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A cute decompensated heart failure (HF) is
the most common cause of hospital ad-
mission in patients older than 65 years.

Mean length of hospital stay is about 5–6 days and
with a frequent number of hospital readmission rates
of 25% to 50% at 30 days and 6–12 months, respect-
ively.[1] Treatment options are vast and depend on
certain patient characteristics, including hemody-
namics, which drive the acute management. A pop-
ular modality to assess hemodynamics in acute HF
is the right heart catheterization (RHC). While in-
vasive, the use of RHC gives providers the oppor-
tunity to evaluate values that directly contribute to
the management of the patient. These numbers can
calculate the cardiac output as well as help establish
the underlying etiology of the patient’s symptoms
and guide therapy.[2]

Per Doshi, the use of right artery catheterization
increased from 2010−2014 per 1000 hospitaliza-
tions compared to 2005−2010. The ESCAPE trial was
a large trial that evaluated the use of RHC to guide
therapy, however, results were shown to increase
adverse events without affecting overall mortality
and hospitalization.[3] It was not until its use was
studied in patients with cardiogenic shock (CS) in
which RHC was shown to be associated with lower
mortality and in-hospital cardiac arrest.[4] Further-
more, another study compared RHC with N-ter-
minal pro-B-type natriuretic peptide (NT-proBNP)
measurements in the prognosis of chronic HF pa-
tients. It concluded that NT-proBNP was a better
predictor of all-cause mortality with the benefit of
being non-invasive.[5] The role of RHC is still not

clearly defined and its necessity in guiding therapy
of HF patients is controversial. It is also not well-
known which patient’s populations benefit most
from it.

A retrospective study was conducted at a safety-
net hospital in Jacksonville, Florida, USA. Through
electronic medical record review, data was collec-
ted on HF admissions, procedures, medications,
and medical history between January 2020 and
December 2020. Inclusion criteria involved those
patients over the age of 18 years who were admitted
to the cardiac care unit. A total of 176 patients fit-
ting this criteria were reviewed and stratified by age,
gender, race, comorbidities, length of stay, ejection
fraction (reduced vs. preserved), etiology of cardi-
omyopathy (ischemic vs. nonischemic), NT-proBNP
and creatinine levels.

Statistical analysis was performed using SPSS
22.0 (SPSS Inc., IBM, Chicago, IL, USA). Categorical
variables are presented as counts (percentages). Con-
tinuous variables are presented as mean ± SD or
median (interquartile range) as appropriate. Differ-
ences were assessed using the Pearson’s chi-squared
test and Mann-Whitney U test as appropriate. The
study was approved by the regional Institutional
Review Board. All authors were involved in data
collection and interpretation of results.

This study resulted in 176 total patients. As shown
in Table 1, out of these 176 patients, 95 patients were
Caucasian and 81 patients were African American.
139 patients had HF with reduced ejection fraction
(HFrEF) and 37 patients had HF with preserved
ejection fraction (HFpEF). Furthermore, 14 patients
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presented with ST-segment elevation myocardial
infarction (STEMI). For our primary aim, this study
showed that those who received RHC had a longer
length of stay (11.5 days) than those who did not re-
ceive RHC (6.7 days). For our secondary aims, our
results showed that there was a statistical differ-
ence in those who received RHC between ischemic
cardiomyopathy and non-ischemic cardiomyop-
athy (41.8% vs. 23.7%, P = 0.011). Caucasian pati-
ents were more likely to receive RHC than African
American patients (40.0% vs. 22.2%, P = 0.012). Pa-
tients presenting with STEMI received RHC more
than those who did not receive RHC (71.4% vs. 28.4%,
P = 0.001). There was also a significant difference in
those who received RHC that required inotropes
during their hospital stay than those who did not
receive RHC (61.4% vs. 22.0%, P < 0.001). However,
there was no statistical difference between the HFrEF
group and HFpEF group (34.5% vs. 21.6%, P = 0.134).

There was a greater difference in creatinine and
NT-proBNP on admission and discharge in the RHC
group, with creatinine showing statistical signific-
ance on both endpoints (P = 0.001, Table 2). There

were no complications seen in any of the patients
who underwent RHC.

While it was found that RHC was not associated
with reduced hospital length of stay in patients
presenting with acute decompensated HF, there
was interesting data that was obtained about pa-
tient characteristics who received RHC. Certain pa-
tient populations have a significantly higher prop-
ensity to receive RHC without significant benefit in
length of stay. This may be attributable to the fact
that those who received RHC tended to be relatively
sicker patients, with many of them either awaiting
hospice and/or transfer to more advanced HF facil-
ities. These same patients may have also been unre-
sponsive to initial medical therapies prompting more
invasive hemodynamic monitoring. One study sh-
ows that those who were not responsive to medical
therapy had a change in therapy with improved mor-
tality after having RHC performed.[5] This hesitance
to place RHC at the beginning of hospitalization may
be the cause of these patients to have a longer length
of stay.

Interestingly, those patients who were more likely

 

Table 1    Baseline characteristics between patients who received right heart catheterization versus those who did not receive right
heart catheterization.

Baseline characteristics (n = 176) Right heart catheterization Non-right heart catheterization P-value
Length of stay, days 11.5 6.7 0.014

Mean age, yrs 61.02 61.74 0.759

Weight, kg 92.531 99.161 0.254

Male (n = 101) 36 (35.6%) 65 (64.4%)
0.206

Female (n = 75) 20 (26.7%) 55 (73.3%)

Hypertension (n = 156) 44 (28.2%) 112 (71.8%) 0.004

Diabetes mellitus (n = 79) 29 (36.7%) 50 (63.3%) 0.209

Hyperlipidemia (n = 100) 31 (31.0%) 69 (69.0%) 0.789

Coronary artery disease (n = 94) 38 (40.4%) 56 (59.6%) 0.009

Chronic kidney disease (n = 66) 21 (31.8%) 45 (69.2%) 1.000

Caucasian (n = 95) 38 (40.0%) 57 (60.0%)
0.012

African American (n = 81) 18 (22.2%) 63 (77.8%)

Ischemic cardiomyopathy (n = 79) 33 (41.8%) 46 (58.2%)
0.011

Non-ischemic cardiomyopathy (n = 97) 23 (23.7%) 74 (76.3%)

Heart failure with reduced ejection fraction (n = 139) 48 (34.5%) 91 (65.5%)
0.134

Heart failure with preserved ejection fraction (n = 37) 8 (21.6%) 29 (78.4%)

Inotropes (n = 44) 27 (61.4%) 17 (38.6%) < 0.001

ST-segment elevation myocardial infarction (n = 14) 10 (71.4%) 4 (28.6%) 0.001

Data are presented as n (%).
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to receive RHC at the beginning of their hospitaliza-
tion were those who presented with acute coronary
syndrome. In our study, we focused on those who
were admitted with STEMI. This patient popula-
tion was more likely to receive RHC. However, in
the GUSTO IIb and GUSTO III trials, those patients
with STEMI that received RHC had increased 30-
day mortality versus those who did not receive RHC.[6]

Those that had the most benefit from RHC utiliza-
tion were those in CS, as mentioned beforehand.[4,6]

This is likely due to these patients having more dy-
namic day-to-day changes in values requiring changes
in therapy.

The RHC group was noted to have a significant dec-
rease in NT-proBNP measurements compared to
those that did not. A study compared RHC with NT-
proBNP measurements in the prognosis of chronic
HF patients. It concluded that NT-proBNP was a bet-
ter predictor of all-cause mortality with the benefit
of being non-invasive.[7] This correlates well with
the RHC group having significant decrease in NT-
proBNP levels. However, this study signifies that
perhaps NT-proBNP levels alone can help guide the-
rapy without the invasive hemodynamic monitor-
ing and adverse effects that may be brought from it.
It is important to note that there were no significant
complications from any of the patients that received
RHC in this study. The risk of major complications
from RHC placement is less than 1% with a mortal-
ity rate of 0.05%.[8] This is operator dependent as
well, meaning those institutions with less expertise
may lean more on non-invasive methods for therapy.

Inherent bias may also play a role as those with
these characteristics may be considered more difficult
to manage. An interesting note is the discrepancy
between races in those who received RHC. Cauca-
sian patients tended to receive RHC more often than
African American patients. African American patients
tend to have a higher prevalence of comorbidities

that lead to a higher rate of HF hospital admissions.
These patients are often overlooked and their eti-
ology may be more complex than expected.[9] Socio-
economic factors may also play a significant role as
increased length of hospitalization and more inva-
sive procedures may provide a financial burden for
the patient and hospital.

The utility of the RHC in certain patient populations
continues to be an evolving domain of interest. There
are still no definitive guidelines for its use and evid-
ence is still lacking for its role in therapy. However,
there still tends to be a propensity to use hemodynamic
monitoring in those patients who present with more
instability, whether it is CS, acute coronary syndrome
or requiring inotropes. With this, study do not shows
improvements in outcomes in these populations.
Further investigation is warranted to determine a
guideline directed approach to manage RHC in cer-
tain hospitalized patients. 

ACKNOWLEDGMENTS

All authors had no conflicts of interest to disclose.

REFERENCES
 Fermann GJ,  Collins SP.  Initial  management of  patients
with acute heart failure. Heart Fail Clin 2013; 9: 291−301.

[1]

 Kubiak GM, Ciarka A, Biniecka M, et al. Right heart cat-
heterization: background, physiological basics, and clini-
cal implications. J Clin Med 2019; 8: 1331.

[2]

 Binanay C, Califf RM, Hasselblad V, et al. Evaluation st-
udy of congestive heart failure and pulmonary artery cat-
heterization effectiveness: the ESCAPE trial. JAMA 2005;
294: 1625−1633.

[3]

 Hernandez GA, Lemor A, Blumer V, et al. Trends in util-
ization and outcomes of pulmonary artery catheterization
in heart failure with and without cardiogenic shock. J Card
Fail 2019; 25: 364−371.

[4]

 Mimoz O, Rauss A, Rekik N, et al. Pulmonary artery cat-
heterization in critically ill patients: a prospective analy-
sis of outcome changes associated with catheter-promp-
ted changes in therapy. Crit Care Med 1994; 22: 573−579.

[5]

 

Table 2    Differences in creatinine and NT-proBNP on admission and discharge.

Right heart catheterization Non-right heart catheterization P-value
Creatinine on admission 2.7695 1.6407 0.001

Creatinine on discharge 2.4789 1.4717 0.001

NT-proBNP on admission 17,837.96 11,270.14 0.037

NT-proBNP on discharge 7,498.89 7,285.26 0.952

NT-proBNP: N-terminal pro-B-type natriuretic peptide.

LETTER TO THE EDITOR JOURNAL OF GERIATRIC CARDIOLOGY

  http://www.jgc301.com; jgc@jgc301.com 317

https://doi.org/10.1016/j.hfc.2013.04.004
https://doi.org/10.3390/jcm8091331
https://doi.org/10.1001/jama.294.13.1625
https://doi.org/10.1016/j.cardfail.2019.03.004
https://doi.org/10.1016/j.cardfail.2019.03.004
https://doi.org/10.1097/00003246-199404000-00011
https://doi.org/10.1016/j.hfc.2013.04.004
https://doi.org/10.3390/jcm8091331
https://doi.org/10.1001/jama.294.13.1625
https://doi.org/10.1016/j.cardfail.2019.03.004
https://doi.org/10.1016/j.cardfail.2019.03.004
https://doi.org/10.1097/00003246-199404000-00011


 Cohen MG, Kelly RV, Kong DF, et al. Pulmonary artery
catheterization in acute coronary syndromes: insights from
the GUSTO IIb and GUSTO III trials. Am J Med 2005; 118:
482−488.

[6]

 Gardner RS, Henderson G, McDonagh TA. The progno-
stic use of right heart catheterization data in patients with
advanced heart failure: how relevant are invasive proce-
dures in the risk stratification of advanced heart failure

[7]

in  the  era  of  neurohormones? J  Heart  Lung  Transplant
2005; 24: 303−309.
 Manda YR, Baradhi KM. In Cardiac Catheterization Risks
and Complications, StatPearls Publishing: Treasure Island,
Florida, USA, 2022.

[8]

 Nayak A, Hicks AJ, Morris AA. Understanding the com-
plexity of heart failure risk and treatment in Black pati-
ents. Circ Heart Fail 2020; 13: e007264.

[9]

Please cite this article as: Kandah F, Dhruva P, Shukla R, Ganji M, Palacio C, Missov E, Ruiz-Morales J. Invasive versus non-invasive
hemodynamic monitoring of heart failure patients and their outcomes. J Geriatr Cardiol 2022; 19(4): 315−318. DOI: 10.11909/j.issn.1671-
5411.2022.04.004

JOURNAL OF GERIATRIC CARDIOLOGY LETTER TO THE EDITOR

318 http://www.jgc301.com; jgc@jgc301.com  

https://doi.org/10.1016/j.amjmed.2004.12.018
https://doi.org/10.1016/j.healun.2004.01.010
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007264
https://doi.org/10.1016/j.amjmed.2004.12.018
https://doi.org/10.1016/j.healun.2004.01.010
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007264
https://doi.org/10.1016/j.amjmed.2004.12.018
https://doi.org/10.1016/j.healun.2004.01.010
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007264

	ACKNOWLEDGMENTS

