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En introduksjon til oppgaven

Vi har de siste 2-3 drene fitt gjgre noen undersgkelser i samarbeid med Tromsg
Mineskadesenter vedrgrende et problem som rammer mange skadepasienter i en del omrader i
den tredje verden, det at de far malaria pa sykehuset etter skaden.

Sommeren og hgsten 2000 gjorde vi en retrospektiv epidemiologisk studie for & avdekke
omfanget av problemet, samt identifisere risikofaktorer for denne komplikasjonen. Denne ble
publisert i Journal of Trauma i februar 2002, og er en av de to artiklene i denne 5.
arsoppgaven. Resultatene viste at problemet var stort, og vi skjgnte at vi métte arbeide videre
med det for a finne en mate & forebygge komplikasjonen. Véren 2002 var vi derfor med pé &
sette 1 gang en behandlingsstudie 1 samarbeid med National Malaria Centre 1 Phnom Penh
hvor alle skadepasienter blir rutinemessig screenet for malariaparasitter umiddelbart etter
skade, og barerne av falciparum-parasitter fir startet opp antimalariabehandling umiddelbart.

Man vet lite om hvilken innvirkning og hva for komplikasjoner malaria gir i det postoperative
forlgpet for en semi-immun traumepasient. Da malaria er en forholdsvis ufarlig infeksjon for
uskadde semi-immune, kunne en tenke seg at det & sette i gang med forebyggende virksomhet
ville ha lite for seg. Det ble derfor viktig som en del av arbeidet & kartlegge effekten av
malaria hos traumepasientene. Dette ble gjort som en kvalitativ studie, og er andre del av
femtedrsoppgaven. Vi trenger 4 innhente kommentarer fra noen samarbeidspartnere fgr
artikkelen er helt ferdig og kan sendes inn til publisering.

Vi har dessverre ikke lenger tilgang pa originaltabellene til den forste artikkelen. Den fgrste
artikkelen er derfor vedlagt i formatet den ble publisert i. Tabellene er flettet inn i teksten,
altsa ikke 1 overenstemnmelse med retningslinjene. Referansene i den andre artikkelen er angitt
i Harvard-format etter retningslinjene til Tropical Medicine and International Health som vi
har planlagt 4 sende den inn til.

Studiene er finansiert giennom forskningsmidlene til Tromsg Mineskadesenter. Sommeren
2000 fikk vi ogsé studentstipend fra Norges Forskningsrad,



Postinjury Malaria: 4 Study of Traupma Victims in Cambodia

Hans Fhusum, MD, Tove Heger and Mads Sundet

Bachgrounii: he pattern of host de-
fense against plasmodiom s comparable
{o Lhe immune response to bacterial infee-
fien. Postraumutic immanosuppression
may therefore caose relapses of malaria
secondary (o trauma and frauma surgery
i asvmplomatic carriers of the parasiles
in endemic arcas. To our knowledge this
s not heen sadidated in epidemiologic
studies,

Methods: vostinjury malaria  was
registered  retrospectively i 342 land
mine and war victims from malaria-en-
demice arcas iy Cambodia, The incidence

rate was anabyzed in lerms of age, gender,
preinjury endemdcity, evacuaiion thives,
anatomic injory severity, svstolic hlood
pressure @ admission, blood transfusion,
and duration of the first surgical interven-
tton as independent variables.

Besulis: vhe rate of postinjury malaria
in the study patienis was 333 % {93% 1,
28.3-38.3%). Injury Severtly Score (1583
and surgicat operation time were visk fac-
fors (area under the curve in receiver oper-
afing characteristic plots were 0073 and .79,
vespectivelyr The impact of the other risk
factors was nonsignificant.

Conclusion: Despite ditficultics in di-
agnosing  postoperalive malaria in en-
demic arcas, the study demonstrates that
the rate of postinjuey malaria is high, The
resulés legitimate controlled {risds of im-
medinfe postinjury chemoprophylaxis te
severely injared in endemic arcas. The au-
thors recommend staged surgical opera-
tions with hrief primary inferventions in
victhus with severce injueries.

Key Words: Malaria, Postinjury ma-
faria, Immunodepression, Damage control
surgery, Land mine injury, Wartime in-
jury, Cambodia,

pidemiologic studies From malaria-ecndemic areas indicate
mcidence rates of postoperative malaria from 0% o 50%

secondary o elective surgery, most infecdons being
cavsed by Plasmodium fateiparan. Severe P jalciparion

mnfections are assochned with substantial endothelial injury. se-

guestration of parasitized ervihroeytes i the capliare beds of

most organs, leukoevie infiliation into ischemic tissues. and
activaton of the cospulation cascade.” ™ Some surgical centers
inendenmie arcas recommend routine antimalanat chemoprophy-
loss Tor surgical patients; other cenlers with Jow incidenee rales
do nor” Hewever, antimabrials do not provide a simple solution
o the problems in most parts ofF the world, 22, fideiparian i< now
resistant W chloroquine. and in some arcas alse o melloguine
and most other antimalarials.®

Trauma surecons in Congo and Cambodia claim tha
malaria is a4 common postoperative complication o prinuary
surgery in wartime casualtios (170 Bwale, personal communi-
cation, [998: G, Strada. personal communication, 1998). Ina
study of postoperative malria n war viciims from World
War 11 Klark found & 10% incidence rate of postoperative
madaria-—-the ncidence being the same for miner and major
sureeryv, and comparable (o the in-hospital malaria incidence
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in nonsurgical patients.'” Ta owr knowledge. no recent re-
porls have been published on stadies of postingury malaria in
man except for a lew case reports. In an experimental study.
Adna found a signiltcant postinjary elevation of Plasaiendium
herghet parasitomia in mice with severe injury compared wih
mice with fess severe injury. !

In mslria-endemic arcas where people are repeniodiy
mivcted all vear round Cstable transmission” L asvimptomatic
nutaria infections are common after childhood because of
acquired low-grade immuniiy (o the parasites. ) is well
established that raunys hemorrhage. and sureery aifeor m-
Hammatory mediators and cause immunodepression with risk

TP Docs the postlravmatic innmue

af bacterial infections.”
nodepression also cause suscephibility o malaria infection
secondury Lo mjury?

1t is well documented that v& 1 lymphocyies orchestraie
(he immune response 1o bacterial infections and other inftam-
madary stimuehi by triggerng production and secretion of
cascacle aetivating eytokines such as twmor necrosis iactor,
interleakins, and mterlerop-gamma. The cvtokines activaice
neutrophils and macrophages o respond 1o bactlerial and virgd
invasions.' Persisting pain and anxiciy. reperlusion injury.
and extensive widfor repeated surgery also trigger the inflam-
malory stress responses and may thus cause persisient evto-
Kine production. Because some oytohines also excrt o noga-
tive leedback on further production. this may be one reason
for immunodepression secondiry 0 major raama,

Albsoin mabiria falciparum infection, vé T eelis play a
mandatory role by regudating the antimalarial activity of neu-
trophils and macrophoges. When activated by a schizont-
associated antigen and eytokmes. the T cells stimudate mac-
rophage-mediated killing of the inuahepatic stages ol ihe
parasite. " Neatrophils are primed by Tcelbinduced evio-
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Limes and antimaberial antibody o KL inraervthroeytic
parasites.” 7 The immunologic response is differentiated: as

in hacterial infections, also in malarial infections the tevels of

kev eviohine mediators are higher in patients with severe
inlection. There are great individoal differcnces in the pa-
dients” response. There are also certain dilferences beiween 12,
feddeiparein and P.ovivox infections regarding white blood cell

ey

activation. ™

The pattern of host delense agamnst plasmedium is there-
fore comparable o the immune response o bacterial inlec-
tHon, Consequentiy. we may suspect that immunosuppression
may cause relapses of mudaria secondary fo trauma and
trauma sureery in asymplomatic carriers of 1he parasites in
endenne arcas. The aim of the present study was (o examine
the postoperative incidence of malara mlections in frawma
vietims Irom arcas with dilferent Tevels of malarial endemic-
ity: and 1o find ot il stress Tactors such as injury severiy.
cvacuation times, and duration of surgery affected the inci-
dence of postoperative relapses ol malarna,

MATERIALS AND METHODS

The study was carried out in the Battambang province of

Cambodia., an arca with stable transmission of corogquine-
resistant falciparum malaria ™ The provinee is infested by
fand mines, porticulirdy so along the northwestern border
with Thailand where falcipirom malavia is high-endemic,
Muast mine accidents happen T from wewas and cities. and
prehospiial evacuatons are normadly oll-roae. paiients being
iransported 1o hammocks or on donkeys, There are Tew cars
and no ambelance system. The data were gathoered at ihe

Prnergeney Sureical Center for War Victims in the ¢ily of

Battambane, The hospral s run by the Iadian nongovern-
mental nedical velicl creanization “Emergenoy.” 1t ix the
relerral trauma center Tor the northwestern provinees of Cam-
bodiz. In general terms, the hospital foliows the established
procedures for advanced trauma ile support and primary

. EREY
Wartime lrauma care. ]

Towever. damage control surgery
(staged primary surgery with bricl surgical inlerventions)--
now astandard procedure in eritically injured patients-—-is no
done regularly ot the “Emergency™ hospital, The prevalence
of malaria i Battambang City s fow, Tor malaria preveniton,
all putionts have mosquite bed nets. However, the bed nets
are not sprived with insecticide and the windows at the
surgical departments are not sereencd. Blood for transfusions,
bBoth from the blowd bank and from walking donors. s
sereened Tor parasites by microscopy. Ponors are not given
antimalaria treatment belore blood s withdravn. nor are
recipionts given antimalaria prophylaxis as recommended in
previous studies of  ranslusion mataria”® Routine blood
smicirs are nob trhen ai admission. Other tests For parasitentia
are not available,

The study patients were adl Tand mine and war casualiies
copseeutively admited for in-hospital touoma care ar the
surgteal conter during o 2-month peried from FUOSE 1o 2000

The dwa were collected retrospectively in July 20000 Padients
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with incomplete data o the sk idieators (n

pisk mdhcators below) and paticnts discharged from hospital
withtn 244 howrs alter admission were excluded (= 10}, This
feft o study group of 342 patients. 277 mine victims and 65
sutlering from buller or Trngment wounds, The oriterion for
postinjury malaria was positive malaria diagnosis within 10
davs alter the injury (malusia groupd, The conditions for
positive diagnosis were cither positive blood smear and clin-
ical signs of malaria allack {eriteriar fever, malaise. and
chitlsy (n = 1081 or negative smear, positive clincal diag-
nosis. and prompt response to antmalarial treatment (n = 6).
The protocol for greatment was intramuscular arlemisinin 4
mg/kg on day Lz intramusceular arleimisinin 2 mg/ke on days
2 1o 5 and perorat metloguine 20 mg/kg on day 6. Data on
postinjury morbidity other than malasia relapses was not
collected.

The incidence of postinjury malaria (malaria group vs.
nonmalaria group) was analvzed against several potential risk
ndicators: age. gender, residency in high-endemic versus
low-endemic malaria arcas. prehospital evacuation time. sys-
tolic blood pressure at admission, duration ol the lirsgsurgical
intervention. blood tansfusion, and Injury Severity Score
(1S53 Qrouping of districts according o madaria prevalence
was performed on the basis of public statisties: ander the
stpervision of the World Tlealth Organization. all provinees
in Cambodia run continuous epidemiologic surveys ol ma-
lar. The statistics were vabiduted by the anthors during
extensive interviews with the health workers who had gath-
cred data Tor the public madariz] program ot the village and
district fevels. We used the noninjared population n the
catchment arca as the control group. The Abhreviated Injury
Seale ™

anatomic data being coded conservadively. Datz for physio-

was used for severily scoring, coses with unclear

fogic severiny seoring other thin systolic blood pressuve sas
nol avislahle,

pi Into™ and CIA™ were used for analysis of the dala.
The null hypothesis (ne dilference in oulcome} was rejected
i the 93% confidence interval for differences did not include
zero. We tsed MedCale™ for analvsis of receiver operating
charactenstics (ROCY curves. A test—in this case. a risk
incicator-is said (o have high accuraey i the arca under the
ROC corve (AT 15 0.9 or lareor and Tair accurney o AUC
s 007 10 0857 AUC approaching 0.3 signifies @ worthless
wst/indicator.

RESULTS

One hoaadred Toorieen ol the 342 study patients deved-
oped postinjury maburia {33.3%0; 95% U1 28.3- 38,30,

Of the D malariepostiive cases. 01 were caused by
Plasmocdivn falciparam. 4 were coused by Plasaiodiim
viverv, 3 owere mixedl and O were unspecitied. Most relapses
of madaria occurred within 2 davs after injury (34% of ma-
Fari-positive cases). Only [2% of postinjury matlaria infee-
Homs occurred more than 18 davs afler the injury (Fig. 1 The
meidence of postinjury madaria e the study paiionts wias as

Fehrpeny 2002



Postinjury Mleria: 0 Stedy of Tratine Victims in Camibodia
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scason Chaby 1o October, Tres 20 For the entire population dence ol postinury malaria of 438 of 1000 for victims
i 342y median 1SS wus 8 punee F-3S) mean prebospital fram high-endemic malaria areas, and 277 o 10O for
cvacnation sme L ours (810 1 L3 hourss and mean duration of lovcendemic arcas. The corresponding baseline inei-
the Jirst surgical operation 2 hours (8D L6 hours), Sisty-hwo dence Tor noninjured persens rom the same wreas is
paticnts had blooad transtosion during the primary surgery with a P ool 1000 and 0.2 of 100,
maan of 2.8 units of blood por patient 510 17 units). 20 The risk oincreases with increasing injury severiy
O the cight potential risk Factors examined, wo Wenti- relapses oceurred in 22% of putients with Heht fnjuries
lied four Tactors that predicted risk of postinjury malaria: (1SS 0f 5 or less). whereas the incidence e in pa-
1o The patients” arca of origin is a risk factor (Table 1x lients wilh severe injuries (1SS of 13 or hisher) was
- . alnrineinieete aitenfe. A0 (oS 80 N ~ i [, C i s
ol the madari-infected patients. 49 D.8% ) came A0% (V5% C1 Tor difference. 0.6-35% ). The overall
o ieh-endemic areas and 63 (27.7% 1 came [rom T . e Faie (AT e R
from high Chde e ar oo . e X aocuracy o 1SS as arisk predicior s Taiy (AUC <28,
low-endemic arcas (93% C1 Tor dillerence. 0.8+ Table )
30 The visk of postinjury malaria increases with inercas-
Mo, of casas . . o - .
\ ing prehospitad transe tmes However, the effeet of
50 this risk factor is barefy statisucatly significant ower
imit of confidence intervad Tor the AUC i< .53, Table
Toand Vgl 3
"\/ 40 The risk increases significantly with the duration of
A

s
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Fit, 2. inciddece of postizsfiery sedaria v poinils (o RN

Vedinee 3.2 @ SNumibior 2

the primary surical imervention. In patients with op-
cration tmes less than | howr, the mewdence rde was

LA

20.4% ax compared with 31.2% after surgery of more
than 2.5 hours” duration {95% 1 for difference. 20.0-
1750, The overall accuracy for operation time s
rish indicator is T {(ALC =0 08 Table 2 and Fig. 3

The four other variables fehildren vso aduliss gender.
svatolic blood pressure at adnuission, nd blood tanslusion)

did not signilicantly alfect the cutcome (Tables Toand 23
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the foutinal of TRAUMA fujuiy. Infeciion. aid Crilical Care

[ s

Nonmalana Groun: 9

n(mo P mnnlﬁ with nalaria mep Patienta Gt
i withon Po ry I 1] for

No. of cases (¥} 114 {33.3} 228 (66.7)
Mean age [y 252 1(95% Ci, 23.0-27.4) 205 (95% Cl, 27.6-34.1)
Children (%) 27 (23.71 36 {15.8) - 1.2% %
Adults (0] 87 {76.3) 192 (84,2
Female (9%) » 12 {10.5) 31(13.8) 10.2% 4.1%
Male () 102 (89.5) 197 (86.4)
From high-endemic area {%) 49 (43.0) 88 (25.4) 6.8% - 28.2%
From low-endemic area (%) 65 (57.0) 1/(} [74.6)
Blood transfusion (4) 20(17.5) 2{18.4} - 9.5% 7%
No blood transfusion {%) 94 (82.5) 186 (81.6)

a5% ClL 95% confidence interval,

endemic arcas
are not comparable: compared with the paterts from arcas
with fow endemicity. the patients [rom high-endemic mafaria
0.013.
strated by a plot of 185 Tor the two subpapulations showing

The subpopulations from high- and fow-

arcas had maore severe injuvics (p < This is demon-

overlapping confidence ntervals Tor alf levels of injury se-
verity (Fig. 4. Also. patients Trom high-endemic areas had
For the other varables

The intercorrelation

hicher evacuation Limses {p=0 00T
the two subpopulations are comparable.
hatween the live other variables was fow (37 <0 1 Pearson’s
ro002 0 LR,

The overadl hospital mortadiny e was fow, 2200 (= 9y,

Tahle 31,
Sin patients dicd within 24 hours alter injury from hcmws'rhugic
sk, and three died alter severat Foupera tons because of hae-
iklhll 1 lkLlf‘.'H\ \()IH )i'i.d(l()l]\ (} th E]II]C ﬂﬂll‘\\ll\i\(\i\ LU

The du-
0000
25 davss range, 338 daysy come
Hodaysorange, BoHES

wits madaria-positive and cight wore malarienegative.
raton of the hospial sty was significant]y !nn;.rcr in-
i e malaria eronp (median
pared with the nonmalaria groap imedian,
days).

DISCUSSION

We report the incidence rate of postinjury madaria for the
liest me since Klark stodied war victims from the World

War 11" Contrary o Klark™s findings. our study demon-

malaria
altacks m trauma victims Troem arcas where falciparum ma-
laria is endemic.

strates that injury increases the risk of postoperative

The study was carried cut in an area where
multiresistanl malaria fadciparum is endemic. One owt of
three paticnts in the study population had postoperative ma-
lwtn relapses. which represents o more than 40 times in-
creased meidence rate compared with the noninjured popu-
lagion in the calchment area, Injury severity and surgery are
risk factors: we registered a significantly higher rate of post-
operative makria in vicims with severe

leht injories, 22% versus 4%

as compared with

] xtensive primary surgical
interventions further increase the visk. regardiess of injur
severity: 20% of patienis had relapses after operations ol ess
than t howr™s duration. and the risk s doubled i1 the operation
e is oxended 1o more than 2.5 hours,
Several vartables i our study are not wel] controlied and
need (o be discussed:
CHow gecurate was the dingnosis of madaria in the siudy
patients? We
copy ourselves. Flowever, the laboratory technicians

did not control the quality of the micros-

were experienced. Inoseveral cases. more than five
negative smears were reported belore the positive
shide emed wp oand reatment was started. A quality
conlrol study of 10 chinies at the Thai-Burma border

reports sensiivity al 92% 1w 20% and speaificity al

Tahle 2 Postinjury Malaria, ROC Analysis of Risk Factors

dalana Groun versus
Monmaiaria Group

Nonmataria Group: Patients withou!
Postivjury Malaria

Evacuation time, h' 8 {2.5-48)

Injury Severity Score! 9 (1-38}

Systolic BP on
admission’
Duration of first surgical’ 75 (0-330)

irtervention {mint

120 {BO-160)

6.8 40.2-72) AUCT 0.59 {0.53-0 64)
oo 001
G (1-38) AUC 673 {0.668-0.77
L 0001
120 (70-17(0) AUC G571 {0.45-0.56
no 08
30 (03-260 ALIC 0.79 10.74-0.831
o 0.001

fAeddian values (rangs)
ALIC, area vinder o

or operating charactenstios curve {95

262
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Fohiriey 2002



Postinfury Medaric: A Study of Trare Victims in Cainliodic

O3 o UEY i maduria diggnosis by simpke hehy months of the study periedd. Tn this peried. we found

microsenpy by eaperienced technicians, ™ In our several patients registered with typical chinical symp-
study. an old lght microscope was used for the diag- toms ol malarr atlack, and up to [ negative shides,
nosis of the patients hospitalized durng the fiese 12 Therefore. there may be some underreporting of

postinjury malarta in the study patients. On the other

100 hand. we may have false-posilive diagnoses in the
study group. Positive blood smear and climical signs
observed by experienced clinicians are probably not
enoteh (o establish a correct dingnosis in all cases. In
high-endemic areas, positive smecars can be found also
m asvmplomatic and semi-immune carriers of the par-
asite. Also. effeet of antimalarials is not a solid dize-

1 nostic criferion: in postoperalive paticnts we can see
high duration (=60 min.)

“high Severity (188 10} o ] ) ; -

B T T, L spontancously.” Measuring levels of parasitemia

transient fever ol nominlectious ongin that settles
201
would definitely have given more exact dingnosis.
However. i the minmmom resource setting where the

AT e present study wis done. we had net the necessary

100-Specificity means for thal.

. ‘;." ‘)i.". \ cvalenee " ll'.i s - orrect.
e gty Sovety Score (158 ”?L } ugl.;m‘pn.\ alencee tlil m \f.lll‘l may be incorrect
Duration firsl surgical intervention Aller \Llhd;llmg the })llhht‘ stafistics. we cannol rule

Fill 3. Commpuarison of ROC crves for she min visk facior, ot signii'ica?n underreporting of mztlau.'ia i rural arcas

where the villagers buy druus themselves or are not

“e raalaria 0Ees treated at all, and are therefore not registercd at clinics.

However, even if the incidence of malaria relapses in

the noninjured poputaton is doubled. trauma and
travma surgery st fead 1o s 20-Told risk iporease,

Missed malari-positive cases: mataria outhreaks i
study patients dischareed from hospital belore 10 davs

after inpury were ael registered. These are maindy

victims with light mjuries and possibly less visk of
contracting postingury madwnae Thus, the true ride of
postinjury madarke 0 our study poputation may be

2

f
samewhat higher than 33,30,

=

Postinjury malaria transmission may cause false-
positive counts. The risk of in-hospital transmission is
probably small. The city of Battambang s o o

endemic arca and bed nets were used Tor protection,
Patients nuany also have been infected during the Grans-

port. The incobation time for fulcipanim malaria is 6

o 12 days Tor adults, and somewhad fonger for chils

deen. The bulk of welapses oceurred during ihe first 4
postoperative days and there were no penks on the

incidence plol nter on {Fig. 1L By setung cut-ofT a1 10

days after mygury, the risk of false-positive counis be-

P cause of pestinjury transmission in our study populs

: N ton s therefore smalh

o n ' 5. We observed higher rates of postoperadve nudari in
paticnts inhabiting arcas with high malwria endemicity
{Table 13 Dhowever, focal differences in prempuy en-
demicity are o confounding variable i this study. The
epidemiology of fand wmies differs, In the disricis

where b prevatenee 15 highest--in the remote
Fi, &, fujroev soverite as visk jactor for postinfrey maloria on forested arcas along the That border—-there are alse

3

DS

~

i more boundmg frazmentanon mines. Consequentiy,

Verdsrsnte 32 0 Nipinher 1 263



The fourial of TRAUMA [njury, Infection. and Critical Caie

. Drration of Usits of
AL Surgery Blood Tra

Age 0.0 -0.07 0.40 0.25 -3

fvacuation Time 015 -0.12 -0.01 -0.02 0.03

Systolic blood pressure -0.07 -0.12 ~0.08 ~0.06 -0.20

Injury Severity Score 0.40 -0.01 -0.08 0.20 0.27

Duration of surgery 0.25 -0.02 -0.06 .26 0.35
~-0.13 0.03 -0.20 0.27 0.35

Units of blood transfusion

many mine victims from these arcas sulfer from mul-
tiple fragmentation injuries, There s therelore a ten-
deney that padients with severe injurics and fong pre-
hospital transit times are Ivom areas with high
endemicity, When we correet for differences in sever-
iy, we find that the preinjury endemicity is nol a
stgnificant risk factor {overtapping confidence ter-
vals, Fig, 4). The impact ol evacuation times was

statistically stgnificant, but very small and hardly of

maedical significance.

Gender and age did nor wlfect the e of postinjury
maluria in this study. Persons living continuousty inarcas
with stable transmission ol malaria acquire a low-grade im-
prunity. partly because of humoral factors, and partly because
of conlinuous presence ol activated v8 1 cells after the
infection has heen cleared.™ The immunily in infants is
inherited from the mother by wansplacental transier ol pro-
tective antibodies. In childhood. whenr the host's defenses are
being built in the cowrnse of repeated attacks ol malavia. the
immuniiy s sl Traeile and casily upset by nutrinionad deti-
ciencies and intercurrent discases. ' We tound an overrepre-
senttion of children with posioperative mataria, but the dif-
forence between children and adults was not signilican
CFable D Swdics on postingury immunodepression indicate
that male paticnts are more commonly affected than lfemake
paticnis. ™ The overrepresentation of malaria-positive fe-
male patients inour sindy material was shight and nonsignil-
icant {Table 1)L However. the mnmber of c¢hild and lemale

7

victims was small (n o= 03 and n o 430 rexpectively); studies
of far frger coborts are necessary (o validate the clinical
olfeet of age and gender i this repard.

Madaria parasites may be transmitied by blowd transiu-
sion. I a review article, Cibney clims that detection and
exclusion ol parasitized blood donors inendemic areas is
often impossible. Tle therefore recommends chemoprophy-
faxis for donors and recipients.” Dexpite fack of chemopro-
phyviaxis. the e of postoperative malaria wis not increased
in the 62 paidicents whe had wansfustons inour study CFable 1)
Because the cohort s smath owr result does nol necessartly
indicaic that routing microscopic sereening of blood before
transfusion is o sufficient precaution o malaraeendeniic
arcis.

Anatomic and survical risk factors ondy parially explain
the high e of malaria complhications How acenrey in visk
prediction, Fable 2 and Fieo 31 There are probably phyiio-
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foeic risk factors as well, which we did not identily. Exper-
imental studies have demonstrated that physiologic impair-
ment-—in particubar. the severity aod duration of hemorrhagic
shock—ageravates postinjury immunodepression.” We stud-
icd a selected population in the sense thas severely injured
victims probably had died during loug and rough prehospital
evacugtions. In wartime mjurics, one expects prehospital
mortality rates of 30% to 40% in scenarios with protracicd
evacuations. " The mean time of evacuation for our pa-
tients was L1 hours, and meosi prehospital survivors were
admitted in a fairty stable civeudatory stale (median systolic
blaod pressuve st 120 mm Tlg, Table 1) Also, catabolism
secondary to malnutrilion may cause immunodepression. In
the catchment arca of our studv, malnurition is not uncom-
mon. since fand mines oceupy agriculural Lind. We did no
colect data on nutritional parameters i the study.

What s the effect of postinjury malaria? For several
reasons. v study does not answer this question:

fowe did not collect dati on owdeome indicators ather

than mortality,

2. Madaria as complication o injury did not affect the
mortality rute in our study patients. OF the mne pa-
tients who dicd (2.0% 0 ondy one had postinjury mae
larkn, Phe Tow hospital mortality rate is probably at
tribulable o high prehospual transit imes and skewed
severity among the study patients. The trivial impact
of postinjury malaria en mortality in the study s
probably not representative Tor cehorts ol higher
severily,

A Madaria relapses are seldom severe in noninjured pa-
tients with aeguired immunity. Most outbrenks of ma-
faria in the study patients were quickly resolved when
thev received antimalarials in the carly phases of the
infection. The medical treatment would not necessar
iy have been that efficient i a pepulation with high-
severtty injurics,

What can he done 1o reduce the sk of postinjury ma-
taria? Some authors recommend routine antimalarial prophy.
Fnis after surgery i endemic arcas, ™™ and others recom-
mend a selective strateey with chemical prophylaxis only o
paticnis with suspected impaired immunity o the parasie.”
None ol these recommenditions wre made on the hasis of
controfled miads, Takmg e consideration the hich rate of
postinjury malari s owr study. controlled double-blind trials

ol chemoprophyvlids 1o patients with severe injurics are i
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dicated. i pussible. the prophylactic reaiment shootd start st
ihe ume of injury because most rauma victims in malaria-
endemic areas have tong prehospind evacuation times, and
antimalurial reatment akex Gme o become effective. How-
ever, the problem remadng that “history has demonstrated
only too clearly the case with which P fidciparin can be-
come resistant o any antimalacial toowhich it is eyposed. ™"

Another strateey s 1o raduce the impact of risk factors.
We Tound that the rish of posteperative retapses inereased
with the duration of the surgical aperation. In persons with
injury severity higher than 185 of 10, operation times of more
than 1 hour were, in (act, & beavier risk factor than the injury
severily (shaded arca i the ROC plol e, 3). This s in
accordance with the “two-hit hyvpothesis, Postinjury surgery
and uther stress factors aels as additional traema on an im-
munosystem already primed by the mjury. distinh the medi-
ator cascade. and Tead 1o an uncontrolied inltummatory re-
sponse, "Our increased understanding of cellular effects of
inllammatory mediators released with injury. as well as the
compiex physioiogic and metabolic changes. has led o new
approaches (0 management based primariby on preventing
further imjury.™ The elfect of sureery as a trauma i also
demonstrated in experimental sindics. Xu and others report
that laparotomy or other major surgery combined with hem-
orrhage produces a more grotracted impairment in immuonity
thian surgery or hemovrhage alone. "' Staged surpical oper.
alions with bricf primary interventions (Cdamage contrel™
and delaved surgical repair reduce the rate o postoperative
inlections and orean failure aficer sovere iy In view of
these Tindines, it would be wise wo restrivt the duration ol the
privaary surgical mtervention in severely injored patients in

arcas with high malarial endemiey.

CONGLUSION

its difficult w dingnose postoperative malaria in semi-
immune paticnts fiving in endemic areas. Still, the siudy
indicates that at least one ol three tranma victinmes in these
arcas develops postinjury malaria. The risk incrcases with the
severity ol the anatomic injury, Lxtensive primary surgery
further adds © the risk, The study was done ena population
with very long cvacuathm tmes and fow injury severity
among the prehospisd survivars, The rate of postoperative
madaria is Hikely 1o be higher altor igh-severity injurics. Ay
the study did not include merbidity parameters. the impact of
malaria relapses on postoperative morbidity remains unclear,
The figh rate of postinjury malusia legitmates controbled
rinls of immediate postingury chemoprophyviaxis o severely
injured i endomic areas. Also, staged surgical operations
with hriel primary interventions should be considered in
victims with severe mjuries,
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Summary

Objective. According to one epidemiological study, one third of trauma victims in
malaria endemic areas of Cambodia develop postinjury malaria. The aim of this
actual study was to assess the impact of the complication on postinjury morbidity and
mortality.

Methods: All local doctors with trauma care surgical experience in the Battambang
province of Cambodia were interviewed regarding their experiences with postinjury
malaria (n = 18). The data were processed according to the Editing Analysis Style

method (Malterud 1996)
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Resulfs: In the study area, postinjury malaria has been a well-known complication to
trauma for years. The complication is reported to adversely affect the general
condition of the trauma patients, increase the risk of wound infections, and delay
postoperative recovery. The knowledge of this problem did not come from the

medical schools or textbooks, but exclusively from personal clinical experience.

Introduction

Where malaria i1s endemic, the populations are also hit by “the epidemic of
trauma” (Krug 1999). In a recent refrospective study the authors reported that one
third of trauma victims in Cambodia develop postinjury symptomatic malaria, mainly
of the Falciparum type (Husum et al 2001). Rates of postoperative symptomatic
malaria from 6% to 50% are also reported from Kenya (Gakuu 1997), Burkina Faso
(Diako et al 1994), Cameroon (Takongmo et al 1993) and Sudan {Alla et al 1996).
One may speculate that postinjury immunodepression initiated by tissue injury,
haemorrhage, and surgery cause susceptibility to symptomatic malaria in carriers of
the parasite, and that the problem therefore is most pronounced where the
physioclogical capacity of the trauma victims is poor. However, the problem of
postinjury malaria is not discussed in textbooks, and there are no available reports on
the impact of symptomatic postoperative malaria in trauma victims.

This qualitative study was conducted in districts in Cambodia where
Falciparum malaria is endemic, where the majority of the population suffers from
poverty and malnutrition, and where land mine injuries are common and evacuation
of trauma victims protracted. The aims of the study were to evaluate the impact of
postinjury malaria in trauma victims based on assessments done by experienced local
doctors.

We find it important to assess this impact because it may be possible to
prevent the complication pharmacologicaily. To determine how big resources one
should spend on this prevention, one has to have a clear idea of how big the problem
15.

We were also interested in where their knowledge about this complication
came from. Was it a recognized problem that they learned about in university, or did

they just find out about it from experience?
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Materials and methods

We interviewed all the surgeons that were working on the four surgical
hospitals in the Battambang province at the time of our visit. Some surgeons might
have been temporarily absent and therefore not included, but these are few. These
were local doctors having provided trauma surgery for more than ten years in this
province, situated along the Thai-border in north-western Cambodia. The group of
informants thus comprised of 18 doctors, all of them having extensive experience
with trauma victims from various parts of the province. In this area, the endemicity
of kloroguine-resistant falciparum malaria has remained high for years (personal
information from the National Malaria Centre, Phnom Penh). The majority of the
informants (n=11) had been trained by Khmer Rouge surgeons. The other informants
had been trained at Phnom Penh University, in the French medical tradition.

The data gathering was done at the informants’ workplaces using a semi-
structured interview where some questions were illustrated with cartoons. The
translators were medically trained, but not certified translators. Information was also
gathered from one focus group with all doctors and medics at on district hospital in
the catchment area, where a discussion on post-injury malaria was conducted
Khmer language and later translated to English. Each interview lasted for 1-1.5 hours
and were taped before being transcribed by the authors. The transcripts were
continuously discussed and roughly coded during the in-field study period. Based on
new information, additional elements were included in the questionnaire. The
translators took active part in the data gathering and formulation of new questions.
We used the computer program Open Code to process the data (Umeaa University
2001). The transcripts were read through, and we constructed 6 different “codes”
(called “epidemiology”, “etiologi”, “general condition”, “severity”, “treatment” and
“compliations”™) that the information could be sorted into. After this sorting, we
could read through what the different informers said about the same subjects, and
from this we could start drawing the conclusions stated in this paper. This is called

the “Editing Analysis Style” of qualitative analysis (Malterud 1996)
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Results

The informants’ estimates of the actual prevalence of postinjury malaria in
the study hospitals ranged from 10% to 80%. All informants agreed that the risk of
developing postinjury malaria depended on the pre-injury location of the patient —
poor patients from high endemic areas was uniformly said to carry higher risk for
postinjury symptomatic malaria compared to “city people”. Informants from one
district hospital close to the Thai border claimed that almost all of the trauma patients
from “ the forests” — that means patients living in makeshift villages inside the jungle
— develop postinjury malaria, whereas the risk was less for people living in the local
town. “It’s the poor people who get malaria. The rich people don’t go to the Thai-
border”.

The informers agreed that postinjury malaria of the severe type was rare in
semi-immune patients (severe malaria is defined as symptomatic malaria plus one of
following signs: disturbed consciousness, convulsions, fever higher than 39°C, severe
anaemia, icterus, vomiting/dehydration, or haemoglobinuria (National Malaria
Centre Phnom Penh 1999)). Some pointed out that severe anemia is common in these
patients, and if a malaria patient has severe anemia, the malaria is by definition
severe. Delayed diagnosis and treatment of symptomatic postoperative malaria could
provoke severe complications such as cerebral malaria, icterus, or black-water fever
- especially if the patient is “weak”. All informants agreed that the overall
prevalence of postinjury malaria was higher some years ago. One reason for the
decreasing prevalence was said to be the recent national campaigns including
distribution of repellent-impregnated mosquito nets for the population in high-risk
areas. Several informants claimed that poor people working and sleeping “in the
forests™ do not use mosquito nets. Most patients with postinjury malaria develop
symptoms within one to five days after the injury. As the incubation time of the
Falciparum parasite is 15 days, all informants held that the probable reason for the
complication was post-traumatic immuno-depression in semi-immune parasite
carriers. “The more severe injury, the higher is the risk”. Reasons for the
immunodepression was said to be the injury itself, and also blood loss.

All informants said that postinjury malaria had adverse effect on the patients’
general condition. Even if the malaria is of the non-severe type, the patients with the
complication would suffer more from pain — general muscle pain, spasms, and

headache — compared to patients without the complication. Several informants said
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that the pain problem caused sleeplessness and depression. “They are more depressed
because they can’t move and eat because of fever and pain. With only one trauma —
and no malaria — they can walk and eat”. It was generally agreed that postinjury
malaria caused anorexia, also in non-severe cases. This was held to be a sericus
problem delaying recovery since many trauma victims also suffered from pre-injury
malnutrition.

The main adverse effect of postinjury malaria was said to be a considerably
increased susceptibility to wound infections and delayed wound healing. This was
particularly emphasised by informants from the former Khmer Rouge areas close to
the border. Several informants thought that anaemia was the main reason for
infectious problems, the malaria relapse causing haemolysis that aggravated an
already existing anaemia from traumatic blood loss and pre-injury malnutrition. All
of the informers pointed out that anemia was a very common complication. Other
infectious complications, like pneumonia, was also said to be more common in the
trauma patients with malaria.

Some informants said that it could be difficult to differentiate between
postoperative fever from bacterial infection and malaria fever. One informant said:
“Before, we assumed that the postoperative fever came from the wound infection, so
we treated them with antibiotics. But despite this treatment, the patients had still
fever, and the wound did not heal. It took a long time to treat these patients because
we didn’t know this problem with malaria at that time.” Almost all informants
agreed that the trauma patients with malaria had to stay for a longer time in the
hospital than patients without the complication. Since most trauma victims were
young and middle-aged males from poor families, protracted recovery was said to
have severe impact on the incomes of the patients’ families.

All the informants underlined that it was important {o start the treatment with
antimalarials early. If the diagnosis and treatment were delayed, simple symptomatic
malaria could develop into severe and complicated malaria within hours. One of the
doctors said that a delay of even five hours could be crucial. All informants agreed
that when malaria was diagnosed and treated early, the patient would probably not
develop severe postinjury malaria. However, during the wartime, when they didn’t
have microscopes and there was shortage of antimalarial drugs, the informants from
Khmer Rouge districts claimed that 20-30% of the trauma patients would die from

severe postinjury malaria. Some informants recommended blood screening and start
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of antimalaria treatment in all parasite carriers immediately after the injury, in that
way preventing the development of the hemolysis before it starts, and thereby

preventing anemia and wound infections.

All informants said that their knowledge of postinjury malaria was based
exclusively on personal clinical experience. “This knowledge don’t come from the
books, but from experience. In the university they teach about trauma and malaria
separately.” Also the doctors having been trained “in the jungle” by Khmer Rouge
surgeons during the war confirmed that the knowledge had been acquired through
clinical experience. “In the past, patients with malaria and wounds were very
difficult to treat and we used to fail. We didn’t think about the postinjury malaria
then. We had no microscopes, and had to look for the signs and symptoms after the
operation. We could not know if complications were due to malaria. Now we take a

blood smear immediately when the trauma victims arrive in the clinic.”

Discussion

The study confirms that postinjury malaria in semi-immune parasite carriers
is a well-known medical problem in the study area. However, the assessments of the
impact of postinjury malaria differ somewhat among the informants. All doctors
agreed that the complication affects the general condition of trauma patients and
delays recovery. More than the university-trained doctors, the Khmer Rouge-trained
informants (KR group) emphasised the correlation between postinjury malaria,
anaemia, and wound infections. This difference in opinions may be due to
differences of medical background. The KR doctors had been trained by teachers
belonging to the “barefoot doctor” tradition; during the wartime they had been
working in makeshift clinics in the rural area, and now they ran district hospitals
located inside the areas with highest malaria endemicity. Unlike the KR doctors, the
university trained informants were working in hospitals in Battambang City where

malaria is not endemic.

Some methodological problems in the study need to be addressed:
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The qualitative interview method is not optimal for obtaining the answers we
wanted, but for practical and economical reasons we still chose to use it. The
results are based on the personal experience and memories of the informers,
which in this case is not the same as the “truth” of the matter. They might
actually have some beliefs that are simply wrong, like all other medical
communities also has. A retrospective, quantitative approach would be better, but
it is difficult because of a lack of documentation in the hospitals, and a
prospective study is difficult for financial and logistical reasons. One hospital
actually had good enough documentation for some statistical conclusions that
will be published later.

Both interpreters were medical teachers and supervisors in a local trauma system
(Trauma Care Foundation Cambodia, TCF). Most informants were actually their
staff members and had a close personal relation to the interpreters. This relation
made it possible to conduct the data gathering in an atmosphere of mutual trust
and understanding where the informants openly shared their ideas and told about
faults from their own medical practice. On the other hand, the informants knew
that TCF and The National Malaria Centre in Phnom Penh planned a post-injury
malaria program including upgrading of diagnostic tools at the focal hospitals. It
is thus possible that informants — particularly those working at poorly equipped
district hospitals — exaggerated the problems with postinjury malaria in order to
please their supervisors and gain material benefit for their hospitals. However,
the lively medical discussions in the focus group and the unanimous agreement
on reduced prevalence of postinjury malaria indicate that this bias did not
seriously affect the reliability of the data.

Cross-cultural research always implies a risk of conceptual confusion. Terms like
“fever”, “pain” and “depression” do not necessarily carry the same meaning in
the European and Khmer medical tradition. The transiators were “village boys”
themselves, knowing the local popular medical terms, and had later been trained
by teachers belonging to the Western medical tradition. By continuous careful
discussions in the research team (“what does this really mean?”), the risk of
terminological misunderstanding in translation of questions and mformation was

reduced to a mimimum.
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Conclusion

In the areas where Falciparum malaria is endemic, postinjury malaria seems to be
a common complication after traurna. The complication is normally not fatal if
treated on ready indications, but it is reported to increase the risk of wound infection
and considerably delay recovery after surgery. Postinjury malaria thus increases the
burden of the trauma on the patient and the patient’s family. Similar studies should
be conducted to find out if our results are valid also for other countries and
populations suffering from Falciparum malaria.

These results suggests that one should investigate efficient ways of preventing
this complication. One can imagine that a routine dipstick test for malaria at
admission for all high-risk patients is one way of reducing the morbidity.

The study confirms that the knowledge of postinjury malaria is non-institutional
and maybe neglected by the medical academy; also in a country severely affected
such as Cambodia, the insight and treatment skill is so far based on the rural doctor’s

personal experiences.
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