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Ce nu este cunoscut, deocamdata, la subiectul abordat

Cu toate ca in ultimii ani s-au efectuat cercetari fundamen-
tale ale hemodinamicii in insuficienta cardiovasculara acuts,
deocamdatd, dovezile acumulate In monitorizarea hemodi-
namicii prin metoda minim invaziva cu PiCCO la acesti pacienti
nu au fost sistematizate.

Ipoteza de cercetare

Sistematizarea informatiei referitor la rolul tehnologiei
PiCCO in monitorizarea minim invazivd a hemodinamicii la
pacientii cu soc cardiogen si a stabilirii strategiilor de trata-
ment intensiv.

Noutatea adusa literaturii stiintifice din domeniu

Articolul prezintd o sintezda a cercetarilor care confirma
avantajul monitorizarii hemodinamicii prin metoda minim
invaziva cu PiCCO fata de metoda clasica, invaziva, in diagnos-
ticul si conduita pacientilor cu soc cardiogen.

Rezumat

Introducere. Socul cardiogen (SC) este un sindrom cauzat
de incapacitatea cordului de a asigura o prefuzie tisulara adec-
vata necesitatilor metabolice si care are drept rezultat disfunc-
tii organice manifestate prin: alterarea statusului mental, con-
fuzie, agitatie, hipotensiune, edem pulmonar acut, hipoxemie,
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What is not known yet, about the topic

Although fundamental research of hemodynamics in
acute cardiovascular insufficiency has been carried out in
recent years, evidence accumulated in the monitoring of
haemodynamics by minimally invasive PiCCO in these pa-
tients has not been systematised.

Research hypothesis

Systematization of information on the role of PiCCO te-
chnology in minimally invasive monitoring of hemodyna-
mics in patients with cardiogenic shock and the establish-
ment of intensive care strategies.

Article’s added novelty of this scientific topic

The article presents a synthesis of research that confir-
ms the benefit of hemodynamic monitoring by the minimal-
ly invasive method of PiCCO versus the classical, invasive
method in the diagnosis and management of patients with
cardiogenic shock.

Abstract

Introduction. Cardiogenic shock (CS) is a syndrome due to
the inability of the heart to provide a tissue perfusion appro-
priate to metabolic needs and resulting in organic dysfunction
manifested by: mental status alteration, confusion, agitation,
hypotension, acute pulmonary edema, hypoxemia, cyanosis,



cianoza, oligurie. O importanta semnificativa in diagnosticul
procesului patologic, evaluarea raspunsului la terapia admi-
nistrata si prevenirea instalarii complicatiilor SC o constitue
monitorizarea hemodinamica.

Material si metode. A fost studiata literatura contempo-
rana stiintifica relatatd in bazele de date PubMed si Springer
Link cu referire la monitorizarea minim invaziva a hemodina-
micii prin PiCCO dupa cuvintele cheie: ,soc cardiogen’, ,,mo-
nitorizarea hemodinamicd minim invaziva” si ,,PiCCO”. Au fost
selectate articole publicate in anii 2000-2017. Rezultatele
studiului bibliografic au fost prezentate sub forma de sinteza
narativa.

Rezultate. Au fost trecute 1n revista 176 de articole din baza
de date PubMed si 292 - din Springer Link. Sinteza finala se
bazeaza pe 43 de articole, considerate a fi relevante iTn domeniu.

Concluzii. In ultimele decenii, a fost studiati detaliat he-
modinamica minim invaziva la pacientii cu insuficienta car-
diovasculara acuta. Totusi, sunt necesare studii prospective
multicentrice, pe esantioane mari, pentru precizarea rolului
monitorizarii cu PiCCO In imbunatatirea managementului so-
cului cardiogen.

Cuvinte cheie: soc cardiogen, monitorizare hemodinami-
ca, PiCCO.

Introducere

Insuficienta cardiaca acuta (ICA), definita prin debutul
acut, ,de novo”, sau agravarea progresiva a simptomelor si
semnelor de insuficienta cardiaca cronica (ICC), reprezinta o
complicatie majora a patologiei cardiovasculare si necesita in-
terventie terapeutica imediata [1].

In ultimii ani, numarul spitalizirilor pentru insuficientd
cardiaci (IC) in Europa este in crestere [2]. Intr-un registru
spitalicesc sunt semnalate 4,7% de internari la femei versus
5,1% la barbati, dintre care, ICA nou instalate {i revine un nu-
mar mic, comparativ cu cazurile clinice evoluate spre decom-
pensarea ICC [3]. Mortalitatea intraspitaliceasca inalta din ICA
este datorata SC, care variaza de la 40% pana la 60% din ca-
zuri [2]. Incidenta SC, in cercetarile muticentrice internationa-
le, este semnalata cu 4% in studiul european EHFS 1], efectuat
pe 3580 de pacienti si 11% - In studiul american ALARM-HE
efectuat pe 5533 de pacienti [4]. Dupa datele lui Hochman J.,
din 2009, frecventa SC constituie 4-5% din cazuri la bolnavii
cu patologie cardiaca severa, 10-15% revine bolnavilor cu
IMA, fiind mai inaltd la barbati, decat la femei, de regula, in-
stalandu-se In decada a 4-a la barbati si a 5-a la femei [5]. Pa-
cientii cu SC cauzat de IMA sunt, de regula, varstnici, au istoric
de IMA in antecedente sau de IC congestiva si, mai frecvent,
dezvolta un IMA anterior extins [6]. Socul cardiogen poate sa
se instaleze si la pacientii cu insuficienta ventriculara cronica
stanga persistentd, cardiomiopatie dilatativa, hipertrofica sau
cardiopatie valvular3, la ultimii, SC fiind cauzat de un IMA em-
bolic, datorat fibrilatiei atriale [5, 6].

Substratul patofiziologic al SC il constituie incapacitatea
cordului de a asigura o perfuzie tisulara adecvata necesitati-
lor metabolice, care are drept rezultat aparitia disfunctiilor
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oliguria. Significant importance in the diagnosis of the patho-
logical process, evaluation of the response to the administered
therapy and prevention of the complications of CS complica-
tions is the hemodynamic monitoring.

Material and methods. Contemporary scientific litera-
ture reported in PubMed and Springer Link with reference to
minimally invasive hemodynamic monitoring by PiCCO, by the
following key words: “cardiogenic shock”, “minimally invasive
hemodynamic monitoring” and “PiCCO” and selected articles
published in the 2000-2017. The results of the literature were
presented in the form of narrative synthesis.

Results. After processing the literature data from the above
mentioned sources, were selected 176 articles in PubMed and
292 in Springer Link. The final bibliography contains 43 rel-
evant articles in this area.

Conclusions. In recent decades, minimally invasive hae-
modynamics has been studied in patients with acute cardio-
vascular failure. However, large-scale prospective multicenter
studies are needed to pinpoint the role of monitoring with
PiCCO in improving cardiogenic shock management.

Key words: cardiogenic shock, hemodynamic monitoring,
PiCCO.

Introduction

Acute heart failure defined as ,de novo” acute onset or pro-
gressive worsening of symptoms and signs of chronic heart fa-
ilure (CHF), is a major complication of cardiac pathologies and
requires immediate therapeutic intervention [1].

In last years, the number of hospitalizations with heart fa-
ilure (HF) in Europe is increasing [2]. In a hospital registry,
4.7% of admissions were females versus 5.1% males, of which
the newly installed AHF is a small number in comparisson with
the decompensations of CHF [3]. High intra-hospital mortality
in AHF is due to cardiogenic shock (CS), which ranges from
40% to 60% [2]. The incidence of CS in multicenter interna-
tional studies, is reported to be 4% in the European EHFS II
study of 3580 patients and 11% in the American ALARM-HF
study, a study on 5533 patients [4]. According to Hochman J.
(2009), the frequency of CS represents 4-5% of cases in pa-
tients with severe cardiac pathology, 10-15% in Acute Myo-
cardial Infarction (AMI), being more common in men than in
women, CS usually installes in the 4th decade in men and 5th
in women [5]. Patients with CS produced by AMI are usually
elderly, and have a history of AMI or congestive heart failure
and more frequently develops anterior extended AMI [6]. Car-
diogenic shock may also develop in patients with chronic per-
sistent left ventricular failure or due to dilated, hypertrophic
cardiomyopathy or valvular cardiopathy, in the last SC being
caused by an embolic IMA due to atrial fibrillation [5, 6].

Pathophysiological substrate of CS is the inability of the
heart to provide a tissue infusion appropriate to metabolic
needs, which results in organic dysfunctions manifested by:
alteration of mental status, confusion, agitation, hypotension,
cyanosis and oliguria, which determines very high mortality
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organice, manifestate clinic prin: alterarea statusului mintal,
confuzie, agitatie, hipotensiune, cianoza si oligurie, care de-
termind mortalitatea foarte inalta a acestei complicatii - 40-
80% [7, 8]. In mod clasic, starea de debit cardiac (DC) scizut
defineste IC congestiva acutd, care se caracterizeaza prin coe-
xistenta semnelor clinice de DC micsorat si cele de congestie
pulmonara, cu declansarea SC, determinat in 40% din cazuri
de miocardul ventriculului stang nefunctional [3].

Conform datelor prezentate de Serban Bubenek (2004) si
S. Hollenberg (2003), in ultimii ani, datorita eforturilor depu-
se In reducerea dimensiunilor IMA, tratamentul prompt al is-
chemiei si al altor complicatii ale IMA, au diminuat semnifica-
tivincidenta SC de la 20% la 7% din cazuri. Din acesti pacienti,
10% se prezinta cu SC la internare, in timp ce 90% il dezvolta
in decursul a 4-5 ore dupa spitalizare, ceea ce face ca ,fereas-
tra terapeutica” sa fie excesiv de mica pentru unii pacienti [8].

O importantd semnificativa in managmentul SC o constitue
monitorizarea hemodinamica (MH), In scopul diagnosticarii
procesului patologic raspunzator de starea pacientului, eva-
luarea raspunsului la terapia aplicata si prevenirea instalarii
complicatiilor. Monitorizarea miniinvaziva cu PiCCO este mai
actuald decat cea cu cateter in artera pulmonara, care intre
timp, a devenit depasita din punct de vedere tehnologic.

Datele multiplelor studii au confirmat, iar altele au respins
aceste ipoteze. Din aceste motive, lucrarea de fata si-a propus
sa ofere o informatie actuala si o analiza sistematizata a litera-
turii referitoare la noua tehnologie, PiCCO, de monitorizare a
hemodinamicii.

Material si metode

Pentru realizarea obiectivului trasat, a fost studiata litera-
tura contemporana stiintifica relatata in PubMed si Springer
Link cu referire la monitorizarea minim invaziva a hemodina-
micii prin PiCCO, dupa cuvintele cheie: ,soc cardiogen’, ,moni-
torizarea hemodinamicd minim invazivd’, ,PiCCO” si selectate
articole publicate intre anii 2000-2017. Au fost studiate arti-
cole originale de cercetare (efectuate In conditii clinice, expe-
rimentale si in vitro), de tip metaanaliza si reviste sistematiza-
te de literatura.

Dupa examinarea titlurilor articolelor, au fost alese doar
lucrarile care contineau informatii relevante despre monitori-
zarea minim invaziva a hemodinamicii n insuficienta cardio-
vasculara acutd, socul cardiogen. De asemenea, a fost studiata
bibliografia articolelor date, pentru a gasi alte surse relevante
scopului trasat. Informatia a fost sistematizatd, evidentiind
principalele aspecte ale viziunii contemporane asupra para-
metrilor hemodinamici obtinuti prin analiza puls conturului,
care necesita calibrare transpulmonara prin termodilutie. La
necesitate, pentru precizarea unor notiuni, au fost consultate
surse aditionale de informatie. Publicatiile duplicate, care nu
au corespuns cu scopul lucrarii si nu au fost accesibile pentru
vizionare, au fost excluse din lista lucrarilor generate de moto-
ul de cdutare. Rezultatele studiului bibliografic sunt prezenta-
te sub forma de sinteza narativa.
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rate - 40-80% [7, 8]. Classically, low CO defines acute conges-
tive heart failure (ACHF), which is characterized by the coe-
xistence of clinical signs of low CO and pulmonary congestion
with triggering CS in any circumstances where more than 40%
of the left ventricular myocardium is inoperative [3].

According to data presented by Serban Bubenek (2004)
and S. Hollenberg (2003), in the recent years, the efforts to
reduce the AMI sizes, prompt treatment of ongoing ischemia
and other complications of AMI significantly reduced the in-
cidence of CS from 20% to 7%. Of these patients, 10% pre-
sented with CS at admission, while 90% developed it within
4-5 hours after hospitalization, which makes the “therapeutic
window” to be excessively low for some patients [8].

A significant importance in SC management is the hemody-
namic (MH) monitoring in order to diagnose the pathological
process responsible for the patient’s condition, to evaluate the
response to the applied therapy and to prevent complications.
Mini-invasive monitoring with PiCCO is more recent than that
with the catheter on the pulmonary artery, which has been
discredited over time.

Data from multiple studies have confirmed, and others
have rejected these hypotheses. For these reasons, we have
proposed to provide current information and a systematized
literature review of the new hemodynamic monitoring tech-
nology with PiCCO.

Material and methods

In order to achieve the goal, the contemporary scientific lit-
erature reported in PubMed and Springer Link with reference
to minimally invasive hemodynamic monitoring by PiCCO
was studied by the following key words: “cardiogenic shock”,
“minimally invasive hemodynamic monitoring” and “PiCCO”
and selected articles published in the years 2000-2017. Origi-
nal research articles (performed in clinical, experimental and
in vitro), meta-analysis, and systematized literature journals
were selected.

After examining the titles of the obtained articles, were se-
lected only the works containing relevant information about
the minimal invasive monitoring of hemodynamics in acute
cardiovascular failure, cardiogenic shock. The bibliography of
selected articles has also been studied in order to find other
sources relevant to the purpose. The information was sys-
tematized, highlighting the main aspects of the contemporary
vision of the hemodynamic parameters obtained by contour
pulse analysis, which require transpulmonary calibration by
thermodilution. Some additional sources of information have
been consulted, for specifying some definitions. Duplicated
publications, publications that did not match the purpose of
the work and were not accessible for viewing, were excluded
from the list of publications generated by the search engine.
The results of the literature were presented as narrative syn-
thesis.



Rezultate

In rezultatul prelucririi informatiei din bazele de date
PubMed si Springer Link, conform criteriilor cautarii, au fost
selectate 176 de articole in PubMed si 292 - in Springer Link.
Bibliografia finala contine articole relevante in acest domeniu,
care abordeaza tematica tehnologiei moderne de monitoriza-
re a hemodinamicii centrale. Cu toate acestea, exista necesita-
tea investigatiilor suplimentare, pe loturi semnificative de pa-
cienti, pentru confirmarea avantajului monitorizarii minim in-
vaziv al hemodinamicii cu PiCCO la pacientii cu soc cardiogen.
In bibliografia finald a lucrarii au fost incluse 43 de publicatii.

Indicatiile monitorizdrii cu PiCCO

Principalele indicatii ale MH sunt: diagnosticul starii de
soc, determinarea statusului volemic, masurarea DC, monito-
rizarea si tratamentul pacientului instabil hemodinamic, eva-
luarea rdaspunsului la tratament in cazul pacientilor cu SC si
instabilitate hemodinamica, disfunctie de organe, precum si
managementul pacientilor cu IMA complicat etc. [9]. Monito-
rizarea avansatd a hemodinamicii se efectueaza invaziv, minim
invaziv si non invaziv, ceea ce ne permite: masurarea DC, pa-
rametrilor care evalueaza umplerea vasculara si presarcina,
functia cordului, postsarcina, perfuzia si oxigenarea tisulara
[10]. La pacientul critic, determinarea DC prin metoda ter-
modilutiei reprezinta standartul de ,aur” [11]. Monitorizarea
DC pe baza analizei undei pulsului arterial se poate realiza cu
sistemele invazive: Pulse index Contour Continuous Cardiac Ou-
tput (PiCCO), dezvoltata de Pulsion Medical Systems, Germania,
Volume View System Cardiac Output Calculation (VV-CCO) sau
Lithium Diluted Cardiac Output (LiDCO). Aspectul undei pul-
sului este esentiala pentru analiza ei corecta prin tehnologia
PiCCO, nu si prin sistemele LiDCO [10, 11].

PiCCO prezintd un monitor, care calculeaza DC prin com-
binarea analizei conturului undei de presiune arteriala si teh-
nicii de termodilutie transpulmonara. PiCCO include moni-
torizarea oximetrica venoasa fibroscopica continua cu sonda
CeVOX (sonda inserabila, fibroscopicd), prin intermediul pre-
siunii venoase centrale (PVC). PiCCO se utilizeaza pentru mo-
nitorizarea hemodinamicd, mai ales, in formele mixte de soc
(ex., septic si cardiogen) sau atunci cand cateterizarea arterei
pulmonare este indisponibild sau contraindicata.

Utilizarea PiCCO nu este indicata atunci cand sunt prezenti
factorii care determind mdsuratori inexacte: sunturi intracar-
diace, anevrism aortic, stenoza aorticd, pneumoectomie, embo-
lie pulmonar3, prezenta unei pompe cu balon, aritmii instabile.

Descriere sistemului PiCCO

Sistemul este constituit din: cateter PiCCO, transductor de
presiune, monitor PiCCO. Cateterul PiCCO prezinta o linie arte-
riald cu un termistor la capat, care asigura o monitorizare he-
modinamica completa prin analiza conturului undei de presi-
une arteriald, cu o Inregistrare continua a parametrilor cardi-
aci, utilizand o versiune modificata a algoritmului Wesseling,
combinata cu o tehnica transpulmonara de termodilutie [12].

Cateterul PiCCO se plaseaza Intr-o artera mare, de obicei,
femurald, care se considera preferabild, dar poate fi plasata
si In arterele axilard, brahiald sau radiala. Se instaleaza, de
asemenea, si un cateter venos central pentru efectuarea ter-
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Results

As a result of processing the information in the PubMed
and Springer Link databases according to the search criteria,
176 articles were selected in PubMed and 292 in Springer
Link. The final bibliography contains relevant articles in this
field, which address the theme of modern central hemody-
namic monitoring technology. However, there is a need for
additional investigations on significant batches of patients to
confirm the benefit of minimally invasive monitoring of PiC-
CO hemodynamics in patients with cardiogenic shock. Forty-
three publications entered the final bibliography of the work.

Indications of monitoring with PICCO

The main indications of hemodynamic monitoring are: the
diagnosis of shock, determination of blood volume status, CO
measurement, monitoring and treatment of unstable hemo-
dynamic patients, evaluation of hemodynamic response to
treatment in patients with CS, hemodynamic instability, organ
dysfunction, management of patients with complicated AMI,
etc. [9]. Advanced hemodynamic monitoring is invasive/mi-
nimally invasive and non-invasive, what allows us: measure-
ment of CO, of parameters that evaluate vascular filling and
preload, heart function, afterload and tissue perfusion and
oxygenation [10]. In the critical patient the determination of
CO by the method of thermodilution is the "golden standard”
[11]. CO monitoring based on arterial pulse wave analysis can
be done with invasive systems Pulse index Contour Continuous
Cardiac Output (PiCCO), developed by Pulsion Medical Systems
(Germany), Volume View System Cardiac Output Calculation
(VV-CCO) or Lithium Diluted Cardiac Output (LiDCO). The ap-
pearance of the pulse wave is essential for a correct analysis
by PiCCO and not through LiDCO systems [10, 11].

The PiCCO features a DC-based monitor that combines the
analysis of the arterial pressure wave contour and the trans-
pulmonary thermodilution technique. PiCCO includes con-
tinuous fibroscopic vein oximetry monitoring with the CeVOX
probe (fibroscopic insertion probe), via central venous pres-
sure (CVP). PiCCO is used, mainly, for hemodynamic monitor-
ing, especially in mixed forms of shock (septic and cardiogenic
shock) or catheterization of pulmonary artery is not available
or is contraindicated.

PiCCO is underestimated or relatively contraindicated
when factors that cause inaccurate measurements are pres-
ent: intracardiac shunt, aortic aneurysm, aortic stenosis,
pneumonectomy, pulmonary embolism, the presence of a bal-
loon pump, unstable arrhythmias.

Description of PiCCO system

The system is constituted by: PiCCO catheter, pressure
transducer, PiICCO monitor. The PiCCO catheter presents an
arterial line with an end-to-end thermistor that provides com-
plete hemodynamic monitoring by analyzing the arterial pres-
sure wave outline with a continuous heart rate record using a
modified version of the Wesseling algorithm combined with a
transpulmonary thermodilution technique [12].

The PiCCO catheter is placed in a large, usually femoral ar-
tery, which is considered preferable, but can also be placed in
the axillary, brachial or radial arteries. A central venous cath-
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modilutiei si se cupleaza dispozitivul PiCCO prin intermediul
unui transductor de presiune la monitorul PiCCO. Datele paci-
entului se introduc inainte de calibrare. Ulterior, se adminis-
treaza un volum cunoscut de solutie salina rece (15-20 ml),
cu temperatura <8°C prin portul central de injectie. Sistemul
PiCCO detecteaza diferenta de temperatura, generand o curba
de disipare, la care se aplica ecuatia Stewart-Hamilton pentru
calcularea DC. Alte masuri generate includ: presarcina, volu-
mul sanguin tele-diastolic global, volumul sangelui intratora-
cic, lichidul pulmonar extravascular, care prezinta un indicator
sensibil al edemului pulmonar, presiunea arterialg, frecventa
cardiaca, volumul sistolic, rezistenta vasculara sistemica si in-
dicele functiei cardiace [13, 14].

Avantajele PiCCO constau in minim invazivitatea metodei
si reflectarea continua a parametrilor [15]. De asemenea, prin
aceasa metoda se masoara lichidul extravascular pulmonar,
volumul intratoracic (ITBV) si global end-diastolic (GEDV),
care sunt indicatori mai relevanti pentru aprecierea presar-
cinii decat PVC si presiunea de ocluzie pulmonara (PCWP),
acestea nefiind influentati de ventilatia mecanica. Posibilita-
tea estimarii lichidului extrapulmonar (EVLW) a permis iden-
tificarea unei o corelatii clare intre severitatea sindromului de
detresa respiratorie acuta (ARDS) si durata aflarii In unitatea
de terapie intensiva, durata ventilarii pulmonare artificiale
sau mortalitate. Cateterul PiCCO se poate mentine pe o peri-
oada mai lunga (10 zile), spre deosebire de cateterul arterei
pulmonare (PAC) - maximum, 72 de ore.

Dezavantajele PiCCO constau in faptul ca sistemul nu poate
fi utilizat concomitent cu pompa de contrapulsare intraaorti-
cd, necesita recalibrare dupa schimbarea pozitiei pacientului
sau a medicatiei pacientului (se tine cont de complianta patu-
lui vascular). De asemenea, EVLW este subestimat la pacientii
obezi (variaza semnificativ, in functie de greutatea pacientu-
lui) sau este inexact dupa pneumonectomie, in regurgitarea
aortica severad (formarea unei curbe de termodilutie atipica).

Istoricul analizei conturului pulsului arterial

Prima masurare directa a presiunii arteriale a fost efectua-
ti de preotul Stephen Hales in 1733. Inci din 1899, conceptul
de utilizare a undei presiunii arteriale pentru masurarea mo-
dificarilor fluxului sanguin, a fost sugerat de Otto Frank, care
a descris circulatia sanguina ca un model tip Windkessel (din
germand - ,camera de aer”). Acest model descrie proprieta-
tea cu care se confrunta cordul in pomparea sangelui prin cir-
culatia pulmonara si sistemica, cat si relatia dintre presiunea
arteriala (PA) si fluxul ei in aorta si artera pulmonara. Acest
model simuleaza sistemul cordului si cel arterial intr-un cir-
cuit hidraulic inchis, compus dintr-o pompa de ap4d, conectata
la 0 camera. Sistemul dat este umplut cu ap3, cu exceptia unui
buzunar de aer din camera. Pe masura ce apa este pompata
in camerd, aceasta comprima aerul din buzunar si, totodats,
impinge apa din camerd, inapoi la pompa. Compresibilitatea
aerului din buzunar simuleaza elasticitatea si extensibilitatea
arterelor mari, deoarece sangele din inimd este pompat prin
ele, denumita, in mod obisnuit, complianta arteriald. Rezisten-
tarevenitd apei la iesirea din sistemul Windkessel este echiva-
lenta cu rezistenta care o genereaza sangele circulant la trece-
rea prin arborele arterial, numita rezistenta periferica. Viziu-
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eter is installed to perform the thermodilution and the PiC-
CO device is attached via a pressure transducer to the PiCCO
monitor. Patient data is entered before calibration, followed
by a known volume of cold (15-20 ml) saline solution at <8°C
through the central injection port. The PiCCO system detects
the temperature difference, generating a dissipation curve,
to which Stewart Hamilton equation is used to calculate the
CO. Other generated measures include: preloading, global tele-
diastolic blood volume, the volume of intrathoracic blood, the
extravascular pulmonary fluid, which has a sensitive indicator
of lung edema, blood pressure, heart rate, systolic volume, sys-
temic vascular resistance and cardiac function index [13, 14].

The advantages of PiCCO consists in a less invasive method,
which involves transpulmonary thermodilution and appreci-
ates the dynamics of parameters [15]. Through this method
shall be measured, also, the pulmonary extravascular fluid,
intrathoracic volume (ITBV) and global end-diastolic (GEDV),
which are better indicators for cardiac overload assessment
than CVP and pulmonary occlusion pressure (PCWP), not
influenced by mechanical ventilation. The possibility of as-
sessment of extra pulmonary fluid (EVLW) led to find a clear
correlation between the severity of acute respiratory distress
syndrome (ARDS) and the length of stay in the intensive care
unit, the duration of mechanical ventilation or patients® mor-
tality. The PiCCO catheter is maintained for a longer period
(10 days), unlike the pulmonary artery catheter (PAC) - 72
hours only.

Disadvantage of PiCCO consists in: the system cannot be
used with an intraaortic balloon pump, requiring recalibra-
tion, depending on the patient’s position and therapy, account
is taken of the compliance of the vascular bed. Also, EVLW is
underestimated in obese patients (varying significantly with
the patient weight), after pneumonectomy or in severe aor-
tic regurgitation (can lead to atypical form of thermodilution
curve).

History of arterial pulse contour analysis

The first direct blood pressure measurement was carried
out by Father Stephen Hales in 1733, although since 1899 the
concept of using the blood pressure wave to measure changes
in blood flow was suggested by Otto Frank, who described
blood circulation as a Windkessel model (from German - “air
chamber”). This model describes the property that the heart
is experiencing in pumping blood through pulmonary and sys-
temic circulation and the relationship between blood pressure
(BP) and its flow through the aorta and the pulmonary artery.
This model simulates the heart and arterial system in a closed
hydraulic circuit, composed of a water pump connected to a
room. The given system is filled with water, except for a pock-
et of air in the room. As the water is pumped into the room,
it compresses the air from the pocket and at the same time
pushes the water from the room back to the pump. Air com-
pressibility in the pocket simulates the elasticity and extensi-
bility of the large arteries, as the blood in the heart is pumped
through them, commonly referred to as arterial compliance.
The resistance of the water to the exit of the Windkessel sys-
tem is equivalent to the resistance that the circulating blood
deposits in the passage through the arterial shaft, called the



nea data, simplista a circulatiei, numita ,modelul Windkessel
cu 2 elemente”, a sporit semnificativ perceperea fiziologiei de
baza a circulatiei sangvine in IC. Modelul respectiv a permis
calcularea DC, deoarece obiectivul initial a lui O. Frank a fost
obtinerea rezultatelor despre DC, bazat pe presiunea aortica.
Conform acestui model, complianta poate fi estimata prin ma-
surarea vitezei undelor pulsului pe aorta (de la artera carotida
pana la cea femurald). Cunoscand constanta de timp din de-
caderea si complianta presiunii aortice diastolice, rezistenta
periferica ar putea fi derivata din presiunea medie si rezisten-
ta, folosind legea lui Ohm si s-ar putea calcula fluxul mediu
arterial. Aceasta tehnica a fost imbunatatita in ultimii ani si
a condus la dezvoltarea modelului Windkessel de tip 3 si 4.
Tehnica data a fost utilizata pentru a defini zona sistolica sub
curba conturului pulsului, respectiv, pentru a estima volumul
circulator [16, 17]. In 1904, J. Erlanger si T. Hooker au decla-
rat: ,Mdrimea presiunii pulsului din aortd depinde de cantitatea
de sdnge care este propulsatd de inimd in timpul sistolei” [15].
Desi aceasta a fost o declaratie intuitiva, interpretarea acestor
observatii intr-un sistem robust de masurare a performantei
cardiace a depasit o serie de probleme, fapt ce a permis intro-
ducerea acestei tehnici importante in medicina contemporana
[9]. Tabelul 1 prezinta cronologia evolutiei tehnologiei PiCCO,
de la modelul simplist Windkessel la PiCCO,,.

Tehnologia PiCCO a fost dezvoltata la Munchen, Germania,
in anul 1990 de citre doctorul Ulrich Pfeiffer. Incepand cu anul
2008, sediul Pulsion Medical Systems s-a situat in Feldkirchen,
(regiunea Munchen), care gazduieste departamentele de cer-
cetare, dezvoltare, marketing [17].

Monitorizarea hemodinamica

Scopul MH consta in diagnosticarea procesului patologic
raspunzator de starea pacientului, realizarea unui manage-
ment terapeutic adecvat, evaluarea raspunsului la terapia
aplicata si prevenirea instalarii unor complicatii [11, 24]. Prin-
cipalele indicatii ale MH sunt: diagnosticul starii de soc, de-
terminarea statusului volemic, masurarea DC, monitorizarea

Tabelul 1. Istoricul analizei conturului curbei de presiune arteriala.

Table 1. History of pressure waveform analysis.

Monitorizarea minim invazivd a hemodinamicii

peripheral resistance. The simplistic vision of the movement,
called the “Windkessel Two Element Model”, significantly in-
creased the perception of the basic physiology of blood cir-
culation in the IC. The model led to the DC calculation, since
0. Frank’s original goal was to obtain results on DC based on
aortic pressure. According to this model, compliance can be
estimated by measuring the velocity of pulse waves on the
aorta (from the carotid artery to the femoral artery). Know-
ing the time constant from the decline and compliance of dia-
stolic aortic pressure, peripheral resistance could be derived
from mean pressure and resistance, using Ohm’s law, and the
mean arterial flow could be calculated. This technique has
been improved in recent years and has led to the development
of Windkessel model 3 and 4. This technique has been used
to define the systolic area under the contour of the pulse and
thus to estimate the volume of circulation [16, 17]. In 1904, ].
Erlanger and T. Hooker stated: “The amount of pulse pressure
in the aorta depends on the amount of blood that is propelled by
the heart during the systole” [15]. Although this is an intuitive
statement, interpreting these observations in a robust system
of measuring contemporary cardiac outcomes has overcome a
number of confusing issues that have led to the introduction of
this important technique in contemporary medicine [9]. Table
1 shows the chronology of PiCCO technology evolution, from
the Windkessel Simple Model to PiCCO.,,

PiCCO technology was developed in Munich in 1990, by Dr.
Ulrich Pfeiffer. Since 2008, Pulsion Medical System headquar-
ter was moved in Feldkirchen (Munich area), which is hosting
research, development and marketing departments [17].

Hemodynamic monitoring

The purpose of hemodynamic monitoring (HM) is to di-
agnose the pathological process responsible for the patient
condition, achieving a suitable therapeutic management and
assessing the response to applied therapy and preventing
complications [11, 24]. The main indications of HM are: dia-
gnosis of shock condition; determining the status of blood vo-

Evenimente / events

Autori / authors

= Modelul Windkessel al circulatiei.
= Windkessel model of the circulation.

Otto Frank (1899) [16, 17]

* Prima metodd de evaluare a presiunii pulsatile: volumul sistolic este proportional cu presiunea ]. Erlanger, T. Hooker (1904) [15]

pulsului (sistolic-diastolic).

tolic-diastolic).

= Cerinta de calibrare a presiunii pulsului printr-o masurare independentd a debitului cardiac.

First pulse pressure assessment method: the stroke volume is proportional to the pulse pressure (sys-

K. Wezler, A. Bogler (1904) [18]

= Requirement for calibration of pulse pressure by an independent cardiac output measure.

= Presiunea pulsatild simpla corectata pentru complianta arteriala.
= Pulse pressure simply corrected for arterial compliance.

= Pentru prima data a fost documentata complianta aortei la om.

= Compliance of the human aorta, documented first by.

= Metoda de determinare a presiunii sistolice pulsatile in aorta.

= Aortic systolic area based on pulse contour method.

= Zona sistolica cu factori de corectie (model cu 3 elemente Windkessel).

= Systolic area with correction factors (3 element Windkessel model).
= Abordarea puterii de impuls de tip ,net” de corectie a compliantei.

= Compliance corrected pressure wave form “net” pulse power approach.

G. Liljestrand, E. Zander (1927)
J. W. Remington (1948) [19, 20]
N. Kouchoukos (1970) [21, 22]
K. Wesseling, J. Jansen (1993)

D. Band (1996) [23]
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si tratamentul pacientului instabil hemodinamic, evaluarea
raspunsului la tratament 1n cazul pacientilor cu soc, instabi-
litate hemodinamicd, disfunctie de organe, sepsis, afectiuni
pulmonare de tip ARDS si edem pulmonar etc. Indicatii pentru
MH reprezinta managementul intraoperator al pacientilor su-
pusi chirurgiei cu risc crescut (ex., by-pass aortocoronarian,
chirurgie vasculara sau valvulara etc.), in cazul unor pierderi
lichidiene majore, in IMA complicat, cat si in afectiunile avan-
sate: hipertensiunea pulmonara primara, sunt intracardiac,
tamponada cardiacd, embolie pulmonara etc [12].

Contraindicatiile MH sunt reprezentate de: inexistenta
fluxului colateral, insuficienta vasculara, sindromul Raynaud
etc. Complicatiile acestei proceduri pot fi: hematomul in locul
punctiei, fistula arteriovenoasa, infectia, tromboza cu sau fara
ischemie distala si necroza, vasospasm, embolie, leziuni ale
nervilor invecinati s. a. [25].

Monitorizarea hemodinamica de baza este inregistrata la
monitor si include urmatorii parametri: presiunea arteriala
(PA); PA sistolica (PAS); PA diastolica (PAD) si PA medie (PAM);
frecventa contractiilor cardiace (FCC), inregistrata electrocar-
diografic (EKG); presiunea venoasa centrala (PVC); temperatu-
ra si culoarea tegumentelor; timpul de reumplere capilara; pul-
soximetria; starea de constientd; debitul urinar orar [12, 26].

Monitorizarea hemodinamica avansatd (MHA) presu-
pune utilizarea unor parametri integrati, care se pot estima
prin tehnici invazive, minim invazive si noninvazive, care se
calculeaza 1n baza unor algoritmi. Pentru a-i obtine, se poate
folosi cateterul inserat in artera pulmonard, senzori speciali
sau transductori de presiune, conectati la un cateter arterial
si unul venos central, sau doar la un cateter arterial (respectiv,
la dispozitivul de monitorizare PiCCO). O serie de parametri
se vor exprima sub forma indexatd (ex., indexul cardiac, CI)
la suprafata corporald. Monitorizarea hemodinamica avansa-
ta permite evaluarea: presarcinii, postsarcinii, contractilitatii
miocardice, raspunsului la terapia lichidiana si ,excesului”
volemic. Prin MHA determinam parametrii: PVC, volumul de
umplere al ventriculului drept (VD) in diastold; volumul glo-
bal in cele 4 camere ale cordului: volumul telediastolic global
(GEDV), indexul telediastolic global (GEDI); presiunea in arte-
ra pulmonara AP (PAP) in sistold/diastold/medie; presiunea
de ocluzie a capilarului pulmonar (POCP); parametrii ce eva-
lueaza raspunsul la lichide: variatia volumului sistolic (SVV),
variatia presiunii pulsatile (PPV), indexul volumului sistolic
(SVI), indexul volumului total toracic (ITBW); volumele din
cavitatile cardiace si din circulatia pulmonara; parametrii care
reflecta postsarcina: rezistenta vasculara sistemica (RVS), in-
dexul rezistentei vasculare sistemice (RVSI); rezistenta si in-
dexul de rezistenta in circulatia pulmonara (RVP/RVPI); pa-
rametrii ce evalueaza contractilitatea: fractia de ejectie (FE) a
VD si ventricului stang (VS), fractia de ejectie globala (GEF) si
indicele global de contractilitate (GFI) etc.; parmetrii fluxului
de sange oxigenat: debit cardiac/index cardiac (DC/CI); volu-
mul bataie/indexul volumului bataie (SV/SVI); parametrii de
oxigenare tisulara: saturatia in oxigen a sangelui mixt pulmo-
nar (SVO0,); saturatia in oxigen a sangelui venos la nivel central
(SCVO,); aportul de oxigen/indexul aportului de oxigen (DO,/
DO,I); consumul de oxigen/indexul consumului de oxigen
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lume; cardiac output measurement; monitoring and treatment
of unstable hemodynamic patients, evaluation of treatment
response in shock patients, hemodynamic instability, organ
dysfunction, sepsis, pulmonary dysfunction like ARDS and pul-
monary edema etc. Indications for HM also are: intraoperative
management of patients undergoing high-risk surgery (e.g.
aortocoronarian by-pass, vascular or valvular surgery etc.) in
case of major fluid loss; in complicated AMI, as well as in diffi-
cult conditions: primary pulmonary hypertension, intracardiac
shunt, cardiac tamponade, pulmonary embolism etc [12].

HM contraindications are: the absence of collateral flow,
vascular failure, Raynaud’s syndrome, etc. Complications of
this procedure can be: hematoma in the place of puncture,
arterial-venous fistula, infection, thrombosis with or without
distal ischemia and necrosis, vasospasm, embolism, lesions of
neighboring nerves etc [25].

Basic hemodynamic monitoring is recorded at the monitor
and includes the following indices: blood pressure (BP) - sys-
tolic BP (SBP), diastolic BP (DBP) and mean BP (MBP); heart
rate (HR), registered electrocardiographic (ECG); central ve-
nous pressure (CVP); temperature and color of the skin; capil-
lary refill time; pulse oximetry; state of consciousness; urinary
flow; measurement and monitoring of BP [12, 26].

Advanced hemodynamic monitoring (AHM) involves the
use of multiple parameters that can be measured by invasive,
minimally invasive and non-invasive techniques, and is calcu-
lated based on algorithms using. A catheter inserted into the
pulmonary artery, special sensors and pressure transducers
connected to an arterial catheter, and a central venous catheter
or just an arterial catheter and the PICCO monitoring device,
respectively. A number of parameters will be expressed as an
index (e.g. cardiac index, CI) and will be appropriate because
they will rely on the body surface. AHM allows the evaluation
of: preload, afterload, myocardial contractility, response to lig-
uid therapy and blood volume “excess”. Through AHM we de-
termine the following parameters: CVP, the right ventricle (RV)
filling volume in diastole, total volume in the 4 heart chambers:
total telediastolic volume (TDV), total telediastolic index (TDI),
the pulmonary artery pressure (PAP) in systole/diastole/
mean; pulmonary capillary occlusion pressure (PCOP); param-
eters that measure fluid response: systolic volume variation
(SVV), pulse pressure variation (PPV), systolic volume index
(SVI), thorax total volume index (ITBW); volumes from cardiac
cavities and pulmonary circulation; parameters that evaluate
afterload: systemic vascular resistance (SVR), the systemic vas-
cular resistance index (SVRI), resistance and resistance index
in pulmonary circulation (SVR/SVRI); parameters that assess
the contractility and ejection fraction (EF) of the right ventri-
cle and left ventricle, global ejection fraction (GEF) and global
contractility index (GFI) etc.; parameters of oxygenated blood
flow: cardiac output/cardiac index (CO/CI); stroke volume
or beating volume/stroke volume index (SV/SVI); tissue oxy-
genation parameters: oxygen saturation of mixed pulmonary
blood (SVO,); oxygen saturation of venous blood at central
level (SCVO,); oxygen delivery/oxygen delivery index (OD,/
OD,I); oxygen consumption/oxygen consumption index (VO,/
VO,]); organ function (with certain monitoring systems only):



(V0,/VO,I); functia organelor (doar cu anumite sisteme de
monitorizare): pulmonar - prezenta edemului pulmonar: apa
extravasculara (extravascular lung water, EVLW); indexul de
permeabilitate pulmonara (pulmonary vascular permeability
index, PVPI), care diferentiaza tipul de edem pulmonar cardio-
gen sau non-cardiogen [27, 28].

Pentru MHA, cateterul de artera pulmonara sau sistemele
de monitorizare invaziva sau mai putin invaziva permit evalu-
area DC si a altor parametri derivati In mod continuu. La pa-
cientii cu hipoperfuzie tisulara si instabilitate hemodinamica,
acesti parametri sunt utili pentru ghidarea terapiei lichidiene,
dozarii vasoactivelor si inotropelor, in scopul optimizarii per-
fuziei tisulare [29, 30].

Monitorizarea DC este obligatorie la pacientul cu indexul
cardiac scazut, hipoperfuzie periferica, hipotensiune arteriala
si PAM mai mica de 65 mmHg. Monitoarele de tip PiCCO pot
aprecia si GEDV. Variatia presiunii pulsului (PPV) reprezinta
diferenta dintre presiunea maxima si cea minima a pulsului
in cursul unui ciclu respirator. O valoare a PPV de peste 13%
orienteaza spre necesitatea administrarii de fluide. Variatia
presiunii sistolice in timpul ciclului respirator la pacientul
ventilat mecanic are aceeasi semnificatie fiziopatologica ca si
PPV, dar cu o sensibilitate si specificitate mai redusa. Variatia
volumului sistolic se apreciaza in baza curbei pulsatile, iar va-
loarea de peste 10-15% indica la cresterea debitului cardiac
dupa administrarea de lichide [28, 31, 32].

Monitorizarea parametrilor volumetrici

Metoda termodilutiei transpulmonare permite evaluarea
unor parametri volumetrici, care tin de structurile toracice:
volumul intratoracic termal (intrathoracic thermal volume,
ITTV), volumul pulmonar termal (pulmonary thermal volume,
PTV), volumul telediastolic global (global end-diastolic volume,
GEDV), volumul de sange intratoracic (intrathoracic blood vo-
lume, ITBV), EVLW, PVP], volumul telediastolic al ventriculului
drept (right ventricular end-diastolic volume, RVEDV). Indicele
ITTV reprezinta volumul de distributie al indicatorului, folosit
pentru termodilutie in cele 4 camere ale cordului si plamani
(volumul intravascular pulmonar, volumul interstitial pulmo-
nar si volumul alveolar). Componenta pulmonara a ITTV este
prezentata prin PTV, iar cea cardiaca - prin GEDV si se calcu-
leaza prin diferenta (GEDV = ITTV - PTV). Deoarece GEDV este
o0 masura a volumului de siange in cele 4 camere, aceasta se
poate considera o valoare volumetrica a presarcinii; RVEDV,
de asemenea, este 0 masura volumetrica a presarcinii. Rapor-
tarea GEDV la suprafata corporala ofera valoarea indexata a
parametrului respectiv (GEDI), cu o importanta practica mai
mare. Volumul de siange din vasele toracice (ITBV), din cavi-
tatile cardiace si vasele pulmonare, se calculeaza prin multi-
plicarea GEDV cu 1,25. Acest parametru, de asemenea, poate
fi indexat la suprafata corporala (intrathoracic blood volume
index, ITBI). Cel mai important dintre parametrii volumetrici
este EVLW, deoarece el coreleaza cu severitatea edemului pul-
monar (acumularea de lichide 1n spatiul interstitial pulmonar
si in cel alveolar). Valoarea indexata (EVLWI) se utilizeaza in
practicd pentru identificarea edemului pulmonar, ghidarea te-
rapiei volemice, alaturi de parametrii care coreleaza cu res-
ponsivitatea la fluide [26]. Indexul de permeabilitate vascula-
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pulmonary - the presence of pulmonary edema: extra vascular
fluids (EVLW); pulmonary vascular permeability index (PVPI),
which differentiates the type of cardiogenic or non-cardiogenic
pulmonary edema [27, 28].

For AHM, it is important that pulmonary artery catheter
or various, invasive or less invasive, monitoring systems allow
CO and other parameters described above to be evaluated and
especially their modification over time and under the influ-
ence of the applied treatment. These parameters are useful for
guiding the therapy of patients with tissue hypoperfusion or
hemodynamic instability on liquids, vasoactive and inotropic
drugs, in order to optimize tissue perfusion [29, 30].

Monitoring of cardiac output is mandatory for patients
with low cardiac index, peripheral hypoperfusion, hypoten-
sion, and MBP less than 65 mmHg. PiCCO monitors can also
appreciate the global end-diastolic volume (GEDV). Pulse
pressure variation (PPV) is the difference between the maxi-
mum and the minimum pulse pressure during a respiratory
cycle. At a PPV value above 13%, fluids should be considered.
Systolic pressure variation (SPV) is the variation of systolic
pressure during the respiratory cycle in the mechanically ven-
tilated patient, with the same physiopathological significance
as PPV but with less sensitivity and specificity. Stroke volume
variation (SVV) is calculated by analyzing the pulse curve, and
atavalue above 10-15% correlates with the responsiveness to
liquids [28, 31, 32].

Monitoring of volumetric parameters

The transpulmonary thermodilution method allows the
evaluation of some volumetric parameters, related to the
thoracic structures. The thoracic volumetric parameters are:
intrathoracic thermal volume (ITTV), pulmonary thermal vol-
ume (PTV), global end-diastolic volume (GEDV), intrathoracic
blood volume (ITBV), extravascular lung water (EVLW), pul-
monary vascular permeability index (PVPI), right ventricular
end-diastolic volume (RVEDV). In fact, ITTV is the volume of
distribution of the indicator used for the thermodilution and
includes the 4 chambers of the heart and the lungs (pulmo-
nary intravascular volume, interstitial lung volume and alveo-
lar volume). The ITTV pulmonary component is presented by
PTV and the cardiac by GEDV and is calculated by difference
(GEDV = ITTV - PTV). Because GEDV is a blood volume mea-
sure in the four chambers, it can be considered a volumetric
value of the cardiac overload, RVEDV is also a volumetric mea-
sure of the preload. If GEDV is reported at body surface, global
end-diastolic volume index (GEDI) is obtained, with a greater
practical value. The volume of blood in the thoracic vessels
(ITBV), in cardiac cavities and lung vessels is calculated by
multiplying GEDV by 1.25, if it is related to the body surface,
is obtained the indexed value - intrathoracic blood volume in-
dex (ITBI). The most important of the volumetric parameters
is EVLW, because it correlates with the degree of pulmonary
edema, by the accumulation of fluids in the interstitial lung
space or in the alveolar space. The indexed value - EVLWI is
used in practice to identify lung edema, the guidance of vol-
umetric therapy, along with parameters that correlate with
fluid responsiveness [26]. Pulmonary vascular permeability
index (PVPI) is the ratio of EVLW to PTV and reflects the de-
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rd pulmonara este raportul dintre EVLW si PTV; acesta reflecta
gradul de permeabilitate al membranei alveolo-capilare. Acest
index va fi crescut in edemul pulmonar acut non-cardiogen,
caracteristic pacientului septic, in schimb, va fi in limite nor-
male in edemul pulmonar acut cardiogen [28].

Studiul lui Connors, publicat in 1996, a declansat o larga
discutie 1n literatura de specialitate [33]. Acest studiu obser-
vational, efectuat pe 5735 de pacienti de terapie intensiva ge-
nerald, a aratat o crestere a mortalitatii, a costurilor si duratei
de spitalizare a pacientilor cu cateter arterial pulmonar (CAP).
Rezultatele descrise au fost, ulterior, confirmate sau infirmate
prin alte studii, accentudand confuzia legata de utilitatea CAP
[34]. Ulterior, o metaanaliza care a inclus peste 5000 de paci-
enti, a aratat ca monitorizarea CAP nu influenteaza mortalita-
tea sau durata spitalizarii [35]. Dupa multi ani de dezbateri,
autorii la cinci studii prospective, randomizate [36-40], care
au inclus pacienti cu soc septic si cardiogen, au analizat efectul
CAP asupra morbiditatii si mortalitatii, demonstrand ca acesta
nu are efecte negative, dar nici nu ofera vre-un beneficiu.

Monitoarele tip PiCCO permit o masurare a indexului cardiac
mai putin invaziva, comparativ cu CAP, utilizand un cateter venos
central si unul arterial (plasat, de obicei, in artera femurald). Da-
tele multiplelor studii, efectuate pana acum, sugereaza faptul ca
PiCCO prezinta o tehnologie noua de monitorizare minim inva-
ziva, care utilizeaza unda de artera pentru estimarea volumului
sistolic si debitului cardiac. Aceste realizari au contribuit, intr-o
masura substantiald, la evaluarea rolului PiCCO in diagnostica-
rea precoce a socului cardiogen, a optimizarii dozelor de vaso-
presori si inotropi, a terapiei lichidiene sau a argumentdrii ad-
ministrarii de diuretice. Mai multe studii au validat acuratetea
tehnologiei PiCCO la pacientii instabili hemodinamic [41, 42, 43].

Concluzii

Monitorizarea hemodinamica minim invaziva este obliga-
torie in managementul pacientului cu soc cardiogen, in spe-
cial, pentru aprecierea principalilor determinanti ai debitului
cardiac. Evaluarea prin PiCCO a pacientului cu soc cardiogen
permite diagnosticarea precoce a procesului patologic, ghi-
darea terapiei cu viza cardiovasculara la pacientii cu hipoper-
fuzie tisulara sau instabilitate hemodinamica. Monitorizarea
hemodinamica permite interpretarea corecta a parametrilor
hemodinamici obtinuti si transpunerea lor in decizii medicale
adecvate, fapt ce conduce la ameliorarea prognosticului. Paci-
entul cu soc cardiogen nu poate fi abordat prin simpla aplicare
a unor algoritmi sau tratamente standardizate, dar necesita o
conduita individualizata, bazata pe simptome clinice, parame-
tri hemodinamici, de laborator si imagistici, cu monitorizarea
continua a efectelor induse de medicamentele prescrise.
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gree of permeability of the alveolar-capillary membrane. This
index will be increased in non-cardiogenic acute pulmonary
edema, characteristic of the septic patient and normal in acute
cardiogenic pulmonary edema [28].

The study of Connors, published in 1996, triggered a wide
dispute in literature [33]. This observational study, which in-
cluded a population of 5735 general intensive care patients,
showed an increase in mortality, costs and hospitalization in
patients with pulmonary artery catheter (PAC). These results
were subsequently confirmed or refuted, emphasizing the con-
fusion over the utility of PAC [34]. Subsequently, a meta-anal-
ysis that included more than 5000 patients showed that PAC
monitoring did not influence mortality or hospital stay [35].
After years of debate, five prospective randomized studies [36-
40] which included patients with septic or cardiogenic shock
analyzed the effect of PAC on morbidity and mortality and
showed that it had no supplementary risk, but no benefit too.

PiCCO monitors allow a less invasive cardiac index mea-
surement compared to PAC, using a central venous catheter
and arterial artery usually placed in the femoral artery. The
data from multiple studies so far suggest that PiCCO is a new
minimally invasive monitoring technology that uses the artery
wave to determine cardiac output and stroke volume. These
achievements have contributed to a substantial extent to the
assessment of the role of PiCCO in the early diagnosis of car-
diogenic shock, optimal dosing of vasopressors and inotropes,
fluid replacement and diuretics use. A variety of studies have
validated the accuracy and precision of PiCCO technology in
unstable hemodynamic patients [41, 42, 43].

Conclusions

Minimally invasive hemodynamic monitoring is a man-
datory step in patient management with cardiogenic shock,
especially for the assessment of the main determinants of
cardiac output. The evaluation of the patient with cardiogenic
shock through PICCO allows us to diagnose early the patho-
logical process, guide the therapy of patients with tissue hy-
poperfusion or hemodynamic instability on liquids, vasoactive
substances, cardiotonic in order to optimize tissue perfusion.
Hemodynamic monitoring helps to correctly interpret the ha-
emodynamic parameters obtained and transpose them into
appropriate medical decisions, which leads to improvement of
prognosis. The patient with cardiogenic shock can not be trea-
ted by mechanical application of some algorithms or therape-
utic measures, but by an individualized approach, building a
coherent scenario based on clinical, hemodynamic, laboratory
and imaging elements with strict monitoring of the treatment
in dynamics.
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