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Ce nu este cunoscut, deocamdata, la subiectul abordat

Nu este cunoscut rolul feritinei in corelarea cu gradul de
severitate a pacientilor cu COVID-19.

Ipoteza de cercetare

Nivelul feritinemiei coreleaza cu severitatea starii pacien-
tului COVID-19.

Noutatea adusa literaturii stiintifice din domeniu

Nivelele serice ale feritinei par sa coreleze cu severitatea
starii pacientilor COVID-19, fapt ce o poate face candidat pen-
tru rolul de biomarker.

Rezumat

Introducere. Pandemia de Coronavirus 2019 (COVID-19),
cauza sindromului respirator acut sever coronavirus 2019
(SARS-CoV-2) indus, continua sa reprezinte o amenintare uri-
asa pentru sanatatea publica mondiala. Exista dovezi ca feriti-
na este un marker-cheie in determinarea afectarii celulare, dar
rolul sau potential in infectia cu Coronavirus 2019 (COVID-19)
nu este elucidat suficient. Scopul nostru a fost sa evaluam daca
hiperferitinemia poate fi un marker al prognosticului negativ
la pacientii gravi cu infectie COVID-19.
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What is not known yet, about the topic

The role of ferritin in correlation with the severity of CO-
VID-19 patients is unknown.

Research hypothesis

The level of blood ferritin correlates with the COVID-19
patient’s severity.

Article’s added novelty on this scientific topic

Serum ferritin levels appear to correlate with the severity
of COVID-19 patients, which may make them a candidate for
the role of biomarker.

Abstract

Introduction. The pandemic of Coronavirus 2019 disease,
the cause of severe acute respiratory syndrome coronavirus
2019 (SARS-CoV-2) induced, continues to pose a huge threat
to global public health. There is evidence that ferritin is a key
marker in determining cell damage, but its potential role in
COVID-19 infection is not sufficiently elucidated. Our aim was
to evaluate whether hyper ferritinemia may be a marker of
the negative prognosis in severe patients with COVID-19 in-
fection.



Ferritin and COVID-19 critical patient

Material si metode. Studiul a inclus 106 pacienti adulti, de
ambele genuri, cu varsta cuprinsa intre 29 si 88 de ani (varsta
medie 63,6+12,6 ani), diagnosticati cu COVID-19. Nivelurile de
feritind serica au fost masurate la momentul diagnosticului,
folosind tehnica de chemiluminiscenta. Monitoringul pacien-
tilor a inclus: evaluarea statutului neurologic (oximetria ce-
rebrala, gradul de afectare a cunostintei, alte semne clinice si
paraclinice), sistemul respirator (SpO,, FiO,, indicele oxigena-
rii, bucla respiratorie, radiografia cutiei toracice, CT pulmonar
etc.), statutul hemodinamic (PiCCO, monitorizarea invaziva si
non-invaziva, ECG, ECO Dopller), echilibrele gazos, acido-bazic
si electrolitic, analize biologice ale sangelui (ureea, creatinina,
glicemia, coagulograma, ALT, AST, bilirubina), analiza generala
a urinei etc., proteina C reactiva, lactat dehidrogenaza, acidul
lactic si feritina serica.

Rezultate. Feritina serica a avut valori crescute la 102
(96,23%) pacienti. Din cei 17 bolnavi care aveau ferititina
serica la valori moderate, ARDS faza I s-a inregistrat la 10
(52,82%) pacienti, ARDS faza Il - 1a 5 (52,82%) si ARDS faza
[l -1a 2 (11,77%) bolnavi. La pacientii cu valorile feritinei se-
vere, ARDS faza I s-a constatat la 19 (43,18%) pacienti, ARDS
faza Il si Il - la cate 16 (31,37%) bolnavi. La bolnavii cu valo-
rile feritinei critice, ARDS faza I nu s-a inregistrat, ARDS faza II
a fost determinatla 14 (41,18%) sifaza Ill -1a 20 (51,82%) de
bolnavi. La cei 15 pacienti monitorizati prin PiCOO, a fot sta-
bilita cresterea indicelui ELWI de 2-3 ori. La un ELWI peste 18
ml/kg nu au fost supravietuitori. Mentionam ca la cei decedati,
valorile feritinei serice au avut un nivel critic.

Concluzii. Feritina serica este un marker important in
determinarea severitatii si a riscului crescut de dezvoltare a
MODS-ului la pacientii cu COVID-19.

Cuvinte cheie: COVID-19, feritind, ARDS, lactatacidemie,
grad de severitate.

Introducere

Pandemia bolii COVID-19, care cauzeaza sindromul respi-
rator acut sever coronavirus SARS-CoV-2 indus, continua sa
reprezinte o amenintare uriasa pentru sanatatea publica mon-
diala. Spectrul clinic larg al infectiei cu SARS-CoV-2 variaza de
la evolutie asimtomaticd, usoard, pana la pneumonie virala se-
verd, cu insuficienta respiratorie, sindrom de detresa respira-
torie acutd (ARDS), complicatii la distanta de organul primar
afectat, unele severe, inclusiv, decesul [1, 2, 3,7, 9, 10, 15].

Cauza plasarii majoritatii pacientilor suferinzi de CO-
VID-19 in unitatile de terapie intensiva este ARDS. ARDS este
o patologie severd, cu un tablou clinic morfopatologic unitar,
care se caracterizeaza prin evolutie fulminantd, hipoxemie,
micsorarea compliantei pulmonare, prezenta infiltratelor
pulmonare si insuficienta respiratorii acuta [9]. Hipoxia ti-
sulard, cauzata de ARDS, este principala cauza de declansare
a complicatiei COVID-19 la distanta de organul primar afec-
tat, plamanii. In unititile de terapie intensiva (UTI) se atesta
si celelalte complicatii provocate de hipoxia tisulara severa:
sindromul CID, disfunctie hepatica acuta, insuficienta renala
acuta etc,, finalul fiind socul care induce sindromul disfunctiei
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Material and methods. The study included 106 adult pa-
tients, aged 29 and 88 years (mean age 63.6+12.6 years), di-
agnosed with COVID-19. Serum ferritin levels were measured
at the time of diagnosis using a chemiluminescence technique.
Patient monitoring included: assessment of neurological sta-
tus (brain oximetry, knowledge impairment, other clinical and
paraclinical signs), respiratory system (SpO,, Fi0,, respiratory
rate, oxygenation index, respiratory loop, chest x-ray, pulmo-
nary CT etc.), hemodynamic status (PiCCO, invasive and non-
invasive monitoring, ECG, echo-Doppler), gas, acid-base and
electrolyte balances, biological blood tests (urea, creatinine,
blood glucose, coagulation tests, ALT, AST, bilirubin), general
urinalysis, C-reactive protein, lactate dehydrogenase, lactic
acid and serum ferritin.

Results. Serum ferritin had increased values in 102
(96.23%). In 17 patients with moderate ferritin values, phase
I ARDS was recorded in 10 (52.82%), phase II ARDS in 5
(52.82%) and phase III ARDS in 2 (11.77%) patients. In pa-
tients with severe ferritin values, phase I ARDS was found in
19 (43.18%), phase II and III ARDS in 16 (31.37%) patients.
In patients with critical ferritin values, phase I ARDS was not
recorded, phase II ARDS was determined in 14 (41.18%) and
phase III in 20 (51.82%) patients. In the 15 patients moni-
tored by PiCCO, we determined the increase of the ELWI index
for 2-3 times. At ELWI values over 18 ml/kg, there were no
survivors. We mention that in those who died, the ferritin had
a critical level.

Conclusions. Serum ferritin is an important marker in de-
termining the severity and increased risk of developing MODS
in patients with COVID-19.

Key words: COVID-19, ferritin, ARDS, lactic acidemia, dis-
ease severity.

Introduction

The COVID-19 disease pandemic, which causes severe
acute respiratory syndrome SARS-CoV-2-induced, continues
to pose a huge threat to global public health. The broad clinical
spectrum of SARS-CoV-2 infection ranges from mild, asymp-
tomatic to severe viral pneumonia with respiratory failure,
acute respiratory distress syndrome (ARDS), distant compli-
cations of the affected primary organ, some of them severe,
including death [1, 2, 3,7, 9, 10, 15].

The cause of most COVID-19 patients being placed in in-
tensive care units is ARDS. ARDS is a severe pathology with
a unitary morphopathological clinical picture, which is char-
acterized by fulminate evolution, hypoxemia, decreased lung
compliance, the presence of pulmonary infiltrates and acute
respiratory failure [9]. Tissue hypoxia caused by ARDS is the
main cause of COVID-19 complication at the distance from the
affected primary organ, the lungs. In the intensive care units
(ICUs) other complications caused by severe tissue hypoxia
are also attested: CID syndrome, acute liver dysfunction, acute
renal failure etc., the end being the shock that induces mul-
tiple organ dysfunction syndrome (MODS) [5, 6, 7, 20]. One of
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multiple de organ (MODS) [5, 6, 7, 20]. Una din misiunile de
baza ale intensivistilor este stabilirea gradului obiectiv de se-
veritate a stdrii pacientului, multiplele masuri de monitoring
si terapie intensiva.

Studiile recente au subliniat prezenta frecventa la pacientii
cu COVID-19 a mai multor markeri ai procesului inflamator:
proteina C reactiva serica (CRP), lactat dehidrogenaza, rata
de sedimentare a eritrocitelor (ESR) etc. [2, 4, 13]. In cazuri
severe, se atesta o avalansa masiva de citokine (IL-1, IL-6, IL-
17 etc.), asociata cu niveluri sporite ale feritinei serice care, in
mare parte, prezinta o imagine clinica similara cu cea a sindro-
mului de activare a macrofagelor [4, 11, 12, 14, 16].

Feritina serica este un complex globular proteic, care pro-
vine din celulele deteriorate, fiind considerata un marker al
afectarii celulare. Fiind stocatd, preponderent, in celulele sis-
temului reticuloendotelial, nivelul ei seric reflecta si starea
morfo-functionala a stratului endotelial, care este responsabil
de mentinerea homeostazei circulatorii. Acest fenomen argu-
menteaza importanta evaluarii feritinei In COVID-19 deoare-
ce, cu certitudine, poate fi declarat ca hipoxia severd, anoxia,
deterioreaza structura celulara [8].

Toate Incercarile de a estima gradul de severitate, prognos-
ticul si letalitatea predictiva a pacientilor cu COVID-19 plasati
in terapia intensiva, utilizdnd scorurile APACHE II, MODS,
SOFA etc., nu au avut rezultatul scontat, deoarece scorurile
calculate sunt foarte mici si nu reflecta realitatea severitatii
procesului patologic.

In situatia exceptionald, stabilirea gradului de severitate
al pacientilor cu COVID-19 este absolut necesard, deoarece va
ajuta in luarea deciziilor referitor la gestionarea fortelor, mij-
loacelor si manevrelor, precum si eficientizarea volumului de
lucru si succesiunii efectuarii masurilor de terapie intensiva.

Alti autori considera ca, coronavirusul ataca hemoglobina,
determinand disocierea hemului in fier si porfiring, iar apoi
proteinele virale capteaza porfirina. Prin urmare, continutul de
oxihemoglobina scade, iar organismul va acumula o cantitate
mare de ioni de fier ddunatori, care vor initia procese inflama-
torii, inclusiv, la nivelul tesutului pulmonar. Din aceasta cauza,
celulele produc cantitati mari de feritina serica pentru a lega
ionii liberi de fier, diminuand, astfel, leziunile inflamatorii [3].

in acest context, scopul lucrarii a fost estimarea rolului va-
lorilor feritinei in plasma pacientilor cu forme severe de CO-
VID-19, plasati in unitdtile de terapie intensivd, in estimarea
gradului de severitate a evolutiei maladiei, pronosticului si
letalitatii predictive.

Material si metode

Studiul a inclus 106 pacienti adulti, de ambele genuri, cu
varsta cuprinsa intre 29 si 88 de ani (varsta medie 63,6+12,6
ani), diagnosticati cu COVID-19 si spitalizati in Clinica ATI a
Spitalului Clinic Republican , Timofei Mosneaga” (perioada 07
martie — 04 mai 2020). Referinta standard pentru diagnostic,
clasificare clinica si tratament COVID-19 a fost elaborata con-
form Ghidului practic ,Managementul complicatiilor severe,
cauzate de infectia provocatd de coronavirus (COVID-19)”.

Nivelurile de feritina serica au fost masurate la momentul

Feritina si pacientul critic COVID-19

the basic missions of ICU doctors is to establish the degree of
severity of the patient’s condition, multiple monitoring mea-
surements and intensive care treatment.

Recent studies have highlighted the frequent presence in
patients with COVID-19 of several markers of the inflamma-
tory process: serum C-reactive protein (CRP), lactate dehydro-
genase, erythrocyte sedimentation rate (ESR) etc. [2, 4, 13]. In
severe cases, there is a massive avalanche of cytokines (IL-1,
IL-6,1L-17 etc.), associated with elevated serum ferritin levels,
which largely show a clinical picture similar to that of activa-
tion of macrophages [4, 11, 12, 14, 16].

Serum ferritin is a globular protein complex that comes
from damaged cells, considered a marker of cell damage. Be-
ing stored mainly in the cells of the reticuloendothelial sys-
tem, its serum level also reflects the morpho-functional state
of the endothelial layer, which is responsible for maintaining
circulatory homeostasis. This phenomenon argues the impor-
tance of evaluating ferritin in COVID-19, because it can cer-
tainly be stated that severe hypoxia, anoxia, damages the cell
structure [8].

All our attempts to establish the severity, prognosis and
predictive lethality of COVID 19 patients placed in intensive
care, using APACHE II, MODS scores. SOFA etc., did not have
the expected result, because the calculated scores are very low
and do not reflect the real severity of the pathological process.

In this exceptional state, determining the severity of pa-
tients with COVID 19 is absolutely necessary, as it will help in
making decisions regarding the management of forces, means
and maneuvers, as well as streamlining the workload and the
sequence of intensive care measures.

Other authors believe that the coronavirus attacks hemo-
globin, causing the hem to dissociate into iron and porphyrin,
and then viral proteins capture porphyrin. Therefore, the con-
tent of oxyhemoglobin decreases and the body will accumu-
late a large amount of harmful iron ions, which will initiate
inflammatory processes, including in the lung tissue. Because
of this, the cells produce large amounts of serum ferritin to
bind free iron ions, thus reducing inflammatory lesions [3].

In this context, the purpose of the study was to estimate
the role of ferritin values in the plasma of patients with severe
forms of COVID-19, placed in intensive care units in the con-
text of establishing the severity of disease progression, prog-
nosis and predictive lethality.

Material and methods

This study included 106 adult patients, of both genders,
aged 29 to 88 years (mean age 63.6+12.6 years), diagnosed
and confirmed positive with COVID-19 that were hospitalized
in the Anesthesiology and Intensive Care Clinic of the Clini-
cal Republican Hospital “Timofei Mosneaga”, between March 7
and May 4, 2020. The standard reference for diagnosis, clinical
classification and treatment COVID-19 was conducted accord-
ing to the Practical Guidelines “Management of severe compli-
cations caused by coronavirus infection (COVID-19)".

Serum ferritin levels were measured at diagnosis, us-
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diagnosticului, folosind tehnica de chemiluminiscenta (Immu-
lite 2000, DPC/M’dlab; Diagnostics Products Corp.). Un indice
de feritina (FI) a fost calculat folosind raportul dintre feritina
observata si limita superioara normald pentru varsta si sex.
Pacientii cu feritinemie serica au fost repartizati in trei gru-
puri: cu feritinemie serica moderata (de la 300 ng/ml pana la
1000 ng/ml la femei si de la 500 ng/ml pana la 1000 ng/ml
la barbati), feritinemie serica severa (de la 1000 ng/ml pana
la 2000 ng/ml), feritinemie serica nivel critic (mai mari de
2000 ng/ml).

Monitoringul pacientilor a inclus: evaluarea statutului ne-
urologic (oximetria cerebrala, gradul de afectare a cunostintei,
alte semne clinice si paraclinice), sistemul respirator (SpO,,
Fio,, indicele oxigenarii, bucla respiratorie, radiografia cutiei
toracice, CT pulmonar etc), statutul hemodinamic (PiCCO, mo-
nitorizarea invaziva si non-invaziva, ECG, ecocardiografia Do-
pller), echilibrele gazos, acido-bazic si electrolitic, analize bio-
logice ale sangelui (ureea, creatinina, glicemia, coagulograma,
ALT, AST, bilirubina), analiza generala a urinei etc., proteina C
reactiva, lactat dehidrogenaza, acidul lactic si feritina serica.

Terapia intensiva a inclus: terapia antivirala si antibacte-
riana prin metoda de deescaladare, terapia respiratorie cu
aplicarea oxigenoterapiei prin masca faciala, aplicarea supor-
tului ventilator cu presiune pozitiva la expir prin masca CPAP
si ventilatia mecanica prin sonda oro-traheala cu aplicarea
diverselor regimuri ventilatorii, vitaminoterapia cu utilizarea
vitaminelor C, B1, B6, B12, corticosteroizi (metilprednisolon),
heparinoterapia (heparina nefractionatd), componente si pre-
parate sanguine (albumind umang, plasma proaspat congela-
ta, plasma antistafilococica, plasma convalescenta, eritrocite
deleucocitizate), terapia eferentd (plasmafereza izooncotica,
izovolemica, afereza prin exfuzie de siange cu restituirea de
eritrocite deleucocitizate), insulinoterapia, protectia gastrica,
terapia inovasotropa.

Datele sunt prezentate drept valori absolute si relative.
Statistica descriptiva.

Rezultate

Initial, au fost studiate valorile feritinei serice la 106 paci-
enti gravi cu COVID-19, plasati in UTI, care au intrunit crite-
rile de internare. Feritina serica a avut valori crescute la 102
(96,23%) pacienti, dintre care, la 17 (16,67%) bolnavi - feri-
tinemie serica moderata, la 51 (50,0%) - feritinemie serica
severa si la 34 (33,33%) dintre ei - feritinemie serica critica,
fiind statistic semnificativa diferenta dintre valorile moderate
si severe (p<0,001) si cea critica (p<0,01).

Este cunoscut faptul ca cea mai frecventa si severa compli-
catie a COVID-19 este ARDS, sindromul care prezinta o mare
provocare terapeutica pentru intensivisti, prin evolutia fulmi-
nantd a insuficientei pulmonare, cu dereglari poliorganice si
polisistemice, incidenta inalta a complicatiilor severe, costuri
fabuloase de tratament, rezultate frecvent nefavorabile. in
contextul determinarii rolului valorilor feritinei in stabilirea
severitatii procesului patologic la pacienti cu COVID-19, au
fost cercetate valorile ei serice, in corelare cu fazele ARDS.

Din Tabelul 1 reiese ca detresa respiratorie acuta a fost pre-
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ing the chemiluminescence technique (Immulite 2000, DPC/
M’dlab; Diagnostics Products Corp.). A ferritin index (FI) was
calculated using the ratio of observed ferritin to the normal
upper limit for age and sex. Patients with serum ferritinemia
were divided into three groups: moderate serum ferritinemia
(300 ng/ml to 1000 ng/ml in women and 500 ng/ml to 1000
ng/ml in men), severe serum ferritinemia (from 1000 ng/ml
to 2000 ng/ml), and critical serum ferritinemia (greater than
2000 ng/ml).

Patient monitoring included: assessment of neurological
status (brain oximetry, impairment of knowledge, other clini-
cal and paraclinical signs), assessment of respiratory system
(SpO,, Fi0,, oxygenation index, respiratory loop, chest x-ray,
lung CT etc.), hemodynamic status (PiCCO, invasive and non-
invasive monitoring, ECG, Doppler echocardiography), gas, ac-
id-base and electrolyte balances, biological blood tests (urea,
creatinine, blood glucose, coagulation tests, ALT, AST, biliru-
bin), urinalysis, C-reactive protein, lactate dehydrogenase, lac-
tic acid and serum ferritin.

Treatment in the ICU included: antiviral and antibacterial
therapy by de-escalation method, respiratory therapy with
the application of oxygen therapy by facial mask, application
of ventilator support with positive exhalation pressure by
CPAP mask and mechanical ventilation by tracheal intubation
with the application of various ventilator regimens, vitamin
therapy with use of vitamins C, B1, B6, B12, corticosteroids
(methylprednisolone), heparin therapy, blood components
and preparations (human albumin, fresh frozen plasma, an-
tistaphylococcal plasma, convalescent plasma, washed red
cells), efferent therapy (plasmapheresis, blood exfusion with
restitution of washed red cells), insulin therapy, gastric pro-
tection, inovasotropic therapy.

Data are presented as absolute and relative values. De-
scriptive statistics.

Results

Initially, serum ferritin values were studied in 106 severe
patients with COVID-19 placed in the ICU, who met the ad-
mission criteria. Serum ferritin had elevated values in 102
(96.23%) patients, of which in 17 (16.67%) patients - mod-
erate serum ferritinemia; in 51 (50.0%) - severe serum fer-
ritinemia and in 34 (33.33%) patients - critical serum ferri-
tinemia, being statistically significant the difference between
moderate and severe values (p<0.001) and critical (p<0.01).

It is known that the most common and severe complica-
tion of COVID-19 is ARDS, the syndrome that presents a great
therapeutic challenge for ICU specialists by sudden evolution
of lung failure, with poly organic and polysystemic disorders,
high incidence of severe complications, fabulous treatment
costs, frequent unfavorable results. In the context of determin-
ing the role of ferritin values in establishing the severity of the
pathological process in patients with COVID-19 we investigat-
ed its serum values in correlation with ARDS phases.

Table 1 show that acute respiratory distress was present in
all patients with the elevated serum ferritin levels, with severe
phases of ARDS II and III occurring in more than 2/3 of pa-
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Tabelul 1. Nivelul feritinei serice la pacientii infectati cu SARS-COV-2 (Covid-19) in functie de faza ARDS.
Table 1. Serum ferritin levels in patients infected with SARS-COV-2 (Covid-19) depending on the ARDS phase.

Feritina serica Faza ARDS // ARDS phase
Serum ferritin Total Fazal // Phasel Faza Il // Phase II Faza Ill // Phase III p
Moderata
Mi‘;dera 4 17 (16,67%) 10 (52,82%) 5(29,41%) 2 (11,77%) <0,01*
Severa
0, 0, 0, 0,

Severe 51 (50,0%) 19 (43,18%) 16 (31,37%) 16 (31,37%) ns
Critica <0,01*

34 (33,339 0 (09 14 (41,189 20 (51,829 ’
Critical ( %) (0%) ( %) ( %) <0,001**
Total 102 (100%) 29 (28,43%) 35 (34,31%) 38 (37,26%) -

Notd: *- faza I vs faza III; **- faza I vs faza II; faza I vs faza III.

Note: *- phase I vs phase III; **- phase I vs phase II; phase I vs phase III.

zenta la toti pacientii cu feritina serica crescutd, fazele severe
ale ARDS II si III inregistrandu-se la peste 2/3 din bolnavi. Din
cei 17 bolnavi care aveau ferititina serica la valori moderate,
ARDS faza I s-a inregistrat la 10 (52,82%) pacienti, ARDS faza
I -1a5 (52,82%) si ARDS faza III - doar la 2 (11,77%) bol-
navi, fiind statistic semnificativa diferenta dintre cei cu faza
[ vs faza II (p<0,01). La pacientii cu valorile feritinei severe,
ARDS faza I s-a constatat la 19 (43,18%) pacienti, ARDS faza Il
silll -la cate 16 (31,37%) bolnavi, fara diferente statistic sem-
nificative Intre grupuri. La bolnavii cu valorile feritinei critice,
ARDS faza I nu s-a inregistrat, ARDS faza II a fost determinat
la 14 (41,18%) si faza 11l 1a 20 (51,82%) bolnavi, fiind statis-
tic semnificativ, comparativ cu faza I (p<0,001 faza I vs faza II;
p<0,001 faza I vs faza III).

Sunt binecunoscute consecintele nocive ale acidozei asu-
pra homeostaziei pacientului critic prin perturbarea perme-
abilitatii membranelor vasculare si celulare, dezvoltarea ede-
mului endoteliului capilar si a elementelor figurate ale san-
gelui, neurogliei, sistemului conductor al inimii (declansarea
dereglarilor de excitabilitate, conductibilitate si contractilita-
te), dereglarea mecanismelor de coagulare ale sangelui, hemo-
lizei, cresterii vascozitatii sanguine, producerea schimbarilor
severe in sistemul microcirculator (agregarea eritrocitelor cu
sludge), intr-un final, producandu-se modificari functionale si
structurale celulare ireversibile, cu declansarea multiplelor
disfunctii de organe [13, 19].

Dintre cei 102 pacienti cu COVID-19, forma grava, cu feri-
tina serica crescuta, inclusi in studiu, la 97 (95,1%) pacienti
s-au Inregistrat niveluri crescute in sange ale acidului lactic:
la 37 (38,14%) de pacienti - lactatacidemie moderatd, la 42
(43,3%) de bolnavi - severa si la 18 (18,56%) pacienti - lac-
tatacidemie cu valori critice, fiind statistic semnificativa dife-
renta dintre cei cu valori moderate vs critica (p<0,01) si valori
severe vs critice (p<0,001).

S-a constatat o corelare direct proportionala dintre valo-
rile Tnalte ale feritinei serice si gradul de severitate al lactata-
cidemiei: dintre cei 18 pacienti cu lactatacidemia severa (4-6
mmol/l), la 11 (61,11%) pacienti, feritina serica avea valori

tients. Of the 17 patients with moderate serum ferritin, ARDS
phase I was recorded in 10 (52.82%) patients, ARDS phase
I - in 5 (52.82%) and ARDS phase III - in only 2 (11.77%)
patients, being statistically significant the difference between
those with phase I vs. phase II (p<0.01). In patients with se-
vere ferritin values, ARDS phase I, was found in 19 (43.18%)
patients, ARDS phases II and III - in 16 (31.37%) patients,
without statistically significant differences between strati-
fied groups according to the degree of ARDS. In patients with
critical ferritin values, ARDS phase I was not recorded, ARDS
phase II was determined in 14 (41.18%) and phase III - in 20
(51.82%) patients, being statistically significant compared
to phase I (p<0.001 phase I vs. phase II; p<0.001 phase I vs.
phase III).

The harmful consequences of acidosis on the critical pa-
tient’s homeostasis are well known by disturbing the perme-
ability of vascular and cell membranes, developing edema of
the capillary endothelium and figurative elements of blood,
neuroglia, conductive system of the heart (triggering disor-
ders of excitability, conductivity and contractility), dysfunc-
tion in blood coagulation mechanisms, hemolysis, increased
blood viscosity, severe changes in the microcirculatory system
(aggregation of erythrocytes with sludge), eventually produc-
ing irreversible functional and structural changes in cells, with
the onset of multiple organ dysfunctions [13, 19].

Of the 102 patients with severe serum ferritin COVID-19
included in the study, 97 (95.1%) patients had elevated lac-
tic acid levels: 37 (38.14%) patients presented moderate
lactic acidemia, 42 (43.3%) patients presented severe lactic
acidemia, and 18 (18.56%) were found with critical values of
lactate levels, being statistically significant the difference be-
tween those with moderate vs. critical values (p<0.01), values
severe vs. critical (p<0.001).

We found a directly proportional correlation between high
serum ferritin values and the severity of lactate levels: of the
18 patients with severe lactic acidemia (4-6 mmol/l), in 11
(61.11%) patients, serum ferritin had critical values (over
2000 ng/ml), in 6 (33.33%) patients severe ferritin values and
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Tabelul 2. Nivelul feritinei serice la pacientii cu forme severe de Covid-19 in functie de lactatacidemie.
Table 2. Serum ferritin levels in patients with severe forms of Covid-19 according to lactatacidemia.

Feritina serica

Nivelele serice de lactat, mmol/1 // Seric lactate levels, mmol/I

Serum ferritin normal total

Moderatd // mild 5 (29,41%) 12 (70,59%)

Severa // severe 0 (0%) 51 (100%)
Critica // critical 0 (0%) 34 (100%)
Total 5 (4,90%) 97 (95,10%)

8 (47,07%)
24 (47,06%)
5 (14,70%)

37 (38,14%)

4<6 6< p

3 (17,64%) 1 (5,88%) <0,05*

21 (41,17%) 6 (11,77%) <0,001%*
18 (52,95%) 11 (32,35%) <0,001***

42 (43,30%) 18 (18,56%) -

Notda: *- gr. 1 vs gr. lIl; **~ gr. 1 vs gr. Il si/and IV; ***- gr. [ vs gr. I1.
Note: *- gr. L vs gr. I1]; **~ gr. L vs gr. [1l si/and IV; ***- gr. [ vs gr. I1.

critice (peste 2000 ng/ml), la 6 (33,33%) - valori severe si
doar la un pacient (5,56%) s-au determinat valori moderate
ale feritinei.

Dupa cum se vede din Tabelul 2, pacientii care au avut va-
lori moderat crescute ale feritinei serice, au prezentat cel mai
frecvent (47,07%) valori moderate de lactatacidemie, fiind
statistic semnificativ, comparativ cu subgrupul cu valori cri-
tice (p<0,05). Pacientii care au avut valori sever crescute ale
feritinei serice, au prezentat cel mai frecvent atat valori mo-
derate (47,06%), cat si severe crescute (41,17%) de lactataci-
demie, fiind statistic semnificativ, comparativ cu cei cu valori
critice crescute de acid lactic in plasma (p<0,001 gr. I vs gr. III;
p<0,001 gr. I vs gr. IV). Pacientii cu valori critice crescute de
feritind serica au prezentat, mai frecvent, valori severe si cri-
tice crescute de acid lactic, fiind statistic semnificative pentru
valori severe (p<0,001 gr. [ vs gr. II).

Anterior a fost constatat ca toti pacientii cu COVID-19, pla-
sati in terapia intensiva, sunt suferinzi de ARDS, deci, prezinta
hipoxie tisulard decompensatd. Acest fenomen ne-a sugerat
cercetarea semnelor clinice neurologice, in dependenta de ni-
velul feritinei in sange, pentru a stabili gradul de afectare al
sistemulul nervos, in corelare cu valorile feritinei serice (Ta-
belul 3).

Cefaleea, semn clinic relevant in clinica COVID-19, s-a in-
registrat in cazul a 76 (74,51%) de pacienti, la care feritina
serica a fost crescutd, dintre care: la pacientii cu nivel moderat
de feriting, cefaleea a fost inregistrata la 16 (20,05 %) dintre
ei; cu nivel sever de feritind - la 48 (63,16%) si la cei cu nivel
critic de feritind - doar la 12 (15,75%) bolnavi, fiind statistic
semnificativa deferenta dintre cei cu valori severe si modera-
te (p<0,001) si critica (p<0,001). De mentionat ca explorarea
acestui semn clinic a fost imposibila la pacientii cu nivelul cri-
tic de feritinemie, deoarece majoritatea se aflau in somn anes-
tezic, fiind la ventilatie artificiala.

Un indice al hipoxiei tisulare cerebrale decompensate este
afectarea cunostintei, care a fost Inregistrata la 20 (19,61%)
de bolnavi, manifestata la 3/4 dintre ei prin obnubilare, iar
1/4 au fost in stare de coma. Important e ca starea de coma s-a
inregistrat doar la pacientii cu un nivel critic al feritinei serice.

Amnezia, un semn tardiv, indirect, dar cert de afectare a

only in one patient (5.56%) moderate ferritin values were de-
termined.

As can be seen from Table 2, the patients who had mod-
erately elevated serum ferritin values showed the most fre-
quent (47.07%) moderate values of lactic acidemia, being
statistically significant compared to critical values (p<0.05).
Patients who had severely elevated serum ferritin values
most frequently had both moderate (47.06%) and severely
elevated (41.17%) lactic acidemia, being statistically signifi-
cant compared to those with critical elevated lactic acid levels
in plasma (p<0.001 gr. I vs gr. III; p<0.001 gr. I vs gr. IV). Pa-
tients with elevated critical serum ferritin values more fre-
quently showed severe and elevated critical lactic acid values,
being statistically significant for severe values (p<0.001 gr. I
vs gr. I1).

We found above, that all patients with COVID-19 placed in
intensive care were suffering from ARDS, so they have damag-
ing tissue hypoxia. This phenomenon suggested the research
of neurological clinical signs depending on the level of ferritin
in the blood, to determine the degree of damage to the nervous
system in correlation with serum ferritin values (Table 3).

Headache, a clinically relevant sign in the COVID-19 clinic,
was reported in 76 (74.51%) patients in whom serum ferritin
was elevated, of which: in patients with moderate ferritin lev-
els, headache was 16 (20.05%) of them; with severe ferritin
level - at 48 (63.16%) and in those with critical ferritin level
- only in 12 (15.75%) patients, being statistically significant
the difference between those with severe and moderate val-
ues (p<0.001) and critical values (p<0.001). It should be noted
that the exploration of this clinical sign was impossible in pa-
tients with critical level of ferritinemia, because most of these
patients were in anesthetic sleep with artificial ventilation.

An index of deteriorating cerebral tissue hypoxia is im-
paired consciousness, which was recorded in 20 (19.61%) pa-
tients, manifested in 3/4 of them by numbness, and 1/4 were
in a coma. Importantly, the coma was recorded only in patients
with critical serum ferritin levels.

Amnesia, a late, indirect but definite sign of impaired con-
sciousness, occurred in 93 (91.18%) patients. We mention
that the frequency of amnesia is 3-5 times higher in patients
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Tabelul 3. Simptomele afectarii sistemului nervos central in corelare cu nivelul feritinei serice la bolnavii critici COVID-19 (n=102).
Table 3. Symptoms of central nervous system involvement correlated with serum ferritin levels in critically ill patients COVID-19 (n=102).

Feritina serica // Serum ferritin

Semnele clinice

51 (50,0%)

Severa Critica p
Severe Critical
34 (33,33%)

Total Moderata
Clinical signs Total Mild
102 (100%) 17 (16,67%)
Cefalee
Headache 76 (74,51%) 16 (21,05%)

Dereglari comportamentale

Behavioral disorders 22 (21,57%) 2(9,90%)
Obnubilare

Dizziness 15 (14,71%) 2(13,33%
Comall 3 (2,94%) 0(0,0%)
Comal Il 2 (0,49%) 0(0,0%)
Coma III 0(0,0%) 0 (0,0%)
Amnezie

Amnesia 93 (91,18%) 11 (11,83%)
Meningism 1(0,98%) 0 (0,0%)
Vertij o o
Vertigo 31 (30,39%) 7 (22,58%)

Atacuri de panica

0,
Panic attacks 7(6:86%)

0(0,0%)

48 (63,16%)

8 (36,36%)

18 (58,07%)

3 (42,86%)

12 (15,79%) <0,001%; <0,001**

12 (54,55%) <0,05%; <0,001***

8 (53,33%) 5 (33,34%) <0,05*
0 (0,0%) 3 (100%) NA
0 (0,0%) 2 (100%) NA
0 (0,0%) 0 (0,0%) NA

48 (51,61%) 34 (36,56%) <0,001%; <0,05**; <0,001***
1 (100%) 0 (0,0%) NA

6 (19,35%) <0,01%; <0,01**

4 (57,14%) NA

Notd: *- moderat vs sever; **- critic vs sever; ***- moderat vs critic.
Note: *- mild vs severe; **- critical vs severe; ***~ mild vs critical.

cunostintei, s-a inregistrat la 93 (91,18%) de pacienti. Men-
tionam ca frecventa amneziei este de 3-5 ori mai mare la pa-
cientii cu nivel sever si critic al feritinei in sange. Astfel, circa
11% dintre pacientii care au prezentat amnezie, aveau nivelul
moderat crescut al feritinemiei; aproximativ 1/2 aveau un ni-
vel sever si circa 1/3 - un nivel critic crescut, fiind statistic
semnificativa diferenta.

Dereglarile comportamentale au fost determinate la 22 de
pacienti, dintre care, In doud cazuri, s-a atestat un nivel mo-
derat crescut al feritinemiei; la 8 pacienti, nivelul a fost sever
crescutsila 12 (55%) bolnavi, feritina serica a atins valori criti-
ce. Deci, pacientii cu nivel critic crescut de feritina au prezentat,
statistic semnificativ, mai frecvent dereglari de comportament.

Majoritatea indicilor hemodinamici ai pacientilor plasati in
UTI cu COVID-19 au inregistrat valori corespunzatoare stari-
lor critice. Monitorizarea hemodinamicii centrale prin utiliza-
rea metodei PiCCO ne-a confirmat cresterea la toti pacientii
a markerului ARDS-ului - indicele apei extravasculare pul-
monare (ELWI). La cei 15 pacienti monitorizati prin aceasta
metod3, s-a constatat cresterea indicelui respectiv de 2-3 ori.
La valorile ELWI peste 18 ml/kg, supravietuitori nu au fost.
Mentionam, ca la cei decedati valorile feritinei au avut un nivel
critic.

Discutii

Razboaiele contemporane, calamitatile naturale si artificia-
le, cataclismele sociale creeaza premize reale de aparitie a no-
ilor focare endemice cu evolutie periculoasa. COVID-19, boala

with severe and critical levels of ferritin in the blood. Thus,
about 11% of patients with amnesia had moderately high lev-
els of ferritinemia, about 1/2 had severe levels and about 1/3
increased critical levels, the statistical difference being signifi-
cant.

Behavioral disorders were determined in 22 patients, of
which in two cases there was a moderately high level of fer-
ritinemia, in 8 patients the level was severely increased and in
12 (55%) patients, serum ferritin reached critical values. So
patients with critically elevated ferritin had statistically sig-
nificantly more frequent behavioral disorders.

Most of the hemodynamic indexes of the patients placed
in the ICU with COVID-19 registered values corresponding to
the critical conditions. Monitoring of central hemodynamics
using the PiCCO method confirmed the increase in all patients,
in whom PiCCO was installed, of the ARDS marker - extra
lung water index (ELWI). In the 15 patients monitored by this
method, we established the increase of this index, ELWI, by
2-3 times. At ELWI values over 18 ml/kg there were no sur-
vivors. We mention that in the deceased, ferritin values had a
critical level.

Discussion

Contemporary wars, natural and artificial calamities, so-
cial cataclysms create real premises for the emergence of new
endemic outbreaks with dangerous evolution. COVID-19, an
infectious disease caused by the coronavirus SARS-CoV-2, dis-
covered in Wuhan, China, which causes a severe acute respira-
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infectioasa, cauzata de coronavirusul SARS-CoV-2, descoperit
in Wuhan, China, care provoaca sindromul respirator acut se-
ver, a creat multiple probleme sistemului medical. Acestea se
rasfrang asupra intregului sistem economico-social global [3,
10, 15, 21]. Organizarea procesului curativ al bolnavilor cu
forme severe dupa principiile clasice duce la crearea unui cerc
vicios: pe de o parte, masurile curative incomplete si inefica-
ce 1n unitatile de terapie intensiva duc la sporirea numarului
de bolnavi cu forme severe si complicatii, iar pe de alta parte,
capacitatea insuficienta a sectiilor de reanimare si terapie in-
tensiva nu permite internarea tuturor bolnavilor care necesita
tratament intensiv [7, 9,16].

Ponderea inalta a pacientilor cu evolutie severa, multiple
complicatii pulmonare, inclusiv, la distanta, au creat probleme
in organizarea activitatilor unitatilor de terapie intensiva in
majoritatea tarilor. Pentru a stabili algoritmul de tratament al
bolnavului cu COVID-19 si insuficientd respiratorie, este esen-
tiala cuantificarea severitatii afectarii pulmonare, interpreta-
rea adecvata a raspunsului fiziologic general si al comorbidi-
tatilor asociate [5, 7, 10, 16].

O complicatie majora a infectiei cu coronavirusul SARS-
CoV-2 este declansarea ARDS-ului, cauzat de multiple leziuni
inflamatorii la nivelul membranelor alveolo-capilare, cu sta-
bilirea infiltratiilor pulmonare bilateral si hipoxemie severa.
ARDS-ul este un eveniment devastator, indus, in mare parte,
de ,furtuna de citokine"”, cu o mortalitate inaltd, asociata cu
varsta >65 ani, diabetul zaharat si hipertensiunea arteriala,
care poate apdrea Intr-o varietate de situatii clinice, cu carac-
teristici asemdnatoare celor intalnite in socul septic de etiolo-
gie bacteriana sau in limfohistiocitoza hemofagocitica [3, 5, 6].

Una din misiunile de baza ale intensivistilor este stabilirea
gradului de severitate al ARDS-ului prin aplicarea masurilor
de monitoring in timpul progresiei leziunilor pulmonare, pen-
tru ca algoritmul tratamentului intensiv sa fie cat mai rentabil.
Aceste postulate au stat la baza lucrarii noastre in contextul
studierii valorilor feritinei serice, ca marker al gradului de se-
veritate al pacientului critic plasat in unitdtile de terapie in-
tensiva. Frecventa feritinemiei la pacientii plasati in UTI este
inalta si ajunge 1a 95,1%, cu o crestere proportionala gradului
de severitate a starii pacientului. Coreland valorile feritinei
serice cu gradul de severitate al ARDS-ului, sindrom clasic in
COVID-19, am stabilit o legatura direct proportionala dintre
feritinemia crescuta si gravitatea ARDS-ului. Astazi, la dispozi-
tia cercetatorilor sunt insuficiente informatii, care sa includa
analiza feritienemiei la bolnavii cu COVID-19, iar cele prezente
sunt fragmentare sau incomplete. Recent, specialistii Institu-
tului de Nefrologie, Marseille, Franta, unde analiza feritinei
este un examen de rutind, au raportat ca dintr-un lot de 270
de pacienti supusi hemodializei, au identificat 22 de bolnavi
de COVID-19 si la toti concentratiile feritinei serice erau, cel
putin, triplate, comparativ cu analizele prelevate precedent
infectarii. Astfel, autorii se intreabad daca feritina serica poa-
te fi folositd ca marker de screening pentru COVID-19 [17].
Concentratia serica crescuta a feritinei este, deseori, asociata
cu raspunsul imun si inflamator in diverse infectii. Unele stu-
dii au aratat ca pacientii cu infectie bacteriana aveau un nivel
mai mare de feritind in comparatie cu infectia virala [4, 13],
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tory syndrome, has created multiple problems for the medical
systems. These affect the entire global economic and social
system [3, 10, 15, 21]. The organization of the treatment pro-
cesses of patients with severe forms according to the classical
principles leads to the creation of a vicious circle: incomplete
and ineffective treatment measures in intensive care units in-
crease the number of patients with severe forms and compli-
cations, on the other hand, insufficient capacity of intensive
care units does not allow the placement of all patients in need
of intensive treatment [7, 9, 16].

The high share of patients with severe development and
multiple pulmonary and distant complications have created
problems in organizing the activities of intensive care units
in most countries. To establish the treatment algorithm of the
patients with COVID-19, in respiratory failure, it is essential to
quantify the severity of lung damage, proper interpretation of
the general physiological response and associated morbidities
[5,7,10,16].

A major complication of SARS-CoV-2 coronavirus infection
is the onset of ARDS, caused by multiple inflammatory lesions
in the alveoli-capillary membranes, with the establishment of
bilateral pulmonary infiltrations and severe hypoxemia. ARDS
is a devastating event, largely induced by the “cytokine storm”,
with a high mortality associated with age >65 years, diabetes
and hypertension, which can occur in a variety of clinical situ-
ations, with characteristics similar to those of encountered in
septic shock of bacterial etiology or in hemophagocytic lym-
phohistiocytosis [3, 5, 6].

One of the basic missions of the ICU doctors is to estab-
lish the degree of severity of the ARDS by applying monitor-
ing measures during the progression of the lung lesions so
that the intensive treatment algorithm is as cost-effective as
possible. These postulates were the basis of our work in the
context of studying the values of serum ferritin as a marker of
the severity of the critically ill patient placed in intensive care
units. The frequency of ferritinemia in patients placed in the
ICU is high and reaches 95.1%, with an increase proportional
to the severity of the patient’s condition. By correlating serum
ferritin values with the severity of ARDS, a classic syndrome
in COVID-19, we established a directly proportional link be-
tween increased ferritinemia and the severity of ARDS.

Today, there is insufficient information available to re-
searchers, including the analysis of ferritinemia in patients
with COVID-19, and those present are fragmentary or incom-
plete. Recently, specialists from the Institute of Nephrology,
Marseille, France, where ferritin analysis is a routine examina-
tion, reported that out of a group of 270 patients undergoing
hemodialysis, they identified 22 patients with COVID-19 and
in all, serum ferritin concentrations were at least tripled com-
pared to analyzes taken prior to infection. Thus, the authors
question whether serum ferritin can be used as a screening
marker for COVID-19 [17]. Elevated serum ferritin is often as-
sociated with the immune and inflammatory response in vari-
ous infections. Some studies have shown that patients with
bacterial infection have a higher level of ferritin compared to
viral infection [4, 13], specifying that the inclusion of ferritin
plasma examination in the set of laboratory investigations in
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specificand ca includerea examinarii concentratiei plasmatice
a feritinei in setul investigatiilor de laborator la pacientii cu
septicemie este justificata [18].

Ulterior, am comparat nivelul feritinemiei cu lactacidemia,
care este un biomarker binecunoscut al starilor de soc si al
sindromului disfunctiei multiple de organe cauzat de perfu-
zia tisulara scazuta, cu tulburari ale functiilor mitocondriale.
De asemenea, valorile severe si critice ale feritinei au corelat
cu nivelul Tnalt si foarte inalt al lactatului seric, ceea ce ne ar-
gumenteaza ca feritina este un marker obiectiv al gradului de
severitate al pacientilor cu COVID-19.

Estimarea apei extravasculare pulmonare, indice cunoscut
ca marker al letalitatii inalte la bolnavii critici, ne-a demon-
strat ca nivel critic al feritinemiei era insotit de un indice ELWI
foarte 1nalt (circa 16), ceea ce reflecta starea extrem de grava
a pacientului cu COVID-19, pronosticul, in aceste cazuri, fiind
rezervat, cu o Inalta rata de exituri letale.

Concluzii

1) ARDS-ul, inregistrat la toti pacientii in UTI, reflecta o
stare grava/critica generala a pacientului cu COVID-19
prin declansarea multiplelor leziuni hipoxice secundare,
care induc disfunctii si insuficiente la distanta, frecvent
determinand tabloul unei stari de MODS. Este prea sim-
plist de a categorisi starea generala critica doar dupa
ARDS. Parametrii inclusi in calcularea scorurilor stabi-
lirii gradului de severitate la pacientii critici plasati in
UTI, cu patologie non COVID-19, nu ne reflecta obiectiv
starea critica, prognosticul si mortalitatea predicitiva la
pacientii studiati.

2) Feritinemia serica, fiind un semn cert de detresa celulara
si mitocondriald, precum si un indiciu al leziunii endoteli-
ale severe, poate servi drept marker al unui grad avansat
de severitate a patologiei. Feritinemia serica severa este
un indicator al consecintelor grave ale hipoxiei tisulare,
care argumenteaza aplicarea metodelor contemporane
de terapie intensiva eferenta: plasmafereza izooncotica,
izovolemica, afereza prin exfuzie de sange cu restitutia de
eritrocite deleucocitizate etc.

3) Lactatacidemia, fiind un biomarker al socului si sindrom-
ului de disfunctie multipla de organe, este cunoscuta ca
un criteriu n stabilirea diagnosticului de soc sau MODS,
iar nivelul lactatacidemiei ne determina stadiile socului
si ale MODS-ului. Studiul nostru a demonstrat o corelare
direct proportionala a valorilor feritinemiei serice si ale
lactatacidemiei.
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patients with sepsis is justified [18]. Subsequently, we com-
pared the level of ferritinemia with lactic acidemia, which is a
well-known biomarker of shock and multiple organ dysfunc-
tion syndrome, caused by low tissue perfusion with mitochon-
drial function disorders. Also, severe and critical ferritin val-
ues correlated with high and very high serum lactate levels,
which argue that ferritin is an objective marker of the severity
of COVID-19 patients.

Estimation of pulmonary extravascular water, an index
known as a marker of high lethality in critically ill patients,
showed that the critical level of ferritinemia was accompanied
by a very high ELWI index (about 16), which argues the ex-
tremely serious condition of the patient with COVID-19, the
prognosis being reserved, with a high rate of lethal outcome.

Conclusions

1) ARDS recorded in all patients in the ICU argues a serious
/ critical general condition of the patient with COVID-19
by triggering multiple secondary hypoxic lesions, which
induce distant dysfunctions and insufficiencies, frequent-
ly determining the picture of a MODS condition. It is too
simplistic to categorize the general critical and / or ultra-
critical state only after ARDS. The parameters included in
the calculation of severity scores in critically ill patients
placed in the ICU, with non-COVID-19 pathology, do not
objectively reflect the critical condition, prognosis and
predictive mortality in patients included in our study.

2) Serum ferritinemia, being a sure sign of cellular and mi-
tochondrial distress, as well as an indication of severe
endothelial injury, can serve as a marker of an advanced
degree of the severity of the disease. Severe serum fer-
ritinemia is an indicator of the serious consequences of
tissue hypoxia, which argues for the application of con-
temporary methods of efferent intensive care: isooncotic,
isovolemic plasmapheresis, apheresis by blood exfusion
with restitution of washed erythrocytes etc.

3) Lactic acidemia, being a biomarker of shock and multiple
organ dysfunction syndrome, is known as criteria in es-
tablishing the diagnosis of shock or MODS, and the level
of lactic acidemia, determines the stages of shocks and
MODS. Our study demonstrated a directly proportional
correlation of serum ferritinemia and lactic acidemia.
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