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REZUMAT

Introducere. Consideratii generale. Motivatia cercetarii.

Afectiunile din spatiul pleural sunt adesea complexe, dificil de diagnosticat, constituind o
problemad pentru management-ul medical. Colectia pleurala apare cand in spatiul pleural se
colecteaza fluid in exces, intdlnindu-se in peste 50 de afectiuni pleuropulmonare sau sistemice.
In aproximativ jumitate din cazuri, colectia pleurald este diagnosticati pe baza istoricului
medical si a examenului clinic si confirmata prin metode imagistice. Din nefericire, 15-20% din
totalul colectiilor pleurale raman nediagnosticate. Morbiditatea si mortalitatea datorata colectiilor
pleurale sunt direct legate de cauza, stadiul bolii In momentul prezentarii si modificarile
biochimice din cadrul fluidului pleural. Prin urmare, confirmarea prezentei unei colectii pleurale,
localizarea ei si un diagnostic corect al cauzelor aparitiei ei influenteaza in mod pozitiv evolutia
bolnavului, imagistica avand un rol important in diagnosticul si management-ul bolilor pleurale.

Scopul acestei teze a fost in primul rand stabilirea valorii metodelor imagistice in
exploararea colectiilor pleurale tindnd cont de aparatura existentd si de costul diferitelor
examindri, dar mai ales de informatiile oferite de fiecare metoda in parte. In al doilea rand se
incearcd determinarea unei metode simple si usoare care sd poatd permite cuantificarea
volumului unei colectii pleurale prin imagini CT.

Teza este ilustratd prin 119 figuri si 26 tabele, este insotita de 235 titluri bibliografice
recente nserate in text. Existd numeroase prelucrari biostatisice cu grafice.

Partea I : Stadiul actual al cunoasterii —este structuratd in 5 capitole si analizeaza
colectia pleurala incepand cu definitia, anatomo-fiziologia, clasificarea si tabloul clinic al
colectiei pleurale si continuand cu descrierea imaginilor radiologice date de colectia pleurala,
incluzand aspectele observate pe radiografia toracica, ecografie, tomografie computerizata si

rezonantd magnetica. Sinteza a fost realizata prin studiul literaturii stiintifice de specialitate.



Partea II: Contributii personale — este structurati in 2 capitole. In primul capitol se
analizeaza diagnosticul etiologic al colectiilor pleurale utilizdnd radiografia, ecografia si
tomografia computerizata, iar in al doilea capitol se Incearca estimarea volumului unei colectii
pleurale prin tomografie computerizatd. Fiecare dintre aceste subcapitole este structurat ca o
lucrare stiintifica distinctd prezentand ipoteza si scopul lucrarii, material si metode folosite,
rezultate, discutia rezultatelor si concluzii. Lucrarea a fost axata pe 6 loturi diferite de bolnavi in
cadrul carora colectia pleurala a fost exploaratd prin radiologie clasica, ecografie, ecografie
Doppler, tomografie computerizata, tomografie computerizata cu masurarea valorilor de atenuare
si tomografie computerizata cu reconstructie tridimensionala. In studiul urmarit au fost inclusi
numai bolnavii a caror diagnostic etiologic a permis incadrarea intr-una din categoriile:
insuficienta cardiaca, boala malignd sau infectii, cu exceptia pacientilor din loturile in care a fost
aplicatd ecografia Doppler si tomografia computerizatd cu reconstructie tridimensionald, in cazul
carora nu s-a luat in considerare diagnosticul etiologic.

6.1.Determinarea naturii unei colectii pleurale prin radiografie

Pe un lot de 123 pacienti cu colectie pleurald confirmata ulterior, am efectuat un studiu
retrospectiv in vederea stabilirii importantei §i acuratetei radiografiei toracice nu numai in

evidentierea prezentei unei colectii pleurale, ci mai mult, in stabilirea cauzei aparitiei acesteia.

Am analizat localizarea colectiei (unilaterald, dreapta/stinga, bilaterala, inchistatd),
marimea colectiei (mica, medie, masiva), raportul cu structurile invecinate (deplasarea sau nu a
mediastinului), precum si modificarile pulmonare, mediastinale sau de perete toracic asociate
(prezenta condensarilor pulmonare, nodulilor pulmonari, ingrosarilor pulmonare, nodulilor
pleurali, cardiomegaliei). Am 1Incercat stabilirea unei corespondente intre modificarile
radiologice si diagnosticul etiologic al colectiilor pleurale studiate, astfel incat, prin efectuarea
unei radiografii clasice, medicul sa fie deja orientat inspre un diagnostic etiologic cat mai

concret.

6.2.Determinarea naturii unei colectii pleurale prin ecografie

Studiul de fata vine sd stabileascd o corelatie reald intre natura unei colectii pleurale si
aspectul ei ecografic, consolidand rolul ecografiei ca metoda reala de diagnostic al colectiilor
pleurale. In cadrul lotului studiat alcatuit din 106 bolnavi si subimpartit in trei grupe in functie de
diagnosticul de baza: insuficienta cardiaca, boala maligna, infectii, s-a studiat caracterul ecogenic
al colectiei pleurale, precum si existenta anumitor modificari asociate ale pleurei (ingrosari
pleurale, noduli pleurali). Colectiile au fost grupate in transudate si exudate in functie de
compozitia biochimica.

6.3. Aplicarea ecografiei Doppler color in studiul colectiilor pleurale mici



Pe un lot de 56 pacienti diagnosticati clinic si radiologic cu colectie pleurala s-au efectuat
examindri ecografice in real-time, pe scara gri si Doppler color. Pe scara conventionald gri s-a
analizat ecogenicitatea internd a colectiei, modificarea formei colectiei cu respiratia, prezenta
septelor mobile si a densitdtilor ecogene din spatiul pleural, iar la examinarea Doppler color s-a
analizat semnalul color. S-a observat ca un lichid real in caz de colectie lichidiand minima poate
genera un aspect spectral color al fluxului (a color flow pattern) in timpul ciclurilor respiratoriu
si cardiac si aceasta poate da un semnal turbulent color pe imaginea color Doppler. Acesta este
denumit semnul color al fluidului - the fluid color sign.

Am comparat rezultatele oferite de ecografia in scard gri, in real-time cu cele oferite de
ecografia Doppler color in evidentierea unei colectii pleurale mici, precum si in diferentierea
colectiei pleurale mici de Ingrosarea pleurala.

6.4. Evaluarea unei colectii pleurale mici prin tomografie computerizata toracica
comparativ cu radiografia toracica

Colectiile pleurale mici sunt uneori dificil de diagnosticat pe radiografia toracica,
tomografia computerizatd fiind preferatd deoarece evidentiaza nu numai colectia, ci si afectiuni

pulmonare sau pleurale care pe radiografia toracica sunt mascate de colectie.

Pe un lot de 74 pacienti carora pe radiografia toracica li s-a identificat amputarea unghiului
costodiafragmatic sugerand o colectie pleurald in cantitate mica, am efectuat tomografie
computerizatad cu sau fard injectare de substantd de contrast. Imaginile CT au fost evaluate in
vederea prezentei si extinderii colectiei pleurale, a ingrosarii pleurale, prezenta nodulilor pleurali,

precum si a altor modificari din mediastin sau plaman.

Datele obtinute in urma efectuarii CT toracice au fost comparate cu cele obtinute in urma
efectudrii radiografiei toracice, pe intreg lotul studiat, precum si pe grupe de afectiuni, evaluindu-
se astfel valoarea atat a tomografiei computerizate, cat si a radiografiei toracice clasice in
determinarea prezentei si etiologiei unei colectii pleurale mici.

6.5. Rolul CT si a valorilor de atenuare in stabilirea etiologiei colectiei pleurale

Am 1incercat sd stabilesc o corelatie intre valorile UH masurate inainte si dupa
administrarea substantei de contrast intravenoase si natura transudativa sau exudativa a colectiei
pleurale la un lot de 119 bolnavi impartit pe trei grupe de afectiuni. Am luat in considerare
valorile atenuarilor inregistrate la nivelul colectiei pleurale, precum si la nivelul leziunilor
pleurale sau pulmonare asociate.

Analiza statisticd a fost efectuata utilizdnd programul statistic GraphPad 5.0., one-way

ANOVA. Datele au fost exprimate ca valori medii = SD. Valorile de atenuare au fost comparate



folosind unpaired Student t test. S-a calculat intervalul de confidentialitate 95% precum si

valoarea p in scopul determindrii semnificatiei statistice.
7. Estimarea volumului unei colectii pleurale prin tomografie computerizata

Volumul unei colectii pleurale are implicatii directe in conduita terapeutica a afectiunilor
manifestate prin colectie pleurald, ajutand la luarea deciziei de a efectua sau nu toracocenteza.

Deoarece pacientilor cu colectie pleurald adesea li se efectueaza CT toracicd in cadrul
evaludrii medicale, informatiile sunt deja existente, fard a fi necesar efectuarea unei examinari

complementare.

Scopul acestei investigatii este de a determina daca aplicarea unei metode simple i usoare

poate permite cuantificarea volumului unei colectii pleurale prin CT.

Pe un lot format din 21 colectii pleurale evidentiate prin tomografii tomografice am
efectuat reconstructii tridimensionale folosind programul Mimics 8.11. Imaginile CT sunt
importate in Mimics 8.11. dupa care se creaza manual o fantoma prin marcarea colectiei pleurale
interesate. Pe baza fantomei, programul Mimics a creat un model 3D caruia i s-a determinat in
mod automat volumul. Acest volum a fost folosit ca standard pentru comparatie, fiind considerat
mai precis decat volumul obtinut prin drenaj pleural, deoarece pare sa aiba o acuratete mai mare,
deoarece volumele obtinute prin drenaj incomplet pot fi subestimate.

In vederea aprecierii volumului unei colectii pleurale, am incercat aplicarea mai multor
formule, dar asocierea formei tridimensionale a colectiei cu un paralelipiped a dus la aplicarea
formulei finale d x r x h, care a dat cele mai satisfacatoare rezultate. Deci, volumul calculat (Vc¢)
este obtinut prin formula d x r x h (Vc), unde d reprezinta grosimea maxima a colectiei, r distanta
ce corespunde corzii arcului de cerc dat de colectie si h inaltimea maxima a colectiei pe sectiune
frontala sau sagitala CT.

In literatura se citeaza o singurd cercetare de cuantificare a volumului colectiei pleurale
prin CT, cercetare efectuatd de Mergo et al, in care se propune utilizarea formulei d x d x h
pentru estimarea rapida a volumului colectiei. Folosind masuratorile facute, am calculat volumul
colectiei pleurale folosind si formula citata in literatura dxdxh (V1).

Folosind analiza statistici am comparat volumurile inregistrate: V¢ (volumul calculat prin
noua formula propusd d x r x h) si VI (volumul calculat prin formula citata in literatura d x d x
h), luand ca valoare standard Vm (volumul calculat prin programul Mimics). Am analizat datele
obtinute atat pe lotul in intregime, cat si pe grupele constituite de colectiile situate in dreapta,

respectiv in stanga.



Analiza statistica a fost efectuatd utilizdnd programul statistic GraphPadPrism 5.1. Datele
au fost exprimate ca valori medii + SD. Volumele colectiei pleurale masurate prin cele doua
formule (formula din literaturd, VI si formula nou propusd Vc) au fost comparate cu volumul
calculat automat prin programul Mimics (Vm) folosind coeficientul Pearson (r). S-a calculat
intervalul de confidentialitate 95%, precum si valoarea p in scopul determindrii semnificatiei
statistice. Compararea volumelor calculate prin cele trei metode s-a facut folosind analiza one-
way ANOVA si testul Tukey, precum si cu ajutorul modelului prin aproximare liniara.

Concluzii

1. Radiografia toracica rdmane examinarea de primd intentie in evaluarea unei colectii
pleurale, avand o specificitate de 69, 91% pe intreg lotul luat in studiu, cu valoarea minima in
cazul grupului cu infectii (61,53%) si maxima in cazul grupului cu boala maligna (74,07%).

2. Din punct de vedere al localizarii, colectiile pleurale cele mai frecvent intalnite sunt cele
unilaterale, iar din punct de vedere al etiologiei, cele asociate insuficientei cardiace congestive.
Colectia pleurald unilaterald din cadrul insuficientei cardiace se intdlneste cel mai frecvent in

stanga, contrar datelor din literatura care sustin ca se Intalneste cel mai frecvent in dreapta.

3. Colectiile bilaterale insotite de cardiomegalie se intdlnesc in proportie de 100% in
insuficienta cardiaca. Colectiile bilaterale care nu sunt insotite de cardiomegalie se intalnesc cel
mai frecvent in boala maligna, in acest caz observandu-se ingrosari pleurale sau opacitati

pulmonare date de neoplasmul primar sau secundar.

4. Colectia pleurald masiva care determind deplasarea contralaterala a mediastinului este

datd cel mai frecvent de boala maligna.

5. Modificari asociate pe radiografia toracica ajuta la indrumarea inspre un diagnostic
etiologic concret; de exemplu, cardiomegalia inclind spre insuficienta cardiacd; condensarile
pulmonare sugereaza o pneumonie cand si istoricul bolnavului o sustine; modificarile de perete
toracic cu ingrosdri pleurale sau noduli pleurali se intdlnesc mai degraba in boala maligna;
opacitatile pulmonare nodulare in cadrul neoplaziilor primare sau secundare sugereaza o colectie

pleurala maligna.

6. Ecografia toracica aduce un aport esential in stabilirea naturii unei colectii pleurale,
stabilind o corelatie reald intre natura unei colectii pleurale si aspectul ei ecografic.
Caracteristicile ecografice ale colectiilor pleurale depind de tipul colectiei si de cronicitatea

acesteia.

7. Colectiile anecogene detin 75% din totalul colectiilor studiate, in timp ce colectiile

ecogene sunt mai frecvent indlnite in grupul infectiilor. Transudatele apartin in totalitate lotului



cu insuficientd cardiacd si sunt anecogene, in timp ce exudatele pot fi anecogene, omogen

ecogene sau complexe.

8. Caracterul complex septat al unei colectii parapneumonice pledeaza pentru pneumonia
complicati. Ingrosarea pleurald asociati unei colectii pleurale pledeaza pentru exudat.
Evidetierea nodulilor pleurali asociati unei colectii pleurale in cazul unui pacient cu boald

maligna, pledeaza pentru natura maligna a colectiei.

9. Colectia pleurala mica este frecvent Intilnitd Intr-un numir mare de afectiuni,
evidentierea acesteia in timp util fiind un factor important in managementul afectiunilor care o
produc, dar, de multe ori, o imagine anecogena pe ecografia in real-time in scara gri nu poate fi
apreciata ca apartinand unei colectii pleurale mici sau unei ingrosari pleurale.

10. Miscarea lichidului pleural dd un semnal color pe ecografia Doppler color, denumit
semnul color al fluidului. Semnul color al fluidului indicd prezenta unei colectii pleurale cu o
specificitate de 100%.

11. In evidentierea unei colectii pleurale, ecografia in scala gri are o sensibilitate mai mare
decat ecografia Doppler color, dar o specificitate mai scazuta (sensibilitate 97,77% vs. 93,33%,
iar specificitate 81,81% vs. 100%).

12. Tomografia computerizatd toracicd ramane tehnica imagisticd gold standard in
aprecierea si managementul unei colectii pleurale datorita abilitatii sale in evidentierea Intregului
spatiu pleural si a vizualizarii simultane a parenchimului pulmonar si a mediastinului.

13. Ingrosarea pleurald, in general, asociati sau nu cu colectia pleurald este intalnita cel
mai frecvent in cazul bolilor maligne si a infectiilor, dar ingrosarea pleurald asociata colectiilor
pleurale este intalnita cel mai frecvent in bolile maligne, in timp ce ingrosarea pleurald asociata
exudatelor este intalnitdi cel mai frecvent in infectii. Ingrosarea pleurald evidentiatd pe
tomografia computerizata, ca factor predictiv al exudatelor, are o sensibilitate de 82,75%.

14. Valoarea medie a atenudrii este mai mare in cazul exudatelor fatd de cea a
transudatelor, atat pe intreg lotul studiat, (16,34 UH £5,1962 vs. 11,65 UH +4,913), cat si pe

grupele etiologice luate In considerare.

15. Comparand valorile de atenuare masurate in transudate si exudate pe intreg lotul luat in
studiu folosind unpaired t test, se obtine o valoare P=0,0001, ce se traduce print-o diferenta
semnificativa (P < 0,05). t=3,926 df=117. Diferenta intre valorile medii a transudatelor si
exudatelor este de 4,627 UH £1,179, intervalul de confidentialitate 95% este 2,292 — 6,963, iar R
squared este de 0,1164.

16. Comparand valorile atenudrilor masurate la nivelul colectiilor pleurale din exudate,

respectiv transudate din cele trei grupe etiologice studiate, insuficienta cardiaca, infectii si boala



maligna, prin testul one-way analysis of variance, s-a obtinut o valoare P=0,7572, respectiv
P=0,3574, ceea ce, in ambele cazuri se traduce printr-o diferentd nesemnificativa (P<0,05).

17. Existd o plaji mare de suprapunere a valorilor UH in cazul transudatelor si a
exudatelor, atit pe Intreg lotul luat 1n studiu, cat si pe grupele etiologice studiate, motiv care face
inadecvata folosirea practica a valorilor de atenuare in diferentierea transudatelor de exudate.

18. Existd putine date in literaturd care sd precizeze utilizarea unei formule de calculare a
volumului unei colectii pleurale prin tomografia computerizata, astfel ca studiul de fatd incearca

sd introduca o noud formula de apreciere rapida a volumului unei colectii pleurale:

d x r x h, unde d=grosimea maxima a colectiei masurata pe sectiunea CT unde colectia are
suprafata cea mai mare, r=coarda arcului de cerc corespunzatoare lui d, h=inal{imea maxima a

colectiei.

19. Volumul mediu + SD al colectiei pleurale calculat prin formula propusd este mai
apropiat de volumul mediu + SD calculat prin programul Mimics decat volumul mediu + SD
calculat prin formula din literatura, atat in Intreg lotul studiat, cat si pe grupele cu colectii

pleurale in dreapta si in stanga.

20. In cazul colectiilor pleurale din intreg lotul studiat, coeficientul de corelatic Pearson
intre volumul colectiei calculat prin programul Mimics si volumul calculat prin formula lui
Mergo este 1=0,539 (p=0,0208), cu 95% CI = 0,09733 — 0,8041, in timp ce coeficientul de
corelatie Pearson Intre volumul colectiei calculat prin programul Mimics si noua formula este
r=0,7402 (p=0,0004), cu 95% CI=0,4175 — 0,8971.

21. Folosirea analizei one-way ANOVA 1in compararea celor trei valori ale volumelor
colectiilor pleurale indica o corelatie statistic semnificativa (p < 0,05), atat pe intreg lotul luat in

studiu, cat si pe grupele de colectii pleurale situate in dreapta, respectiv situate in stanga.

22. Aplicarea testului de comparare multipld Tukey arata ca in calcularea volumului unei
colectii pleurale nu existd o corelatie semnificativa intre volumul calculat prin noua formula si
volumul calculat prin Mimics nici in cazul intregului lot, nici In cazul grupelor de colectii

pleurale situate 1n dreapta, respectiv in stanga.

23. Aplicare modelului coeficientului liniar la intreg lotul studiat, aratd ca volumul calculat
prin noua formuld di o eroare medie intermediard si deviatia standard cea mai micd. Volumul
calculat prin formula din literaturd este cel mai putin apropiat de valoarea reald. Aplicarea
modelului aproximarii liniare este mai bun In cazul cand se fac statistici pe mai multe cazuri.

Aplicarea formulei noi este mai utila in cazul cand se fac masuratori pe cazuri izolate.



24. Se pune problema stabilirii uni algoritm de examinare a colectiilor pleurale. Valoarea
acestui algoritm va fi axat pe cost. In marea majoritate a cazurilor examinarea radiologica clasica
permite stabilirea unui diagnostic §i nu necesitd alte examindri. Ecografia care in prezent a
devenit o examinare de rutind este utild in stabilirea diagnosticului etiologic, precizarea cantitatii
de lichid, avand o contributie majora in special in evidentierea colectiilor pleurale mici.
Tomografia computerizatd a devenit azi examinarea gold standard 1n afectiunile toracice in
general si in managementul colectiilor pleurale in special, datoritd particularitatii sale de

evidentiere simultana a parenchimului pulmonar, spatiului pleural si a mediastinului.
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ABSTRACT

Introduction. General considerations. The research motivation

The affections of pleural space is in general quite complex, difficult to diagnose, and it
poses a serious problem in medical management. Pleural effusion appears when an excess
amount of fluid is accumulated in the pleural space, and it is a phenomenon that is met in more
that fifty pleuralpulmonary or systemic disorders. In approximately half of these cases, pleural
effusion is diagnosed based on patient’s history and clinical examination and it is confirmed by
imagistic methods. Unfortunately, a percentage of approximately 15-20% of the cases of total
pleural effusion remains undiagnosed. Morbidity and mortality due to pleural effusion are
directly related to cause, stage of disease at the time of presentation, and biochemical findings in
the pleural fluid. All the above, lead to the conclusion that the confirmation of the presence of
the pleural effusion, the establishment of its location and the correct diagnosis of the underlying
etiology, influence positively the patient’s evolution. Imagistics have an important role in
diagnosis and management of the pleural disease.

The purpose of this research is to establish the parameter values used in the imagistic
methods in the assessment of the pleural effusion based upon the criteria of the existing
instruments, the cost of various examinations, and particularly the information that is given by
each method. Additionally, this work makes an effort to determinate if a simple and easy method
exists, that is able to account for the quantification of the volume of pleural effusion based on CT
images.

This thesis includes 119 figures, 26 tables, and has 235 references that appear in the text. A
number of biostatistics studies is also included with graphs.

Part I: Actual stage of knowledge — This section is structured in five chapters and it is
analyzing the pleural effusion beginning with the definition, anatomo-physiology, classification
and clinical aspects of pleural effusion. It continues with the description of radiological images

of pleural effusion, including the aspects on chest radiographs, ultrasonography, computerized



tomography and magnetic resonance. The synthesis was made after a thorough study of several
scientific works.

Part II: Personal contributions —This section is structured in two chapters. In the first
chapter the etiologic diagnosis is analyzed using radiology, ultrasonography and computed
tomography, while in the second chapter the volume of pleural effusion is estimated using
computed tomography. Each of these chapters is structured as a distinct scientific paper having a
separate purpose and objective, material and method, results, discussion and conclusions. The
study was made on six different groups of patients where the pleural effusion was explored by
classic radiology, ultrasound, color Doppler ultrasound, computed tomography, CT and
measurement of the attenuation values and computed tomography with tridimensional
reconstruction. In this study were included only patients whose etiological diagnosis can be
related to one of the following categories: cardiac failure, neoplastic disease and infections,
except patients in the groups with Doppler ultrasound and CT with tridimensional reconstruction,
when the etiologic diagnosis were not considered.

6.1. Determination of the nature of pleural effusion by radiography

A number of 123 patients with pleural effusion that was ulterior confirmed was included in
a retrospective study in order to establish the importance of the thoracic radiography not only to
give evidence for the presence of pleural effusion, but also, to establish the cause of its
appearance.

The localization of the effusion (unilateral, right/left, bilateral, loculated) was analyzed, as
well as the size of the effusion (small, medium, massive), its relation to the nearby structure (the
mediastinal shift to the contralateral side or not), and the associated pulmonary, mediastinaly and
chest wall changes (presence of the pulmonary condensation, pulmonary nodules, pleural
thickness, cardiomegaly). In those cases of pleural effusions studied it was attempted to establish
a relationship between the radiological modifications and the etiology diagnosis. In this way the
attending doctor, will be oriented to an almost precise diagnosis by using a classic radiography.

6.2. Determination of the nature of pleural effusion by ultrasonography

This part of the work aims to establish an actual relation between the nature of a pleural
effusion and its sonority aspect, consolidating the role of ultrasound as an actual method for the
diagnosis of pleural effusions. Thoracic ultrasonografy to 106 patients was diagnosed with
pleural effusion. This lot was divided in three groups by their principal diagnosis: cardiac failure,
neoplastic disease and infections. The obtained images where evaluated as a function of the
internal echogenicity of the effusion and the associated pleural lesions (the thickness of the
pleura, pleural nodule). Pleural effusions were also divided in transudates and exudates
according to the function of their biochemistry composition.

6.3. Application of color Doppler ultrasound in the study of small pleural effusion



A number of 56 patients with clinical and radiological diagnosis of pleural effusion were
examined by ultrasound examination in real-time, on gray scale and color Doppler. On
ultrasound gray scale I analyzed the internal echogenicity of the effusion, modification of shape
during respiration, the presence of the mobile septs and the echogenic densities in the pleural
space. Using the color Doppler examination I analyzed the color sign. It has been observed that
true fluid in cases of minimal effusion may generate a color flow pattern during respiratory or
cardiac cycles, and thus may display a turbulent color signal on color Doppler imaging. This is
termed the fluid color sign of pleural effusion.

I compared the results of the ultrasound examination in real-time, on gray scale with those
of color Doppler ultrasound in order to evaluate the minimal pleural effusion, and to differentiate
the minimal pleural effusion from pleural thickening.

6.4. Evaluation of the small pleural effusion by thoracic CT compared to thoracic
radiography

The small pleural effusions are, sometimes, difficult to diagnose on the thoracic
radiography. Therefore, the computed tomography is preferred because CT can give evidence for
the pleural effusion, and also the pulmonary and pleural affections under the effusion that are not
visible on the thoracic radiography.

I performed a study over a total of 74 patients for whom the thoracic radiography had
evidence of blunting of the costophrenic angle, which suggested a small pleural effusion. For all
these cases CT was realized with or without injection of a contrast substance. The CT image
showed the presence and the expansion of the pleural effusion, the pleural thickening, the
presence of the pleural nodule, and other mediastinal and pulmonary abnormalities.

The results obtained on the CT were compared with those on the thoracic radiography,
both on the entire group of patients, and also on the affections’ groups. The value of CT and of
classic thoracic radiography was evaluated in order to determinate the presence and the etiology
of a small pleural effusion.

6.5. The role of CT and the attenuation values in order to establish the etiology of a
pleural effusion

Here I attempt to establish a relationship between the UH values before and after the
administration of contrast enhancement and the nature transudative and exudative of the pleural
effusion on 119 patients that were separated in three etiological groups. UH values were
evaluated both at the area of the pleural effusion and also at the associated pleural or pulmonary
lesions.

The statistical analysis was made by the statistical program GraphPad 5.0, one-way

ANOVA. The dates were expressed as (mean value) = SD. The attenuation value was compared



by unpaired Student t test. The 95% confidence interval and the p value for determinate of the
statistical signification were calculated.

7. Estimation of the volume of the pleural effusion by computed tomography

The volume of pleural effusion may directly impact the therapeutic conduit of the disease
and it helps to decide whether to perform thoracentesis or not.

Since patients with pleural effusion often perform thoracic CT during their medical
evaluation, the necessary information already exists, without any need for another
complementary examination.

The purpose of this examination is to determine if the application of a simple and easy
method could allow quantification of pleural effusion volume from CT.

Tridimensional reconstructions of 21 pleural effusions were performed using CT images on
Mimics 8.11 program. Initially, the CT images were imported in Mimics 8.11, and subsequently
I created a manual mask by selecting the zone of interest. On the mask, the Mimics program had
created a 3D model, whose volume was automatically established. This volume was used as a
standard for comparation, and it was considereted more accurate than the volum obtained at
pleural drainage, because the volume obtained at pleural drainage could be underestimated by
incomplete drainage.

In order to estimate the volume of pleural effusions I try to use multiple formulae, but the
association of tridimensional shape of the effusion with a parallelepiped lead to the final formula
d x r x h, because it resulted in the best correlation. Therefore, the calculated volume (Vc) is
obtained by the formula d x r x h, where d represents the greatest depth, r the cord of the arc of the
circle corresponding to d and h the maximal height of the effusion on the frontal or sagital CT
section.

There is only one study in bibliography about the quantification of the volume of pleural
effusion using CT, the investigation made by Mergo et al, who used the formula d x d x h for the
rapid estimation of effusion volume. Using the obtained measurements I calculated the effusion
volume by the formula from literature, d x d x h (VI).

Using the statistical analysis I compared the volume: Vc (the volume calculated by the new
formula d x r x h) and VI (volume by formula from literature, d x d x h) using as standard value
Vm (the volume calculate by Mimics program). I analyzed the results both on the entire group,
but also on the groups of effusions situated in the right, and those situated in the left. The
statistical analysis was performed by the program GraphPadPrism 5.1. The results were
expressed as (medium values) = SD. The effusion volumes calculated with both formulas V1 and
Vc were compare with Vm by using Pearsons’coeficient (r). I calculated the 95 % confiderence

interval and p value in order to determine the statistical semnifical. The comparison of the



volumes calculated using the above three methods was performed using the one-way ANOVA,
Turkey test, and by the linear approximation model.

Conclusions

1.The thoracic radiography is the first method that is intended for the evaluation of the
pleural effusion, with specificity 69,91% in the entire group, with a minimal value in the group
with infection (61,53%) and a maximal value in the group with neoplastic disease (74,07%).

2. In function of localization, the unilateral pleural effusion is the most frequently met. In
function of etiology the most common are the effusions associated with congestive cardiac
failure. In my study, the unilateral pleural effusion associated with cardiac failure is more
frequent in the left side, which is in contrary with the bibliography, which gives the right side as
more frequent.

3. The bilateral effusions associated with cardiomegaly are present 100% in cardiac failure.
In absence of cardiomegaly, malignancy is the most common cause of bilateral effusions, but in
this case there is pleural thickening or pulmonary opacity caused by the primary or secondary
neoplasm.

4. The most common cause of massive pleural effusion that displaces the mediastinum to
the contralateral side is found to be neoplastic disease.

5. On the thoracic radiography, the associated modifications help to assess a concrete
etiologic diagnosis; for example, the cardiomegaly suggests the cardiac failure; the pulmonary
consolidation suggests a pneumonia when the clinical history is also sustaining it; the parietal
thoracic modifications with pleural thickening in the primary and secondary neoplasm suggest a
malignant effusion.

6. The thoracic ultrasonography has an essential role in the establishment of the pleural
effusions’ nature, establishing an actual correlation between the nature of pleural effusion and its
sonographic aspect. The sonographic findings depend on the nature of effusion and its
chronicity.

7. The anechoic effusions represent 75% of all pleural effusions, while the echogenic
effusions are more frequent in infections. Transudates are anechoic and all of them were found in
the group with cardiac failure, while exudates may be either anechogenic, homogenous
echogenic or complex echogenic.

8. The pattern complex septated of a parapneumonic effusion usually indicates that
pneumonia is complicated. The pleural thickening associated in a pleural effusion suggests an
exudate. The evidence of a pleural nodule in patient with neoplastic disease is an indication of
the malignant nature of the effusion.

9. The minimal pleural effusion is frequently met in many diseases and its evidence in a

utile time is an important factor in the management of the affections that determinate the



effusion, but many times, an anechoic image in real time ultrasonography, on gray scale cannot
differentiate minimal pleural effusion from pleural thickening.

10. The moving of the pleural fluid generates a color signal on color Doppler imaging,
termed the fluid color sign of pleural effusion. The fluid color sign indicates the presence of
pleural effusion with a 100% specificity.

11. The evidence of a pleural effusion on grayscale US has a greater sensitivity than that on
color Doppler ultrasound, but a smaller specificity (sensitivity 97,77% vs. 93,33%, and
specificity 81,81% vs. 100%).

12. The computed tomography remains the gold standard method in assessment and
management of a pleural effusion because it is able to give evidence for the entire pleural space
and a concomitant visualization of the pulmonary parenchyma and the mediastinum.

13. The pleural thickening, in general, associated or not with pleural effusion is frequently
present in neoplastic diseases and in infections, but the pleural thickening associated with pleural
effusion is frequently in the neoplastic disease, while the pleural thickening associated with
exudates is frequently present in infections. The pleural thickening evidenced on computer
tomography has a sensitivity of 82,75% as predictive factor of the exudates.

14. The medium value of attenuation is greater in exudates in comparison with transudates,
both in the studied lot, (16.34 UH +5.1962 vs. 11.65 UH +4.913), also on the etiological groups.

15. Comparing the measurement of the attenuation values in transudates and exudates in
the entire group by unpaired t test, I find a value p=0.0001, that represents a significant
difference (p<0.05) t=3.926 df=117. The difference between the mean value of transudates and
exudates is 4.627 UH +1.179, 95% confidence interval is 2.292 — 6.963, and R squared is 0.1164.

16. Comparing the measurement of the attenuation values in exudates, respectively in
transudates in the three etiological groups, cardiac failure, infections and malignant disease, by
one-way analysis of variance test, I find P=0,7572, and P=0,3574, respectively, which indicates a
not so significant difference (P<0,05).

17. I concluded that due to a notable overlap in attenuation values between transudates and
exudates, the use of attenuation valuesto characterize a pleural effusion as exudative or
transudative is not recommended.

18. There are a few cases in the literature that report with precision the utilization of a
formula for the measurement of the pleural effusion volume on computed tomography, so this
study aims to introduce a new formula in order to quickly estimate the pleural effusion volume: d
x r X h, where d=the maxim depth of the effusion measurement on CT section where the effusion
has the maximum area, r=the cord of the arc of the circle corresponding to d, h=the maxim high

of the effusion.



19. The volume medium + SD of the pleural effusion calculated by the new proposed
formula is closer to the volume medium + SD calculated by Mimics program rather than the
volume medium + SD calculated by formula from the literature, both in the entire group of
patients, and in the groups with pleural effusions in the right side and in the left side.

20. In pleural effusions in the entire group of patients, the Pearson coefficient of correlation
between the volume calculated by Mimics program and the volume calculated by Mergo’s
formula is r=0.539 (p=0.0208), with 95% CI = 0.09733 — 0.8041, while the Pearson coefficient
of correlation between the volume calculated by Mimics program and the volume calculated by
new formula is r=0.7402 (p=0.0004), with 95% CI=0.4175 — 0.8971.

21. Using the one-way analysis ANOVA for the comparison of those three values of the
volume of pleural effusion I find a statistically significant correlation (p < 0.05) , both for the
entire group of patients, but also in the groups with the pleural effusions situated in the right side,
and in the left side.

22. Application of the Turkey test in the calculation of the pleural effusion volume
indicates that there is not a significant correlation between the volume calculated by the new
formula and the volume calculated by Mimics program, neither in the entire group, nor in the
groups with the effusions situated in the right side, and in the left side, respectively.

23. The application of the linear coefficient model on the entire group of patients indicates
that the volume calculated by the new formula gives a mean error which is intermediate and a
smaller standard deviation. The volume calculated by the formula from literature is closer to the
actual value. The application of the linear coefficient model is better when it uses statistics on
more cases. The application of the new formula is more useful in measurements on isolated
cases.

24. The aim has been to find a stable algorithm for the examination of the pleural effusions.
The value of this algorithm will be assessed on the cost. For the majority of the cases the
examination by classical radiology is adequate for a valid diagnosis and it is not necessary to
have further examinations. Ultrasound becomes a routine examination and it is useful in
establishing an etiological diagnosis, for the assessment of the volume of the fluid, having a
major contribution in special for assessment the minimal pleural effusions. The computer
tomography is today the gold standard method for the thoracic affections in general and for the
management of the pleural effusions in particular, because it gives evidence at the same time for

both pulmonary parenchyma, the pleural space and the mediastinum.
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