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c r i t i c a l ly ill pat i e n t
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P u l m o n a ry hy p e rtension (PH) is a thre atening con-
dition that can be associated with a great variety of
both pulmonary and ex t rap u l m o n a ry diseases. In all
fo rms of s eve re PH the pulmonary vascular bed loo-
ses its phy s i o l ogical fe at u res of a “high fl ow - l ow
pressure system”, putting an increased afterload on
the right ve n t r i cle (RV ) . Acute pulmonary hy p e rt e n-
sion in the intensive care unit often represents a cli-
nical pro blem secondary to acute re s p i rat o ry fa i l u re,
left heart fa i l u re, p u l m o n a ry embolism, or decom-
pensation of prior PH by concurrent pulmonary or
c a rd i ovascular disease. Right ventricular fa i l u re (acu-
te cor pulmonale) occurs when re l evant increases in
pulmonary vascular resistance overwhelm its com-
p e n s at o ry mech a n i s m s, both ab ru p t ly on a prev i o u-
sly normal RV, or gradually on a chronic cor pulmo-
nale. This review addresses the main pathophysio-
local aspects of s eve re PH, focusing on the hemody-
namic dera n gements occurring in the setting of a c u-
te cor pulmonale, and emphasizing the role of ven-
tricular interd ependance (the way right ve n t r i c u l a r
failure greatly affects diastolic and systolic function
o f the left ve n t r i cl e ) , the risk of RV ischemia (the
end stage of RV failure) and systemic organ hypo-
perfusion (caused by antegrade and re t rograde heart
fa i l u re ) . The understanding of the peculiar fe at u re s
o f this type of c a rd i ovascular insuff i c i e n cy is neces-
s a ry to both provide effe c t ive monitoring and ade-
quate supportive therapy.

Key words: P u l m o n a ry hy p e rtension - Critically
ill - Cor pulmonale - Right ventricular fa i l u re - A c u t e
re s p i ratoty distress syndrome - Pulmo-nary embo-
lism.

The normal pulmonary  cir cul ation i s
characteri zed by pressure and resi -

stance 80-9 0% lower than those of the
systemi c ci r cul ati on,  and i t thus can
be defined as a “ hi gh flow- low pressu-
r e system” ,  wher e up to thr ee-  to
fourfold  incre ases of cardiac output can
be tolerated without signifi cant i ncrea-
ses of pul monar y ar ter y pr essur e.
Besides, pulmonary vascular  r esis tance
( PVR)  decr eases i n heal thy subj ects
when bl ood fl ow r i ses1, 2. The l ow
vascul ar  tone of pul monar y ci r cul a-
tion (even if highly reactive to hypoxe-
mi a and endogenous constr i ctor s) 3

deter mi nes thus physi ol ogi cal l y an
i ndependence of pul monar y ar ter i al
pr essur e ( PAP )  and car di ac output
( CO) . Pul monar y hyper tensi on ( PH )
deter mi nes the l oss of thi s r elati on4,
and mean PAP valu es gr eater  than 20
mmHg at r est ar e usual ly  consi der ed a
mar ker  of thi s condi ti on i n the adul t
pati ent. 
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Pathogenesis of ph in critical care medicine

Many pathol ogi cal  condi ti ons,  both
pulmonar y or  extr apulmonar y i n or igin,
can eventual l y resu l t in  PH  ( Tabl e I )
wi th differ ent mechani nsms. Pati ents
treated i n the in tensive care unit ( ICU) 5

usuall y:     
A) have developed acute PH as a conse-

quence of acute r espi r ator y fai l ur e
( ARDS,  ALI) ,  sepsi s, left heart fai-
l ur e,  pul monar y embol i sm, per si -
stent PH of the newborn.

B)  exper ience decompensation of a chro-
ni c for m of PH,  ei ther  because of
super imposi ng respiratory or car-
diovascul ar  disease,or  as severe evo-
l uti on of their  basic pul monar y or
car diac pathological pr ocess ( as i n
cardiac surgery  and lung transplan-
tation).
Fr om a pathophysi ol ogi cal  poi nt of

view, wit h gr eat impact on the tr eate-
ment of the under lyi ng cause and on pr o-
gnosi s, the i ncrease of r esi stance to flow
i n the pul monary  vascul ar  bed can be
consequence of a functi onal  pr ocess
( r eacti ve ar ter i al  vasoconstr i cti on;
vascul ar  engor gement;  compr essi on;
contri bution of high i ntr athoraci c pres-

sures i n mechanical  venti l ation)6-9  or  of
stru ctur al  natur e (v ascul ar  r emode-
ling, i .e. obl iteration, both primary or
in response to volume/pressure over-
l oad or  i nfl ammator y/toxi c pr ocess;
vascul ar  obstr ucti on by depositi on of
fibr in  or  microembol i , or  by macroem-
boli 10- 13) , bein g the latter  obviousl y
related to a l esser  degr ee of reversibi-
lity , also because morphological modi-
fi cations r equi re the time of a l ong stan-
ding PH to develop.

Cardiovascular effects of PH

Regar dless of the actual  mechani sm(s)
i nvol ved,  PH adver sel y affects both
r espi r ator y and car diovascular   function.
The feature s of gas exchange i mpai r-
ment i n PH14,15 will not be addressed in
this paper,  which instead focuses on the
peculiar car diovascular  derangements
pr oduced by the sudden, or anyway no
longer toler ated, in creased after load put
by sever e PH on the r i ght ventr i cl e
(RV). Thi s pathological  condi tion i s defi -
ned as Acute Cor  Pul monal e
(Decompensated Chr onic Cor  Pulmonale,
i n the setti ng of a pr eexi stent PH) . A
sudden mild in cr ease in PAP in duces no
major hemodynami c consequences on a
previously nor mal  RV function, by pro-
moting an adaptation ( through dilation
compensating for a possibl e r eduction
in its ejection fraction). Neither  does a
gr adual  i ncr ease i n PAP to higher  values,
adding to pr ogressive di lation the com-
pensator y mechanism of RV hyper tr ophy.
But i f the mean PAP  exceeds val ues
around 40 mmHg in the non-a dapted RV
(or even less in  a previously  otherwi-
se dysfunctioni ng RV) or anyway gets
over  the l i mi t of compensati on of an
adapted RV i n chr oni c PH , RV fai l ur e
ensues, potentially leading to cardioge-
nic shock. While  RV dysfunction secon-
dary to pulmonary venous hypertension
(in  end-stage cardiomiopathies,  heart
tr anspl ant,  mi tra l disease) i s par t of
biventricula r failure, massive pulmo-
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TABLE I.  — Pathophysiological mechanisms
resulting in PH.

Vasoconstriction Hypoxia, hypercarbia, COPD,
ARDS
Pulmonary venous Mitral disease, left
ventricular failure

hypertension
Pulmonary macro-  Thromboembolic
disease, pulmonary

or microvascular embolism, sickle cell
disease, ARDS,

obstruction pulmonary edema, DIC
Pulmonary Primary PH, pulmonary vasculitis,

vascular interstitial lung disease 
obliteration

Increased Ventricular/atrial septal defects,
pulmonary patent ductus arteriosus, sepsis
blood flow

Pulmonary hypertension is often secondary to a great
variety of cardiopulmonary diseases, acting on the pul-
monary circulation in different ways. Long-standing, chro-
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nary  emboli sm and acute re spi ra tor y
di str ess syndr ome ( ARDS)  r epr esent
the 2 main causes of acute cor pulmona-
l e i n the adul t16- 18 ( accor di ng to an
echocar di ogr aphi c defi ni ti on) 19,  and
per sistent pulmonary  hypertension of
the newbor n the most frequent in  pedia-
trics . 

The vicious circle of RV failure

Even though knowledge of the hemody-
namic features of acute cor pulmonale
exi sts sin ce many years 20,21, only the
cl i ni cal  use of echocar diogr aphy has yield
over  r ecent year s a thor ough under stan-
ding of RV failu re i n thi s setting22. I n
decompensated chronic cor  pulmonale or
acute cor pulmonale, rig ht ventric ular
fai lure breaks out a threatening vic ious
cir cle in which 3 cr ucial mechanisms
represents the key points of both moni-
tor ing and potenti al ther apeutic corr ec-
tion (Fig ure 1).  

Under standi ng of these key poi nts,
gives answer to the follo wing questions.  

Why does systemic arteri al pr essure
become cr uci al  i n the evolu tion of RV
fai l ur e? The r ight and the l eft ventri cl es

ar e two ser i al  pumps, and the RV i s per -
fused by the left ventricle ( LV) thr ou-
ghout the entire  cardi ac cicle at a pres-
sure gradient physiologically produced
by the differ ence between aortic  bul b
pr essur e and coronay si nus pr essur e
(RV end diastol ic pressure, RVEDP) . In
severe PH, the systemic features of the
pul monary circul ation and the increa -
sed RV intracavitary pr essures r ender
RV perfu si on main ly a diastolic pheno-
menon dependi ng gr eatl y on di astol i c
systemic arteri al pressur e (being the
other  ter m of the gr adient, RVEDP, gr ea-
tl y i ncreased) : the threat of sever e PH is
thus RV ischemia, leading to cardiogenic
shock23.

How does RV dysfunction deeply  con-
dition LV performance?  In severe PH,
the RV di l ates, l osing i ts tr i angular sha-
pe ( in the 4 chamber echocar diographic
vi ew)  for  a mor e r ounded one. I n the
fi xed per i cardial  space, RV di l ation hap-
pens at the expense of the other ventr i -
cle,  with a proportio nal reduction in LV
diastolic dimension24. A septal dipla ce-
ment or fl attening thus occurs (mea-
ning a loss of the physiological constant
inter ventr i cul ar  septal  convexi ty towar d
the RV tr oughout the whol e car di ac
ci cl e) ,  i mpar i ng LV r el axaton25. RV
afterloading also produces an abnor mal
and char acteris tic septal motion, due to
changes in RV contraction, that becomes
stronger  (as far as it can stand the ele-
vated after load) and l onger than nor-
mal 26 (Figure  2).  As a result, when the
LV start s to relax, RV contraction con-
tinues, r ever sing the tr ans- septal  pr es-
sure gr adient and causing the septum to
bulge toward the LV (Fi gur es 2A, 2B and
2C). Abnorma l septal position is main-
tai ned dur i ng di astol e and can even
increas e at end diastol e, due to possibl e
concur r ent RV volume over load (Figur es
2B and 2D) . At the onset of systol e, LV
contraction r estores the norma l trans-
septal gradient and sets the septum back
to its flattened position 19. This  patho-
logical septal motion (named paradoxi-
cal septal motion,  because of the inter-
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Figure 1. — The vicious circle of RV failure in the
setting of cor pulmonale. Enclosed in the grey sha-
ded area are the hemodynamic derangements taking
part to the circle. Numbers from 1 to 3 emphasize
the key points of the pathological process. PH =
pulmonary hypertension, RV = right ventricle, RVEDV
= RV end diastoli volume, LV = left ventricle, SAP =
systemica arterial pressure, CO = cardiac output.
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ventricular septum moving parall and
not opposi te to the LV poster ol ater al
wal l, as it should be)  may also poten-
tial ly inter fer e with LV ejection, pro-
ducing dynamic obstr uction of i ts outflow
tr act. The whol e phenomenon of thi s
pathol ogi cal  ventr i cul ar  i nter acti on
(re duced pre load, diastolic  dysfunction,

systol i c impai r ment, of the LV) i s named
ventri cular  inter dependence22-27 .  

How is the overall effect of RV failu-
re on CO and organ perfusion determi-
ned? The signi ficant reduction i n car diac
output i n acute cor  pul monale adds to
systemic  venous congestion ( both for
reduced RV contractilit y and for tri cu-
spid regurgitation, always associ ated),
with exponential detrimental  effect on
organ perfusion ( Figure 3) 28,29 . 

Therapeutic hints in PH

Hi gh RV fi lling pressur e (traditi onal
volume loading in RV inf ar ction treat-
ment) restores normal hemodynamics
only i f pulmonar y vascular  r esi stance is
nor mal  and RV contr acti l i ty i s not
mar kedl y reduced28. Successful mana-
gement must thus i nclude: 
A)r educti on of pul monar y after l oad,

when possible (pulmonar y vasodi-
lators, better if  selective, with non-
systemic action);  

B)augmentation of contractile strength
(in otr opes effective on RV myocar-
dium: dobutamine, i sopr oter enol , epi -
nephri ne, PDI ), decreasing RV si ze
with impr oved LV fi l l i ng; Maintenance
of aor tic blood pr essur e, especial l y i f
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Figure 3. — The role of ventricular interdipendence
in enhancing the vicious circle of RV failure.
Pulmonary hypertension, the primum movens, also
is promoted by the effects of reduced organ perfu-
sion.

Figure 2. — Acute Cor Pulmonale produced by appli-
cation of an elevated PEEP level during mechanical
ventilation of a patient with prior normal RV function
(A). Simultaneous Right (RV) and Left (LV) heart
catheterization show a subsequent (B) dramatic
increase in RV systolic pressure (i.e. PAPs), reduc-
tion of systemic arterial pressure, and a longer RV
contraction, with end systolic RV pressure exceeding
end systolic LV pressure (empty curved arrows, sha-
ded areas). The trans septal gradient is maintained
in mesodiastole (RV and LV pressure equalization),
but volume overload may produce a further shift of
the gradient towards the left (empty straight arrows,
shaded areas). Echocardiographic equivalent (TEE
4 chamber view) of this phenomenon in another
patient with decompensation of chronic  cor pul-
monale. Left panels (C) show what happens at end
systole in this heart (down) compared to  a normal
heart (up): septal flattening and leftward shift (sep-
tum paradoxus) is evident (arrow), in addition to
RV enlargement and Right atriomegaly. The same
hearts are shown in right panels (D) at end diasto-
le: further leftward septal shift (arrow) occurs becau-
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hi gh fix ed pul monar y res istance i s
present ( vasopressor s may augment
RV perfor mance when coronary per-
fusion pr essur e i s r educed by i ncr ea-
sed RV end diastolic pressure) 29,30 .

Riassunto

Fisiopatologia del l ’ iper tensione polmonar e
grave nel paziente con patologia in atto

L’i pertensione polmonare rappres enta una
condizione per icolosa che si puė associare a
una grande varietą di patologie sia polmonari
che extr apolmonari. In tutte le forme di iper -
tensione polmonare di grado severo, il letto
vas colar e polmonar e perde le sue car atter i-
stiche fisiolog iche di “sist ema ad alto fluss o
e a bassa pressione” ,  determinando un aumen-
to del postcar ico a livello del ventr icolo destro.
Presso  l’unitą di terapia intensiv a,  l’iperten -
sione polmonare acuta spesso rappresenta una
pr oblematica clin ica secondar ia  al l’i nsuffi -
cienza respiratori a acuta, allo scompenso car-
diaco si nistro ,  all’e mbolia  polmonare  o all o
scompenso di una pregress a ipertensione pol-
monare a causa di una concomitante patologia
polmonare  o card iovas colare . Lo scompenso
del ventri colo destro (cuore polmonare acuto)
si verifi ca quando un importante aumento del-
le re sistenze vascolari del polmone superano
i suoi meccanismi di compenso, sia impr ov-
v is amente a l iv ell o di  un ventr icolo destr o
precedentemente normale, che gradualmente
in un quadro di cuore  polmonare  cr onico. La
pres ente review analizza  i princ ipali aspetti
fis iopatologici dell’ipert ensione polmonare di
grado severo, concentrando l’atte nzione sul-
le alteraz ioni emodinamiche che si verifican o
nel quadro clinico del cuore polmonare acuto e
sottolineando il ruolo dell’ interdipendenza ven-
tr icola r e (i l  meccanismo attr aver so cui lo
scompenso del ventri colo destro condiziona in
grande misura la funzionalitą diastolica e sisto-
lica del ventr icolo sinistro),  il ri schio di ische-
mia del ventricolo  destr o (lo stadio termina -
le dell’ insufficienza ventri colare destra) e l’ i-
poperfus ione sistemic a degli organi (causata
dal l ’ i nsufficienza car diaca anter ogr ada e
r etrograda). La comprens ione delle caratte -
risti che peculiari  di questo tipo di insuff ici en-
za cardi ovascolar e Ź necessaria  al fine di for-
nire sia un efficace monitoraggio che una ade-
guata ter apia di supporto.

Par ole chiave:  Iper tensione polmonar e –
Malattia cr i ti ca -  Cuor e polmonar e -
Insuffi cienza ventric olare  destra - Sindr ome
da distress respirat ori o - Embolia polmonare.
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