltage N-type calcium channels(4). It is 
thought to affect SV2A function only under pathophysiologic conditions and therefore is not thought 
to affect normal brain physiology(5). It also decreases the effects of negative GABA- and glycine-
gated allosteric modulators(6). Some studies have suggested that LVT offers an anti-epileptogenic 
effect beyond its immediate anti-seizure benefit(7-9). LVT received FDA approval for use in study 
participant >4 years of age in 1999(10). Chronic LVT therapy in study participant has been found to 
be well tolerated, safe and effective(11-14). Data regarding the use of intravenous LVT for acute 
seizures and/or status epilepticus is more limited, though numerous retrospective reports suggest 
such use is common, safe and relatively effective. See Strategy Table 1 for details.  
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Strategy Table 1: A Review of Findings from Studies of LVT Use for Acute Seizure Control in Study Partici-
pants 

Population Seizure Characteristics Outcomes Adverse events (AE) 
32 study participants in Texas 
ages 2 months to 18 years 
(15) 

Refractory seizures >50% 
having failed first-line therapy 

All responded to LVT None 

11 study participants in North 
Carolina ages 2 days to 9 
years (16). 

Status epilepticus having 
failed at least 2 other AEDs 

Controlled seizures in 50% None 

4 study participants from 
Pennsylvania ages 3 weeks to 
19 years(17) 

Repetitive seizures/status epi-
lepticus .Failed other AEDs.  

Seizure termination in 2; De-
crease in seizure frequency in 1  

None 

73 study participants in Colo-
rado ages 1 day to 17.8 years 
(mean 5.6 years)(18) 

Serial seizures (79%), single 
seizure (12%), and status epi-
lepticus (8%). Additional AEDs 
(1-2 agents) also used. 

89% seizure free at 1 hour.  Irritability/aggression 
GI upset 
Ataxia 
Increased hunger 

10 study participants in Mas-
sachusetts mean age 2.0 +/- 
1.2 years(19) 

Refractory seizures from an 
exacerbation of medically in-
tractable epilepsy 

5 with ≥50% reduction, 2 seizure 
free, 1 no change  

Seizure worsening 
(possible AE) 

A 10 year old with autoimmune 
hepatitis(20) 

Nonconvulsive status epilepti-
cus 

Seizure resolution None 

10 study participants median 
age 5 (range 0.08-14 years) in 
Pennsylvania (21) 

Status epilepticus or serial sei-
zures 

Temporary termination of sei-
zures (3), termination of non-
convulsive status (2), stopped 
seizures (3), reduced seizures 
(2) 

None. 

73 study participants receiving 
LVT within 30 minutes of a sei-
zure(18) 

Most patients received LVT 
for serial seizures (79%), 
whereas 12% and 8% mani-
fested a single seizure or sta-
tus epilepticus, respectively 

Eighty-nine percent of patients 
remained seizure-free at 1 hour 

behavioral effects  
ataxia  
gastrointestinal upset, 
increased hunger 

A prospective feasibility study, 
LEV was applied as first-line 
treatment in 38 newborns(22) 

Seizures were confirmed by 
EEG 

30 infants were seizure free at 
the week 1.  27 remained seizure 
free at 4 weeks. 

No severe adverse 
events were noted 

A prospective safety and toler-
ability study of IV LVT in 30 
study participants. Given a sin-
gle dose (50 mg/kg, maximal 
dose 2500 mg) over 15 
minutes(23) 

Study population included 
study participant with multiple 
seizure types. 

An apparent decrease in seizure 
frequency across all seizure 
types was noted. 

No serious AEs. Minor 
reactions included 
sleepiness, fatigue, 
and restlessness 

 
LVT pharmacokinetics are characterized by extensive and rapid oral absorption (>95%) with peak 

plasma concentrations achieved in ~1 hour. LVT has low protein binding (<10%), a volume of distribution 
that approaches total body water (0.7 L/kg), a half-life of 6 hours in pediatric populations, linear pharmaco-
kinetics, and mixed renal and non-cytochrome P450 mediated hydrolysis to UCB057(24).  There are no 
clinically important pharmacokinetic drug interactions between LVT and enzyme inducing anticonvulsants 
(diazepam, phenobarbital, carbamazepine and phenytoin)(25). LVT is mainly renally cleared and excreted 
unchanged. The portion of LVT that is metabolized is through hydrolysis indicating that oxidative CYP 450 
and specifically CYP 2D6 is not involved. LVT is not a substrate for MDR1 either. Therefore, drug interac-
tions with high dose quinine, antipyretics, lumefantrine, artemether or, dihydroartemisinin, are unlikely 
making LVT a good candidate for seizure control in CM.  Apparent clearance (CL/F) in pediatric study par-
ticipants is greater than adults although neonates have reduced elimination due to immature renal func-
tion(1, 13)(Capparelli – unpublished). Doses of 1000 to 3000 mg/day in adults and 20-60mg/kg/day in 
study participants are generally well tolerated and achieve target trough concentrations between 6-20 
mcg/mL(25, 26).  

LVT in other pediatric populations has been found to be extremely safe. Monitoring of laboratory 
values with LVT use is generally not required since studies to date have indicated there are no meaningful 



  LVT for seizure control in CM 
  Version 11.0 
  13 July 2014 
   
 
 

14 
 

changes in liver function tests or other blood chemistries(27, 28). Hypersensitivity reactions to LVT in clini-
cal trials are similar to rates reported for placebo(27). The most common side effect reported in studies of 
LVT use in study participant is behavioral events with hostility, emotional lability, and agitation which re-
solve with discontinuation of the medication.  
 
LVT Use for Seizure Management in Pediatric CM 

Data on the use of LVT in resource limited settings is almost nonexistent. LVT has been used in a 
private hospital in India, where 30/41 patients (all >14 years old; mean age 21 +/- 10 years) with refractory 
status epilepticus had their seizures controlled with LVT(29). In this study it was specifically noted that re-
cipients did not require ICU-level care. There is presently an ongoing transnational Phase II clinical trial of 
intravenous IV LVT for status epilepticus(30). But LVT is not currently available in the public sector in Af-
rica, largely due to the high cost of the medication. Even generic oral formulations, though potentially af-
fordable for short term use, would be ~$250 per month for an adult--more than 10 times the cost of the 
most expensive first line agent recommended by the WHO(31). IV LVT is equally unaffordable--$116 for a 
2000 mg dose. While the cost of IV LVT is unaffordable for acute seizure management in the public sector 
of resource limited settings, oral LVT solution at $8.80/2000mg offers a feasible alternative. Enteral deliv-
ery of LVT via nasogastric (NGT) offers the additional advantage of allowing primary care facilities in ma-
laria endemic regions to provide treatment when IV access cannot be obtained or maintained. So although 
there is essentially no efficacy data on the use of LVT for CM, or in fact for any pediatric condition in a re-
source limited setting, short term use of enteral LVT for acute seizure control could potentially be feasible 
and affordable.  

 

 
 
 
 
 
 
 
 

management in African study participant with CM, data are needed regarding the feasibility, safety, phar-
maco- kinetic, and preliminary efficacy of this intervention. We will conduct a dose-escalation safety and 
feasibility study of enteral LVT in pediatric CM using a modified continual reassessment method that incor-
porates safety, efficacy and pharmacokinetic data to identify an optimal dose. Given the prevalence of sub-
clinical seizures in pediatric CM and critically ill study participant in general(21, 32), efficacy will be defined 
by seizure freedom based upon continuous EEG monitoring (cEEG). Preliminary data comparing seizure 
control with optimal dose LVT to standard AED treatments will also be obtained. Capacity building activities 
include expanding the present capabilities of a relatively new high pressure liquid chromatography (HPLC) 

 Figure 1:  
This quantitative EEG display shows 28 discrete seizures (ar-
rows) in a 1 hour segment of EEG. Seizures are best demon-
strated by neural network seizure detection algorithm (Persyst 
Reveal Rosetta, top arrows), amplitude integrated EEG (bot-
tom arrows), and color spectrogram. 

In addition to issues of efficacy of LVT, im-
portant consideration is needed regarding dose se-
lection. CM-related seizures are complex, multifocal, 
and prolonged with status epilepticus being common 
despite maximally tolerated doses of standard AEDs. 
See Strategy Figure 1 showing quantitative EEG 
analysis from a Malawian child with CM receiving 
standard AED treatment (diazepam, phenobarbital 
and phenytoin). Given the seizure severity often seen 
in CM, higher than standard therapeutic doses of 
LVT may be required for optimal management. Se-
vere malaria may alter drug absorption, distribution 
and elimination(2). In addition to these systemic met-
abolic effects of pediatric CM, gut endothelium has 
been identified as a site of parasite sequestration. 
Vomiting prior to coma onset in CM is common,  pos-
sibly due to intussusception which is often seen at 
autopsy(3). Enteral drug delivery in the first 24-48 
hours after admission with pediatric CM is not part of 
routine practice. To plan a phase III clinical trial of 
enteral LVT for acute seizure  
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laboratory at QECH to include LVT measurement and incorporating cEEG into care where routine daily 
EEGs were previously standard of care. 

2.2  Supporting Data 
Cerebral malaria (CM) is estimated to affect more than 3 million study participant each year result-

ing in ~ 1 million deaths with 90% of CM-related deaths occurring in Africa(31).  The criteria for CM include: 
[1] coma with no localizing response to pain that persists for more than one hour if the patient has experi-
enced a generalized seizure; [2] asexual forms of P. falciparum found in the blood; and [3] exclusion of 
other causes of encephalopathy(33). Newer antimalarial agents that rapidly clear peripheral parasitemia 
improve survival but mortality rates remain 12-25%(34-36). Established risk factors for death in pediatric 
CM include seizures, profound coma, signs of decerebration, absence of corneal reflexes and age under 
three years(37-43). Laboratory findings associated with a poor prognosis include hypoglycemia, leucocyto-
sis, hyperparasitaemia, elevated plasma concentrations of alanine and 5'-nucleotidase, and elevated 
plasma or cerebrospinal fluid lactate(44).  

CM survivors do not escape unscathed. Past studies have identified neurologic deficits at discharge 
in 9-18% of survivors with additional sequelae, such as epilepsy, becoming evident with longer term follow-
up(43, 45-50).  Hearing impairment has also been reported post CM(50). In 2004, an autopsy study of CM 
in Malawi revealed that the traditional clinical criteria for CM (parasitemia, deep coma and no other evident 
coma etiology) is nonspecific with ~23% of cases lacking pathological evidence of CNS parasite sequestra-
tion and, in fact, having another cause of coma and death identified(51). This diagnostic limitation can be 
overcome by inclusion of a funduscopic examination. A CM retinopathy originally identified by researchers 
in Blantyre, Malawi has been found to offer 100% specificity and 95% sensitivity for identification of true CM 
prior to autopsy(51-56). We conducted a 5-year prospective cohort study of pediatric CM survivors (The 
Blantyre Malaria Project Epilepsy Study, or BMPES) who met the more stringent diagnostic criteria that in-
clude CM retinopathy. In this retinopathy-confirmed CM population of 132 study participant, ~10% had neu-
rologic deficits evident at discharge. When followed for an average of 77 weeks, 32.1% experienced neuro-
logic sequelae including epilepsy (9.1%), behavioral problems (10.6%) and new neurodisabilities character-
ized by gross motor, sensory, or language deficits (23.1%)(32). 

In virtually all studies of CM aimed at identifying adverse neurologic outcomes, including the 
BMPES study, seizures during the acute infection have been identified as a primary risk factor for adverse 
outcomes(42, 45, 47-49, 57, 58), with prolonged and/or recurrent seizures being especially common and 
strongly associated with long-term disabilities and epilepsy. Among CM survivors in BMPES, seizures dur-
ing the acute admission were strongly associated with later epilepsy (91.7 vs. 63.3%; OR 6.37). Additional 
risk factors identified for adverse neurologic outcomes include hypoglycemia(45), prolonged coma(45, 47, 
48), deeper coma(47, 48, 57), and a higher maximum temperature(57).   

CM-associated seizures present a significant challenge in clinical management. Status epilepticus 
and recurrent seizures are common(42, 59). Seizures are frequently focal, though secondary generalization 
often occurs. Clinical seizure semiology suggests multifocal seizures indicative of more than one irritative 
structural lesion and this had been confirmed in the few studies where EEG technology has been available 
to further characterize CM-related seizures(59, 60). The epilepsy described after CM is usually localization-
related(61, 62). Among study participant in the BMPES study who developed epilepsy, neuroimaging during 
follow-up identified focal cortical atrophy that correlated to the region of active, recurrent focal seizures 
identified by EEG during the acute CM infection and which also correlated to the foci of the patient’s locali-
zation related epilepsy and other post-CM focal neurologic deficits. Although causality remains uncertain, 
there was a clear link seen between acute CM-associated seizures, subsequent epilepsy and identifiable 
structural atrophy among CM survivors in the BMPES study. 

Aggressive seizure management in pediatric CM is difficult. Subclinical CM-related seizures without 
any clinical correlate are common, but EEG technology is rarely available in malaria endemic regions. Sub-
tle seizures were seen in 23% of study participant in Kilifi, Kenya(59). In the BMPES study, among study 
participant with no suggestion of seizure activity by caregiver history or physician assessment, 19% had 
active seizures on EEG(32, 60). Unfortunately, the antiepileptic drugs (AEDs) routinely used for acute sei-
zure management in malaria endemic regions include older agents such as diazepam and phenobarbital. 
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These can all worsen the respiratory suppression that may already be present in deeply comatose study 
participant and mechanical ventilation is not available even in tertiary care settings. A clinical trial of pheno-
barbital to determine if more aggressive seizure management could improve survival in pediatric CM had to 
be halted early due to higher mortality rates in the treatment group—and the deaths were primarily due to 
respiratory failure(11). Essentially, efforts to control acute CM-related seizures are limited by our inability to 
identify subclinical seizures as well as the reality that aggressive treatment with available AEDs results in 
respiratory failure and death.  

We hypothesize that more optimal seizure control during acute CM will result in lower rates of ad-
verse neurologic outcomes in survivors. The ideal AED for use in CM would be an AED that is affordable 
for short term use, feasible to administer in resource limited settings, unlikely to interact with other medica-
tions needed to treat CM, unlikely to cause respiratory suppression and is otherwise safe enough to be 
used in all study participants presenting with clinically diagnosed CM, even those who have no obvious evi-
dence of seizure.  

3.  STUDY DESIGN 
3.1 Dose-escalation titrated to efficacy and limited by toxicity (a combined endpoint of death and 
severe suspected adverse drug reaction) 
3.2 Open label, randomized clinical trial  

4.  SELECTION AND ENROLLMENT OF SUBJECTS 

4.1  Inclusion Criteria 
• Admission to QECH Pediatric Research Ward  
• Aged 24-83 months 
• Comatose with BCS ≤2(40) 
• P. falciparum parasitemia as detected by thick peripheral blood smear using Field’s stain-
ing technique(63) 
• No other coma etiology evident based upon examination, history and lumbar puncture 
(where lumbar puncture is deemed safe)  
• Active seizures within 24 hours of admission, defined as clinically evident seizures or sei-
zures evident on routine EEG as determined by the interpreting clinician 
• Willingness of legal guardian to give written informed consent 

 

4.2  Exclusion Criteria 
• Serum creatinine on admission of > 2 mg/dL (using a bedside Cr meter) 
• Recent (within 14 days) use of any enzyme-inducing medication including but not limited to 
current rifampin containing tuberculosis therapy or antiretroviral therapy for HIV infection  (in-
cluding protease inhibitors, nucleoside reverse transcriptase inhibitors, non-nucleoside re-
verse transcriptase inhibitors, integrase inhibitors or entry inhibitors). 
• Contraindication for placement of nasogastric tube and/or enteral medication administration 
 
Additional exclusion criteria for years 2 and 3 when evaluating Aim 2- 

• Treatment within the past 12 hours with more than two doses of acute rescue treat-
ment with a short-acting antiepileptic agent (Meaning > 0.4mg/kg IV diazepam; > 0.8 
mg/kg PR diazepam; > 0.4 mg/kg IM paraldehyde) 

• Treatment within the past 3 days with any long-acting anticonvulsant including phe-
nobarbitone, phenytoin, or carbamazepine 

4.3  Study Enrollment Procedures 
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Mechanisms are already in place to facilitate rapid referral of CM patients to the Pediatric 
Research Ward. These include active BMP staff stationed in A & E as well as on the Pediat-
rics Ward. Surveillance of the existing inpatients is critical to identify study participants who 
develop coma after admission. The Pediatric Research Ward serves as the de facto Pediat-
ric Intensive Care Unit for QECH and consent to participate in ongoing research is not re-
quired for transfer or admission to the ward (i.e. children are transferred for medical need 
regardless).  

 
After admission/transfer to the ward and after the child has been stabilized (including treatment of 
acute seizures), the ward physician will review the admission for eligibility (including completion of a 
bedside creatinine) and, if the child meets all other inclusion criteria, a trained nurse-counselor will 
approach the parent/guardian to discuss informed consent for inclusion in this study. If a child admit-
ted without known seizure experiences a seizure in the first 24 hours after admission, either clini-
cally evident or on routine EEG, the ward physician will again review eligibility for the study. Nurse-
counselors are native Malawians fluent in the local language of Chichewa. Nurses are not compen-
sated based upon recruitment, but are full-time healthcare workers on the Research Ward where 
study participants and children admitted for nursing care are not treated differently except for proto-
col-specific requirements.  A complete record of the consent process will be documented in the 
screening and consent log. A unique identification number will be assigned to study participants in 
this study. The children admitted to the QECH Pediatric Research Ward are typical of those who 
suffer from malaria globally each year and are a sub-sample from the greater population that could 
benefit from neuroprotective interventions if they prove to be effective.  
   
Given that funduscopic examination is not generally available in routine care settings in malaria-en-
demic regions, it is likely that any potentially efficacious treatments identified for CM would be deliv-
ered to the broader group of pediatric CM children which include children meeting the traditional 
case definition of CM but who lack CM retinopathy and likely have another underlying cause for 
coma. Therefore, children meeting the WHO case definition for CM who lack retinopathy will also be 
eligible for this LVT dose finding study to determine overall safety.  
 
For the open-label, randomized clinical trial comparing eLVT to standard AEDs, enrollment will be 
randomized eLVT or routine care. No more than 3 study participants will be enrolled in the eLVT 
arm at any time due to equipment limitations and to the burden of assessment for staff in study par-
ticipant given collection of Pk data.  
 
Due to the need to randomize patients for Aim 2 (the open-label, randomized efficacy assessment) 
prior to the receipt of any long-acting AED for years 2 and 3 we will also recruit directly from the 
Special Care Ward and A&E.   

 
4.4 Randomization protocol summary 
 

Patients will be assigned to treatment groups using blocked randomization with randomly se-
lected block sizes (76). After consent, subjects will be assigned to treatment groups based on a 
pre-defined randomly generated list. Clinical staff will log into OpenClinica to determine subject 
assignment. For periods of time when OpenClinica is unavailable due to local technical issues, 
identical assignments will be available in sequentially numbered sealed opaque envelopes for 
clinic staff use. The two systems will be linked through a paper log. 

5.  STUDY INTERVENTIONS  

Interventions, Administration, and Duration (Dose Escalation Study) 



  LVT for seizure control in CM 
  Version 11.0 
  13 July 2014 
   
 
 

18 
 

After the parent/guardian consents, a pediatric sized NGT will be placed by experienced staff.  The as-
signed dose of eLVT will be administered. For the study participant receiving the initial dose, this will be a 
standard 40mg/kg loading dose followed by 30mg/kg Q12 hours (~6 ml for a study participant of 15kg) for 
72 hours or a total of 7 doses including the loading dose. For subsequent assigned doses, Pk data from the 
100% standard dose cohort will be used for the doses of ~150, 225, and 300% standard. cEEG monitoring 
will be commenced as the eLVT is being administered and cEEG monitoring will continue until the study 
participant regains consciousness (reaches BCS ≥4) or dies. 
 
5.1 Interventions, Administration, and Duration (Open Label, Randomized Trial)  
 

After the optimal dose is determined, additional study participants will receive the optimal dose to 
reach a total of 30 study participants. The comparison group will include study participants who oth-
erwise meet all inclusion criteria but these study participants will receive standard AED treatment2 
only. The only additional monitoring they will undergo beyond that routinely provided on the Pediat-
ric Research Ward will be cEEG rather than the usual daily EEG provided and the safety labs at 
baseline, 24 hours after treatment is initiated and at follow-up. To standardize the observation pe-
riod for seizure recurrence, both the LVT and standard treatment groups will have cEEG applied 
with t=0 for cEEG monitoring to begin no later than 2 hours after consent is given. (This should 
roughly approximate to 1 hour post eLVT delivery).  
 
For children assigned to the eLVT treatment arm who experience seizures on standard dose eLVT, 
we will escalate to 150% standard dose and conduct pharmacokinetic assessments in children re-
ceiving this higher dose only. The Pk sampling protocol used will be the same as that used in Aim 1, 
the dose-escalation phase. If seizures continue on 150% standard dose eLVT, the child will the 
cross over to receive standard AED treatment for rescue therapy. Children assigned to the standard 
AED treatment arm who continue to have seizures despite maximum therapy will receive standard 
dose eLVT for rescue therapy with escalation to 150% eLVT if needed. Pharmacokinetic data fol-
lowing the protocol used for Aim one will be obtained. 
 
Children randomized to PB will receive PB only if they experience further seizures (either clinically 
or on cEEG) which fail to respond to two doses of rescue treatment with benzodiazepines and/or 
paraldehyde.Children who require PB will receive 6 doses after the load to remain comparable to 
LVT in terms of treatment duration. Once the child is awake and able to swallow, PB may be given 
orally. 

 
5.2  Handling of Study Interventions 

Oral Keppra® solution will be purchased and shipped via courier to Blantyre. Shippers will be pro-
vided with details regarding environmental controls which include keeping the medication in moder-
ate temperatures (at 15-30°C) and the necessary measure taken to assure this occurs. In Blantyre, 
the medication will be stored in the Pediatric Research Ward Pharmacy, located adjacent to the 
Ward where it will be kept in a medication locker out of direct light. The room will be maintained a 
between 15-30° Celsius with a dedicated air conditioning unit that is connected to the BMP genera-
tor in case of power outages. Supplies will be ordered in the 6 months preceding each recruitment 
period and shelf-life for unopened contained is 3 years, so substantial left over stocks of medication 
are not expected.    

5.3 Concomitant Interventions 
All treatments routinely used in the acute care of children with CM will be provided (63). These in-
clude antimalarials (intravenous quinine or an artesunate followed by a full oral course of arteme-
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ther-lumefantrine), antipyretics (acetaminophen, ibuprofen), acute seizure treatment as needed (di-
azepam), other anticonvulsants as needed (phenobarbital followed by phenytoin), and blood trans-
fusions. BMP study procedures include clinical observations (vital signs and BCS) every 2 hours; 
blood samples for malaria parasite counts, plasma cell volume, glucose, and lactate every 6 hours; 
and timely blood transfusions when indicated. Lumbar punctures are completed on admission un-
less contraindicated. The duration and characteristics of all clinical seizures are documented in a 
“fitting chart” by nurses, clinical officers3 and physicians on the ward. Seizures on the BMP are 
treated promptly based upon clinical observations. In addition to treating clinically evident seizures, 
clinicians can ask for acute review of the cEEG for any clinically suspicious event. Quantitative EEG 
analysis will be provided to the clinicians caring for all patients undergoing cEEG monitoring just 
prior to the morning and evening ward rounds to further direct care. When electrographic seizures 
are identified by the physicians reviewing cEEG on site for clinical purposes and to direct dose es-
calation or cross over treatment to unassigned drug if needed. The responsible clinicians will be no-
tified immediately so treatment can be initiated or changed as indicated. Study participants enrolled 
in this study including those receiving eLVT will receive standard treatment for seizure activity (clini-
cal seizure as well as electrographic seizures with no clinical correlate). For study participant who 
are experiencing a seizure at the time of enrollment, an initial dose of diazepam (our standard first 
line treatment) will be given and subsequent doses delivered as needed per Ward protocols, which 
are consistent with WHO guidelines. If treatment is given for cEEG findings interpreted locally as a 
seizure but Dr. Herman determined the findings was not a seizure, this will be a protocol violation 
requiring subject replacement. Details for standard ward protocols for seizure management are pro-
vided in the Appendix.  

5.4 Adherence Assessment 
Study drug administration will be undertaken by a Pediatric Research Ward nurse. If/when the study 
participant awakens, NGTs will be removed and the medication (which is grape flavored) will be 
given orally. The administering ward nurse will directly observe the oral intake of the medication and 
document oral adherence. If vomiting occurs with 30 minutes of oral administration, a repeat dose 
will be given and documentation of the event made. 

6.  CLINICAL AND LABORATORY EVALUATIONS 
 

                                                 
3 Clinical officers are healthcare workers who receive at least three years of training after secondary school 
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Table 1: Schedule of Evaluations 

Evaluation Pre-Entry 
 

Entry Day 1 Day 2 Day 3 Day 4 Discharge 
(d/c) 

7 days post 
eLVT +/-2 

days 

Informed Consent X        

Documentation of Disease/Disorder X     X   

Creatinine measurement (bedside) X        

Medical/Treatment History X        

Detailed Neurologic Assessment  X      X  

Physical Exam X  Twice daily Twice daily Twice daily Twice daily   

Vital Signs including oxygen saturation  X Q2 hourly until BCS 4, then Q 6 hourly X 

ECG (12 lead)  X 3 hours after eLVT administration, of applicable  

Hematology (CBC) + retic count  X  X    X 

Chemistry  
(electrolytes + renal function)  X  X    X 

Liver Function Tests  X  X    X 

Thick blood smear (MPs) and lactate X  Q 6 hourly until negative/normal times 2  

Glucose  X Q6 hourly for the first 24 hours after admission. More frequently if clinically 
indicated and as clinically indicated after 24 hours  

LVT Pk Detailed   
Before dose 1 (t=0 hours), then at 1.5 hours, 4 hours, 12 hr (prior to 2nd 
dose) , 24 hr (prior to 3rd dose),  36 hour (prior to 4th dose), 48 hour,  and 84 
hour 

  

LVT Pk Limited  
Before dose 1, (t=0), at 4 hours post dose 1 and 24 hours (prior to 3rd dose). 
An additional level will be drawn  after dose # 6 between 4 and 40 hours af-
ter the last LVT dose. 

  

cEEG  From  eLVT administration until 24 hours post admin for dose-escalation; 72 hours for effi-
cacy pilot study  

Cardiac rhythm, assessment  Via cEEG during administration of loading dose  

Adherence Assessments   Per directly observed therapy if/when agent administered 
orally   
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Note that in Aim 2, the open-label randomized comparison of eLVT to standard treatment with phenobarbitone, 
only the “LVT Pk limited” studies for Pk will be undertaken. “LVT Pk Detailed” was obtained in year 1 for the 
dose escalation phase and will also be obtained in study subjects who fail standard dose LVT and escalate to 
150% standard or those who receive LVT after failing treatment with standard therapy in Aim 2.  

6.2  Timing of Evaluations 

6.2.1 Pre-Enrollment Evaluations 
These evaluations occur prior to the subject receiving any study interventions.  
 
Screening  
Children admitted to the QECH Pediatric Research Ward will be reviewed for inclusion. General 
admission procedures include thick blood smear for malaria parasites and a clinical assessment 
which includes the BCS and seizure assessment. Additionally, a rapid creatinine check, and re-
view of exclusion criteria (concomitant use of ATT or ARVs or other enzyme-inducing agent) will 
be undertaken.  
 
Entry 
Eligible children with guardians willing to provide written informed consent will be enrolled. An 
NGT will be placed and the loading dose of the study drug administered within 4 hours of ob-
taining consent. cEEG will be applied concurrently—this takes ~35 minutes  

6.2.2 On-Study Evaluations 
Dosing and serum level evaluations must be tightly adhered to—actual times of each dose and 
drug level will be carefully documented in the file. The discharge neurologic assessment may 
occur anytime on the actual day of the discharge from hospital.  

6.2.3 Intervention Discontinuation Evaluations 
The intervention will be discontinued at the explicit request of the caregiver/guardian. The inter-
vention will also be discontinued if based upon the BMP clinician’s judgment LVT-associated 
adverse effects including vomiting, aspiration or complications related to administration of the 
study drug warrant discontinuation. A discontinuation form to be included in the CRF, will be 
completed by the attending physician, must be documented and filed for guardian-initiated with-
drawals or discontinuation based upon AEs or elevated concerns regarding for potential AEs. 
Study participants who discontinue the intervention will remain on the Pediatric Research Ward 
for the high level care available on this unit. 

  
We will characterize laboratory adverse events according to graded criteria per a modified ver-
sion of the NINDS Common Data Elements for Adverse Events. Even though LVT has no clear 
safety signal based on laboratory abnormalities, this is a novel population for LVT use and la-
boratory assessment is required. All suspected adverse drug reactions (SADRs) will be rec-
orded on CRFs. The core team will be notified of any Grade 3 SADR (including death) within 24 
hours of the site being aware of the event along with the PI and clinician’s plan for clinical man-
agement and follow up of these events as appropriate. Note that since children with CM are ex-
pected to have several abnormal laboratory parameters due to their underlying condition, a sig-
nificant change from admission laboratory values will be the parameter assessed to identify la-
boratory-based SADRs. These are detailed in the Appendix. 
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Grade 1 Toxicity: Continue LVT. 
 
Grade 2 Toxicity: Continue LVT. 
 
Grade 3 Toxicity: LVT should be held at the discretion of the BMP clinical director. For abnormal 
laboratory results, repeat assessment/confirmation should be done as soon as possible.  If re-
peat assessment confirms Grade 3 toxicity, continue to hold LVT and follow abnormal laboratory 
values weekly. All toxicities should continue to be monitored weekly until the toxicity is Grade 2. 
 
Grade 4 Toxicity: LVT must be held if the adverse event is determined to be possibly related to 
LVT. For abnormal laboratory results, repeat assessment/confirmation should be done as soon 
as possible. If repeat assessment confirms Grade 4 toxicity, LVT should be permanently discon-
tinued. If repeat assessment shows Grade 3 toxicity, continue to hold LVT and follow abnormal 
laboratory values.  If toxicity resolves to ≤ Grade 2, LVT can be restarted.  If > Grade 3 toxicity 
recurs after reintroduction of LVT, LVT must be permanently discontinued. All toxicities should 
continue to be monitored at least weekly until the toxicity is Grade 2 after which the subject will 
be removed from study. 

6.3 Post-Intervention Evaluations 

A neurologic assessment will take place on the day of discharge. cEEG will continue beyond 72 
hours if the study participant remains with a BCS <4.Laboratory safety assessments made at 7 
days post eLVT administration include hematologic, renal and hepatic evaluations. Laboratory 
abnormalities will be characterized using graded criteria based upon the modified NINDS Com-
mon Data Elements for Adverse Events (see Appendix). A detailed neurologic evaluation will 
also be completed at the 7 day (+/- 2 days) post LVT initiation. 

6.3.1   Final Evaluations 

The assessment at 7 days (+/- 2 days) post LVT initiation will be the final visit. At that 
time, study participants will be referred for any further services or care needed based 
upon the findings in the evaluation.  

6.4  Special Instructions and Definitions of Evaluations 

6.4.1  Informed Consent 
A detailed discussion between the guardian/caregiver and the research nurse seeking 
consent will take place in a quiet location in Chichewa (the local language). All consent 
documents and procedures will be approved via COMREC and BIRB. COMREC’s FWA 
number is FWA00011868 and BIRB’s is FWA00004556.  All the study key personnel 
have undergone the required training in human subjects’ protection and this certification 
will be maintained throughout the study period. Any and all changes to the consent pro-
cess or this protocol will require approval before being initiated.   

6.4.2  Documentation of CM 
• MPs (thick and thin blood smear; to facilitate rapid randomization and treatment initia-
tion in Aim 2, a rapid diagnostic test at the bedside will be completed with a thick and 
thin blood smear obtained simultaneously) 
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•BCS ≤2 
•Any other evident coma etiology (e.g. head trauma) 

6.4.3  Medical History 
• Active seizures-in the 24 hours before or after admission identified clinically or on rou-
tine EEG 
• Creatinine. 

6.4.4 Concomitant Treatments 
•  Note whether any AEDs were given in the 48 hours prior to enrollment and the doses 
of these if applicable 
• Recent (within 14 days) or current enzyme-inducing agents including rifampin contain-
ing tuberculosis therapy or antiretroviral therapy for HIV infection  (including protease 
inhibitors, nucleoside reverse transcriptase inhibitors, non-nucleoside reverse transcrip-
tase inhibitors, integrase inhibitors or entry inhibitors)to be assessed as exclusion criteria 
 
Given the plans for treatment cross over for patients failing their assigned treatment and 
the need to randomize to eLVT vs. phenobarbitone, additional exclusion criteria for years 
2 and 3 when evaluating Aim 2 will include- 

o Treatment within the past 12 hours with more than two doses of acute rescue 
treatment with a short-acting antiepileptic agent (Meaning > 0.4mg/kg IV diaze-
pam; > 0.8 mg/kg PR diazepam; > 0.4 mg/kg IM paraldehyde) 

o Treatment within the past 3 days with any long-acting anticonvulsant including 
phenobarbitone, phenytoin, or carbamazepine 

 

6.4.5  Study Intervention Modifications 

Upon recovery to a BCS ≥4, if the study participant is able to swallow based upon a bed-
side sips evaluation, the NGT will be removed and the study drug will be given orally. As 
per the methods detailed below, after the initial 8 study subjects’ data are analyzed, a 
revised dosing schedule will be proposed, if necessary based upon the pharmacologic 
data. The cEEG will also be discontinued once a child is awake with a BCS ≥4. 

6.4.6  Clinical Assessments 

Physical Examination—This will include a bedside examination appropriate for any criti-
cally ill study participant. The CRF will include data added to the fitting chart as well as 
the BCS obtained. A physical examination is conducted twice daily at morning and even-
ing ward rounds. Study participant will remain in the Pediatric Research Ward until dis-
charge. 

cEEG—Continuous EEG monitoring will be undertaken using microarray technology and 
MRI compatible electrodes. See Appendix E. cEEG interpretation will be provided on site 
by Drs. Birbeck, Mallewa and Postels for clinical management. For research purposes, 
these will be transmitted daily via a dedicated vsat using DropBox to Dr. Herman at 
BIDMC for a blinded analysis. She will only have the study participant’s BCS and age. 
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Detailed Neurologic Assessment—this will include a detailed neurologic examination by 
a neurologist. Any notable abnormalities on the detailed neurologic assessment will be 
included in the CRF. This will be completed on admission, discharge and 7-days post 
eLVT administration. 

6.4.7  Laboratory Evaluations 
We will characterize laboratory adverse events according to a graded criteria (See 
Graded Toxicity Criteria in Protocol Appendix 1). These will be assessed for adverse 
events. All suspected LVT-associated adverse drug reactions should be recorded on 
CRFs. The protocol team should be notified of any Grade 3 LVT-associated AEs within 
72 hours of the site being aware of the event along with site investigator plan for clinical 
management and follow up of these events as appropriate.  
 
Grade 1 Toxicity: Continue LVT. 

 
Grade 2 Toxicity: Continue LVT. 

 
Grade 3 Toxicity: LVT should be held at the discretion of the Ward attending physician.  
 
For abnormal laboratory results, repeat assessment/confirmation should be done as 
soon as possible.  If repeat assessment confirms Grade 3 toxicity, continue to hold LVT 
and follow abnormal laboratory values weekly. All toxicities should continue to be moni-
tored at least weekly until the toxicity is Grade 2 after which the subject will be removed 
from study. 

 
Grade 4 Toxicity: LVT must be held if the SMC concludes this is possibly related to the 
study drug. For abnormal laboratory results, repeat assessment/confirmation should be 
done as soon as possible. All toxicities should continue to be monitored at least weekly 
until the toxicity is Grade 2 after which the subject will be removed from the study  

 
6.4.8  Pharmacokinetic Studies 

 

                                                                                             
           

F                                                                                                                                 Figure 2: Predicted LVT Level for Initial Dose 

Pharmacokinetic assessments will be made upon chil-
dren enrolled in dose escalation and the open label 
clinical trial. Predicted steady-state trough concentra-
tions in a typical 2 year old with normal and moderate 
renal dysfunction (serum Cr=2.0) using a loading 
dose of 40mg/kg with 30mg/kg every 12 hours, fall 
within the desired range and are depicted in Strategy 
Figure 2(1) 

Eight blood samples (0.7 mL) for LVT will be 
collected on each study subject: At time 0 (prior to 
first dose) 1.5, 4, 12 hr (prior to 2nd dose), 24hr (prior 
to 3rd dose), prior to and 4 hr post the 5th dose and 12 
hrs after the last dose.  Laboratory assessments will 
be made at baseline, 24 hours and 7 days post LVT 
administration. An ECG will be obtained at baseline 
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determined by HPLC method (64).  Pk data will be analyzed using both a mixed-effects population      
approach and empiric Bayesian approach, both performed with the computer program NONMEM.  
 Plasma LVT levels will be summarized and evaluated after each dose-cohort.   

7.  MANAGEMENT OF ADVERSE EXPERIENCES 
CM is associated with high rates of morbidity and mortality. The expected outcomes include severe anemia 
requiring blood transfusions, hyperlactatemia, acidosis, prolonged coma, hypoglycemia, severe thrombocyto-
penia, hyponatremia, extreme hyperpyrexia, seizures, and, neurologic sequelae including blindness, hemipare-
sis, hypotonia, and mutism. Death is also a common outcome occurring in 16% of pediatric CM patients on the 
QECH Research Ward over the past 5 years. All study subjects will receive treatment and management for 
these conditions consistent with the WHO’s guidelines for the management of severe malaria(63) 
 
Adverse Events related to the intervention may include aspiration, complications related to NGT placement and 
maintenance, vomiting, prolonged coma, and transient aggression or irritability upon regaining consciousness   
 
Aspiration-Study subjects will be closely monitored clinically for signs of aspiration including Q4 hourly assess-
ments of oxygen saturation. If oxygen saturations are below 95%, the ward attending will be notified to make a 
physician level assessment (auscultation, urgent PCV, etc.) and determine if aspiration is the potential underly-
ing cause. If oxygen saturation declines and remains lower than the pre-aspiration baseline, the NGT will be 
placed to suction to remove any remaining gastric contents, the intervention will be discontinued and the NGT 
removed. Otherwise, the decision to discontinue the study drug intervention is at the discretion of the attending 
physician.  
 
Complications of NGT placement and maintenance-If placement/maintenance of the NGT by experienced staff 
is difficult and result in nasal trauma and or significant epistaxis and the study subject is comatose and/or una-
ble to swallow, the intervention will be discontinued and the NGT removed. Necessary measures to ameliorate 
any bleeding will be taken. 
 
Vomiting-Although common in the early stages of malaria, once comatose, study participants with CM do not 
usually vomit. If vomiting occurs in comatose study participant, the NGT will be placed to suction to remove the 
remaining gastric contents, oxygen saturations will be assessed and once gastric contents have been re-
moved, the NGT will be removed and the intervention will be discontinued. 
 
Since prolonged coma and aggression/irritability due to LVT vs the underlying CM are impossible to distinguish 
on an individual patient basis, these potential AEs will be recorded, but will not serve as grounds for discontinu-
ation of the study.  

8.  CRITERIA FOR INTERVENTION DISCONTINUATION 

 
The intervention will be discontinued at the explicit request of the caregiver/guardian. The intervention 
will also be discontinued if based upon the BMP clinician’s judgment LVT-associated adverse effects 
including vomiting, aspiration or complications related to administration of the study drug warrant dis-
continuation. A discontinuation form to be included in the CRF, will be completed by the attending phy-
sician, must be documented and filed for guardian-initiated withdrawals or discontinuation based upon 
AEs or elevated concerns regarding for potential AEs. Study participants who discontinue the interven-
tion will remain on the Pediatric Research Ward for the high level care available on this unit. 
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We will characterize laboratory adverse events according to graded criteria per a modified version of 
the NINDS Common Data Elements for Adverse Events. Even though LVT has no clear safety signal 
based on laboratory abnormalities, this is a novel population for LVT use and laboratory assessment is 
required. All suspected adverse drug reactions (SADRs) will be recorded on CRFs. The core team will 
be notified of any Grade 3 SADR (including death) within 24 hours of the site being aware of the event 
along with the PI and clinician’s plan for clinical management and follow up of these events as appropri-
ate. Note that since children with CM are expected to have several abnormal laboratory parameters 
due to their underlying condition, a significant change from admission laboratory values will be the pa-
rameter assessed to identify laboratory-based SADRs. These are detailed in the Appendix. 

 
Grade 1 Toxicity: Continue LVT. 
 
Grade 2 Toxicity: Continue LVT. 
 
Grade 3 Toxicity: LVT should be held at the discretion of the BMP clinical director. For abnormal 
laboratory results, repeat assessment/confirmation should be done as soon as possible.  If re-
peat assessment confirms Grade 3 toxicity, continue to hold LVT and follow abnormal laboratory 
values weekly. All toxicities should continue to be monitored weekly until the toxicity is Grade 2. 
 
Grade 4 Toxicity: LVT must be held if the adverse event is determined to be possibly related to 
LVT. For abnormal laboratory results, repeat assessment/confirmation should be done as soon 
as possible. If repeat assessment confirms Grade 4 toxicity, LVT should be permanently discon-
tinued. If repeat assessment shows Grade 3 toxicity, continue to hold LVT and follow abnormal 
laboratory values.  If toxicity resolves to ≤ Grade 2, LVT can be restarted.  If > Grade 3 toxicity 
recurs after reintroduction of LVT, LVT must be permanently discontinued. All toxicities should 
continue to be monitored at least weekly until the toxicity is Grade 2 after which the subject will 
be removed from study. 

9  STATISTICAL CONSIDERATIONS 

 
9.1  Details of Randomization Process 
The randomization process is designed to be blinded to data collectors. The steps for randomizing 
patients are: 

 
1) A ordered list of random assignment to groups is generated. 

a. An open source SAS macro will be used to generate group assignment (Efird, 2011) 
i. The random number seeds will be pre-defined and stored. 
ii. Re-running the macro with the same random number seeds will replicate samelist 
of assignments. 
iii. SAS random number functions will generate the sequence of block size and the 
distribution of subjects within in each block. 
iv. Block sizes of 4 and 6 will be randomly selected. 
v. Random assignment of 100 subjects will be determined in advance. 

2) The list of random assignments will be made available to clinical staff in two methods. 
a. The preferred method of accessing subject assignment will be through a link in the Open-
Clinica software. 
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i. At subject enrollment, staff will click on the link to determine which group the sub-
ject is assigned to. 

b. As a backup method, sequentially numbered sealed opaque envelopes will be used for 
periods of time when the local OpenClinica is not available. 

i. The envelopes will contain the same information as the link on OpenClinica and 
will only be made available as a back-up. 

c. A paper log will track the process of subject enrollment. 
i. As subjects enroll in the study, subject ID and sequential number will be logged. 
ii. The sequential number of enrollment on the log will be used to determine 
which envelope will be used to assign randomization. 

9.2  General Design Issues 
We hypothesize that LVT use during acute CM will result in improved seizure control The initial 
study undertaken to address this hypothesis is a dose finding study of enteral LVT. LVT has 
been selected as the AED of choice due to its excellent side effect profile especially with regard 
to the lack of respiratory suppression even with loading doses of LVT. This is important since 
respiratory failure/apnea is a common mode of death from CM in hospitals in sub-Saharan Af-
rica (where 90% of CM occurs) do not have recourse to mechanical ventilation. Enteral LVT has 
been chosen for its relative affordability and the feasibility of enteral LVT administration even in 
primary care settings in Africa. At this time, parental LVT treatment for a 15kg study participant 
for 3 days would be >$US300 and would be unaffordable in the public sector. In this dose esca-
lation study, our primary goal is to determine the optimal dose for achieving seizure freedom in 
75% of study participant with CM and seizures. 
 
Our secondary aims are to  

a. Assure feasibility and safety of eLVT 
b. Obtain preliminary efficacy data for LVT as an anticonvulsant in acute pediatric CM 

through a open label, randomized assessment of optimal dose eLVT vs. standard AED 
treatment looking at time with seizure (in minutes) during the 72 hours after treatment 
allocation/consent. 

9.3  Outcomes 

9.3.1  Optimal dose of eLVT for seizure control in at least 75% of study participant with CM and sei-
zures. 

9.3.2  Secondary outcomes--Side effect/safety profile 

a. Frequency of vomiting 

b. Frequency of any aspiration 

c. Frequency of aspiration requiring discontinuation of study drug 

d. Frequency of NGT complications 

e. Frequency of NGT complications requiring discontinuation and descriptions of events 
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f. Frequency of SADRs per laboratory assessments (hematologic, renal; and hepatic) at 1 and 
7 days post eLVT administration compared to baseline parameters 

g. Coma duration defined as time from admission to BCS>3 

h. Aggression or irritability on regaining consciousness 

i. Any other unanticipated adverse events which are not known to occur among study partici-
pant with CM and which may therefore be related to the interventions. 

 
9.3.3  Open label, randomized clinical trial of optimal dose LVT vs. standard AED with the primary out-
come of minutes with seizure per cEEG in the 72 hours after treatment allocation 

 
Secondary evaluations will include 
a. The AEDs required (including for breakthrough seizures in LVT group) during admission includ-

ing agent(s) and overall quantity received 
b. Mean time from admission to BCS≥4 
c. Neurologic sequelae at discharge  
d. Given that retinopathy status and pre-enrollment exposure to phenobarbitone may both impact 

LVT efficacy, two additional stratified analysis based upon these characteristics will be con-
ducted as secondary analysis for Aim 2 
 

9.4  Sample Size, Accrual and Analysis 
Dose Escalation Study: 
Sample:  Up to 8 study participants administered one of four pre-specified doses of LVT, begin-
ning with the standard dosing (100% standard) and subsequent doses at ~150%, 225% and 
300% standard. 
Endpoint: (1) seizure freedom in 75% of study participants for 24 hours after initiation of treat-
ment, (2) toxicity, acute mortality. 
 
Analysis: Our approach begins with the initial LVT loading dose 1d  in 1n  study participants. The 
target response is seizure freedom in 75% of study participants in 24 hours. Let 1Y denote the 
number of study participants meeting the target response, and p the probability of response.  If 
the estimate p̂ of p is less than 0.75 we use the next higher dose 2d  in 2n study participant and 
p is re-estimated. At any stage, if the estimate p̂  ≥0.75 when we compute a 90% exact confi-
dence interval (CI) for p(69), dose escalation is stopped. If the lower limit of the CI exceeds 
0.50; otherwise, we use the next dose level.  In this scenario an exact 90% CI for p based on 7 
responses is (.529, .994) which meets the imposed condition (see Strategy Table 2). The proba-
bility that the half-width does not exceed 0.30 is 0.913 when p̂ =0.75. (70) To refine subsequent 
estimation of  p we will include Pk measurements 1x in a dose-response logit model

1
0 1 1 2 1(1 exp( )) .p d xβ β β −= + − − (68) 
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Throughout the dose-escalation study we will also monitor for toxicity and acute mortality.  
 
Endpoint or response:  Toxicity, acute mortality 
Although LVT is not expected to have a different safety 
profile than current AED treatments it behooves consid-
eration of early stopping of the study should an unlikely 
event occur. 
To frame our approach let p denote the event probability 
(eg, toxicity, mortality) in the LVT treatment group. Con-
sider acute mortality (case fatality).The historic ward 
case fatality in this CM population is 0p (=.16). If δ (>0) is the acceptable margin between LVT 
and standard AED then 0 0: δ− ≤H p p  is regarded as acceptable, while 1 0: δ− >H p p would be 
unacceptable. In words, if 1H is true then LVT treatment shows case fatality a proportion δ  
above that of AED treatment, whereas under 0H  LVT is non-inferior to AED. 
 

The dose escalation study is planned starting with 8 study participant at the standard dose (100% of 
standard) followed by 8 study participant at each of 150%, 225% and 300% of standard. We will use 
the accumulating data to judge the safety 
of LVT. Hence the total number of study 
participant at the end of all four dose lev-
els in 32.  Because of the small sample 
size we initially set  δ=.08,  for the first 
two sets of data (n=8, n=16) and then set 
δ=.04 for the second two sets of data 
(n=24 and n=32). If we use a significance 
level α=.10, exact p-values for testing 0H
vs 1H  and the 80% confidence limits 
(LCL, UCL) for  p are shown I the table. 
The estimate of p is the proportion of fa-
talities among n study participant in treat-
ment. The last line for each value of n 
gives the stopping boundary. For exam-
ple suppose at the standard dose we see 
fewer than 4 deaths (50%); continuing to 
the next dose (if warranted), we will 
cease the study at this stage if the accu-
mulated deaths exceeds 6 out of 16 
treated (37.5%). We emphasize that 
these scenarios are not expected as LVT’s safety profile is well established in different settings.  
 

 
Summary of Escalation Plan 
 
We stop for efficacy when 7/8 study participants on a specific dose are seizure free for the 24 hours 
after LVT administration. 
 

Table2: Exact confidence intervals for re-
sponse probability p.  N=8 

# Responses 
80% CI 90%CI 

6 .462, .931 .400, .954 
7 .594, .987 .529, .994 
8 .750, 1.00 .688, 1.00 

Table 3: Scenarios for stopping LVT treatment due to  
unexpected excess mortality 

 
n 

Limit
, 0p

+δ 
Esti-
mate,p 

Exact p-
value 

Exact 
80% LCL 

Exact 
80% UCL 

8 0.24 0.3750 0.2967 0.1469 0.6554 

8 0.24 0.5000 0.1004 0.2397 0.7603 

16 0.24 0.3125 0.3341 0.1606 0.5035 

16 0.24 0.3750 0.1641 0.2104 0.5654 

16 0.24 0.4375 0.0657 0.2629 0.6250 

24 0.20 0.2917 0.1889 0.1703 0.4416 

24 0.20 0.3333 0.0892 0.2049 0.4845 

32 0.20 0.2500 0.3018 0.1514 0.3742 

32 0.20 0.3125 0.0898 0.2040 0.4400 
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We stop for toxicity if mortality + grade 3 or 4 SADR exceeds the BMP baseline ward 16% allowing pa-
rameters as described above for small sample size and uncertainty 
 
The stopping rules… 
4 of 8 deaths/toxicity and we stop (50.0%) 
6 of 16 deaths/toxicity and we stop (37.5%) 
8 of 24 deaths/toxicity and we stop (33.3%) 
9 of 32 deaths/toxicity and we stop (28.1%)  
 
 
Open Label, Randomized Comparison of optimal LVT vs. standard AED  
Sample: Two groups of 30 study participant (1) receiving the optimal LVT treatment identified in aim 1, 
or (2) receiving standard AED treatment.   
 
Primary Endpoint: Minutes with seizure activity during the first 72 hours after initiation of treatment  
Secondary Endpoints: (1) the use of additional chronic anticonvulsants for seizure control, (2) time to 
coma resolution defined as a Blantyre Coma Score (BCS) ≥ 4, (3) presence of neurologic sequelae at 
discharge, (4) acute mortality. 

Analysis:  The outcome data for the two-group design are{( , , ) :1 }≤ ≤i i iY z i nx where iY is the response of 
the i-th study participant, iz  a treatment group indicator ( iz =1 for LVT, iz =0 for standard) and ix de-
notes additional explanatory variables (covariates) assessed prior to treatment initiation.  Our analyses 
concern the mean response ( | , ).i i iE Y z x  Specifically, continuous responses (eg, minutes in seizure ac-
tivity) will be analyzed on the original measurement scale or first transformed (logarithmic or square 
root) to mitigate skewness if appreciably present.(71) For a binary response (eg, mortality during treat-
ment; presence of neurologic sequelae at discharge) we use a logit model 

( )log ( , ) / (1 ( , )π π δ ′− = +i i i i i iz z zx x x β  where ( , ) [ 1| , ]π = =i i i i iz P Y zx x  is the probability of response. The 
focus of inference is the coefficient δ  for the indicator variable for LVT therapy; δ  is the log-odds ratio 
for LVT versus standard treatment. The effect of LVT therapy on outcome can be assessed by testing 

0 : 0.δ =H (72)
 In addition, we will provide an estimate and confidence interval for the estimated effect.  

Exact methods will be used wherever feasible. We will use survival analysis(73) (74)for time to coma 
resolution (BCS ≥4) because the coma resolution time might be right-censored in some study partici-
pant if the event was not observed. We will use a Cox regression model for the hazard 

0( | , ) ( )exp( )δ ′= +i i i ih t z h t zx x β  whereδ  is the log-hazard ratio for LVT versus standard treatment. The 
hypothesis of a null treatment effect is assessed by testing 0 : 0.δ =H  Finally, in addition to the afore-
mentioned analytic approaches we will also explore use of parametric models as well as Bayesian 
strategies.  The latter places a prior distribution on ( , )δ β and the basis for inference is the posterior dis-
tribution. Direct probability statements can be made on ( , )δ β . For the parameter of interest δ  we will 
report the posterior mean, standard deviation and 95% credible and high probability density (HPD) in-
tervals.(73, 75) 

LVT is expected to have a positive effect on outcomes. Thus treatment effect is seen in an odds ratio 
ω< 1 for an undesirable event such as mortality or presence of neurologic sequelae at discharge, while 
ω>1 for a desirable event such as seizure freedom for 24 hours after treatment initiation. The power 
associated with a specified effect of LVT therapy on binary endpoints is shown in Strategy Table 3. The 
null hypothesis is 0 : 1.H ω = With standard AED treatment about 25% of study participant will be seizure 
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free for 24 hours after initiation, whereas with LVT treatment over 60% of study participant will have this 
outcome, that is ω >4.5. The power to detect this difference is over 79%. (70) If approximately 50% of 
study participant on standard AED treatment have neurologic sequelae at discharge, whereas with LVT 
approximately 17% of study participant are affected, that is ω ≈.20, the power to detect this difference is 
near 79%.  With a sample of 30 study participant in each group we realize that there is considerably 
less statistical power to detect smaller effect sizes. However, the purpose of aim 2 is to assess the 
magnitude of effect of LVT against standard AED treatment.  For seizure freedom for 24 hours after 
initiation of treatment, to detect an effect ω >2.5 with 80% power will require 85 study participant per 
group assuming 25% of study participant under standard AED treatment have this endpoint. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pk Study Statistical Power 
Assuming that the inter-subject variability (% CV) for CL/F (clearance/bioavailability or fraction 

that is absorbed) will be approximately 50%4, with 16-20, the mean pharmacokinetic parameters calcu-
lated in the study will have a 95% likelihood of being within 25% of the true population mean CL/F val-
ues. Subjects with incomplete pharmacokinetic data will be replaced. We estimate this will be the case 
with a small proportion of the study population. Complete pharmacokinetic data will be required on a 
likely maximum of 20 patients. With a sample size of 30, assuming a maximum sample size (full Pk 
data) on 26 and a mortality rate of 16% with early deaths resulting in incomplete data, we anticipate 
complete Pk data to be available on at least 20 study participants receiving the optimal dose. The re-
sults from subjects with incomplete data will still be included in Pk assessments.  

                                                 
4 In healthy subjects the baseline %CV is substantially lower at 30% (See Glauser 2003) 

Table 4: Power to detect an effect in test of 

0 : 1H ω =  (two-sided α=.05) 

Probability of 
outcome in 
standard, 0p  

Odds Ratio, ω 

2.5 3.5 4.5 

0.25 .385 .636 .793 
0.35 .415 .658 .802 
0.45 .412 .640 .776 

 Odds Ratio, ω 

 0.2 0.3 0.4  
0.40 .723 .527 .361 
0.50 .795 .589 .401 
0.60 .837 .622 .417 
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9.5  Safety Monitoring 
A local Study Monitoring Committee (SMC) will provide external oversight. The SMC chair will be con-
tacted via telephone within 24 hours of any LVT-related adverse events (AE) resulting in discontinua-
tion or death among study patients. The SMC will conduct a review of the study subject’s record within 
72 hours of the death using the paper records available on site. Weekly reports of LVT-related adverse 
events will be provided to the SMC in paper format before these data are available in the electronic da-
tabase. A formal meeting of the SMC, which will include members of the research team for some por-
tion of the meeting, will be held before each dose escalation in Aim 1 and at the end of each seasonal 
enrollment period. A final meeting during which a report will be generated will be held within 2 months 
of the enrollment completion. The SMC Chair may convene an ad hoc meeting at her discretion at any 
time. One member of the SMC with serve as the local liaison with the NINDS appointed Data Safety 
Monitoring Board (DSMB). 
 
 The Data Coordinating Center support unit will build a safety reporting dashboard into the OpenClinica 
platform. This work will begin in the mid-point of Year 1.  It will be crafted to support the work of the 
safety monitor.  Using the NINDS DSMB required reports, the dashboard will show at a glance the im-
portant study execution, data tracking and safety profile for the trial.  The data managers will identify 
metadata and CDEs to populate reports and display on the dashboard.  The dashboard will give PIs 
and safety monitoring committee members an up-to-date view of enrollment and safety/adverse events. 

 

9.6 Data Analyses 
Dose Finding Study 
Potentially confounding variables include moderate to severe renal dysfunction, therefore this is an ex-
clusion criteria. Also, the use of medication combinations that may cause complex and unpredictable 
drug-drug interactions could potentially confound the dose findings studies, therefore study participant 
on ATT and/or ARVs are also excluded.  Study participant with incomplete PK data will be excluded 
from the dose-finding analysis, but their safety data will be included.  

 

10.  DATA COLLECTION, SITE MONITORING, AND ADVERSE EXPERIENCE REPORTING 

10.1  Records to Be Kept 
All laboratory specimens, evaluation forms, reports, images obtained, and other records that leave the 
site will be identified only by the study ID number to maintain subject confidentiality.  All paper records 
will be kept in a locked file cabinet.  All computer entry and networking programs will be done using IDs 
only. Clinical information will not be released without written permission of the subject, except as neces-
sary for monitoring by IRB, the NINDS, the OHRP, the Malawi Pharmacy, Medicines and Poisons 
Board (PMPB), the sponsor, or the sponsor’s designee. To enable evaluations and/or audits from Reg-
ulatory Authorities and NINDS or its designees, the investigators will keep records, including the identi-
fication of all medical charts and associated source documents and copies of all CRFs.  The investiga-
tors will contact NINDS before disposing of any such materials.  

 

10.2 Role of Data Management 
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10.2.1 The clinical site will assure that all paper records capturing the required are entered into the 
OpenClinica online system daily, as allowed by internet availability. Daily electronic data back-ups will 
be maintained locally regardless of internet accessibility. Paper records will be maintained on site in a 
locked storage facility within the Malaria Alert Center.  

10.2.2  BRIC, the Data Coordinating Center for this project, will develop the appropriate forms for data 
collection on paper to harmonize with data entry using, as much as is feasible, NINDS CDEs. BRIC will 
support a data collection protocol in which data will be entered in Malawi, uploaded to a central spot.  
Native to OPENCLINICA are some powerful data management routines to find and report discrepan-
cies (dirty data) to data managers for editing.  It is this platform that is the heart of our DCC operations.  
The Malawi data managers/entry personnel will enroll subjects, track their visits and enter case report 
form data into OpenClinica.  Periodically, when internet service is available, data will be exported from 
OpenClinica and sent to East Lansing.  The East Lansing data manager will receive the exported file 
and merge/interleave the records into OpenClinica. All reporting and analysis will be from data resident 
in OpenClinica. We will develop an automated script to export data to East Lansing.  The MSU/BRIC 
programmer supervisor will oversee the development of the data integration script and data report-
ing/discrepancy management programs. The MSU/BRIC data manager will run the data integration 
script, review uploaded data and communicate discrepancies with the Malawi based data manager.   

 
Modern data entry/management platforms require keen attention to the details of metadata.  The BRIC 
data manager will carefully hone and craft the metadata to deliver data entry forms and annotate da-
taset for analysis and assure conformance to NINDS CDEs when possible.  In defining variables we will 
put into place the beginnings of a common library of forms that honor NINDS CDEs and procedures 
that follow GCDMP principles.  For ease of entry and clinician simplicity, adverse event descriptions are 
typically written in plain text.  To categorize these entries the text requires coding.  NINDS CDEs indi-
cate that MEDDra is a possible dictionary to which these texts can be coded or standardized.  BRIC 
runs a significant coding operation.  We propose to add the MEDDra dictionary to the BRIC coding li-
brary; and for this protocol begin coding adverse event texts to it.  In the process of coding open/free 
text descriptions there will be entries that require clarification or new additions to the MEDDra diction-
ary, with the GCDMP guidelines source dictionary management is defined as a key role of data man-
agement operations.  BRIC has a history of coding verbatim terms to standard dictionaries.  We use 
Current Procedural Terminology (CPT) for medical procedures and International Classification of Dis-
ease (ICD) for comorbidities.  For this protocol we will plan a coding and dictionary management plat-
form for any sister trials or fuller Phase II trials that can be run independently in Malawi.  

10.3 Quality Assurance 
Prior to the initiation of the study, training sessions will be held Malaria Alert Center with clinician co-
investigators, Research Ward staff, the investigators and their study coordinators for the study.  This 
meeting will include a detailed discussion of the protocol, performance of study procedures, CRF com-
pletion, simulation of study procedures and specimen collection methods, as applicable.   
 
After completion of the entry process, computer logic checks will be run to check for such items as in-
consistent study dates and outlying laboratory values.  Any necessary correction will be made to the 
database and documented via addenda or audit trail.  A manual review of selected line listings will also 
be performed at the end of the study.    
 
The Project Coordinator will assist the PI in assuring protocol compliance, ethical standards, regulatory 
compliance and data quality at the clinical site. The coordinator will provide real time daily review of all 
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study files to assure protocol compliance and documentation completeness. The study sites may also 
be subject to quality assurance audits by the NINDS or its designees and appropriate regulatory agen-
cies. Audits may include reviews of paper or electronic records. 

 

10.4  Adverse Experience Reporting 
The AEs of Special Interest not otherwise explained by the patient’s underlying illness will be submitted 
in writing to the SMC Chair or her SMC member designee within one week of occurrence. Serious AEs, 
defined as those resulting in discontinuation of the study drug, will be reported within 24 hours of occur-
rence.  Local IRB guidelines will also be followed. 
 
AEs to be submitted to the SMC within 24 hours of occurrence:   

1. Death 
2. Vomiting, aspiration or NGT complications resulting in discontinuation of the intervention  

11.  HUMAN SUBJECTS 

11.1  Institutional Review Board (IRB) Review and Informed Consent 
 

This protocol, the informed consent document, and any subsequent modifications must be reviewed and ap-
proved by the IRB or Ethics Committee (EC) responsible for oversight of the study. Written informed consent 
must be obtained from the parents or legal guardians of subjects. The informed consent will describe the pur-
pose of the study, the procedures to be followed, and the risks and benefits of participation.  A copy of the con-
sent form will be given to the subject (or parent or legal guardian). 

11.2  Subject Confidentiality 
 

All laboratory specimens, evaluation forms, reports, EEGs, and other records that leave the site will be identi-
fied only by the study ID number to maintain subject confidentiality.  All records will be kept in a locked file cab-
inet.  All computer entry and networking programs will be done using SIDs only.  Clinical information will not be 
released without written permission of the subject, except as necessary for monitoring by BIRB, COMREC, the 
FDA, the Malawi Medicines and Poisons Board, the NINDS, the OHRP, the sponsor, or the sponsor’s de-
signee. 

11.3  Study Modification/Discontinuation 
 
The study may be modified or discontinued at any time by the IRB, the NINDS, the sponsor, the OHRP, the 
FDA, the Malawi Medicines and Poisons Board or other government agencies as part of their duties to ensure 
that research subjects are protected. 

12.  PUBLICATION OF RESEARCH FINDINGS 

ALL MANUSCRIPTS, ABSTRACTS, AND POSTER SUBMISSIONS MUST BE SUBMITTED TO THE EXECU-
TIVE COMMITTEE5 FOR APPROVAL. THE PRIMARY OUTCOME OF THIS STUDY WILL BE SUBMITTED 

                                                 
5  Publications executive committee includes: GL Birbeck, TE Taylor, E Capparelli 
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FOR PUBLICATION NO LATER THAN 1 YEAR AFTER STUDY COMPLETION. FINANCIAL SUPPORT 
FROM THE NINDS WILL BE ACKNOWLEDGED IN ALL PUBLICATIONS.  
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Addendum to Protocol “A DOSE-ESCALATION, SAFETY AND FEASIBILITY STUDY OF EN-
TERAL LEVETIRACETAM FOR SEIZURE CONTROL IN PEDIATRIC CEREBRAL MALARIA” Ver-

sion 10.2 
 

ALL DATA THAT LEAVES THE MALAWI STUDY SITE IS DE-IDENTIFIED (SO RECORDS UPLOADED INTO 
THE DATABASE MANAGED BY MSU, DATA SENT TO SUE AT BIDMC AND DATA SENT TO EDMUND AT 
UCSD). THERE IS NO “KEY” TO STUDY ID…JUST HARD COPY PATIENT RECORDS ON SITE IN MA-
LAWI. FACULTY FROM MSU AND BIDMC ACTUALLY COME TO MALAWI PERIODICALLY TO ASSIST 
WITH SET UP, SYSTEMS ASSESSMENTS, ETC. AND IN THAT ROLE, THEY MAY VERY WELL INTERACT 
WITH THE PATIENTS AND/OR COME ACROSS THE IDENTIFIABLE DATA 
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Protocol Appendix1:  
GRADED TOXICITY CRITERIA 

 
 
ABBREVIATIONS:  Abbreviations utilized in the Table: 

ULN = Upper Limit of Normal             LLN = Lower Limit of Normal 
Rx  = Therapy                                     Req = Required 
Mod = Moderate                                 IV  = Intravenous 
ADL = Activities of Daily Living          Dec = Decreased 

 
ESTIMATING SEVERITY GRADE 
For abnormalities NOT found elsewhere in the Toxicity Tables use the scale below to estimate grade 
of severity: 
GRADE 1 Mild   Transient or mild discomfort  
 (< 48 hours); no medical intervention/therapy required 
GRADE 2 Moderate  Mild to moderate limitation in activity - some assistance 

may be needed; no or minimal medical intervention/therapy required 
GRADE 3 Severe   Marked limitation in activity, some assistance 

usually required; medical intervention/therapy required, hospitalizations 
possible 

GRADE 4 Life-threatening Extreme limitation in activity, significant assistance re-
quired; significant medical intervention/therapy required, hospitalization or 
hospice care probable 

GRADE 5                              Death 
 
SERIOUS OR LIFE-THREATENING AEs 
 
ANY clinical event deemed by the clinician to be serious or life-threatening should be considered a 
grade 4 event.  Clinical events considered to be serious or life-threatening include, but are not limited 
to:  tetany, diabetic ketoacidosis, disseminated intravascular coagulation, diffuse petechiae, and paral-
ysis 

COMMENTS REGARDING THE USE OF THESE TABLES 
 
• Standardized and commonly used toxicity tables (Division of AIDS, NCI’s Common Toxicity Cri-

teria (CTC), and World Health Organization (WHO)) have been adapted for use by the Division 
of Microbiology and Infectious Diseases (DMID) and modified to better meet the needs of par-
ticipants in DMID trials. 

 
•  For parameters not included in the following Toxicity Tables, sites should refer to the “Guide 

For Estimating Severity Grade”  located above. 
 
• Criteria are generally grouped by body system. 
 
• Some protocols may have additional protocol specific grading criteria, which will supersede the 
use of these tables for specified criteria 
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LOCAL REACTIONS 

         

Induration < 10mm 10-25 mm 26-50mm >50mm 

Erythema < 10mm 10-25 mm 26-50mm >50mm 

Edema < 10mm 10-25 mm 26-50mm >50mm 

Rash at Injection Site < 10mm 10-25 mm 26-50mm >50mm 

Pruritus Slight itch-
ing at injec-
tion site 

Moderate 
itching at in-
jection ex-
tremity 

Itching at 
injection 
extremity 
and other 
sites 

Itching over entire body 

GASTROINTESTI-
NAL  

    

 
GRADE 1 GRADE 2 GRADE 3 GRADE 4 

AST (SGOT)  
1.1 - <2.0 x 

ULN 

 
2.0 – <3.0 x 

ULN 

 
3.0 – 8.0 x 

ULN 

 
> 8 x ULN 

ALT (SGPT)  
1.1 - <2.0 x 

ULN 

 
2.0 – <3.0 x 

ULN 

 
3.0 – 8.0 x 

ULN 

 
> 8 x ULN 

GGT  
1.1 - <2.0 x 

ULN 

 
2.0 – <3.0 x 

ULN 

 
3.0 – 8.0 x 

ULN 

 
> 8 x ULN 

HEMATOLOGY      

 
GRADE 1 GRADE 2 GRADE 3 GRADE 4 

Absolute Neutrophil 
Count 

750-
1200/mm3 

400-
749/mm3 

250-
399/mm3 

<250/mm3 
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ELECTROLYTES  

 
GRADE 1 GRADE 2 GRADE 3 GRADE 4 

Hypernatremia  145-149 mEq/L 150-155 mEq/L >155 mEq/L or abnor-
mal sodium  

Hyperkalemia 5.0-5.9 mEq/L 6.0-6.4 mEq/L 6.5-7.0 mEq/L >7.0 mEq/L or abnor-
mal potassium AND 
cardiac arrhythmia 

Hypokalemia 3.0-3-5 mEq/L 2.5-2.9 mEq/L 2.0-2.4 mEq/L <2.0 mEq/L or abnor-
mal potassium AND 
cardiac arrhythmia 

Hyperglycemia 116-159 mg/dL 160-249 mg/dL 250-400 mg/dL >400 mg/dL or ketoaci-
dosis 
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FOR LABORATORY PARAMETERS IMPACTED BY CEREBRAL MALARIA WHICH ARE EX-
PECTED TO BE DISORDERED AT BASELINE (PRIOR TO LVT ADMINISTRATION) 
 
For evaluation at 24 hours post LVT Administration 
 GRADE 1 GRADE 2 GRADE 3 GRADE 4 

Bilirubin No improvement 
from baseline 

20% increase 
from baseline 

30% increase 
from baseline 

50% increase 
from baseline 

Hemoglobin Not applicable as ongoing anemia and need for blood transfusions not unex-
pected. 

Platelets No improvement 
from baseline 

20% decrease 
from baseline 

30% decrease 
from baseline 

50% decrease 
from baseline 

Serum sodium No improvement 
from baseline 

20% decrease 
from baseline 

30% decrease 
from baseline 

50% decrease 
from baseline 

Serum glucose Not applicable as hypoglycemia during first 72 hours after admission with CM 
is not unexpected and is closely monitored for. 

 

For evaluation at 7 days post LVT Administration 
 GRADE 1 GRADE 2 GRADE 3 GRADE 4 

Bilirubin No improvement 
from 24 hours 
post LVT 

20% increase 
from 24 hours 
post LVT 

30% increase 
from 24 hours 
post LVT 

50% increase 
from 24 hours 
post LVT 

Hemoglobin No improvement 
from baseline but 
increased reticulo-
cytes 

No improvement 
from baseline and 
no increase in retic-
ulocytes 

Decreased from 
last measured  but 
increased reticulo-
cytes 

Decreased from 
last measured  and 
no increase in retic-
ulocytes 

Platelets ------------------- 50,000-75,000/mm3 25,000-49,999/mm3 <25,000/mm3  

Hypernatremia  145-149 mEq/L 150-155 mEq/L >155 mEq/L or ab-
normal sodium  

Hyponatremia  130-135 mEq/L 129-124 mEq/L <124 mEq/L or ab-
normal sodium  

  



      LVT for neuroprotection in CM 
  Version 11.0 
 13 July 14 
 
 

45 
 

OTHER  

 GRADE 1 GRADE 2 GRADE 3 GRADE 4 

Allergy Pruritus without 
Rash 

Pruritic Rash Mild Urticaria Severe Urticaria  
Anaphylaxis, Angi-
oedema 

Cutaneous Localized rash Diffuse macu-
lopapular 
Rash 

Generalized urti-
caria 

Stevens-Johnson 
Syndrome or Ery-
thema multiforme 

Stomatitis Mild discomfort Painful, difficulty 
swallowing, but 
able to eat and 
drink  

Painful: unable to 
swallow solids 

Painful:  unable to 
swallow liquids; re-
quires IV fluids 

Clinical symptoms 
not otherwise 
specified in this 
table 

No therapy; moni-
tor condition 

May require mini-
mal intervention 
and monitoring 

Requires medical 
care and possible 
hospitalization 

Requires active 
medical intervention, 
hospitalization, or 
hospice care 

Laboratory values 
not otherwise 
specified in this 
table 

Abnormal, but re-
quiring no immedi-
ate intervention; 
follow 

Sufficiently abnor-
mal to require 
evaluation as to 
causality and per-
haps mild thera-
peutic interven-
tion, but not of suf-
ficient severity to 
warrant immediate 
changes in study 
drug 

Sufficiently severe 
to require evalua-
tion and treat-
ment, including at 
least temporary 
suspension of 
study drug 

Life-threatening se-
verity; Requires im-
mediate evaluation, 
treatment, and usu-
ally hospitalization; 
Study drug must be 
stopped immediately 
and should not be 
restarted until the 
abnormality is 
clearly felt to be 
caused by some 
other mechanism 
that study drug 
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Protocol Appendix 2: 
 
 

Standard AED Treatment for acute provoked seizures 
 
Diazepam 0.2mg/kg iv or 0.4mg/kg pr  
 
Repeat in 10 minutes if no response 
 
If paraldehyde is available, acute management my incorporate this agent rather than diaze-
pam.  
 
Paraldehyde:  0.2 ml/kg, IM. 
 
Repeat in 10 minutes if no response. 
 
After diazepam or paraldehyde,  if no response or the acute seizure(s) that required treatment was 
prolonged and or recurrent give phenobarbitone 20mg/kg IV followed by 10mg/kg/day divided BDS 
 
If phenobarbitone fails to control ongoing seizures or respiratory issues are a concern, phenytoin is to 
be given/added at 18mg/kg IV followed by 10mg/kg/divided BDS. 
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