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Thee value of echocardiographically assessed 
rightt ventricular dysfunction for the 

prognosiss of patients with pulmonary 
embol ism m 

Marijee ten Wolde, Maaike Söhne, Elske Quak, Melvin R. Mac Gillavry, 
Harryy R. Biiller 

EchocardiographicallyEchocardiographically assessed right ventricular dysfunction is increasingly used as a tool to guide more 

aggressiveaggressive therapy in hemodynamic ally stable patients with acute pulmonary embolism (PE). We svstemicallv 

reviewedreviewed the literal tire with the aim to assess the prevalence of echocardiography right ventricular dysfunction 

andand the association with adverse outcomes in PE patients who have this condition The methodological 

qualityquality'' of each study was scored. AII seven included studies had methodological shortcomings, hut suggested 

anan at least twofold increased risk of PE related mortality in patients with right ventricular dysfunction, of 

whichwhich the prevalence varied from 41)% to 70%. However, this predictive potential seemed less strong in 

hemodynamicallyhemodynamically stable patients. The only 2 studies which allowed for an estimation of the accuracy in 

normotensivenormotensive patients, showed a low specificity and positive predictive value of echocardiography right 

ventricularventricular dysfunction for PE related in-hospital mortality (specificity 56 and61%, positive predictive value: 

4%4% and 5%, respectively). Therefore, it remains unclear whether echocardiographic right ventricular 

dysfunctiondysfunction is a prevalent and reliable predictor of adverse outcomes in hemodynamically stable patients 

withwith acute pulmonary embolism. 





Thee prognostic value of echocardiography right ventricular dysfunction 

Beforee the introduction of anticoagulants, patients with pulmonary embolism (PE) had a 

poorr prognosis. The chance to die as a result of their disease was around 25% ' \ Presently, 

hemodynamicallyy stable patients with pulmonary embolism are routinely treated with a 

coursee of heparin and vitamin K. antagonists as secondary prophylaxis, and the prognosis has 

considerablyy improved, with PE related mortality rates ranging from 1.5 to 7% 47. In order to 

furtherr reduce this rate, patients with a high risk of recurrent (fatal) PE could be treated more 

aggressively,, i.e. with thrombolytic agents or embolectomy. For the selection of these high risk 

patients,, a tool is needed which at the time of presentation, accurately predicts adverse outcomes. 

Inn 1993 Goldhaber and colleagues suggested a correlation between echocardiography right ventricular 

dysfunctionn and poor outcome in patients w ith acute PE x. They observed in a randomised controlled 

triall  of heparin versus thrombolysis, that all patients with recurrent pulmonary embolism, some of 

whichh were fatal, showed right ventricular hypokinesis on echocardiography. Since then se\eral 

studiess have evaluated the importance of echocardiographic right ventricular dysfunction as a 

predictorr of mortality, suggesting that 40 to 60% of unsclected patients with pulmonary embolism 

mayy have echocardiographic right ventricular dysfunction 7 g n. The majority of these patients were 

hemodynamicallyy stable. 

Recently,, the first randomised, double-blind, placebo-controlled trial was published of thrombolysis 

andd heparin versus heparin alone as initial treatment in patients with acute pulmonary embolism 

andd concomitant pulmonary hypertension and/or (echocardiographic or electrocardiographic) right 

ventricularr dysfunction :. Remarkably, the in-hospital PE related mortality was very low in both 

thee thrombolysis and heparin only group (1.7% and 1.4%, respectively) and, moreover, the prevalence 

off  echocardiographic right ventricular dysfunction in this highly selected patient category was only 

311 %. This raises the question whether echocardiographically assessed right ventricular dysfunction 

iss of clinical importance in hemodynamically stable PE patients. We, therefore, performed a systematic 

revieww w ith the aim to establish whether echocardiographically assessed right ventricular dysfunction 

iss a prevalent and reliable prognostic marker in patients with acute pulmonary embolism, in particular 

inn those who are hemodynamically stable. 

Methods s 
Searchh strategies for identification of studies 

Dataa were collected by a computer search in the follow ing databases OVID. MEDLINE. EMBASE. 

PL'BMED.. COCHRANE and WEB of SCIENCE . while using the keywords -pulmonary embolism", 

"rightt ventricular dysfunction', and 'echocardiography'. Furthermore, abstracts were searched from 
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thee databases of rele\ant congresses. Two reviewers independently selected which trials were suitable 

lorr inclusion in the analysis. 

Criteriaa for considering studies for this review 

StudyStudy type. Prospective cohort studies or randomised controlled trials in patients with clinically 

suspectedd acute PH. All patients had to undergo echocardiography to assess right ventricular function 

att baseline with appropriate clinical follow-up for at least 14 days. Initial treatment had to be either 

heparinn or thrombolysis, followed by vitamin K antagonists fora minimum of 3 months. 

Echocardiography.Echocardiography. Transthoracic echocardiography with assessment of right ventricular size, right 

ventricularr wall motion by different views, pulmonary artery systolic pressure, tricuspid regurgitation, 

rightt ventricular wall thickness or paradoxal septal movement ' '14. 

OutcomesOutcomes All cause short-term mortality (i.e. occurring within the m-hospital period or 14 days); 

alll  cause long-term mortality (defined by a minimum follow-up of 3 months) and mortality due to 

PEE (short-term and long-term), in patients with and without right ventricular dysfunction. 

Methodologicall  quality 

Alll  studies were scored independently by two reviewers for their methodological quality by evaluating 

thee following criteria l?: proper formation of an inception cohort (i.e. were patients included 

consecutivelyy and was the diagnosis of pulmonary embolism objectively confirmed by established 

methods),, description of referral pattern, completeness of follow-up, a priori definition of outcomes, 

blindd outcome assessment and adjustment for other prognostic factors. 

Results s 
Thee computer search resulted in 62 hits, of which 9 studies met our inclusion criteria " "̂ '". Two of 

thesee papers reported on previously published cohorts "' r, hence these studies were excluded from 

furtherr analysis. 

Methodologicall  quality of the studies 

Tablee 1 presents the results of the quality assessment of the seven included studies. 

InceptionInception cohort In 3 studies it is unknown whether consecutive patients were included " whereas 

inn 3 studies the diagnosis of pulmonary embolism was not always confirmed by established methods 

hutt bv a suggestive echocardiogram and or a (high) clinical suspicion of PH '"'" Thus, two studies 

hadd a proper inception cohort. 
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Thee prognostic value of echocardiography right ventricular dysfunction 

Tablee 1. Methodological quality assessment of studies on the prognosis of patients with pulmonary 
embolismm and echocardiographic right ventricular dysfunction 

Studyy Proper Description Completeness Definition Blind Adjustment 

typee formation of of of outcome for other 

off  inception referral follow-up outcome assessment prognostic 

cohortt nartern factors 

Goldhaberetal.. RC [ 

Lancett 199 V 

Ribeiroetal.. PCS 

Amm Heart J 1997'' 

Kasperetal.. PCS 

Heartt 1997'" 

ICOPLRR Registry 

Lancett 1999" 

Grifonietal.. PC'S 

Circulationn 2000" 

Grifonietal.. PCS 

Thrombb I laemost 2001'* 

Jerjes-Sanchezz et al. PCS 

JJ thromb Thrombolysis 2001l' 

Nott Reported +* 

++ Not Reported +* 

Nott Reported 

Nott Reported - * 

Nott Reported -

Nott Reported + 

Nott Reported 

RCT== Randomised Controlled Trial, PCS= Prospective Cohort Study. * = \ o adjustment for type of therapy 
(e.g.. thrombolysis or placement of'cava! filter) 

ReferralReferral pattern and study population The majority of studies did not describe to which type of 

departmentt (e.g. coronary care unit) or type of hospital (e.g. tertiary care clinic) patients were 

referredd to, making it difficult to analyse the referral pattern. 

Follow-upFollow-up Follow-up was completed in all studies. Short-term follow-up was defined as the in-

hospitall  period or a duration of less than 14 days. The long-term follow-up varied among the studies 

fromm 3 months 7. > 6 months !K to 1 year""' or more ''*. 

DefinitionDefinition of outcomes and blind outcome assessment Apart from the study of Ribeiro et al., in 

nonee of the studies it was explicitly stated how the outcome criterion PE related mortality was 

assessedd and whether it was defined a priori. Moreover, in none of the studies it was reported 

whetherr the outcome measurement was assessed by an independent committee, blinded to the cardiac 

statuss of the patient. 

AdjustmentAdjustment for other prognostic factors Adjustment for other risk factors influencing mortality was 

notnot performed in the studies of Kasperet. al and Jerjes-Sanchez et al. The other studies did e\aluate 
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thee influence of extraneous prognostic factors. Ho\\e\er. despite the fact that the 1COPER 

investigatorss and Ribeiro et al. did adjust for possible confounders by way of multivariate analyses, 

theyy did not control for treatment type. e.g. thrombolysis or placement of a caval filter. 

Echocardiographyy criteria for right ventricular dysfunction 

Inn the majority of studies, right ventricular dysfunction was defined as right \entricular hypokinesia 

ass assessed by a qualitative evaluation of the right ventricular wall motion " ' " In the study of 

Kasperr et al., right ventricular dysfunction was defined as follows: dilatation of the right ventricular 

cavityy (apical, subcostal or transoesophageal 4 chamber view ), or right \entrieular end diastolic 

diameterr >30 mm (precordial \iew); or when 2 of the following items were satisfied: a) tricuspid 

regurgitationn velocity >2.8m/s, b) tricuspid regurgitation velocity >2.5 m, sec in absence of inspirator) 

collapsee of inferior vena cava: c) dilatation right pulmonary artery (>12 mm/m2): d) right ventricular 

walll  thickness >5 mm or e) loss of inspiratory collapse of the inferior vena cava. Grifoni and colleagues 

consideredd (acute) right ventricular 

dysfunctionn present when 1 of the Table 2. Baseline clinical characteristics and overall outcomes 

followingg criteria were met: right Patients. Mean aye llemodvnamic 

ii  j- i « .  / A A- . r N <v^ar) (HI)) status 

ventricularr dilatation (end-diastolic 

diameterr >30 mm or right ventricular/ 

leftt ventricular end-diastolic diameter — 

ratio>> 1 in 4-chamberview): paradoxal 

septall  systolic movements or 

pulmonaryy hypertension (defined as: \ m | |e a r li 

Dopplerr pulmonary acceleration time |997" 
<9()<9() ms or presence of a right Kasper etui. 317 59 Not reported 
vv entneular atrial iiradient> A) mmHti). 

KOPLRR 2454 62 21X2 HI) stable 
Inn addition, riüht ventricular wall , ]MMM. . , , ., 

Lancett 1999 169 No s\mploms 
hypertrophyy (free wall thickness > 7 cirilbnietal. 209 65 162Normotensive 
mm)) needed to be absent. Thus, among Circulation 2ooo" 19 I Kpoiension 

thee diHerent studies, no uniform criteria 

tioldhahereial.. 101 59 III ) stable 

Lancett 1993s 

Ribeiroo et al. 157 >65 Not reported 

2XX Shock 

(irifbnii  et al. I T 63 Not reported 
weree used to assess the presence of riüht 

Tlirombllaciriost200]'s s 

ventricularr dysfunction. Jerjes-Sanche/etal. 40 4" Large massive PL 

.11 IhromblhromboK sis 2001 '' 24 Normolcnsive 
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J h ee prognostic^/alue of echocardiographic right ventricular dysfunction 

Patientt characteristics 

Inn Table 2 the baseline clinical characteristics and overall outcomes of the included studies are 

summarised.. A great \ariet> is observed in the included patients with regard to their hemodynamic 

status.. Grifoni and colleagues reported that 22% of their patients were hemodynamically unstable, 

whilee in the study of Goldhaber et ai. * no hemodynamically unstable patients were included. In the 

ICOPERR registry only 4.2% of patients were unstable. Jcrjcs-Sanchcz and colleagues included 

patientss with large or massive pulmonary embolism of whom 40% was hemodynamically unstable. 

Inn all other studies no data were provided on the hemodynamic status of the included patients. The 

percentagee of patients receiving thrombolytic therapy varied from 100% in the study by Jerjes-

Sanchezz et al. to 15% in the ICOPFR registry and studies of Grifoni et al. and Kasper et al. A third 

off  the patients in the study of Ribeiro and colleagues received thrombolytic therapy, whereas half of 

thee patients (by definition) in the randomised trial of Goldhaber et al. received this treatment. Also, 

aa variation was observed in the proportion of included patients with objectively proven PE who 

off studies on the value of echocardiographic right ventricular dysfunction in patients with pulmonary embolism 

Thrombolyticc Patients with Patients 'total mortality Total Mortality Mortality Mortality 

Treatmentt confirmed PE with RVD Due to PE Due to PI-

andd available 

echocardiographyy Short-term* Lon%-tcrm Short-term Lon^-term 

46(46%)) 101(100%) NDA 2(2%) NDA 2(2%) NDA 

37(24%)) 126(80%) 70(56%) 10(8%) 19(15%)+ 9(7%) 9(7%) 

49(15%)) 164(52%) 72(44%) 29(9%) 30(9%)+. 13(4%) 14(4%) 

499 (15%) 1 135 (46%) 454 (40%) 280 (11 %) 426 (17%)t NDA 179 (7%) 

31(15%)) 207(99%) 110(53%) 17(8%) \DA 13(6%) NDA 

(normotensive: : 

655 (40%) 

NDAA 117(100%) 48(41%) NDA 12(10%) NDA (3%) ) 

40(100%)) 40(100%) 28(70%) 5(13%) 5(13%)« 4(10%) NDA 

PEE = Pulmonary embolism, RVD = Right ventricular dysfunction, NDA = No data available, * follow-up daring 

in-hospitall  period or <T4 days. t3 months follovv-up. i l year follow-up. ">  6 months follow-up, r >1 vear 

follow-up p 
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underwentt echocardiography, which varied trom 46% to 100%. The prevalence of right ventricular 

dysfunctionn in patients with pulmonary embolism ranged from 40% to 70%. Finally, the studies 

variedd with respect to their overall outcomes: short-term all cause and PF related mortality rates 

rangedd from 2 to 13% and 2 to 10%. respectively. 

Rightt ventricular dysfunction and outcomes 

Inn Table 3 the outcomes of the included studies stratified for the presence or absence of right 

ventricularr dysfunction are given. Five studies, including at total of I 733 patients, showed that 

patientss with right ventricular dysfunction have at least a two fold higher risk of dying in the short 

termm as compared with patients w ithout right ventricular dysfunction. The absolute difference ranges 

fromm 4% to 18%. This increase is supported by the multivariate analysis in the study of Ribeiro et 

al,, which revealed a relative risk of 6.0 (95% confidence interval [CI]: 1.1-111.5). The absolute 

differencess in all cause mortality rates between patients with and without right ventricular dysfunction 

remainn higher after a longer duration of follow-up in most studies. The ICOPKR registry and the study 

Tablee 3. Mortality in patients with pulmonary embolism with and without right ventricular dysfunction 

Numberr of Total mortality Total mortality Mortality related Mortality related 

patientss to PI- to PL 

Short-termShort-term Long-term Short-term Long-term 

RVDD RVI) RVD RVD RVD RVD RVD RVD RVD RVD 

Presentt Absent Present Absent Present Absent Present Absent Present Absent 

C.oldhaberetal.. 46 53 2(4%) 0 NDA M)A 2(4%) 0 NDA NDA 

Lancett 1993* 

Ribeimetal.. 70 56 10(14%) 0 15(21%) 4(7%) 9(13%) 0 9(13%) 0 

Amm Heart .1 1997' 

Kasperetal.. 87*  230*  16(18%) 13(6%) 16(18%) 14(6%) 11(13%) 2(1%) 11(13%) 3(1%) 

Heartt 1997'" 

K'OPI'RR NDA NDA I6%t 8%t 21%+ 15%+ NDA NDA NDA NDA 

Lancett 1999" 

(irifonii  et al. 110 99 14(13%) 3(3%) NDA NDA 13(12%) 0 NDA NDA 

Circulationn 2000" 65+ 97*  3*  (5%) 

(irifonii  et al. 48 69 NDA NDA 4(8%) 8(11%) NDA NDA 3(3%) 0 

Thromm Haem20()Ls 

Jerjes-Sanehe/etal.. 28 12 5(18"..) 0 NDA NDA 4(14%) 0 NDA NDA 

.11 Throm bThromboh sis 2001" 

NDA=Noo data available, * Not in all patients pulmonary embolism was objective]) confirmed. +Lstimated 

fromm the Kaplan-Meier curve, ;Normotensi\e patients 
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off  Ribeiro and colleagues reported adjusted risk estimates for long-term total mortality; these multivariate 

analysess showed an odds ratio for 3 months follow-up of 2.0 (95% CI: 1.3-2.9) and a relative risk for 

II  year follow-up of 2.4 (95% CI 0.9-8.7), respectively. 

Whenn deaths related to PE are considered, 4 studies (598 patients) show that more patients die in the 

groupp having right ventricular dysfunction than in the group without. The absolute difference in short-

termm PC related mortality rate ranges from 4% to 14%. During long-term follow-up this difference 

variess from 3% to 13% (3 studies, 407 patients). The two studies that allow an estimation in normotensive 

patientss showed an absolute difference in the short-term PE related mortality of 4% s and 5% ". In 

thesee studies the specificity of echocardiographic right ventricular dysfunction for in-hospital mortality 

wass 56% and 61%, whereas the positive predictive value was 4% and 5%, respectively. 

Discussion n 
Thee prognosis of acute pulmonary embolism ranges from good - for which in special cases avoiding 

therapyy might even be safe 2<l- to a poor outcome, despite aggressive treatment2[. A bad prognosis 

seemss to be associated with the severity of hemodynamic impairment. In the MAPPET registry :-

thee rate of death due to pulmonary embolism in patients with cardiac arrest, cardiogenic shock and 

arteriall  hypotension was 60%, 23% and 14%, respectively. If this correlation between ventricular 

functionn and mortality is extrapolated to patients with subclinical hemodynamic impairment (e.g. 

hemodynamicallyy stable patients w ith right ventricular dysfunction) a higher rate of fatal pulmonary 

embolismm would be expected in these patients as compared to those without such a dysfunction. 

Thee aim of this review was to assess the prevalence of echocardiographic right ventricular dysfunction 

andd to evaluate the predictive potential for adverse outcomes in patients with acute pulmonary 

embolismm who have this condition. 

Onn the basis of the currently available literature, the prevalence of right ventricular dysfunction 

rangess from 40% in normotensive patients to 70% in patients with large pulmonary embolism. The 

short-termm as well as long-term mortality related to PE seems higher in patients with right ventricular 

dysfunctionn as compared to those without; absolute differences range from 4% to 14% and 3% to 

13%,, respectively (Table 3). Only 2 studies allow for an estimation in normotensive patients. In 

thesee studies, absolute differences with regard to short-term PE related mortality were the lowest: 

4%% and 5%. In addition, the specificity and positive predictive value of right ventricular dysfunction 

forr PE related in-hospital mortality in hemodynamically stable patients were low (specificity: 61 % 

andd 56%. positive predictive value 4% and 5%, respectively). Thus, the predictive potential of 

echocardiographicc right ventricular dysfunction might be less reliable in hemodynamically stable 
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patients.. The abo\e conclusions have to he interpreted with great caution since they are based on 

studiess with some potentially relevant methodological shortcomings. Firstly, in the majority of 

studiess it was not clear whether consecutive patients were included, how they were referred or 

whetherr all patients definitely had pulmonary embolism. As a consequence the risk of selection and 

referrall  bias cannot be excluded. This in particular may affect the prevalence of right ventricular 

dysfunction.. Secondly, in none of the studies it was reported whether the outcome criteria were 

assessedd by an independent blinded committee. Consequently, outcomes might be preferentially 

attributedd to fatal PE due to diagnostic suspicion bias. Moreov er, most of the studies did not adjust for 

typee of treatment or other important prognostic factors. Therefore, the risk exists that patients with 

rightt ventricular dysfunction preferentially recei\ ed a treatment that is associated with fewer or possibly 

moree adverse outcomes. Finally, the results apply to a patient population, which is not clearly defined 

withh regard to its hemodynamic status. This is relevant since there is genera! consensus that patients 

withh hemodynamically instable PE should receive thrombolytic therapy, whereas the controversy 

centress around the question of lytic therapy in hemodynainically stable patients with right ventricular 

dysfunction n 

Att present, risk stratification is based on clinical signs and symptoms. In patients with hypotension 

andd circulatory collapse, thrombolysis is the therapy of choice :;,-:"4. Some experts advocate a broadening 

off  the indication for thrombolytic therapy :?-2\ whereas others believe that exposure to thrombolysis 

willl  result in unnecessary deaths and intracranial bleeds r : s. Throughout the literature many experts 

havee called for a randomised trial of heparin versus thrombolysis in patients \v ith pulmonary embolism 

andd echocardiographic right ventricular dysfunction :MI . Meanwhile such a trial has been carried out, 

andd no treatment difference was observed in clinically relevant outcomes such as recurrent (non) fatal 

pulmonaryy embolism |:. As is evident from this review, no definitiv e data are available on the prognostic 

significancee of echocardiographic right ventricular dysfunction in hanoüynaniicaliy stable patients 

withh pulmonary embolism. For this particular group evidence is required since hemodynamically 

unstablee patients already have an indication for more aggressive therapy. Therefore, one step back 

wouldd be needed, i.e. a methodological rigorous trial to conclusively answer the question regarding 

thee prognostic significance of echocardiographic right ventricular dysfunction in hemodynainically 

stablee patients with acute pulmonary embolism, before it can be advocated that these patients should 

bee exposed to thrombolysis or other forms of more aggressive therapy. 

Inn conclusion, the prognostic importance of right ventricular dysfunction in patients with acute 

pulmonaryy embolism remains unclear since most of the available studies have an insufficient 

methodologicall  quality. They suggest that right ventricular dysfunction predicts adverse outcomes, 

howeverr this predictive potential seems less strong in hemodynamically stable patients with acute 
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pulmonaryy embolism. It needs to be convincingly show n that the risk of aggressiv e therapy outw eighs 

thee potentially small gain in absolute benefit, as measured as PL related mortalitv. 
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