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Objective: The objective of this study was to examine the rela-
tionship between right ventricular involvement (RVI) in acute myo-
cardial infarction (AMI) and the increase in mortality and morbidity
frequently suggested in the last two decades.

Design: The authors conducted a systematic review and meta-
analysis.

Setting: This study was conducted at an academic medical center.

Data Source: The authors reviewed PubMed, BioMedCentral, and
the Cochrane database and conducted a manual review of article
bibliographies.

Study Selection and Data Extraction: Using a prespecified search
strategy, 22 relevant studies involving a total of 7,136 patients with AMI
at baseline, of whom 1,963 had RVI (27.5%), were included in a meta-
analysis using a random effects model. Pooled relative risks of the
impact of RVI on patient mortality and morbidity were calculated.

Main Results: An overall pooled relative risk mortality increase of
2.59 (95% confidence interval, 2.02-3.31) was found (Z = 7.57; p <
.00001). RVl in AMI was also associated with a statistically significant
increase in all secondary end points assessed, including cardiogenic
shock, ventricular arrhythmias, advanced atrioventricular block, and
mechanical complications.

Conclusions: Our results support the view that early recognition of
RVI, namely by means of right electrocardiographic leads in acute
myocardial infarction, may have prognostic value. Whether or not this
recognition will permit improvement of outcomes through more aggres-
sive percutaneous coronary intervention would need to be tested in
future studies. (Crit Care Med 2008; 36:2023-2033)
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he relationship between right
ventricular involvement (RVI)
in acute myocardial infarction
(AMI) and the increase in mor-
tality and morbidity has frequently been

suggested in the last two decades (1-22).
However, the magnitude of this increased
risk has been debated. Some authors sug-
gest that risk increases in relation to the
baseline characteristics of the study popu-
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lation, namely in relation to the advanced
age (15, 16, 18-20). Other studies have
found that the increased mortality may be
restricted to patients with atrioventricular
block (6, 9). More recently, the Controlled
Abciximab and Device Investigation to
Lower Late Angioplasty Complications risk
score, which predicts mortality after pri-
mary percutaneous coronary intervention
(PCI) for AMI, did not report RVI as an
independent risk factor for increased mor-
tality (23). It remains unclear whether the
worse prognosis of patients with RVI ob-
served by some authors is simply related to
the more extensive left ventricular infarc-
tion or is the result of the RVI itself. Be-
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cause right ventricular ejection fraction has
been shown to be a predictor of survival in
heart failure independent of, and additive
to, left ventricular dysfunction, it is plausi-
ble that RVI can significantly affect progno-
sis after AMI (24).

To elucidate the prognostic signifi-
cance of RVI in AMI, we have conducted
a systematic review and meta-analysis.

METHODS

The report of this meta-analysis is in ac-
cordance with “Meta-Analysis of Observational
Studies in Epidemiology: A Proposal for Re-
porting” (25).

Study Selection and Data
Collection

Relevant studies were identified by system-
atic searches of the scientific literature for all
reported observational studies of AMI and RVI.
The databases searched to find articles were
PubMed, Cochrane library, and BioMedCen-
tral. Ideally, AMI in the included studies
should be defined according to the World
Health Organization criteria, but we included
studies that gave no explicit definition of AMI
(26). Any study, either prospective or retro-
spective, assessing the impact of RVI in pa-
tients with AMI was included if: a) right ven-
tricular infarction or involvement was
assessed by means of specific electrocardio-
graphic leads (including V4R) and/or echocar-
diography or with established radionuclide
techniques; b) in-hospital and/or more follow-
up was ensured; and c¢) the study reported
all-cause mortality as an outcome measure.
Studies focusing on the specific subgroup of
patients in cardiogenic shock at hospital ar-
rival were excluded from our review.

The search was not restricted to English
language articles and included all articles up
to June 2007. The search strategy used both
key words and the MeSH term searches for
AMI, RVI, and mortality or prognosis and took
the form of the following protocol in PubMed
database: (acute [all fields] AND (“myocardial
infarction” [MeSH terms] OR myocardial in-
farction [text word]) AND (right [all fields]
AND (“heart ventricles” [all fields] OR “heart
ventricles” [MeSH terms] OR ventricular [text
word]) AND (“infarction” [MeSH terms] OR
infarction [text word]) AND (“mortality” [sub-
heading] OR “mortality” [MeSH terms] OR
mortality [text word]) OR (“prognosis” [MeSH
terms] OR prognosis [text word]). To identify
additional studies, reference lists of retrieved
articles were inspected.

Based on careful study of the abstracts of
identified articles, studies were excluded if the
inclusion criteria were clearly not met. Two
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reviewers (MH and MH) independently as-
sessed studies to determine eligibility and in-
dependently carried out data extraction using
a standardized form. Any discrepancy was re-
solved by consensus.

Outcome Measures

The primary outcome was in-hospital total
mortality rate comparing patients with AMI
with and without RVI. Secondary outcomes
included any further cardiovascular event ei-
ther fatal or nonfatal: cardiogenic shock, sus-
tained ventricular tachycardia or ventricular
fibrillation, advanced atrioventricular block,
and mechanical complications.

Criteria to Assess Quality

Unlike randomized, controlled trials, no
generally accepted lists of appropriate qual-
ity criteria for observational studies are
available. Rather than producing a simple
arbitrary quality score, specific quality as-
pects were used to assess the studies such as
control of confounding factors, minimiza-
tion of selection bias, method used for the
diagnosis of RVI in AMI, the reperfusion
treatment used, if any, the year of publica-
tion, and the sample size.

Assessing control of confounding factors
was carried out independently by two review-
ers using prespecified criteria. These criteria
included age, gender, reperfusion treatment,
coronary heart disease risk factors, history of
previous myocardial infarction, comorbidities,
and severity of the AMI (left ventricular ejec-
tion fraction). Control of confounding factors

324 Potentially relevant articles identified
and screened for retrieval

was classified as poor if little or no attempt
was made to measure or control for known
basic confounders such as age and gender.
Adequate control considered at least these ba-
sic confounders, and good control considered
the majority of the clinical variables previ-
ously mentioned.

Data Synthesis and Statistical
Analysis

Studies were pooled using the DerSimo-
nian and Laird random-effects model. The
weighted mean difference and 95% confidence
interval were used for continuous variables.
Heterogeneity between studies was analyzed
with chi-square and I? statistics. Statistically
significant heterogeneity was considered
present at p < .10 and 1> > 50%. Pooled
relative risks were reported with 95% confi-
dence intervals. Statistical significance was set
at the .05 level on the basis of two-way Z-tests.
Publication bias was explored visually by
using funnel plot constructions both for
prospective and retrospective studies. A sen-
sitivity analysis was carried out using the
following criteria: a) a sample size of at least
150 patients at baseline; b) prospective
study; and c¢) with immediate RVI diagnosis
based on electrocardiogram and/or echocar-
diography at admission. Other sensitivity
analyses included separate analyses per-
formed on prospective and retrospective
studies and according to quality of control of
confounding factors. All analyses were car-
ried out using RevMan 4.2.9 software (27).

290 Articles excluded on the basis of the
title and abstract because they did not
meet the inclusion criteria i.e.

RVI assessed by ECG/echo AND
in-hospital follow-up AND

all-cause mortality reported as an outcome
measure

34 Articles retrieved for more detailed
evaluation

12 Articles excluded

- 3 Inability to separate results for those
with/without RVI

- 3 Mortality outcomes not presented

- 2 Definition of RVI unclear

A

22 Articles included

A

- 2 In-hospital outcomes not presented
- 1 Abstract only without details
- 1 Some overlap with prior study

Figure 1. Flow chart of the study selection process. RVI, right ventricular involvement; ECG,

electrocardiogram; echo, echocardiogram.

Crit Care Med 2008 Vol. 36, No. 7



Table 1. Characteristics of the included studies

Total Sex, Age Years of
Study Patients (% male) (Mean yrs) Enrollment RVI Diagnostic Follow-up Study Results
Prospective
Berger et al., 1,110 87 56 1990 Radionuclide 1 year RV dysfunction occurs infrequently
1993 (1) ventriculogram after thrombolytic therapy of
patients with AMI. Among
surviving patients who undergo
predischarge radionuclide
ventriculography, RVI is not
associated with increased mortality
in the following year
Giannitsis et al., 88 — 62 1999 ECG with ST-segment In-hospital ~ Patients with RVI had larger infarct
2000 (2) elevation =0.1 mV 10 days sizes, more frequent AV block but
in Vg or Vi lead similar in-hospital mortality
compared to patients without RVI
Haines et al., 74 88 52 1984-1985  Right ventricle In-hospital RV dysfunction after inferior MI is
1985 (3) scintigraphy 5 years not associated with higher risk for
recurrent cardiac events
Khan et al., 100 86 56 2000-2001 ECG with ST-segment In-hospital RVI was associated with increased
2004 (4) elevation =0.1 mV morbidity and mortality in patients
in Vg or Vg lead with inferior MI
Marwick et al., 168 72 60 1988-1990  Radionuclide In-hospital ~ RVI is an independent adverse
1991 (5) ventriculography 1 year prognostic factor in patients with
inferior MI particularly in those
with impaired left ventricular
function
Mavric et al., 243 68 64 1987-1988 ECG with ST-segment In-hospital RVI is associated with a higher
1990 (6) elevation =0.1 mV mortality in patients with complete
in Vg or Vg lead atrioventricular block
Mehta et al., 1129 76 59 1995-1996  ECG with ST-segment In-hospital ~ Patients with inferior MI and RVI
2001 (7) elevation =0.1 mV were at increased risk of death,
in Vi lead shock and arrhythmias
independently of left ventricular
infarct size
Pereira et al., 183 69 — 1998-2000 ECG with ST-segment In-hospital Higher rates of heart failure,
2006 (8) elevation =0.1 mV electrical and hemodynamic
in Vg or Vg lead complications, and death in
patients with RVI
Ramires et al., 107 85 64 1990-1991 ECG with ST-segment In-hospital Infarct extension from inferior wall
1993 (9) elevation =0.1 mV to the right ventricle is associated
in Vs or V,p lead with atrioventricular block and
and/or right does not increase mortality
ventricle
scintigraphy
Rodrigues et al., 51 75 59 1985-1986  ECG with ST-segment In-hospital RVI persists after inferior MI and is
1986 (10) elevation =0.1 mV 2 months associated with considerable
in Vy or Vyp lead morbidity and mortality
and Radionuclide
ventriculogram
Zehender et al., 200 76 62 1985-1990 ECG with ST-segment In-hospital ~ RVI during AMI, accurately diagnosed
1993 (11) elevation =0.1 mV by ST-segment elevation in lead
in Vg lead V., is a strong, independent
predictor of major complications
and in-hospital mortality
Zeymer et al., 522 76 60 1996 ECG with ST-segment 30 days Similar mortality but higher 30-day
1998 (12) elevation =0.1 mV cardiac mortality in patients with
in Vg lead RVI related to larger infarct size.
RVI is not an independent
predictor of survival
Zornoff et al., 416 82 59 1990-1991  Echocardiographic 671-946 RV function was an independent
2002 (13) study (between 3 days predictor of death and the

and 16 days after
AMI)

development of heart failure in
patients with left ventricular
dysfunction after MI

Crit Care Med 2008 Vol. 36, No. 7
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Table 1.—Continued

Total Sex, Age Years of
Study Patients (% male) (Mean yrs) Enrollment RVI Diagnostic Follow-up Study Results
Retrospective
Assali et al., 337 82 61 2001-2005 ECG with ST-segment In-hospital =~ RVI was an independent predictor of
2007 (14) elevation =0.1 mV 30-day mortality
in Vs or Vypi lead
and/or 2D Echo.
Bueno et al., 188 52 79 1989-1995 ECG with ST-segment In-hospital  In patients with RVI death rate was
1997 (15) elevation =0.1 mV higher as all major cardiac
in Vsg or Vg lead complications. In elderly patients
and/or 2D Echo. RVI is a powerful independent
predictor of in-hospital death
Bueno et al., 798 78 64 1991-1995 ECG with ST-segment In-hospital  Patients with RVI had higher
1998 (16) elevation =0.1 mV incidence of major complications.
in Vg or Vi lead RVI is an independent predictor of
and/or 2D Echo. death in elderly patients
Gumina et al., 580 56 68 1988-1998 ECG with ST-segment In-hospital ~ RVI is associated with increased in-
2002 (17) elevation =0.1 mV hospital mortality and morbidity
in Vg or Vyi lead and also increased long-term
and/or 2D Echo. mortality
Hanzel et al., 54 48 76 1994-1997 2D Echocardiography  In-hospital ~ Elderly patients with inferior MI with
2006 (18) RVI suffer greater morbidity and
mortality than those without RVI
Kukla et al., 159 70 64 2000-2001 ECG with ST-segment In-hospital  RVI is associated with worse
2006 (19) elevation =0.1 mV prognosis and increased rate of
in Vg lead in-hospital complications
Ribeiro et al., 373 54 65 1996-2000 ECG with ST-segment In-hospital ~ RVI by univariate analysis is
2003 (20) elevation =0.1 mV associated with death but not by
in V,g lead multivariate analysis
Saw et al., 136 76 63 1995-1998 ECG with ST-segment In-hospital ~ RVI increased in-hospital mortality in
2001 (21) elevation =0.1 mV AMI. ST elevation in lead III > II
in Vg lead is more sensitive than V,g in
diagnosing RVI
Vagas-Barron 122 88 56 — ECG with ST-segment In-hospital ~ RVI is a major determinant of
et al., 2002 (22) elevation =0.1 mV 22 =17 cardiovascular events during the
in Vi lead months acute phase of inferior MI. Long-

term prognosis of those who
survive is excellent if immediate
reperfusion is achieved

RVI, right ventricular involvement; ECG, electrocardiogram; AV, atrioventricular block; AMI, acute myocardial infarction; RV, right ventricle; MI,
myocardial infarction; mV, millivolt; Echo., echocardiogram.

RESULTS

Description of Studies

Of the 324 articles screened, 34 were
considered in depth for inclusion, but 12
were excluded because they did not meet
inclusion criteria (Fig. 1). Twenty-two
studies met all inclusion criteria and had
sufficient data available (1-22). Agree-
ment between the two reviewers for study
eligibility was very high (kappa = .9).
These studies had a total sample size of
7,136 patients with AMI at baseline, of
whom 1,963 had RVI (27.5%). Thirteen
studies were prospective studies corre-
sponding to a total number of 4,391 pa-
tients with AMI, of whom 1,184 had RVI
(27%), and nine studies were retrospec-
tive studies with a total of 2,745 AMI with
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779 RVI (28.4%). Seventeen studies used
electrocardiogram with ST-segment ele-
vation =.1 mV in Vs or V,z lead for
diagnosis of RVI during AMI (Table 1).
Two studies used only echocardiography
to define RVI and three studies used
mainly radionuclide ventriculography or
right ventricular scintigraphy. The reper-
fusion method was frequently thrombol-
ysis. In-hospital mortality, the primary
end point of the present meta-analysis,
was clearly stated in all studies. In nine
studies, left ventricular ejection fraction
was reported according to RVI. No signif-
icant difference was observed (weighted
mean difference —.77, 95% confidence
interval [CI], —3.66 to 2.11, p = .60).
The number of patients at baseline in
the primary studies varied from 51 to

1,129. Most studies had a small sample
size and only nine studies contained
more than 200 AMI. The RVI varied
from 5.2% to 53.5% with an average of
31.7%. Follow-up for in-hospital mor-
tality was exhaustive. Control of con-
founding factors was poor in six studies,
adequate or good in 16, and only 11
studies provided adjusted estimates of
the mortality increase related to RVI
(Table 2).

Total Mortality

A random-effects meta-analysis was
carried out, and the pooled relative risk
(RR) was 2.13 (95% CI, 1.51-3.01) and
3.31 (2.63-4.17) for the 13 prospective
and the nine retrospective studies respec-
tively. For all 22 studies, an increase in

Crit Care Med 2008 Vol. 36, No. 7



Table 2. Quality assessment of the included studies

Clear Clear Control of
Total Definition Definition Confounding Reperfusion Method
Study Patients RVI (%) of MI of RVI Factors (%) Minimization of Selection Bias
Prospective
Berger et al., 1,110 5.2 Yes No Adequate Thrombolysis: 100%  70% of original cohort (main exclusion
1993 (1) criteria related to technical problems
during radionuclide ventriculogram
and 42 deaths prior to inclusion)
Giannitsis et al., 88 30.7 Yes Yes Poor Primary PCI: 98.8%  Complete case series
2000 (2
Haines e(t )al., 74 36.5 Yes No Poor Not assessable 74 consecutive inferior AMI
1985 (3) uncomplicated during acute phase
and <65 yrs old
Khan et al., 2004 (4) 100 34.0 Yes Yes Poor Thrombolysis: 90% Consecutive series with exclusion of
patients with prior AMI, valvular
heart diseases, or cardiomyopathy
Marwick et al., 168 20.8 Yes No Good Not assessable Complete case series from a 80%
1991 (5) original cohort
Mavric et al., 1990 (6) 243 18.5 Yes Yes Adequate None Complete case series
Mehta et al., 2001 (7) 1129 43.5 Yes Yes Good Thrombolysis: 96% 71% of original cohort (RV status
unknown in 470 excluded patients)
Pereira et al., 183 20.8 Yes Yes Adequate Thrombolysis: 95% of eligible patients (183/192)
2006 (8) 67.2%
Ramires et al., 107 45.8 Yes Yes Adequate Not assessable Unclear, but some patients excluded
1993 (9) because of circumflex artery lesions,
prior reperfusion or CABG, use of
drugs that influence AV conduction,
atrial flutter, or fibrillation
Rodrigues et al., 51 49.0 Yes No Poor Not assessable Consecutive and nonselected case
1986 (10) series, implies 100%, but unclear
Zehender et al., 200 53.5 Yes Yes Good Thrombolysis: Consecutive series of 200 inferior AMI
1993 (11) 35.5% patients
Zeymer et al., 522 32.4 Yes Yes Good Thrombolysis: 100%  Complete series of 522 patients with
1998 (12) inferior AMI from an randomized
trial testing new thrombolytic
regimens in AMI
Zornoff et al., 416 19.0 Yes Yes Good Thrombolysis: 81% of a substudy analysis from the
2002 (13) 34.6% SAVE trial. Patients with LVEF
<40% and without heart failure who
were 21 to 80 yrs old included
between 3 and 16 days after MI
Retrospective
Assali et al., 337 21.7 Yes Yes Good Primary PCI: 100%  Consecutive series of inferior AMI who
2007 (14) underwent primary PCI
Bueno et al., 188 41.0 Yes Yes Good Thrombolysis: 94% of a consecutive series of patients
1997 (15) 20.7% Primary >75 yrs with inferior AMI
PCI: 4.4%
Bueno et al., 798 37.1 Yes Yes Good Thrombolysis: 46% 97% of a consecutive series of patients
1998 (16) Primary PCI: 9% with inferior AMI
Gumina et al., 580 17.6 Yes Yes Good Primary reperfusion: Complete series of 580 patients with
2002 (17) 43.8% inferior or lateral AMI
(thrombolysis or
PCI)
Hanzel et al., 54 33.3 Yes Yes Poor Primary PCI: 100% Selection of patients >70 yrs with
2006 (18) inferior AMI from a database where
50% of patients exluded because
echocardiography images non
adequate for RVI diagnosis
Kukla et al., 159 40.9 Yes Yes Adequate Thrombolysis: 53% 88% of a consecutive series of patients
2006 (19) with inferior AMI
Ribeiro et al., 373 9.9 Yes Yes Poor Thrombolysis: Consecutive series of AMI
2003 (20) 51.5%
Saw et al., 2001 (21) 136 43.4 Yes No Good Thrombolysis: 70% 78% of a consecutive series of inferior AMI
Vagas-Barron et al., 122 42.6 Yes Yes Good Thrombolysis: 60% of a consecutive series of patients
2002 (22) 36.1% Primary with inferior AMI
PCI: 29.5%

RVI, right ventricular involvement; MI, myocardial infarction; PCI, prothrombin consumption index; AMI, acute myocardial infarction; RV, right
ventricle; CABG, coronary artery bypass graft; AV, atrioventricular; LVEF, left ventricular ejection fraction.
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Study Type RVI +

RVI -

RR (95% Cl)

Deaths, No. / Patients, No.

Prospective [

Berger 1993 2/58 18/1052 —— 2.02 [0.48, 8.48]
Giannistsis 2000 2/27 6/61 —_— 0.75 [0.16, 3.49]
Haines 1985 3/27 3/47 — 1.74 [0.38, 8.03]
Khan 2004 8/34 12/66 e 1.29 [0.59, 2.86]
Marwick 1991 6/35 1/133 ) 22.80 [2.84, 183.23]
Mavric 1990 11/45 22/198 = 2.20 [1.15, 4.20]
Mehta 2001 35/491 35/638 - 1.30 [0.83, 2.05]
Pereira 2006 16/38 18/145 P e 3.39 [1.92, 6.00]
Ramires 1993 6/49 8/58 —_— 0.89 [0.33, 2.38]
Rodrigues 1986 6/25 0/26 e 4 13.50 [0.80, 227.75]
Zehender 1993 33/107 5/93 s 5.74 [2.34, 14.09]
Zeymer 1998 12/169 15/353 = 1.67 [0.80, 3.49]
Zormoff 2002 30/79 49/337 - 2.61 [1.78, 3.83]
Subtotal 170/1184 192/3207 R 2.13 [1.51, 3.01]
Test for heterogeneity: Chi? = 26.28, df = 12 (P = 0.010), 1> = 54.3%
Retrospective .
Assali 2007 4/73 2/264 P 7.23 [1.35, 38.71]
Bueno 1997 36/77 11/109 . 4.63 [2.52, 8.52]
Bueno 1998 64/296 30/502 HEE B 3.62 [2.40, 5.45]
Gumina 2002 22/102 33/478 ;- 3.12 [1.90, 5.13]
Hanzel 2006 5/18 3/36 [ — 3.33 [0.90, 12.41]
Kukla 2006 12/65 2/94 P o——— 8.68 [2.01, 37.48]
Ribeiro 2003 12/37 50/336 .- 2.18 [1.28, 3.71]
Saw 2001 7/59 5/77 —— 1.83 [0.61, 5.47]
Vargas-Barron 2002 3/52 1/70 —_—— 4.04 [0.43, 37.73]
Subtotal 165/779 137/1966 0 3.31 [2.63, 4.17]
Test for heterogeneity: Chi? = 7.67, df = 8 (P = 0.47), 1= 0%
Overall
Total 335/1963 329/5173 3 2.59 [2.02, 3.31]
Test for heterogeneity: Chi2 = 42.09, df = 21 (P = 0.004), I = 50.1% :
Test for overall effect: Z = 7.57 (P < 0.00001)

0.01 0.1 1 10 100

RR (95% Cl)

Figure 2. Pooled relative risks of mortality increase in patients with acute myocardial infarction and right ventricular involvement (RV/): random-effects
meta-analysis of 22 studies. CI, confidence interval; RR, relative risk.

mortality rate from 6.3% without RVI to
17% when RVI was observed, correspond-
ing to an overall pooled RR mortality
increase of 2.59 (95% CI, 2.02-3.31) was
found (Fig. 2). Although most 95% ClIs
for the primary studies overlapped, some
heterogeneity was observed in prospec-
tive studies (x? for heterogeneity, p =
.01), hence the need for the random-
effects meta-analysis. However, the over-
all effect was highly significant (Z = 7.57;
p < .00001) and the results did not differ
when the analysis was limited to prospec-
tive or retrospective studies. Funnel plots
were created to compare the sE of the log
odds ratio with the log odds ratio for the
prospective and retrospective studies, re-
vealing possible publication bias in pro-
spective studies (Fig. 3). Larger, more
precise studies with smaller sEs tended to
find smaller mortality rises in patients
with RVI than did smaller studies with
more deaths and therefore larger SEs
(Fig. 3).
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Sensitivity Analyses

The sensitivity analysis using the fol-
lowing criteria: a) a sample size of at
least 150 patients at baseline; b) pro-
spective studies; and ¢) with immediate
RVI diagnosis based on electrocardiog-
raphy and/or echocardiography at ad-
mission included only five studies that
met all these criteria (6, 7, 8, 11, 12).
However, the pooled RR for these five
studies (RR, 2.32; 95% CI, 1.41-3.84; test
for heterogeneity: x? = 12.36, df = 4;p =
.01; I? = 67.6%) was essentially the same
as for all 22 studies (RR, 2.59; 95% CI,
2.02-3.31).

Four studies recruited patients dur-
ing the in-hospital stay and not in the
acute phase of myocardial infarction
because they used either echocardiog-
raphy or radionuclide ventriculography
for RVI diagnosis. In those studies, only
two reported how many patients died
before entry into the study. A sensitivity
analysis was carried out including only

those studies that were able to ascertain
RVI during the acute phase of myocar-
dial infarction. The increase in mortal-
ity rate estimated by this analysis (RR,
2.54; 95% CI, 1.92-3.37) and the anal-
ysis including all 22 studies (RR, 2.59;
95% CI, 2.02-3.31) did not differ signif-
icantly.

Finally, according to the control of
confounding factors (poor, adequate,
and good), pooled RR in mortality was
also similar between three groups de-
lineated (RR, 1.90; 95% CI, 1.27-2.84;
RR, 2.64; 95% CI, 1.36—-4.40; RR, 3.30;
95% CI, 2.50-4.34, respectively) with a
trend to have an increased impact of
RVI on mortality among studies with
better control of confounding factors.

Morbidity Outcomes

Fifteen studies presented information
on cardiogenic shock occurrence (15.7%
versus 6%) during the hospital stay ac-
cording to initial RVI or not in patients

Crit Care Med 2008 Vol. 36, No. 7
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Figure 3. Funnel plots of prospective (fop) and retrospective studies (bottom).

with inferior myocardial infarction (Fig.
4). The corresponding pooled RR for car-
diogenic shock was 2.90 (95% CI, 2.12-
3.96). Thirteen studies presented infor-
mation on severe ventricular arrhythmias
(ventricular tachycardia or ventricular fi-
brillation) with an increase of severe ven-
tricular arrhythmias from 6.1% to 16.8%
when RVI was found corresponding to a
pooled RR of 2.29 (95% CI, 1.92-2.73)
(Fig. 5). Ten studies presented data on
the occurrence of atrioventricular block,
which increased from 8.2% to 22.6% with
RVI corresponding to a pooled RR of 3.27
(95% CI, 2.28-4.70) (Fig. 6). Only seven
studies presented information on the rate
of mechanical complications (cardiac
rupture, papillary muscle rupture, or sep-
tal perforation), which increased from
1.2% to 4% corresponding to a pooled RR
of 3.01 (95% CI, 1.90-4.76) (Fig. 7). All
aforementioned pooled RR estimates for
morbidity outcomes were highly signifi-
cant (p < .0001).

DISCUSSION

The present meta-analysis indicates
that RVI in patients with AMI is associ-
ated with a significantly worse prognosis.

Study Type RVI + RVI - RR (95% Cl)
Prospective Cardiogenic shock, No. / Patients, No.
Berger 1993 l 5/58 20/1052 l —— 4.53 [1.76, 11.65]
Khan 2004 5/34 3/66 —— 3.24 [0.82, 12.74]
Mehta 2001 35/491 35/638 - 1.30 [0.83, 2.05]
Pereira 2006 27/38 55/145 = 1.87 [1.40, 2.51]
Ramires 1993 28/49 11/58 - 3.01 [1.68, 5.41]
Zehender 1993 27/107 4/93 —_— 5.87 [2.13, 16.15]
Zeymer 1998 8/169 9/353 —— 1.86 [0.73, 4.73]
Zornoff 2002 24/79 58/337 = 1.77 [1.17, 2.65]
Total (95% CI) 159/1025 195/2742 ’ 2.19 [1.62, 2.96]
Test for heterogeneity: Chi? = 13.74, df = 7 (P = 0.06), 1> = 49.1%
Retrospective .
Assali 2007 2/73 0/264 i 17.91 [0.87, 368.89]
Bueno 1997 25/77 5/109 - 7.08 [2.84, 17.67]
Bueno 1998 44/296 17/502 E 4.39 [2.56, 7.54]
Gumina 2002 15/102 36/478 - 1.95 [1.11, 3.43]
Hanzel 2006 6/18 1/36 —I— 12.00 [1.56, 92.29]
Kukla 2006 14/65 4/94 —-— 5.06 [1.74, 14.69]
Vargas-Barron 2002 3/52 0/70 — 9.38 [0.49, 177.69]
Subtotal 109/683 63/1553 <& 4.43 [2.61, 7.52]
Test for heterogeneity: Chiz = 10.64, df = 6 (P = 0.10), I* = 43.6%
Overall
Total 268/1708 258/4295 2 2.90 [2.12, 3.96]
Test for heterogeneity: Chi? = 36.95, df = 14 (P = 0.0008), I* = 62.1%
Test for overall effect: Z = 6.68 (P < 0.00001)

0.01 0.1 1 10 100

RR (95% Cl)

Figure 4. Pooled relative risks of cardiogenic shock increase in patients with acute myocardial infarction and right ventricular involvement: random-effects
meta-analysis of 15 studies. RR, relative risk; RVI, right ventricular involvement; CI, confidence interval.
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Study Type RVI +

RVI -

RR (95% Cl)

Ventricular Arrhythmias, No. / Patients, No.

Prospective [

Berger 1993 5/58 26/1052 —t—— 3.49 [1.39, 8.75]
Khan 2004 3/34 2/66 2.91 [0.51, 16.60]
Mehta 2001 75/491 34/638 -.- 2.87 [1.95, 4.22]
Pereira 2006 22/38 43/145 -.- 1.95 [1.35, 2.82]
Zehender 1993 39/107 16/93 - 2.12 [1.27, 3.53]
Zeymer 1998 32/169 43/353 i 1.55 [1.02, 2.36]
Subtotal 176/897 164/2347 ‘ 2.16 [1.72, 2.70]
Test for heterogeneity: Chi2 = 5.92, df =5 (P = 0.31), I = 15.5%
Retrospective HE
Assali 2007 4/73 0/264 R 32.23 [1.76, 591.84]
Bueno 1997 14/77 6/109 —_— 3.30 [1.33, 8.21]
Bueno 1998 25/296 17/502 —— 2.49 [1.37, 4.54)
Gumina 2002 14/102 36/478 + 1.82 [1.02, 3.25]
Hanzel 2006 11/18 9/36 —5— 2.44 [1.24, 4.80]
Kukla 2006 14/65 5/94 —I— 4.05 [1.53, 10.69]
Vargas-Barron 2002 8/52 3/70 —l— 3.59 [1.00, 12.88]
Subtotal 90/683 76/1553 ’ 2.59 [1.91, 3.50]
Test for heterogeneity: Chi? = 5.83, df =6 (P = 0.44), I?= 0%
Overall
Total 266/1580 240/3900 . 2.29 [1.92, 2.73]
Test for heterogeneity: Chi? = 12.80, df = 12 (P = 0.38), I? = 6.2%
Test for overall effect: Z = 9.20 (P < 0.00001)

0.01 0.1 1 10 100

RR (95% Cl)

Figure 5. Pooled relative risks of ventricular arrhythmias increase in patients with acute myocardial infarction and right ventricular involvement:
random-effects meta-analysis of 13 studies. RR, relative risk; RVI, right ventricular involvement; CI, confidence interval.

Study Type RVI + RVI - RR (95% CI)

Advanced AV Block, No. / Patients, No.
Prospective [ ] .
Berger 1993 11/58 113/1052 —=— 1.77 [1.01, 3.09]
Giannistsis 2000 5/27 1/61 + 11.30 [1.39, 92.13]
Khan 2004 4/34 8/66 — 0.97 [0.31, 2.99]
Mehta 2001 103/491 58/638 = 2.31 [1.71, 3.11]
Zehender 1993 18/107 4/93 —— 3.91 [1.37, 11.15]
Subtotal 141/717 184/1910 <& 2.20 [1.46, 3.32]
Test for heterogeneity: Chi = 6.29, df = 4 (P = 0.18), I = 36.4%
Retrospective .
Assali 2007 16/73 6/264 + 9.64 [3.91, 23.76]
Bueno 1997 25/71 10/109 —=- 3.54 [1.81, 6.94]
Bueno 1998 75/296 34/502 = 3.74 [2.56, 5.46]
Kukla 2006 22/65 4/94 — 7.95 [2.88, 22.00]
Vargas-Barron 2002 10/52 5/70 —— 2.69 [0.98, 7.41]
Subtotal 148/563 59/1039 ’ 4.48 [3.00, 6.69]
Test for heterogeneity: Chiz = 6.14, df = 4 (P = 0.19), I = 34.8%
Overall
Total 289/1280 243/2949 < 3.27 [2.28, 4.70]
Test for heterogeneity: Chi? = 23.66, df = 9 (P = 0.005), I* = 62.0%
Test for overall effect: Z = 6.40 (P < 0.00001)

0.01 0.1 1 10 100

RR (95% Cl)

Figure 6. Pooled relative risks of advanced atrioventricular block increase in patients with acute myocardial infarction and right ventricular involvement:
random-effects meta-analysis of ten studies. RR, relative risk; RVI, right ventricular involvement; CI, confidence interval.

The mechanisms that underlie this ex-
cess in mortality in patients with RVI are
unclear but could relate to an increased
propensity to develop life-threatening
ventricular arrhythmias in these patients.

2030

Whether or not the right ventricle may be
more arrhythmogenic than the left ven-
tricle as previously suggested (7-24) war-
rants further investigation. In the studies
included in the present meta-analysis,

left ventricular infarct size and function
were similar between patients with and
those without RVI. These findings sug-
gest that RVI by itself is independently
associated with mortality and morbidity

Crit Care Med 2008 Vol. 36, No. 7



Study Type RVI +

RVI -

RR (95% Cl)

Events, No. / Patients, No.

Prospective [

Mehta 2001 4/491
Zehender 1993 7/107
Subtotal 11/598

Test for heterogeneity: Chi? = 0.02, df =1 (P = 0.89), 2= 0%

Retrospective

Assali 2007 1/73
Bueno 1997 10/77
Bueno 1998 22/296
Gumina 2002 4/102
Vargas-Barron 2002 1/52
Subtotal 38/600

Test for heterogeneity: Chiz = 1.19, df =4 (P = 0.88), I?= 0%

Overall

Total 49/1198

Test for heterogeneity: Chi? = 1.22, df =6 (P = 0.98), 1= 0%

Test for overall effect: Z = 4.72 (P < 0.00001)

2/638 ——— 2.60 [0.48, 14.13]
2/93 —_— 3.04 [0.65, 14.29]
4/731 - 2.83 [0.90, 8.87]
0/264 ———=——)  10.74 [0.44, 260.99]
5/109 —— 2.83 [1.01, 7.95]
14/502 —- 2.67 [1.39, 5.13]
4/478 o 4.69 [1.19, 18.43]
0/70 ‘e 4.02 [0.17, 96.72]
23/1423 L 2 3.05 [1.85, 5.02]
27/2154 <o 3.01 [1.90, 4.76]
0.01 0.1 1 10 100

RR (95% Cl)

Figure 7. Pooled relative risks (RRs) of mechanical complications increase in patients with acute myocardial infarction and right ventricular involvement
(RVI) random-effects meta-analysis of seven studies. CI, confidence interval.

in these patients. Sensitivity analyses
show that the analysis restricted to pro-
spective studies lead to the same results
of deleterious impact of RVI on patient
outcomes.

Previous studies examining the prog-
nostic impact of RVI in patients with in-
ferior AMI have involved small or moder-
ately high numbers of patients with low
rate of outcome events leading to wide
CIs in the point estimates provided (1-
22). Our pooled estimates with narrow
limits support the concept that early rec-
ognition of RVI during AMI, easily done
with electrocardiography and/or echocar-
diography, is of critical importance in
attempting to limit by intervention the
deleterious impact of this diagnosis. In-
deed, as shown by Bowers et al. in patients
with RVI, early and complete reperfusion
of the right coronary artery by angio-
plasty (including major right ventricular
branches) results in the dramatic recov-
ery of right ventricular performance and
an excellent clinical outcome (28). In
contrast, unsuccessful reperfusion was
associated with impaired recovery of
right ventricular function and a high
mortality rate. PCI with stenting in this
perspective seems to be the most effective
technique and as soon as RVI is suspected
in AMI, prompt primary PCI should be
proposed (2, 14, 29), particularly in those
with severe hemodynamic compromise
(30). However, we must acknowledge

Crit Care Med 2008 Vol. 36, No. 7

that there are not enough data available
to date to be sure that aggressive pri-
mary PCI would be more efficient than
early thrombolysis to decrease the rate
of major complications associated with
RVI. Further attempts are necessary in
future trials to focus on this subgroup
of patients with inferior AMI and RVI.
In the meantime, it seems reasonable to
strongly recommend systematically
searching for RVI in AMI, and therefore
electrocardiographic assessment of
right ventricular infarction should be
routinely performed in all patients with
AMIs. Recent studies suggest that con-
trast-enhanced cardiac magnetic reso-
nance imaging could be useful to im-
prove diagnostic accuracy of RVI in
patients with acute inferior myocardial
infarction (31). Further studies are
warranted to determine the prognostic
relevance of late enhancement cardiac
magnetic resonance imaging in this
setting. The obligatory delay for such
assessment makes electrocardiography
and echocardiography the methods of
choice in routine practice for the acute
phase assessment of RVI.

Limitations

Observational Data. This review has a
number of limitations. First, we are con-
sidering observational data. Patients with
AMI and RVI may well differ from those

without RVI in a number of ways, includ-
ing their age, gender, risk factors, and
acute treatment that they received be-
cause of the AMI. However, the direction
of these potential confounding factors is
not obvious. Some studies found that the
subsequent mortality risk with RVI was
restricted to elderly patients (15, 16, 18—
20) or patients with atrioventricular
block (6, 9), whereas others suggested
that RVI is an independent and strong
predictor of mortality (4, 5, 7, 11-14, 21,
22). The present meta-analysis was car-
ried out using crude estimates. The 11
studies that presented adjusted outcome
measures for total mortality used mark-
edly different adjustment methods to
consider different covariates and were
measured in varying ways. However, re-
sults of these 11 studies found surpris-
ingly only small differences between ad-
justed and nonadjusted estimates. In fact,
the RR increase appeared greater after
adjustment in some studies, suggesting
that our estimates may be conservative
and may slightly underestimate the true
risk increase associated with RVI in pa-
tients with inferior AMI.

Diagnostic Performance of Electro-
cardiography for Right Ventricular In-
volvement. Electrocardiographic sensi-
tivity and specificity for RVI in inferior
AMI has been studied in autopsy patients
with AMI and 12-lead plus leads V5 and
V,r electrocardiography (32). Although it
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seems that ST elevation in the right pre-
cordial leads is able to reach the highest
sensitivity and specificity especially in
lead V, for posterior RVI (100% and
68.2%, respectively), no reliable electro-
cardiographic criteria were found to iden-
tify anterior RVI. It has been also sug-
gested that in some patients with inferior
AMI caused by the occlusion of the right
coronary artery proximal to the first right
ventricular branch, no ST-segment eleva-
tion in lead V,;z can occur because of
concomitant posterior left ventricular in-
volvement (33). In such patients, the in-
cidence of RVI may be underestimated on
the basis of ST-segment elevation in
lead V.. Therefore, in addition to the
prompt performance of 12-lead plus leads
Vsg and Vi electrocardiography, a sys-
tematic echocardiography is highly rec-
ommended in AMI to identify more accu-
rately RVI.

Publication Bias. Like with any sys-
tematic review, there is always a possibil-
ity of publication bias, as suggested, at
least for prospective studies, by the fun-
nel plots (Fig. 3). However, exclusion of
the smaller studies in a sensitivity analy-
sis made essentially no difference to the
pooled RR. Finally, we must also ac-
knowledge that a majority of studies have
been conducted during the “thrombolytic
era” and data related to the prognostic
impact of RVI when primary PCI is per-
formed remain limited.

CONCLUSION

Our results support that early recog-
nition of RVI, namely by means of right
electrocardiographic leads in AMI may
have prognostic value. Whether or not
this recognition will permit improvement
of outcomes through more aggressive
PCI intervention remains theoretical and
would need to be examined prospectively
in future studies.
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