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Lehmann et al.1 pointed out that taken to-
gether, the large cardiac resynchronization therapy
(CRT) trials included 10,803 patients, the majority
of who were in congestive heart failure (CHF) New
York Heart Association (NYHA) class III, but only
451 patients (4.2%) were class IV. The role of CRT
in NYHA class IV patients remained uncertain un-
til recently when Lindenfeld et al.2 reported the
results of CRT in 217 such ambulatory patients
(on no intravenous inotrope therapy) after a me-
dian follow-up of 14 months. Death or hospital-
ization for any cause was significantly improved
in both CRT and CRT-defibrillator patients. The
time to all-cause death and heart failure (HF) hos-
pitalization was also significantly improved in the
same groups.2 However, the large CRT trials have
generally excluded patients with refractory class
IV CHF on intravenous inotropic therapy.3–5 Al-
though cardiac resynchronization has revolution-
ized the treatment of CHF, its use in end-stage
patients whose prognosis is poor and who are de-
pendent on intravenous drugs has remained con-
troversial and poorly defined. Furthermore, scien-
tific guidelines have not addressed the role of CRT
in this group of patients.6–7 The question arises as
to whether the recent documentation of CRT ben-
efit for NYHA class IV ambulatory patients can be
extended to the much sicker group of class IV pa-
tients on inotropic support.

Negative Results
There is a prevailing belief that CRT is of lit-

tle benefit in inotrope-dependent class IV CHF
patients. In this regard, Auricchio and Abraham
stated in 2004 that “isolated anecdotal experience
suggests that CRT may be contraindicated in pa-
tients in whom weaning from parenteral inotropic
therapy has not been possible.”8 Table I shows the
published results of CRT in NYHA class IV CHF
patients on intravenous inotropic therapy at the
time of implantation. Considering the high mortal-
ity in some of the reports shown in Table I, some
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workers believe that CRT is of little or no benefit
in this group of patients.

Makati et al.9 reported their disappointing ex-
perience with CRT in 15 patients with class IV CHF
on continuous inotrope infusion and optimal med-
ical therapy. Mortality and hospitalizations were
compared retrospectively to outcomes in a sim-
ilar group of 10 patients receiving a continuous
inotrope infusion and optimal medical therapy
(control group). The CRT and control group did
not differ significantly with regard to age, etiology
of CHF, left ventricular ejection fraction (LVEF),
or implanted ICD. Mortality rates were not signifi-
cantly different at 1, 3, 6, and 12 months between
the two groups. At 12 months the mortality in the
CRT group was 46.7% versus 60.0% in the control
group (P = 0.50). Only one patient tolerated dis-
continuation of intravenous inotrope therapy. The
hospitalization rate was similar in the two groups
at 3-year follow-up.

Konstantino et al.10 also underscored the very
high mortality in inotrope-dependent class IV CHF
patients undergoing CRT in a series of 10 patients
with ischemic cardiomyopathy (median QRS du-
ration = 170 ms). Although eight patients im-
proved (four remaining on intravenous (IV) in-
otrope therapy), the mortality rate was 60% during
a median follow-up of 9.5 months.

Huneycutt et al.11 also found CRT to be of
questionable benefit in CHF patients requiring IV
inotropic support (median duration of inotropic
therapy was 6 days). They found no significant
differences in length of hospitalization between
21 patients on inotropic support who were treated
with CRT and a matched group that did not re-
ceive CRT, although 86% of the CRT patients were
able to wean from inotropic support compared
with 71% of the non-CRT group (P = 0.03). Only
29% of the CRT patients were alive at the 1-year
follow-up.

Positive Results
In a retrospective observational study of pa-

tients undergoing CRT, Cowburn et al.12 identi-
fied 10 patients who required inotropic support
for refractory CHF and who underwent CRT while
on intravenous inotropic agents (Table I). Patients
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Table I.

Published Reports of Cardiac Resynchronization in NYHA Class IV Patients on Intravenous Inotropic Therapy
at the Time of Implantation

No. Pts Symptomatic Long-
Follow-up Weaned Off IV Improvement term

Reference No. pts Etiology (Months) Inotrope Therapy (no. pts) Mortality

Makati et al.9 15 ICM 73% 12 1 NA 60%
Konstantino et al.10 10 ICM 100% 9.5 median 4 (median 5.5 mths) 8 50%
Huneycutt et al.11 21 ICM 50% 12 18/21 (86%) NA 71%
Cowburn et al.12 10 NA 0.4 ± 0,4 All 2 ± 2 days

post-CRT
NA 0% short-term

James et al.13 6 NA 14 ± 11 All survivors NA 50%
Simon et al.14 18 NA 22 6 (33%) 11 25%

Median 5
Milliez et al.15 14 ICM 5 36 All within 3 days All survivors 15%

NICM 9
Herweg et al.16 10 ICM 4 NICM 6 25 ± 13 9/10 ± 15 ± 14 days

post-CRT
9 0%.

3 pts underwent
orthotopic
transplantation 56,
257, and 910 days
post-CRT

No = number; pt = patient; mths = months; ICM = ischemic cardiomyopathy; NICM = nonischemic cardiomyopathy; NA = not available.

had been hospitalized for 30 ± 29 days and had
received inotropic support for 11 ± 6 days prior
to CRT. All patients were weaned from inotropic
support (2 ± 2 days post-CRT) and all patients sur-
vived to hospital discharge (12 ± 13 days post-
CRT). James et al.13 evaluated the benefit of CRT
in 38 class IV CHF patients who received IV in-
otropic therapy within 30 days of CRT, or only
during CRT implantation (14 patients were recov-
ering from major cardiac surgery). Of the six pa-
tients who received IV therapy only during CRT,
half survived and came off IV therapy. Nine pa-
tients required inotropic therapy during and after
CRT and seven underwent cardiac transplantation.
The survival rate of the patients who did not have
cardiac surgery or transplantation cannot be deter-
mined from the published data.

Simon et al.14 concluded that CRT can be safe
and clinically effective in inotrope-treated class
IV patients followed for a median of 156 days af-
ter implantation. Six of 11 patients on continu-
ous inotropic therapy who were treated with CRT
were weaned off inotropes, and the mean number
of CHF hospitalizations decreased from eight to
three over the course of 6 months pre- and postim-
plantation (P = 0.09). There were seven clinical
events (four deaths, one transplant, and two ven-

tricular assist device implantation). Event-free sur-
vival was 61% at 6 months.

Milliez et al.15 recently reported their experi-
ence with CRT devices in 14 end-stage inotrope-
dependent unstable CHF patients (five ischemic
and nine nonischemic cardiomyopathy patients;
left ventricular ejection fraction 20 ± 10%). De-
pendence on vasopressor agents was defined as the
inability to stop or reduce the drugs without occur-
rence of hypotension, oligoanuria (<20 mL/hour),
and hypoxemia. All vasopressor agents were with-
drawn within 72 hours. One patient with a CRT
device died 24 hours after the procedure from
a ventricular tachyarrhythmia. During the mean
follow-up of 3 years (6 months to 4 years), one pa-
tient died of CHF. Hence, 12 of 14 patients (85%)
were alive with improvement of their exertional
tolerance by at least 1 NYHA functional class and
LV ejection fraction by a mean of 5%.

We recently reported 10 consecutive patients,
mean age 55 years, in sinus rhythm, with class IV
heart failure who underwent CRT while receiving
intravenous inotropic support with dobutamine or
milrinone.16 One patient required ventilatory sup-
port during CRT implantation. All patients were
alive after a mean follow-up of almost 3 years.
Three patients underwent successful orthotopic
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cardiac transplantation and in one, inotropic sup-
port was continued until transplantation. Nine of
the other patients were able to discontinue IV in-
otropic therapy. LV end-systolic volume decreased
significantly (P < 0.01), and LVEF increased signif-
icantly (P < 0.05). Our satisfactory results in con-
secutive patients may have been due to chance, op-
erator experience, or less sick patients than those
in the unfavorable reports because they were main-
tained alive a relatively long time on inotropic
therapy before CRT. A selection bias7,8 was highly
unlikely because the patients were all referred by
heart failure specialists in our busy cardiac trans-
plantation center.

CRT in Inotrope-Dependent Patients after
Cardiac Surgery

There appears to be a potential role for CRT
in inotrope-dependent class IV CHF patients af-
ter cardiac surgery. The report of James et al.13 ex-
posed a potential new role for CRT in patients with
significant LV dysfunction and refractory CHF im-
mediately after cardiac surgery, especially coro-
nary artery bypass surgery. In this respect, Fox et
al.17 reported the remarkable benefit of CRT in one
patient with refractory heart failure (preoperative
LVEF = 25% and left bundle branch block: QRS
duration = 170 ms) despite IV inotropic support
and continuous positive airway pressure. The im-
plantation of a CRT device produced a dramatic

improvement and the patient was found to be in
class II NYHA 9 months after surgery.

Conclusion
The weight of evidence suggests that CRT

should not be automatically dismissed as con-
traindicated in class IV CHF patients on inotropic
support. Thus, it may be never too late to con-
sider CRT and even the sickest end-stage patients
might benefit. The selection of such class IV CHF
inotrope-dependent patients for CRT must be in-
dividualized based on a number of factors, includ-
ing clinical judgment, positive proof of potentially
treatable LV dyssynchrony, need for an additional
ICD, and operator skill. Permanent atrial fibrilla-
tion in such patients should not be an absolute con-
traindication because the results of a recent large
prospective observational study clearly demon-
strated that CRT (in patients with standard indica-
tions) coupled with atrioventricular junctional ab-
lation yields long-term results comparable to those
obtained in sinus rhythm.18 Although the prog-
nosis of end-stage CHF patients on inotropic sup-
port is poor in terms of mortality, CRT is relatively
safe and worthwhile in selected patients if only
for symptomatic improvement even if it is of rel-
atively short duration. Definitive answers regard-
ing the role of CRT will be difficult to obtain as
randomized trials are not feasible in patients with
end-stage CHF in NYHA class IV on inotropic sup-
port.
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