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abordare diagnostica si terapeutica specifica.

INTRODUCERE

Definim prin soc insuficienta sau ineficienta sis-
temului circulator de a asigura necesititile meta-
bolice tisulare si celulare in oxigen si nutrienti. Desi
mortalitatea prin sepsis a scazut in ultimii ani, socul
septic raméane o cauza majora de morbiditate si
mortalitate la copilul sub varsta de cinci ani. Re-
cunoasterea semnelor, diagnosticul precoce si te-
rapia agresiva, constind in restabilirea volumului
circulant intravascular, intreruperea cascadei bio-
chimice devastatoare declansate 1n acest context si
antibioterapia adecvata sunt esentiale pentru evo-
lutia si prognosticul bolii.

Definitiile privind raspunsul organismului copi-
lului fatd de inflamatia sistemica (SIRS), sepsis si
sepsisul sever, ca si fata de socul septic, au fost
standardizate prin consens, in procesul complex al
cresterii i dezvoltarii, in functie de varsta copilului,
in anul 2002 (1, 2). In SIRS, consensul international
accepta tahicardie, tahipnee, febra si leucocitoza
marcata. Sepsisul se defineste ca SIRS in prezenta
unei infectii suspectate sau dovedite. Sepsisul sever
asociaza disfunctie organica. Socul septic este de-
finit in cadrul unui sepsis sever cu insuficientda
cardiovasculara in mod obligatoriu asociata.

REZUMAT

Desi mortalitatea prin sepsis a scazut in ultimii ani, socul septic ramane o cauza majora de morbiditate si
mortalitate la copilul sub varsta de cinci ani. Rinichiul este implicat si constant afectat in aceasta patologie,
infectiile bacteriene reprezentand o cauza frecventa de imbolnavire. Insuficienta renald acuta poate fi
principala manifestare a bolii si o problema terapeutica majora. Autorii prezinta implicarea renala in
meningococemie si in sindromul hemolitic uremic cauzat de E coli O157:H7 si de pneumococ, boli ce necesita
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Lacopil, tonusul vascular este constant mentinut,
in toate formele de soc, chiar in stadii avansate. In
pediatrie, hipotensiunea este, In consecintd, un
semn tardiv de soc, si n special de soc septic. Prin
mecanisme de vasoconstrictie, fluxul sanguin este
centralizat, este directionat dinspre organele non-
vitale, piele si tesut splahnic, spre cele vitale, creier,
plaman si cord. Extremitatile pacientului sunt reci,
umplerea capilara este prelungita si apare tahicardia
indusa de catecolamine.

Daca mecanismele compensatorii sunt depasite
de cerintele metabolice crescute la nivel tisular, se
instaleazd socul decompensat cu hipotensiune.
Hipoxemia tisulard si ischemia consecutiva induc
metabolism anaerob, cu ecliberare de lactat si
acidoza metabolica. Se acumuleaza local si meta-
boliti vasoactivi, adenozina si acid nitric. Vasocon-
strictia compensatorie esueaza in stare de hipoxie,
fluxul capilar incetineste si apar microtromboze.
Paraliziile vasomotorii si disfunctia sistemului mi-
crocirculant genereaza hipoperfuzie multiorganica
si 1n final insuficientd multiorganica. Hipoperfuzia
de organ se manifestd prin alterarea statusului
mental, tahipnee, tahicardie, letargie, extremitati
marmorate si oligo-anurie. Pe masura ce tensiunea
arteriala scade se instaleaza soc ireversibil, cu
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imposibilitatea de a restabili perfuzia tisulard si
exitus, indiferent de agresivitatea interventiilor te-
rapeutice.

Mentinerea unui volum intravascular adecvat
este, prin urmare, cheia succesului in resuscitare.

Rinichiul copilului este implicat in toate formele
de sepsis si soc septic la copil. In unele forme de
boala, insuficienta renald acutd poate fi principala
problemad de abordare terapeutica si o urgenta
majora (3, 4). Desi in desfasurarea unui proces in-
fectios poate exista o anume predilectie pentru
teritoriul vascular, glomeruli, interstitiu sau siste-
mul colector renal, o clasificare strict anatomica a
bolilor infectioase care afecteaza rinichiul nu este
foarte utila practicianului, pentru ca majoritatea in-
fectiilor afecteaza, de fapt, in diferite grade, functia
renala (Fig. 1).

Dintre multiplele tipuri de infectii responsabile
de implicare renala, sepsisul sever si socul septic,
avand drept prototip septicemia meningococica §i
sindromul hemolitic uremic (SHU), cu cele doua
forme reprezentative, SHU tipic, determinat de
E.coli forma enterohemoragica, tipul O157:H7,
care secretd o toxina shiga-like (EHEC — Stx) si
SHU atipic pneumococic, (SHUP), necesita o abor-
dare diagnostica si terapeutica specifica.

FIZIOPATOLOGIA AFECTARII RENALE

In sepsisul sistemic sever, fiziopatologia afectrii
renale este multifactoriala.

Hipovolemia cu diminuarea consecutiva a per-
fuziei renale este prima manifestare patologica
aparutd in sepsis $i este consecinta cresterii per-
meabilitatii vasculare si a pierderilor de plasma din
spatiul intravascular. Hipovolemia coexista cu hi-
pofunctia miocardica, secundara actiunii diferitelor
tipuri de toxine. Raspunsul renal vasoconstrictor,
replicd la diminuarea volumului circulant si la

reducerea performantei cardiace, scade filtrarea
glomerulara, oliguria devenind cel mai important
eveniment in cadrul unui sepsis (5).

Sistemul kalicreina-kinina reprezinta un potent
factor dilatator, fiind activat de endotoxine. Vaso-
dilatatia patului capilar, responsabilad de socul cald,
este un semn comun intdlnit la adultul diagnosticat
cu soc septic in infectiile severe cu germeni Gram-
negativi. Vasodilatatia este insa mai putin frecventa
in acest tip de infectii la copil, in cazul caruia
vasoconstrictia intensd reprezintd primul raspuns
vaso-reglator in sepsis.

In conditiile in care hipoperfuzia renali si vaso-
constrictia sunt fenomene persistente si severe, in-
suficienta renala de tip prerenal, reversibild de
obiceli, este urmata de insuficienta renala stabilizata,
cu manifestari specifice de nefropatie vasomotorie
sau necrozad tubulard acutd. Alte mecanisme de
afectare renald in sepsisul sistemic includ efectul
direct al endotoxinei sau al altor toxine asupra
rinichiului si eliberarea de mediatori inflamatori, ca
tumor necrosis factor (TNF), citokine, metaboliti ai
acidului arahidonic, enzime proteolitice. Oxidul
nitric (NO) joaca un rol cheie in fiziopatologia in-
suficientei renale din sepsis, Insd nu se cunoaste
foarte clar in ce masura efectele acestuia sunt be-
nefice sau daunatoare. Este posibil ca efectele aci-
dului nitric asupra endoxinemiei sa aiba un rol fa-
vorabil In mentinerea fluxului renal i a filtrarii
glomerulare.

Semnele clinice intalnite Tn socul septic precoce
sunt oliguria, cresterea osmolaritatii urind/plasma
si cresterea raportului urind/plasma, a ureei si a
creatininei. In insuficientele renale stabilizate, pro-
teinuria este un semn constant, sedimentul urinar
poate contine hematii $i un mic numar de leucocite,
creste concentratia urinara a sodiului si scade os-
molaritatea urinara.
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FIGURA 1. Etapele afectarii glomerulare si tubulo-
interstitiale in insuficienta renalé cronicé (IRC)
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SINDROMUL HEMOLITIC UREMIC (SHU)

Sindromul hemolitic uremic (SHU), cea mai
frecventa si severa forma de insuficientd renala
acutd intdlnitd la sugar si la copilul mic, nu este
numai o afectiune renald, ci este o boala sistemica
severa, cu mortalitate Inca crescuta si cu morbiditate
multisistemica importanta.

SHU cauzat de diferiti agenti infectiosi, 1n prin-
cipal bacterieni, reprezinta cea mai frecventa cauza
de insuficientd renald acuta la copil, este responsabil
de complicatii severe si mortalitate crescutd in
timpul fazei acute a bolii. Intalnit la varsta mica,
intre sase luni si patru-cinci ani, in 4,5% dintre
cazurile care necesita terapie substitutiva renala la
copil, SHU a fost incriminat drept cauza de insu-
ficienta renald terminala (ESRF) (6).

De la prima descriere a bolii de catre un grup de
medici elvetieni Tn anul 1955, Gasser & colab., s-a
discutat mult si intens despre acest sindrom. Grupul
european de studiu al SHU (EPRSG for HUS) a
deschis un registru pentru cazurile de SHU la copil
silncurajeazainvestigatii complexe pentru stabilirea
unor corelatii clinico-patologice si etiologice. Cel
mai frecvent agent infectios incriminat in etiologia
SHU este E.coli forma enterohemo-ragica, tipul
O157:H7, care secretd o toxina shiga-like (EHEC
— Stx). Infectiile cu Shigella dysenteriae tip 1 si
cele cu Streptococcus-pneumoniae pot si ele asocia
in evolutie SHU.

SHU CU DIAREE PRODROMALA, D* SHU/SHU
TIPIC

SHU cu diaree prodromala, D* SHU sau SHU
tipic, a fost diagnosticat in legatura cu toxina shiga-
like (Stx) de Karmali et al, la inceputul anilor 1980
(7, 8).

D* SHU defineste o patologie complexa, acuta,
caracterizatd intr-o prima faza prin diaree, urmata,
la foarte scurt timp, de insuficienta renald acuta.
Desi s-au facut progrese mari in intelegerea fizio-
patologiei si a mecanismelor celulare din aceasta
boala, se cerceteaza in continuare terapii specifice,
avand 1n vedere mortaliatea inca crescuta prin SHU
si complicatiile acestuia, punandu-se accent pe pro-
filaxia infectiilor cu EHEC — Stx. Mortalitatea, de
3-5% 1n SHU, este constant asociatd cu manifesta-
rile extrarenale ale bolii, insuficienta multiorganica
si 1n principal afectarea sistemului nervos central
(edem cerebral, injurii vasculare, hipertensiune in-
tracraniand), cu aparitia convulsiilor si a altor
semne neurologice inca de la debutul bolii. Semnele
clasice ale SHU se leaga de triada anemie hemolitica

microangiopatica, trobocitopenie si insuficienta
renald acuta.

Fiziopatologie

Toxinele, shiga — like (Stxs), produse de E. coli
forma hemoragica (EHEC) in intestin si absorbite
ulterior in circuitul sanguin, sunt principalii factori
devirulentaresponsabilideleziunile microvasculare
endoteliale implicate in fiziopatologia SHU.

Severitatea infectiilor cu EHEC — Stx depinde
de tipul acestor tulpini i de prezenta factorilor de
virulenta. Tulpinile foarte virulente Stx2 si Stx2c
poseda gena eae, cea care codificd intimina. Este
foarte probabil ca o mare cantitate de agenti toxici
activati de mucus in vivo sa compenseze absenta
intiminei, molecula ce mediaza adeziuneaintestinala
a EHEC — eae pozitiv, promovand astfel transportul
eficient al Stx dinspre intestin catre circuitul sanghin
(9, 10).

Histologie

La nivelul arteriolelor aferente, si mai rar la
nivelul arteriolelor eferente, se produce tumefactie
endoteliala, depozitare de substante fibrinoide sub-
endotelial si tromboza arteriolelor. La nivelul glo-
merulilor se produce tumefactia si dilatatia capi-
larelor celulelor endoteliale. In evolutie apar
depozite de fibrind in capilare cu tromboza si hia-
linoza consecutive. Afectarea tubulard focala sau
segmentara cu necroze si atrofie tubulara semnifica
evolutia progresiva a bolii. S-au descris si modificari
interstitiale. Studiile experimentale utilizand Stx

FIGURA 2. Leziuni glomerulare in SHU. Coloratie
Hematoxilin-eozna.

Doi glomeruli complet sclerozati (contur continuu),
expansiune mezangiala cu inceput de scleroza (contur
intrerupt), inflamatia focalé in tubi indicand atrofierea
parenchimului renal. Pediatr. Nephrol (2008) 23: 1749-1760
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evidentiaza modificarea tuturor celulelor renale cu
afectare endoteliala, mezangiala, tubulara si podo-
citara. Alaturi de toxina Stx sunt implicate lipo-
zaharide, hemolizina, ,,cytolethal distending toxin®,
(depistata in EHEC-O157: H7) si serin proteaza
EspPa care cliveaza factorul V depistata in seroti-
purile EHEC. Concluzionand, modificarea bazica
in SHU este leziunea endoteliala urmata local de
aparitia trombozelor.

Manifestari clinice in D+ SHU

Dupa o perioada de incubatie de 3-8 zile apare
diaree apoasd, urmatd de diaree sanguinolenta in-
sotitd de crampe abdominale. Utilizarea agentilor
antiperistaltici si a antibioticelor, varsta mica (< 3
ani), varsaturile, leucocitoza marcata si sexul F au
fost asociate cu risc crescut de aparitie a SHU dupa
o infectie cu EHEC. Aceste simptome sunt urmate
de manifestarile clinice tipice hematologice si ne-
frologice din SHU, pacientii prezentand anemie he-
moliticd, trombocitopenie si insuficienta renala.

Tabloul clinic este dominat de paloare intensa si
progresiva, oligurie sau anurie. Hemoglobina scade
brutal, eritrocitele sunt fragmentate (schizocite),
trombocitopenia este marcata, nivelurile LDH si
ale produsilor de retentie azotata (uree, creatinind)
sunt crescute, iar clearance-ul la creatinina scade
progresiv. Afectarea simultana a sistemului nervos
central (letargie, iritabilitate, convulsii, pareze si
coma), afectarea pancreatica (hiperglicemie, enzime
serice crescute, edem pancreatic, semn de pan-
creatitd detectat ecografic sau la CT), ca si com-
plicatiile scheletale (rabdomiolizd) si miocardice
(miocarditd cu cresterea nivelului troponinei I,
semn de ischemie miocardicd) sunt adesea prezente
si foarte grave. Manifestari gastro-intestinale, pre-
cum colitd severd urmata de necroze transmurale
cu perforatii acute sau stricturi tardive, au fost
notate in multe cazuri. In cazul unor pacienti, pan-
creatita cu sau fard intolerantd la glucoza poate fi
diagnosticata in faza acuta a bolii.

Unele studii au demonstrat efectul nociv al anti-
bioterapiei in declansarea SHU in cazul pacientilor
cu EHEC, de unde se desprinde conclu zia evitarii
tratamentului antibiotic in faza diareica. Odata de-
clansat SHU, tratamentele cu antibiotice nu in-
fluenteaza insa cursul bolii (mai multe observatii,
inclusiv autorii).

Tratament - dializa

Aproximativ doua treimi dintre copiii cu SHU ne-
cesitd dializa (hemodializa sau daliza peritoneala).
Pentru copilul de varsta mica se prefera dializa

peritoneald, desi este cunoscut riscul crescut de
peritonita la pacientii cu diaree sanguinolenta (11).

Abordarea terapeutica nu presupune un tratament
specific pentru SHU, ci va fi instituit tratamentul
specific insuficientei renale acute, care presupune
terapie hidro-electrolitica specifica, monitorizarea
si tratamentul complicatiilor hematologice, evitarea
terapiei antidareice si, pe cat posibil, aantibioterapiei
(12, 13). In cazul pacientilor care necesita dializa
precoce este necesara monitorizarea frecventa a
valorilor hemoglobinei si hematocritului. De men-
tionat ca icterul, cu bilirubina indirecta, este un
semn inconstant Tn SHU. Transfuziile cu masa eri-
trocitara sunt necesare daca valorile hemoglobinei
scad rapid sau daca ating 6-7 mg/dL. Pe durata de
2-4 ore a transfuziei de sange se va asocia tratament
diuretic, avind ca scop evitarea supraincarcarii li-
chidiene. Se recomanda monitorizarea atenta a pre-
siunii arteriale, a diurezei si a statusului respirator
pentru evitarea edemului pulmonar acut. Trombo-
citopenia poate fi profunda, insa transfuziile de
masa trombocitara nu se recomanda decat in cazul
sangerarilor active sau in conditiile necesitatii unor
interventii chirurgicale. Transfuziile pot contribui
la dezvoltarea microtrombozelor si la promovarea
ischemiei tisulare cu agravarea simptomatologiei
in SHU si cu aparitia, in special, a complicatiilor
neurologice. Odata formati, microtrombii se depun
si agraveaza injuriile tisulare la nivelul rinichiului,
colonului, pancreasului, muschilor scheletici, mio-
cardului si sistemului nervos central.

Evaluarea prezentei si a extinderii manifestarilor
extrarenale este foarte importanta. Aditional para-
metrilor ce exploreaza functia renald, vor fi evaluati
parametrii hemolitici (LDH, bilirubina), hemato-
critul, amilaza, lipaza, glicemia si functia hepatica.

Unele studii au demonstrat efectul nociv al anti-
bioterapiei In declansarea SHU in cazul pacientilor
cu EHEC, de unde se desprinde concluzia evitarii
tratamentului antibiotic in faza diareica. Odata de-
clansat SHU, tratamentele cu antibiotice nu in-
fluenteaza insd cursul bolii (mai multe observatii,
inclusiv autorii). Desi transplantul renal in SHU
clasic este rar recomandat, recurenta bolii fiind o
exceptie, in SHU — Stx asociat transplantul renal nu
ridica riscul de respingere a grefei.

Evolutie pe termen lung - prognostic

in general, SHU clasic indus de EHEC are, per
ansamblu, o evolutie mai buna fatd de SHU atipic,
cauzat de Streptococcus-pneumoniae (SHUP).

Diferitele tehnici de dializd sunt disponibile
pentru toate grupele de varstd, ceea ce face ca
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prognosticul bolii sd fie imbunatatit substantial.
Sunt pacienti care nu recupereaza functia renalad
dupa faza acutd a bolii, necesitand terapie de sub-
stitutie pe termen lung, dupa cum exista si cazuri
care dezvolta in timp boala renala cronica.

SHU fiind o boala sistemica, in cazul multor
pacienti apare o simptomatologie complexa extra-
renald. Semne neurologice, precum convulsiile
(prezente la 25% dintre cazuri), alte sechele neuro-
logice (tulburari de coordonare, tulburari de atentie,
hiperactivitate), diabet insulino-dependent, insufi-
cienta pancreatica sau diferite complicatii gastro-
intestinale (stricturi la nivelul colonului, calculi
biliari) se descriu in evolutia pe termen lung a bolii
(15, 16). Timpul de recuperare al fazei acute este un
element de prognostic, corelandu-se cu riscul pentru
complicatii pe termen lung, care includ hiperten-
siunea, insuficienta renald, boala renala terminala si
diabetul zaharat insulino-dependent. Durata oligo-
anuriei reprezintd cel mai elocvent element de
prognostic pe termen lung pentru viitoarele posibile
complicatii. Alte studii au evidentiat modificari
histologice de tipul sclerozei segmentare si hiali-
nozei la cativa ani de la diagnosticul SHU. La pa-
cientii cu proteinurie reziduala, biopsiile renale au
demonstrat scleroza segmentarda si fibroza inter-
stitiala, leziuni sugestive pentru dezvoltarea in timp
a insuficientei renale.
glomerulare, cu hiperfiltrare consecutiva in faza re-
generativia SHU, recomanda utilizarea inhibitorilor
de enzima de conversie a angiotensinei (captopril,
enalapril) sau a blocantilor receptorilor angio-
tensinei, in vederea inhibitiei sistemului renina —
angitensina. Bazat pe date fiziopatologice, acesta
este cel mai utilizat si recomandat tratament la ora
actuald, pentru preventia progresiei insuficientei
renale (17).

Strategii terapeutice experimentale
in SHU-Stx

Desi s-au facut mari progrese in intelegerea fi-
ziopatologiei SHU-EHEC, modalitatile de trata-

ment nu s-au schimbat 1n ultimii ani. Ar fi important
de identificat pacientii cu dezordini ale comple-
mentului seric, pacienti ce ar putea beneficia de
tratamente cu infuzii de plasma si de plasmafereza.
Se afla in lucru cateva strategii experimentale in
SHU cum ar fi: imunizarea Impotriva unor parti ale
moleculei Stx, inhibitia citokinelor TNF-a si a
factorilor complementului.

In concluzie, imbunatitirea intelegerii mecanis-
melor infectioase — Stx si a fiziopatologiei injuriilor
celulare din SHU va conduce catre noi strategii te-
rapeutice pentru copiii cu SHU, in scopul prevenirii
mortalitatii §1 morbiditatii pe termen lung legate de
aceasta patologie complexa.

CONCLUzII

1. Rinichiul copilului este constant implicat si
sever afectat intr-o varietate de boli infec-
tioase, de etiologii diferite, infectiile bacte-
riene reprezentand principala cauza de im-
bolnavire in multe dintre aceste cazuri.

2. In sepsis si in socul septic, insuficienta renala
acuta poate fi principala manifestare a bolii,
o problema majora de abordare terapeutica si
0 mare urgenta.

3. Desi in desfasurarea procesului infectios acut
poate exista o anume predilectie pentru teri-
toriul vascular, glomeruli, interstitiu sau sis-
temul colector renal, o clasificare strict ana-
tomicd a bolilor infectioase care afecteaza
rinichiul nu este foarte utild practicianului
pentru ca majoritatea infectiilor severe afec-
teaza, de fapt, in diferite grade si progresiv,
functia renala. In toate aceste situatii boala
renald progresivd poate deveni principala
problema de diagnostic si tratament.
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Renal involvement in severe sepsis and septic shock of small children

Mihaela Balgradean, Anca Dana Lupu
Department of Pediatrics, Head of the Department of Nephrology and Dialisis,
“Marie S. Curie” Emergency Children Hospital, Bucharest

ABSTRACT

Despite of the decrease in mortality caused by sepsis in the latest years, the septic shock still remains a
major cause of morbidity and mortality for the children younger than 5 years old. The kidney is involved and
constantly affected in this pathology, bacterial infections being the main cause. Acute kidney failure may be
the major manifestation of the disease, being at the same time a priority of the therapeutic approach. In this
paper, the authors present the renal involvement in the meningococcemia, as well as in the uremic hemolytic
syndrome caused by E. Coli O157: H7 and by streptococcus pneumoniae, all of them representing diseases
that require specific diagnostic and therapeutic approaches.

Key words: sepsis, septic shock, meningococcemia, uremic hemolytic syndrome, little child

INTRODUCTION

The shock is defined as the failure or the insuffic-
iency of the circulatory system to deliver the
appropriate amounts of oxygen and nutrients for the
cellular and tissue metabolism. Despite of the decrease
in the mortality caused by sepsis in the latest years, the
septic shock still remains a major cause of morbidity
and mortality for the children younger than 5 years
old. Recognition of the signs, early diagnosis and
aggressive therapy, consisting of interventions for
maintaining the appropriate intravascular circulating
volumes, stopping the devastating biochemical cas-
cade associated with this condition, and adequate anti-
biotherapy are essential for the evolution and the
future prognosis of the disease.

Definitions regarding: child’s systemic inflam-
matory response syndrome (SIRS), sepsis, severe
sepsis and septic shock, in the complex process of
development and growth, depending on the child’s
age, were all standardized by consensus in 2002 (1,
2). SIRS, by international agreement, consists of
tachycardia, tachypnea, fever and important
leukocytosis. Sepsis is defined as SIRS in the pre-
sence of suspected or confirmed infection. Severe
sepsis associates organ dysfunction. The septic
shock is a severe sepsis with cardiovascular failure
(mandatory for the definition).

The vascular tonus is constant in children, in all
forms of shock, even in the severe ones. This is
why hypotension in pediatrics is a late sign of
shock, and it is present mainly in the septic shock.
By vasoconstrictive mechanisms, the blood flow is
centralized from the non vital organs, such as skin,
visceral organs, to the vital ones: brain, lungs and

heart. The patient’s extremities are cold, capillary
refill is prolonged and catecholamine induced
tachycardia develops.

If the compensatory mechanisms are overwhelmed
by the increased tissue metabolic need, the non-
compensated shock develops, including hypotension.
The tissular hypoxia and consecutive ischemia are
induced by the anaerobic metabolism, with lactate
formation and metabolic acidosis. Adenosine and
nitric oxide, vasoactive metabolites, tend to accu-
mulate. Compensatory vasoconstriction fails in the
presence of hypoxia, the capillary flow decreases and
microthrombi develop. The vasomotor paralysis and
microcirculatory system dysfunction generate multi-
ple organ hypoperfusion and, finally, multiple organ
failure. Organ hypoperfusion is clinically characteri-
zed by mental status alteration, tachypnea, tachycardia,
lethargy, cyanotic extremities and oliguria-anuria. As
arterial pressure decreases, irreversible shock develops
and death from the impossibility to maintain visceral
perfusion becomes imminent, despite of any ag-
gressive therapeutic approach.

Maintenance of an adequate intravascular vo-
lume is the key of success in resuscitation.

The child’s kidney is involved in all the forms of
sepsis and septic shock of childhood. In some of
them, acute renal failure may be the main problematic
therapeutic approach and a major emergency (3, 4).
Although, during the evolution of an infectious pro-
cess, one of the: vascular territory, glomeruli, inter-
stitial tissue or the renal collecting system might be
predominantly affected, an anatomic classification
of the renal infectious disease is not useful for the
practitioner, as most of the infections modify the
renal function, in various degrees (Fig 1).
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Of the various types of infections responsible
for de renal disease, severe sepsis and septic shock
caused by meningoccocemia and hemolytic uremic
syndrome, with the two representative forms: ty-
pical HUS, caused by enterohemorrhagic E.coli,
O157:H17 type, which elaborates a Shiga-like toxin
(EHEC-Stx), and non-typical pneumococcical HUS re-
quire specific diagnostic and therapeutic approaches.

PHYSIOPATHOLOGY OF THE RENAL
INVOLVEMENT

In systemic severe sepsis, the renal involvement
physiopathology is plurifactorial.

The hypovolemia and the decrease in the renal
perfusion rate are the first pathological mani-
festations of sepsis; they are the consequence of the
increase in vascular permeability and of the loss of
plasma from the intravascular compartment. The
hypovolemia is concomitant with myocardial hypo-
function, secondary to the action of various types
of toxins. The renal response to the diminished
circulating volume and the decrease in cardiac per-
formance is vasoconstriction, decrease in glome-
rular filtration rate, so the resulting oliguria be-
comes the most important outcome of sepsis (5).

The kinin-kalikrein system, activated by endo-
toxins, is a potent dilation factor. Capillary vaso-
dilatation, responsible for worm shock, is a common
sign in Gram-negative severe infections-septic
shock in adults. This vasodilator response is less
common in children with this kind of infections,
intense vasoconstriction, as a vasomodulatory res-
ponse, being the characteristic of childhood’s sepsis.

If the renal hypoperfusion and the vasoconstric-
tion are prolonged and severe, prerenal type renal
failure, usually reversible, is followed by stabile

renal failure, with the specific manifestations of
vasomotor nephropathy and acute tubular necrosis.
Other mechanisms of renal involvement in systemic
sepsis include the direct effect of endotoxins or of
other toxins on kidney, elaboration of inflammation
mediators, such as tumor necrosis factor (TNF),
cytokines, arachidonic acid metabolites, proteolytic
enzymes. The nitric oxide (NO) has a leading role
in the physiopathology of renal failure associated
with sepsis, but it is not established, yet, whether it
has beneficial or injurious effects. It is possible that
the nitric oxide action on endotoxinemia to be fa-
vorable in maintaining the renal flux and the
glomerular filtration rate.

Clinical signs of early septic shock are oliguria,
an increase in the osmolarity of the urine or plasma
and an increase of the urine/plasma urea and crea-
tinine ratio. In stabilized renal failures, proteinuria
is constant, and at urinalalysis the sediment contains
red blood cells and a small amount of white blood
cells, the urinary concentration of sodium is in-
creased and the urinary osmolarity is decreased.

HEMOLYTIC UREMIC SYNDROME

Hemolytic uremic syndrome (HUS), the most
frequent and severe form of acute renal failure in
babies and small children, is not only a kidney disease,
but a systemic one, it has substantial multisystemic
morbidity, and also it still has high mortality rates.

HUS, caused by different infectious agents,
mostly bacterial, is the most frequent cause of acute
renal failure during childhood, being responsible
for severe complications and high mortality rates
during the acute phase of the disease. HUS is con-
sidered one of the causes of the end stage renal
disease (ESRD), as for small children, aged between
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6 month and 4-5 yea rs old, it represents 4.5% of the
diagnosis which require substitutive therapy (6).

Since the first description of this disease, in
1955, by Gasser & co., the syndrome has been
frequently and intensively debated. The European
group for HUS study (EPRSG for HUS) has created
a registry for children diagnosed with HUS, and
also, it encourages complex investigations in order
to determine clinical, pathophysiological and etio-
logical correlations. The most frequent infectious
agent incriminated in the etiology of HUS is the
enterohemorrhagic type of E.coli, O157:H17 type,
which elaborates a Shiga-like toxin (EHEC-Stx).
Also Shigella dysenteriae type 1 infections and
Streptococcus pneumonia infections can be asso-
ciated with HUS.

A. HUS WITH PRODROMAL DIARRHEA

The HUS with prodromal diarrhea, also known
as D+ HUS or typical HUS, was diagnosed at the
beginning of 1980’s, in connection with Shiga-like
(Stx) toxin by Karmali & al (7, 8).

D+ HUS includes an acute, complex pathology,
characterized in the first phase by diarrhea, followed
shortly by acute renal failure. Although great
progress has been made in the understanding of the
physiopathology and cellular mechanisms of this
disease, the research for specific therapies is still a
challenge, as the mortality rates are still high, also
from the disease and from its complications; the
efforts are concentrated on finding solutions for
preventing infections with EHEC — Stx. The mor-
tality rate in HUS, estimated at 3-5%, is constantly
associated with the extra-renal involvement of the
disease, with multiple organ failure and mainly
central nervous system involvement (cerebral
edema, vascular injuries, intracranial hypertension),
followed by seizures and other neurological signs,
all present early in the course of the disease. Classic
signs of HUS are related to the hemolytic micro-
angiopathic anemia, thrombocytopenia and acute
renal failure triad.

Physiopahtology

Shiga-like toxins (Stx) are produced inside the
intestin by enterohemorrhagic type of E. coli
(EHEC), and afterwards delivered into the blood
flow. They are the main aggressive factors, being
responsible for the endothelial microvascular
lesions, present in HUS physiopathology.

The severity of Stx — EHEC infections depends
on the type and on the presence of virulence factors.
The highly aggressive types, Stx2 and Stx2c, have

eae genes, responsible for intimin codification. A
large amount of toxic agents, activated in vivo by
mucus, is probably able to compensate for intimin
absence — the molecule which mediates intestinal
adhesion for eae positive-EHEC — thus promoting
the efficient transport from the intestine to the
bloodstream of the Stx (9, 10).

Histology

Endothelial tumefaction, subendothelial accumu-
lation of fibrinoid material and arteriolar thrombosis
take place in the afferent arterioles and, less frequent,
in the efferent arterioles. In the glomeruli, tumefaction
and capillary dilation of the endothelial cells is
observed. Consecutively, fibrin accumulates in the
capillaries, associated with thrombosis and hyalinosis.
Focal or segmental tubular lesions, with necrosis and
tubular atrophy, represent a progression of the disease.
Interstitial modifications were described also. Expe-
rimental studies using Stx demonstrated changes in all
types of renal cells, with endothelial, mesangial,
tubular and podocitar lesions. Besides the Stx toxin,
there are other molecules involved: liposaccharides,
hemolysin, cytolethal distending toxin (discovered in
EHEC-O157:H7) and serine protease EspPa res-
ponsible for V factor splint in EHEC serotypes. As a
conclusion, the basic change in HUS is the endothelial
lesion, followed by local thrombosis.

Clinical manifestations in D+ HUS

After an incubation period of 3-8 days, watery
diarrhea develops, followed by sanguinolent dia-
rrhea and abdominal pain. The use of antiperistaltic

—

FIGURE 2. Glomerular lesions in HUS. Hematoxylin eosin
staining.

Two glomeruli entirely sclerosed (continous circle),
mesangial expansion with incipient sclerosis (dotted
circle), focal inflamation in the tubes, indicating renal
parenchime atrophy. Pediatr. Nephrol (2008) 23:1749-1760



REvisTA ROMANA DE PEDIATRIE — VoLumuL LXI, NRr. 1, AN 2012 13

drugs and of antibiotics, small age (<3 yrs),
vomiting, marked leukocytosis and feminine gender
are all associated with high risk of developing HUS
after an EHEC infection. These symptoms are fol-
lowed by typical hematological and nephrological
manifestations of HUS, patients presenting hemo-
lytic anemia, thrombocytopenia and renal failure.

The clinical appearance is mainly of intense and
progressive pallor, oliguria or anuria. The hemo-
globin levels roughly decrease, erythrocytes appear
fragmented (schistocytes), thrombocytopenia is
severe, LDH and urea and creatinine levels are high
and cretinine clearance progressively decreases.
Concomitant involvement of the central nervous
system (lethargy, irritability, seizures, paresis,
coma), pancreatic lesios (hyperglycemia, high le-
vels of the serum enzymes, pancreatic edema,
pancreatitis signs on ultrasonography or CT), as
well as skeletal (rthabdomyolysis) or myocardial
complications (myocarditis with high troponine I
levels, myocardial ischemia signs) are often present
and may be severe. Gastro-intestinal signs, such as
severe colitis followed by transmural necrosis and
acute perforations or late strictures are frequent.
Some patients are diagnosed with pancreatitis with
or without glucose intolerance, during the acute
phase of the disease.

Some studies demonstrated the negative effect
of antibiotherapy in triggering HUS in patients with
EHEC, so antibiotics must be avoided during the
diarrheic phase. Once the HUS develops, antibiotics
do not interfere with the evolution of the disease
(several observations, including the authors).

Treatment - dialisis

Nearly 2/3 of the children diagnosed with HUS
require dialysis (hemodialysis or peritoneal dia-
lysis). For small children, peritoneal dialysis is
preferred, despite the well known risk of peritonitis
for patients with sanguinolent diarrhea (11).

The therapeutic approach does not imply specific
HUS treatment, but standard acute renal failure
treatment, including electrolyte imbalance treat-
ment, monitoring and treating hematological com-
plications, avoiding antiperistaltic drugs and, if
possible, avoiding antibiotherapy (12, 13). For the
patients who require dialysis early in the course of
the disease, it is necessary to careful monitor he-
moglobin and hematocrit values. Note that jaundice,
with indirect bilirubin, is an inconstant sign in HUS.
Erythrocyte transfusion might be necessary if the
hemoglobin level decreases rapidly or if it becomes
less that 6-7 mg/dL. For 2-4 hours the erythrocyte
transfusion must be accompanied by diuretic treat-

ment, in order to avoid volume overload. It is ad-
visable to monitor heart rate, diuresis and the res-
piratory status, to avoid acute pulmonary edema.
Thrombocytopenia may be severe, but platelet
transfusions are not recommended unless active
bleedings are present or surgery is necessary. Pla-
telet transfusions may contribute to the development
of microthrombosis, promoting ischemia and
leading to neurological complications, worsening
HUS symptomatology. Once the microthrombi
develop, they accumulate and aggravate the tissue
lesions in the kidneys, colon, pancreas, skeletal
muscles, myocardium and central nervous system.

It is very important to evaluate the presence and
the extent of the extra-renal lesions. Besides
investigations for the renal function, additional
parameters for hemolysis (LDH, bilirubinemia),
the hematocrit, amylases, lipase, glycemia, and
hepatic function must be evaluated.

Some studies demonstrated the negative effect
of antibiotherapy in triggering HUS in patients with
EHEC, so antibiotics must be avoided during the
diarrheic phase. Once the HUS develops, antibiotics
do not interfere with the evolution of the disease
(several observations, including the authors).
Although renal transplant for classic HUS is rarely
necessary, as the reccurence of the disease is
exceptional, the transplant for Stx — HUS does not
associate graft rejection.

Long term follow-up — prognosis

Usually, the classic form of EHEC induced HUS
has overall a better prognosis than the Streptococcus
pneumonia induced, atypical HUS has.

Many dialysis techniques are available for every
age group, explaining the improved prognosis.
There are patients who do not regain their initial
renal function after the acute phase of the disease,
requiring long term substitution treatment, and also
there are patients who develop chronic renal disease.

Most of the patients develop complex extra-
renal simptomatology, as HUS is a systemic disease.
Neurologic signs, such as seizures (seen in 25% of
the cases), other neurologic sequelae (coordination
problems, attention deficits, hyperactivity), insulin
dependent diabetes, pancreatic failure or various
gastro-intestinal complications (colon strictures,
biliary lithiasis) were described during long term
follow-up (15, 16). Anumber of studies demonstrate
that, after the resolution of the acute phase, the risk
for long term complications, including arterial
hypertension, renal failure, end stage renal disease,
insulin dependent diabetes, is present. The most
important long term predictive factor of the possible
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complications is the duration of the oliguria. Other
studies demonstrated the presence of histological
modifications — segmental sclerosis, hyalinosis,
years after the initial HUS diagnosis. Renal biopsies,
in patients with residual proteinuria, revealed seg-
mental sclerosis and interstitial fibrosis, suggestive
for renal failure development with time.

Intraglomerular pressure can be increased, with
consecutive hyperfiltration in the regenerative
phase of HUS, so angiotensin converting enzyme
inhibitors (captoril, enalapril) or angiotensin re-
ceptor blockers must be used in order to stop the
renin-angiotensin system. Based on physiopatho-
logical data, this is the most used and recommended
treatment nowadays for avoiding the progression to
renal failure (17).

Experimental therapeutic strategies in Stx - HUS

The treatment has not changed in the last years,
despite the progress in understanding EHEC - HUS
physiopathology. Is is important to identify the
patients with seric complement disorders, who can
benefit from plasma infusions and plasmapheresis.
Some experimental strategies of HUS are being
studied, including: immunization against some
molecular parts of Stx, TNF-a cytokine and com-
plement factors inhibition.
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titioner, as most of the infections modify the
renal function, in various degrees. In all of
these situations, progressive renal disease
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