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Defend the right ventricle with what you know
M. Gomberg-Maitland

R
ight ventricle failure in patients with pulmonary
hypertension (PH) has high mortality and is often
unrecognised because the syndrome is less evident on

exam than left heart failure. PH is an uncommon condition and
management of patients with PH during critical illness is
largely based on experience, as data from randomised clinical
trials in this specific population do not exist. At the academic
medical centres where relatively large numbers of PH patients
are treated, the specialists and the intensivists who work with
them share a common experience. Patients with decompen-
sated right ventricle function and cardiogenic shock can look
surprisingly stable, but reversing the shock or managing these
brittle PH patients through an elective or emergent surgical
procedure involves a delicate balance. Each intervention is
determined by a mixture of physician experience, inference
from physiology and by local practice norms, not randomised
investigations.

In the current issue of the European Respiratory Journal, French
clinician-scientists provide descriptive results of the largest
database collected to date on patients experiencing acute right
heart failure requiring admission to an intensive care unit [1]
and patients requiring surgical procedures [2] at their inter-
nationally recognised centre. There have been few publications
regarding the management of and outcomes from acute
decompensated right heart failure or the peri-operative
management of patients with PH. This prompted investigators
in Paris to report their collective experience in these areas.

The readers of this journal are familiar with pulmonary arterial
hypertension (PAH), a fatal group of diseases characterised by
an elevated pulmonary vascular resistance with a normal
pulmonary artery wedge pressure in the absence of chronic
lung disease/hypoxia, chronic thromboembolic disease
(CTEPH), or left heart disease. PAH is characterised by
pulmonary vasoconstriction, endothelial dysfunction, exces-
sive smooth muscle cell proliferation and in situ thrombosis [3–
6]. The consequence of this process is right ventricular
ischaemia, remodelling, dilatation, dysfunction and eventually
failure [7, 8]. The decreased right ventricular cardiac output in
conjunction with the altered septal shift impairing left
ventricular filling, ultimately decreases left ventricular cardiac
output. This then amplifies right ventricular ischaemia [8, 9].
The right ventricle adapts but as the ventricular dysfunction
progresses with increasing pulmonary vascular resistance
(PVR), it is unable to respond to situations (tachycardia,

hypotension and hypoxemia) that require acute augmentation
of cardiac output to maintain normal function. Presently,
despite the heterogeneity of PAH, due to the clinical and
pathological similarities, the sub-conditions are treated by a
unified approach. Current therapeutic interventions are based
on each clinician’s experience with right ventricle failure and
animal models of right ventricle failure. The main principle is
to maintain sufficient aortic and coronary perfusion pressure
to sustain cardiac output (tissue perfusion) and tissue
oxygenation [10–13]. Animal models support the use of
dobutamine and norepinephrine alone or in combination
[14, 15].

‘‘Prognostic factors of acute heart failure in patients with
pulmonary arterial hypertension,’’ by SZTRYMF et al. evaluated
consecutive PAH patients admitted to the intensive care unit
from November 2005 to April 2007 [1]. All patients enrolled
had been diagnosed to have had acute deterioration within
1 week of admission and required catecholamine treatment for
cardiogenic shock. Despite aggressive care, the patients had a
high in-hospital mortality rate (41%), which is similar to the
poor prognosis of cardiogenic shock due to left ventricular
ischaemia [16]. These PH patients typically avoided severe
heart failure requiring admission for at least 6 yrs after
diagnosis. At the last visit prior to hospitalisation, the cohort
described had advanced disease; they were predominantly
functional class III and IV with severe haemodynamics at right
heart catheterisation and had already been prescribed a
combination of background PAH therapies. These patient
factors did not affect overall survival, only the presence of an
infection worsened prognosis. Patients discharged had both a
high readmission rate (29%) and a high mortality rate (22%) at
3 months.

Treatment plans were not structured and were guided by
clinical measurement and individual physician experience, but
the institutional custom was to administer intravenous
dobutamine (at rates up to 20 mg?kg-1?min-1) as the first line
vasoactive agent. If the maximum dose was reached without
achieving adequate systemic blood pressure and objective
signs of tissue perfusion, norepinephrine was added. Clinical
endpoints consistent with shock and right ventricle failure
predicted a worse prognosis. Specifically, adverse events
increased if patients on admission to the intensive care unit
required a larger dose of oral diuretic (furosemide 250 (60–
1,500) versus 170 (40–1,000) mg?day-1, had worse renal function
as measured by serum creatinine (112 (42–144) versus 95 (85–
151) mmol?L-1) or required a progressive increase in dobuta-
mine dose (5–20 mg?kg-1?min-1). Understanding that the study
is non-randomised and underpowered to evaluate this out-
come, despite the addition of emergent PAH medications,
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clinical prognosis did not improve. In addition, this decision
was based on the discretion of each physician without clear
guidelines directing their use. The physicians avoided the use
of mechanical ventilatory support and bronchoscopic con-
firmation of infection to limit procedural complications and
cardiovascular compromise. They also used antibiotics prior to
confirmatory cultures and managed fluids sparingly.

Attentive support of the right ventricle is also needed by
patients who require operative procedures. The need to
optimise right ventricle function to prevent right ventricle
failure pre, intra, and post-operatively is underappreciated.
Obstetric and paediatric operative experience dominates the
limited literature [17–19]. Preventive measures include the use
of pulmonary vasodilator therapies, restriction of intravenous
fluid administration and maintenance of systemic pressure. In
the second article in this issue of the European Respiratory
Journal, PRICE et al. [2] report the acute results and 1-yr follow-
up of consecutive PAH (WHO category 1) and inoperable
CTEPH patients (WHO Category IV) who underwent general
or regional anaesthesia for non-cardiothoracic, non-obstetric
surgery. The authors provide detailed reports on a cohort
of patients, providing details of their anaesthesia (includ-
ing nitrous oxide), mechanical ventilation, oxygen require-
ments, and peak end-expiratory carbon monoxide during
surgery and report the peri-operative (28 days) complications
and mortality.

Unlike SZTRYMF et al. [1], the patients in this study had mild–
moderate PH, good functional class (I and II575%), a
mild–moderate elevation in pulmonary pressure (mean5

43¡12 mmHg) and a normal cardiac performance (cardiac
index53.25¡0.68 L?min-1?m-2). Despite well-compensated PH,
nearly one-third of patients (29%) had peri-operative compli-
cations (most within 48 h) and 7% had peri-operative
mortality. Major surgery defined as major laparoscopy,
hysterectomy, major orthopaedic surgery and mastectomy
(not typically included), resulted in a 13% mortality (two out of
16). No deaths occurred with minor surgery. General anaes-
thesia patients received opioids and propofol for anaesthesia
induction, sevoflurane (10 out of 14) or desflurane (two out of
14) for maintenance and nitric oxide (four out of 14). Regional
anaesthesia consisted of neuraxial blockade with sufentanil,
bupivicaine and 2% lidocaine epidural top offs (11 out of 28)
and three regional blocks combined with sedation. Patients
who had general anaesthesia had less severe baseline
haemodynamics and were less likely to be treated with PH-
specific medication. This may represent a selection bias with
higher functioning patients having general analgesia, falsely
improving general anaesthesia outcomes. Also most were
emergency or major procedures confounding the comparison
between anaesthetic techniques.

Some results contradicted previous management and should
change current practice. For example, patients tolerated
regional anaesthesia well despite fears of bolus administration
of anaesthetic leading to hypotension. If patients survived the
hospitalisation (26 out of 28), they returned to baseline clinical
status by 3–6 months even if they had significant complica-
tions (six out of 26). As expected, emergency procedures
carried a significantly higher risk of death and complications
versus elective procedures (50% (two out of four) and 100%

(four out of four) versus 0% and 17% (four out of 24)
respectively). Longer procedures and those requiring haemo-
dynamic monitoring also increased complication rates.
Limited exercise capacity and functional class appeared to
predict outcomes similar to peri-operative risk assessment in
cardiac patients having non-cardiac surgery (,4 metabolic
equivalents (METs)) [20]. Perhaps not surprisingly, the
stresses endured during exercise testing best simulated
operative stress compared with resting cardiac catheterisation
haemodynamics in patients with normal cardiac output. Thus
exercise testing should be a primary recommendation for risk
stratification. The predictive cut-points obtained from our
experience using metabolic equivalents obtained from a
modified Naughton-Balke protocol stress test can be utilised
and validated for this purpose (,3 METs, 3–6 METs and
.6 METs) [21].

These collective experiences reiterated the challenges faced by
the clinician in the care of PH patients. This difficult patient
population dictates that care should be done in centres with
experienced PH clinicians. Although institution-specific infra-
structure and operations also influenced outcome, these data
provide the first necessary information to begin developing
clinical care guidelines and acute care clinical trials. For both
the acute right heart failure and the peri-operative admission,
these investigators prioritised careful fluid management.
Unlike the treatment of right ventricle infarction that requires
fluid resuscitation to support the acute dysfunction [22], right
ventricle adaptation in PAH is such that this therapeutic
approach would further stress the right ventricle. The authors
mentioned the importance but did not report continuous
central venous pressure monitoring. Our institutional experi-
ence is that this is a helpful method to measure right ventricle
recovery and fluid balance. Perhaps setting haemodynamic
goals such as maintenance of even to net negative fluid balance
or central venous pressure ¡3 mmHg from baseline would
prove effective. To improve coronary perfusion and lessen
ischaemia, another goal might be to maintain the mean arterial
blood pressure 10 mmHg above the mean pulmonary artery
pressure. Although arbitrary, setting objective benchmarks like
these would provide the basis for multi-centre prospective
studies.

The authors are commended for their contributions to our
understanding of the clinical management and outcomes
of these complex patients. Novel therapeutics and more
aggressive approaches with assist devices and early trans-
plant in acute care plus the use of this support during high-
risk procedures, may be beneficial in the future and warrant
consideration. Formal studies of optimal management of
right ventricle failure or cardiogenic shock in PH, similar
to the early days of the Acute Respiratory Disease Syndrome
network or left heart failure, are needed. This noble goal
can only be accomplished through international collabora-
tion. The key to progress is not only in the recognition of
right ventricle failure in PAH but also a humble apprecia-
tion for our ignorance in treating acute right ventricle
failure.
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