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T here are reports of some patients with myeloproliferative disease (MPD) developing high-output heart
failure (HOHF) (1). Another hematological disorder, multiple myeloma, is also known to be related to
HOHF (2). According to the common pathological conditions in these 2 hematologic diseases, possible

mechanisms for high-output states are increased oxygen demand secondary to splenomegaly and hepatomeg-
aly caused by extramedullary hematopoiesis, and a reduction of systemic vascular resistance caused by
elevated circulatory proinflammatory and angiogenic cytokines, such as interleukin (IL)-6, IL-8, tissue necrosis
factor-alpha, and vascular endothelial growth factor (1,3,4).

Ruxolitinib, a JAK1/2 inhibitor, has recently emerged as a new therapeutic agent for MPD and is reported to
improve splenomegaly and its associated symptoms by reducing extramedullary hematopoiesis (5). This has
raised the possibility of JAK1/2 inhibition for the amelioration of HOHF symptoms associated with MPD by
reducing extramedullary hematopoiesis and circulatory cytokines. Herein, we present a case that supports this
possibility.

CASE

A 75-year-old male patient with an 11-year history of MPD, which was initially diagnosed as polycythemia vera
and later developed into myelofibrosis, was referred to our cardiovascular clinic for suspected heart failure.
Except for hypertension, for which he was prescribed calcium-channel blockers, he had no prior history of
cardiovascular disease. He was treated with hydroxyurea 6 years after the MPD diagnosis and developed
shortness of breath during walking and peripheral edema 1 year later. Plasma brain natriuretic peptide (BNP)
levels were 19.4 pg/ml at MPD diagnosis and increased to 143.9 pg/ml at the time of referral. Echocardiography
identified dilatation of all 4 cardiac chambers (left ventricular end-diastolic diameter 61 mm; right ventricular
end-diastolic diameter 48 mm; left atrial volume 74 ml; and right atrial volume 76 ml) along with hyper-
dynamic left ventricular function with mild mitral regurgitation and tricuspid regurgitation. The left ven-
tricular end-diastolic diameter had increased from 52 mm at diagnosis to 61 mm at referral. HOHF associated
with MPD was suspected, and right heart catheterization (RHC) was performed. The cardiac output was esti-
mated using the Fick’s method, and the LaFarge equation was used for estimating oxygen consumption (6).
Systemic vascular resistance was calculated by dividing the difference between mean arterial pressure and
mean right atrial pressure by cardiac output. The findings were consistent with a high-output state: an
elevated cardiac output (9.03 l/min), slightly elevated pulmonary capillary wedge pressure (11 mm Hg) and
right atrial pressure (10 mm Hg), elevated mixed venous oxygen saturation (80%), and a decreased systemic
vascular resistance (753.0 dynes�s�cm�5). A diagnosis of HOHF associated with MPD was made based on RHC
results and marked splenomegaly, which provided evidence of extramedullary hematopoiesis. Other causes of
high cardiac output state, namely, anemia, hyperthyroidism, vitamin insufficiency, systemic arteriovenous
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AB BR E V I A T I O N S

AND ACRONYM S

BNP = brain natriuretic peptide

HOHF = high-output heart

failure

IL = interleukin

MPD = myeloproliferative

disease

PH = pulmonary hypertension

RHC = right heart

catheterization

VEGF = vascular endothelial
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shunts, and cirrhotic liver disease, were excluded by appropriate blood analyses
and a whole-body computed tomography scan. Oximetry analysis conducted during
RHC was used to exclude intracardiac shunts. Existence of borderline pulmonary
hypertension (PH), with a mean pulmonary artery pressure of 23 mm Hg, low dia-
stolic pressure gradient (2 mm Hg), and low pulmonary vascular resistance (106.3
dynes�s�cm�5) were also detected.

The patient’s treatment was modified by replacing hydroxyurea with ruxolitinib
after consultation with hematologists. Diuretic agents were not added as the cardiac
filling pressure was only slightly elevated at rest.

The patient’s symptoms gradually improved, and plasma BNP levels were
reduced to 51.2 pg/ml after 6 months, then normalized to 14.4 pg/ml after 1 year.
Echocardiography 1 year after presentation to our clinic demonstrated a slight
reduction in chamber sizes (left ventricular end-diastolic diameter 60 mm; right

ventricular end-diastolic diameter 46 mm; left atrial volume 66 ml; and right atrial volume 64 ml). On RHC,
there was a reduction in cardiac output (8.04 l/min), mean pulmonary capillary wedge pressure (9 mm Hg), and
mean right atrial pressure (3 mm Hg). The mixed venous oxygen saturation was 71.1%, and systemic vascular
resistance was 955.2 dynes�s�cm�5. Abdominal computed tomography demonstrated a reduction in spleen size
(anterior to posterior diameter, from 195 to 185 mm; left to right diameter, from 105 to 99 mm; and longitudinal
diameter, from 214 to 207 mm). PH also improved from a mean pulmonary artery pressure of 23 to 18 mm Hg,
with a slight reduction in pulmonary vascular resistance (89.6 dynes�s�cm�5).

DISCUSSION

This case highlights the potential disease-modifying effect of JAK1/2 inhibition on HOHF associated with MPD
(Figure 1). Reportedly, MPD accounts for 8% of HOHF, with poor survival in affected patients (1). Treatment of
HOHF consists of supportive oxygen supplementation, diuretic agents, and control of its underlying cause.
There is currently no established treatment, except supportive therapy for HOHF associated with MPD.

Our observation regarding an improvement in HOHF with JAK1/2 inhibition may not be conclusive as it
originates from a single case report. However, clinical improvement along with the concomitant reduction in
plasma BNP level in the absence of any other intervention suggests that JAK1/2 inhibition may have contrib-
uted to the amelioration of HOHF. We used RHC to document an 11% reduction in cardiac output at rest
following JAK1/2 inhibition treatment.

Our case report also suggests a hypothesis regarding the potential multifactorial pathophysiology of he-
modynamic abnormalities in patients with MPD. In HOHF, a concomitant reduction in splenic size may be
evidence of splenomegaly as a causal factor. This hypothesis is in line with a previous report that suggested the
cause of HOHF related to other hematological disorders, including multiple myeloma, was increased blood
circulation due to splenomegaly (2). However, in our case, the observed change in the spleen size was rela-
tively small compared with that of a previous report (5). Although complete normalization of HOHF was not
achieved, the normalization of plasma BNP level indicates that the partial reduction in cardiac output was
clinically beneficial.

Interestingly, we also observed a reduction in mixed venous oxygen saturation and an increase in systemic
vascular resistance after JAK1/2 inhibition. This improvement in vasodilatation disproportionate to the oxygen
demand could be secondary to the effect of JAK1/2 inhibition on circulating inflammatory cytokines. In pa-
tients with MPD, plasma levels of pro-inflammatory and angiogenic cytokines, such as IL-6, IL-8, tissue ne-
crosis factor-alpha, and vascular endothelial growth factor are reported to be elevated (4). In addition, the
reduction of these cytokines after the initiation of ruxolitinib has been reported (7). Overall, these observations
suggest the stabilization of inflammatory and angiogenic states with ruxolitinib may have a beneficial effect on
the high-output state. Treatment with ruxolitinib also seemed to ameliorate PH. According to the low diastolic
pressure gradient and pulmonary vascular resistance, the cause of PH in this patient was believed to be mainly
due to a high cardiac output state. We observed a decrease in pulmonary vascular resistance, while systemic
vascular resistance increased. Patients with MPD often develop pre-capillary PH, secondary to chronic
thromboembolism in the pulmonary vasculature, portal hypertension, toxic effects of chemotherapeutic
agents, and extramedullary hematopoiesis in the lungs. Although this needs further confirmation, our hy-
pothesis is that a reduction in extramedullary hematopoiesis and cytokines by ruxolitinib may be beneficial for

growth factor



FIGURE 1 JAK1/2 Inhibitor May Ameliorate High-Output Heart Failure Associated With Myeloproliferative Disease

MPD with JAK1/2 mutation often causes elevation of inflammatory cytokines and extramedullary hematopoiesis reflected in marked

splenomegaly in the middle left panel. These 2 factors sometimes result in HOHF (typically presented with cardiomegaly shown in the lower

left panel). Theoretically, JAK1/2 inhibition prohibits this pathway, and may ameliorate HOHF associated with MPD. Improved RHC data after

the initiation of JAK1/2 inhibitor in our case (upper right table) support this hypothesis. BNP ¼ brain natriuretic peptide; CI ¼ cardiac index;

HOHF ¼ high-output heart failure; MPD ¼ myeloproliferative disease; PAP ¼ pulmonary artery pressure; PCWP ¼ pulmonary capillary

wedge pressure; RAP ¼ right atrial pressure; RHC ¼ right heart catheterization.
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improvement of pre-capillary PH and the high-output state, and may have contributed to the reduction in BNP
level. Last, we also observed the progression of anemia in this patient. The reduction of serum hemoglobin
level after the introduction of ruxolitinib is known (5). Worsening of anemia is generally recognized as a
contributor to the deterioration of the high-output state; however, here, the high-output state was improved
even with the concurrent worsening of anemia. This observation suggests the risk of worsening anemia by
ruxolitinib administration may be outweighed by the hemodynamic benefit.

STUDY LIMITATIONS. The first limitation of our observation is that it is inferred from a single case report.
Second, we did not formally assess exercise tolerance and its correlation with reported symptoms in this pa-
tient. A previous report analyzing 10 patients with HOHF associated with MPD reported a mean pulmonary
wedge pressure of 16 mm Hg, cardiac output of 8.8 l/min, and a median systemic vascular resistance of 660
dynes�s�cm�5 (1). In light of these values, it appears that our patient had a milder hemodynamic disturbance.
However, an apparent elevation in cardiac output and the patient’s self-reported shortness of breath during
mild physical activity may have suggested an elevation of filling pressure during physical activity. Third, we
were unable to analyze the long-term effect of JAK1/2 inhibition on cardiac output, pulmonary hypertension,
exercise tolerance, and prognosis. Thus, to confirm our hypothesis, an adequately powered, double-blind,
randomized controlled trial with endpoints including both short- and long-term clinical outcomes pertaining
to heart failure, mortality, and exercise tolerance is required. However, given the relatively small number of
patients with MPD-related HOHF or PH, a clinical trial may not be feasible, and retrospective and prospective
cohort studies are needed. Fourth, we were unable to analyze circulating cytokines in this patient. Because one
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of the proposed mechanisms of HOHF is disproportionally reduced systemic vascular resistance secondary to
elevated circulatory cytokines, these data may provide important translational information in elucidating the
role of JAK1/2 inhibition in ameliorating the high-output state in MPD. In summary, JAK1/2 inhibitor may
improve hemodynamic parameters and symptoms in patients with HOHF associated with MPD.

ADDRESS FOR CORRESPONDENCE: Dr. Makoto Takei, Department of Cardiology, Saiseikai Central Hospital,
Mita 1-4-17, Minato-ku, Tokyo 108-0073, Japan. E-mail: makoto_tk@cpnet.med.keio.ac.jp. Twitter:
@yuukiiiiiiiina.
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