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Abstract: Background: Impaired gastric motility in the form of constipation may often occur in elderly
patients with chronic heart failure. Candidates for trans-catheter aortic replacement (TAVR) are of old
age and have multiple comorbidities, probably including constipation. However, the clinical implication
of a history of constipation in patients receiving TAVR remains unknown. Methods: Patients who
underwent TAVR at our large academic center between 2015 and 2022 were eligible. The prognostic
impact of the prescribed laxative type and number, which was assumed as the severity of constipation,
on the incidence of death or heart failure readmission two years after index discharge was investigated.
Results: A total of 344 patients were included. Median age was 85 years, and 99 patients were men.
Patients with any laxatives (N = 166) had higher systolic blood pressure, higher plasma B-type natriuretic
peptide levels, and a lower prescription rate of renin–angiotensin system inhibitors at the time of index
discharge after TAVR (p < 0.05 for all). The number of laxative types was independently associated with
the composite primary outcome with an adjusted hazard ratio of 1.83 (95% confidence interval 1.27–2.63,
p = 0.001) with a cutoff of one type of laxative used, which significantly stratified the 2-year cumulative
incidence of the primary outcome (18% versus 7%, p = 0.001). Conclusions: The presence of constipation
was associated with worse clinical outcomes following TAVR. The prognostic impact of an aggressive
intervention for constipation remains a future concern in this cohort.
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1. Background

Trans-catheter aortic valve replacement (TAVR) is a recognized less invasive trans-
catheter intervention for approaching symptomatic severe aortic stenosis, primarily target-
ing individuals with high operative risk for surgical valve replacement [1]. Advances in
clinical outcomes following TAVR have steadily grown due to optimal choices in patient
selection, implementation of comprehensive pre-procedural imaging assessments, sophis-
tication of next-generation device designs, and improvement of peri-procedural clinical
management [2]. Consequently, TAVR indication has expanded to encompass patients
with intermediate and low surgical risk, demonstrating clinical outcomes comparable to
surgical valve replacement [3,4]. As a result, the number of TAVR procedures is increasing
so far. However, many TAVR candidates are of advanced age, with multiple comorbidities,
which may not necessarily be addressed by TAVR alone and may persist even after a
successful TAVR procedure. Thus, post-TAVR clinical outcomes may rather be affected by
non-cardiovascular clinical problems which need to be considered when determining if the
clinical benefits of the procedure will outweigh any imminent progression of other medical
comorbidities [5].

Impaired gastric motility in the form of constipation is a common clinical problem in
geriatric populations, and it can be exacerbated by general anesthesia, narcotics, immobility,
and prolonged hospital stays [6]. It is not surprising that comorbid constipation is prevalent
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and may be one of the pivotal comorbidities among TAVR candidates, considering the
features of this cohort. Heart failure and its related comorbidities, such as chronic kidney
disease, together with its management, such as diuretic use, can worsen constipation. Thus,
heart failure is directly and indirectly associated with worsening constipation. Conversely,
single-center data by Namiuchi and colleagues have demonstrated that the presence of
constipation needing laxatives even after propensity matching was associated with a greater
than two-fold increase in the risk of heart failure readmission [7]. It can also be postulated
that the effects of straining in patients with constipation significantly increase afterload
and can potentially contribute to heart failure decompensation [8]. Thus, the presence of
constipation can be a major cause of worsening heart failure.

Many TAVR candidates frequently also have heart failure with preserved ejection
fraction, partly due to chronic age-related essential hypertension and ventricular hyper-
trophy, which may be present in the setting of severe aortic stenosis [8]. It is reasonable to
postulate that impaired gastric motility, in the form of constipation, which is frequently
encountered in geriatric populations, is also present in many patients with age-related
severe aortic stenosis. Detailed knowledge of the relationship between constipation and
clinical outcomes in this cohort should further improve therapeutic strategies using TAVR;
however, few studies have investigated them. In this retrospective study, we investigated
the impact of constipation, which was objectively defined as the prescription of laxatives,
on the risk of death and heart failure hospitalization among patients who underwent TAVR.

2. Methods
2.1. Patient Selection

Patients with symptomatic severe aortic stenosis who underwent TAVR at our large
academic center between 2015 and 2022 were eligible. Patients who died during the index
hospitalization or those who were lost to follow-up were excluded. Patients with critical
data missing were also excluded. Written informed consent to being included in the
prospective database was procured from all participants. The study protocol received
approval from the institutional review board.

2.2. Study Design

We conducted this retrospective study using a prospectively collected institutional dataset.
Efforts were made to minimize missing data in accordance with institutional protocols for
constructing prospective datasets. The consistency and accuracy of the dataset, together with
adherence to follow-up, were regularly ensured by independent researchers.

Day 0 was defined as index discharge. The independent variable of the present study
was defined as the number of laxative types prescribed at index discharge, instead of the
number of drug tablets. We focused on the number of laxative types and not the number of
laxative tablets.

Patients were followed up after the index discharge for up to two years. The depen-
dent variable (primary outcome) was defined as death or readmission due to worsening
heart failure during the observation period. The indication of heart failure readmission
was at the discretion of the attending board-certified cardiologists. Briefly, patients with
worsening heart failure who required IV diuretics and/or inotrope therapies during careful
in-hospital observation were hospitalized. We aimed to investigate the association between
constipation via the surrogate of laxative requirement and the primary outcome.

2.3. TAVA Procedure

Patients with severe aortic stenosis, characterized by a peak velocity surpassing
4.0 m/s, a mean pressure gradient exceeding 40 mmHg, or an aortic valve area less than
1.0 cm2, were identified as eligible for TAVR procedures. The decision to proceed with
TAVR was reached through clinical consensus by the institutional multidisciplinary heart
valve team, which included interventional cardiologists, general cardiologists, cardiac
surgeons, anesthesiologists, nurses, and imaging specialists. This decision-making process
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involved comprehensive informed consent discussions and shared decision-making with
both patients and their respective relatives.

Patients underwent a standardized TAVR procedure using either the Edwards Sapien
XT/Sapien 3 Transcatheter Heart Valve (Edwards Lifesciences, Irvine, CA, USA) or the
Medtronic CoreValve/Evolut R Revolving System (Medtronic, Minneapolis, MN, USA).
The TAVR procedure was performed under local or systemic anesthesia as determined by
the established heart valve team.

The post-TAVR antithrombotic therapy was selected at the discretion of the treating
physician. Following a week of in-hospital monitoring and confirmation of the absence
of active procedure-related complications following the procedures, patients were finally
discharged. After the index discharge, patients underwent routine follow-up appointments
at either our outpatient clinic or affiliated institutions, conducted by board-certified cardiol-
ogists. Standard laboratory and echocardiographic assessments were performed at least
annually, and the findings were also assessed by board-certified cardiologists.

2.4. Clinical Data Collection

Baseline characteristics were retrieved from the prospectively constructed institutional
comprehensive dataset, consisting of demographics, comorbidities, laboratory results,
echocardiographic data, and medication information at the time of index discharge after
TAVR. Of note, the number of laxative types was recorded as an independent variable.

Day 0 was defined as the time of index discharge. The primary outcome, comprising
death and heart failure readmission, was evaluated during the two-year observation period
following the index discharge.

2.5. Statistical Assessment

Continuous variables were displayed as medians and interquartile ranges (25th and
75th percentiles), irrespective of the normality of their distribution, while categorical
variables were articulated as counts and corresponding percentages. Statistical significance
was defined as a two-tailed p-value less than 0.05. The statistical analyses were conducted
using SPSS Statistics 23 in a standard manner (SPSS Inc., Armonk, IL, USA).

Continuous variables were assumed as non-parametric parameters and compared
between the two groups by the Mann–Whitney U test. Categorical variables were compared
between the two groups by Fischer’s exact test.

The independent variable was defined as the number of laxative types prescribed at
index discharge. The dependent variable (primary outcome) was defined as a composite
of death and heart failure readmission. Cox proportional hazard ratio regression analysis
was performed to evaluate the impact of laxative type number on the primary outcome.
Variables that were considered to be potentially associated with the primary outcome, in
addition to the independent variable, were pre-specified and included in the univariable
analyses, including age, systolic blood pressure, renal function, B-type natriuretic peptide
level, hemoglobin, cardiac systolic function, the presence of atrial fibrillation, and the
prescription of anti-heart failure agents. Variables with p < 0.05 in the univariable analyses
were included in the multivariable analysis.

A receiver operating characteristic analysis was performed to calculate a cutoff of
laxative type number for predicting the primary outcome. The cohorts were divided into
two groups using the cutoff. The cumulative incidence of the primary outcome during the
two-year observation period was compared between the two groups by the log-rank test.

3. Results
3.1. Baseline Characteristics

A total of 344 patients who underwent TAVR and were discharged alive were included
in this retrospective study. Median age was 85 (83, 89) years, and 99 (29%) patients were men.
At index discharge, the estimated glomerular filtration rate was 48.6 (34.0, 62.1) mL/min/
1.73 m2 and plasma B-type natriuretic peptide was 110 (57, 227) pg/mL (Table 1). Aortic stenosis
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was successfully treated with maximum velocity at aortic valve of 2.1 (1.7, 2.4) m/s and mean
pressure gradient at aortic valve of 10 (7, 12) mmHg. Renin–angiotensin system inhibitors were
prescribed in 224 (65%) patients, and 154 patients (45%) had loop diuretics.

Table 1. Baseline characteristics obtained at index discharge.

Total (N = 344) ≥1 Laxative (N = 166) No Laxative (N = 178) p-Value

Demographics
Age, years 85 (83, 89) 85 (83, 88) 85 (83, 89) 0.59
Men 99 (29%) 52 (31%) 47 (26%) 0.19
Body surface area, m2 1.38 (1.28, 1.51) 1.37 (1.28, 1.49) 1.38 (1.29, 1.52) 0.82
Systolic blood pressure, mmHg 117 (106, 128) 120 (110, 129) 115 (103, 124) 0.001 *
Pulse rate, bpm 69 (63, 78) 69 (63, 78) 70 (63, 78) 0.70
General/local anesthesia 332/12 160/6 172/6 0.57
Trans-femoral approach 344 (100%) 166 (100%) 178 (100%) -

Comorbidity
Hypertension 251 (73%) 115 (69%) 136 (76%) 0.086
Diabetes mellitus 61 (18%) 32 (19%) 29 (16%) 0.28
Dyslipidemia 164 (48%) 82 (49%) 82 (46%) 0.31
Atrial fibrillation
Smoking 58 (17%) 33 (20%) 25 (14%) 0.097
History of cardiac surgery 25 (7%) 12 (7%) 13 (7%) 0.57
History of malignancy 30 (9%) 17 (10%) 13 (7%) 0.22
History of stroke 45 (13%) 17 (10%) 28 (16%) 0.085
Coronary artery disease 88 (26%) 49 (30%) 39 (22%) 0.068
Peripheral artery disease 76 (22%) 42 (25%) 34 (19%) 0.11

Laboratory data
Hemoglobin, g/dL 10.4 (9.7, 11.1) 10.3 (9.7, 11.1) 10.4 (9.7, 11.1) 0.41
Serum albumin, g/dL 3.4 (3.0, 3.6) 3.4 (3.0, 3.6) 3.4 (3.1, 3.7) 0.34
Serum total bilirubin, mg/dL 0.5 (0.4, 0.6) 0.5 (0.4, 0.6) 0.5 (0.4, 0.6) 0.097
Serum sodium, mEq/L 139 (137, 141) 139 (137, 141) 140 (138, 141) 0.054
Serum potassium, mEq/L 4.3 (4.0, 4.6) 4.3 (4.1, 4.6) 4.3 (4.0, 4.6) 0.055
eGFR, mL/min/1.73 m2 48.6 (34.0, 62.1) 50.3 (37.4, 65.6) 47.4 (31.0, 59.4) 0.81
Plasma BNP, pg/mL 110 (57, 227) 119 (67, 226) 90 (54, 230) 0.042 *

Echocardiography data
LVDd, mm 45 (41, 49) 45 (41, 50) 45 (41, 49) 0.76
LVEF, % 64 (57, 72) 65 (57, 72) 64 (57, 71) 0.72
Left atrial diameter, mm 43 (37, 48) 43 (37, 48) 42 (37, 49) 0.77
Aortic valve parameter
Maximum velocity, m/s 2.1 (1.7, 2.4) 2.0 (1.8, 2.3) 2.1 (1.7, 2.4) 0.74
Mean pressure gradient, mmHg 10 (7, 12) 9 (7, 12) 10 (6, 12) 0.79
Valve area, cm2 1.38 (1.16, 1.61) 1.38 (1.16, 1.60) 1.40 (1.19, 1.63) 0.48

Medications
Beta-blockers 138 (40%) 71 (43%) 67 (38%) 0.20
Renin–angiotensin system inhibitors 224 (65%) 100 (60%) 124 (70%) 0.043 *
Mineralocorticoid receptor antagonists 100 (29%) 45 (27%) 55 (31%) 0.26
Loop diuretics 154 (45%) 81 (49%) 73 (41%) 0.090

Baseline characteristics were obtained at index discharge after trans-catheter aortic valve replacement. eGFR,
estimated glomerular filtration rate; BNP, B-type natriuretic peptide; LVDd, left ventricular end-diastolic diameter;
LVEF, left ventricular ejection fraction. Continuous variables are stated as medians (25% interquartile, 75%
interquartile) and compared between the two groups by the Mann–Whitney U test. Categorical variables are
stated as numbers and percentages and compared between the two groups by Fischer’s exact test. * p < 0.05.

3.2. Laxative Prescription

Distributions of the number of laxatives prescribed at index discharge are displayed
in Figure 1. Approximately half of the patients (178 [52%]) received no laxative. One
type of laxative was prescribed in 123 patients, two types of laxatives were prescribed in
36 patients, and 7 patients received three types of laxatives. No patients received more than
three types of laxatives.

Baseline characteristics were compared between those with and without laxatives (Table 1).
Patients with laxatives had significantly higher systolic blood pressure and plasma B-type
natriuretic peptide levels compared with those not receiving laxatives (p < 0.05 for both). Other
baseline characteristics did not significantly differ between the two groups.
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3.3. Prognostic Impact of Laxative Prescription

During the period of 730 (359, 730) days after the index discharge, 35 patients experi-
enced the primary outcome; 29 patients had a heart failure readmission; and 21 patients
died within the follow-up observational period (i.e., 29 patients encountered heart failure
readmissions and subsequent death, whereas 6 patients died without heart failure readmis-
sions). The 2-year mortality was 6%, the 2-year heart failure readmission rate was 7%, and
the 2-year cumulative incidence of the primary outcome was 12%.

The number of laxatives was independently associated with the primary outcome,
together with plasma B-type natriuretic peptide levels and the presence of atrial fibrillation,
with an adjusted hazard ratio of 1.83 (95% confidence interval 1.27–2.63, p = 0.001; Table 2).

Table 2. Association between potential baseline characteristics and the primary outcome.

Univariable Analysis Multivariable Analysis

Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value

Age, years 1.04 (0.98–1.12) 0.21
Systolic blood pressure, mmHg 0.99 (0.97–1.01) 0.36
eGFR, mL/min/1.73 m2 0.99 (0.98–1.01) 0.57
Common logarithm of plasma
BNP, pg/mL 2.85 (1.38–5.91) 0.005 * 2.45 (1.11–5.41) 0.026 *

Hemoglobin, g/dL 0.85 (0.64–1.13) 0.26
LVEF, % 1.02 (0.98–1.05) 0.36
Atrial fibrillation 3.21 (1.54–6.70) 0.002 * 2.49 (1.17–5.31) 0.018 *
Renin–angiotensin system
inhibitors 0.59 (0.30–1.14) 0.12

Loop diuretics 2.10 (1.07–4.14) 0.031 * 1.47 (0.72–3.01) 0.30
Number of laxatives 1.80 (1.26–2.57) 0.001 * 1.83 (1.27–2.63) 0.001 *

Baseline characteristics that were potentially considered to be associated with the primary outcome were included
in the Cox proportional hazard ratio regression analyses. The primary outcome was defined as death or heart
failure readmission after the index discharge. Variables with p < 0.05 in the univariable analyses were included
in the multivariable analysis. CI, confidence interval; eGFR, estimated glomerular filtration rate; BNP, B-type
natriuretic peptide; LVEF, left ventricular ejection fraction. * p < 0.05.

The hazard ratio of one type of laxative (N = 123) versus no laxative on the primary
outcome was 1.90 (95% confidence interval 0.85–4.24, p = 0.12). That of two types of
laxatives (N = 36) versus no laxatives on the primary outcome was 4.84 (95% confidence
interval 2.06–11.4, p <0.001). That of three types of laxatives (N = 7) versus no laxatives on
the primary outcome was 2.20 (95% confidence interval 0.28–17.1, p = 0.45).
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As a breakdown of the primary outcome, the hazard ratio of laxative type number on
heart failure readmission was 1.97 (95% confidence interval 1.22–3.21, p = 0.006) and 1.62
(1.01–2.60, p = 0.047) for all-cause death, respectively.

A cutoff of laxative number for predicting the primary outcome was calculated as one
with a sensitivity of 0.69, a specificity of 0.54, and an area under the curve of 0.65 (the green
circle represents the cutoff of laxative number in Figure 2). Patients who received at least
one type of laxative (the red curve) had a significantly higher cumulative incidence of the
primary outcome during the 2-year observation period after the index discharge compared
with those receiving no laxatives (the black curve) (18% versus 7%, p < 0.001; Figure 3).
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4. Discussion

In this analysis of our prospectively collected institutional database, we investigated
the prognostic impact of constipation, which was objectively defined as the prescription of
laxatives, in patients who underwent TAVR. Most of these were elderly and had multiple
comorbidities, similar to the standard TAVR candidates’ cohort. Approximately half of
them received at least one laxative for constipation, with a smaller percentage of patients
receiving multiple laxatives. The use of laxatives correlated with higher systolic blood
pressure, higher plasma B-type natriuretic peptide levels, and lower prescription rates of
renin–angiotensin system inhibitors at index discharge. The number of laxative types was
independently associated with an increased risk of mortality and heart failure readmission
following TAVR.

4.1. Constipation in TAVR Candidates

Constipation is commonly encountered in elderly patients [9] and can frequently be
exacerbated in the setting of medical procedures or other instances of prolonged immo-
bility [10]. Consensus definitions of what constitutes clinical constipation as a medical
diagnosis can vary [11]. According to the Rome IV criteria, functional constipation is de-
fined as satisfaction of any two of the following features: hard stools, straining, a sensation
of incomplete evacuation, use of digital maneuvers, sensation of anorectal obstruction or
blockage with 25 percent of bowel movement, and reduction in stool frequency [12]. Nev-
ertheless, most of these items are subjective, and thus a unified definition of constipation
is still to be widely accepted. In the present study, we objectively defined the presence of
constipation as the use of laxatives [7]. We focused on the number of drug types, instead of
that of tablets, to assess the severity of constipation, because it is challenging to compare
the number of tablets in each drug type.

The previous literature reported that the prevalence of constipation among healthy
older adults ranges approximately between 25% and 50% [13,14]. Laxatives are used
approximately by 20% of community-dwelling older adults [15]. Approximately half of the
patients undergoing TAVR received laxatives in the present study. The high prevalence of
laxative use may probably be due to older age, female predominance, physical inactivity,
and comorbid heart failure, all of which are established risk factors for constipation [16]. It
is reasonable to conclude that this comorbidity may commonly be seen in many elderly
patients who also are considered for TAVR.

4.2. Comorbidity and Constipation

In the present study, plasma B-type natriuretic peptide levels were higher in patients
who had constipation. This is not surprising, because the progression of heart failure may
affect gastric motility [17]. Heart failure is associated with the stimulation of sympathetic
nerve activity, reducing peristalsis. Concomitant congestion and cardiac cachexia also
reduce peristalsis. Heart failure patients also often require diuretics, which may affect
gastric motility. Furthermore, calcium channel blockers, which are often administered
for hypertensive heart failure, also reduce peristalsis [18]. Patients with chronic heart
failure sometimes restrict their fiber intake due to the risk of chronic kidney disease-related
hyperkalemia [19]. Strict fiber restriction may lead to further progression of constipation.

4.3. Constipation and Heart Failure Readmission

Patients who received at least one type of laxative had a higher risk of heart failure
readmission, even after TAVR. Interestingly, the prognostic impact of the presence of
constipation was independent of the severity of baseline heart failure. Multiple types of
laxatives also were associated with a higher risk of the primary outcome than the single one.
Of note, one type of laxative was not significantly associated with the primary outcome.
Also, given that the statistically calculated cutoff for the number of laxative types was one,
the prescription of any laxatives itself should have a significant negative prognostic impact
compared with no prescription.
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There are multiple underlying mechanisms. Many patients who undergo TAVR have
clinically significant ventricular dysfunction and pulmonary hypertension despite the
correction of severe aortic valve stenosis [20]. Excessive straining due to persistent consti-
pation may increase afterload and, in turn, worsen heart failure, particularly in individuals
with such extra-valvular impairments [17,21,22]. Consistently, individuals receiving any
laxatives in the present study had significantly higher systolic blood pressure at baseline,
indicating incremental afterload on the left ventricle. Interestingly, the prescription rate
of renin–angiotensin system inhibitors was lower in our patients with constipation. Con-
stipation is associated with hyperkalemia due to the absorption of potassium ions from
residual stool [23]. Clinicians sometimes reduce the dose of these medications to manage
hyperkalemia [24]. It is difficult to ascertain causality due to the limited sample size and
observational nature of this study, but intended down-titrations of heart failure medications
(to manage constipation-related hyperkalemia) may also contribute to worsening clinical
status and subsequent heart failure readmission.

4.4. Clinical Implications

Given the robust evidence of TAVR improving mortality in patients with symptomatic
severe aortic stenosis over medical therapy alone, our findings do not challenge the clinical
efficacy of TAVR despite the baseline comorbidity burden. Nonetheless, our findings
can help inform the clinician of additional residual risk post-TAVR to assist in shared
decision-making among clinicians and patients being considered for this intervention.
The prognostic impact of aggressive interventions for constipation in TAVR candidates
remains a future concern. The management of severe constipation might stabilize enhanced
afterload on the left ventricle. An amelioration of constipation might also normalize
hyperkalemia and give clinicians chances to up-titrate anti-heart failure medications such as
renin–angiotensin–aldosterone system inhibitors. More detailed clinical data during follow-
up should further clarify the underlying association between the presence of constipation
and clinical outcomes, such as hemodynamics, echocardiography, exercise tests, quality-of-
life assessments, and neuro-hormonal activity.

4.5. Limitations

There are limitations in this study that are worth noting. This was a single-center, retro-
spective study with a moderate sample size, although the prospectively collected database was
robust and comprehensive. We attempted to adjust for potential confounders, but uninvesti-
gated factors such as hemodynamics data, flail scales, and race may have affected our findings.
Other fatal diseases that are associated with constipation (i.e., secondary constipation), such
as Parkinson’s disease and intestinal malignancy, might also not have been diagnosed. We
restricted the potential variables for including the time-to-event analysis because of relatively
small event numbers and to avoid statistical multiplicity errors.

We defined the severity of constipation as the number of prescribed types of laxatives.
This is objective but does not consider patients’ symptoms and signs of constipation. We did
not consider the amount and type of laxatives. It is challenging to appropriately compare
the doses of different types of laxatives. Nevertheless, we should state that the objective
definition of constipation severity remains challenging, and further consensus is required.
We did not consider the trend of laxative prescription during the observation period. We
analyzed the association between constipation and clinical outcomes, and detailed causality
and the underlying mechanism explaining their association remains uncertain. We did not
follow several clinical parameters during the observational period, such as other clinical
variables including laboratory values and repeat echocardiograms.

5. Conclusions

The incidence of constipation was correlated with adverse clinical outcomes post-
TAVR. A therapeutic approach tailored for TAVR candidates presenting with severe baseline
constipation warrants further investigation and validation through extensive, multi-center
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cohort studies. Future research should also explore the underlying mechanisms link-
ing constipation to poorer outcomes in TAVR patients and assess the efficacy of various
interventions aimed at mitigating these risks.
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