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Abstract	 Exchange Transfusion Therapy in Severe Complicated Malaria Summary of 9 Case 
and Review Literatures 
Leelasiri A, Pholvicha P, Srichaikul T, Mongkolsritrakul V, Prayoonwiwat W. 
Hematology Division, Department of Medicine, Pramongkotklao Hospital, College of Medicine, 
Bangkok, Thailand. 
J Infect Dis Antimicrob Agents 1991; 8:95-103. 

Nine case of severe complication falciparum malaria treated by exchange transfu­
sion were studied. Eight patients survived and one patient died. Multisystemic complications 
were found in all cases. These were brain complications in 9, acute renal failure in 7, 
pulmonary insufficiency in 6,jaundice in 8, bleeding in 2, sepsis in 4 and disseminated intra­
vascular coagulation in one. The succumbed case presented with the most severe complica­
tion namely CNS, renal, ARDS, deep jaundice and DIC together with parasitemia as high as 
40 per cent. In the 8 survivors parasitemia range from 0.3 to 90 per cent with lesser severe 
degree of systemic complication. With the use of blood exchange 10-15 units, the parasitemia 
was decreased to lesser than 5 per cent with 24 hours in 7 case. Only one case who had 10 units 
of blood exchange had decreased parasitemia from 90 to 20 per cent. It was concluded from 
this as well as the previous studies that exchange transfusion is one of the most effective tool 
for the treatment of hyperparasitemia with severe complicated falciparum malaria. By this 
treatment the over all survival rate was 89; and the survival records of 25 to 83 per cent. It 
therefore is recommended in treatment of malaria patient who presented with parasitemia 
more than 10 per cent together with severe systemic complications. The amount of blood use 
for exchange transfusion should depend on the degree of parasitemia and severity of 
complications. However, at least 1.2 time of blood volume is recommended for rapid removal 
of parasites and toxic metabolites from the circulation. 
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tJci1.,J11~b11 ~.,J'Yh 1ibn~ml::bbmn-ntJu,~1:JJ:JJ1bb~::'Yh 1in.,J 
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'Ylm1 £.J EJcilUhhbbm:IJm1ii1mn'Yll\l b~ EJ~1U:IJlb~H1£.J ·~nn 
, 'II 

~lU1U 24 11£.J~\lmh1 ~~lh£.J 9 11£.J 'Ul~1Um11mn 1~£.J 
'II 

m1bl.J~£.Juti1£.Jb~EJ~ lm:Vil1\llJ 2531 n\l 2533 ~1J1£.J 
'II 

'Ylm1£.JL~1Um11m~1~ViEJ~1J1£.J JCU nEJ\lEJ1£.J1m1:IJ 1~£.J~ 
, 'II , 

bbVm6 EJci1\l,zEJ£.J 1 ~U lumll.:'lJEJ\I~11£.J\l1ulV;m11mn~bbt'l 
'II 'II 

EJci1\lln~~~~w~um11mn ' 

~1J1£.J 911£.J ~\lL~1Um11mn 1~£.Jm1ti1£.Jb~EJ~ dJWll1£.J 
'II 

8 11£.J Vi~\I 1 11£.J EJ1~bQ~£.J 22.6 lJ (14-321J) ~EJ1:n'V-l1mi1\l 

6 11£.J 'V-lt'l'YlVi11bnrn.n 2 11£.Jbbt'l:'YlVi11'V-l11U 1 11£.J ~1J1£.J 
'II 

'Ylm1£.JL~1Ub~EJ~lnlii1\l~\lWr~~EJmru~uu12 11£.J ~U'YlU12 
q ItI q q 

11£.J 1.J11~UU12 11£.J Q:b~\lbm1bbt'l:EJ1il1~liltfbbv\\lt'l: 1 11£.J ~n, , 
1 11£.JLaJm1U ~1J1£.J 4 11£.J~[]ii~lb'U.lEJci1u. n'Yl:IJ. bbt'l:~n 5 

'11'11'11 

11£.J EJcilii1\l~\lVillil ~1J1£.J 8 11£.J~1.J1:~rl1\llUEJcilU~U~~ 
'11'11'11 

:IJlbt'lb1£.J'lln'1l:IJ (11£.J~ 1, 2, 3,4,6,7,8,9), , 

fllc.i \?I c.i11ltil 'I fltlU fl !li:l~11 tl'ltli)ull fllc.i 

bdEJ1UL1~1J1£.J'Ylm1£.JL~1Um1-nn1.J1:~bbt'l:1il11~11\lm£.J 
'II , 

rl1m1ti1£.JTll'V-l1\1~l.JEJlil, 1i111~ electrocardiogram bbt'l:1il11~ 

"'.1 '" ..r'Yl1\lbt'lEJlillJ1:nEJUlil1£.J complete blood count 1i111~b'llEJ 

:IJl bt'l b1£.J l1i1 £.Jm111i1~lu1Ubl.J EJfb.JiuCildJ~ b~ EJ~ bb~\I bbt'l:m:'Yll 

.J1'YlnlU~um:~\I~1J1 £.JEJEJm1n11\1'V-l£.JlUlt'l 
, 'II 

m11i111~~U"] L~bbrim11i111~'Yll\l coagulogram: partial 

thromboplastin time (PTT)16, prothrombin time (PT)I7, 

thrombin time (TT)18, fibrinogen 19 , fibrin degradation product 

(FDP)20, fibrin monomer (FM)21 bbt'l: euglobulin clot lysis 

(ELC)22, m11i111~'Yll\l:n1bfl~L~bbri blood urea nitrogen (BUN), 

creatinine, transaminase enzyme (SGOT bbt'l: SGPT), biliru­

bin, albumin bbt'l: globulin bbt'l:m11i111~ arterial blood gas 
a.. I .... .....J" o.d Q..<o g"

m11i111~lil\lnt'l11'lJ1\llilUum:'Yllb:IJmb1mU bbt'l:m:rl1 61h 

1il1:IJ'llmj\l:fflu1:Vil1\lm1~lbitU'lJEJ\l11fl 

l~£.J~lilbbl.Jt'l\l~lnbnrn.n'lJEJ\I WH023 n~ll~EJ Tll1: 

'" '" ~ bb'Yl1n6JlEJU'lJEJ\I~:lJEJ\I: 6Jl:IJ, n1:1un1:11£.J, stupurous (+); 'lln 

(++) Tll1:bbmn-nEJU'Yll\lL1il1:~U creatinine ~\lnl1 265 moll 
'II 

L (+); 11:IJnUTll1: oliguria (urine < 20 ml/hr)(++) Tll1: 

bbmn-nEJU'Yll\ll.JEJlil: EJ1m1ViEJU, bii£.J1, 1i111~W\lb~£.J\lVi1£.Jh 

~lill.Jn~ 11:IJnUm1:IJ~1il1.Jn~~lnTll'V-lti1£.J'Yll\l1\1~ L~bbri pul­

monary infiltration ~Un\lTll'V-ll.JEJlil.y;U (+); 11:IJnUTll1: se­

vere hypoxia P02 < 60 (++), EJ1m1bVi~EJ\I: bilirubin 50-150 

mol/L (+); bnu 150 mol~1il1 (++) m11it~u£.J DIC l1i1£.J~ 

'llEJtJ\I.j~EJEJ1m1ischemia 'lJEJ\I end organ, ~m1:IJ~~l.Jn~'Yll\l 
• .crt. oJ' .... a.. A ~.d ~ .crt. I 

hemostasIs bnlil'lJU'V-l1EJ:lJnU~EJ bn1~bt'lEJlillil1, FDP bnUnl1 

20 glml ~t'l'Yllil~EJU PTT Vi1EJ PT Vi1EJ TT £.Jl1nl11.Jn~ Vi1EJ 

fibrinogen ~lVi1EJl.J~n1£.Jl FM lV;~t'l1Jln 

OJ 

fll'J'HI 'H1 

'Ylm1£.JL~1U£.Jl~lituL,,11i11~t'lEJhCil 'lJ'U.l~ 600 iit'l~n1:IJ, 
Vi £.Jlil'Yll\lVit'lEJlilh~lil~l'Yln "] 8 -E'11:IJ\I lu11£.J~~m1bbmn, 
-nEJU'Yll\lLlil~:t'l~'lJ'U.l~£.Jlt'l\lbtlU 600 iit'l~n1:IJ 'Yln 12 -E'11:IJ\I, 
~:bl.J~ £.JU£.J1fllitUbtlU'Yll\l1.J1n bd EJ1il11~ LaJ'V-lU b~EJ bbt'l:~'1J1 £.J 

'II 

1.Jt'lEJlil.n£.J~lnTll1:bbmn-nEJUbb~1 1:£.J:b1t'l1~H£.Jl~\lVi:IJlil 7 

lU 1um&'~~1J1 £.JL~1U £.J1~litULl.J bb~l £T\l1il11~'V-lU b~EJ bnu 
'II 

1EJ£.Jt'l: 5 Tll£.JVi~\I 24 -E'11:IJ\I ~:lv; doxycycline 11:IJ~1£.J 

'Ylm1£.J~:L~1U oxygen 'Yll\l~1£.J£.J1\lVi1EJ endotracheal, 
tube lu11£.J~~ hypoxia :IJlm:H positive end expiratory 

pressure 1.J1Ulil1:IJ arterial P0
2 

~1J 1 £.J~ ~ Tll 1: bb 'Yl1n-nEJU'Yll\lL1il1Ubb1\1~:L~1um1 
'II , 

1m~1~1£.J peritoneal dialysis m11mn1.J1:l'lu1.J1:~EJ\I~U"] 

L~bbri m1lV;~11J1bbt'l:bn~mbi~'V-lm.y;£.J\I bbt'l:lV;£.Jl1.J~:n1U: 
d .d'l.' ,.J" .crt. oJ' .... 

b:IJ EJ:IJ'lJ EJU\I'll[]ll:lil~b 'llEJ bb'Yl1n6JlEJU 

lv;'Yll\l venesection l1i1£.Jl~ catheterb'llln\l superior vena 

cava b.yjEJllil central venous pressure b~EJ~~Hti1£.Jb1.J~£.JuH 

b~EJlilb~l:LaJbnu 24 -E'11:IJ\I Vi1miJlilb~EJlilbblil\lb'll:IJ'llULl-hnu 5 

lU 11:IJnU'V-lt'l1~:IJlbb'libboJl\l ~lU1U¢lH~f\lt'l: 10-15 £.Jitlil 
'II 

(1.J1::IJlrn 1.2-2 brh'lJEJ\l1.J1:1Jlrnb~EJlil) m1bl.J~£.Juti1£.Jb~EJlil 

flf\lt'l: 20 t'lU.6Jl:IJ. rl1~~unuLl.J~umu~lU1U lU11£.J~~J1 

bnU~:t'l1il~lU1U'V-l t'l1 ~:IJl~Ht'l\l b.yj €I1Vi1~~:lJlil, t'l61i11:IJ~EJ\I 

m1 ~1J1£.J~:L~1U calcium gluconate 1€l£.Jt'l: 10-12 <Ji<JiliiEJ 
'II 

b~EJlil 1 £.Jitlil bdEJ~Um1bl.J~£.Jil,ti1£.Jb~EJlilbb~1~: lV;bn11i1b~EJlil 
'II 

4-6 £.Jitlilbbri~1J1£.J'Ylm1£.J m1~~11rn1rl1 exchange flf\lliiEJ 
'II 'II , 

Ll.Jl1i1£.Jlil~ln~lU1U:IJlbt'lb1£.J1u.b~EJlil~\lnl1 1EJ£.Jt'l: 10 11:IJnU 
'II 'II 

<=!i 

~Hl fll'J fT fl 'H 1 

fI11~!lmfl'litl\,l\?l1:JJc.i~uul'il'1 9 

1i1lll\l~ 1 bb~lil\lTll1:bbmn-nEJU'Yll\l~~itnlu~1J1£.J 911£.J 
'II 
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RU SK we TD UP DD SS PO AL 

'i:Y:lJO-3 + ++ ++ ++ ++ + + + ++ 9/8 89 

1\?l11tl ++ ++ ++ ++ ++ + ++ 7/6 86 

UO~ ++ + + + ++ 6/5 83 

Olfll'H'I1ftO'i ++ ++ + + + ++ + ++ 8/7 88 

Olfll'HftO~OOfl + + 2/2 100 

~~b orio + + + + 4/4 100 

DlC + 1/0 o 
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f1l1~bb '11 ':ifl'lm'W'I1'Wfl:lJlfl-':i~'U'U 3 2 2 2 o 4 

H€I flU fmil S S S S S S s S D 9/8 89 

v 

++ '" 'tI'IHl:IJlfl L '" IO~ilUJ'tlK-:j S '" Survive 

d -u.d.d.4Q..I 

b:JJ Elbb1n1'lJ 1111 ~ bb 'Yl1n'llflt.b 'YlV'l 'lJ:JJl n'Yl i.1'~ 1'1 fl 'Yll.J i.1':JJ fl.J, 
1fl.JG'l.J:JJl~fl fllm1b 'V'1 ~ fl.J 1~11tJ bbG'l~Jlll~bb mn'l1flt.b'Yll.JU fl~ 

fllm1b~fl~flfln bbG'l~Jlll~ DIC V'l'lJUmJl1i.1'~ 1~wil.Jm1, 
~lb UWlJfl.JhI'lU11nl'lil~lhtJ11tJ~ 1 iifllnTJ'Yll.JU fl~1t.bbb1.J::.J 'II , 

'1Jt.bbbG'l~11 tJ~ 5 bn~Jlll~bb mn'l1flt.b'Yll.JU fl~1t.b 24 -Fl1:JJ.J'V'1 tr.J 
, , 

b1:JJm11n'lYl, 11tJl1 9 ii shock riflt.bti.Jbbrim1:JJ~1t.b 4 11tJ ii 

m1~~b~fll~tJbn~';Iln peritoneal dialysis 2 11tJ ';lIn 

1~'lJ'lJiJi.1'i.1'11~bbG'l~Ufl~flcil.JG'l~1 11tJ dJt.b~'j.bi.Jbn~il~thtJ 
, 'II 

.d.""", ,cr,,!' Q .d 'l.'" 

'Yl:JJm1~~b '1Ifl';llt.bIt.b:JJln';l~:JJ1111~bb 'Yl1n'llflt.b'V'1 G'll tJ1~'lJ'lJ bbG'l~ 

1t.bbb1.Jnil~tJltJ~iim1~~ b:Bfl~lt.b It.bUfl tJ fl cil.Jhn~l:JJ 
, 'II 

v 

fllm1b 'V'1 ~ fl.J~~11 :JJ'I1.JJlll~bb mn'l1flt.b1t.bbb1.J'Yll.Ji.1':JJ fl.J bbG'l~, 
'Yll.Jufl~bn~'1Jt.bl~1t.b~tJltJ~iim1~~b:BflufltJnil ffltJG'l~ 10 ti.J 

'II 

4 11tJ (11tJ~ 1,2,3,4) 

~111.J~ 2 bbi.1'~.J~G'lm1~dl';1'Yll.JVi'fl.Juli'lJ'1lm1 bb1n1'lJ 

~tJltJ'YlmltJiibn1~b~fl~~1 d~i'lJ BUN, creatinine iim'l:JJ 
'II ,
 

a.- Q..o' fl"'Q.,i A 0 Q..I Q..I
 

i.1':JJV'lt.b]m'lJm1bn~oliguria, i.1'1'V'11'lJ1~~'lJ enzyme transaminase 

lllii mdbu~tJt.bbbU G'l.J~i~ b';lt.bbbG'l~llliiml:JJ i:JJvrt.b fn'lJ fllm1 

b'V'1~ fl.J'V'11flJlll~bb mn'l1flt.b1~'lJ'lJEJt.b 

f·Hl fll 'J-rmn~1 [J onnJgmuaf) ~ 

';Iln~tJltJ~.J'V'1:JJ~ 9 11tJl~1'lJm1bu~tJmhtJb~fl~ 
'II 

u1'ln!)il 811tJ1fl~.:al~ ~1t.b 1 11tJti.Jbbrim1:JJb~tJ.J 10,T)1:JJ.J 

'V'1tr.J1'lJH, ~tJltJ 8 11tJ~1fl~.:al~,ft.b 5 11tJl~1'lJm11nMl 
'II 

~ltJtJ11'I1Ut.b:JJlriflt.b bbG'l~ 3 1'ltJV'l'lJb:Bfl:JJlbG'lb1tJlt.bb~fl~~1:JJln 

b~ tJ.JffltJG'l~ 0.3 -2 ~'l'V'11'lJlt.b~rhm1bu~tJt.bbafl~,ft.bii~ht.b1t.b 

7 d'ltJ~m~rhlt.blt.bbb1n ~lt.b~n 2 11tJm~rhhlt.b~ 2 

~lt.blt.b b~fl~~rhmdbu~tJt.b,htJlt.b11tJ~ti.Jbbrim1:JJ 10 tJU~ 
'II 

~lt.b~n 8 11tJ~1fl~.:al~1ib~fl~ 10-25 tJU~ 
'II 

Q..I a.- f!i I Q..I V ,.:::l, 

m'l:JJ i.1':JJV'lt.b ])1~'V'11'l.J m11fl~ n 'lJ11'l1~ bb 'Yl1n'llflt.b'Yl1t.bbbd.J, 
bbG'l ~~l t.b It.b:JJl bG'l b1 tJ1t.bb ~ fl ~ ~ ~11 ';I V'l 'lJ ri fl t.b m 1bU ~ tJt.b til tJ 

b~fl~,ft.bb~t.bl~i~b';lt.b ~tJltJ~ 9 ~.Jti.Jbbrimd:JJ ii:JJlbG'lL1tJlt.b 
'II
 

~ d 'l.' ,Q..I v,::ll ~
 

bG'lfl~i.1'.Jt1.JdfltJG'l~ 40 11:JJn'lJ1111~LL'Yl1n'llflt.bm51~'lJ'lJl'lfl ~:JJfl.J 
'II 

l~ Ufl~ L'V'1~fl.JbbGl~ DIC ~'l'V'11'lJ~tJltJ~1fl~.:al~ 8 dltJ ii 3 
'II 

dltJ~iiJlll~bbmn'l1flt.b~Wlrn:JJlm~tJ.J1 1~'lJ'lJ (dltJ~ 2,3,7) 

bbG'l~~n 4 1'ltJii 2 d~'lJ'lJ (dltJ~ 1 ,4,5,6) ~1t.b 1 11tJllliibG'ltJ 

(1'ltJ~ 8) ~1t.b~1t.blt.b:JJlLG'lb1tJlt.bL~fl~~i.1'.J:JJlniib~tJ.J4 1'ltJ 
'II 

brh,ft.b~flffltJG'l~ 15-90 (11tJ~ 5,6,7,8) 

It.b~tJltJ 8 11tJ~1fl~.:al~,ft.b iifllm1'Yll.Ji.1':JJfl.J&i'1Jt.b 
'II 

i~L';It.b'V'1tr.J';Ilmhm1LU~tJt.btiltJb~fl~ 1-4 It.b ~tJltJ 5 
'II 
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I'I1'JH'rI"" 2 "H'lfll'J\9I'Jd'il11tl,:nJ~'IJ1ifmlu~iJd£J:tJlbflbju 9 'J1U
 

H'ihu	 1 2 
.,;	 .. 'lJ 

iHlnmnUJ	 RU SK 

Hemoglobin gm% 9 12 

Platelet 103/mm3 65 75 

PIT (35-45 Sec) 37 40 

FDP (5 uq/ml) 
-
48 

-
96 

Fibrinogen (257-515 mg%) 620 598 

BUN (3.6-9.2 MMoL/L) 51 6 

Creatinine (62-124MMoL/L) 1,250 106 

SGOT (7-40 U/L) 6 131 
-

SGPT (7-40 U/L) 36 79 

Bilirubin (3-21 UMoL/L) 380 114 

Film Chest Abnormality + N 

P0
2 -38 96 

PC0
2 

47 37 

PH 7.45 7.44 

O
2 

80% 6LMP 

Respirator	 yes no 

,= = Abnormal 

d~	 1 ~ d~ 1 ~ d
1l£.J'il'lJ'IUll£.J U 1 1U, 21l£.J'il'lJUm£.J U 3 1U (1l£.J'Yl 1,3) bb~: 

1 1l£.J ~;1um£.J1u 4 lU (1l£.J~ 2) biJU~'\.ili'lbn'ir-.h~th£.J 2 
, 'lJ 

.Jo=t J' Q..<l.... tIS .J" 'VI .,;r d 1Q..<l 

1l£.J'YlaJm1i'JwilT'lll3Jlnn-J 3 1U'lJU bUU 'il1T;)~lJ3Jl b~b1£.J U 

b~fl'il'lt'fl£.J3JlmY1£.J-J1eW~: 0.3-2 bYilJ'Ubb~:~-J 2 1l£.J 'l~1lJ 

m11m~l~1 £.J £.JlfllUUaJlrlflU~,;):1lJ~1HlU11-J~ £.JllJl~ (1l£.J~ 

2,3) Gil'V\1m:~lJ creatinine 1Ub~fl'ilbiaJ~'il~-Ji-Jbb~ lU~ 1-5 
Q..<l .J I ,,:!t ,,:!t	 1d	 dd"

'V\~-Jm1bU~£.Jumm~fl'ilflfl 31l£.J (1l£.J'Yl 6-8) 'il'lJUlll£.J U 24 

<!.- 1 d d~ 1 ~ d d~ 1 ~ d
'll1 aJ-J, 21l£.J (1l£.J'Yl4,5) 'il'lJU U1U'Yl4 bb~: 11l£.J'il'lJU U1U'Yl 

5 (1l£.J~ 1) i:i1ufllm1'V\fllJJ'u~;1umh-J11'ilb11m£.J1u24 

i1laJ-J bb'iim1bU~£.JUbbU~-J'Yll-Jm~1-J;J'U,;):bV;Wn'ilb';)u1u 

lU~ 2-3 'V\~-J,;)ln1~m11m~l 1:~lJ bilirubin 1Ub~fl'il,;): 

~'il~-JU1:aJlru. 2-4 lU 'V\~-J,;)lnm11m~n ~lufllm1'l,y';):i:i 

fl ciUlUii-J 3 -4 lU ii-J bbaJ·-.h~l3Jl b~ b1£.J';):<il11';)'l3J~lJ n<illaJ 
'lJ 

b~ fl~,;)l1ru.l'il~lU1U3Jl b~ b1£.J1 Ub~ fl'il bb~:1:£.J:b 1~l~m1: 
'lJ 

bbmn-nflu'iil-J") biaJ~;1Ubb~lU1ln~rh'l3Ji:imlaJiaJ~wlfnu 

3 4 5 6 7 8 9 

we TD UP DD SS PO AL 

14.8 10.3 9.2 8.5 12 14 9.5 

70 20 20 28 36 62 25 

30 43 39 31 35 34 66 

48 24 6 24 12 12 30 

758 1,472 528 394 750 1,462 569 

8.6 36 51 57 27 13 52 

110 950 660 610 306 390 713 
-

35 1,350 95 
-
164 

-
221 122

- -
106 

27 510 45 93 86 32 43 

28 91 45 640 45 118 1,495 

N + + N + + + 
117.9 45 86 118 53 88 97 

31 37 31 20.5 31 42 24 

7.4 7.33 7.49 7.39 7.16 7.42 7.2 -
5LMP IOLMP 40 5LMP 40 100% 100% 

no yes yes no yes yes yes 

~ 80 
Ex. 1st D Case 1,2,4,5,6,8,9X'"(/l 60 Ex. 

.C!l	 Ex. 2nd D Case 3,7 

.~ 40	 ~:f. 30 
(ij 20 ~f 
'iii •• I .~ 
(ij 10
 

:E Ot-----J~~~;;;;;iI.i~-----~-

400 #:~.~ 
"'E 200 .# ~~ 
~ 150 ~/~.'7 ...--. 
~ 100 ~:?f~.---

.l!l 80 ~~/' /'
-§ 60 F:/' ....· - -x Befor Exchange .~---- x- =
 

£ 40 -(~ x-xI
~	 I= After Exchange (E) 
20 •	 .-. 

Ot-------------- ­

~ 40
 
~ 30
 
tl
 
I 20
 

O'--~-.....--~---,--~---.-~~ 

2 3 4 5 6 7 
Day of Hospitalisation 

~tl~ 1	 Parasitemia, Platelets and Hematocrit in 9 Falciparum 

Patients Treated by Exchange Transfusion 



0- ..,~ 

100 'J'7rgti'7rrrPl~I1IL~fJLL~::mrn'7U'"l~:;'W lJd 8 fl1J1JrJ 2 LJMl. -iJ. ri. 2534• 

~Tn3t1 3 ~H'fll 'Jfm.n~lh[J:lJ1Uu~[J 9 'Jl[J"" 
'lIfI:lJt'l ~ 1 2 3 4 5 6 7 8 9 

~ ~lhfJ RU SK WC TD UP DD SS PO AL 

Fever-days before exchange 10 2 3 5 20 7 3 10 8 

Previous antimalarial drugs Q (0) Q (V) Q(O) Q (V) ch-O Q(V) NR 

F(O) Prim-O 

day 6 1 1 2 14 1 

Parasitemia before 1sl EXT 8 2 0.3 1.5 90+ 15 60+ 40 40+ 

2nd EXT 1.5 20 

Exchange:hospital day/Units 1/12 1/10 2/15 1/15 1/10 1/15 2/10 1/15 1/10 

4/15 2/12 

Peritoneal Dialysis + + + + + + 

Antibiotics + + + + + + + + 

Outcome S S S S S S S S D 

NR =not record, 0 =oral, V =intravenous. Ext =exchange transfusion + Ilrn,.ym Schizoint ''IlI~tl~ 

~l''JHtI 4 flt'lfll'Jfm~n~lh[J:lJlbt'lb~[J 20 'Jl[J lf1[Jfll'Jbu~[J'Wbiiflfl"" 
Systemic complicaiton Infected rate% 

Case Refer- Cere- ARF ARDS DIC bleed- sepsis Exchange Pre-ex Post-ex Results 

no ence No bral ing units change change 

I 8 ++ + + + + 20 75 3 S 

2 9 ++ ++ + 25 20 1 S 

3 10 + ++ 10 55 1.7 S 

4 II + ++ 20 72 0.7 S 

5 12 ++ + 8x3 70 <1 S 

6 13 + + 7 70 5 S 

7 14 + 12 30 <1 S 

8 7 + 4 60 30 S 

9 7 ++ + 6 26 8 S 

10 7 ++ ++ ++ + 16 43 0.2 S 

11 7 ++ ++ ++ + ++ + 4 54 35 D 

12 7 ++ ++ + + II 38 0.2 D 

13 7 ++ ++ + 8 30 0.5 D 

14 7 ++ 10 13 0.1 S 

15 7 ++ ++ 9 22 0.1 S 

16 7 + ++ ++ + 6 14 0.1 S 

17 7 ++ 12 10 0.3 S 

18 7 + ++ ++ + 8 II 1.0 S 

19 6 + ++ ++ 8 80 3 S 

20 6 + ++ ++ 8 80 4 S 

Total cases 16 15 11 7 2 4 20 
Survive cases 14 12 8 5 1 I 17 

Survive % 87 80 73 70 50 25 85 
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lu 24 .JTll:lJ\I'V\t\lnTlLU~£.Jurhm~e.J~bL~::~iJl£.J7 dl£.J~dT;)VUJ 
'IJ 

parasitemia 'lte.J£.Jn1T~·e.J£.J~:: 5 iiL~£.J\I 1 dl£.J (dl£.J~ 5) ~\lii 

:lJlL~L1m~\I:lJlnn\l1e.J£.J~::90 rie.Jurhm~e.J~, ~iJl£.Jdl£.JitLde.J 
'IJ 'IJ 

'l~1lJmdLU~£.JUL~e.J~ 1a ~ii.~LL~lUdln!J1T;j'lUdU:lJlLm1£.J 

luL~e.J~lulu~e.J:lJ1L'V\~e.J1e.J£.J~:: 20 ~e.J:lJ1Lde.J'YhmdLU~£.JU 

nlm~e.J~.JllulU~ 2 ilUdU:lJlLm1£.J~\I~~L'V\~elL~£.J\l1e.J£.J~:: 3 

Lil'V\1lJd::imJ e.J\I Ln1~ L~ e.J~~\I~l'Yl ndl £.J ri e.Jul~nld1m~n 
q 

Udln!J1l 7 dlm'4:lJiid::ilJ~\I;ffui~L";)U 21U1ll£.J'V\t\lmd 

LU~£.Junlm~e.J~LL~::ntlJ:lJl~d::ilJun~lulu~4 Lil'V\11Jd::ilJ 
'IJ 

5:lJll~dfl1~tfuudln!J1l 'lliiimdLu~ £.JULLU ~\li~ L";)ULLaY1l";)::ii 

LLull'It:lJ1l";)::~1~\lL~n'lte.Jw1~1:lJ(31.5 ± 10% VS 30 ± 6%) 

";)lnmd~m~Tdudln!J1l~iJl£.J:lJlL~L1£.J9 dl£.J~\lii 

1ll1:: LL mn-ne.JU~dUbL d\l LL~::'l~1lJnld1n~1~1 £.J mdLU~ £.JU 
q 

I oCt QA ~ I Q. d 

mm~e.J~de.J~'lll~ 8 dl£.J LL~::n\lLLnmd:lJL~£.J\I 1 dl£.J L:lJe.J 

~";)ldrnln\lu";)i'£.JLilflqj~iimdL~m,]e.J\lLL~lnGhl'l~ll 1ll1:: 

LLmn-ne.Ju~dULLd\l"'h:lJ nlJ ilU1 U:lJl L~ L1£.J1UL~ e.J~"lJ rn::~ Ln~ 
q 

1ll1::LLmn-ne.Jutfu LiJuu";)i'£.J~Lilflqjlumdr11'V\u~mdde.J~ 

.:ni'i1"lJe.J\I~'iJl£.J ~iJl £.J~\lii:lJlL~L1£.JluL~ e.J~ilUdU~\I"'h:lJnlJ 
'IJ 'IJ 'IJ 

nll::bL~dn-ne.Ju~dUbLd\l'V\~l£.Jd::lJlJ";)::iile.Jnl~de.J~.:ni~ 
q 

'l~'lte.J£.Jn1l~iJl£.J~'lliii1ll1:: 2 ud::mdi\ln~11~1e.J:lJnU 
'IJ 

";)lml£.J\llUdii~iJl£.J 2 dl£.J ~\I~e.J~e.JmdH£.Jlfliii.ufie.J 
'IJ 

~iJl£.Jdl£.J~ 1 ~\I'l~1lJ £.Jlfliii.Ue.J~l\lnU:lJlrie.Ju1lJH1n~11u 
'IJ 

h\l~£.JlUl~ti\l 61U bL~EJ\I~lJ:lJlL~L1£.J~\ln\l1e.J£.J~::8 ~lml£.J~ 
'IJ 

7 Ltl U~iJl £.J~1lJ 'lllUh\l~ £.JlUl ~ LL~::'l~1lJ £.Jlfliii.UL,]1'V\ ~ e.J ~ 
'IJ 

L~e.J~~h lu1ULLdn1lJUdln!J11L.:Be.J:lJ1L~L1m~:lJ;ffu";)ln 1e.J£.J~:: 

2 ~\ln\l 1e.J£.J~:: 60 lU1u1\1;tuLde.J'l<il1lJmdLu~£.Junlm~e.J~ 
'IJ q 

LL~l~\I~~ L'V\~ elL~ £.J\l1e.J £.J~:: 5 LL~::~ e.J:lJln~dl";) 'lli~lJL ~dl::'l~ 
"".1 .-.. ...r .. ...r1'V\ 

" 
doxycyclme dl:lJ~l£.J udln!Jmdrnm'lle.J:lJlL~Ld£.J~e.J 

Iii e.J £.JldLtlU,]mJ\I.:Bl~L ~UUd::1£.J'llu1umd1n~11~ £.JmdLU~ £.JU 
I oCt .d. 0 Q..<o ~ .cI l.d Q..o ..d I 

mm~ e.J~ L~ e.Jm";)~ L'lle.J:lJl L~ Ld£.Je.J£.Jl\l LU£.JlJ~~U "Il\l";)::'lll £.J 

~~f111mULLd\l"lJ e.J\lnll::LL~dn-ne.Juih::Ln~'i11:lJ:lJle.J ~l\ldl~ 
q 

L11";)U'Yh1~~iJl £.In\l LLrimd:lJ'l~ 
'IJ 

Ud::l£.J'll'"1umdLu~£.Junlm~e.J~ 1U~iJl £.J:lJl L~L1£.J~ii 
'IJ 

e.Jlmd'V\lrmULLd\ltfuii 2 Ud::md Ud::mdLLdnfie.Jmdr11i'~ 
q 

L.:Be.J:lJlL~L1£.Je.J~l\ldl~L11 ";)ln~ii~dl£.J\llUH ('i11dl\l~ 4)
'IJ 

Udlnldl~iJl£.J~'l~1lJmdLU~£.Junlm~e.J~~\lLLIii 10 £.Jii.'i1;ffu 
~ 'IJ 'IJ 

'lu ~1:lJldn~~ilU1U:lJ1L~L1£.Jl 80UL~ e.J~~\I'l~n\l1e.J£.J~:: 

"lJ e.J\lilU1Uri e.JU'YhmdLU~£.JUL~e.J~7-15 Lil'V\1lJ ~iJ'W~'l~1lJ 
'IJ 
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mdLU~£.JUL~e.J~L~£.J\I 4-6 £.Jii.~ (Ud:::lJlrn 1/2 n\l 3/4
'IJ 

"lJe.J\lm:lJl~dL~e.J~ lu~l m1J) ";)::'lli~1:lJldn~~ilU1U:lJlLm1£.J 

~\I'l~~lnl11e.J£.J~:: 5 thl~dlmd~~L.:Be.JluL~e.J~~\lLnu1e.J£.J~:: 
'IJ 

207 Lil'V\1lJmd~n~ld~iJl£.J~ml£.J'l~1lJmdLtJ~£.Junlm~e.J~ 
'IJ q 

~ 

e.J~l\l'lte.J£.J 1 a £.Jii.~"lJe.J\lLL~~::f11\1 ~lJ1l~1:lJldn~~ilU1U 
'IJ 

:lJlL~L1£.JluL~El~1~L'V\~e.J~lnl11e.J£.J~:: 5 1ll£.Jlu 24 .JTll:lJ\I 

£.JnL1U~iJl£.Jdl£.J~ 5 ~\liielmlmd~~L.:Be.J~\ln\l1e.J£.J~:: 90 
'IJ 'IJ 

ri e.Jwrhmdnl £.J L~ El~ LL~::Ld e.J'Yhmdnl £.J L~ e.J~ LL~lUdl n!J1l EJ\I 
Q d '" d.J"d . .J" I 0 .Cl..d. 

~lJ:lJlL~Ld£.Jn\lde.J£.J~:: 20, mdf'ln~lU";)\llJ\I'llll ";)lU1UL~e.J~~ 

LU~ £.Junl £.J LL~~::f1f\liiml:lJ ~lflqj1Umdr11i'~ L.:Be.J:lJl L~ L1£.J1U 

L~e.J~ 1~'V\:lJ~'lU'l~dl~L11 

Lil'V\1lJUd::1 £.J'll,"~ Lilflqj anud::md'V\ii\l"lJ e.J\lmdLU~£.JU 

nlm~e.J~lu~iJl£.J:lJlL~L1£.J~iie.Jlmd'V\lrn fie.Jmdr11i'~~ld~~ 
'IJ 

(toxic metabolites) ~Ln~;ffulu11\lm£.J"lJrn::~iimd~~L.:Be.J :lJl 

L~L1£.JdULLd\l ";)ln~ii~n~lLL~::dl£.J\llu'llluflULL~::;~f~~~e.J\I 
q 'IJ 

Udl n 11111U"lJ rn::~ ~ ~ L.:Be.J:lJl L~ L1 £.JdUbLd \I tfuii ~ld~ ~e.J ~ 
~ q 'IJ 

'V\~l£.J'llii.~lum::LL~L~e.J~'l~bLri ~ld~ln kinin,24 histamine25 

circulating immune complex26 LL~:: C 
3d 

~\lLn~;tulumrn~ii 
u~m£.Jl complement ~nd\l26,27 fibrin degradation product,2~ 

platelet factor bL~:: beta thromboglobulin2q-]ObL~:: tumor ne­

crosis factor31.33 ~ldi\ln~lld'Yll\llUL~£.Jl,]e.J\lnuLtlu~n 1"li 
'IJ 

l~£.Jii'l~f'Yll~l£.J endothelial cells "lJe.J\I~lr\l'V\~e.J~L~e.J~L~n"J. 
~ 

A q" ..... 0 ~ oCt ~ Q..oo 

UEln";)lnU£.J\lnd::~Umd~l\llU"lJ e.J\I Lnd~ L~ e.J~ LL~::mdLL"lJ\I~l 
q 

"lJEl\lL~e.J~Ul'lUGi1ll1::; DIC LL~::; bleeding,Lil'V\1lJ~ld tumor 
'IJ 

necrosis factor L'Yh~ii~~n~lHudln!J1l'Ylll~iimdLtJ~£.JU 
... 1 Q..o A A A ~.Cl. ..4
 

LLu ~\I"lJ e.J\I~U\I'V\ ~ e.J~ L~ e.J~";)U:lJmdL m::;~~"lJ e.J\I L:lJ~ L~ e.J~ LL~\I"Il\l
 

ii:lJl L~ L1£.J e.J ~nl £.J1U 'Ylll~iinldLnl::;n~:lJ"lJe.J\I L:iJ~ L~ e.J~ LL~\I 
'IJ q 

Ltlune.Jue.J~iulu'V\~e.J~ L~ e.J~lu~:lJ e.J\I;ffU32 ue.JmlntfuEJ\lii 
q 

(]~fm::;~umdLn~~:lJL~e.J~~\lUl'lu~1ll1::;mdLn~ thrombin 
q 'IJ 

'l~34 mdLn~ DIC n~ mdLn~1ll1::n~:lJL:iJ~L~e.J~LL~\I~ii:lJ1L~ 
q 

L1£.Jlu'V\~e.J~L~e.J~n~ Ul'lU~~£.Jl~~1ll~ ~Lilflrufie.J anoxia"lJe.J\I 
'IJ ~ 

e.Jl£.Jl::;~l\l"J 'Ylll~Ln~1ll1::;LLmn-nElU1ULLd\lm:lJ:lJl ~\I~lU 

1'V\ nJ 3Tm::; Ln~1U~iJl £.J~ml";)~lJ:lJl L~ L1£.J1um::; LL~L~ e.J~ LtiU 
~ 'IJ 

1l1UdU:lJln, e.J~l\lhn~l:lJluUl\ldl£.Je.Jl";)iie.Jlmdm\l~:lJe.J\I, 

'l~'V\1e.JUe.J~dUbLd\l:lJln J\I~'i1dl";)~lJL.:Be.Jlum::;LL~L~e.J~L~£.J\I 
q 

L~n'lte.J£.J L"liu~udln!J1U~iJl £.J1Udl£.J\lluitn'l~LLri mdLn~ 
nll::; LL ~dn-ne.JU dULLd\l'V\ t\l";)l n L.:Be.J ii1l1UlU'lte.J £.J ~\I EJ\I'lli 

q 

~l:lJldm::;e.J~lJl£.J~l L'V\'i1
q 
'l~ e.Jl";) Ltlu~~";)ln~ £.Jl~~1ll~~ 

Ln~";)lnnll::; anoxia Ltlun~lU1u'V\1e.J";)ln toxic metabolites 

~\lEll";)";)::;EJ\liie.J ~1 U"lJ rn::;tfun'l~ ~\I EJ\l3J'l~iimd~n~lHi~ 
'IJ 
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L';)U 1uu';)';)uudnT'HU~ £.JUtll £.J L~ fl~ 1wtlll £.J~ih.n LGl L1£.J LLGl::::. ~ 

ijfllm1'V\1t'n ~'1Cii'fl'l,hit'lt1'1U1::::1£.J'1l,r~'1 2 U1::::m1~fl 

m1rhi~L;m..nLGlL1£.J113Jnum1rhi~~l1~~~Ln~~ulu1l'l 

m £.JlwlJm::::lfu i'llfu')lU1UL~fl ~~1'1l1 Um1LU~ £.JUtil £.J~'1 

f111';):::: LW£.J'IW fll Unl1nl i ~ il3Jl LGl L1£.J LLGl:::: ~l1~ ~~ ij fl rilU 
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~ 

'llm::::UuCii'l£.J 

&il'VI1U 5 ~1l1fl~'ll fl'l~1I1 £.J~ dJum LGl L1£.J~ij1ll1:::: LLmn 

.	 ~ 

-nflU1ULL1'1lfuij ~1l £.J'IlUL1\~ 3J iju 1:::: m m;fl £.J Gl:::: 60 - 8 6 2,4,5 
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eJril'lL1n~lml£.J'IlUi'ln~llL~113J~1I1£.J~'1~ij5~1l~~L;eJ~l 
~ 

(,xfl£.Jn'h1eJ£.JGl:::: 10) LLGl::::~'1mm'lll~l£.JnU &il'VI1m.JGlm1 
~ 

1n~l~1 £.Jm1LU~ £.JUtil £.J L~ fl~113J~1 £.Jl U~1I1 £.J~ij 5~1lm1 
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~~L;mnU1fl£.JGl:::: 10 lfUU1ln!l'hij5lil1l1fl~~'1t1'11fl£.JGl:::: 87 

(~l1l'l~ 4) LLGl::::L~fllLml::::~t1'15lil1l1fl~lill3J1ll1::::LLmn-nflU 

yiLn~nm::::umh'l6] WUll~1I1£.J~ij1ll1::::LLmn-neJWYll'l 
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~3JeJ'I1fl~1eJ£.JGl:::: 87 'YmLlil1fl~1eJ£.JGl:::: 71 'YmueJ~ (ARDS) 
'i.'"	 'i."'.d Q.o .d .. l.doI 

1eJ~1eJ£.JGl:::: 70 DIC1eJ~1eJ£.JGl:::: 70 'lS'IUml~'1mm3JmlJ1£.JU 
~ 

LYi£.JUnml£.J'IlU'llfl'l Warrell LLGl::::f1m:::: 35 ~'Y1lm11n~ll~£.JL3J 

L~LU~ £.Jutil £.J L~ eJ~ u1ln!lll ~111 £.J~ ij1ll1:::: LLmn-neJu'Yll'l ~3J eJ'I 

1fl~1fl£.JGl:::: 80 LLGl::::';)lml£.J'IlU'lleJ'I Stone2 U1ln!lll~1I1£.J 

~ij1ll1::::LLmn-nflWYll'lLCil1eJ~1fl£.JGl:::: 61 LLGl::::'YmuflCil1fl~iilCil 
.do Q,..	 6' 6' 

LW£.J'I1fl£.JGl:::: 33 ,;)ln1l£.J'IlU'llfl'l UlmLW'YW ~3JWWI) 

uru£.Jf1UIif ~n~lLl'lu.~1I1£.JmLGlL1£.J~ij ARDS ofi'l1Vi'm1 
q Q,I q III 

1n~lL~3JYi113JnU heparin LLGl:::: dextran 1fl~LW£.J'I1fl£.JGl:::: 25 

LLGl::::,;)ln~ LLW'I'l!J'VI ru'ltlUfl3Jf'l1 f'l1"ll£.JnGl 5 ~n~l L11U~1I1 £.J~ 
~	 ~. 

ij1ll1::::LLmn-neJU'Yll'lUfl~ u1ln!lllij 5Cil1l1fl~LW £.J'I1eJ £.JGl:::: 60 

,;)lml£.J'Ilu~ij~~n~lH ~1I1£.J~ij1ll1::::LLmn-neJU'Yll'lUflCil 
~ ~ 

1ULL1'1 L"liU ARDS LLGl::::1fl~iilCilL~lfuaJnij5Cil1lm1~CilL;eJlu• 
L~eJ~~llu'llm::::~Ln~1ll1::::LLmn-nflu36.37 &il'VI1Um1~n~l'llfl'l 

mofi'lLCil1Vi'm11n~l~1£.Jm1LU~£.Jutilm~fl~ 113JCii'1£.J LLGl:::: 

5Cil1l1eJCil~'1'V13J~ ~'1t1'11eJ £.JGl:::: 89 LLGl::::Lij fl~,;)l1ml Lil.Wl:::: 
~ 

1l£.J~ijm1~~L;eJmnnll1fl£.JGl:::: 5 wull5ml1eJ~1eJ£.JGl:::: 83 

&il'VI1U5Cil1l1fl~Cillm::::UU1ll1::::LLmn-neJulfuU1ln!lll~'1mn 

n~ll~fl 1U~1I1 £.J~ij fllm1'Yll'l~3J eJ'I1eJ £.JGl:::: 89 'Yll'lL~1fl£.JGl:::: 
~ 

86 LLGl::::'Yll'lU fl~1fl £.JGl:::: 83 ofi'luu'hln~L~ £.J'Inu~ij~1l £.J'IlUH 
~ 

m11n~l ~111 £.Jm LGl L1£.J~'VIUn LLGl::::ij er~1lm1~~ L;fl ~'1 
~	 ~ 

1~£.Jm1Lu~£.Jutilm~fl~'Y1l1Vi'5~1l1eJCil~'1~Ut1'11fl£.JGl:::: 83-87 
~ 

';)lml £.J'IlUdL~ fl~,;)l1rn l LU1£.JU LYi £.JU nu ~111 £.J~ ijL~LU~ £.JU 
~ 

tilm~eJ~u1ln!lll5 Cil1l1fl~ 1~ mtlLUL3JLL~n~l'lnU fl ril'lh 

fJ·i 8 ""1J~1J.i 2 ~ " '" " L3-J.EJ.-3J.EJ. ;534 

nCill3J 1~ £.Jm1LU~ £.JUtil m~ fl~'Yh 1Vi'~111 £.Jofi'lij1ll1::::LLmn-neJu 
~ 

.. I d.c:r..J" d .... d .do IQ..oo	 • 

'I'll'llJ flCil1fl~'1l1 Cil~'1'llUtl'l1eJ £.JGl:::: 83 'lS'IUUll3Jf11l3JLLCilnCill'l 
~ 

nUn~3J~ijL~1n~l~1£.Jm1LU~£.Jutilm~fl~"ll~L,;)U ';)lnm1• 
~n~l'd~1l £.J'IlU~'11f11L~umLu::::1'VI1,n~1n~ll~ £.Jm1Lu~£.Ju 

~ 

til £.J L~ fl ~ 1U~1I1 £.J 3Jl LGl L1£.J ~ ij 5 ~1l nl1~ ~ L;eJ ~ '13Jl n LLGl:::: ij 
~	 ~ 

1ll1:::: LLmn-nflU~1ULL1'1 'VI Gll £.J1::::uuofi'l fll,;) dJuu';)i£.J Gi'l L~13J 1Vi'• 
Ln~1ll1:::: LLmn-nflU'Yll'lU fl~~1ULL1'1 ~ eJ LUL~ u';)i£.J i'ln ~ll• 
L~LLri 1ll1::::LmlmU£.JUW~u, m1Ln~ DIC ofi'lijeJlm1L~fl~ 

eJeJn1ULL1'1 LLGl::::L3J~UeJ'IlileJu~eJm11Vi' replacement therapy. 

&il 'VI 1U')lU1UL~ eJ ~~ij m 1LU ~ £.JUtil £.J1ULL~ Gl::::f1f'l f111';):::: 

hi.3J~lnll 10 £.JU.Cil ofi'lL'Yllnuu1::::mm 1.2-2 L'Yll 'lleJ'I 
~ 

U1mCil1L~ eJ~ 1wrl'VltU 1umrn~ijm1~~ L.:Afl ~'1113JnU1ll1:::: 
~ ~	 ~ 

LL mn-neJu~1uLL 1'1 'VI Gll £.J1::::UUCii'eJ'I~,;)l1mll ,yL~ eJ~ mn~ut1'1• 
2	 L'Y1l'll fl 'I U13Jl Cil1 L~ eJ ~'ll eJ 'I ~111 £.J LLGl:::: f111';):::: n 1:::: rll oJ'l til 

~ 
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~ . 
,xeJ £.J iT'I L3J ~lm1tl ~1UL~ll m1LU~ £.JUtil m~ eJ~ ,;)::::~l3Jl1tl Gl~• 
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