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World Health Organization Definition:

« Asexual forms of P falciparum parasites on peripheral blood
smear

« Coma with inability to localize painful stimuli; BCS <2
* No other causes to explain coma
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authors used verbal autopsy, Inwhich they
Interview the relatives of a parsonwho has
o recently died to determine a cause of death.
Interviews can Identify people who died of
malaria but went undiagnosad or treaked.
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ORIGINAL www.jpeds.com <+ THE JOURNAL OF PEDIATRICS

ARTICLES ™

Crosadiadk

Transcranial Doppler Ultrasonography Provides Insights into
Neurovascular Changes in Children with Cerebral Malaria

Nicole Fortier O'Brien, MD', Tshimanga Mutatshi Taty, MD?, Melissa Moore-Clingenpeel, MAS®, Joseph Bodi Mabiala, MD?,
Jean Mbaka Pongo, MD*, Davin Ambitapio Musungufu, MD®, Mananu Uchama, MD*®, and Marcel Yotebieng, MD®

— 3 sites across the Democratic Republic of the Congo
— Inclusion criteria:

« Children age 3 mo to 16 years with cerebral malaria
— Exclusion criteria:

« Known or suspected sickle cell disease

— 153 children with CM; 155 “control” children with severe malaria
without neurologic symptoms
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 Demographics, clinical variables, laboratory results
recorded

» Daily TCD evaluations through death, discharge, hospital
day 8
* Vs, Vd, Vm, PI of bilateral MCAs, BA, OA

« Central veins when able
 Autoregulation

* Neurologic outcomes 6 months from admission
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M Hyperemia
IPH

B Low flow

m MO

m Vasospasm

Normal MCA TCD flow velocities and waveform for a 3-year-old child.
TCD with increased systolic flow velocity, increased diastolic flow velocity. Li

gaard ratio (LR)
<3. These findings represent a child categorized as having hyperemia.

TCD with decreased systolic flow velocity, decreased diastolic flow velocity, decreased mean
flow velocity. These findings represent a child categorized as having low flow.
TCD with normal systolic flow velocity, reduced diastolic flow velocity, increased

Y.
index. These findings represent a child categorized as having microvascular obstruction. Opening
pressure at the time this TCD was performed was 11 cm H20.

TCD with increased systolic flow velocity, increased diastolic flow velocity. LR >3, These findings
represent a child categorized as having cerebral vasospasm.

TCD with increased systolic flow velocity, increased diastolic flow velocity, increased mean flow
velocity in the basilar artery. At the same time, all measurements in the MCAs were normal.
These findings represent a child categorized as having isolated posterior hyperemia.
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p
Table II. Clinical and laboratory findings of children with retinopathy-positive cerebral malaria and comparison pa-
tients with severe malaria without neurologic involvement

~

Retinopathy-positive cerebral Comparison patients
Characteristics malaria (n = 160) (n=155) Pvalue*
Age, mo, mean + SD 56+3 40+3 Jd4
Male sex, n (%) 84 (53%) 83 (b4%) J4
Variable before admission, mean + SD
Duration of illness, d bix2y 48+ 2.1 81
Duration of coma, d 2+1 — —
Selzures, n (%)
Before arrival 140 (88%) 35 (23%) =.001
At presentation
Requiring benzodiazepine 98 (61%) 22 (14%) =.001
Requiring phenobarbital 56 (35%) 0{0%) =.001
Beyond initial presentation 33 (21%) 0{0%) =.001
Temperature, °C, mean = S0 37.9+0.06 3812007 07
Pulse rate, beats/min, mean + 50 1362 136+3 97
Respiratory rate, breaths/min, mean + SD 3b+4 33+2 99
Oxygen saturation, %, mean £ 5D 04 +1 05+ 2 .82
BCS, n (%)
0 61 (38%) — —
1 79 (49%) — —
2 20 (13%}) — —
3 — — —
4 — — —
5 — 155 (100%) —
Parasites/mm®, median (I0R) 28 700 (15 200, 180 00) 25 515 (14 800, 187 000) 98
Hemoglobin, g/dL, mean + 5D 8.2x02 B6.5+0.17 =.001
White cells, x10-%/L, mean + 5D 13604 +£725 12 698 = 591 a4
Lactate, mmol/L, median (ICR) 2(14, 3) 191, 2.3) 04
Blood glucose, mg/dL, mean + 5D 117 +37 118+ 29 .80
CSF opening pressure, cm/H;0, madian (I0R) 12 (6, 49) — —
TCD diagnostic category, n (%)
Microvascular obstruction 35 (22%) 21 (13%) 05
Hyperemia 42 (26%) 6 (4%) =.001
Vasospasm 21 (13%}) 0{0%) =.001
Low flow 46 (28%) 10 (7%) =.001
IPH 7 (4%) 0 {0%) 03
L Normal flow 5 (3%) 118 (76%) =.001

(SF, cerebrospinal fluid; /PH, isolated posterior hyperemia.

*Pvalues were estimated with the use of Student ftests for means, Wilcoxon rank-sum fests for medians, and Pearson x* tests for proportions.
tFour patients had evidence of terminal ICH on initial TCD examination and were not categorized.
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Table IV. Clinical and laboratory findings in children meeting each diagnostic group
Microvascular obstruction Hyperemia Vasospasm Low flow IPH

Flow groups {n=35) (n=42) (n=21) (n=46) (n=T) Pvalue*
Age, mo, median (I0R) 39 (24, 72) 60 (24, 122) 48 (19, 9g) 38 (28, 60) 27 (18, 60) A7
Male sex, n (%) 21 (60%) 21 (50%) 9 (42%) 27 (66%) 4 (57%) .21
No. days to present, median (IQR) 4(3, 8) 412, 5) 6 (3, 8) 4 (3, 6) 54, 6) .23
Seizures, n (%) 31 (89%) 36 (86%) 19 (90%) 40 (98%) 7 (100%) .25
Temperature, °C, mean + 50 38.1£0.96 38.3+0.72 381054 38.4+1 38407 A3
Pulse, beats/min, mean £ 5D 13420 136+ 29 139+ 34 137 £25 145+ 14 .80
Respiratory rate, breaths/min, mean + SD 28+ 8 35+13 37+ 1 a7+ 3fr+14 .05
Oxygen saturation, %, median (IQR) 96 (93, 98) 96 (93, 98) 98 (94, 99) 95 (92, 98) 95 (94, 96) .30
Hemoglobin, g/dL, mean + SD 75+12 82+25 9+34 81+23 76+19 1
White cells, x107%/L, median (IQR) 6800 (5600, 11 800) 14 550 (9990, 17 400) 15 324 (7300, 23 400 12 000 (8600, 16 800) 9900 (8500, 13 300) om
Lactate, mmol/L, median (IR} 1.25(1.2, 5.5) 22 (1.6, 2.8) 27 (1.6, 3.1) 2(1.6, 3.4) 22 (2 24 .20
Glucose, mg/dL, mean + SD 118+£17 13137 116+ 29 123+ 38 113133 57

) CSF opening pressure, cm/H;0, median (IQR) 12 (9, 23) 11 (9, 39) 9 (B, 19) 16 (11, 21) 10 (8, 22) .84 )

*P values were estimated with the use of one-way ANOVA or Kruskal-Wallis tests.
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Table V. Predicted probabilities (with 95% Cls) of neu-
rologic sequelae or death in children with cerebral

malaria in each TCD diagnostic group

Probability

of neurologic Probability

sequelae of death
Microvascular obstruction 1556  (4.97-26.14) 2222 (10.08-34.37)
Hyperemia 175 (573-20.28) 275  (13.66-41.34)
Vasospasm 4545 (24.65-66.26) 1818 (2.07-34.3)
Low 2462 (14.14-35.00) 3231 (20.04-4368)
IPH 20 (0-44.79) 20 (0-44.79)
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* “An investigative study into the pathophysiologic
mechanisms of CM using TCD” (U01AI126610)
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* Using extensive infrastructure to evaluate relationship$
between typical pathophysiologic contrlbutors to each
TCD phenotype 5
— Blood gas analysis
— Cardiac ultrasound
— Electrolytes
— EEG
— MR
— Optic nerve sheath diameter
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« 128 CM patients to date

— Similar frequency of each TCD phenotype compared to the
Congolese cohort A

TCD Phenotypes

B Hyperemia

o PH

H LowFlow

B Microvascular Obstruction

M Vasospasm
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Hype remia- s yo female, 3 days of fever and 2 episodes of seizures

Day 1- Peak flows 240s (>5SD above age normal)
Temp 37.6, HR 142, BP 99/55, MP +++, PCV 24,
Gas 7.42/33/2,BCS 1

EEG without epileptiform discharges

Day 2- Peak flows 180’s (>3SD above normal), BCS 3

Day 3- Peak flows 140’s (normal)
BCS 5, Normal Neurologic Outcome

MRI day 1 with bilateral frontotemporal
edema, brain volume score (BVS) 6




Microvascular Obstruction- 3yo male, 2 days of fever and 4 episodes of seizures

Day 1- MCA systolic flows normal for age;
diastolic flows <3SD below normal; PI 1.52

Temp 37.5, HR 148, BP 93/42, MP +, PCV 21,
== Lactate 5.1, Gas 7.3/36/-5, BCS 1
== OP 14, ONSD 0.49

Venous obstruction with Inferior
Petrosal Sinus flow velocity 77 cm/sec
(normal --20cm/sec)

MRI with scattered
hyperintensities

on T2 with DWI changes sub-
cortical region, corpus callosum,
hippocampi, brain volume score 6
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Microvascular Obstruction- Day 2 and Day 4

MCA systolic flows normal; diastolic flows improving to <2SD and Pl to 1.2; IPS flow down to
55cm/sec

MCA systolic flows normal; diastolic flows normal and Pl 0.91; IPS flows down to 25 cm/sec



Vasospasm- 9 mo female, 4 days of fever and no seizures

Day 1- Right MCA peak flows 180’s (>5SD from
normal), normal carotid flow
Pl of 0.28

Temp 37.9, HR 138, BP 83/45, MP ++, PCV 19,
Lactate 5.4, Gas 7.36/38/-6, BCS 2

MRI with right sided edema and evidence of
ischemic injury in the R MCA distribution, brain
volume score 5

EEG: Right hemisphere suppression and spindle
asymmetry with the absence of spindles on the
right as well. These findings are indicative of
diffuse focal neuronal dysfunction in the right
hemisphere.

Survived with left hemiparesis



Normal bilateral MCA flows
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Low Flow- Case 1, Day 1; 6yo 2 days
of fevers
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62

Mean (cm/s)

a0 T PR PP

79

Max (cmis)

MCA peak flows in the 80’s (<5SD from age normal);
Pl 0.35

40

Min (cm/s)

HR 144, BP 114/75, MAP 88, PCV 22, BCS 1 A e

Al

50

Gain

150

Filter (Hz)

6

SVol (mm)

Brain volume score 4, OP on LP 20, ONSD 0.46




Low Flow- Day 2

@

50

Mean {cm/s)

83

Max (cmis)

37
Ongoing insufficient perfusion within MCAs; L
Flattening of diastolic flow suggests increasing ICP N U

Pl

100

Power (%)

Neurologic exam unchanged, BCS remains 1

50

Gain

150

Filter (Hz)

6

SVol (mm)

Brain volume score 8, ONSD 0.52




Low Flow- Day 4

Reversal of flow

yCatastrophic cerebral swelling with diffuse ischemia

I

a5

Mean {cm/s)

130

Max (cmis)

12

Min (cm/s)

214

Pl

100

Power (%)

52

Gain
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Filter (Hz)

6

SVol (mm)




All TCD phenotypes Hyperemia IPH Low Vasospasm MO <]

Age, median (IQR) 49.0 [31.0, 74.0] 46.0 [30.2, 73.5] 41.0 [24.8, 66.5] 51.5[35.0, 75.0] 55.0[29.0, 95.0] 51.5 [40.0, 65.8] 0.750
Gender, N (%) 58 (49.6%) 25 (59.5%) 6 (37.5%) 18 (56.2%) 6 (46.2%) 3 (21.4%) 0.105
Temp, median (IQR) 38.3[37.4,39.2] 38.2 [37.4,38.9] 38.4 [37.6, 39.4] 38.0[37.2,39.2] 39.0 [38.3, 39.5] 38.5[37.6, 39.2] 0.125
HR, median (IQR) 141 [123, 160] 140 [125, 152] 139 [122, 164] 149 [124, 162] 135 [127, 165] 134 [119, 151] 0.804
RR, median (IQR) 35.0 [30.0, 41.0] 33.5[28.5, 40.0] 37.0[29.5, 45.8] 36.0 [31.2, 43.2] 40.0 [32.0, 45.0] 33.0[32.0, 38.0] 0.372
02 sat, median (IQR) 97.0 [96.0, 99.0] 97.0 [96.0, 98.0] 98.0 [96.0, 99.0] 97.5 [96.0, 99.0] 96.0 [95.0, 98.0] 98.0 [96.2, 98.0] 0.630
On Oxygen, N (%) 44 (37.6%) 14 (33.3%) 6 (37.5%) 12 (37.5%) 5 (38.5%) 7 (50.0%) 0.870
Mean BP, median (IQR) 77.0[71.0, 86.0] 78.0[71.2, 83.0] 76.0 [71.0, 85.2] 77.0 [66.8, 90.2] 82.0 [74.0, 90.0] 74.0 [66.5, 82.8] 0.591
Convulsions, N (%) 85 (72.6%) 29 (69.0%) 11 (68.8%) 23 (71.9%) 11 (84.6%) 11 (78.6%) 0.851
PCV lowest, median 26.0[21.0, 30.0] 23.5[20.0, 28.8] 24.5[20.8, 28.0] 27.5[22.0, 32.0] 28.0 [24.0, 31.0] 27.5[24.2, 30.8] 0.111
(IQR)

MPS, median (IQR) 2.00 [1.00, 3.00] 2.00 [1.00, 3.00] 2.00 [1.00, 3.00] 2.00 [1.00, 4.00] 2.00 [1.00, 4.00] 1.00 [1.00, 2.00] 0.509
Gluc, median (IQR) 5.50 [4.30, 6.40] 5.35[4.32,5.97] 5.90 [4.07, 7.35] 5.10 [4.22, 6.50] 6.30 [5.40, 6.50] 5.30 [4.38, 8.82] 0.323
Lactate, median (IQR) 4.30[2.20, 6.90] 4.40 [2.60, 6.45] 3.25[1.98, 5.85] 4.30[2.18, 7.40] 5.10 [2.20, 10.6] 2.90[2.00, 6.12] 0.901
pH, median (IQR) 7.40 [7.34, 7.47] 7.38 [7.34, 7.44] 7.46 [7.29, 7.49] 7.41[7.33, 7.44] 7.38 [7.32, 7.39] 7.47 [7.40, 7.50] 0.263
CO2, median (IQR) 28.5[23.8, 37.0] 28.0 [21.9, 37.0] 30.0 [25.0, 36.5] 28.0[25.0, 34.0] 30.5[26.2, 38.2] 28.0 [26.0, 30.5] 0.931
BE, median (IQR) -5.00 [-8.00, -2.00] -5.50 [-8.62, -2.80] -4.30 [-7.00, -2.50] -5.20 [-8.25, -2.75] -5.90 [-10.02, -0.75] -3.00 [-3.45, -1.40] 0.602
Na, median (IQR) 138 [135, 142] 139 [136, 144] 138 [135, 142] 140 [135, 142] 136 [132, 140] 137 [135, 139] 0.327
Bicarb, median (IQR) 17.0 [13.0, 20.0] 16.0 [13.0, 18.0] 18.0 [13.5, 20.0] 16.0 [13.0, 19.0] 17.5 [16.0, 21.0] 19.0 [13.0, 20.0] 0.654
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All TCD phenotypes Hyperemia IPH Low Vasospasm MO
sVI, median (IQR) 38.0 [33.0, 44.0] 42.0 [36.0, 44.5] 40.0 [35.0, 42.5] 33.0 [29.0, 36.0] 39.0 [31.0, 41.0] 44.5 [38.8, 51.0] 0.015
Cl, median (IQR) 5.20 [4.38, 6.00] 5.30 [4.95, 6.10] 5.40 [4.70, 5.90] 4.50 [3.70, 4.90] 5.40 [3.85, 6.35] 5.55 [5.18, 6.37] 0.028
SVRI, median (IQR) 1302 [1002, 1580] 1272 [975, 1353] 1337 [1199, 1465] 1484 [1201, 1902] 1385 [1284, 1656)] 991 [962, 1160] 0.06
Pulse Pressure, median 39.0 [35.0, 47.0] 43.5[39.2, 54.8] 38.5 [35.8, 44.0] 36.0 [31.5, 43.5] 37.0 [35.0, 39.0] 36.5 [34.0, 43.2] 0.005
(1QR)
EEG Seizures, N (%) 5 (4.72%) 1 (2.70%) 0 (0.00%) 1 (3.70%) 2 (15.4%) 1(7.14%) 0.300
Papilledema, N (%) 6 (5.88%) 2 (5.26%) 0 (0.00%) 2 (8.00%) 0 (0.00%) 2 (14.3%) 0.575
ONSD, median (IQR) 0.47 [0.44, 0.51] 0.47 [0.44, 0.52] 0.45 [0.42, 0.50] 0.46 [0.44, 0.49] 0.46 [0.44, 0.50] 0.50 [0.47, 0.53] 0.446
Brain Volume Score, 6.00 [5.00, 6.75] 6.00 [5.00, 6.50] 6.00 [5.50, 6.25] 5.00 [4.75, 6.25] 5.50 [5.00, 6.00] 6.00 [5.00, 7.00] 0.963
median (IQR)
OP on LP, median (IQR) 16.0 [12.0, 21.0] 14.0 [11.0, 19.0] 18.5 [15.5, 22.5] 16.5 [12.0, 20.2] 16.0 [15.0, 27.0] 18.0 [14.0, 19.0] 0.154
Outcome, (%): 0.057

Moderate/Severe

26.5%

16.2%

6.25%

43.8%

29.1%

14.3%)
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Low Flow- 4yo female, 2 days of fever and 4 episodes of seizures

Day 1- MCA peak flows in the low 90’s (<4SD)
from age normal

Temp 37.1, HR 158, BP 89/52, MP ++, PCV 24,
Lactate 4.7, Gas 7.35/46/-3, BCS 1
OP 18, ONSD 0.51

PO rf o AZu TR o £ 1L N P B IO Sl N W T e Al BT

MRI with brain volume score 5, watershed
infarcts on diffusion weighted images

Day 1- With adjunctive therapy of 30ml/kg NS, adrenaline
infusion 0.05mcg/kg/min, MCA peak flows normalized and
BCS improved to 4

Survived with no gross neurologic deficits




* Ongoing evaluation to rule out *known” pathophysiolGt
contributors to TCD phenotypes

— Further evaluation of SVR between groups

— Reactive hyperemia/tonometry % ==

* Plasma and CSF samples
— Evaluation of kynurenine pathway
— DAF-2 assay to evaluate for NO function

— Evaluation of human mesenteric vessel response to plasma
and CSF samples by phenotype
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Excellence
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