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Preface

Innovative diagnostic and therapeutic approaches for patients with heart disease are available.

Artificial intelligence is introducing a new era of clinical research. Artificial intelligence cannot replace

the original data collection process alone; however, it can support other stages of data analysis and

paper presentation. At present, many articles are published with the support of artificial intelligence.
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Cardiovascular disease is a leading the cause of death worldwide among the various
cardiac pathologies that directly or indirectly affect the quality of life of patients. A current
challenge in the management of cardiovascular disease is combining known clinical practice
with updated diagnostic methods and treatment. Artificial intelligence may offer an
alternative diagnostic approach for treating patients with cardiac disease, but alone and
without clinician support, it may have limited application.

Cardiovascular disease is a leading cause of death worldwide [1]. A wide spectrum
of cardiac pathologies directly or indirectly affect the quality of life of patients. Coro-
nary artery disease, heart valve disease, thoracic aorta disease, heart rhythm disease and
cardio-oncology are the most common heart pathologies. The diagnostic approaches used
for treating these syndromes have changed in the last few years. Noninvasive diagnos-
tics methods for heart disease diagnosis, such as coronary artery computed tomogra-
phy (CT), cardiac CT, cardiac magnetic resonance imaging (MRI) and cardiac positron
emission tomography (PET), are prominent strategies present in the armentaria of car-
diologists, radiologists and cardiac surgeons [2–4]. Moreover, less invasive intervention
techniques [transcather aortic valve implantation (TAVI), transcather mitral valve implanta-
tion (TMVI), Mitral-clip, endovascular thoracic and aortic arch branched stenting] allow
patients to receive the most up-to-date treatment with acceptable short-, mid- and long-term
results [5–8]. Unlike in the past, nowadays, inoperable patients or patients with a high
or prohibitive perioperative cardiac surgery risk can be treated with modern transcather
techniques. Improving the quality of mechanical circulatory support devices contributes to
improved quality of life in patients with acute or chronic heart failure [9,10]. The number
of patients with congenital heart disease who previously underwent heart surgery and
adult patients with congenital heart disease will increase in the next few years. An accurate
diagnostic approach in patients with acquired and congenital heart disease will be needed
to ensure the best medical or intervention treatment. Also, the prevention of coronary
artery disease and identification of patients with silent ischemic heart disease may reduce
the number of patients admitted in hospital with acute symptoms and avoid ischemic heart
complications. In future, older patients will constitute the majority of patients with heart
disease in need of cardiology or cardiac surgery interventions. The comorbidities of these
patients will be crucial point for treatment. Postoperative psychological dysfunction is
identified as a risk factor for worse outcomes in patients who underwent major cardiac
surgery in [11]. The early identification and treatment of these patients may improve
perioperative and long-term results.

Nowadays, the primary treatment approaches used in interventional cardiology and
cardiac surgery are transcather intervention in heart valve disease and either minimally
invasive cardiac surgery or a hybrid approach in coronary artery disease and structural
heart disease (aortic, mitral and tricuspid valves) [5,12,13]. Although transcatheter aortic
valve implantation (TAVI) was introduced over 15 years ago, its long-term results regarding
quality of life are still debated through comparison to the results of surgical aortic valve
replacement. On the other hand, patients facing high or prohibitive risk in open cardiac
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surgery are suitable for TAVI with acceptable mid-term results. Severe mitral valve regurgi-
tation in patients at high risk during an operation requires them to have alternative options
for treatment by transcather mitral valve implantation (TMVI) [14]. Moreover, patients
with severe mitral valve annulus calcification (MAC) who are not candidates for operation
constitute a population suitable for TMVI. Many prosthetic mitral valves for TMVI have
been developed. The short-term results after TMVI are encouraging, but the mid- and
long-term results are unknown.

Minimizing surgical stress enables the fast recovery of patients who underwent major
heart surgery [15]. Minimal invasive cardiac surgery (MICS) for aortic and mitral correction
or replacement by a thoracoscopic approach are alternative surgical approaches. Making a
small skin incision and avoiding median sternotomy reduces surgical stress and contributes
to the early mobilization of patients after operation. These advantages prevent early post-
operative complications such as lung atelectasis and pneumonia. Furthermore, an MICS
approach reduces postoperative pain, which improves pulmonary function postoperatively.
Short-, mid- and long-term results are similar with an open-sternum approach.

Coronary artery bypass grafting (CABG) remains the most common cardiac surgery
procedure. On the other hand, a hybrid approach for treating severe coronary artery disease
may offer better long-term results compared with percutaneous coronary intervention or
optimal medical treatment in selective patients with coronary artery disease. Although the
number of patients treated with a hybrid revascularization approach worldwide is small,
the outcomes in these patients are promising [12]. More studies are needed to confirm these
results and enable this method’s acceptance as a revascularization strategy in patients with
severe coronary artery disease.

Diagnostic approaches used for the treatment of patients with progressive heart
failure (HF) face many challenges [16–18]. Patients with preserved or non-preserved heart
failure constitute large populations who need special therapy approaches. The use of
alternative drug administration to achieve the optimum drug affect is well described by
Sezai et al. [16]. Although the number of patients in this study is small and it has many
weaknesses, the use of a transdermal patch for drug administration may be more effective
than oral administration in patients with arterial hypertension and heart failure. Limited
data are available about mental disorders and outcomes in patients undergoing heart
transplantation or supported by mechanical circulatory support. Alyaydin et al., in their
study, present the incidence of depression and anxiety in heart transplant patients [17]. The
authors conclude that these patients have worse outcomes compared with patients without
mental disorders. The study shows that chronic diseases including chronic heart disease
affect direct quality of life and outcomes. A priority for the prevention of heart disease is
the identification of patients in the early stage of progressive of heart disease. Chang et al.
show that proteinuria may be a possible predictor of heart failure [18].

The many innovative diagnostic and treatment approaches for heart disease could also
lead to a new era in medicine and cardiovascular disease. The use of up-to-date prosthetic
heart valve devices for the transcatheter treatment of heart valve disease improves patient
outcomes. Minimally invasive cardiac surgery minimizes surgical stress, and its use is a
growing trend in cardiac surgery. On the other hand, the use of artificial intelligence in
diagnostic methods (such as CT, MRI and transthoracic and transesophageal echocardiog-
raphy) and diagnostic algorithms for heart disease diagnosis in routine clinical practice is
currently a hot topic in cardiology and cardiac surgery [19–23]. Using artificial intelligence
for the early identification of patients with severe heart disease and prediction of outcomes
in these patients may improve such outcomes. Although artificial intelligence is hot topic
in current medical practice, the clinical examination of patients, identification of crucial
symptoms in patients, selection of laboratory tests and appropriate diagnostic examination
remain the most significant elements of good medical practice. The application of artificial
intelligence may offer the best diagnostic approach for patients with severe heart disease.

An interesting review about the possible cause of cerebral aneurysm is presented by
Chojdak-Łukasiewicz et al. [24]. The authors, in their study, list cases of patients with
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coexisting he cardiac myxoma and cerebral aneurysm. The proposed cause of cerebral
aneurysm formation is cerebral artery embolism or vascular inflammation due interleukin
secretion from cardiac myxoma. No guidelines exist regarding the management and
treatment of these patients. On the other hand, complete surgical excision remains the
treatment of choice of patients with cardiac myxoma.

Yeh et al. compare woman of reproductive age with and without primary dysmen-
orrhea [25]. The authors present a large study population in comparative groups. In this
study, the authors evaluate primary dysmenorrhea as a possible risk factor for late stroke.
They conclude that dysmenorrhea is risk factor for stroke (ischemic and hemorrhagic) and
affects patients’ quality of life.

In conclusion, the main challenge in the management of cardiovascular disease is the
combination of known clinical practice with up-to-date diagnostic methods and treatments.
Artificial intelligence may offer an alternative diagnostic approach for treating patients with
cardiac disease, but alone and without clinician support, it may have limited application.

Funding: This research received no external funding.

Conflicts of Interest: No conflicts of interests have been declared.
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Abstract: Mitral valve disease is the most common heart valve disease worldwide. Surgical mitral
valve replacement or repair has been an established therapy in patients with severe mitral valve
disease for many years. On the other hand, many patients with advanced mitral valve disease
and severe comorbidities are treated conservatively and are excluded from the surgical procedure.
Furthermore, in patients with severe comorbidities, transcatheter mitral valve repair by edge-to-edge
technique with MitraClip or transcatheter mitral valve repair with a non-absorbable ring have been
added as therapeutic options over the last few years. Alternative procedures for the treatment of
patients with advanced prosthetic or native mitral valve diseases include transcatheter access for
replacement or implantation of a new prosthetic valve in the diseased mitral valve. Promising results
were published about short-term outcomes of patients who underwent the transcatheter mitral valve
replacement. The current view and results of the transcatheter mitral valve implantation in patients
with advanced native or prosthetic mitral valve disease are briefly discussed.

Keywords: transcatheter; mitral valve; replacement; implantation

1. Introduction

Mitral valve disease (MVD) is the most common heart valve disease (HVD) world-
wide [1–3]. In developed countries, the dominant MVD are primary and secondary mitral
regurgitation, while in developing and other countries it is rheumatic disease. In pa-
tients with untreated mitral valve pathology, the progressive worsening of left ventricular
dysfunction and development of fixed pulmonary hypertension affect morbidity and
mortality [1–3]. Surgery remains the treatment of choice for symptomatic mitral valve
regurgitation (MR), mitral stenosis (MS) and mixed mitral valve disease (MMVD) [1–3].
Surgical mitral valve replacement (sMVR) in patients with MS or MMVD has been an
established technique for many years, while surgical mitral valve repair (MVr) is suggested
as the gold standard operative technique for patients with MR [1,2]. Many patients with
advanced MVD and severe comorbidities such as previous cardiac surgery are treated
conservatively and are excluded from the surgical procedure. This conservative approach
may affect the survival rate of these patients. An alternative procedure for MVD treatment
has been proposed and includes the transcatheter access of the mitral valve for repair or
implantation of theprosthetic valve device in the diseased mitral valve (MV) [4–7]. Patients
directed to MVr by edge-to-edge technique with mitraclip or transcatheter MVr with a
non-absorbable ring constitute the largest population for these aforementioned techniques
and patients directed to transcatheter mitral valve implantation (TMVI) represent the minor-
ity [7–10]. Nowadays, controversial results have been reported about short- and mid-term
results of patients who underwent the TMVI [8–10]. Moreover, the off label indication for
TMVI is the degeneration of the bio-prosthetic mitral valve. Degenerated bio-prosthetic
mitral valves will be another challenge for the therapeutic approach in the future due to the
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increasing number of patients who underwent sMVR in the past [9,11,12]. First TMVI was
reported in 2012 with CardiAQ valve (Edwards Life Sciences, Irvine, California, United
States) [13]. Nowadays, a significant number of new mitral devices are tested for durability
and effectiveness during follow-up.

2. Methods

This review evaluates the current challenges of transcatheter mitral valve replacement
or implantation in patients with advanced mitral valve disease. PubMed was used for
searching publications regarding the outcomes of patients after TMVI. The chronic period
for data extraction was 2013–2022. This review includes studies with reported outcomes
after TMVI. ‘’Transcatheter mitral valve implantation” or ‘’transcatheter mitral valve re-
placement” and ‘’outcomes” were used as key words for searching on the PubMed site. The
perioperative morbidity and mortality reports after TMVI were outcomes of interest. How-
ever, the TMVI procedure is a relevant new technique for mitral valve disease treatment
and minimal data are available for safe analysis.

3. Results

3.1. Indication for Transcatheter Mitral Valve Implantation

The most common indication for TMVI is advanced MVD due to severe secondary
MR with reduced left ventricle ejection fraction (LVEF) and heart failure (HF), severe mitral
annulus or mitral leaflet calcification, severe mixed mitral valve pathology with small mitral
valve orifice area, degenerated bio-prosthetic mitral valve disease and failed MVr (ring
annuloplasty) [14,15]. In addition, patients with severe comorbidities and high operative
risk are considered as candidates for TMVI [14,15]. Patients with symptomatic primary
MR and asymptomatic MR with left ventricle (LV) dysfunction are the ideal candidates for
surgical MVr, while patients with secondary moderate to severe and symptomatic MR are
candidates for various treatment modalities such as medical treatment alone, transcatheter
repair (edge-to edge technique, repair), and transcatheter repair with medical treatment to
SMVR [1–3]. The recent studies demonstrated that outcomes (hospitalization and mortality
rate during 1 and 2 years of follow-up) of patients with secondary MR who were treated by
transcatheter MVr and medical treatment did not differ compared to the medical treatment
only [16,17]. On the other hand, Stone et al. reported that the transcatheter MVr had a
lower rate for hospitalization and all-cause mortality within 2 years versus the medical
treatment alone [18].

3.2. Methods for Transcatheter Mitral Valve Implantation

Two methods for the catheter-based mitral valve implantation have been proposed
over the last few years, and these are the transapical and transfemoral/transseptal ap-
proach [13,15]. In both techniques, the prosthetic valve is implanted in the native or
prosthetic pathological mitral valve under guidance of the transesophageal echocardiog-
raphy (TEE), ideally in a hybrid room. Transfemoral access is considered a less invasive
technique due to lower peri-procedural complications and mortality rates than the transapi-
cal access [19,20]. The transfemoral access is achieved by puncturing the common femoral
vein under guidance of ultrasonography and finally the insertion of the large diameter
sheath for the delivering system of the prosthetic mitral valve [15,16,20]. On the other
hand, the transapical implantation needs a small left anterior thoracotomy and small
incision in the LV for inserting the delivery system of prosthetic valve through the LV
apex with the subsequent implantation of the prosthetic valve in the mitral annulus [21].
The most common prosthetic mitral valves, which have been reported for TMVI are the
CardiAQ-Edwards TMVR System (Edwards Lifesciences, Irvine, CA, USA), EVOQUE
TMVR System (Edwards Lifesciences, Irvine, CA, USA), SAPIEN M3 System (Edwards
Lifesciences, Irvine, CA, USA), Cardiovalve TMVR system (Cardiovalve Ltd., Or Yehuda,
Israel), Tiara TMVR System (Neovasc Inc., Richmond, BC, Canada), Tendyne Mitral Valve
System (Abbott Vascular, Roseville, MN, USA), INTREPID TMVR System (Medtronic,

6



J. Pers. Med. 2022, 12, 2074

Inc., Redwood City, CA, USA), Caisson TMVR system (LivaNova PLC, London, UK), and
HighLife TMVR system (HighLife Medical, Paris, France) [21–23]. The early results after
TMVI demonstrated the promising short-term results regarding early morbidity and 30-day
mortality, while the mid- and long-term results after implantation are expected in the next
3–5 years [19–23]. Long-term durability of devices, left ventricle outflow tract (LVOT)
obstruction during or after procedure, and early and late prosthetic valve thrombosis after
implantation are the most common difficulties and complications that should be solved
by manufacturers, researchers, and clinicians [14,20–23]. New prosthetic valves and de-
livered devices for TMVI have been developed by many institutions and manufacturers
worldwide with promising results [23]. At this time, advantages and disadvantages of the
prosthetic valve, which is used in TMVI, is difficult to present due to the limited implanted
prosthetic valves and limited number of patients who treated with these techniques. About
other valves, minimal data are available about the routine practice for using these valves,
due to the limited number of valves that were implanted. Some results after the TMVI
implantation is available in patients who were received Sapien (balloon-expandable) and
Tendyne (self-expanding) valves. On the other hand, these cannot be compared in practice
because the implantation technique is different between the two valves. For implanting,
the Tendyne valve needs a mini right thoracotomy and it is a different philosophy from the
percutaneous valve implantation, which is used in the Sapien valve. Although Tendyne is
included in TMVI, the delivery system of the Tendyne valve is inserted via a small incision
in the left ventricle apex. In practice, it is a different approach from the percutaneous valve
implantation. Furthermore, in the Sapien, the valve implantation is used knowing the
delivery system such as in the TAVI, and it is for the off-label use for the prosthetic mitral
valve degeneration pathology and in case with MVr failure or advanced mitral annulus
calcification (MAC). Moreover, the second study with some short- and mid-term results
was presented after the Intrepid valve implantation, and it regarded only 50 patients. Mid-
and long-term outcomes of the current development clinical trial are expected to confirm
the preliminary acceptable short-term results after TMVI, which have been announced in
published materials in the past.

3.3. Outcomes of Patients after Transcatheter Mitral Valve Replacement or Implantation

Most of the patients that underwent TMVI have severe comorbidities, which affect
the length of stay in hospitals and the ICU. In-hospital mortality and all-cause mortality
are also increasing due to more advanced cardiac pathologies (coexisting heart failure,
permanent atrial fibrillation, pulmonary artery hypertension and previous cardiac surgery).
Transapical (TA) mitral valve implantation is the newest TMVI technique and is used in
patients with a high risk for operation. The published results are encouraging regarding
mortality and morbidity. On the other hand, most of these patients included in these
studies were patients with severe comorbidities with a high or prohibitive risk for surgical
intervention. Studies with a large study population and long-term outcomes are limited.
Furthermore, many transcatheter devices for TMVI are in a preclinical study evolution or
in the study design. The recruitment of patients for TMVI plays a crucial role to increase
the number of patients who will undergo TMVI in order to derive any safe conclusions
about the effectiveness and long-term durability of these devices. On the other hand, the
valve-in-valve implantation in the degenerated prosthetic valve or ring annuloplasty was
reported in the literature with acceptable short- and mid-term results [9,11,12]. In this
review, we present the current studies with reported outcomes after TMVI in the last few
years. We present in Table 1 the baseline characteristics, indications and the most common
post-procedural complications from these studies, while in Table 2, the outcomes of patients
who underwent TMVI are presented.
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Recently, the Tendyne Mitral Valve system for TMVI has received a CE mark for the
treatment of patients with MV pathologies. Wild et al. reported results from a multicenter
study, which included 108 surgical high risk patients with symptomatic MV treated by
the Tendyne Mitral Valve system [24]. The majority of patients were readmitted to the
hospital due to heart failure and most of them had pre-procedure NYHA class III-IV. The
authors reported that the in-hospital mortality was 8%, in-hospital cerebrovascular events
were 3%, major bleeding was 11%, valve thrombosis was 1%, permanent pacemaker (PPM)
implantation was 2%, sepsis was observed at 10% and acute kidney injury requiring dialysis
was 5%. Two patients died peri-procedurally. A total of 64 (66%) patients were discharged at
home, with the remaining being transferred to other hospitals or rehabilitation centers [24];
meanwhile, the 30 day mortality was 12%. In addition, the authors reported that during the
median follow-up of 50 days, 73% of patients were NYHA functional class I or II (p < 0.001),
as this compared to pre-TMVI. Gössl et al. published the results after the same mitral
valve device implantation in 20 patients [25]. No procedural mortality was reported, while
the 30-day mortality and the one-year all-cause mortality was 5% and 40%, respectively.
During the one-year follow-up, six patients (31%) were re-admitted for hospitalization
due to HF, and the NYHA functional class was upgraded in 11 patients who were alive
after one year. Muller at al., in 2021, presents the outcomes after the Tendyne mitral valve
implantation at 2 years [26]. This multicenter study included 100 patients with the severe
MR of native MV, and the study period was 2014–2017. The study was a clinical trial titled,
‘’Expanded Clinical Study of the Tendyne Mitral Valve System”. At the one- and two-year
follow-up, the all-cause mortality was 26% and 39%, respectively, while the post-procedural
neurological complications, including TIA and stroke, at 1- and 2-year follow-ups, were
6% and 9%, respectively. PPM implantation incidence at the 1- and 2-year follow-up was
7% and 8%, respectively. The thrombosis of the prosthetic valve was observed in 6% of
patients during the 2-year follow-up. The most common device related to an adverse event
during the 2-year follow-up was the paravalvular leak in 9%.

CardiAQ-Edwards TMVR System was another prosthetic mitral valve, which was
used for the treatment of advanced MV pathologies via the transfemoral approach [27].
Ussia et al. presented their results after a first and second-generation CardiAQ mitral valve
bioprosthesis implantation in a patient with severe MR. The patient survived 30-days after
the implantation at NYHA class I. In 2016, Sondergaard et al. presented their results after
CardiAQ implantation in three patients, and one of them died in hospital [28].

The first in-man implantation, the Tiara TMVR system, was described by Cheung et al.
in 2014 [35]. Ludwig at al. presented their results after implantation with the following two
devices, the Tendyne TMVR system and Tiara™ [29]. In four patients, the Tiara prosthetic
valve was implanted and no procedural or in hospital mortality was observed. Stroke,
prosthetic valve thrombosis, myocardial infarction or re-intervention was not observed
after 30 days. In this report, the authors demonstrated that the mortality rate after 3, 6 and
12 months was 10, 22.2 and 33.3%, respectively, but unfortunately they did not focus on
mortality rate with regards to the specific type of mitral valve prosthesis. The clinical trial,
the Tiara™ Transcatheter Mitral Valve Replacement Study (TIARA-II), was started in 2017,
and the estimated date for completion will be in 2026.

Bapat et al. presented the early experience after the Medtronic Intrepid™ Transcatheter
Mitral Valve Replacement System implantation in 50 patients in the context of the Intrepid
Global Pilot Study Investigators [30]. Most of the patients had secondary MR (72% of
patients). The prosthetic valve was implanted transapically. A successful implantation
was achieved in 98% of patients. The median procedure time was 100 min and in 5% of
patients an intra-aortic balloon pump was placed. The median follow-up of patients was
173 days, and the 30-day mortality was 14%. The all-cause mortality during follow-up was
9.8%. After procedure (>30 days), the rehospitalization for heart failure was recorded in
19.5% of patients. Reoperation for bleeding immediately after operation was performed
in five patients, while postoperative neurological complications after implantation and
during follow-up (including stroke) were observed in 6.4% of patients. During the 30-day
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follow-up, the NYHA class was upgraded for the functional class I and II in 79% of
patients. The pulmonary artery systolic pressure was reduced post-procedural (p < 0.001).
Zahr et al. reported the 30-day outcome of 15 patients, who were treated for moderate to
severe or severe MR by the Intrepid™ Transcatheter Mitral Valve Replacement System and
transfemoral approach [31]. The study period was from 2020 to 2021 and the 35-F-delivered
system was used for the transfemoral valve implantation. The patient clinical status and
echocardiography were followed up at 30-days. The median age of the study population
was 80 years old, and 53% of the patients have undergone cardiac surgery in the past.
The preoperative primary MR was recorded in 67% of patients. No deaths, postoperative
neurological complications, re-interventions and PPM implantation was observed at the
30-day post-procedural follow-up period, while major or worse bleeding was recorded in
47% of patients. In 15% of patients, moderate LVOT obstruction was observed.

The first in-human implantation outcomes with the new TMVI devices (Edwards
Sapien M3, Edwards Lifesciences, Irvine, CA, USA) presented by Webb et al. [32]. The
prosthetic valve was implanted by the transfemoral approach. The study period was from
2017 until 2018 and 10 patients were included. The mean age was 76.1 years old and 50%
of the patients were men. Degenerative and secondary MR was observed in 40 and 40%
of patients, respectively. The mortality and stroke in the first 30 days after implantation
was 0%. LVOT obstruction was not recognized clinically or echocardiogrphically during or
after implantation.

The transcatheter mitral valve implantation in patients with the degenerated prosthetic
valve and previously failed surgical repair is the most common practice for prosthetic valve
implantation by transcatheter methods. In addition, these patients are poor candidates
for reoperation due to a high perioperative risk for complication and deaths [19,33,34,36].
Eleid et al. presented a study of the early outcomes (1-year) of a multi-center study of
87 patients who underwent TMVI for failed mitral bioprothesis in 60 patients [valve-in-
valve (VIV)], ring annuloplasty [valve-in-ring (VIR)] and severe mitral annular calcification
[valve in mitral annular calcification (VMAC)] in 60, 15 and 12 patients, respectively [33].
The study period was 2014–2017 and the balloon-expandable SAPIEN, SAPIEN XT, or
SAPIEN 3 THV (Edwards Lifesciences, Irvine, California) were used for TMVI. The mean
age of patients was 75 years old, and procedural success was 90%. TMVI was performed
by trans-septal/transfemoral and transapical methods in 84 and 3 patients, respectively,
while the total peri-procedure mortality was 5%. The LVOT obstruction was observed in
9% of patients and most frequently occurred in the valve-in ring (20%) group. Prosthetic
valve thrombosis was diagnosed in two patients. The 30-day mortality overall was 6%.
The mean follow-up in the VIV and VIR was 283 and 309 days, respectively. The survival
rate at the 1-year follow-up in VIV, VIR and VMAC were 86%, 82% and 57%, respectively.
The predictor factor for the LVOT obstruction was a higher LVEF and most of the patients
were treated conservatively. Guerrero et al. reported 30-day outcomes of TMVI for patients
who underwent VIV, VIR and VMAC [34]. The study period was 2013–2017. It was a
retrospective analysis of the national database of USA and included 903 patients from
127 hospitals. Most of these patients underwent VIV = 680 patients, and SAPIEN 3 valve
(Edwards Lifesciences, Irvine, CA, USA) was the most common prosthetic valve. The
30-day mortality in the study population was 10.1% and it was higher in the VMAC group
(21.8%). The accesses for TMVI were transapical and transseptal methods in 44.8% and
43.1%, respectively. IABP insertion was needed in 3.2% of overall patients, while the PPM
insertion was 1.2%. The incidence of postoperative neurological complications at the 30-day
follow-up was 1.7% and myocardial infarction was 0.5%. Moreover, knowledge about
TMVI in patients with failed mitral bioprothesis was reported by Whisenant et al. [19].
Their research focused on 1-year outcomes of patients who underwent VIV for failed
mitral prosthesis. The SAPIEN 3 valve (Edwards Lifesciences, Irvine, CA) was used for
TMVI. The study period was from 2015 until 2019 and included patients. The transseptal
approach was the most common access for TMVI (86.7%). The patients’ age was 73.3 years
old and prosthetic mitral valve stenosis was the most common pathology (55.4%). The
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most commonly implanted SAPIEN 3 size was 29-mm (56%). At 30 days, the all-cause
mortality, stroke and PPM implantation were 5.4%, 1.1% and 1.4%, respectively. Meanwhile,
during the 1-year follow-up, the all-cause mortality, stroke, PPM implantation, mitral valve
re-intervention and device thrombosis were 16.7%, 3.3%, 2.1%, 0.8% and 0.5%, respectively.

4. Conclusions

Surgical mitral valve replacement or repair remain the gold standard technique for
patients with primary MR therapy, while the patients with secondary MR, severe MAC,
degenerated prosthetic mitral valve and failed MVr (surgically or transcatheter) remain in
the gray zone regarding the appropriate choice for invasive or non-invasive therapy. The
rising numbers of elderly patients with coexisting complex comorbidities with advanced
mitral valve pathologies creates a large population not suitable for surgical operation.
Untreated progressive mitral valve diseases negatively affect the quality of life, morbidity
and survival rate of these patients. Alternative options for therapy are transcatheter mitral
valve therapy, including the edge-to-edge technique, percutaneous mitral ring annuloplasty
and TMVI. Meanwhile, in patients with secondary (functional) moderate to severe or severe
MR, the MitrClip have promising results; the patients with severe MAC, degenerated mitral
bioprothesis and severe primary MR with LV dysfunction consist of practice-inoperable
patients, and probably need to be treated conservatively. TMVI can cover the gap for
making a decision for an appropriate therapy in these patients. Although the 30-day
mortality after TMVI is 0–10%, more studies with larger-studied populations are required in
order to derive safe conclusions about the effectiveness of TMVI therapy and the durability
of new devices in current clinical practice.
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Abstract: Background: The association between cerebral aneurysms and left atrial myxoma is known
but rare. We described its pathogenesis, clinical presentation, diagnostic findings and treatment
using a systemic review of the literature. Methods: MEDLINE via PubMed was searched for
articles published until August 2022 using the keywords “atrial myxoma”, “cardiac myxoma” and
“cerebral aneurysm”. Results: In this review, 55 patients with multiple myxomas aneurysms were
analyzed, and 65% were women. The average age when aneurysms were diagnosed was 42.5 ± 15.81;
most patients were less than 60 years old (86%). Aneurysms could be found before the diagnosis,
at the same time as cardiac myxoma, or even 25 years after resection of the atrial mass. In our
review, the mean time to diagnoses was 4.5 years. Our review estimates that the most common
symptoms were vascular incidents (25%) and seizures (14.3%). In 15 cases, variable headaches were
reported. Regarding management strategies, 57% cases were managed conservatively as the primary
choice. Conclusions: Although cerebral aneurysms caused by atrial myxoma are rare, the long-term
consequences can be serious and patients should be monitored.

Keywords: atrial myxoma; cerebral aneurysm; metastatic aneurysm; headache; cardiac tumors

1. Introduction

Cardiac myxomas (CM) are the most common benign “cardiac” tumors, accounting
for up to 30–50% of all primary heart tumors [1]. The incidence is approximately 0.5–1 cases
per 1,000,000 population per year [2]. About 75% concern the left atrium of the heart [3],
and 18% originate in the right atrium; biatrial myxomas are rare and account for less than
2.5% of all cardiac myxomas. Myxomas are particularly frequent from the third to the sixth
decades of life; the ratio women: men varies from 2:1 to 3:1. CM are diagnosed based on
clinical examination and tests such as electrocardiography (ECG), transthoracic echocardio-
gram (TTE), transesophageal echocardiogram (TEE), chest computed tomography (CT) or
magnetic resonance imaging (MRI) and cardiac MRI [4].

Most cardiac myxomas present with constitutional, embolic and obstructive manifes-
tations. Younger and male patients have more neurologic symptoms, and female patients
have more systemic symptoms. These can cause many neurological complications, in-
cluding systemic embolism, cerebral infarction, cerebral cavernous malformations and
intracranial aneurysms [5]. Myxoma-related aneurysms are always multiple and in most
cases have a fusiform-shape.

Left atrial myxomas are considered curable by complete resection and give excellent
results in long-term follow-up. Surgical excision remains the treatment of choice for cardiac
myxoma. Early diagnosis and intervention is desirable because of the persistent risk of
brain metastases and aneurysms. However, incomplete resection, multifocal tumors and
embolism caused by tumors are important factors in its recurrence and complications [3,6].
Currently, our understanding of cerebral aneurysms caused by atrial myxoma is based
mainly on case reports.
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This systemic review of the literature aimed to provide an exhaustive summary of
available case reports evaluating medical history, clinical, diagnostic and therapeutic
methods in patients with cerebral aneurysms caused by atrial myxoma.

2. Methods

JCŁ and MWP performed an independent online search in accordance with PRISMA
guidelines [7] using the following combination of keywords: “atrial” and “cardiac” and
“myxoma” and “cerebral” and “aneurysm” or “myxomatosus” and “cerebral” and “aneurysm”.

We considered publication records from MEDLINE and ERIC databases until Au-
gust 2022. In addition, the reference lists from eligible publications were searched. All
discrepancies were resolved by discussing the results of the preliminary search with a
third reviewer (SB) (Figure 1).

 

Figure 1. Flow chart of study selection.

A total of 257 records were identified and screened separately by the authors. Then,
these record lists were double read by both analysts and 92 abstracts were found to be
relevant to the subject. Each researcher worked independently and prepared their own list
of relevant full-text manuscripts. Both lists were compared and 54 publications were found
to be the most relevant to the study and included in this review. The exclusion criteria were
non-English-language articles, conference papers and abstract only.

3. Results

We found 54 case report articles describing 55 patients. All cases are illustrated
in Table 1. We did not find any article about type case series or an original work on a
larger group of patients. The group consisted of 35 women (64%) and 20 men (36%). The
average age when aneurysms were diagnosed was 42.5 ± 15.81 years (the age varied
from 11 to 69 years) and 46 of the patients were less than 60 years old (84%).
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Aneurysms could be found before the diagnosis, at the same time as cardiac myxoma,
or even 25 years after resection of atrial mass. In our review, the mean time to diagnoses
was 4.5 years. In 1 patient, the myxoma was localized in both atrial, while in the remaining
54 patients—left atrium.

Our review estimates that the most common symptoms were vascular incidents (TIA,
stroke), seizures, vertigo or dizziness and loss of consciousness. In 15 cases, variable
headaches were reported—most often they had the migraine phenotype with visual distur-
bances. Three patient presented clinical symptoms typical of subarachnoid hemorrhage
and two had no symptoms (Table 2).

Table 2. The most common clinical symptoms.

Clinical Presentation n (%) Women:Men Mean Age

vascular incidents 20 (36.3) 12:8 44.5
headache 15 (27.3) 11:4 40.2
seizures 9 (16.4) 3:6 37.6

vertigo/dizziness 8 (14.5) 6:2 40.1
loss of consciousness 4 (7.3) 4:0 48

subarachnoid hemorrhage 3 (5.5) 3:0 58.3
no symptoms 2 (3.6) - -

Based on our analyses, trial myxoma-associated aneurysms are most often localized to
the entire area of vascularization, followed by middle cerebral arteries, posterior cerebral
arteries, anterior cerebral arteries and finally the basilar artery (Table 3).

Table 3. Location of brain aneurysm.

Location n %

multiple—the entire area of
vascularization 17 31.1

MCA 16 29.1
MCA + ACA 7 12.7
MCA + PCA 5 9.1

PCA 5 9.1
ACA + PCA 3 5.5

BA 2 3.6
MCA—middle cerebral artery; PCA—posterior cerebral artery; ACA—anterior cerebral artery; BA—basilar artery.

All patients underwent successful surgical resection of the cardiac myxoma. Regarding
management strategies, 33 patients (60%) were managed conservatively as the primary
choice. In three cases (5.5%) there was chemotherapy treatment; in one case, radiotherapy.
One patient was treated with stereotactic radiosurgery.

4. Discussion

Cardiac myxomas are the most common benign cardiac tumor in adults [58]. Myxoma
cells most likely arise from resident pluripotent or multipotent mesenchymal stem cells,
the embryonic remnants of which differentiate into endothelial cells, smooth muscle cells
and other mesenchymal cells and this explains the most common occurrence of myxomas
in the atrial septum [58,59]. Myxomas of the heart are most common in adults between the
third and sixth decades of life. They can occur sporadically (more often in women) or be
familial [1,2,58]. Familial occurrence has been shown to be associated with an autosomal
dominant mutation of the PRKAR1A gene located on chromosome 17q2 [59,60]. Familial
myxomas are usually multiple, recurrent and located outside the left atrium [61].

The genetic basis of intracranial aneurysms is very complex. In recent years, there has
been a growing interest in the extracellular matrix surrounding cerebral vessels, as well as
the role of matrix metalloproteinases [62,63]. Studies on the genetics of aneurysms have
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been aimed at elucidating causative genes or discovering new loci associated with aneurysm
risk. Genome-wide association studies have used single nucleotide polymorphism data to
discover several susceptibility loci, including the SOX17 and CDKN2A genes. The proteins
encoded by these genes regulate endothelial function and blood vessel formation and so
genetic variation that affects the extracellular matrix may have the greatest impact on the
risk of aneurysms [62,64].

The clinical picture of CM includes symptoms due to embolism, intracardiac ob-
struction, size, location and mobility of the tumor [1,59]. Patients with small tumors
may remain asymptomatic for years, or nonspecific symptoms may mimic systemic or
cardiovascular disease [58].

Embolism associated with detachment of tumor fragments or thrombi occurs in
10–50% of patients with cardiac myxomas [59,65]. There has been no correlation between
the risk of embolism and tumor size and some authors have suggested an association
of such complications with chest trauma [66]. Most commonly, embolisms involve the
cerebral arteries, where cavernous malformations and aneurysms can develop. Neuro-
logical complications are a very broad group of symptoms that include fainting and loss
of consciousness, headache and dizziness, seizures, transient cerebral ischemia, stroke
or rupture of aneurysms or vascular malformations [5,8,51]. Women in their fifth decade
of life are most at risk for embolic stroke and acute embolic stroke may be the first mani-
festation of atrial myxoma in a young patient [58,59]. Sudden loss of consciousness after
strenuous exercise is particularly important in the patient’s history [58]. Embolism of
the coronary artery is rare, and it is even believed that the coronary arteries are relatively
resistant to embolism due to anatomical conditions [1,65,67]. Braun et al. [61] showed
from their analysis that only 40 cases of myocardial infarction due to myxoma have been
documented in the literature.

The etiology of myxomatous cerebral aneurysms is still unknown [40,59]. A few
hypotheses have been put forward in terms of the pathogenesis of aneurysms. Based on the
literature, two main theories can be identified. First, a neoplastic process theory proposes
that myxoma cells adhere to and penetrate the endothelium, then grow in the subintimal
layer and destroy the arterial wall. However, it should be remembered that the metastatic
hypothesis does not imply a typical tumor metastasis process. By definition, cardiac
myxomas are not malignant tumors and therefore do not have potential to “metastasize” in
the strict sense of the word. The second theory is the “vascular damage theory” proposed
by Sloane et al. in 1966, where the temporary occlusion of cerebral vessels by myxoma cells
causes damage to the endothelium, which is followed by an alteration of hemodynamics
and promotion of aneurysm formation [68–70].

Myxoma cells produce and release proinflammatory cytokine interleukin-6 (IL-6),
which is an important factor of aneurysm initiation [18]. Recent studies suggest that
autocrine production of IL-6 by myxoma plays a main role in the embolization of the
myxomatous cell. Elevated IL-6 levels have been detected in patients with myxomatous
aneurysms, before and even after myxoma resection. It has been known that atrial
myxoma cells are capable of producing IL-6. Recent studies have shown that there is a
connection between overproduction of Il-6 and cerebral aneurysm development. A per-
sistent elevated IL-6 level induces overexpression of multiple proteolytic enzymes (such
as metalloproteinase), which can weaken cerebral vessel walls and lead to aneurysm
formation [55,71]. Based on this theory, cardiac myxoma resection is usually accompa-
nied by a reduction in serum IL-6 levels, but a few studies have shown new aneurysm
formation after the myxoma resection still showed persistently elevated IL-6 levels.
Formation of a cerebral aneurysm is also associated with overproduction of Il-6 by an
emboli tumor, that induces degradation of the extracellular matrix in the intracranial
vessels and is connected with an increased level of IL-6 in cerebrospinal fluid. So, IL-6
has two ways of impacting the formation of the aneurysm’s direction, first by promoting
tumor invasion into the intracranial artery or secondly by increasing the chance of a
distant embolization of the cardiac myxoma [55,57,71].
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The natural history of this kind of aneurysm is also not clear; some cases have shown
stability, others have shown improvement (self-occlusion) and others have shown an
increased number and enlargement of aneurysms [5,51,57]. In most cases, the first neu-
rological manifestation of atrial myxomas is complications due to cerebral embolism and
subsequent cerebral infarction [2,59,65]. Vascular incidents (transient cerebral ischemia,
stroke), which were observed in 36.3% of the patients of this review, should be precisely
associated with embolism. Aneurysm formation and subsequent subarachnoid or intrac-
erebral hemorrhage are rare but are the most well-known complications of atrial myxoma
in adults [5]. Even the presence of multiple but unruptured cerebral vascular aneurysms
usually does not produce clinical symptoms. However, up to half of patients with cerebral
aneurysms may experience so-called “predictive headaches,” the exact cause of which is
not known, but is thought to be related to microbleeding from aneurysms or other vascular
malformations [69,72,73]. The other symptoms that were observed in the patients analyzed
in this review included seizures, headaches or dizziness that could be related to microb-
leeding from aneurysms or could be a symptom related to compression of malformations
on central nervous system structures. Given some nonspecific but nevertheless quite sug-
gestive clinical signs, it is necessary to screen for cerebral complications in patients with
atrial myxoma.

Currently, there are no guidelines for the treatment of aneurysms caused by cardiac
myxomas, but a conservative approach and radiological follow-up is recommended. The
majority of reported cases have demonstrated stability and some have even been docu-
mented as exhibiting spontaneous regression [12]. Routine radiological follow-up by MRI
examination is needed to monitor the eventual progression of the aneurysms [72,73]. A
lot of therapeutic methods are available, ranging from endovascular methods, surgery,
chemotherapy, radiation or a combination of these. Only enlarged or ruptured aneurysms
may require invasive management and must be evaluated for endovascular or neurosurgi-
cal intervention [4].

The atrial myxoma should be excised as soon as possible after the diagnosis to pre-
vent further complications such as systemic embolization, constitutional symptoms (fever,
fatigue, weight loss) or obstruction of the mitral valve [44,58,59]. Surgical resection of the
cardiac myxoma also eliminates the early neurologic symptoms, most frequently ischemic
cerebral infarcts. Although the cardiac resection of the atrial tumor minimizes the risk of
embolization, it does not decrease the risk of the formation of a delayed cerebral aneurysm.
This results from the theory of “metastasis and infiltrate”. Intracranial aneurysms may
continue to grow despite the surgical removal of the atrial myxoma [53,67].

The current literature describes several different surgical options. Cases of ruptured
aneurysms are generally considered as urgent surgical procedures. Clipping or coiling
are not applicable for myxomatous aneurysms because they are multiple, located at
distal vessels, fusiform and without a neck. The literature provides a few reports about
clipping of large aneurysms [54]. Aneurysms might keep growing after endovascular
coil embolization [31].

Open surgical treatment is recommended for a lesion-caused mass effect or in cases
of single saccular aneurysms. A bypass is recommended for lesions with good collateral
compensation and it is a reasonable option when sacrifice of the feeding artery may be required.
Compared with other options, this procedure is technically challenging and is limited because
it is difficult to apply in a variety of locations where aneurysms may occur [33].

Chemotherapy as a treatment was introduced by Roeltgen et al. in 1981 [74]. They
tried doxorubicin in conjunction with surgery for recurrent atrial myxoma. In some cases,
etoposide and carboplatin were also used [13,50]. Chemotherapy may protect patients
against aneurysm growth [13]. Low-dose radiation in combination with chemotherapy
has been reported as an effective method for degradation of metastasis [5,12,13]. A new
option is frameless stereotactic radiosurgery (SRT), which is less invasive than endovas-
cular or open surgery, avoids the systemic effects of chemotherapy, and limits toxicity to
surrounding brain parenchyma compared to whole brain irradiation [5].
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5. Conclusions

Cerebral aneurysms are rare complications of cardiac myxoma, which can appear
many years after cardiologic treatment. They are twice as common in middle-aged women.
The entire area of vascularization is most often located in the area of the middle cerebral
artery. Vascular incidents, unspecific headaches and seizures are their most common clinical
manifestations; their rupture and subarachnoid hemorrhages are relatively rare. We do
not have any treatment guidelines as yet, however, in the case of myxoma aneurysms a
long-term observation is recommended.

Therefore, long-term follow-up of patients with cardiac myxomas for possible co-
occurrence of cerebral aneurysms and their complications is very important. In addition,
patients with multiple cerebral aneurysms, especially those with a cardiac burden, should
be alert to the possibility of cardiac myxoma.
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Abstract: Introduction: Some evidence suggests that surgical minimally invasive (MIDCAB) and
hybrid coronary revascularization (HCR) are safe and potentially effective at short-term follow-up.
Data on long-term outcomes are more limited and inconclusive. Methods: Between February 2013
and December 2023, a total of 1997 patients underwent surgical coronary artery revascularization at
our institution, of whom, 92 (4.7%) received left anterior mini-thoracotomy access (MIDCAB), either
isolated (N = 78) or in combination with percutaneous coronary intervention (N = 14, HCR group). Re-
sults: After a median follow-up of 75 months (range 3.1: 149 months), cardiac mortality was 0% while
overall mortality was 3%, with one in-hospital mortality and two additional late deaths. Conversion
to sternotomy happened in two patients (2.1%), and surgical re-explorations occurred in five patients
(4.6%), of whom three for bleeding and two for graft failure. All patients received left internal
mammary (LIMA) to left anterior descending artery (LAD) grafting (100%). In the HCR group,
10 patients (72%) showed percutaneous revascularization (PCI) after MIDCAB, showing PCI on a
mean of 1.6 ± 0.6 vessels and implanting 2.1 ± 0.9 drug-eluting stents. Conclusions: MIDCAB, in
isolation or in association with hybrid coronary revascularization, is associated with encouraging
short- and long-term results in selected patients discussed within a dedicated heart-team.

Keywords: multivessel coronary disease; minimally invasive coronary bypass surgery; MIDCAB;
beating-heart coronary surgery; hybrid coronary revascularization; percutaneous coronary
intervention; heart team

1. Introduction

Coronary artery bypass grafting (CABG) is the most common adult surgery proce-
dure performed globally as well as the foundation of cardiac surgery, which has evolved
considerably since the time of its introduction approximately 50 years ago [1].

Minimally invasive direct coronary artery bypass (MIDCAB) grafting has been sug-
gested as an effective and less invasive alternative to traditional CABG for the revascu-
larization of the left anterior descending artery [2,3]. Over the last twenty years, the aim
to achieve more extensive revascularization, maintaining a minimally invasive approach,
has led many experienced surgeons to treat multivessel disease, too [4]. The results of the
Syntax (Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac
Surgery) Trial in 2014 clearly showed that surgery is the gold standard for three-vessel
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coronary disease, especially for those individuals with complex anatomies. Surgical revas-
cularization was shown to be superior to percutaneous coronary intervention (PCI) with a
first-generation drug-eluting stent (DES) with respect to the composite endpoint of death,
myocardial infarction, stroke, and repeated revascularization [5]. On the other hand, a high
rate of saphenous vein graft failures, sternal complications, and bleeding events have been
observed in CABG patients. The routine use of second-generation DES was subsequently
shown to be associated with a lower rate of restenosis and thrombosis than saphenous
graft failure [6–8]. These results led, in 2018, to a statement of the European guidelines for
CABG to be the standard treatment for multivessel disease (Figure 1), when a left internal
mammary artery (LIMA) to left anterior descending (LAD) grafting is performed. Since
the new generation DES provides satisfactory short- and long-term clinical outcomes, the
armamentarium would be considered high quality on both arms [7]. In fact, saphenous
vein grafts (SVG) exhibit lower patency and a higher mortality rate compared with those
of LIMA. The SVGs have been shown to occlude (up to 50%) as early as 10 years after
implantation due to many factors [8]. The failure of these grafts reached a rate of 30% to 40%
after 10 years, due to patients developing SVG intimal hyperplasia. In addition to intimal
thickening, SVGs can undergo atherosclerosis, with angiographic studies demonstrating
an attrition rate of the SVG of 2% from the first to the seventh post-operative year with
only 38% to 45% of SVGs remaining patent after 10 years [8]. Hence, the introduction in
clinical practice of a hybrid coronary revascularization (HCR) to deal with multivessel
coronary artery disease has been based on the wish to combine the best of the two therapies
(Figures 2 and 3). In 2011, the Guidelines of the American College of Cardiology (ACC)
recommended a Class II a for hybrid revascularization, indicated only in selected patients
not otherwise approachable with traditional surgical or percutaneous revascularization [9].
However, there are only a few randomized trials in the literature supporting the evidence,
one of which was prematurely discontinued for suboptimal enrollment, which led to incon-
clusive recommendations from the most recent Guidelines [10]. Due to the lack of robust
evidence supporting the HCR strategy, our daily clinical practice could only be based on
the studies comparing HCR to traditional CABG or PCI. The aim of this original article
is to report the outcomes of our institutional program on isolated and hybrid minimally
invasive coronary surgery. Furthermore, the strategies adopted within the Heart Team
according to the Guidelines will be discussed, with respect to the indication, timing, and
staging of the two procedures.

Figure 1. Preoperative coronary angiogram of an 80-year-old patient suffering from multivessel coro-
nary disease on the distal right coronary artery (left) and diffusely on the left coronary system (right).
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Figure 2. Postoperative coronary angiogram after bypass surgery performed in a minimally invasive
fashion on the left anterior descending (LAD) with the left internal mammary artery (LIMA) (A) and
the angiographic result of the venous graft on the diagonal branch (B).

Figure 3. Four panel figure depicting the PCI treatment with stenting of the non-LAD vessels.
Panel (A,B): angiographic result after percutaneous revascularization (PCI) with a drug-eluting stent
on the distal portion of the right coronary artery. Panel (C,D): angiographic result after percutaneous
revascularization (PCI) with a drug-eluting stent at the obtuse marginals’ bifurcation of the circumflex
coronary artery.

2. Materials and Methods

2.1. Study Design

Between February 2013 and December 2023, a total of 1997 patients with coronary
artery disease were referred for CABG at our Institution. Within this study period, MIDCAB
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and HCR patients were extracted. Baseline patient characteristics and surgical details were
prospectively collected in the institutional electronic medical database and retrospectively
analyzed for this study. The study was conducted according to the privacy policy of
the Cardiocentro Ticino Institute and the internal regulations for the appropriate use of
anonymized data in patient-oriented research, which are based on international regulations,
including the Declaration of Helsinki (MEC-2020-0454). All patients signed informed
consent forms for surgery and the Ethics Committee of Canton of Ticino approved the
study design (CE 3103/BASEC 2016-0519, approval date: 22 March 2017). The follow-up
was conducted either by analyzing the hospital medical records or via telephone calls to
the patients or the general practitioners. In case of no response, we questioned the national
mortuary office. The follow-up ended in December 2023.

2.2. Inclusion and Exclusion Criteria for MIDCAB /HCR and Pharmacologic Strategy

All patients were discussed within the Heart Team, either for isolated MIDCAB
surgery or MIDCAB combined with percutaneous treatment of non-LAD vessels for a
hybrid revascularization strategy, according to the international Guidelines [10].

To perform MIDCAB surgery at our institution, a combination of multiple inclu-
sion criteria was mandatory, divided into three different domains, namely, anatomical,
physiological, and surgical:

• Favorable chest anatomy to properly expose the heart and absence of calcifications or
obstructing plaques of the femoral arteries, in case a peripheral cannulation for the
cardiopulmonary bypass, would be needed.

• Hemodynamic stability and an adequate pulmonary function to tolerate single
lung ventilation.

• Absence of calcification of the ascending aorta, allowing the execution of the proximal
anastomosis (Figure 4A).

Figure 4. Coronary multislice computed tomography (MSCT) performed before the operation, with
the analysis of the ascending aorta (A) and of the three epicardial coronaries (B–D), including the left
main. [1] It refers to the calculated diameter of the ascending aorta (white dashed and solid lines).
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Absolute contraindications to MIDCAB at our institution are severe chest wall defor-
mities (e.g., pectus excavatum), severe lung pathologies, and, obviously, emergent surgery
with hemodynamic instability.

The MIDCAB was preferentially performed as a first-stage procedure within an HCR
strategy and followed by PCI on the other vessels whenever feasible. Instead, culprit
lesions were treated percutaneously during the same hospitalization or, if clinically feasible,
in a new hospitalization at least one month after discharge. One hundred milligrams of
acetylsalicylic acid was administered before the operation and continued indefinitely. The
antiplatelet regimen included a loading dose of clopidogrel 300 mg or ticagrelor 180 mg at
the time of PCI, with a recommended treatment duration of 12 months.

In patients with acute coronary syndrome, the culprit lesion on the non-LAD vessel is
treated immediately and the surgical revascularization on the LAD is staged thereafter. Other
non-LAD vessels were scheduled based on the severity of the lesions. In these patients, the
P2Y12 receptor inhibitor was discontinued 3 to 5 days before the admission and/or surgery,
and intravenous Cangrelor was used to embricate the P2Y12 receptor inhibitor. Every case
is evaluated by the Multiplate® Analyzer (Roche, Rotkreuz, Switzerland) to test the platelet
function and confirm the operability. The DAPT therapy was to be reintroduced on the second
postoperative day and continued according to individual bleeding and ischemic risks.

2.3. Preoperative Planning

All patients undergoing MIDCAB intervention, beyond coronary angiogram and a
baseline transthoracic echocardiography, require further imaging with a cardiac multislice
computed tomography (MSCT) with 3D reconstruction of the target vessels (left anterior
descending artery particularly, then the diagonal or lateral/posterolateral branches) to
exclude an intra-myocardial course, identify the target zone for the coronary anastomosis,
and analyze the ascending aorta (Figures 4A–D and 5).

Figure 5. The coronary multislice computed tomography (MSCT), depicting—red arrow—the in-
tramyocardial course of the left anterior descending (LAD), which represents a fundamental exclusion
criteria prior to minimally invasive coronary surgery (MIDCAB).

2.4. Surgical Technique

All patients were positioned in a semi-supine position and the left chest was elevated
at 30◦. General mixed anesthesia was induced. An invasive arterial blood pressure monitor-
ing (preferably right radial artery) was obtained. The intubation was performed with the
use of a double-lumen endotracheal tube. A central venous port was introduced through
the right jugular vein. A Foley catheter was passed into the bladder. Transesophageal
echocardiography (TEE) was adopted in every patient. The groins were prepared in case
of hemodynamic instability needing cardiopulmonary bypass. A left anterolateral mini-
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thoracotomy of 5 to 7 cm was performed in the sub-mammary crease according to the
particular case. Since 2020, depending on the incision and procedure, a combination of
intercostal, pectoralis, and serratus anterior nerve blockades have been adopted. The skin
in the crease was marked the day before the operation, with the patient carefully seated on
the bed and the pectoral muscles relaxed. In the operating room, the left internal mammary
artery (LIMA) was harvested in a skeletonized fashion and under direct vision through
the fourth intercostal space. At the beginning of our experience in 2013, we adopted the
MIDAccess IMA retractor system (Delacroix-Chevalier, Paris, France) and starting in 2019,
the MICS CABG Fehling retractor (Fehling Instruments, Karlstein am Main, Germany),
which allowed either the left and the right internal thoracic artery harvesting. After open-
ing and suspending the pericardium in a circular fashion, the left anterior descending
(LAD) was identified, along with its target point of anastomosis, to check the effective
length of the grafts. Heparin was administered in a standard dose of 10.000 UI to achieve
an activated clotting time > 250 s. A disposable suction Medtronic Octopus stabilizer
(Medtronic Inc., Minneapolis, MI, USA) was routinely adopted. In case of difficult exposure
of the targeted vessels, including the lateral and inferior walls, a transthoracic stabilizer was
favored (Nuvo, Medtronic Inc., Minneapolis, MI, USA). For the distal anastomosis, once
the epicardium was stabilized, a blower was adopted to visualize the anastomotic area,
and an intracoronary shunt was always inserted into the artery. The anastomotic suture
was usually executed with a polypropylene 8-0 monofilament, with standard coronary
instruments. In case proximal anastomosis or aortic cross-clamping were required, the
ascending aorta was encircled with a Dacron tape, in order to freely mobilize it and enhance
the exposure. In the case of hemodynamic instability or in the case of suboptimal target
vessel exposure, the cardiopulmonary bypass could be instituted via peripheral femoral
vessels. Every coronary conduit was assessed with a flow probe based on TransitTime Flow
Measurement (TTFM) by Medistim ASA (Oslo, Norway) at the end. At chest closure, one
Blake 24 Fr soft drain was routinely placed in the left pleural space via the 6th intercostal
incision. Usually, the left lung has been gently re-inflated to avoid damage to the graft(s).
The two ribs were normally tied together with a 2-0 Vicryl-coated suture. The skin closure
was performed with 4-0 STRATAFIX™ Spiral Knotless (Figure 6). Postoperative analgesia
was enhanced by slow a continuous anesthetic delivery of bupivacaine of 5% through small
catheters positioned inside the wound.

Figure 6. Postoperative cosmetic result after minimally invasive bypass surgery, implanting the left
internal mammary artery on the left anterior descending. The reduced scar is visible (red arrows) in
the submammary crease with the left arm at rest (A) and with the left arm raised (B).

2.5. Statistical Analysis

The statistical analysis was performed using Stata 17 (StataCorp, College Station, TX, USA).
Continuous variables are presented as mean ± standard deviation and categorical variables
are presented as numbers and percentages.
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3. Results

Between February 2013 and December 2023, a total of 1997 patients with coronary
artery disease were referred for CABG at our institution. Ninety-two of them (4.6%) were op-
erated on through a left anterior mini-thoracotomy access. In the period from January 2017
to November 2023, 14 patients out of 92 (15%) underwent a hybrid revascularization
strategy. Demographic and clinical characteristics of both groups are reported in detail
below (Table 1). The intraoperative data are listed in Table 2. After a median follow-up of
75 months (range 3.1:149 months), cardiac mortality was 0% and overall mortality was 3%,
with one case of in-hospital mortality (1%), a patient who developed a subarachnoid hem-
orrhage on the 5th postoperative day, and two additional late deaths. When the conversion
rate to sternotomy was analyzed, two cases converted due to the intramyocardial course
of the LAD were detected (2.1%). Surgical re-explorations were needed in three patients
for bleeding (No bleeding was caused by having the double antiplatelets therapy (DAPT),
either in patients receiving single surgical coronary bypass (isolated group) or in patients
treated with a hybrid approach (hybrid group) and in two cases for revision due to graft
failure (4.6%). Postoperative complications for the total MIDCAB and for the hybrid group
are reported in Table 3. All patients received a LIMA to LAD grafting, and in 22 cases
(24.2%), one more graft was executed. In the hybrid group, the LIMA has been used as
a single graft on the LAD for every patient (Figure 2A), while in two of them, it has also
been grafted to the first diagonal branch (Figure 2B). Seventy-nine patients were extubated
directly in the operative room (86%) and all patients in the HCR group were extubated di-
rectly at the end of surgery (Table 3). Patients in the hybrid group underwent a two-staged
PCI revascularizing a mean of 1.6 ± 0.6 vessels (Table 4). In five patients, the procedure was
performed during the same hospitalization, while in another three patients, the procedure
was scheduled beyond 30 days following the indexed revascularization. The follow-up was
conducted until December 2023, and it was 95% complete. The mortality data rate during
the follow-up was 100% complete and based on the consultation of the Swiss death bulletin
(https://www.todesanzeigenportal.ch, accessed on 1 February 2024).

Table 1. Demographic and clinical characteristics.

N (Percentage %)

Tot. MIDCAB Hybrid

Patients 92 (100%) 14/92 (1.5%)

Age (years) 67.9 ± 10.4 72 ± 10.5

Male 81 (88%) 12 (86%)

Smoking 23 (25%) 4 (29%)

Hypertension 64 (70%) 13 (93%)

Dyslipidemia 61 (66%) 9 (64%)

Chronic coronary syndrome 25 (27%) 2 (14%)

Unstable angina 67 (73%) 12 (86%)

History of myocardial infarction 26 (28%) 2 (14%)

Diabetes type I under insulin therapy 13 (14%) 1 (7%)

Diabetes type II 28 (30%) 4 (29%)

PAD 7 (8%) 0 (0%)

Number of diseased vessels (N, %)
1 vessel: 33 (36%)
2 vessels: 47 (51%)
3 vessels: 12 (13%)

1 vessel: 0 (0%)
2 vessels: 9 (64%)
3 vessels: 5 (36%)

Euroscore II 1.0 ± 0.7 0.95 ± 0.5

Ejection Fraction (%) 56 ± 7.5 53 ± 6.2
Data are expressed as mean value ± standard deviation (SD). PAD: Peripheral Artery Disease.
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Table 2. Intraoperative data.

N (Percentage %)

Tot. MIDCAB Hybrid

N◦ of bypass
1 58 (63%) 12 (86%)
2 30 (33%) 2 (14%)
3 4 (4%) 0 (0%)

Lima 92 (100%) 14 (100%)
+ Rima 4 (4%) 0 (0%)
+ Radial 1 (1%) 0 (0%)
+ SVG 17 (18%) 0 (0%)

Op. time (min) 210 ± 85 178 ± 65

CPB time in 7 cases (min) 117 ± 41 0 (0%)

X-Clamp time in 2 cases (min) 62 0 (0%)
Data are expressed as mean value ± standard deviation (SD). Lima: Left Internal Mammary Artery; Rima: Right
Internal Mammary Artery; SVG: Saphenous Vein Graft; CPB: Cardiopulmonary Bypass.

Table 3. Postoperative Complications.

N (Percentage %)

Tot. MIDCAB Hybrid

30-day Mortality 1 (1%) 0

Extubation
POD 0 79 (86%) 14 (100%)
POD 1 11 (12%) 0 (0%)
POD > 1 2 (2%) 0 (0%)

Graft failure 2 (2.1) 0 (0%)

Sternotomy conversion 2 (2.1) 0 (0%)

Surgical revision 3 (3.2) 0 (0%)

ICU stay (days) 1.3 ± 0.7 1

Post-operative Hospital stay (days) 6.4 ± 3.9 6.3 ± 1.3

Long-term Mortality 2 (2.1%) 0 (0%)
Data are expressed as mean value ± standard deviation (SD). POD: Post-Operative Day; ICU: Intensive Care Unit.

Table 4. Hybrid coronary revascularization strategy.

Hybrid Coronary Revascularization
(14 Patients)

N◦ of treated vessels (out of LAD) 1.6 ± 0.6

N◦ of treated vessels (out of LAD) per patient (N, %)
- 1 vessel 6/14 (43%)
- 2 vessels 7/14 (50%)
- 3 vessels 1/14 (7%)

N◦ of Drug Eluting Stent (mean ± SD) 2.1 ± 0.9

Type of Drug Eluting Stent (target vessels)

ORSIRO (RCA)
BIOFREEDOM (RCA)

XIENCE SIERRA (RCA and CX)
ULTIMASTER TANSEI (RCA and CX)

ORSIRO MISSION (RCA and RCX)
XIENCE SKYPOINT (RCA)
RESOLUTE ONYX (PDA)

ONYX FRONTIER (RCA and PLA)
ULTIMASTER NAGOMI (RI)

PCI before Surgery (n◦ of pts, %) 4 (28%)
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Table 4. Cont.

Hybrid Coronary Revascularization
(14 Patients)

Days before Surgery (mean ± SD) 28 ± 21

PCI after Surgery (n◦ of pts, %) 10 (72%)

Days after Surgery (mean ± SD) 31 ± 24

LIMA angiographic patency at staged PCI (n◦ of pts, %) 10 (100%)

PCI during the same hospitalization (n◦ of pts, %) 5 (36%)

Re-exploration for bleeding due to DAPT 0 (0%)
LAD: left anterior descending; PCI: percutaneous coronary revascularization; DAPT: dual antiplatelet therapy;
SD: standard deviation; RCA: right coronary artery; PDA: posterior descending artery; CX: circumflex artery;
PLA: posterolateral artery; RI: ramus intermedius.

4. Discussion

Minimally invasive coronary artery bypass represents an interesting and valid option
for surgical myocardial revascularization in selected patients.

This work conveys at least three relevant messages regarding minimally invasive and
hybrid revascularization strategies:

a. One of the main advantages results from the avoidance of sternotomy, hence the risk
for sternal wound infections (or mediastinitis) and sternal instability are
completely abolished.

b. For solely surgical revascularization of the LAD by a left mini-thoracotomy, followed
by staged PCI, our results demonstrate that the long-term patency rate is as good as
with sternotomy.

c. Although only in a limited number of patients, the management of DAPT demon-
strated a good safety profile and low bleeding risk in those patients in whom MIDCAB
has been staged after PCI.

Having said that, if the association between surgery and percutaneous revasculariza-
tion is adopted to achieve complete revascularization in multivessel disease, the hybrid
strategy can be considered a viable one. The key question relates to the right patient selec-
tion, for whom the isolated minimally invasive or the hybrid revascularization strategy
should be performed. Revising the existing literature and relative outcomes would help
to answer this clinical question. One of the first large studies on MIDCAB, analyzing
300 patients, documented a short-term LIMA patency of 98% and a repeat revascularization
rate of 4% [11]. In a meta-analysis by Raja et al. on about eight thousand patients, the
results of LAD treatment comparing MIDCAB and PCI showed no differences in mortality,
myocardial infarctions, and MACCE rate, with MIDCAB reporting a superior freedom
from repeat revascularization [12]. One of the first prospective randomized trials pub-
lished in 2018, the POL-MIDES Trial, compared the results of hybrid revascularization and
CABG, demonstrating at 5 years follow-up in 200 patients, similar rates of myocardial
infarction, repeated revascularization, and Major Adverse Cardiac and Cerebral Events
(MACCE) [13]. Repossini et al., in 2019, completed a follow-up at 15 years on more than
ones thousand patients who underwent MIDCAB with a survival rate of 83% for the treat-
ment of single-vessel disease by LIMA to LAD. Looking at these data, the isolated MIDCAB
can be considered a safe and effective operation [14].

There are only two reports in the literature documenting worse outcomes of hybrid
revascularization. Both of them have some flaws, either the limited number of patients
or the retrospective nature coupled with relatively short follow-up. Namely, a recent
one showed worse outcomes in the hybrid group at two years follow-up: Hannan et al.
analyzed retrospective data from New York registries. At six years follow-up, a worse
survival rate (80.9% vs. 85.8%) and repeated revascularization rate (88.2% vs. 76.6%) in the
hybrid arm emerged [15]. This evaluation highlighted the very low percentage of hybrid
cases, 0.8% of the total CABG procedures [16–20]. Also, in our limited series, the patients
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treated with the hybrid strategy represent 1.5% of the total number of CABG patients in
the same period of observation. In the STS Database, the hybrid approach only represents
0.48% of the total CABG operations in North America between 2011 and 2013 [21]. Surgical
advances coupled with improvements in coronary stents may broaden the application of
hybrid strategies in the future.

Other recent trials that compared the results of hybrid, standard CABG, and PCI
showed an incomplete revascularization rate of 7.7%, 8.0%, and 5.7% and a restenosis rate
of 8.2%, 20.4%, and 5.9%, respectively. The latter despite less residual ischemia at 12 months
in the hybrid group (6.4% vs. 6.7% vs. 7.9%, respectively) [21–24].

A meta-analysis comparing a hybrid coronary revascularization and PCI found a
lower rate of myocardial infarction and target vessel revascularization in the hybrid group,
but no difference in mortality and stroke [25]. The same results were found in a more
recent study by Patel et al., where 158 matched pairs with LAD proximal complex stenosis
MIDCAB and DES-PCI have equivalent nine-years survival but PCI was associated with
more frequent late reinterventions [19].

In the case of two-vessel disease or multi-vessel disease, the heart team cooperation
plays a fundamental role as well as the patient preference. Indeed, when the hybrid
approach is considered, key aspects to be taken into account are:

• At least a left ventricular systolic function (LVEF) > 45%.
• Good lung function because of the prolonged single lung ventilation required by this

minimally invasive operation.
• The risk of an intramyocardial course of the LAD and the consequent possible impli-

cation of a sternotomy conversion.
• The management of double antiplatelet therapy (DAPT), with bleeding implications

after a staged surgery.

In 2014, Gasior et al. conducted a feasibility study in a cohort of two hundred patients
who had undergone hybrid revascularization in a two-stage fashion; the PCI was performed
after 24 h from the MIDCAB operation. They observed a sternotomy conversion of 6.1%, but
no major bleeding complications (2.0%) [20]. More recently, the HYBRID-COR feasibility
study based on a concomitant procedure by means of Endoscopic Coronary Artery Bypass
(ECAB) and PCI on DAPT in a hybrid operating room on 30 patients showed only one chest
revision for bleeding and one death at more than 4 years follow-up [22]. The management
of DAPT represents a key point in the hybrid strategy for myocardial revascularization. In
our hybrid series, 5 out of 14 patients underwent PCI during the same hospitalization but in
a two-stage fashion, not concomitantly, without facing bleeding complications that required
surgical revision. Indeed, the optimal treatment protocols are still debated: two-stage
coronary revascularization ensures optimal results and does not require a hybrid operating
room. However, they could face a risk of ischemia originating from non-LAD territories
during the surgical grafting and a cumulative risk (negligible) of repeated reintervention if
the percutaneous approach fails. On the other hand, patients undergoing PCI before surgery
could have a risk of stent thrombosis, increased peri- and post-operative bleeding due to
dual antiplatelet therapy (although this issue was satisfactory in our series, thanks to careful
Multiplate analysis and Cangrelor Embrication), along with complications in the LAD territory
during the separating time interval [23]. Last, the anastomosis is not evaluated in angiography
if the PCI is performed as the first step. Although with limited evidence [24], all these issues
could be overcome with a one-stage hybrid procedure protocol. The procedure requires that
the hybrid room and the entire operating team must be experienced, ensuring that the PCI to
high-risk non-LAD lesions can be safely performed with a protected anterior territory, and
conventional CABG remains an option in cases of unsuccessful stent implantation. Moreover,
surgical anastomosis can be studied before performing PCI.

The results of the STS database reported a reoperation for bleeding in 3.6% and
2.4% for a concomitant and two-stage procedure, respectively, with a mortality rate of
3.6% vs. 1.4% [21]. Repossini et al. compared the rate of reoperation for bleeding in the
single MIDCAB group and a two-stage hybrid group and it resulted in 1.5% and 2.5%,
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respectively; a bleeding amount of more than 1000 mL that did not require reoperation was
remarkable too (1.2% vs. 4.5%) [18]. The MERGING trial that compared 40 hybrids with a
PCI performed 48–72 h after operation, and 20 CABG patients showed bleeding rates of
7.5% and 5.0%, respectively, although this was not statistically significant [19].

Actually, there is no evidence in those limited reports in the literature that HCR
provides better results than traditional CABG or PCI in multivessel disease, and for this
reason, there are nowadays no guidelines. We will be able to improve the results with
the use of multiple arterial grafts and next-generation stents. A hybrid approach can be
considered a viable option in myocardial revascularization when solid cooperation between
cardiologists and cardiac surgeons is established, with careful attention to indications,
limitations, and management, because not every patient is suitable for HCR. An ongoing
multicenter randomized trial will confirm the quality of life and recovery between MIDCAB
and standard sternotomy CABG the MIST Trial [25]. This study will eventually corroborate
the very good outcomes of Mid-CAB in the long term (more than 20 years) when performed
in a carefully selected patient population [26–28]. Robotic iterations of this operation are
already performed in leading centers worldwide, aiming to establish the maximal level of
a true minimally invasive approach and providing good long-term outcomes in patients
who are not candidates for conventional CABG [29].

5. Study Limitations

The study has some drawbacks to disclose. First, it is a single-center feasibility report,
without a control group (the HCR group separately reports its outcomes in a longitudinal
way, within the isolated overall MIDCAB, not as a comparative analysis) and the analyzed
sample is relatively small. Although all the HCR patients underwent a control coronary
angiography, no routine coronary angiography was performed in asymptomatic patients
treated with isolated MIDCAB during follow-up.

6. Conclusions

Isolated MIDCAB and hybrid revascularization are associated with encouraging short-
and long-term results in appropriately selected patients. All these evaluations should be
made within the heart team based on clinical presentation and on individual coronary
anatomy. The staging of the indexed procedure can differ and a certain flexibility concerning
the technical variables is advisable given the good surgical outcomes when a double
antiplatelet therapy is adopted. Complete revascularization should be the cornerstone
independent of the strategy adopted.
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Abstract: Background: Myocardial perfusion imaging via single-photon emission computed tomog-
raphy (SPECT MPI) is a well-established method of diagnosing coronary artery disease (CAD). The
purpose of this study was to assess the role of SPECT MPI in predicting major cardiovascular events.
Methods: The study population was composed of 614 consecutive patients (mean age: 67 years, 55%
male) referred for SPECT MPI due to symptoms of stable CAD. The SPECT MPI was performed
using a single-day protocol. We conducted a follow-up on all patients at 12 months via a telephone
interview. Results: The majority of our patients (78%) presented findings suggestive of reversible
ischemia, fixed defects or both. Extensive perfusion defects were found in 18% of the population,
while LV dilation was found in 7%. During the 12-month follow-up, 16 deaths, 8 non-fatal MIs and
20 non-fatal strokes were recorded. There was no significant association of SPECT findings with the
combined endpoint of all-cause death, non-fatal MI and non-fatal stroke. The presence of extensive
perfusion defects was an independent predictor of mortality at 12 months (HR: 2.90, 95% CI: 1.05,
8.06, p = 0.041). Conclusions: In a high-risk patient population with suspected stable CAD, only large
reversible perfusion defects in SPECT MPI were independently associated with mortality at 1 year.
Further trials are needed to validate our findings and refine the role of SPECT MPI findings in the
diagnosis and prognosis of cardiovascular patients.

Keywords: myocardial perfusion imaging; SPECT study; coronary artery disease; mortality; major
adverse cardiovascular events

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in the western world,
and coronary artery disease (CAD) is the most common form of CVD [1]. Patients with
symptoms suggestive of CAD undergo a series of evaluations based on their relevant
risk, ultimately assessing the need for invasive coronary angiography and the need for
treatment. Diagnostic methods for coronary artery disease provide information both on the
presence of angiographically significant CAD and also on the clinical prognosis of patients
(i.e., mortality, non-fatal myocardial infarction, angina, etc.) [2].

Myocardial perfusion imaging (MPI) via single-photon emission computed tomogra-
phy (SPECT) is a well-established nuclear cardiology method used to assess the coronary
artery blood supply of the left ventricle. Performed in conjunction with a stress test (physi-
cal or pharmacological), SPECT MPI is a valuable imaging modality used to diagnose CAD,
allowing for the evaluation of the extent and severity of CAD as assessed via coronary
angiography [3]. The diagnostic performance of SPECT MPI has been extensively studied,
with considerable heterogeneity in the estimated accuracy among studies [4]. Whether
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SPECT MPI findings may further improve patient risk stratification and determine the
occurrence of major clinical events is still a matter of debate [3,5].

The aim of the current single-center study was to evaluate the prognostic role of SPECT
MPI, in terms of predicting mortality and other major cardiovascular events at 1 year, in
symptomatic patients assessed for suspected stable CAD in the modern era.

2. Patients and Methods

2.1. Study Population

The study population consisted of 614 patients referred for SPECT MPI in the Nuclear
Medicine Department of a tertiary hospital over a year (1 January to 31 December 2017) due
to symptoms (i.e., chest pain (CCS class I or II) or dyspnea (NYHA class I-III)) suggestive
of suspected stable CAD. Patients who needed a revascularization procedure according to
the MPI study results were retrospectively excluded from our analysis. A revascularization
procedure based on the reference SPECT MPI study results may have an important impact
on the prognosis of the patients and would complicate the association of SPECT MPI
findings with the clinical outcomes. Other exclusion criteria were: a recent myocardial
infarction (MI) in the last month before the test or a coronary revascularization procedure
(percutaneous coronary intervention or coronary artery bypass graft) in the last two months.

2.2. Study Protocol

On the day of the test, every patient was interviewed to enable us to record all the
data relevant to their cardiovascular history. This information involved cardiac-related
symptoms, risk factors for CAD (smoking habits, hypertension, diabetes mellitus, dyslipi-
demia, obesity, family history of CAD) and a previous history of any diagnosed CVD and
its management. The study protocol and the SPECT MPI procedure were explained in
detail to the patients, who gave their written informed consent to participate. The study
was compliant with the principles of the Helsinki Declaration and with local legislation,
and was approved by the Scientific Council and Ethical Committee of the hospital.

We conducted a follow-up on all patients enrolled in the study at 12 months after the
SPECT MPI via a telephone interview. The patients—or their next of kin—were asked in
detail about the occurrence of clinical events of importance in the time interval since their
enrollment in the study. In case a major cardiovascular event was reported, the findings
were confirmed via review of the corresponding medical records. The primary endpoint of
the study was the composite of all-cause mortality, nonfatal MI and nonfatal stroke. MI
and stroke were defined according to the clinical criteria of hospitalization, biochemical
blood tests, electrocardiography and brain imaging.

2.3. Myocardial Perfusion Imaging Protocol

The same data acquisition parameters were used in all patients. SPECT MPI was
performed according to the guidelines of the European Association of Nuclear Medicine
and Molecular Imaging (EANMMI) [6]. The single-day protocol was used, with stress and
rest images acquired in that particular order, approximately two hours apart. Patients fasted
for at least four hours before the exam and abstained from methyl-xanthine beverages and
caffeine for 24 h, in order to be prepared to undergo vasodilative stress with dipyridamole,
if needed. Discontinuation of medications containing nitrates, calcium channel antagonists
and beta-blockers was also applied for 24 h before the test.

Maximal or symptom-limited treadmill exercise (Bruce protocol) was selected for
those patients who were capable of completing this type of stress test. Intravenous pharma-
cological stress was applied to patients with limited physical tolerance or with contraindi-
cations for treadmill exercise. In those patients, the vasodilative substance dipyridamole
(0.56 mg/kg body weight) was mostly used, either alone or in combination with a single-
stage 3 min Bruce treadmill exercise. In a small proportion of patients who were ineligible
to receive dipyridamole, an inotropic pharmacological stress was carried out with the IV
infusion of dobutamine. All studies were performed with Technetium Tc 99m tetrofosmin
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(TF) (Myoview, GE Healthcare AS, Oslo, Norway), an MPI radiopharmaceutical that was
labeled in-house according to the manufacturer’s instructions.

2.4. Visual Analysis of Myocardial Perfusion

The recorded raw tomographic data under stress and rest were processed and re-
constructed in the three planes (short axis, horizontal long axis and vertical long axis)
according to established algorithms, and assessed by two experienced board-certified nu-
clear medicine physicians. The readers were not blinded to the clinical information and
reported jointly to reach an agreement according to routine clinical reporting protocols;
possible discrepancies were resolved via consensus. A perfusion study was interpreted
visually as normal when bearing no or only borderline equivocal findings. The presence of
reversible perfusion deficits was characterized as ischemia, while fixed (irreversible) deficits
corresponded either to myocardial necrosis (scar) or to a gravely ischemic (hibernating)
myocardium. Finally, studies with coexisting ischemia and irreversible deficits were char-
acterized as having mixed deficits. Further evaluation of each SPECT study involved the
estimation of the extent of abnormal left ventricular perfusion by the number of involved
myocardial segments, graded on a 3-point scale as: absent or negligible (<1 segment or
<5% of the left ventricular myocardium), small to medium (1–4 segments or 5–20% left
ventricular myocardium) or large (≥5 segments or >20% left ventricular myocardium) [7].

2.5. Statistical Analysis

Continuous data are presented as mean values ± standard deviation, while dichoto-
mous data are presented as numbers (percentage). The association of SPECT MPI findings,
as well other clinical parameters, with clinical outcomes was assessed using Cox’s Regres-
sion analysis, and Hazard Ratio (HR) estimates (95% confidence interval) were calculated.
In multivariate analysis, only the predictive role of SPECT features with a significant uni-
variate association with clinical outcomes was assessed. Receiver–Operator Curve analysis
was used to assess the prognostic value of perfusion defects for mortality. A two-tailed
p value < 0.05 was used to determine significant associations. All analyses were performed
using the software IBM SPSS Statistics version 21 (IBM, Armonk, NY, USA).

3. Results

The mean age of the population was 67 years, and most patients were male (55%).
The prevalence of established cardiovascular risk factors is shown in Table 1. A history of
CAD was present in 34% of our patients. Patients were referred for a SPECT MPI test due
to chest pain (62%) and/or dyspnea (76%). The majority of our patients (78%) presented
findings in the SPECT study that were suggestive of reversible ischemia, fixed defects or
both. Extensive perfusion defects were found in 18% of the patients, while left ventricular
dilation was found in only 7% of the population. Based on the SPECT results and the
clinical findings, 307 (50%) patients were referred for invasive coronary angiography. The
finding of extensive perfusion defects was associated with the presence of significant CAD
in coronary angiography (r = 0.136, p = 0.017).

During the 12-month follow-up, 16 deaths (2.6%), 8 non-fatal MIs (1.3%) and 20 non-
fatal strokes (3.3%) occurred. Of the patients who died, 50% had undergone a coronary
angiogram; none of them had significant coronary artery disease. There was no significant
association of SPECT findings with the primary endpoint (combined endpoint of all-cause
death, non-fatal MI and non-fatal stroke) (Table 2).
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Table 1. Descriptive characteristics of enrolled patients and results of myocardial perfusion imaging
SPECT study.

Age, years 67 ± 10

Male gender, n (%) 340 (55)

Body mass index, kg/m2 29.1 ± 4.8

Waist circumference, cm 111 ± 12

Chest Pain (CCS class I-II), n (%) 383 (62)
Typical pain 108 (17)

Atypical pain 215 (35)
Non-angina pain 60 (10)

Dyspnea, n (%) 466 (76)
Low workload—NYHA III 340 (55)

Moderate workload—NYHA II 73 (12)
High workload—NYHA I-II 53 (9)

Currently smoking, n (%) 113 (18)

Hypertension, n (%) 477 (78)

Dyslipidemia, n (%) 469 (76)

Diabetes mellitus, n (%) 205 (33)

History of coronary artery disease, n (%) 208 (34)
History of myocardial infarction 115 (19)

History of Percutaneous coronary interventions 138 (23)
History of Coronary artery bypass surgery 46 (8)

History of atrial fibrillation, n (%) 79 (13)

History of heart failure, n (%) 38 (6)

History of stroke, n (%) 53 (9)

History of peripheral arterial disease, n (%) 75 (12)

Medications, n (%)
Beta blockers 335 (55)

ACE-I/ATIIR blockers 395 (64)
MRA 33 (5)

Statins 418 (68)
Nitrates 55 (9)

Calcium channel blockers 210 (34)
Diuretics 220 (36)

Antiplatelets 299 (49)
Anticoagulants 72 (12)

Abnormal findings in SPECT MPI study, n (%) 478 (78)
Reversible perfusion defects only 265 (43)

Fixed perfusion defects only 52 (9)
Mixed findings 161 (26)

Extent of perfusion defects in SPECT MPI
study, n (%)

Small/moderate 366 (60)
Large 112 (18)

Left ventricular dilation, n (%) 42 (7)
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Table 2. Univariate associations of SPECT MPI findings with clinical outcomes at 12-month follow-up.

HR 95% CI p Value

Combined endpoint

Normal study Ref.
Reversible perfusion defects only 1.25 0.52, 3.01 0.624

Fixed perfusion defects only 1.97 0.62, 6.19 0.249
Mixed findings 1.72 0.69, 4.26 0.242

Normal study/small or moderate
defects Ref.

Large defects 1.56 0.79, 3.03 0.204

Normal study Ref.
Left ventricular dilation 1.41 0.51, 3.96 0.509

Mortality

Normal study Ref.
Reversible perfusion defects only 0.68 0.15, 3.04 0.614

Fixed perfusion defects only - -
Mixed findings 2.57 0.70, 9.49 0.157

Normal study/small or moderate
defects Ref.

Large defects 3.56 1.32, 9.55 0.012

Normal study Ref.
Left ventricular dilation 4.74 1.53, 14.71 0.007

The presence of extensive perfusion defects and transient left ventricular dilation was
significantly associated with mortality at the 12-month follow-up (Table 2 and Figure 1). Af-
ter adjustment for confounders, only the presence of extensive perfusion defects remained
an independent predictor of mortality at 12 months (Table 3). In the ROC analysis, the
presence of large perfusion defects was associated with 1-year mortality with an AUC of
0.632, p = 0.072.

Figure 1. Cont.
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Figure 1. Cumulative survival (Kaplan–Meier curves) according to SPECT MPI study findings: (a)
extent of defects and (b) presence of LV dilation.

Table 3. Associations of various studied parameters with all-cause mortality at 12-month follow-up.

Univariate Analysis Multivariate Analysis

Mortality HR 95% CI p Value HR 95% CI p Value

Large defects 3.56 1.32, 9.55 0.012 2.90 1.05, 8.06 0.041
LV dilation 4.74 1.53, 14.71 0.007
Age 1.13 1.05, 1.21 0.001 1.13 1.05, 1.22 0.001
Male gender 5.72 1.30, 25.15 0.021
BMI 0.79 0.69, 0.90 0.001 0.80 0.68, 0.93 0.004
Waist 0.97 0.93, 1.01 0.130
Chest pain 0.60 0.23, 1.60 0.310
Dyspnea 1.30 0.76, 2.22 0.341
Smoking 1.02 0.29, 3.57 0.978
Hypertension 0.86 0.28, 2.68 0.799
Diabetes 1.20 0.44, 3.30 0.725
Dyslipidemia 1.34 0.38, 4.69 0.651
History of CAD 3.28 1.19, 9.01 0.022
Heart failure 3.60 1.03, 12.62 0.046
History of stroke 1.49 0.34, 6.57 0.596

Non-fatal MI

Large defects 2.71 0.65, 11.35 0.173
LV dilation - - -
Age 1.06 0.98, 1.16 0.150
Male gender 1.35 0.32, 5.63 0.684
BMI 1.08 0.95, 1.22 0.258
Waist 1.06 1.01, 1.12 0.029 1.06 1.01, 1.12 0.029
Chest pain 0.36 0.09, 1.51 0.163
Dyspnea 0.95 0.19, 4.70 0.948
Smoking 0.63 0.08, 5.12 0.666
Hypertension 0.86 0.17, 4.26 0.852
Diabetes 1.20 0.29, 5.01 0.805
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Table 3. Cont.

Univariate Analysis Multivariate Analysis

Mortality HR 95% CI p Value HR 95% CI p Value

Dyslipidemia 2.17 0.27, 17.60 0.470
History of CAD 1.97 0.49, 7.88 0.338
Heart failure 2.16 0.27, 17.57 0.471
History of stroke 1.50 0.19, 12.22 0.703

Stroke

Large defects 0.49 0.11, 2.12 0.341
LV dilation - - -
Age 1.08 1.02, 1.14 0.010 1.08 1.02, 1.14 0.010
Male gender 0.99 0.41, 2.38 0.975
BMI 0.98 0.89, 1.08 0.674
Waist 0.97 0.94, 1.01 0.134
Chest pain 0.60 0.25, 1.43 0.247
Dyspnea 2.87 0.67, 12.38 0.157
Smoking 1.50 0.54, 4.12 0.435
Hypertension 1.64 0.48, 5.59 0.430
Diabetes 0.50 0.17, 1.48 0.208
Dyslipidemia 1.25 0.42, 3.72 0.695
History of CAD 1.61 0.67, 3.88 0.291
Heart failure 1.72 0.40, 7.41 0.467
History of stroke 2.74 0.91, 8.18 0.072

4. Discussion

Our study involved a very high-risk cohort of consecutive symptomatic patients
evaluated for suspected CAD, with almost one third of them having a history of CAD.
The study patients were extensively treated with statins, antithrombotic medications and
other established modern therapies for CVD. In this group of patients, we recorded a
relatively high incidence of major adverse cardiovascular events and deaths (4.6% and 2.6%,
respectively, at 1 year; this appears to be higher compared to some studies [8,9], although
similar results have recently been reported in other studies in similar populations [10].
In the current study, the SPECT MPI findings were not found to be associated with the
combined endpoint of death/non-fatal MI or stroke during a 12-month follow-up. However,
a significant association of specific SPECT MPI findings (i.e., large ischemic defects and left
ventricular dilatation) with all-cause mortality at 12 months was shown. After adjusting for
confounders, only large ischemic defects were found to have an independent association
with all-cause mortality; patients with large reversible deficits in the SPECT MPI had a
ca. three times higher risk of death at 1 year compared to patients with smaller reversible
deficits or no deficits.

Myocardial scintigraphy is an important tool for diagnosing CAD, and its combination
with other clinical features has been suggested to lead to the more accurate stratification
of prognoses and the determination of subsequent treatment policies [11]. Various recent
studies have reported a significant, and probably independent, prognostic role of an
abnormal SPECT MPI test in different populations, i.e., patients with diabetes mellitus,
chronic kidney disease or suspected CAD, irrespective of the presence of obstructive CAD
following angiography [12–16]. In these populations, the presence of a normal SPECT MPI
study was associated with a lower occurrence of cardiovascular events. In the current study,
only the presence of extensive ischemia was found to be related to all-cause mortality, but
not to the occurrence of the combined endpoint (death, MI and stroke). The discordant
associations observed among various studies may be attributed to differences in design
and population characteristics, in the definitions of the endpoints of interest, as well as in
the follow-up duration among studies.

Furthermore, it should be noted that different findings of the SPECT MPI study may
provide important information for different outcomes. Besides the established role of
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fixed and reversible perfusion deficits in the diagnosis of suspected CAD, other findings,
such as transient left ventricular dilatation and the presence of large reversible perfusion
defects, may offer important prognostic information in terms of clinical events, and most
importantly, mortality. Indeed, it has previously been shown that specific thresholds of the
extent of SPECT MPI-detected ischemia may have a significant independent prognostic role,
and thus, may lead to an improvement in the risk stratification of patients with suspected
CAD and potential refinement of treatment in these patients [10,17–19]. The presence of
transient left ventricular dilation has been associated with the diagnosis of extensive, severe
CAD and poor prognosis [20]. In the absence of significant CAD, it may be a sign of severe
dysfunction of the coronary microcirculation [21,22].

5. Limitations

The study was performed in a tertiary care hospital and reflects the practice settings
of a single center in a specific cohort of patients, so generalizability may be limited. The
exact cause of mortality was not always easy to define; thus, all-cause mortality was chosen
as a clinical outcome instead of cardiovascular or other forms of cause-specific mortality.
Although the SPECT MPI interpretation was performed by experienced readers, it only
involved qualitative visual assessment of the left ventricular perfusion that was applied
routinely in the day-to-day clinical reporting practice of this medical center.

6. Conclusions

In conclusion, in this contemporary cohort of a high-risk patient population (treated
with modern treatment modalities as suggested by the guidelines) with symptoms sugges-
tive of CAD, SPECT MPI findings of large reversible defects were independently associated
with increased mortality 1 year after the study. Several aspects of the SPECT MPI study
should be taken into account, not only for CAD diagnosis, but also for its prognosis in
various populations. Further trials are needed to validate our findings and refine the role
of SPECT MPI findings in the diagnosis and prognosis of cardiovascular patients.
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Abstract: Background: Acute postoperative delirium is the most common neuropsychiatric disorder
in cardiac surgery patients in the intensive care unit (ICU). The purpose of this study was to evaluate
the possible risk factors of postoperative delirium (POD) for cardiac surgery patients in the ICU.
Materials and Methods: The study population was composed of 86 cardiac surgery patients managed
postoperatively in the cardiac surgery ICU. Presence of POD in patients was evaluated by the CAM-
ICU scale. Results: According to the CAM-ICU scale, 22 (25.6%) patients presented POD; history of
smoking, alcohol use, COPD, and preoperative permanent atrial fibrillation were associated with
POD (for all, p < 0.05). The type of cardiac surgery operations, type of analgesia, and red blood cell
transfusion in the ICU were not associated with POD (p > 0.05), while cardiac arrhythmia in the
ICU, hypoxemia in the ICU after extubation (pO2 < 60 mmHg), and heart rate after extubation were
predisposing factors for POD (for all, p < 0.05). Multivariable logistic regression analysis (adjusted
to risk factors) showed that hypoxemia after extubation (OR = 20.6; 95%CI: 2.82–150), heart rate
after extubation (OR = 0.95; 95% CI: 0.92–0.98), and alcohol use (OR = 74.3; 95%CI: 6.41–861) were
predictive factors for acute postoperative delirium (for all, p < 0.05). Conclusion: Alcohol use and
respiratory dysfunction before and after heart operation were associated with acute postoperative
delirium in cardiac surgery ICU patients.

Keywords: cardiac surgery; acute delirium; hypoxemia; alcohol use; intensive care unit

1. Introduction

Cognitive disorders after cardiac surgery can be presented within a spectrum of
different variations in mental and emotional pathology, ranging from a mild event of
temporary loss of concentration to multiple episodes of acute delirium, a condition which
can jeopardize the course of a smooth postoperative outcome [1].

In fact, the term postoperative delirium (POD) is defined as temporary in most cases,
and as a fluctuated disorder of consciousness presenting early in the post-surgery aftercare
period. It usually appears in elderly people and in most severe heart disease patients
with heavy concomitant pathology [2]. There is also a decrease in the ability to think,
perceive, and recall memory, as well as intense psychomotor stimulation. The keystone
symptom of POD is the disturbance of consciousness highlighted with repeated advanced
alert activity just before each time the patient reaches a blurry and foggy communication
environment. The classification of this neuropsychiatric condition is based on different
modalities of alertness in close relation to the level of consciousness described and this
basically is characterized as hyperkinetic, hypokinetic, or mixed [3].

Thus, hyperkinetic delirium is a condition of stressful behavior attached to the feeling
of agony and anxiety and, in many cases, is characterized by additional elements of
hallucinations and illusions. In addition, the patient may experience hallucinations (visual
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and auditory) and the stimulation may be due to them. The patient is usually scared and
potentially aggressive. On the other side, the hypokinetic form of delirium is presented
with signs of apathy, withdrawal, and leveling of emotions. The patient is usually lethargic
with somnolent behavior and reduced response to stimuli. This condition resembles
depression; therefore, the differential diagnosis depends on specific details derived from
the psychokinetic deceleration status of the patient. Finally, the mixed type is a variety of
fluctuations and transitions in between a hyper- and hypokinetic state.

The top marks of predisposing factors for developing POD include increased age,
decreased cognitive function, alcohol and drug abuse, male sex, systemic adverse effects of
irreversible end stage diseases, genetic predisposing, electrolyte disturbances and, poten-
tially, depression and dementia [4–8]. The onset of POD is associated with an increased
length of stay in-hospital and the ICU, postoperative rehabilitation, and mortality after dis-
charge from the hospital, as well as the subsequent functional impoverishment of patients
regardless of the presence or absence of dementia.

The purpose of this study was to evaluate the possible risk factors for POD after
cardiac surgery in patients who were postoperatively treated in the ICU.

2. Patients and Methods

2.1. Study Population

The study included 86 patients who underwent cardiac surgery operations (coronary
bypass grafting (CABG), heart valve surgery, or combined operations) via cardiopul-
monary bypass and who were postoperatively treated in the cardiac surgery ICU. Inclusion
criteria for the study were: (1) extubated patients, (2) patients with no known psychi-
atric disease, (3) patients could speak and understand the language, and (4) the age of
patients was > 65 years old. The informed consent was obtained from the patients included
in this study. This study has been approved by the Hospital Institutional Review Board
(532/01-10-2014).

Present or absent POD was estimated using the confusion assessment methods-
intensive care unit (CAM-ICU) scale [9]. The level of arousal and repression was measured
using the Richmond Agitation-Sedation Scale (RASS), which is a 10-point scale ranging
from +4 to −5, with a RASS score of 0 indicating a calm and awake patient. The diagnosis
of POD was established according to the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-IV) and if the patients met the following criteria based on the CAM-ICU scale:
(1) the mental status of patients was changed acutely, accompanied with (2) inattention;
(3) disorganization of thinking; or (4) an altered level of consciousness.

2.2. Statistical Analysis

Continuous variables were presented by mean ± standard deviation (SD), while nom-
inal variables were presented by number (n) and percentage (%). The normality of the
distribution of variables was evaluated using the Kolmogorov–Smirnov test and Q-Q plot.
Parametric (Student’s t-test) or non-parametric tests (Mann–Whitney test, Kruskal–Wallis
test, Chi-squared test, and Fisher’s exact test) were implemented for the data analysis, de-
pending on the normality of variable distribution. Spearman (rs) or Pearson (r) correlation
tests were implemented for data analysis. Binary univariable and multivariable logistic
regression analysis was implemented to identify the risk factors for POD and the effect size
of risk factors to POD was expressed by odds ratio (OR). For logistic regression analysis,
the Hosmer–Lemeshow test was used for goodness of fit. The confidence interval was set
at 95% (95% confidence interval). The statistically significant difference was considered
p < 0.05. IBM SPSS Statistics for Windows, version 25 (IBM Corp., Armonk, NY, USA) was
used for data analysis.
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3. Results

3.1. Demographic Characteristics

The study population consisted of 86 patients in which 29 patients (33.7%) were
women. Regarding education, 41.9% of patients were primary school graduates while
11.6% of patients were higher education. A total of 16.3% of patients lived alone. The
most common comorbidities were hypertension in 87.2% of patients and DM in 38.4%
of patients. Forty-four patients had undergone previous surgery (not cardiac surgery),
and 64% of patients report that they do sedentary work. Smoking and alcohol use was
reported in 16.3% and 8.1% of patients, respectively. Other demographics and preoperative
characteristics of patients are presented in Tables 1 and 2.

Table 1. Demographic characteristics of patients. Number = N or n.

Variable
Total Number of Patients

N = 86 (%)

Gender, Woman, n (%) 29 (33.7)

Age, years old
<74
≥75

48 (55.8)
38 (54.2)

Body mass index, n (%)
Normal

Overweight
Obesity

17 (19.7)
50 (58.1)
19 (22.2)

Patient lives alone, n (%) 14 (16.3)

Education
Primary

Secondary
Higher

36 (41.9)
40 (46.6)
10 (11.6)

Profession, n (%)
Manual work

Sedentary work
31 (36)
55 (64)

Smoking 14 (16.3)

Mobility
Good
Poor

84 (97.7)
2 (2.3)

Walking, n (%) 49 (57)

Alcohol use, n (%) 7 (8.1)

Drug use, n (%) 1 (1.2)

3.2. Perioperative Details

Regarding the type of surgery, 41.9% of patients had undergone heart valve surgery,
while the most common duration of operation (3–6 h) was recorded in 51 (59.3%) patients,
and the duration of CPB lasting more than 3 h was observed in 11 (12.8) patients. Regarding
intraoperative blood gases, 16.3% of the patients had a pH < 7.35 and 55.9% of patients
had a pH = 7.36–7.45, while in 27.8% of patients, the pH range was 7.46–7.53. As for
reference pCO2, 57% of patients had < 34 mmHg, 39.5% had 35 mmHg–45 mmHg, and
3.5% had 46 mmHg–48 mmHg. In terms of the type of analgesic administered, 64 (74.4%)
patients used paracetamol + morphine, while paracetamol + morphine + midazolam were
administered for 9 (10.5%) patients. According to the CAM-ICU scale, 22 (25.6%) patients
postoperatively presented acute postoperative delirium in ICU. Additional perioperative
details are listed in Table 2.
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Table 2. Preoperative and intraoperative details. Number = N or n; chronic obstructive pulmonary
disease = COPD; coronary artery bypass grafting = CABG; intensive care unit = ICU; confusion
assessment methods-intensive care unit = CAM-ICU.

Variable
Total Number of Patients

N = 86 (%)

Hypertension, n (%) 75 (87.2)

Diabetes mellitus, n (%) 33 (38.4)

COPD, n (%) 12 (14)

Hyperlipidemia, n (%) 31 (36)

Chronic renal insufficiency without hemodialysis, n (%) 9 (10.5)

Preoperative cardiac arrhythmia, n (%) 9 (10.5)

Thyroid disease, n(%) 16 (18.6)

Previous operation (other than cardiac surgery), n (%) 44 (51.2)

Depression 6 (7)

Type of operation, n (%)
Heart valve

CABG
Combined

36 (41.9)
24(27.9)
26 (30.2)

Time of operation, n (%)
<3 h
3–6 h
>6 h

32 (37.2)
51 (59.3)
3 (3.5)

Cardiopulmonary bypass time, n (%)
<3 h
>3 h

75 (87.2)
11 (12.8)

Intubation time, n (%)
<24 h

24–48 h
>48 h

77 (89.5)
5 (6.8)
4 (4.7)

Blood transfusion in ICU, n (%) 15 (17.4)

Cardiac arrhythmia in ICU, n (%) 23 (26.7)

Hypoxemia after extubation in ICU (pO2 < 60 mmHg), n (%) 9 (10.5)

Acute postoperative delirium (CAM-ICU), n (%) 22 (25.6)

3.3. Comparison of Two Groups with and without Acute Postoperative Delirium

Analysis of our data showed that gender, patient age being <74 and ≥75 years old,
education level, hypertension, diabetes mellitus, and patient living alone were not as-
sociated with POD (for all, p > 0.05) (Table 3). On the other hand, history of smoking,
alcohol use, COPD, and preoperative permanent atrial fibrillation were associated with
POD (for all, p < 0.05) (Table 3). In addition, the type of cardiac surgery operations, type of
analgesia, and red blood cell transfusion were not associated with acute delirium (p > 0.05),
while cardiac arrhythmia in the ICU, postoperative hypoxemia in the ICU after extubation
(pO2 < 60 mmHg), and heart rate were predisposing factors for acute delirium (for all,
p < 0.05). Other intraoperative and postoperative results are shown in Table 4. A positive
CAM-ICU value was associated with heart rate (p = 0.04), while the age of patients, intuba-
tion time in the ICU, response time, and operation time were not associated with CAM-ICU
(p > 0.05).
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Table 3. Comparison of demographic characteristics between two groups with and without acute

postoperative delirium. Chronic obstructive pulmonary disease = COPD; number = N or n; standard
deviation = SD. * Statistical significance p < 0.05.

Variables

Acute Postoperative Delirium

p-ValueYes
N = 22 Patients (%)

No
N = 64 Patients (%)

Age, years old ± SD 74.6 ± 5.7 72.4 ± 5.3 0.11

Body mass index, kg/m2 ± SD 27.8 ± 4.2 28.2 ± 3.5 0.69

Gender, n (%)
Man

Woman
14 (63.6)
8 (36.4)

43 (67.2)
21 (32.8) 0.47

Age, years old, (%)
<74
≥75

9 (40.9)
13 (59.1)

39 (60.9)
25 (39.1) 0.08

Body mass index, n (%)
Normal

Overweight
Obesity

6 (27.3)
12 (54.5)
4 (18.2)

11 (17.2)
38 (59.4)
15 (23.4)

0.57

Patient lives alone, n (%) 3 (13.6) 11 (17.2) 0.49

Education, n (%)
Primary-Secondary

Higher
11(50)
11 (50)

29 (45.3)
35 (54.7) 0.44

Profession, n (%)
Manual work

Sedentary work
8 (36.4)

14 (63.6)
23 (35.9)
41 (64.1) 0.58

Smoking, n (%) 7 (31.8) 7 (10.9) 0.02 *

Alcohol use, n (%) 6 (27.3) 1 (1.6) 0.001 *

Hypertension, n (%) 19 (86.4) 56 (87.5) 1.00

Diabetes mellitus, n (%) 8 (36.4) 25 (39.1) 0.82

COPD, n (%) 6 (27.3) 6 (9.4) 0.03 *

History of malignancy, n (%) 4 (18.2) 3 (4.7) 0.05

Hyperlipidemia, n (%) 9 (40.9) 22 (34.4) 0.38

Permanent atrial fibrillation, n (%) 5 (22.7) 4(6.3) 0.02 *

Previous surgery (non-cardiac), n (%) 8 (36.4) 36 (56.3) 0.10

Carotid disease, n (%) 2 (9.1) 2 (3.1) 0.25

Chronic renal failure, n (%) 3 (13.6) 6 (9.4) 0.57

3.4. Univariable and Multivariable Logistic Regression Analysis

Univariable logistic regression analysis showed that permanent atrial fibrillation
(p = 0.04, OR = 4.4; 95% CI: 1.06–18.2), smoking (p = 0.02, OR = 3.8; 95% CI: 1.15–12.5),
alcohol use (p = 0.005, OR = 23.6; 95% CI: 2.65–210.4), intubation time in ICU (p = 0.02,
OR = 1.04; 95% CI: 1.0–1.07), cardiac arrhythmia in the ICU (p = 0.03, OR = 3.3; 95% CI: 1.15–
9.22), and hypoxemia in the ICU after extubation (pCO2 < 60 mmHg) (p = 0.008, OR = 7.6;
95% CI: 1.71–33.8) were predictive factors for postoperative delirium. Multivariable regres-
sion logistic analysis evaluated the risk factors for POD. Multivariable logistic regression
analysis (adjusted to risk factors) showed that hypoxemia after extubation (OR = 20.6;
95%CI: 2.82–150), heart rate after extubation (OR = 0.95; 95% CI: 0.92–0.98), and alcohol
use (OR = 74.3; 95%CI: 6.41–861) were predictive factors for acute postoperative delirium
(p < 0.05 for all).
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Table 4. Comparison of perioperative details between two groups with and without acute post-

operative delirium. Number = N or n; standard deviation = SD. * Statistical significance p < 0.05.

Variables

Acute Postoperative Delirium

p-ValueYes
N = 22 Patients

No
N = 64 Patients

Type of operation, n (%)
Heart valve

CABG
Combined

9 (40.9)
5 (22.7)
8 (36.4)

27 (42.2)
21 (32.8)
16 (25.0)

0.51

Operation time, hours ± SD 3.8 ± 1.3 3.3 ± 1 0.12

Cardiopulmonary bypass time, hours ± SD 2.0 ± 1.0 1.7 ± 0.9 0.24

pH (intraoperative) ± SD 7.4 ± 0.062 7.4 ± 0.056 0.92

pCO2 (intraoperative), mmHg ± SD 34.5 ± 5.5 34 ± 4.4 0.70

pO2 (intraoperative), mmHg ± SD 223.5 ± 81.1 232.1 ± 103.2 0.85

Level of K+(intraoperative), mmol/L ± SD 4.6 ± 0.59 4.5 ± 0.59 0.25

Level of Na+ (intraoperative), mmol/L ± SD 135.1 ± 3.7 137 ± 4.18 0.03 *

Level of Ca++ (intraoperative), mmol/L ± SD 1.1 ± 0.54 1 ± 0.18 0.56

Level of Mg++ (intraoperative) ± SD 2.2 ± 0.62 2.3 ± 0.56 0.86

Level of glucose (intraoperative), mg/dL ± SD 147.7 ± 54.37 145.7 ± 38.04 0.61

Level of lactate (intraoperative), mmol/L ± SD 1.8 ± 0.76 2.2 ± 1.01 0.05

Intubation time in ICU, hours ± SD 23.8 ± 22.95 14.3 ± 9.21 0.18

Response time, min ± SD 3.7 ± 6.68 1.4 ± 0.73 0.07

pH (2 h after extubation) ± SD 7.4 ± 0.05 7.4 ± 0.035 0.54

pCO2 (2 h after extubation), mmHg ± SD 39.5 ± 4.48 38.1 ± 3.44 0.24

pO2 (2 h after extubation), mmHg ± SD 108.6 ± 28.1 113 ± 34.42 0.92

Level of K+ (2 h after extubation), mmol/L ± SD 4.4 ± 0.37 4.4 ± 0.35 0.98

Level of Na+ (2 h after extubation), mmol/L ±SD 140 ± 2.69 137.7 ± 13.2 0.55

Level of Ca++ (2 h after extubation), mmol/L ± SD 1 ± 0.2 1.1 ± 0.24 0.75

Level of Mg++ (2 h after extubation) ± SD 2.2 ± 0.61 2.2 ± 0.66 0.88

Level of glucose (2 h after extubation), mg/dL ± SD 176.2 ± 45.65 173.2 ± 31.24 0.87

Level of lactate (2 h after extubation), mmol/L ± SD 1.51 ± 0.74 1.7 ± 0.87 0.36

Systolic blood pressure (4 h after extubation), mmHg ± SD 132 ± 12.77 127.6 ± 12.93 0.12

Diastolic blood pressure(4 h after extubation), mmHg ± SD 61.8 ± 7.64 62.3 ± 8.75 0.93

Heart rate (4 h after extubation) ± SD 77.1 ± 26.13 86.8 ± 15.68 0.04 *

Temperature (4 h after extubation), ◦C ± SD 37.2 ± 0.41 42.5 ± 42.48 0.84

Hypoxemia after extubation (pO2 < 60 mmHg),
n (%) ± SD

6 (27.3) 3 (4.7) 0.008 *

Respiratory rates per minute (4 h after extubation) ± SD 19.5 ± 3.51 18.63 ± 5.02 0.40

Red blood cells transfusion in ICU, n (%) 2 (9.1) 13 (20.3) 0.23

Cardiac arrhythmia in ICU, n (%) 10 (45.5) 13 (20.3) 0.02 *

4. Discussion

The onset of acute postoperative delirium (POD) in ICU patients concerns the health
professionals who are caring for these patients. Spear reported an increased risk of mortal-
ity; institutionalization; and dementia; independent of age; and comorbidities in patients
who had versus who did not have delirium, and the mean duration of observation was
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22.7 months [10]. In patients with existing disorders of cognitive functions, the rate of delir-
ium developed with high risk and accounted for approximately in 22–89% of patients [11].
A range of 15–35% of patients presenting with POD belonged to the elderly group [12]. In
the intensive care units, much higher rates of delirium have been observed, ranging from
70% to 87% of patients [6]. In addition, in patients with malignant diseases, the chances of
developing delirium during the course of the disease are 11–35%, while in the final stages
of the disease (as in the last weeks of life), in severe clinical conditions, its occurrence is
the most common complication, which reaches 85–88% [13]. The same high percentage of
88% is observed in palliative care units of the general type [14]. In the present study, with a
sample of 86 cardiac surgery patients, an attempt was made to investigate, analyze, and
detect the predisposing factors that contribute to the occurrence of acute POD. According
to our results, 25.6% of patients developed acute POD. On the other hand, many studies
have reported that POD affects the long-term survival of patients who have undergone
cardiac surgery. Gottesman et al. found that the survival rate (over 10 years) of cardiac
surgery patients without POD was higher than the patients with delirium [15].

Different risk factors present to predict and identify POD and among these are alcohol
use, chronic obstructive disease, smoking, number of drugs used, electrolyte disturbance,
and type of anesthesia used [4,8,16].

Regarding alcohol use, it seems to be positively correlated with POD surgery patients.
The results of one study showed higher rates of POD in the user group [8]. Chronic
obstructive pulmonary disease is a respiratory disease with its main feature being the
obstruction of the airways of the respiratory system resulting in shortness of breath and
hypoxemia. Hypoxemia can lead to decreased acetylcholine levels, making individuals
susceptible to delirium. In the present study, it appears to be a predisposing risk factor for
acute postoperative delirium. Similarly, Szylińska et al. investigated predisposing factors
for delirium in cardiac surgery patients, namely preoperative COPD. They revealed that
22.97% of patients with COPD were diagnosed with POD and they concluded that COPD
is an important predisposing risk factor for the development of POD in cardiac surgery
patients [17]. In our study, for the patients with preoperative COPD, postoperative delirium
was diagnosed in 27.3% of patients, with 9.4% of patients not experiencing delirium
(p < 0.05).

Postoperative hyponatremia appears to be positively associated with the occurrence of
acute POD. This conclusion agrees with Smutler et al. in a prospective study of 142 patients
(≥70 years) who underwent cardiac surgery [18]. They found that sodium concentration
was associated with delirium. The same results were presented by Onuma et al. in
patients who underwent spinal surgery at ages > 75 years old [19]. Regarding the type
and number of anesthetics administered in the present study, it does not appear to be
a predisposing factor for the occurrence of acute postoperative delirium. In addition,
no difference in POD was observed in a study by Shin et al. that enrolled 534 cardiac
surgery patients [20]. The study showed that sevoflurane with dexmedetomidine and
propofol did not affect the development of POD. A recent randomized controlled trial
by Momeni et al. presented no benefits of combining propofol plus dexmedetomidine
versus propofol alone to prevent POD in cardiac surgery patients [21]. On the other hand,
Subramanian et al. presented in their study that postoperative analgesia by postoperative
intravenous acetaminophen administration combined with propofol or dexmedetomidine
reduced in-hospital delirium [1]. Reports have been made of the effect of nicotine on chronic
smokers and its association with delirium. According to the results of the study, chronic
smokers are more likely to develop postoperative delirium due to nicotine dependence
and abrupt cessation, which is consistent with the results of a study by Galyfos et al. [22].
Miyazaki et al. identified that smoking is a predisposing factor for POD in patients who
underwent off-pump CABG [23]. In our study, smoking was associated with POD (p = 0.03).

The results from the postoperative evaluation of patients in terms of heart rate showed
that arrhythmia was positively associated with the occurrence of acute postoperative
delirium [24]. A consequence of arrhythmia, particularly the bradycardia, is a low cardiac
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output syndrome and cerebral hypoperfusion with hypoxemia. There were different types
of bradycardias encountered postoperatively. These were usually sinus bradycardia, atrial
fibrillation with low frequency, nodal rhythm, and second and third degree atrioventricular
block. The causes of bradycardia can be varied, such as heart attack or ischemia, heart
valve replacement, ASD correction, electrolyte disturbances, or even pharmacological
etiology. Sometimes the consequence of bradycardia was hemodynamic instability with
severe hypotension (SAP < 80 mmHg). In conclusion, bradycardia presenting in patients
as a postoperative complication with consequent low cardiac output was a predisposing
factor for the occurrence of POD [25].

5. Study Limitations

The small number of patients included in this study may affect our results and possible
risk factors may have been underestimated. In addition, it is a single-center study and
focuses on ICU patients. All patients included in this study were only cardiac surgery
patients and extracted results should not be adapted for ICU patients with other pathologies
in the general population. All patients underwent cardiac surgery via cardiopulmonary
bypass and alcohol abuse was not recorded in the study population.

6. Conclusions

After analyzing our data, we concluded that preoperative COPD, smoking, and alcohol
use were predisposing factors for the appearance of POD in ICU patients who underwent
cardiac surgery operations.
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Abstract: Background: Extracorporeal life support (ECLS) is pivotal for sustaining the function
of failing hearts and lungs, and its utilization has risen. In cases where conventional cannulation
strategies prove ineffective for providing adequate ECLS support, the implementation of an enhanced
system with a third cannula may become necessary. Hybrid ECLS may be warranted in situations
characterized by severe hypoxemia of the upper extremity, left ventricular congestion, and dilatation.
Additionally, it may also be considered for patients requiring respiratory support or experiencing
hemodynamic instability. Method: All hybrid ECLS cases of adults at the University Hospital Zurich,
Switzerland, between January 2007 and December 2019 with initial triple cannulation were included.
Data were collected via a retrospective review of patient records and direct export of the clinical
information system. Results: 28 out of 903 ECLS cases were initially hybrid cannulated (3.1%).
The median age was 57 (48.2 to 60.8) years, and the sex was equally distributed. The in-hospital
mortality of hybrid ECLS was high (67.9%). In-hospital mortality rates differ depending on the
indication (ARDS: 36.4%, refractory cardiogenic shock: 88.9%, cardiopulmonary resuscitation: 100%,
post-cardiotomy: 100%, others: 75%). Survivors exhibited a lower SAPS II level compared with
non-survivors (20.0 (12.0 to 65.0) vs. 55.0 (45.0 to 73.0)), and the allogenic transfusion of platelet
concentrate was observed to be less frequent for survivors (0.0 (0.0) vs. 1.8 (2.5) units). Conclusion:
The in-hospital mortality rate for hybrid ECLS was high. Different indications showed varying
mortality rates, with survivors having lower SAPS II scores and requiring fewer platelet concentrate
transfusions. These findings highlight the complexities of hybrid ECLS outcomes in different clinical
scenarios and underline the importance of rigorous patient selection.

Keywords: extracorporeal circulation; ECMO; ECLS; mortality; outcome

1. Introduction

Extracorporeal life support (ECLS) plays a critical role in cardiopulmonary assistance
once conventional measures have been exhausted. It has become a key support instrument
during organ recovery or the onset of destination therapy [1,2]. Veno-venous (V-V) and
veno-arterial (VA) ECLS modifications are standard. If oxygenation or ventilation is pre-
dominantly impaired, support is provided by passing venous blood through an artificial
lung membrane. The afferent limb returns the decarboxylated and oxygenated blood back
to the venous system. If a patient has cardiovascular disease and consequent hemodynamic
instability, the blood from the membrane lung can be returned to the arterial system. In
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addition to oxygenation, it provides a pumping function to maintain perfusion pressure.
Specific limitations such as age, malignancy, or patient preference, as well as structural and
staffing requirements, must be considered [3].

During ECLS therapy, the supply of oxygenated blood to the coronary arteries and
brain is dependent on pulmonary function (V-V) or retrograde aortal flow (VA) [4]. How-
ever, a modified system with an additional third (sometimes even fourth) cannula is
required in some cases in which ineffective ECLS support presents with a mixed picture of
hypoperfusion and hypoxemia due to competing or insufficient circuits [5]. Unfortunately,
only few data are available on the adaption of the ECLS toward a hybrid cannulation [6–12].
According to the Extracorporeal Life Support Organization (ELSO) report 2017, 2% of adults
supported with ECLS for cardiac failure and less than 1% on ECMO for respiratory failure
are managed with a hybrid cannulation [13]. The analysis of the Chinese Extracorporeal
Life Support Registry (CSECLS) showed 19 (0.6%) initial hybrid configurations out of
3102 adult ECLS cases between 2017 and 2019 [6].

In recent years, there has been increasing awareness of the need for a standardized
nomenclature for ECLS therapy. The use of standardized descriptions of the ECLS modifi-
cation allows for comparison and analysis (also from center to center). For this purpose,
the ELSO position papers provide concrete rules for the ECLS nomenclature [14,15]. The
use of a hyphen to differentiate drainage cannulas to the left of the hyphen from return
cannulas to the right of the hyphen is the core of any cannulation abbreviation. The hyphen
itself symbolizes the membrane lung (ML). According to the Maastricht Treaty for ECLS
nomenclature [14], the third added cannula is defined by an additional capital letter placed
outside the existing cannulas. For example, if a second venous drain cannula is added, the
letter “V” is placed to the left of the hyphen and outside the first drain cannula, resulting
in “VV-A”. In a V-A setup, if an additional re-entry cannula is inserted alongside the
initial arterial cannula to improve systemic oxygenation, the letter “V” is added to the
outer right to indicate post-ML flow (return): “V-AV”. The insertion of an arterial cannula
into a “V-V” configuration is indicated as “V-VA”. Consequently, the order of configura-
tions during ECLS therapy reflects the patient’s temporal support needs and conveys a
chronological sequence. But the nomenclature lacks differentiation between V-V and V-A
proportional support. And from a physiological standpoint, V-VA is indistinguishable from
V-AV. Besides the cannula hierarchy and localization, the position of the cannula tip and its
dimensions are also relevant.

The hybrid ECLS configuration supports patients with combined cardiopulmonary
failure who cannot be successfully assisted with the conventional veno-venous or veno-
arterial alone. Hybrid ECLS may be required in conditions of severe hypoxemia of the
upper extremity, also known as Harlequin syndrome or north–south syndrome [2], but also
in cases of left ventricular congestion and dilatation [5]. A supplemental inflow cannula
can be placed in the internal jugular vein to deliver oxygenated blood to the pulmonary
circulation. This helps correct differential hypoxemia by directing oxygenated blood back
to the right ventricle then through the pulmonary circulation, left ventricle, and out to
the coronary arteries and aortic arch vessels [16]. Another relevant indication includes
ECMO patients receiving respiratory support who also exhibit concurrent hemodynamic
instability, particularly in cases of right heart failure [5] but also in left or biventricular
failure. For hemodynamic support, an arterial perfusion cannula is inserted into the circuit,
usually via the femoral or subclavian artery.

This study investigates the factors that determine the association between hybrid ECLS
and patient outcomes. We analyzed all initially hybrid cannulated ECLS cases between the
period from 2007 to 2019 at the University Hospital of Zurich.

2. Materials and Methods

2.1. Study Design

All hybrid ECLS cases of adults at the University Hospital Zurich (USZ) in Switzerland
between January 2007 and December 2019 with initial triple cannulation were included.
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We differentiated V-AV (efferent limb venous; afferent arteriovenous) and VV-A (efferent
limb veno-venous; afferent arterial) configuration. Modifications at a later stage of V-
A ECLS and V-V ECMO were not included. Further exclusion criteria were age below
18 years and documented refusal of general consent. We grouped indications for hybrid
ECLS therapy into five common categories according to the current literature [1,2,6,8]:
“acute respiratory distress syndrome”, “refractory cardiogenic shock”, “cardiopulmonary
resuscitation”, “post-cardiotomy”, and “other”.

The study was approved, and the requirement for written informed consent was
waived by the Cantonal Ethics Commission of Zurich, Switzerland (BASEC-Nr. 2019-01926).

2.2. Assessment of Hybrid Modification

Based on the underlying disease, the indication was for either V-V or V-A ECLS ther-
apy. In cases where the medical team, consisting of a cardiac anesthesiologist or intensivist,
a cardiac surgeon, and a perfusionist, identified inadequate drainage or perfusion during
initialization of the baseline configuration, a hybrid procedure was adapted. As recom-
mended in the ELSO nomenclature, when a VVA mode configuration is implemented
primarily for cardiac support, it is expressed as V-AV (initial indication V-A).

2.3. Study Endpoints

We recorded the in-hospital mortality to compare survivors and non-survivors. Fur-
thermore, 1-year mortality was assessed.

2.4. Data Collection and Variables

Data were collected via a retrospective review of the medical records of all included
patients with hybrid ECLS (medical history, last laboratory values, ECLS configuration and
duration, complications, length of ICU stay, and outcomes) and direct export of the clinical
information system via medical controlling (age, gender, number of transfused red blood
cells, fresh frozen plasma, and platelet concentrate, and length of hospital stay).

2.5. Statistical Analysis

For descriptive statistics, we show the median and interquartile range (IQR 25% to 75%)
for continuous variables. For categorical variables, we show counts (n) and proportions
(%). Due to the small sample size, we chose not to present statistical tests, as this would
quickly lead to a multiple-testing problem, which in turn would make any meaningful
statistical interpretation impossible.

3. Results

We screened 903 ECLS cases between 2007 and 2019, 28 of whom (3.1%) were instances
of initial hybrid ECLS cannulation and matched the inclusion criteria (Figure 1).

3.1. Patient Characteristics and Mortality

The median age was 57 (48.2 to 60.8) years, and the sex was equally distributed. The
most frequent comorbidity at the time of ECLS cannulation was coronary artery disease
(17.9%). Patients had a high SAPS II within the first 24 h of ICU admission, and survivors
exhibited a lower SAPS II level compared with non-survivors (20.0 (12.0 to 65.0) vs. 55.0
(45.0 to 73.0)) (Table 1). Fifteen patients died during hybrid ECLS therapy, and four patients
died after weaning. Overall, the in-hospital mortality was high (19 out of 28, 67.9%)
(Table 2).
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Figure 1. Flowchart of patient selection and hybrid ECLS outcome. Abbreviations: ECLS, extracor-
poreal life support; ECMO, extracorporeal membrane oxygenation; LTX, lung transplantation; V-A,
veno-arterial; V-V, veno-venous.

Table 1. Characteristics of hybrid ECLS patients stratified for survivors and non-survivors.

All Survivors Non-Survivors
[n = 28] [n = 9] [n = 19]

Patient characteristics
Age (years) 57.0 (48.2 to 60.8) 55.0 (32.0 to 57.5) 57.0 (49.0 to 64.0)
BMI (kg/m2) 25.5 (22.7 to 33.0) 30.1 (22.1 to 36.2) 24.7 (22.5 to 31.2)
Sex (female) 14 (50.0) 4 (44.4) 10 (52.6)
SAPS II (points) 53.5 (29.3 to 68.0) 20.0 (12.0 to 65.0) 55.0 (45.0 to 73.0)
Charlson comorbidity index 2.5 (1.0 to 3.8) 2.0 (1.0 to 3.5) 3.0 (1.0 to 4.0)

Comorbidities
Coronary artery disease 5 (17.9) 1 (11.1) 4 (21.1)
Congestive heart failure 3 (10.7) 0 (0.0) 3 (15.8)
Peripheral vascular disease 2 (7.1) 0 (0.0) 2 (10.5)
Obstructive pulmonary
disease 3 (10.7) 0 (0.0) 3 (15.8)

Diabetes mellitus 3 (10.7) 0 (0.0) 3 (15.8)
Chronic kidney disease 0 (0.0) 0 (0.0) 0 (0.0)
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Table 1. Cont.

All Survivors Non-Survivors
[n = 28] [n = 9] [n = 19]

Baseline laboratory
parameters
pH 7.273 (7.140 to 7.455) (7) 7.273 (7.121 to 7.392) 7.282 (7.132 to 7.458)
pO2 (kPa) 7.9 (7.1 to 12.1) (7) 8.1 (7.1 to 22.7) 7.9 (6.9 to 12.1)
pCO2 (kPa) 5.8 (4.6 to 8.6) (7) 7.7 (5.7 to 12.9) 5.6 (4.4 to 8.4)
Lactate (mmol/L) 2.5 (1.5 to 6.9) (7) 1.6 (1.2 to 4.4) 2.9 (1.5 to 10.1)
Hemoglobin (g/L) 89.5 (79.3 to 102.5) (0) 86.0 (77.0 to 102.0) 92.0 (80.0 to 112.0)
Myoglobin (μg/L) 164.0 (58.0 to 536.0) (5) 175.0 (101.3 to 334.3) 164.0 (48.0 to 859.0)
Creatinine (μmol/L) 115.0 (78.0 to 171.0) (1) 109.0 (73.5 to 142.0) 127.0 (78.3 to 196.5)

Data presented as median and interquartile range (IQR). Categorical variables as number and percentage (%). If
necessary, missing data are indicated in parentheses [n]. Abbreviations: BMI, body mass index; ECLS, extracorpo-
real life support; SAPS II, simplified acute physiology score II.

Table 2. Description of hybrid ECLS cases stratified for survivors and non-survivors.

All Survivors Non-Survivors
[n = 28] [n = 9] [n = 19]

ECLS
Indication
ARDS 11 (39.3) 7 (77.8) 4 (21.1)
Refractory cardiogenic shock 9 (32.1) 1 (11.1) 8 (42.1)
Cardiopulmonary resuscitation 2 (7.1) 0 (0.0) 2 (10.5)
Post-cardiotomy 2 (7.1) 0 (0.0) 2 (10.5)
Other 4 (14.3) 1 (11.1) 3 (15.8)
ECLS outcome
Successful weaning 9 (32.1) 6 (66.7) 3 (15.8)
Bridge to assist device 1 (3.6) 0 (0.0) 1 (5.3)
Bridge to lung transplantation 3 (10.7) 3 (33.3) 0 (0.0)

Complications During ECLS Therapy
Transfusions

Red blood cells (units) 4.0 (2.0 to 7.8) 4.0 (2.5 to 6.5) 4.0 (1.0 to 8.0)
6.8 (9.0) 8.3 (13.1) 6.0 (6.5)

Fresh frozen plasma (units) 0.0 (0.0 to 1.0) 0.0 (0.0 to 1.0) 0.0 (0.0 to 1.0)
0.6 (1.0) 0.3 (0.5) 0.7 (1.2)

Platelet concentrate (units) 0.0 (0.0 to 2.0) 0.0 (0.0 to 0.0) 1.0 (0.0 to 3.0)
1.3 (2.2) 0.0 (0.0) 1.8 (2.5)

Major bleeding 8 (28.6) 2 (22.2) 6 (31.6)
Intracranial bleeding 1 (3.6) 0 (0.0) 1 (5.3)
Stroke 0 (0.0) 0 (0.0) 0 (0.0)
Liver failure 1 (3.6) 1 (11.1) 0 (0.0)
Renal replacement therapy 12 (42.9) 4 (44.4) 8 (42.1)
Ischemia extremities 3 (10.7) 1 (11.1) 2 (10.5)
Open chest therapy 4 (14.3) 0 (0.0) 4 (21.1)

Duration
Length ECLS (days) 8.5 (3.3 to 14.3) 11.0 (8.0 to 18.5) 6.0 (2.0 to 12.0)
Length ICU (days) 19.5 (8.5 to 31.3) 26.0 (18.5 to 42.0) 13.0 (6.0 to 29.0)
Length of hospital stay (days) 26.5 (8.5 to 43.0) 32.0 (19.5 to 82.0) 23.0 (6.0 to 34.0)

Mortality
In-hospital mortality 19 (67.9) 0 (0.0) 19 (100)
Death during ECLS therapy 15 (53.6) 0 (0.0) 15 (78.9)
1-year survival 7 (26.9) (2) 7 (77.8) 0 (0.0)

Data presented as median and interquartile range (IQR). For transfusion counts, mean and standard deviation (SD)
are listed as well. Categorical variables as number and percentage (%). If necessary, missing data are indicated in
parentheses [n]. Abbreviations: ARDS, acute respiratory distress syndrome; ECLS, extracorporeal life support;
ICU, intensive care unit.
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3.2. Outcomes of Survivors

Six patients were successfully weaned, and three patients had bridged-to-lung trans-
plantation. Except for two patients who were lost to follow-up, all patients were alive at
one year (Table 3).

Table 3. Outcome of survivors.

ECLS Outcome Discharge 1-y Survival

Patient
1 V-AV Successful weaning Transfer to another hospital Loss of follow-up
2 V-AV Successful weaning Rehabilitation Yes
3 VV-A Successful weaning Transfer to another hospital Yes
4 VV-A Successful weaning At home Yes
5 VV-A Successful weaning Rehabilitation Yes
6 VV-A Bridge to LTX At home Yes
7 VV-A Bridge to LTX Rehabilitation Yes
8 V-AV Successful weaning At home Loss of follow-up
9 V-AV Bridge to LTX At home Yes

Abbreviations: 1-y Survival, 1-year survival; ECLS, extracorporeal life support; LTX, lung transplantation; VV-A,
ECLS mode venovenous-arterial; V-AV, ECLS mode veno-venoarterial.

3.3. Hybrid ECLS Indication

The largest group of hybrid ECLS indications was represented by patients suffering
from ARDS who showed a higher survival at hospital discharge (7 out of 11 cases), resulting
in an in-hospital mortality of 36.4% (Figure 2). Patients with refractory cardiogenic shock
showed a high in-hospital mortality of 88.9% (eight out of nine). Patients with hybrid
ECLS indications for cardiopulmonary resuscitation and post-cardiotomy showed 100% in-
hospital mortality (two out of two each). The indication “other” consisted of two patients
suffering from acute respiratory insufficiency (not defined as ARDS), one patient with
pulmonary scleroderma, and one patient diagnosed with obstructive shock due to an
atrial tumor. Only one of the four patients in the “other” group survived, resulting in an
in-hospital mortality of 75%.

Figure 2. Survivors and non-survivors stratified by indication of hybrid ECLS.

65



J. Pers. Med. 2024, 14, 179

3.4. Hybrid ECLS Cannulation Details

Most cannulations were performed peripherally using the Seldinger technique (71.4%).
Six ECLS cases were performed as V-AV configurations and the others as VV-A (Figure 3).
Regarding the efferent ECLS limb, a venous femoral drain was installed in each case.
The further combinations of V-AV and VV-A modifications are shown in Figure 4. The
in-hospital mortality was higher in the VV-A group (17 of 22, 77.3%) compared to the V-AV
group (2 of 6, 33.3%).

Figure 3. Survivors and non-survivors stratified by cannulation of hybrid ECLS.

Figure 4. Cannulation sites for hybrid configuration according to frequency. (All) All hybrid ECLS
cannulation percentages together, (V-AV) venous-arteriovenous hybrid modification (6 cases), and
(VV-A) venovenous-arterial hybrid modification (22 cases). The cannulation site of one case (efferent
right atrium and afferent pulmonary artery, 3.6% each) is not shown due to visibility. The right or
left site is arbitrary. Note that the sum of percentages is equal to 300% due to three cannulation sites
each. Abbreviations: jv internal jugular vein; sa subclavian artery; fv femoral vein; fa femoral artery.
Created with BioRender.com, accessed on 9 December 2023, with confirmation of publication and
licensing rights.
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3.5. Hybrid ECLS Complications

The allogenic transfusion of platelet concentrate was higher for non-survivors com-
pared to survivors (1.8 vs. 0 units). Besides renal replacement therapy, major bleeding
events were the most frequent complications and were also observed more frequently in
the cohort of non-survivors (Table 2).

4. Discussion

This retrospective single-center study reports 28 initially hybrid-cannulated ECLS
cases at the University Hospital of Zurich in the period from 2007 to 2019. We observed
a high in-hospital mortality of 67.9% (n = 19); 4 of the 19 non-survivors died after ECLS
weaning. The most frequent diagnosis at the time of hybrid ECLS installation was ARDS (11
patients), with more survivors than non-survivors in this group. Overall, non-survivors had
a higher SAPS II and more frequently received transfusion of allogenic platelet concentrates.

Although only a few studies are available for hybrid ECLS with a low number of
included patients (3 to 26 patients) [6–12,17], the in-hospital mortality observed at our
institution is in line with that in recently published studies. Biscotti et al. [9] and Ius
et al. [11] reported lower mortality rates of 57.1% and 50.0%, but they also included patients
who were initially conventionally cannulated and only later modified to a hybrid strategy.
ECLS indications in those studies were predominantly pulmonary diseases. Looking
separately at the indication ARDS of our study, the in-hospital mortality is as low as 36.4%.
This is in accordance with a study published in 2010 with a small number of cases [12].
A recently published retrospective study of patients with predominant ARDS on V-V
ECMO support requiring a change to V-VA support showed an in-hospital mortality rate
of 37% [18].

We recently published our outcome analysis of 679 V-A [19] and 221 V-V [20] ECLS
cases. The frequency of hybrid ECLS in our institution (3%) is in line with published data
of ELSO [13] (2% of adults supported for cardiac failure and less than 1% for respiratory
failure). The Chinese Extracorporeal Life Support Registry (CSECLS) states that 0.6% of
initial hybrid configurations between 2017 and 2019 [6].

The institutional comparison shows a higher in-hospital mortality rate between con-
ventionally V-A-assisted and hybrid-assisted ECLS cases (V-A vs. hybrid: indication
post-cardiotomy 70.7% vs. 100%, cardiopulmonary resuscitation 67.9% vs. 100%, refrac-
tory cardiogenic shock 47.0% vs. 88.9%). Mortality is nearly identical between V-V and
hybrid-assisted patients (V-V vs. hybrid: indication ARDS 36.2% vs. 36.4%). It is likely
that the sicker patients needed more support initially. In terms of selection bias, the initial
hybrid cannulated patients also have a higher mortality rate. This finding should certainly
be taken into account when the treatment team is considering hybrid cannulation. As
compared to V-A and hybrid cannulation, V-V cannulated cases have fewer major bleeding
complications (16.7%, 25.2%, and 28.6%) or leg ischemias (6.3%, 13.4%, and 10.7%) at our
institution. Complication rates are similar between V-A and hybrid. But the small number
of hybrid cannulated cases must be considered.

In our study, we describe three patients who were treated with a hybrid ECLS bridging
procedure and who were finally treated with a lung transplantation. Bridging to heart
transplantation was not observed. It is crucial to note that ECLS therapy is not a definitive
treatment but rather a bridge to recovery in the context of significant lung or heart failure, as
well as a bridge to decision-making. ECLS often necessitates high doses of anticoagulation,
posing a risk of bleeding, particularly intracranial, and requiring massive transfusion [21].
This is associated with adverse effects on patient morbidity and mortality [22], not to
mention the additional immunologic effects and increased risk of a positive cross-match in
planned transplants. On the positive side, advancements in treatment protocols and exper-
tise in specialized centers over the past decade have made bridging to lung transplantation
feasible for patients with end-stage lung disease, yielding reasonable outcomes [23]. Apart
from optimized gas exchange, these patients experience reduced sedation requirements
and less confinement to the hospital bed, allowing for better-organized physiotherapy and
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nutrition. While pharmacological treatments for end-stage heart failure have improved,
the majority of patients succumb to the disease, with heart transplantation being the sole
option [24]. However, the scarcity of donor organs has led to the establishment of ECLS as
the primary alternative, serving as a bridge to recovery or as a bridge-to-bridge, allowing
for the subsequent implantation of a long-term device, or as a bridge-to-transplant [25].
It is important to recognize ECLS as a high-risk procedure with significant morbidity
and mortality. Additionally, the limited availability of healthcare resources and ethical
considerations must be taken into account.

The cannulation strategy depends on the underlying pathology and is implemented in
various ways. Nevertheless, principles are now emerging to improve systemic oxygenation
or cardiac unloading [26,27]. A V-VA configuration has been proposed in patients with
differential hypoxia (Harlequin syndrome) or secondary heart failure (e. g., right ventricular
impairment) after V-V ECMO initiation [5]. We describe six cases with an in-hospital
mortality of 33.3%. The other cannulation mode, VV-A, combines the need for higher
venous drainage with the possibility of providing both circulatory and respiratory support
and is more complex [5]. Interestingly, this cannulation strategy is predominant in our
study. Their markedly higher in-hospital mortality of 77.3% reflects this statement.

Besides renal replacement therapy, major bleeding events were the most prevalent
complication during hybrid ECLS therapy. With a frequency of 28.6%, major bleeding
occurred less frequently than described in the literature, with almost every second patient
suffering from major bleeding [8]. In contrast to our expectation, complications like leg
ischemia and intracranial bleeding were rare in our cohort. Werner et al. [7] and Mihu
et al. [8] reported higher incidences of these complications, despite a conservative anticoag-
ulation regimen. As a possible reason, they mention that more than half of their patients
were externally cannulated and that there was no radiological imaging of the brain prior to
initiation of ECLS. A patient-oriented balance needs to be struck between the postulated
benefits of hybrid cannulation and the potential harm it may cause. There is an increased
risk of bleeding, infection, and thrombosis. Additional technical problems arise, such as
the difficulty of flow measurement with parallel systems, as well as their flow regulation.

Retrograde aortic flow may lead to impaired myocardial function and pulmonary
congestion as an inherent disadvantage of VA treatment. In addition to hybrid cannulation,
another strategy to improve hemodynamics in cardiogenic shock is venting [28]. The first
systematic review of left ventricular unloading with Impella in addition to VA-ECMO
(“ECMELLA”) described an improved survival and neurological outcome despite higher
complication rates compared to VA-ECMO alone [29].

5. Conclusions

The in-hospital mortality rate for hybrid ECLS was high. Different indications showed
varying mortality rates, with survivors having lower SAPS II scores and requiring fewer
platelet concentrate transfusions. These findings highlight the complexities of hybrid ECLS
outcomes in different clinical scenarios and underline the need for rigorous patient selection.

6. Limitations

The small sample size of the study presents challenges in generalizing the results.
Results from a single high-volume ECMO center may have limited applicability to broader
populations. In addition, the inclusion of patients over an extended period of time includes
the potential for changes in both the patient population and standards of care that may
have evolved over time. Finally, the analysis focuses on a heterogeneous cohort, reflecting
the inherent complexity of this specialized therapy. Despite these limitations, retrospective
studies provide valuable insights into associations between variables and serve as a basis
for generating hypotheses that merit further investigation.
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Abstract: Background: Depression and anxiety (DA) are common mental disorders in patients with
chronic diseases, but the research regarding their prevalence in heart transplantation (HTx) is still
limited. Methods: We performed an analysis of the prevalence and prognostic relevance of DA
in patients who underwent HTx between 2010 and 2018 in Germany. Data were obtained from
Allgemeine Ortskrankenkasse (AOK), which is the largest public health insurance provider. Results:
Overall, 694 patients were identified. More than a third of them were diagnosed with DA before
undergoing HTx (n = 260, 37.5%). Patients with DA more often had an ischaemic cardiomyopathy
(p < 0.001) and a history of previous myocardial infarction (p = 0.001) or stroke (p = 0.002). The
prevalence of hypertension (p < 0.001), diabetes (p = 0.004), dyslipidaemia (p < 0.001) and chronic
kidney disease (p = 0.003) was higher amongst transplant recipients with DA. Patients with DA were
more likely to suffer an ischaemic stroke (p < 0.001) or haemorrhagic stroke (p = 0.032), or develop
septicaemia (p = 0.050) during hospitalisation for HTx. Our analysis found no significant differences
between the groups with respect to in-hospital mortality. The female sex and mechanical circulatory
support were associated with an inferior prognosis. Pretransplant non-ischaemic cardiomyopathy
was related to a favourable outcome. Conclusions: DA affect up to a third of the population
undergoing HTx, with a greater prevalence in patients with comorbidities. DA are associated with a
higher incidence of stroke and septicaemia after HTx.

Keywords: depression; anxiety; orthotopic heart transplantation; in-hospital mortality; survival

1. Introduction

Depression and anxiety (DA) are protean disorders with a wide range of symptom
severity and an increasing prevalence worldwide. According to recent reports, each
condition alone affects approximately 4% of the global population [1]. DA prevalence
is much higher in patients suffering from chronic diseases [2]. To date, studies indicate
that roughly one-fifth of the patients diagnosed with heart failure (HF) also exhibit DA.
This disease combination has been linked to an overall poor prognosis and lower quality
of life (QoL) [3,4]. Nevertheless, patients with advanced HF who are awaiting heart
transplantation (HTx) have to carry an even greater emotional burden, resulting in frequent
recurrences and more severe symptoms of DA. Thus, it is to be expected that DA prevalence
is higher in patients undergoing orthotopic HTx. In addition to a poor QoL, DA have been
associated with limited compliance to recommended treatments and behaviours. All these
factors may have deleterious consequences for the graft function in transplantation. A
previous retrospective single-centre analysis reported an increased rate of hospitalisations
and infectious complications after HTx in patients with DA [5]. The cardiovascular side
effects of antidepressants are another factor limiting the treatment alternatives in most

J. Pers. Med. 2023, 13, 844. https://doi.org/10.3390/jpm13050844 https://www.mdpi.com/journal/jpm72



J. Pers. Med. 2023, 13, 844

cases to selective serotonin reuptake inhibitors (SSRIs) only. Thus, the guidelines for the
care of heart transplant recipients recommend regular evaluation of the mental health of
patients undergoing HTx [6].

The aim of our study was to assess the prevalence and prognostic relevance of DA in
patients undergoing orthotopic HTx.

2. Materials and Methods

2.1. Data Retrieval

Our study comprises data on adult heart transplant recipients anonymously retrieved
from Allgemeine Ortskrankenkasse (AOK), which is an alliance of eleven regional funds
covering up to a third of the population in Germany. According to recent reports, AOK
provided insurance coverage for 25.938.841 affiliated persons and family members in the
year 2018. In contrast to the private sector, public health insurance in Germany does not
depend on gross income, health status, region, profession or age.

The timeline of our analysis was based on the index hospitalisation for orthotopic
heart transplantation (HTx) (operation and procedure code 5-375.0). The study population
was preselected among all subjects hospitalised for heart failure, coronary artery disease,
myocardial infarction, peripheral artery disease, stroke and patients who underwent coro-
nary or peripheral artery interventions in either an ambulant or stationary setting between
2008 and 2018.

The study included 694 adult patients who were insured by AOK and underwent
HTx between 1 January 2010 and 31 December 2018. Baseline patient comorbidities were
assessed using data from the two years that preceded the index hospitalisation. Follow-up
data were collected until 31 December 2019. The median (interquartile range (IQR)) follow-
up was 5.9 (IQR: 5.0) years. The information retrieved included primary, secondary and
tertiary care results that were analysed in a coded manner. Diagnoses were documented
according to the 10th Revision of the German Modification of International Classification
of Diseases (ICD-10-GM). The diagnostic and therapeutic procedures performed were
encoded using the German Modification of the Operation and Procedure Classification
System (OPS). Anatomical Therapeutic Chemical codes (ATC-codes) were used for the
prescribed medical treatment.

Data sampling was approved by the Ethics Committee of the Landesaerztekammer
Westfalen-Lippe and the Medical Faculty of the University of Muenster (2019-212-f-S).

2.2. Patient Population

We initially identified 852 patients who were hospitalised for orthotopic HTx (OPS: 5-
375.0) between 1 January 2010 and 31 December 2018. Of these, 39 patients were excluded
because they were <18 years of age at the time of the HTx procedure. In addition, 119 pa-
tients were excluded because of incomplete data. The study population was stratified
into two groups according to whether a diagnosis of depression or anxiety was made
prior to HTx (ICD-10-GM-Code: F30–F39 and F41) or not. We did not have access to
detailed information regarding the methods implemented for the psychological assessment
of the patients.

The primary outcome of our analyses was in-hospital mortality. The secondary end-
points included major adverse cardiovascular events, new onset or relapse of DA during
the period covered by the study, and overall survival. Since, in most cases, both depression
and anxiety are present simultaneously, and notably, most of the patients with depression
have concurrent anxiety, we considered these conditions as a composite entity [1].

2.3. Statistics

The assessment of the impact of DA on the outcome of patients who had undergone
HTx was performed using binary multivariable logistic regression models, which com-
prised major comorbidities and cardiovascular risk factors. Odds ratios with unadjusted
95% confidence intervals (CIs) for all features are shown in the graphs. Survival analyses
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were conducted using Kaplan–Meier estimators. Medication rates 90 days after index
hospitalisation were estimated using competing risk models by calculating the cumulative
incidence, where death was considered as a competing risk.

Quantitative data are reported as medians (IQRs) and compared using a two-sided
Wilcoxon test. Qualitative data are presented as absolute values (percentages) and were
compared using a two-sided chi-squared test.

All p-values of the test procedures described above are purely descriptive and unad-
justed. Inferential statistics are intended to be exploratory (hypotheses-generating), not
confirmatory, and are interpreted accordingly.

Statistical analyses were performed using R version 4.0.2.

3. Results

3.1. Patient Characteristics

A total of 694 patients who underwent HTx from 2010 to 2018, the period covered
by our study, were evaluated. More than a third of this population had documented
diagnoses of DA prior to HTx (n = 260, 37.5%). We observed no statistically noticeable
intergroup disparities in age, sex or previous mechanical circulatory support (MCS). Whilst
the prevalence of cerebrovascular (CVD) and peripheral arterial disease (PAD) did not
differ between the two groups, antecedent cardiac disease of ischaemic origin was more
frequent amongst those diagnosed with DA (n = 276, 63.6% vs. n = 200, 76.9%; p < 0.001).
Additionally, patients assigned to the DA group were more likely to have had a previous
myocardial infarction (n = 129, 29.7% vs. n = 108, 41.5%; p = 0.001), percutaneous coronary
interventions (n = 54, 12.4% vs. n = 51, 19.6%; p = 0.011) or stroke (n = 54, 12.4% vs. n = 55,
21.2%; p = 0.002). A closer look at the evaluable cardiovascular risk factors (CVRFs) and
comorbidities revealed differences in the prevalence of hypertension (n = 356, 82.0% vs.
n = 237, 91.2%; p < 0.001), diabetes (n = 144, 33.2% vs. n = 115, 44.2%), dyslipidaemia
(n = 290, 66.8% vs. n = 207, 79.6%; p < 0.001) and chronic kidney disease (n = 288, 66.4% vs.
n = 200, 76.9%; p = 0.003). Furthermore, patients with DA were more often smokers (n = 95,
21.9% vs. n = 88, 33.8%; p < 0.001). We found no differences in the use of cardiovascular
medications, including betablockers, statins, platelet aggregation inhibitors (PAIs); and oral
anticoagulants on baseline assessment (Table 1).

Table 1. Baseline characteristics.

Characteristics
Non-DA
n = 434

DA
n = 260

Study Population
n = 694

p-Value

Female, n (%) 90 (20.7) 64 (24.6) 154 (22.2) 0.234
Male, n (%) 344 (79.3) 196 (75.4) 540 (77.8) 0.234
VAD, n (%) 105 (24.2) 70 (26.9) 175 (25.2) 0.423

Age, median (IQR) 52.52 (14.53) 54.28(11.70) 53.12 (13.56) 0.053
Previous acute myocarditis, n (%) 56 (12.9) 34 (13.1) 90 (13.0) 0.947

Dilated cardiomyopathy, n (%) 325 (74.9) 195 (75.0) 520 (74.9) 0.973
Non-dilated cardiomyopathy, n (%) 44 (10.1) 23 (8.8) 67 (9.7) 0.577

Ischaemic heart disease, n (%) 276 (63.6) 200 (76.9) 476 (68.6) <0.001
Hypertension, n (%) 356 (82.0) 237 (91.2) 593 (85.4) <0.001

Diabetes, n (%) 144 (33.2) 115 (44.2) 259 (37.3) 0.004
Dyslipidaemia, n (%) 290 (66.8) 207 (79.6) 497 (71.6) <0.001

Obesity, n (%) 127 (29.3) 86 (33.1) 213 (30.7) 0.292
Smoking, n (%) 95 (21.9) 88 (33.8) 183 (26.4) <0.001

Atrial flutter/fibrillation, n (%) 297 (68.4) 177 (68.1) 474 (68.3) 0.922
PAD, n (%) 30 (6.9) 23 (8.8) 53 (7.6) 0.353
CVD, n (%) 40 (9.2) 26 (10.0) 66 (9.5) 0.733

Chronic kidney disease, n (%) 288 (66.4) 200 (76.9) 488 (70.3) 0.003
Cancer, n (%) 44 (10.1) 24 (9.2) 68 (9.8) 0.697

No previous listing, n (%) 187 (43.1) 82 (31.5) 269 (38.8) 0.003
Previous MI, n (%) 129 (29.7) 108 (41.5) 237 (34.1) 0.001
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Table 1. Cont.

Characteristics
Non-DA
n = 434

DA
n = 260

Study Population
n = 694

p-Value

Previous PCI, n (%) 54 (12.4) 51 (19.6) 105 (15.1) 0.011
Previous stroke, n (%) 54 (12.4) 55 (21.1) 109 (15.7) 0.002

PAIs, n (%) 51 (11.8) 34 (13.1) 85 (12.2) 0.606
OACs, n (%) 106 (24.4) 65 (25.0) 171 (24.6) 0.865

PAIs in combination with OACs, n (%) 44 (10.1) 26 (10.0) 70 (10.1) 0.953
ACE-Is/AT1-antagonists, n (%) 204 (47.0) 126 (48.5) 330 (47.6) 0.710

Statins, n (%) 109 (25.1) 67 (25.8) 176 (25.4) 0.848
Betablockers, n (%) 252 (58.1) 153 (58.8) 405 (58.4) 0.840

Data are presented as number (percentage) or median (IQR). DA—depression and anxiety, VAD—ventricular
assist device, PAD—peripheral artery disease, CVD—cerebrovascular disease, PCI—percutaneous coronary
intervention, MI—myocardial infarction, PAIs—platelet aggregation inhibitors, OACs—oral anticoagulants,
ACE-Is—angiotensin-converting enzyme inhibitors, AT1-antagonists—angiotensin 1 receptor antagonists.

3.2. In-Hospital Treatment

We observed no differences between the groups concerning the frequency of MCS, the
duration of ventilatory support, the incidence of acute HF or renal failure, the frequency of
renal replacement therapy, bleeding episodes, or the need for the supplementary transfusion
of blood products. However, patients in the DA group developed ischaemic stroke (n = 27,
6.2% vs. n = 37, 14.2% in DA; p < 0.001), haemorrhagic stroke (n = 10, 2.3% vs. n = 14,
5.4% in DA; p = 0.032) and septicaemia (n = 65, 15.0% vs. n = 54, 20.8%; p = 0.050) more
frequently than their unaffected counterparts. During index hospitalisation, 59 (22.7%)
patients with a previous history of DA experienced a relapse of depression, whereas new
depression was documented in only 26 cases. Similarly, 29 (11.2%) patients from the DA
group had a recurrence of anxiety, but the prevalence of new anxiety was much lower. The
data were censored due to confidentiality regulations (Table 2).

Table 2. Outcome.

Characteristics
Non-DA
n = 434

DA
n = 260

Overall Population
n = 694

p-Value

ECMO, n (%) 65 (15.0) 34 (13.1) 99 (14.3) 0.488
Acute renal failure, n (%) 184 (42.4) 107 (41.2) 291 (41.9) 0.748

Renal replacement therapy, n (%) 287 (66.1) 173 (66.5) 460 (66.3) 0.912
Death (discharge status), n (%) 62 (14.3) 42 (16.2) 104 (15.0) 0.505

Ischaemic stroke, n (%) 27 (6.2) 37 (14.2) 64 (9.2) <0.001
Haemorrhagic stroke, n (%) 10 (2.3) 14 (5.4) 24 (3.5) 0.032

Bleeding, n (%) 172 (39.6) 106 (40.8) 278 (40.1) 0.767
Ventilation, median (IQR) 71 (279) 66 (306) 70 (289) 0.933

Hospitalisation, median (IQR) 129 (130.3) 137 (142.8) 133 (137.0) 0.511
In-hospital CPR, n (%) 63 (14.5) 33 (12.7) 96 (13.8) 0.501

Blood transfusion, n (%) 393 (90.6) 234 (90.0) 627 (90.3) 0.811
Septicaemia, n (%) 65 (15.0) 54 (20.8) 119 (17.1) 0.050

Allograft rejection, n (%) 88 (20.3) 58 (22.3) 146 (21.0) 0.525
New depression, n (%) 26 (6.0) N/A 26 (3.7) N/A

Depression relapse, n (%) N/A 59 (22.7) 59 (8.5) N/A
New anxiety, n (%) <10 N/A N/A N/A

Anxiety relapse, n (%) N/A 29 (11.2) 29 (4.2) N/A
PAIs 36 (10.0) 25 (11.9) 61 (10.7) 0.478

OACs, n (%) <10 <10 N/A 0.740
PAIs in combination with OACs, n (%) <10 <10 N/A 0.190

ACE-Is/AT-blockers, n (%) 41 (11.4) 27 (12.9) 68 (11.9) 0.602
Statins, n (%) 59 (16.4) 46 (21.9) 105 (18.4) 0.101

Betablockers, n (%) 14 (3.9) 15 (7.1) 29 (5.1) 0.088

Data are presented as number (percentage) or median (IQR). DA—depression and anxiety, ECMO—extracorporeal
membrane oxygenation, PAIs—platelet aggregation inhibitors, OACs—oral anticoagulants, ACE-Is—angiotensin-
converting enzyme inhibitors, AT1-antagonists—angiotensin 1 receptor antagonists. N/A—not applicable.
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3.3. Outcome

We observed no significant differences between the two study groups with respect to
the primary outcome measure (Table 2). The five-year survival rates were 65.7% and 73.1%
in the groups with and without a diagnosis of DA before HTx, respectively (Figure 1).

 
Figure 1. Kaplan–Meier survival estimates. Comparison of the overall survival in patients with DA
(red line) and without DA (blue line) in long-term follow-up. DA—depression and anxiety.

However, our findings revealed that the female sex and use of extracorporeal mem-
brane oxygenation (ECMO) during index hospitalisation were associated with inferior
outcomes in a multivariate logistic regression analysis. By contrast, non-ischaemic car-
diomyopathy was a determinant related to a prognostic advantage after HTx (Figure 2).
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Figure 2. In-hospital mortality during index hospitalisation for heart transplantation. LVAD—left
ventricular assist device, ECMO—extracorporeal membrane oxygenation, MI—myocardial infarction,
PAD—peripheral artery disease.

4. Discussion

To the best of our knowledge, this is the first study to examine the impact of DA on
the outcome of HTx recipients in a relatively large patient cohort.

Approximately one-third of the patients enrolled in our study were diagnosed with
DA before HTx, which is more than previously reported [5]. One possible explanation for
the increased prevalence of these disorders may relate to the modality of data acquisition.
Both disorders were considered for our analyses as a composite entity. We recognise that the
overall prevalence of DA cannot be calculated as a simple sum of the included diagnoses
because patients often present with an overlap between the two conditions. Additionally,
the ICD-10-GM system includes a range of disease severities, which allows us to reflect not
only major DA episodes, but also milder cases.

Women are generally underrepresented amongst HTx recipients, and they constituted
approximately one-fifth of the overall population of our cohort [7]. These results may reflect
the lack of awareness of heart disease in women due to their beneficial cardiovascular
profile, resulting in a presentation at an older age with advanced disease and comorbidity
profiles. Additionally, as previously reported, the prevalence of DA was higher amongst
women (41.6%) in our study population compared to men (36.3%) [1]. However, regardless
of sex, the disease burden by far exceeded the magnitude in the general population.
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4.1. Pretransplant Diagnoses and CVRF

The prevalence of DA was higher in patients with typical cardiovascular morbidity
profiles, including diabetes, hypertension, dyslipidaemia and chronic kidney disease. Previ-
ous studies have reported a bidirectional relationship between chronic diseases and mental
health [2,8]. DA can add to the burden of physical illnesses, as an unhealthy lifestyle and
non-adherence to prescribed medications may further accelerate the progression of the
underlying conditions [9,10]. In contrast, the perception of physical illness and related
concerns are associated with a higher DA prevalence [11]. Interestingly, the risk of devel-
oping mental health problems has been reported to differ based on specific patterns of
physical morbidity. Thus, there are discrepancies when determining the risk of developing
DA even amongst patients with cardiometabolic and cardio/cerebrovascular profiles [8].
Additionally, although active tobacco smoking during the previous six months is con-
sidered a relative contraindication for HTx, the prevalence of smoking was 11% higher
amongst patients with DA in the two years preceding HTx [12]. The evidence in this field
supports the notion that the risk of becoming a smoker and the daily amount of smoking is
higher in people with DA, whereas the likelihood of quitting is lower than in the general
population [13,14]. This may be due to the reciprocal relationship between daily habits and
mental health, as smoking is usually associated with a higher risk of developing depression
in addition to the bidirectional relationship between the diseases of the body and mind [15].

The higher rate of ischaemic heart disease (IHD), myocardial infarction and stroke
amongst HTx recipients with DA may also be a consequence of this population’s higher
cardiovascular risk profile. Previous reports have defined numerous physiologic links
between DA and IHD, including dysregulation of the autonomic nervous system and
peripheral vascular function, increased sympathetic tone, inflammatory activity, elevated
heart rate, and endothelial dysfunction [16]. Similarly, although the overall prevalence of
DA in patients with HF is higher than in the general population, differences between non-
ischaemic cardiomyopathy and IHD have been reported. Particularly, patients hospitalised
for acute myocardial infarction are considered to be at a high risk for major DA [17].

Although the burden of DA in patients with cancer is generally considered to be
higher than in other diseases, we observed no differences in the prevalence of malignancies
between the study groups [18]. This may be a consequence of the preselection of the
patients, as the current recommendations for being added to the HTx waiting list take into
account disease curability and require additional remission time, dependent on the type
of cancer, before patients are considered for transplantation. Similarly, symptomatic CVD,
PAD and severe obesity are relative contraindications for HTx [12]. This may result in a
preselection of patients free from disease or only milder cases.

The prevalence of DA increases along with a prolonged time on the HTx waiting
list [19]. This may explain the higher rate of previous listings in the DA group. In a world
with an increasing prevalence of HF and a shortage of donor organs, awaiting HTx will be
associated with a prolonged waiting time and an increased likelihood of death, which can
further augment the burden on the patients’ mental health. Thus, closer monitoring and
interdisciplinary assessment while being listed for HTx are required.

4.2. In-Hospital Treatment

The incidence of ischaemic or haemorrhagic stroke following HTx was higher in
patients with DA, despite a comparable rate of prescription of anticoagulants and PAIs.
However, it is critical to recognise that antidepressants and SSRIs in particular, which are
widely prescribed for patients with DA and HF because of their limited cardiovascular
side effects, can cause major bleeding and ischaemic events [20,21]. Possible explanations
for the increased bleeding rate are their fibrinolytic properties and potential to reduce
platelet adhesion. On the contrary, ischaemic events are linked to additional factors,
including limited physical activity [22]. Caution is required when prescribing SSRIs with
anticoagulants, as this may result in an augmented bleeding risk. A similar association
was observed in antiplatelet therapy, where SSRI prescription was previously reported to

78



J. Pers. Med. 2023, 13, 844

increase the risk of bleeding by 42% when prescribed in addition to aspirin and by 57% in
patients on a dual antiplatelet therapy [23,24]. It is essential to investigate the association
between the use of SSRIs and bleeding in the population of patients undergoing HTx.
Unfortunately, we did not have access to data regarding psychotropic medication use from
the patients. Due to the modality of our study, we had permission to analyse only data
related to the use of cardiac drugs and anticoagulants.

Results from antecedent research indicated an increased prevalence of infectious com-
plications and septicaemia in patients with DA who were undergoing HTx [5]. On the one
hand, these findings may be linked to inflammation, but on the other hand, the downregu-
lation of the immune system in chronic DA may also contribute to the disease course [25].
As our report focuses on in-hospital treatment and outcomes, no direct relation between
these findings and a sedentary lifestyle or fidelity to taking the prescribed medication can
be suspected.

4.3. Relapse or Post-Transplant DA

Interestingly, a previous history of DA was associated with a greater risk for relapse
during index hospitalisation. By contrast, the incidence of new DA was much lower. This
evidence indicates the need for a thorough pretransplant assessment so that the medical
team will be aware of the patient’s condition after HTx.

4.4. Outcome

The five-year survival rate of the overall population was 70.4%, which is comparable
with results to date [26]. Patients with DA had a slightly higher immediate post-transplant
mortality, but it was not statistically significant. This can be due to the modality of our
analyses, as we reported on in-hospital treatment and mortality in the immediate post-
transplant period, whereas DA are more likely to have a long-term impact on a patient’s
QoL. The favourable prognosis in non-ischaemic cardiomyopathy may be due to the
comorbidity profile of the patients. IHD was previously reported to be associated with a
significantly inferior outcome in short- and long-term follow-up [27].

The female sex and ECMO support during index hospitalisation were both associated
with a significantly inferior prognosis. We should note that the current available data on sex
differences and outcomes after HTx are contradictory. According to recent registry reports,
female patients have a superior overall survival than men [28]. Observational studies in
smaller cohorts have indicated that many other related factors such as graft size and sex
mismatch may be the factors influencing the patient’s prognosis [29]. Due to the modality
of our analyses, we cannot take into account these determinants.

ECMO therapy during index hospitalisation was also a factor associated with an
inferior prognosis. We cannot differentiate between pre- or post-transplant short-term
MCS, which limits the value of the findings. Additionally, there were no differences in the
length of hospital stay between the groups, which may rule out persisting hemodynamic
instability due to sustained graft failure [30,31].

4.5. Strengths and Limitations

One drawback of our study is its retrospective design and the use of administrative
data, which can carry a risk of a selection bias or potential confounding factors outside
the scope of our analyses. The retrieved data provide an opportunity to conduct analyses
focused on outcome and major complications in large cohorts. Additionally, the use of ICD
codes makes it possible to cover a range of disease severities and to reflect not only major
DA episodes, but also milder cases. However, to reduce potential bias, the study findings
still need to be investigated in a randomised manner.

Another drawback of this approach is the limited insight into the patients’ clinical
condition aside from the diagnoses. We report on the recovery rate, but we cannot take
into account the grade of recovery (exercise capacity and NYHA class) after HTx. Addi-
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tionally, some factors such as size and sex mismatch, donors’ characteristics and recipients’
laboratory results, which may influence the outcome of the patients, cannot be assessed.

5. Conclusions

DA are commonly diagnosed in patients undergoing HTx, particularly in those with
multiple comorbidities. This underscores the bidirectional association between the disease
of the body and the mind. Whilst we observed a higher prevalence of ischaemic stroke,
haemorrhagic stroke and septicaemia in the immediate post-transplant period in patients
diagnosed with DA, the latter had no prognostic relevance in long-term follow-up. Addi-
tionally, the incidence of new DA was lower than the rate of relapse in patients already
diagnosed with these conditions. This observation suggests that pretransplant DA may
set the stage for recurrent mental health disorders following HTx. Therefore, closer mon-
itoring of these patients during the post-transplant phase is crucial to the success of the
treatment mission.
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Abstract: Although proteinuria is a risk factor for heart failure (HF), proteinuria can be reversible
or persistent. Our objective was to explore the link between changes in the proteinuria status
and the risk of HF. We included participants from a Korean national health screening cohort who
underwent health examinations in 2003–2004 and 2005–2006 and had no history of HF. Participants
were categorized into four groups: proteinuria-free, proteinuria-resolved, proteinuria-developed,
and proteinuria-persistent. The outcome of interest was the occurrence of HF. The study included
1,703,651 participants, among whom 17,543 (1.03%) were in the proteinuria-resolved group and 4585
(0.27%) were in the proteinuria-persistent group. After a median follow-up period of 14.04 years
(interquartile range 14.19–15.07), HF occurred in 75,064 (4.41%) participants. A multivariable Cox
proportional hazards regression analysis indicated that the proteinuria-persistent group had a higher
risk of HF compared with the proteinuria-free group (hazard ratio (HR): 2.19, 95% confidence interval
(CI): 2.03–2.36, p < 0.001). In a further pairwise comparison analysis, participants in the proteinuria-
resolved group had a relatively low risk of HF compared with those in the proteinuria-persistent
group (HR: 0.64, 95% CI: 0.58–0.70, p < 0.001). In conclusion, the risk of HF can change with alterations
in the proteinuria status.

Keywords: proteinuria; heart failure; dipstick test; urinalysis; epidemiology

1. Introduction

Heart failure (HF) is a clinical syndrome characterized by a decline in cardiac con-
tractility, which is often accompanied by impaired ejection of blood from the heart or
compromised ventricular filling [1]. This condition is a global health concern, and its
prevalence continues to surge worldwide [2]. Despite significant advancements in the
development of treatment strategies, morbidity and mortality rates linked to HF remain
stubbornly high [2]. Hence, there is a pressing need to comprehensively identify the var-
ious risk factors associated with HF. Established risk factors include well-documented
contributors such as hypertension, diabetes mellitus, coronary artery occlusive disease, the
formation of aortic atheromas, obesity, as well as the consumption of alcohol and tobacco
products [3–5]. These factors play pivotal roles in the pathogenesis of HF and are crucial tar-
gets for intervention. Indeed, by adopting healthier lifestyle habits and diligently managing
these cardiovascular risk factors, individuals can significantly reduce their susceptibility
to developing HF. However, there remains a critical knowledge gap regarding additional
modifiable factors associated with the HF risk.

The acknowledgment of elevated protein levels in the urine, referred to as proteinuria,
as a risk factor for cardiovascular diseases and mortality is becoming progressively evi-
dent [6,7]. Understanding the mechanisms underlying excessive protein excretion reveals a
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complex interplay, including heightened glomerular filtration, insufficient tubular absorp-
tion or overflow, and augmented secretion. Notably, proteinuria stands out as a significant
risk factor for stroke and coronary diseases, independently of other cardiovascular risk
factors [8,9]. This multifaceted relationship between proteinuria and adverse cardiovascu-
lar outcomes underscores its critical role in the realm of cardiovascular health. Moreover,
proteinuria is not limited to its association with immediate cardiovascular risks; it also
serves as a harbinger of future disease states, including hypertension, diabetes, and HF [6].
Furthermore, the presence of proteinuria plays a pivotal role in determining the incidence
of HF itself [7]. Intriguingly, proteinuria can manifest over time or, conversely, it can be
resolved through risk correction or targeted treatment interventions. This dynamic nature
of proteinuria suggests that it could indeed be a modifiable factor in the development of
heart failure, offering a potential avenue for proactive intervention and prevention. Among
the many tests available to measure proteinuria, dipstick testing is commonly used in
screening [10]. This test can measure urinary protein exceeding 300 to 500 mg/day. If there
are no other factors that can cause false-positive tests (concentrated urine, alkaline urine,
hematuria, iodinated contrast agents, exercise, infection, etc.), the dipstick test should be
repeated. If the second test result is negative, patients are reassured. However, transient
proteinuria is also known to be a risk factor for cardiovascular and cerebrovascular dis-
eases [11,12]. Despite this knowledge, large-scale studies examining changes in the HF risk
based on alterations or the persistence of proteinuria remain conspicuously absent.

We hypothesized that the HF risk varies with a change in the proteinuria status.
Our aim was to explore the correlation between shifts in the proteinuria status and the
risk of heart failure within the context of a comprehensive nationwide, population-based,
longitudinal study.

2. Materials and Methods

The Korean National Health Insurance System (NHIS) database includes patient-
level information about demographics, socioeconomic status, diagnoses, and treatment
modalities. Additionally, nationwide health examination data and healthcare institution
data are available through the NHIS. NHIS subscribers are recommended to undergo
standardized medical health examinations every two years. We included participants from
the NHIS–National Health Screening (NHIS-HEALS) cohort. The NHIS-HEALS cohort
enrolled participants who underwent medical health screening. We gathered information
on their demographics, habits, including the consumption of alcohol, tobacco, regular
exercise, income, weight, height, and comorbidities. This study was approved by the
Institutional Review Board of the Ewha Womans University Seoul Hospital (approval
number: SEUMC 2023-03-017, design of the study: 2 February 2023, IRB approval: 22 March
2023, first draft of the manuscript: 6 May 2023).

We screened all 1,878,329 individuals who had two repeated health examinations in
2003–2004 and 2005–2006, respectively. Records with absent data for variables of interest
(n = 121,371) and those with HF (n = 53,307) were excluded. A total of 1,703,651 participants
were included in the study (Figure 1).

Proteinuria was confirmed by dipstick urinalysis on urine samples collected in the
morning after overnight fasting. Dipstick urinalysis measures proteins using Bromphe-
nol blue indicator dye and is most sensitive to albumin. The measurement method is
to put midstream urine in a container and wet a test strip. After removing any ex-
cess urine from the soaked test strip, the reading is taken approximately one minute
later. The value is determined by comparing the strip’s color with a numerical chart,
and the results are categorized as follows: negative, 1+ (30 mg/dL), 2+ (100 mg/dL),
3+ (300 mg/dL), and 4+ (>1000 mg/dL). Participants classified the dipstick proteinuria
results into two categories: “no proteinuria” and “overt proteinuria (≥ 1+).” Subsequently,
study participants were grouped into four categories based on the presence of proteinuria
between two consecutive health examinations: (1) “proteinuria-free”, (2) “proteinuria-
resolved” (participants with proteinuria at the first screening but not at the second screen-
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ing), (3) “proteinuria-developed” (participants with developed proteinuria at the second
screening), and (4) “proteinuria-persistent”.

Figure 1. Flow chart of the study participants.

The index date corresponded to the health examination date. In cases where individu-
als underwent multiple examinations between 2005 and 2006, the most recent findings were
used for the statistical analysis. The primary outcome of interest was the incidence of heart
failure, defined as a participant with a minimum of two claims for HF. It is noteworthy that
the diagnostic accuracy of the ICD-10 code (I50) for HF in the NHIS has been rigorously
proven and employed in previous research studies [13]. Follow-up was conducted on
31 December 2020 or at the occurrence of HF or death. The study collected various co-
variates concerning the index date, including age, sex, body mass index (BMI), and family
income. Additionally, data on alcohol consumption (frequency per week), tobacco use
(none, former, or current), and regular exercise (frequency per week) were gathered through
a self-reported questionnaire. Comorbidities were determined using the following criteria.
Diabetes mellitus was defined as at least one claim with diagnostic codes (ICD-10 E11–14)
with antidiabetic agents or two or more claims with diagnostic codes or a fasting serum
glucose level ≥ 7.0 mmol/L or by self-report. Dyslipidemia was defined as at least one
claim with diagnostic codes (ICD-10 E78) with related medication or two or more claims
with diagnostic codes or a total cholesterol level ≥ 240 mg/dL. Cancer was defined as one
or more inpatient claims with diagnostic codes (ICD-10 C00–97) or at least three outpatient
claims, along with the specific registration codes ‘V027’ or ‘V193–4’. Renal disease was
defined as having two or more claims with diagnostic codes (ICD-10 N17-19, I12-13, E082,
E102, E112, E132) or an estimated glomerular filtration rate of less than 60 mL/min/1.73 m2.
The Charlson Comorbidity Index was calculated as previously described [14–16]. For the
covariates, findings from the most recent health examinations were applied.

Baseline characteristics were assessed utilizing the Chi-square test for categorical
variables and analysis of variance, complemented by the Bonferroni post hoc analysis for
continuous variables. To evaluate the association between alterations in the proteinuria sta-
tus and the incidence of heart failure, Kaplan–Meier survival curves were employed, with
statistical significance determined using the log-rank test. Hazard ratios (HRs) were deter-
mined using the Cox proportional hazards regression with adjustments for confounding
variables. The multivariable Cox regression analysis involved adjusting for the following
covariates: model 1, age and sex; model 2, variables in model 1, BMI, income, smoking, alco-
hol, physical activity, and comorbid diseases (diabetes mellitus, hypertension, dyslipidemia,
cancer, and renal disease); model 3, variables in model 2 and the Charlson Comorbidity
Index. HRs and 95% confidence intervals (CIs) were used to present the findings of the Cox
regression analysis. The assumption of the proportionality of hazards was tested using

85



J. Pers. Med. 2023, 13, 1662

Schoenfeld residuals, and no violations were detected. A pairwise comparison analysis was
used to compare the HF risk among individuals who experienced proteinuria resolution
or development. A landmark analysis was performed by excluding participants with HF
within one year from the index date. All statistical analyses were conducted using SAS,
version 9.2 (SAS Institute, Cary, NC, USA) with the statistical significance indicated by
p-values < 0.05.

3. Results

The study included 1,703,651 participants, among whom 1,661,965 (97.55%) were in
the proteinuria-free group, 17,543 (1.03%) were in the proteinuria-resolved group, 19,558
(1.15%) were in the proteinuria-developed group, and 4585 (0.27%) were in the proteinuria-
persistent group. The respective second health screenings were performed after a median of
21.5 months (interquartile range, 11.1–25.5 months). The mean age was 43.94 ± 12.05 years,
and 69.14% of participants were men. Compared with the proteinuria-free group, the
proteinuria-persistent group consisted of older men with higher BMIs and a higher likeli-
hood of comorbidities (Table 1).

Table 1. Baseline characteristics of the study population according to the proteinuria status.

Variable Total
Proteinuria-Free

(−/−)

Proteinuria-
Resolved

(+/−)

Proteinuria-
Developed

(−/+)

Proteinuria-
Persistent

(+/+)
p-Value

Number of participants (%) 1,703,651 1,661,965 (97.55) 17,543 (1.03) 19,558 (1.15) 4585 (0.27)
Age, years 43.94 ± 12.05 43.86 ± 12.01 46.74 ± 13.11 46.73 ± 12.99 49.26 ± 12.6 <0.001

Sex <0.001
Men 1,177,934 (69.14) 1,150,367 (69.22) 11,031 (62.88) 12,928 (66.10) 3608 (78.69)

Women 525,717 (30.86) 511,598 (30.78) 6512 (37.12) 6630 (33.90) 977 (21.31)
Body mass index (kg/m2) 23.62 ± 3.03 23.61 ± 3.02 24.13 ± 3.32 24.17 ± 3.44 24.94 ± 3.37 <0.001

Household income <0.001
Q1, lowest 254,366 (14.93) 247,563 (14.90) 3038 (17.32) 3135 (16.03) 630 (13.74)

Q2 632,196 (37.11) 617,708 (37.17) 6240 (35.57) 6872 (35.14) 1376 (30.01)
Q3 562,916 (33.04) 549,527 (33.06) 5498 (31.34) 6282 (32.12) 1609 (35.09)

Q4, highest 254,173 (14.92) 247,167 (14.87) 2767 (15.77) 3269 (16.71) 970 (21.16)
Smoking <0.001

Never 980,235 (57.54) 954,998 (57.46) 10,904 (62.16) 11,807 (60.37) 2526 (55.09)
Former 212,652 (12.48) 207,536 (12.49) 2071 (11.81) 2356 (12.05) 689 (15.03)
Current 510,764 (29.98) 499,431 (30.05) 4568 (26.04) 5395 (27.58) 1370 (29.88)

Alcohol consumption
(days/week) <0.001

<3 1,139,835 (66.91) 1,111,388 (66.87) 12,133 (69.16) 13,292 (67.96) 3022 (65.91)
≥3 563,816 (33.09) 550,577 (33.13) 5410 (30.84) 6266 (32.04) 1563 (34.09)

Regular exercise
(days/week) <0.001

<3 1,374,142 (80.66) 1341,444 (80.71) 13,597 (77.51) 15,552 (79.52) 3549 (77.40)
≥3 329,509 (19.34) 320,521 (19.29) 3946 (22.49) 4006 (20.48) 1036 (22.60)

Comorbidities (%)
Hypertension 769,339 (45.16) 744,298 (44.78) 10,067 (57.38) 11,373 (58.15) 3601 (78.54) <0.001

Diabetes mellitus 239,866 (14.08) 228,364 (13.74) 4482 (25.55) 5188 (26.53) 1832 (39.96) <0.001
Dyslipidemia 421,156 (24.72) 405,688 (24.41) 6250 (35.63) 6871 (35.13) 2347 (51.19) <0.001

Atrial fibrillation 4448 (0.26) 4234 (0.25) 76 (0.43) 104 (0.53) 34 (0.74) <0.001
Cancer 31,454 (1.85) 30,290 (1.82) 493 (2.81) 504 (2.58) 167 (3.64) <0.001

Renal disease 16,806 (0.99) 14,682 (0.88) 785 (4.47) 699 (3.57) 640 (13.96) <0.001
Charlson Comorbidity

Index <0.001

0 677,492 (39.77) 664,172 (39.96) 5674 (32.34) 6459 (33.02) 1187 (25.89)
1 691,773 (40.61) 676,615 (40.71) 6467 (36.86) 7314 (37.4) 1377 (30.03)
≥2 334,386 (19.63) 321,178 (19.33) 5402 (30.79) 5785 (29.58) 2021 (44.08)

Follow-up duration (years) 14.04 ± 2.36 14.06 ± 2.33 13.56 ± 3.08 13.38 ± 3.33 12.6 ± 3.90 <0.001

Data are presented as the mean ± standard deviation or number (percentage). Q, Quartile.

The baseline characteristics of the participants according to the heart failure are sum-
marized in Supplementary Table S1. The heart failure group was older, obese, had more
frequent consumption of alcohol, and had multiple comorbidities.
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After a median follow-up period of 14.04 ± 2.36 years, HF occurred in 75,064 (4.41%)
participants. Among the proteinuria groups, HF occurred most frequently in the proteinuria-
persistent group (Figure 2). The Kaplan–Meier curve showed that there were no significant
differences between the proteinuria-resolved group and the proteinuria-developed group.
The multivariate analysis indicated that participants in the proteinuria-persistent group
had a higher risk of HF than participants in the proteinuria-free group (HR: 2.19, 95% CI:
2.03–2.36, p < 0.001, Table 2, model 3) after adjusting for age, sex, and comorbid dis-
eases. Participants in the proteinuria-resolved (HR: 1.31, 95% CI: 1.24–1.38, p < 0.001) and
proteinuria-developed (HR: 1.52, 95% CI: 1.44–1.59, p < 0.001) groups also had a higher
risk of HF than those in the proteinuria-free group. In a further pairwise comparison,
participants in the proteinuria-resolved group had a lower risk of HF than participants
in the proteinuria-persistent group (HR: 0.64, 95% CI: 0.58–0.70, p < 0.001). The risk of
HF in the proteinuria-developed was higher than that in the proteinuria-free group (HR:
1.52, 95% CI: 1.45–1.60, p < 0.001) according to the multivariable analysis (Table 3, model 3).
Additionally, when the risk of HF was analyzed according to the degree of proteinuria,
the risk of HF was higher in the 4+ proteinuria group than in the proteinuria-negative
group (Supplementary Table S2). The risk of HF increased as the degree of proteinuria
increased, and this trend was the same in the first (2003–2004) and second (2004–2005)
health examinations.

Figure 2. Kaplan–Meier survival curves associated with the proteinuria status and risk of heart
failure occurrence.
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Table 2. Multivariable Cox analysis for the incidence of heart failure according to changes in the
proteinuria status.

Proteinuria Status Total (N) Heart Failure (N) IR (per 1000)
HR (95% Confidence Interval)

Model 1 Model 2 Model 3

Free 1,661,965 71,276 3.05 1 (ref) 1 (ref) 1 (ref)
Resolved 17,543 1386 5.83 1.93 (1.83, 2.03) 1.32 (1.25, 1.39) 1.31 (1.24, 1.38)

Developed 19,558 1708 6.53 2.16 (2.06, 2.27) 1.53 (1.46, 1.60) 1.52 (1.44, 1.59)
Persistent 4585 694 12.02 4.06 (3.77, 4.38) 2.23 (2.06, 2.40) 2.19 (2.03, 2.36)

p-value <0.001 <0.001 <0.001

Model 1, age and sex. Model 2, variables in model 1, body mass index, income, smoking, alcohol, exercise, history
of diabetes mellitus, dyslipidemia, atrial fibrillation, cancer, and renal disease. Model 3, variables in model 2 and
the Charlson Comorbidity Index. IR, incidence rate; HR, hazard ratio; CI, confidence interval.

Table 3. Pairwise comparison for the incidence of heart failure according to changes in the protein-
uria status.

Model 1 Model 2 Model 3

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value
Resolved vs. Free (ref) 1.93 (1.83, 2.03) <0.001 1.32 (1.26, 1.40) <0.001 1.31 (1.24, 1.38) <0.001

Developed vs. Free (ref) 2.17 (2.07, 2.27) <0.001 1.53 (1.46, 1.60) <0.001 1.52 (1.45, 1.59) <0.001
Resolved vs. Persistent (ref) 0.48 (0.44, 0.52) <0.001 0.64 (0.58, 0.70) <0.001 0.64 (0.58, 0.70) <0.001

Developed vs. Persistent (ref) 0.54 (0.49, 0.59) <0.001 0.73 (0.67, 0.80) <0.001 0.74 (0.68, 0.81) <0.001

Model 1, age and sex. Model 2, variables in model 1, body mass index, income, smoking, alcohol, exercise, history
of diabetes mellitus, dyslipidemia, atrial fibrillation, cancer, and renal disease. Model 3, variables in model 2 and
the Charlson Comorbidity Index; vs., versus; HR, hazard ratio; CI, confidence interval.

A subgroup analysis performed in regard to the presence of renal disease showed
that the risk of HF was higher in the proteinuria-persistent group among participants
with and without renal disease (with renal disease, HR: 2.61, 95% CI: 2.22–3.08, p < 0.001;
without renal disease, HR: 2.05, 95% CI: 1.88–2.23, p < 0.001, Supplementary Table S3,
Supplementary Figure S1). The proteinuria-resolved (with renal disease, HR: 1.64, 95%
CI: 1.39–1.93, p < 0.001; without renal disease, HR: 1.27, 95% CI: 1.20–1.35, p < 0.001), and
proteinuria-developed (with renal disease, HR: 1.47, 95% CI: 1.4–1.55, p < 0.001; without
renal disease, HR: 2.05, 95% CI: 1.88–2.23, p < 0.001) groups also had a higher risk of HF,
regardless of the presence of renal disease. The landmark analysis indicated a consistent
association between the proteinuria status and the risk of HF (HR: 2.19, 95% CI: 2.03–2.36,
p < 0.001 in model 3, Supplementary Table S4). The proteinuria-resolved (HR: 1.30, 95% CI:
1.24–1.38, p < 0.001 in model 3) and proteinuria-developed groups (HR: 1.51, 95% CI:
1.43–1.58, p < 0.001 in model 3) showed an elevated risk of HF compared to the proteinuria-
free group.

4. Discussion

Our study’s key findings indicate that the HF risk depends on changes in the protein-
uria status. The risk of heart failure was notably elevated in cases where proteinuria was
newly identified or persistent. Interestingly, we also observed that the risk of heart failure
decreased when proteinuria had been resolved.

The presence and severity of proteinuria are strong predictors of the future HF risk,
regardless of the estimated glomerular filtration rate or other traditional cardiovascular
risk factors [17–19]. The Heart Outcomes Prevention Evaluation study was a cohort study
with individuals aged 55 or older with cardiovascular disease or its risk factors. After a
median 4.5-year follow-up period, microalbuminuria was associated with an increased risk
of major cardiovascular events, heart failure, and mortality in patients with and without
diabetes mellitus [18]. In a large number (n = 10,975) of prospective observational studies
of HF-free participants (Atherosclerosis Risk in Communities (ARIC) Study), albuminuria
was associated with a future risk of HF [19]. This study categorized the urinary albu-
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min/creatinine ratio as optimal, intermediate normal, high normal, microalbuminuria, and
macroalbuminuria. The results showed that the intermediate normal and high normal
groups had higher risks of HF compared to the optimal group (adjusted HR, 1.54; 95% CI,
1.12–2.11, adjusted HR, 1.91; 95% CI, 1.38–2.66, respectively). Furthermore, a Japanese atrial
fibrillation registry study found proteinuria to be significantly associated with an increased
risk of HF among patients with atrial fibrillation [20]. These complementary findings from
diverse cohorts emphasize the robustness of the relationship between proteinuria and
heart failure, transcending geographical and clinical boundaries. Notably, the presence of
proteinuria has consistently emerged as a red flag, signaling an increased susceptibility to
various cardiovascular risk factors and the associated mortality risks linked to these factors.
Among these risk factors are hypertension, diabetes mellitus, and ischemic heart disease [6].
However, it is imperative to recognize the dynamic nature of the parameters within these
cohorts. Our study contributes a fresh perspective to this discourse by revealing a novel
finding: the risk of heart failure escalates significantly when proteinuria persists for a dura-
tion of at least 2 years. This temporal dimension adds an important layer of insight into the
evolving nature of heart failure risk and the potential impact of sustained proteinuria.

In our study, a noteworthy observation emerged: as proteinuria improved, the risk
of heart failure (HF) also demonstrated a significant decrease. This finding underscores
the potential modifiability of this risk factor, offering a promising avenue for preventive
strategies against HF. While there exists a well-established cadre of modifiable risk factors
associated with HF, encompassing hypertension, diabetes mellitus, obesity, smoking, and
dyslipidemia [21], it is crucial to incorporate proteinuria into the framework of a compre-
hensive prevention and management strategy for HF. Despite the widely acknowledged
significance of proteinuria as a risk factor for HF, relatively few studies have delved into
the question of whether the risk of HF diminishes with the improvement of proteinuria.
Our research fills this knowledge gap by shedding light on this critical aspect. Intriguingly,
our findings revealed that both the group with resolved proteinuria and the group that
developed proteinuria had similar risks for HF occurrence. This intriguing revelation under-
scores the idea that transient proteinuria, which ultimately resolves, may pose a lower risk
of HF compared to persistent proteinuria. This shift in risk may, in part, be attributed to the
duration of proteinuria (new versus persistent), suggesting that the timeline of proteinuria
can influence the risk of HF development. Considering these findings, the potential of
correcting proteinuria to reduce the risk of future HF takes on paramount significance.

Although we may not be able to provide an exact mechanism for the association
between persistent or improved proteinuria and changes in HF risk, we can propose
the following hypotheses. The presence of proteinuria can lead to structural changes
in the heart, such as left ventricular hypertrophy [22]. Left ventricular hypertrophy is
characterized by the thickening of the walls of the heart’s primary pumping chamber, a
response that can occur due to heightened pressure and volume stresses. Left ventricular
hypertrophy is associated with an increased risk of HF development. A thickened and
stiffened left ventricle may lead to impaired relaxation and filling of the heart, resulting
in diastolic dysfunction, which is a common form of HF [23]. Moreover, attenuated
proteinuria may reflect improved kidney function and a reduction in the underlying
inflammatory processes that contribute to HF development. Additionally, proteinuria-
associated conditions, such as hypertension and diabetes, can also increase the risk of
HF through various mechanisms, such as the promotion of inflammation, endothelial
dysfunction, and oxidative stress [24]. Overall, the association between proteinuria and an
increased risk of HF is likely multifactorial, involving both structural changes in the heart
and the presence of comorbidities that promote HF development.

Our study had several limitations. Although this was a longitudinal study, it is not
possible to confirm a causal relationship with a retrospective cohort study. Since our
dataset only included Asian participants, generalization to other ethnicities is difficult. We
confirmed proteinuria using a validated dipstick test, but we could not suggest a direct
cause of proteinuria. Additionally, the presence of proteinuria was tested by a urine dipstick
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test instead of through 24 h urine collection. In a former study of the diagnostic accuracy
of the urine dipstick test (1+ or higher), the sensitivity was 57.8% and the specificity was
95.4% [25]. A further study using 24 h urine collection is needed to provide stronger
evidence of proteinuria improvement and the risk of HF.

5. Conclusions

The risk of HF can change with changes in the proteinuria status. Proteinuria can be
considered a modifiable risk factor for HF.
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Abstract: Background: Oral beta-blockers are effective for heart failure and hypertension. Here, we
conducted a prospective study to investigate the efficacy of the beta-blocker bisoprolol in patients
switching from the oral tablet to the transdermal patch. Methods: We studied 50 outpatients receiving
oral bisoprolol for chronic heart failure and hypertension. After patients switched treatments, we
measured heart rate (HR) over 24 h by Holter echocardiography as the primary endpoint. Sec-
ondary endpoints were (1) HR at 00:00, 06:00, 12:00, and 18:00, (2) the total number of premature
atrial contractions (PACs) over 24 h and the incidence rate per time segment, and the total number
of premature ventricular contractions (PVCs) over 24 h and the incidence rate per time segment,
(3) blood pressure, (4) atrial natriuretic peptide and B-type natriuretic peptide, and (5) echocardiog-
raphy. Results: Minimum, maximum, mean, and total HR over 24 h was not significantly different
between the two groups. Mean and maximum HR at 06:00, total PACs, total PVCs, and PVCs at 00:00
to 05:59 and 06:00 to 11:59 were significantly lower in the patch group. Conclusion: Compared with
oral bisoprolol, the bisoprolol transdermal patch lowers HR at 06:00 and inhibits the onset of PVCs
during sleep and in the morning.

Keywords: bisoprolol; beta-blocker; percutaneous; transdermal patch; heart failure

1. Introduction

The efficacy of oral beta-blockers in heart failure has been demonstrated in numerous
large-scale trials, and they are one of the drugs needed for the treatment of heart failure [1,2].
Among beta-blockers, bisoprolol is preferred because it has the highest selectivity for the
β1 receptor and fewer adverse reactions in patients with bronchial asthma and diabetes [3].
Transdermally administered beta-blockers containing bisoprolol were originally developed
in Japan; bisoprolol was approved for the treatment of essential hypertension in 2013, and
then its indications were expanded to include tachycardiac atrial fibrillation in 2019. This
drug is administered once daily to achieve a stable plasma concentration. It reportedly
achieves stable blood pressure lowering and heart rate lowering effects over 24 h [4].
Moreover, Matsuoka et al. reported that the 8 mg transdermal patch maintains a sustained
plasma concentration of bisoprolol while lowering the peak plasma bisoprolol concentration
and has a higher trough concentration than the oral 5 mg tablet; the area under the curve
of plasma concentrations was similar to that of the 5 mg oral tablet [5]. Therefore, we
conducted a prospective clinical study to evaluate the effects of switching patients from
oral bisoprolol tablets to bisoprolol transdermal patches by measuring pulse rates and
other parameters.
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2. Methods

2.1. Study Protocol

This was an open-label, non-randomized trial that lasted 6 months. Study partici-
pants were outpatients who were receiving standard treatment for chronic heart failure
and hypertension, had been treated with a beta-blocker for at least 6 months, and had
stable disease without dose modifications. Afterward, they switched to using a bisoprolol
transdermal patch (Bisono® Tape, TOA EIYO Ltd. Astellas Pharma Inc., Tokyo, Japan).
Chronic heart failure was defined as heart failure in patients currently on oral medications
for the treatment of heart failure, such as diuretics, β-blockers, and renin–angiotensin
system inhibitors. The data at the time of oral bisoprolol administration was used as the
tablet group, and the data after switching from oral bisoprolol to the transdermal patch
was used as the patch group.

Baseline data were obtained before switching from oral bisoprolol to the patch, and
monitoring was continued for 6 months after the medication switch (Figure 1). Oral
bisoprolol tablets were taken orally after breakfast, and a bisoprolol transdermal patch
was attached to the chest or upper arm after breakfast. The comparative test doses of the
bisoprolol transdermal patch and oral bisoprolol were 2 mg to 1.25 mg, 4 mg to 2.5 mg, and
8 mg to 5 mg, respectively. A Holter electrocardiogram (ECG) and echocardiography were
conducted before patients switched to the bisoprolol transdermal patch at 0 months and
again at 6 months.

Figure 1. Study flowchart.

This study was conducted at Sekino Hospital, a logistical support hospital of the
Nihon University Itabashi Hospital, according to the Declaration of Helsinki. The study
details were explained to patients, and written informed consent was obtained. The study
was approved by our institutional review board and registered with our Hospital Medical
Information Network (study ID: UMIN000031538).

The primary endpoints were measurements of minimum, mean, maximum, and total
heart rate over 24 h determined by using a Holter ECG before (at 0 months) and 6 months
after the medication switch.

The secondary endpoints were as follows: (1) minimum, maximum, and mean heart
rate at 00:00, 06:00, 12:00, and 18:00 measured by Holter ECG (measurements at 6:00 and
00:00 were conducted during sleep); (2) the total number of premature atrial contractions
(PACs) over 24 h (excluding atrial fibrillation), the number of events in each time interval,
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and the total number of premature ventricular contractions (PVCs) over 24 h; (3) home blood
pressure measurements (systolic and diastolic) in the early morning; (4) atrial natriuretic
peptide (ANP) and B-type natriuretic peptide (BNP) levels measured at 0, 3, and 6 months;
(5) echocardiography (0 months and 6 months after medication switch), left ventricular
ejection (EF), fractional shortening (% FS), left ventricular end-diastolic dimension (LVDd),
left ventricular end-systolic dimensions (LVDs), and the left ventricular mass index (LVMI).

The following adverse effects were recorded: hypotension, bradycardia, renal dysfunc-
tion (defined as an increase in serum Cr levels by ≥50%), hepatic dysfunction (defined as
an increase in AST/ALT by ≥50%), skin reactions, and allergic reactions. The management
of adverse reactions, which included the discontinuation of the bisoprolol transdermal
patch, was decided by the attending physician.

2.2. Statistical Analysis

Observed values were expressed as medians and 25th and 75th percentiles. ANP and
BNP were analyzed by Friedman’s test, and the other variables by the Wilcoxon signed
rank test. A p-value of less than 0.05 was considered statistically significant.

3. Results

Fifty patients were enrolled in this trial, and their baseline characteristics are shown
in Table 1. In accordance with the study protocol, patients switched from the oral tablet
to the transdermal patch and remained on it for 6 months. Five patients discontinued the
transdermal patch during the study; the reasons for discontinuation were the development
of skin rashes in four patients (8%) and the development of bradycardia in one patient (2%).
Except for the five discontinued cases, all data were analyzed.

Table 1. Patient characteristics.

Total number of patients 50

Age (years) 75.1 ± 9.5

Sex: male, female 28, 22

Basic disease n (%)

Ischemic heart disease 13 (26%)

Valvular disease 22 (44%)

Hypertensive heart disease 13 (26%)

Other 2 (4%)

Classification of heart failure n (%)

HFrEF 6 (12%)

HFmrEF 5 (10%)

HFpEF 33 (66%)

HFpEF improved 6 (12%)

Risk factors n (%)

Type 2 diabetes 18 (36%)

Dyslipidemia 41 (82%)

Hyperuricemia 25 (50%)

Atrial fibrillation 17 (34%)

Obesity 9 (18%)

Medications n (%)

Oral bisoprolol

1.25 mg 10 (20%)
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Table 1. Cont.

2.5 mg 27 (54%)

5.0 mg 13 (26%)

Calcium antagonist 17 (34%)

Angiotensin II receptor blocker 18 (36%)

ACE inhibitor 4 (8%)

Aldosterone blocker 22 (44%)

α-blocker 5 (10%)

Diuretics 17 (34%)

Oral hypoglycemic agent 18 (36%)

Statin 42 (84%)

Ezetimibe 12 (24%)

Xanthanide oxidase antagonist 25 (50%)

Antiarrhythmic drugs n (%)

Bepridil 4 (8%)

Disopyramide 1 (2%)

Mexiletine 10 (20%)

Pilsicanide 4 (8%)

Verapamil 2 (4%)
ACE, angiotensin-converting enzyme; HFmrEF, heart failure with mid-range ejection fraction; HFpEFm, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.

Primary endpoints are shown in Table 2. There were no significant differences between
the two groups in the minimum, maximum, mean, and total HR over 24 h.

Table 2. Blood pressure, heart rate, premature ventricular contractions, and premature atrial
contractions over 24 h before and after switching from oral bisoprolol tablets to the bisoprolol
transdermal patch.

Tablet Patch p Value

Systolic blood pressure (mm Hg) 127 (117, 137.5) 127.5 (116.5, 141.3) 0.674
Diastolic blood pressure (mm Hg) 71.5 (65.8, 81.3) 73.5 (66, 81) 0.977
Heart rate

Minimum (bpm) 56 (51, 60.5) 54 (51, 61) 0.63
Mean (bpm) 73 (68.5, 80.5) 72 (66.5, 77) 0.227
Maximum (bpm) 115 (102.5, 126) 112 (97.5, 126) 0.359

Total (n) 100,865 (90,907,
109,855)

96,953 (90,365,
106,020) 0.467

PVC time segment (h)
0–5 8 (1, 87) 4 (0, 24.5) 0.005
6–11 13 (3, 110) 8 (5, 32.5) 0.009
12–17 10 (3, 85) 13 (1, 58.5) 0.359
18–24 15 (2, 101) 15 (1, 42.5) 0.085

PAC time segment (h)
0–5 10 (0, 46.5) 5 (0, 23.5) 0.07
6–11 8 (0, 56) 12 (0, 26) 0.062
12–17 13 (0, 53) 10 (0, 23.5) 0.269
18–24 11 (0, 28) 10 (0, 28.5) 0.33

PACs, premature atrial contractions; PVCs, premature ventricular contractions.

The results of the secondary endpoints are summarized below:
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(1) The hourly heart rates are shown in Table 3. For heart rates measured at 6:00, there
were no differences in the minimum heart rates between the groups (p = 0.334). However,
the mean heart rates at 06:00 were 72.9 ± 2.1 bpm and 67.7 ± 1.6 bpm in the tablet and patch
groups, respectively (p = 0.018), and the maximum heart rates at 06:00 were 90.0 ± 2.9 bpm
and 80.6 ± 2.6 in the tablet and patch groups, respectively (p = 0.002). Thus, the hourly
heart rate was significantly lower in the patch group than in the tablet group. No group
differences were observed at other time points.

Table 3. Minimum, mean, and maximum hourly heart rate (bpm) for six hourly blocks at 0:00, 6:00,
12:00, and 18:00.

Tablet Patch p-Value

6:00
Minimum 60 (55, 70.5) 60 (54.5, 68) 0.239
Mean 71 (61, 81.5) 65 (61, 76) 0.018
Maximum 85 (75, 101.5) 79 (73.5, 93) 0.003

12:00
Minimum 66 (60.5, 73) 65 (58, 74,5) 0.615
Mean 75 (70, 87.5) 74 (68, 81.5) 0.448
Maximum 92 (83, 108.5) 89 (80.5, 105) 0.368

18:00
Minimum 68 (61.5, 73) 66 (60.5, 72.5) 0.325
Mean 77 (67, 84.5) 72 (68, 82.5) 0.114
Maximum 91 (85.5, 101.5) 87 (77.5, 100) 0.082

0:00
Minimum 62 (55.5, 68) 60 (55, 67.5) 0.529
Mean 67 (61, 73) 65 (58.5, 71) 0.194
Maximum 78 (69, 86.5) 76 (70, 82) 0.403

(2) We determined the total PACs and PVCs that occurred over 24 h and the PACs and
PVCs per time interval (Figure 2, Table 2). Both total PACs and PVCs were significantly
lower in the patch group than in the tablet group (PAC, p = 0.015; PVC, p = 0.039; Figure 2).
PACs in terms of the onset per hour were not significantly different between the groups, but
PVCs were significantly lower at 00:00 to 05:59 and 06:00 to 11:59 in the patch group (Table 2).
Even though PVCs were observed in both groups, the majority of occurrences were isolated
PVCs, and ablation therapy was not needed. In this study, mexiletine hydrochloride was
orally administered for PVCs, and the dose was not modified during the study period.

(3) Systolic and diastolic blood pressure were measured at home in the early morning
(Table 2), and there were no significant differences in either systolic or diastolic blood
pressure measurements between the two groups.

(4) ANP and BNP levels did not change significantly over time (Table 4).
(5) Echocardiographic data showed that EF, LVDd, LVDs, E/e’, and the LVMI were

not significantly different between the two groups (Table 4).

Table 4. Patient echocardiographic measurements of atrial natriuretic peptide and B-type natriuretic
peptide levels before and after switching from oral bisoprolol tablets to bisoprolol transdermal patch.

0 Months
(Tablet)

3 Months
(Patch)

6 Months
(Patch)

p -Value

ANP levels (pg/mL) 73.6 (46.9, 118.8) 65.6 (50.3, 96.1) 78.8 (45.2, 121.8) 0.341
BNP levels (pg/mL) 89.8 (41.2, 174.5) 83.4 (39.7, 174.7) 87.1 (47.9, 186.4) 0.428

Echocardiography 0 months
(Tablet)

6 months
(Patch) p-value
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Table 4. Cont.

0 Months
(Tablet)

3 Months
(Patch)

6 Months
(Patch)

p -Value

LVDd (mm) 45 (43, 51) 45 (41, 52) 0.861
LVDs (mm) 29.5 (27, 34.3) 29 (27, 34,3) 0.638
Ejection fraction (%) 64.5 (59.3, 68.3) 63.7 (59.9, 67.4) 0.400
E/e′ 10,7 (7.9, 17.1) 11 (8.1, 17.3) 0.369

LVMI (g/m2) 158.8 (121.5, 181.7) 141.1 (120.8, 164.9) 0.064

ANP: atrial natriuretic peptide, BNP: B-type natriuretic peptide, LVDd: left ventricular end-diastolic diameter,
LVDs: left ventricular end-systolic diameter, E/e′: the ratio of early diastolic mitral inflow to mitral annular tissue
velocities, LVMI: left ventricular mass index.

Figure 2. Bar graph showing the total number of premature ventricular contractions and premature
atrial contractions over 24 h in patients from the oral bisoprolol tablet group and the bisoprolol trans-
dermal patch group. PVCs, premature ventricular contractions; PACs, premature atrial contractions.

4. Discussion

This study indicated that the patch group had significantly lower HRs in the early
morning. The total number of PACs and PVCs in 24 h was significantly lower in the
patch group than in the tablet group, and the number of PVCs was significantly lower
during sleep and in the morning in the patch group. With regard to the onset of arrythmia,
significantly fewer PACs and PVCs occurred over 24 h in the patch group than in the tablet
group, and the number of PVCs were significantly lower during sleep and in the morning
in the patch group. We selected 06:00 as the study time point because cardiovascular events
and sudden death are more likely to occur in the morning and during sleep. The study
result shows that the effects of the patch formulation of beta-blockers last longer than those
of the tablet formulation. However, it is not investigated in patients who require treatment
for arrhythmia or tachycardia. As such, it is necessary to study the effects of both drug
formulations in patients who need to be treated for arrhythmia or tachycardia.

In a previous study, we reported that the peak blood bisoprolol concentration after
2 weeks of treatment was 2.2 ± 0.8 h in the tablet group and 7.8 ± 2.0 h in the patch group
and that the half-life was 10.02 ± 1.29 h in the tablet group and 20.80 ± 4.48 h in the patch
group [6]. Blood bisoprolol concentrations were higher in the tablet group in the first 6 h
after administration of the medication, and thereafter, the patch group had higher blood
bisoprolol concentrations from 6 to 36 h after administration of the medication. In the
present study, we did not measure the blood concentration of bisoprolol; however, because
the half-life of the patch formulation is longer and the blood bisoprolol concentration from
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6 to 36 h after the application is higher, we presume that the efficacy of the drug persisted
during sleep and through to the morning of the next day.

Until now, only two studies have evaluated the switch from tablets to patches. Mo-
momura et al. performed a phase II study on 40 patients with chronic heart failure who
switched from oral tablets to patch formulations; the study showed favorable safety and
efficacy. Based on the New York Heart Association functional classifications, there were no
changes in the left ventricular functions observed by cardiac ultrasound imaging. Moreover,
there were no pulse rate changes after switching to the patch. However, systolic blood
pressure was significantly lower at weeks 8 and 16 after the medication switch [4]. Sairaku
et al. reported that 30 patients with hypertension had their medication changed from the
orally administered tablet to the patch formulation, and no differences were observed in
the 24 h time domain or frequency domain of the heart rate variability (HRV) measure-
ments. However, switching to the patch significantly altered the time-course curves of the
hourly HRV measurements, which included the mean normal-to-normal (NN) interval, the
standard deviation of the NN index, the high-frequency component, and the low-frequency
component. Even though an equivalent dose of bisoprolol was given, the authors con-
cluded that the autonomic modulation pattern might vary depending on whether the
patient received the bisoprolol transdermally or orally [6].

To date, only two randomized studies on patients allocated to either tablet or patch
versions of bisoprolol have been reported. Yamashita et al. conducted a comparative
study of oral versus patch formulation in 220 patients with persistent and chronic atrial
fibrillation (BBISONO-AF study). No group differences were observed in either the resting
or mean HRs over 24 h measured by 12-lead ECG. They also reported that a 2.5 mg tablet is
comparable to a 4 mg patch, and a 5 mg tablet is comparable to an 8 mg patch. Moreover,
they found that the HR-lowering effect of the transdermal patch is most effective in the early
morning when the HR is rising or when a high HR condition causes sympathetic input.
Therefore, the patch was more effective in patients with sympathetic nervous tension [7].
Matsuoka et al. demonstrated that the patch had a more stable plasma concentration time
profile than the tablets, and the morning heart rate was dose-dependent and significantly
lower in the patch group than the tablet group [5].

Neither of these studies reported data on PVCs or PACs. However, Shinohara et al.
investigated the efficacy of the bisoprolol patch by measuring the frequency of PVCs in
44 patients without structural heart disease. They reported a consistent decrease in PVC
over 24 h and wrote that PVCs are triggered by sympathetic activation and that the patch
formulation of bisoprolol has a longer half-life and exerts sustained effects in reducing
PVCs over 24 h [8].

Concerning adverse effects, skin rash was observed in four patients in the present
study. Initially, the patch was manufactured with a rubber adhesive, but an acrylic adhesive
started to be used in January 2019. In this study, 23 patients used rubber adhesive patches
only, 16 patients used acrylic adhesive patches only, and 11 patients used rubber adhesive
patches at first and then switched to acrylic adhesive patches. Skin rash was observed in
three patients (8.85%) with a rubber adhesive patch and one patient (3.7%) with an acrylic
adhesive patch; the difference was not significant (p = 0.623). However, the question of
whether the type of adhesive affects the rate of skin rash may need further investigation.

In this study, the test drug, the bisoprolol transdermal patch, was administered for
6 months, which was the longest observation period reported so far. This study demon-
strated stable effects over 24 h and clearly suggested that there was parasympathetic nerve
inhibition throughout the day. Although there were no significant differences in the LVMI
at 6 months, a decreasing trend was observed. Therefore, a longer treatment period may
result in improvement and inhibition of cardiac enlargement and prognosis. Thus, an
additional study with a longer observational period is necessary to better understand
these results.
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5. Limitations

This study has several limitations. Although it was a prospective study, it was per-
formed at a single center with a limited number of patients. Additionally, we only in-
vestigated the effects in patients who switched from the orally administered tablet to the
transdermal patch and did not evaluate patients who switched from the patch to oral
tablets. In addition, the study did not measure blood concentrations of bisoprolol, and
obtaining such data would help to determine the differences between the patch and oral
formulations. A 2.5 mg tablet is considered to correspond to a 4 mg patch, and a 5 mg tablet
to an 8 mg patch. However, because we did not measure blood concentrations during the
study period, we do not know whether there is a correlation between the doses of the two
formulations. Furthermore, it is difficult to conclude whether the observed effects were due
to the dose or differences in the dose because of the small number of patients. Therefore, a
future study with a more robust design is required.

6. Conclusions

Compared with oral bisoprolol, the bisoprolol transdermal patch lowers HR at 06:00
and inhibits arrythmia during sleep and in the morning.
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Abstract: Psychological well-being is a good predictor of several health outcomes in cardiovascular
disease patients (adherence, quality of life, and healthy behaviors). The perception of health control
and a positive orientation seem to have a beneficial effect on health and well-being. Therefore,
the aim of this study was to investigate the role of the health locus of control and positivity in
the psychological well-being and quality of life of cardiovascular patients. A total of 593 cardiac
outpatients completed the Multidimensional Health Locus of Control Scale, the Positivity Scale
and the Hospital Anxiety and Depression Scale at baseline (January 2017) and 9 m later (follow-up;
n = 323). A Spearman rank correlation coefficient and a structural equation modeling approach
were determined to explore the relationships between those variables both cross-sectionally and
longitudinally. A cross-sectional correlation analysis at baseline revealed that the internal health locus
of control and positivity were negatively associated with anxiety (rs = −0.15 and −0.44, ps < 0.01)
and depression (rs = −0.22 and −0.55, ps < 0.01) and positively associated with health-related quality
of life (rs = 0.16 and 0.46, ps < 0.01). Similar outcomes were found at follow-up and in longitudinal
correlations. According to the path analysis, positivity was found to be negatively associated with
anxiety and depression level at baseline (β = −0.42 and −0.45, ps < 0.001). Longitudinally, positivity
was negatively associated with depression (β = 0.15, p < 0.01) and together with the internal health
locus of control, was positively associated with health-related quality of life (β = 0.16 and 0.10,
respectively, ps < 0.05). These findings suggest that focusing on the health locus of control and
especially positivity may be crucial in enhancing the psychological well-being of patients in the
context of cardiac care. The potential impact of these results on future interventions is discussed.

Keywords: cardiovascular disease (CVD); health locus of control; positivity; psychological well-being;
health-related quality of life

1. Introduction

Cardiovascular disease (CVD) is a broad term that encompasses various medical
conditions affecting the heart and blood vessels [1]. These conditions include coronary
artery disease, heart failure, arrhythmias, valvular heart disease, and peripheral artery
disease, among others [1]. CVD is highly prevalent worldwide, and this trend appears to
be increasing. Recent data from the Global Burden of Cardiovascular Diseases and Risk
Factors [2] show that the total prevalence of CVD has nearly doubled in the last three
decades, from 271 million in 1990 to 523 million in 2019. The increase in prevalence has
been accompanied by a significant rise in disability-adjusted life years and years lived with
disability from 17.1 million to 34.4 in the same period, as well as an alarming mortality
rate among affected patients [2]. With its different typologies, CVD remains the leading
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cause of death worldwide [3]. To such an extent that according to the World Health
Organization [4], in 2019, 17.9 million people died due to CVD, representing 32% of global
deaths. The enormous burden of this health condition [5] has led to the need for working
at a preventive level, from health promotion to the implementation of interventions that
reduce associated risk factors [6]. This aspect has become a real challenge for healthcare
systems from all disciplines that address these types of diseases [7,8].

There are several risk factors related to CVD, but psychosocial factors are particularly
relevant due to their influence in this disease [6,7,9]. According to the European Society
of Cardiology [10], some of the psychosocial risk factors noted are low socio-economic
status, lack of social support, Type D personality, stress at work and in family life, hostility,
depression, and anxiety [9]. Therefore, from a biopsychosocial approach of health, inter-
ventions for CVD patients should also address their psychological well-being to mitigate
the emotional consequences of the diagnosis [6,8,11]. To design effective integrative inter-
ventions for CVD patients, it is crucial to explore which psychological variables influence
cardiovascular health (CVH) and well-being, as well as the role of personality dispositions
in these variables. This approach could be beneficial both in the prevention and treatment
of CVD, considering individual differences in psychological profiles [12,13]. For these
reasons, incorporating a psychosocial approach in cardiac rehabilitation could improve the
clinical management of CVD and have a positive impact on patient outcomes [14].

1.1. CVD and Psychological Well-Being and Quality of Life

Psychological well-being is a complex term to define, but it is typically associated with
positive thoughts and emotions that individuals experience regarding their life satisfaction
and overall sense of worth [15]. Therefore, it refers to optimal psychological functioning,
which includes a combination of emotional aspects (e.g., happiness and experiencing
positive emotions) as well as higher-level functions such as resilience, coping, and emotional
regulation [15,16]. In contrast, psychological distress is composed of constructs such as
anxiety, depression, anguish, or hostility [17].

Recent research has shown the association and relevance of psychological well-being
or distress among patients with CVD [11,18,19]. Studies have found that increased levels
of well-being were related to improved CVH [11] and lower odds of mortality due to a
cardiac event [6,20]. Conversely, psychological distress, specifically depression and anxiety,
has been bidirectionally linked to CVD [9,21]. Meta-analyses and longitudinal studies
have provided evidence that depression and anxiety are risk factors for CVD, with an
association between them and an increased risk of developing heart diseases such as
ischemic heart disease or coronary heart disease [22–24]. In addition, the diagnosis of CVD
may exacerbate anxiety and depressive symptoms in these patients. Some studies have
reported a high prevalence of depression among patients with coronary artery disease,
with 34% of them experiencing moderate to severe depression, which could negatively
affect their prognosis [25]. A meta-analysis performed by Gathright et al. [26] found that
depression was a predictor of all-cause mortality in heart failure. Furthermore, patients with
coronary heart disease or heart failure and depressive symptoms are more likely to have a
lower quality of life and a greater risk for recurrent cardiovascular events and mortality [23].
At the same time, studies addressing psychological distress and CVD have showed some
sex differences. Women with CVD reported greater and more severe symptomatology of
anxiety and depression than men with CVD [27,28], highlighting the need to consider these
differences when designing and applying treatments for CVD patients.

CVD can have a significant impact on patients’ lives, not only causing psychological
distress mentioned above but also physical symptoms such as reduced mobility, pain, and
fatigue [29]. These symptoms may become chronic and can negatively affect their quality
of life [13]. Previous studies have shown the association between a CVD diagnosis and a
lower HRQoL [30,31], which includes physical, mental, and social factors, as well as subjective
perceptions of health and well-being [32]. At the same time, lower HRQoL is associated with
other CVD risk factors such as a reduced adherence to medication and an in-creased risk of
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recurrent cardiovascular events [33–35]. These findings have led to a wide body of research
studying the role of HRQoL as an important variable in the context of chronic conditions,
such as CVD, in order to better understand and intervene on its impact.

The impact of psychological distress on the quality of life of individuals with cardio-
vascular disease emphasizes the need to intervene in their emotional and psychological
care [6–9,14]. Further research is necessary to identify key variables that promote their
psychological well-being and provide protective effects against the disease.

1.2. CVD and Personality Dispositions: Positivity and Health Locus of Control

Personality dispositions are consistent patterns of thoughts, feelings, and behaviors
that characterizes an individual and are relatively stable over time and across different con-
texts [36]. Some personality dispositions have been found to be related to well-being and
quality of life, such as positivity and the health locus of control (HLC). Positivity is a psycho-
logical construct that provides insights into individuals’ overall sense of wellness as it can be
defined by factors such as self-esteem, satisfaction with life, and optimism [37]—factors that
have been studied by their association with chronic conditions. For instance, self-esteem
has been found to mediate the relationship between life satisfaction and lower depression
in CVD patients [38]. Optimism, on the other hand, seems to favor other psychological and
cognitive mechanisms that promote better cardiovascular health (CVH) [11,18,39], reduce
the risk of cardiovascular events [40], and facilitate the engaging of health-related behav-
iors [39]. In addition, several studies have found that positivity is a significant predictor
of psychological variables related to psychological well-being and quality of life, such as
depression and anxiety [11,37,41], as well as to the prognosis of the disease, reducing the
rate of rehospitalization and mortality [41]. Therefore, encouraging individuals to adopt a
more positive outlook on life, including their illness, would be necessary to help them feel
more in control and self-efficacious in coping with their situation [18,40]. Thus, another
much related and equally important variable would be the health locus of control.

Improving a CVH prognosis involves making lifestyle changes [42], which can be
influenced by various factors, including the personality disposition of HLC [43]. HLC refers
to people’s beliefs about their ability to control their health, which can be either internal
or external [43]. Internal HLC refers to individuals’ perception of having control over
their health, while external HLC refers to the belief that external factors, such as genetics,
chance, or other people including family and physicians, have control over one’s health [44].
According to the Health Locus of Control Theory, individuals’ health-related behaviors are
associated with their perception of their ability to overcome health problems. Internal HLC
has been found to be linked to engage in positive and protective health behaviors [45,46].
On the other hand, individuals with external HLC may have a lower sense of personal
responsibility for one’s own health, which may result in worse health outcomes and a
poorer disease prognosis [47].

The literature shows the significant role of psychological variables and personality
traits in better understanding and conceptualizing the onset and consequences of CVD in a
person’s life. However, there is still a need to further investigate the specific mechanisms
that underlie the association between these variables. Such research could provide valuable
information for designing future psychological treatments and enhancing the effectiveness
of cardiac rehabilitation programs, leading to improved psychological well-being and
quality of life for CVD patients.

1.3. Aim and Hypotheses

The aim of this research was to explore the influence of HLC and positivity variables
on psychological well-being, considering levels of anxiety and depression, and HRQoL
in patients with CVD over time. For this purpose, the evaluations of these variables were
carried out at two different times, thus being able to obtain results of the same variables in
a first phase (baseline), and after approximately 9 months in a second phase (follow-up).
The hypotheses proposed for this study were as follows (Figure 1):
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Baseline Follow-up

Figure 1. Proposed research hypothesis model. Sociodemographic variables: age, sex, economic and
educational level, etc. Personality and dispositional variables: positivity and health locus of control.
Psychological well-being: levels of anxiety and depression; HRQoL: health-related quality of life. The
model does not include H2, H3, and H4 as they refer to correlations between variables rather than
predictive relationships.

Hypothesis H1. Sociodemographic variables are significantly associated with the dispositional
variables, psychological well-being and the HRQoL.

Hypothesis H2. Patients with higher levels of positivity will have lower levels of anxiety and
depression, and therefore greater psychological well-being as well as higher health-related quality of
life, both cross-sectionally (H2a) and longitudinally (H2b).

Hypothesis H3. The patients with higher levels of internal HLC will have lower levels of anxiety
and depression, and therefore greater psychological well-being and HRQoL, both cross-sectionally
(H3a) and longitudinally (H3b).

Hypothesis H4. The internal HLC and positivity, given the stability of personality dispositions,
will maintain similar correlations with psychological well-being and HRQoL both at baseline and at
follow-up.

Hypothesis H5. Positivity will predict the levels of psychological well-being and HRQoL variables
(dependent variables) in patients, both cross-sectionally (H5a) and longitudinally (H5b).

Hypothesis H6. The internal HLC will predict the levels of psychological well-being and HRQoL
variables (dependent variables) in patients, both cross-sectionally (H6a) and longitudinally (H6b).

2. Materials and Methods

2.1. Participants and Procedure

This study included 593 CVD patients (M = 64.75, SD = 9.07) recruited from the
Cardiology Unit of the University Reina Sofía Hospital (Córdoba, Spain) who participated
in the CORDIOPREV study [48,49] using a convenience sampling method. The inclusion
and exclusion criteria of this study followed those of the primary study. Patients that had
already suffered a first cardiac event and were diagnosed with an established coronary
heart disease (e.g., unstable coronary disease, acute myocardial infarction, chronic coronary
disease, and unstable angina) were included. CVD patients that had experienced a clinical
event in the last 6 months were excluded. The study sample characteristics had been
previously published [48,49].

A longitudinal study was designed to test the hypotheses proposed. A battery of
questionnaires was administered to the participants to assess HLC, positivity, psychological
well-being through the components of anxiety and depression, and HRQoL at two different
times. The baseline assessment started in January 2017 and the follow-up evaluation was
conducted approximately 9 months later. At baseline, the sample was composed of 593
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patients, and at follow-up of 323 CVD patients. Sociodemographic characteristics measured
are shown in Table 1.

Table 1. Patients’ sociodemographic characteristics (n = 593).

Sociodemographic Characteristics Frequencies (%)

Sex
Male 508 85.7

Female 85 14.3

Age, Mean (SD) = 64.75 (9.07)

Employment status
Unemployed 29 4.9

Part-time worker 17 2.9
Full-time worker 119 20.1

Retired 398 67.1
Housework 30 5.1

Partner
Yes/With 527 88.9

No/Without 66 11.1

Educational level
Very low 1 0.2

Low 18 3.0
Middle 332 56.0

High 226 38.1
Very high 16 2.7

Economic level
Very low 8 1.3

Low 90 15.2
Middle 460 77.6

High 35 5.9

The current study was approved by the corresponding Research Ethics Committees
(June 2015). Prior to their participation, all patients were informed about this study’s
objectives and assured that their involvement would be voluntary and anonymous. Those
who consented to participate provided written informed consent. Participants completed
the questionnaires using tablets in a designated room at the hospital. The surveys were
conducted using the Unipark program (v. 10.9), which is an online survey software available
through the Questback academic program. Sociodemographic characteristics measured are
shown in Table 1.

2.2. Instruments

Sociodemographic ad hoc questionnaire. The study participants were asked to provide
sociodemographic details such as their sex, age, employment status, marital status (whether
they had a partner), educational background, and economic status.

Multidimensional Health Locus of Control Scale (MHLC-S [46]). The MHLC-S evalu-
ates the locus of control for health. It is composed of four factors according to whom the
control is assigned, which in this study are termed: internal HLC; chance HLC; doctors
HLC; and other people HLC. Although the original scale contains 24 items (e.g., “I am
directly responsible for my condition getting better or worse”), in this study, a short version of the
scale composed of 12 items was used (each factor contains 3 items). It uses a Likert response
format of 7 points in a range of 1 (strongly disagree) to 7 (strongly agree). The original

105



J. Pers. Med. 2023, 13, 873

study shows a measure with Cronbach’s alpha between 0.66 and 0.77. Due to the low
reliability of the doctor’s factor in this study, it was excluded from the analysis. However,
after deleting this subscale, Confirmatory Factor Analyses indicated a good model fit of the
scale at both measurement moments. The fit indices at T1 were: χ2 (24) = 84.86, p < 0.001;
RMSEA (90% CI) = 0.07 (0.05, 0.08); CFI = 0.96; TLI = 0.95; GFI = 0.97; and AGFI = 0.94.
At T2, the fit indices were χ2(21) = 49.59, p = 0.002; RMSEA (90% CI) = 0.06 (0.04, 0.08);
CFI = 0.97; TLI = 0.96; GFI = 0.97; and AGFI = 0.93.

Positivity Scale (P-scale [37]). This scale evaluates the personal tendency to interpret
life and vital experiences from a positive point of view. It is a unidimensional scale that
contains eight items (e.g., “I have great faith in the future”) ranging from 1 (strongly disagree)
to 5 (strongly agree). A higher score indicates greater positivity. Previous studies have
reported adequate internal consistency of the measure in different countries, including
Spain, with a Cronbach’s alpha of 0.81 [37].

Hospital Anxiety and Depression Scale (HADS [50], Spanish validation from Terol et al. [51]).
The HADS is a self-administered scale that allows the evaluation of psychological well-being
considering the total score on the scale, as well as from the two factors that compose it: anxiety
(HADS-A; e.g., “I get sort of a frightened feeling as if something awful is about to happen”) and
depression (HADS-D; e.g., “I feel as if I am slowed down”). This measure is composed of 14 items
distributed in anxiety and depression subscales, each one having 7 items and with a 7-point
frequency scale ranging from 1 (never) to 7 (every day). A higher score indicates higher levels of
anxiety and depression, respectively, and therefore a lower level of psychological well-being
when considering the total score of the scale. Previous studies have reported adequate internal
consistency: α = 0.78 in HADS-A, α = 0.82 in HADS-D, and α = 0.89 in the general scale [51].

The Short Form-12 Health Survey (SF-12 [52], Spanish validation from Failde et al. [53]).
The SF-12 is a self-report questionnaire that assesses health-related quality of life. It consists of
12 items that measure 8 domains related to health: physical functioning, role limitations due
to physical problems, bodily pain, general health perceptions, vitality, social functioning, role
limitations due to emotional problems, and mental health. These domains are subdivided in
a mental health component (MCS; six items: e.g., “have you had any problems with your work
or other regular daily activities as a result of your emotional problem (such as feeling depressed or
anxious)?”) and a physical health component (PCS; six items: e.g., “Does your health now limit
you in walking several blocks?”). From the twelve items, eight were presented on a 5-point
Likert-type scale and four in a dichotomous format that required a ‘yes’ or ‘no’ response.
Higher scores indicate better health-related quality of life. Previous studies have reported
adequate internal consistency: α = 0.85 in PCS and α = 0.78 in MCS [54].

2.3. Statistical Analysis

Descriptive statistics were conducted to know the frequencies of the sociodemographic
characteristics. Subsequently, a Kolmogorov–Smirnov test was conducted to determine
whether the data were normally distributed. The results conclude that the assumption of
normality was violated in all evaluated scales. Therefore, we performed Spearman’s rank
correlation analyses to measure the association between the variables cross-sectionally and lon-
gitudinally. Then, we conducted a path analysis using the structural equation modelling (SEM)
approach to further explore the explanatory capacity of the HLC and positivity on psychologi-
cal well-being, anxiety and depression factors, and health-related quality of life. The model’s
adequacy was evaluated by means of several metrics, including the chi-squared statistic (χ2),
the comparative fit index (CFI), the Tucker–Lewis index (TLI), the root mean square error of
approximation (RMSEA), and the standardized root mean square residual (SRMR). For model
evaluation, we followed the recommendations of Schermelleh-Engel et al. [55]. According to
these authors, an acceptable model fit is indicated by a χ2/df value that is equal to or less than
3, as well as CFI and NNFI values that are equal to or greater than 0.95, and RMSEA values
that are less than 0.08, accompanied by a confidence interval (CI) that is in close proximity to
RMSEA. The independent variables were “health locus of control (HLC)” and “positivity”,
while the dependent variables were “psychological well-being” assessed through levels of
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“anxiety” and “depression”, and HRQoL. A descriptive analysis and Spearman’s correlations
were performed using the statistic software SPSS (v.28) and to estimate the path coefficients,
we used the software package AMOS (v.13). To interpret correlation results, we considered
Cohen’s (1988) [56] suggestions, where a correlation coefficient of 0.1 to 0.3 was considered
small, 0.3 to 0.5 was moderate, and greater than 0.5 was large. For both analyses, we set the
significance level at p < 0.05.

3. Results

3.1. Sociodemographic Characteristics of Participants

Sociodemographic features of the participants are presented in Table 1. The study
sample was majorly composed of men [85.7%]. Regarding labor status, most of the par-
ticipants were retired [67.1%], followed by having a full-time job [20.1%], houseworkers
[5.1%], unemployed [4.9%], and part-time workers [2.9%]. Regarding marital status, most
patients had a partner [88.9%]. Finally, the highest number of respondents had received
middle educational qualification [56%], followed by high educational level [38.1%], low
[3%], very high [2.7%], and very low [0.2%].

3.2. Cross-Sectional Analysis

In the first correlation analysis, data were obtained on the associations between all
variables (at baseline and at follow-up independently). The significant correlations between
the study variables were as follows (Table 2): at baseline, the other people HLC correlated
negatively with depression (rs = −0.22) as well as with psychological distress (rs = −0.17);
the internal HLC correlated negatively with anxiety (rs = −0.15) and depression (rs = −0.22)
and with psychological distress (rs = −0.20) and positively with all the HRQoL (global,
rs = 0.16; MCS, rs = 0.14; PCS, rs = 0.15). Moreover, the internal HLC was positively
associated with the other people HLC factor (rs = 0.26) and positivity (rs = 0.13); the chance
HLC correlated negatively with depression only (rs = −0.10). Finally, positivity correlated
positively with the internal and other people HLC (rs = 0.13, rs = 0.20, respectively) and
all HRQoL factors (global, rs = 0.46; MCS, rs = 0.51; PCS, rs = 0.34), and negatively with
psychological distress (rs = −0.55), depression (rs = −0.55), and anxiety (rs = −0.44). At
follow-up, the only differences were that the internal HLC did not positively correlate with
the PCS HRQoL. Other people HLC correlated negatively with anxiety (rs = −0.19) and
positively with MCS HRQoL (rs = 0.16). Thus, most of the correlation results remained
stable over time.

3.3. Longitudinal Analysis

The second correlation analysis was conducted to identify any statistically significant
relationships between the evaluated variables at baseline and at follow-up (Table 3). Re-
garding the independent variables, the three HLC factors at baseline significantly correlated
with themselves at follow-up (internal HLC, rs = 0.44; other people HLC, rs = 0.47; and
chance HLC, rs = 0.43). Only other people HLC was significantly associated with positivity
at follow-up (rs = 0.18). In contrast, baseline positivity correlated with the variables’ positiv-
ity (rs = 0.54), other people HLC (rs = 0.23), and internal HLC (rs = 0.17) at follow-up. On the
other hand, with respect to the association between independent and dependent variables,
several significant data were found. Baseline scores of the other people HLC correlated
negatively with follow-up psychological distress (rs = −0.17), anxiety (rs = −0.13), depres-
sion (rs = −0.22), and PCS HRQoL (rs = −0.14); the internal HLC showed similar outcomes,
but with the difference that this factor correlated positively with the global (rs = 0.13) and
MCS HRQoL (rs = 0.16) and not with the PCS HRQoL and anxiety; the chance HLC did not
correlate significantly with any dependent variable. Finally, baseline positivity correlated
negatively with follow-up anxiety (rs = −0.35), depression (rs = −0.36), and psychological
distress (rs = −0.39) and positively with all HRQoL factors (global, rs = 0.33; MCS, rs = 0.36;
PCS, rs = 0.26).
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Table 2. Cross-sectional correlation analysis of all variables at baseline (a) and at follow-up (b).

(a) Baseline (n = 593)

1 2 3 4 5 6 7 8 9 10

1. Other people
HLC 1

2. Internal HLC 0.26 ** 1
3. Chance HLC 0.30 ** −0.02 1
4. Positivity 0.20 ** 0.13 ** 0.07 1
5. HADS −0.17 ** −0.20 ** −0.05 −0.55 ** 1
6. Anxiety −0.09 −0.15 ** −0.02 −0.44 ** 0.91 ** 1
7. Depression −0.22 ** −0.22 ** −0.10 * −0.55 ** 0.86 ** 0.58 ** 1
8. SF-12 −0.02 0.16 ** −0.02 0.46 ** −0.63 ** −0.54 ** −0.59 ** 1
9. SF-12 (MCS) 0.05 0.14 ** 0.01 0.51 ** −0.73 ** −0.65 ** −0.65 ** −0.88 * 1
10. SF-12 (PCS) −0.03 0.15 ** −0.06 0.34 ** −0.43 ** −0.38 ** −0.44 ** −0.91 ** 0.61 ** 1

(b) Follow-up (n = 323)

1 2 3 4 5 6 7 8 9 10

1. Other people
HLC 1

2. Internal HLC 0.25 ** 1
3. Chance HLC 0.39 ** 0.05 1
4. Positivity 0.29 ** 0.15 ** 0.10 1
5. HADS −0.29 ** −0.25 ** −0.11 −0.48 ** 1
6. Anxiety −0.19 * −0.21 * −0.06 −0.43 ** 0.93 ** 1
7. Depression −0.36 ** −0.27 ** −0.19 ** −0.47 ** 0.86 ** 0.64 ** 1
8. SF-12 0.10 0.15 ** −0.01 0.39 ** −0.56 ** −0.53 ** −0.47 ** 1
9. SF-12 (MCS) 0.16 ** 0.18 ** −0.02 0.44 ** −0.67 ** −0.65 ** −0.54 ** 0.87 ** 1
10. SF-12 (PCS) 0.04 0.09 0.00 0.29 ** −0.38 ** −0.33 ** −0.34 ** 0.91 ** 0.61 ** 1

Note. HLC = health locus of control; HADS = Hospital Anxiety and Depression Scale; MCS = mental component
summary; PCS = physical component summary; SF-12 = Short Form-12 Health Survey; * p < 0.05; ** p < 0.01.

Table 3. Longitudinal correlation analysis of all variables.

Follow-Up (n = 323)

Baseline 1 2 3 4 5 6 7 8 9 10

1. Other people
HLC 0.47 ** 0.24 ** 0.22 ** 0.18 ** −0.17 ** −0.13 ** −0.22 ** −0.06 0.05 −0.14 *

2. Internal HLC 0.22 ** 0.44 ** −0.10 0.10 −0.14 * −0.09 −0.16 ** 0.13 * 0.16 ** 0.08
3. Chance HLC 0.19 ** −0.01 0.43 ** 0.04 −0.03 0.01 −0.06 −0.09 −0.08 −0.08
4. Positivity 0.23 ** 0.17 ** 0.02 0.54 ** −0.39 ** −0.35 ** −0.36 ** 0.33 ** 0.36 ** 0.26 **
5. HADS −0.24 ** −0.16 ** −0.04 −0.41 ** 0.60 ** 0.58 ** 0.50 ** −0.35 ** −0.44 ** −0.22 **
6. Anxiety −0.14 * −0.13 * 0.00 −0.32 ** 0.55 ** 0.58 ** 0.39 ** −0.31 ** −0.41 ** −0.16 **
7. Depression −0.29 ** −0.19 ** −0.10 −0.43 ** 0.51 ** 0.41 ** 0.54 ** −0.32 ** −0.37 ** −0.23 **
8. SF-12 0.12 * 0.06 −0.07 0.33 ** −0.45 ** −0.39 ** −0.39 ** −0.60 ** 0.53 ** 0.54 **
9. SF-12 (MCS) 0.18 ** 0.09 −0.02 0.36 ** −0.51 ** −0.47 ** −0.44 ** 0.49 ** 0.55 ** 0.36 **
10. SF-12 (PCS) 0.04 0.00 −0.11 0.23 ** −0.29 ** −0.22 ** −0.27 ** 0.54 ** 0.39 ** 0.57 **

Note. HLC = health locus of control; HADS = Hospital Anxiety and Depression Scale; MCS = mental component
summary; PCS = physical component summary; SF-12 = Short Form-12 Health Survey; * p < 0.05; ** p < 0.01.

After performing correlation analyses, it was observed that the diagonal, i.e., the
variables (dependent and independent) at baseline, correlated positively with themselves
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with a mostly large magnitude [56] at follow-up. Additionally, associations were found
between the independent and dependent variables in these correlations (Table 3). Based
on these findings, further comprehensive evaluations were conducted to examine the
predictive potential of positivity and HLC variables on psychological well-being, anxiety,
depression, and HRQoL both cross-sectionally and longitudinally. To achieve this, a path
analysis was performed. The model (Figure 1) demonstrated a strong fit to the data, with
the following indices: χ2 (37, n = 323) = 41.636, p = 0.276; CMIN/DF = 1.125; CFI = 0.995;
TLI = 0.991; AGFI = 0.957, GFI = 0.980, RMSEA = 0.020, 95% CI [0.001, 0.046]). Figure 2
displays the standardized parameter estimates.

Figure 2. Standardized model parameter estimates (* p < 0.05; ** p < 0.01; *** p < 0.001). HLC = health
locus of control; HRQoL = health-related quality of life. The figure only shows significant paths (n = 323).

As it can be seen in Figure 2, at baseline, positivity was negatively related to anxiety
(β = −0.42, p < 0.001) and depression (β = −0.45, p < 0.001). The internal HLC was
positively related to the other people HLC (β = 0.24, p < 0.001), and negatively with chance
HLC (β = −0.20, p < 0.001) but not with the dependent variables. Other people HLC
was negatively related to depression (β = −0.12, p < 0.01). At follow-up, no significant
relationship was found between the independent (positivity and HLC) and dependent
variables (anxiety, depression, and HRQoL). Longitudinally, positivity negatively predicted
anxiety (β = −0.15, p < 0.01) and positively the global HRQoL (β = 0.16, p < 0.01). The
internal and other people HLC also predicted the global HRQoL positively (β = 0.10,
p < 0.05) and negatively (β = −0.16, p < 0.001), respectively.

Besides these associations, other relationships between dependent variables both
cross-sectionally and longitudinally were also found. For instance, anxiety and depression
at baseline positively predicted anxiety (β = 0.48, p < 0.001) and depression (β = 0.39,
p < 0.001) at follow-up, respectively. Cross-sectionally, at follow-up, anxiety was positively
related to depression (β = 0.40, p < 0.001) and both anxiety and depression were negatively
related to the global HRQoL (β = −0.32 and −0.25, respectively, both ps < 0.001).

Finally, the results of the path analysis showed some significant associations between
the sociodemographic variables age, sex, and educational level that need to be acknowl-
edged. Being female was associated with higher levels of anxiety (β = 0.21, p < 0.001) and
lower levels of internal HLC (β = −0.13, p < 0.05). Age was positively associated with other
people (β = 0.19, p < 0.001) and chance HLC (β = 0.15, p < 0.01), and negatively with anxiety
both at baseline (β = −0.22, p < 0.001) and at follow-up (β = −0.14, p < 0.01). Finally, the
educational level was positively related to positivity at baseline (β = 0.26, p < 0.001) and to
lower levels of depression at follow-up (β = −0.10, p < 0.01).
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4. Discussion

The aim of this study was to analyze the influence of HLC and positivity on the general
psychological well-being, based on the levels of anxiety and depression, and HRQoL of
patients with CVD. The results found were in line with what was hypothesized in H2a
and H3a. Both positivity and internal HLC correlated significantly and negatively with
the dependent variables, anxiety and depression, and positively with psychological well-
being and HRQoL, both at baseline and at follow-up. With respect to H2b, the results
were also as expected since positivity still showed the same significant relationships with
the dependent variables after 9 months (longitudinal correlation). The study’s findings
were also in line with H3b because internal HLC correlated positively with psychological
well-being and HRQoL factors (except PCS) and negatively with depression; however,
there was no significant relationship with anxiety. Furthermore, it should be noted that
the factor of other people HLC showed similar associations to the internal HLC regarding
the dependent variables, proving to be more related to the well-being of patients with
CVD than anticipated. Finally, the results of the correlation analysis supported H4. The
personality dispositions of internal HLC and positivity maintained similar correlations
with anxiety, depression, and HRQoL at both assessment points, indicating consistent and
stable associations between the analyzed variables.

With respect to H5a and H6a, the results partially support the hypotheses. Specifically,
positivity predicted psychological well-being at baseline, but not at follow-up. Additionally,
no significant results were found between internal HLC and the other dependent variables,
neither at baseline nor at follow-up. As expected, the relationship between the independent
variables, positivity in this case, with the dependent variables was negative. This means
that higher levels of positivity corresponded to lower levels of anxiety, depression, and
psychological discomfort, ultimately leading to greater well-being. These findings align
with previous research, underscoring the significance of positivity in the psychological
well-being of CVD patients [11,18,19]. Maintaining a positive outlook can help prevent
emotional states that may become pathological when prolonged, such as elevated levels
of anxiety and depression. Improved psychological well-being may, in turn, lead to a
better prognosis for CVD patients. Results such as those obtained in the meta-analysis of
DuBois et al. [41] have shown the association of positive emotions with the reduction of
mortality in CVD, which is another sign that these emotions benefit psychological well-
being and therefore a cardiovascular prognosis. Alessandri et al. [57] stated in their work
that positivity acted as a variable that promotes positive affect (this being a component
of subjective well-being) and serves as a buffer for depression and negative affect. The
introduction of the present study mentioned the importance of optimism, which is one
of the components of positivity. Some studies, such as Sahoo et al. [58], highlighted the
protective role of personality traits such as optimism against the development of CVD;
similarly, others argued that a higher level of optimism led to a lower risk of CVD mortality
and lower levels of anxiety and depression [59].

Regarding H5b, the results of this study partially support this hypothesis, which
suggests that positivity has the potential to predict lower levels of anxiety and higher levels
of HRQoL over time. The findings provide further evidence of the significance of positivity,
not only for its influence on emotional aspects at specific moments but also for its long-term
impact, in line with previous studies [60]. These results indicate that positivity may be a
useful tool for improving patient outcomes and highlight the need for further research on
this construct as an intervention for CVD patients, given its potential to positively impact
their long-term health and well-being.

Finally, H6b is also partially supported by the findings of this study. However, consider-
ing the importance of the internal HLC manifested in the literature, it was anticipated that this
variable would be a strong predictor across all dependent variables over time. Nevertheless,
the capacity of prediction was only found related to HRQoL. Although different from what
was expected, these results demonstrate a significant approach to the subject. Firstly, this
study’s results align with previous research that outlines the association between internal
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HLC and HRQoL in CVD patients [47,61]. The influence of internal HLC on the quality of life
of CVD patients has also been demonstrated by its impact on modifiable risk factors. Inter-
nal HLC has been associated with increased physical activity dedication, decreased alcohol
consumption, and even lower mortality rates among cardiac patients [61,62]. Furthermore,
internal HLC has been linked to various health-related outcomes associated to HRQoL in
chronic patients. For instance, it has been shown to promote better maintenance of physical
function after hospitalization [63], increase resilience, reduce stress, enhance physical activity
and lower drug consumption among patients with pain conditions [64], improve self-efficacy
levels of patients with heart failure [65], and have a positive effect on some diabetes-related
cardiovascular risk factors (e.g., glycemic control) [66], among others. These findings, along
with our results, suggest that internal HLC has a significant impact on factors related to
HRQoL that are relevant to CVD patients. This highlights the need to prioritize psychological
treatments that promote and enhance this construct, which may prove effective in improving
HRQoL and reducing cardiovascular risk factors.

On the other hand, a negative prediction of other people HLC was found over HRQoL.
These findings are consistent with previous studies [61,67]. Blaming external factors for
one’s health may lead to a perception of a lack of control and autonomy in the health–disease
process. In the context of cardiac care, this may negatively impact CVD patients’ self-efficacy,
leading to poor adherence to medication and other essential healthy behaviors, such as a
healthy diet and physical activity, which are crucial for effective disease management and
a good quality of life [68–71]. These results support the need to consider the influence of
external HLC when implementing policies and interventions aimed at promoting healthy
behaviors of these patients [72]. Therefore, the findings of this study underscore the
importance of promoting patient empowerment, autonomy, and patient responsibility in
healthcare interventions in order to mitigate the lack of perceived control over their own
health that may affect the quality of life of these patients.

4.1. Practical Implications

This longitudinal study has allowed us to test the predictive hypotheses proposed
supporting the potential relevance of a clinical intervention based on providing patients
with a positive approach and strengthening their internal locus of control. In line with
previous literature that has reported a well-known relationship between psychological
variables and CVD risk factors and CVH [6,9], the present findings provide evidence of
the role of these psychological variables in the quality of life and anxiety and depressive
symptoms in chronic patients [73,74]. Positivity and HLC may also influence the manage-
ment of CVD, given their association with other psychological variables that are key to a
better understanding and management of the disease [11,18,39], such as self-efficacy [65].
This association may, hence, promote CVH (e.g., healthier diet, better adherence to treat-
ment, and quitting smoking) with significant positive outcomes among these patients [68].
Therefore, healthcare providers may incorporate strategies that focus on building posi-
tivity and self-perception of control as part of a comprehensive treatment plan for CVD
patients to improve their overall health and well-being. Accordingly, the results of this
study add interesting information to be considered in future CVD interventions such as
cardiac rehabilitation programs, as well as emerging healthcare trends, such as tailored
interventions [75] or telemedicine [76].

4.2. Limitations and Future Research

There are some limitations in this study that need to be acknowledged and considered
for future research. Firstly, the use of self-reporting questionnaires, even with validated
instruments and guaranteed confidentiality and anonymity, can introduce bias into the data
by relying solely on subjective reporting. Future studies may incorporate a multi-method
assessment in order to obtain more accurate information and reduce social desirability
when collecting data (e.g., including external validation, honesty scales, etc.). In addition,
the magnitude of the reported correlations could be considered as weak and/or moderate
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according to Cohen (1988) [56]. However, recent literature criticizes the use of Cohen’s
cut-off and proposes a more flexible classification [77], which would give our results
greater power and validity. In any case, given the potential relevance of these results
for therapeutic interventions, future studies with larger samples would be needed to
detect stronger relationships between these variables. In line with this, to obtain a better
understanding of the trajectory of outcomes and increase the statistical power, future
studies may benefit from including more follow-up evaluations. The underrepresentation
of women in this study sample may hinder the generalizability of the findings to the female
population with CVD. Additionally, the possible influence of other variables has not been
studied (for example, a stressful event between assessments). Given the demonstrated
relevance of anxiety, depression, and HRQoL in chronic and CVD patients, it is utterly
important to conduct further research in this area to explore and study the variables that
impact patients’ psychological well-being and to measure the disease prognosis associated
with psychological states. This would enable the development of new psychological
interventions that consider the influence of these variables, aiming to enhance the well-
being of these patients and improve their quality of life.

5. Conclusions

This study highlights the important role that positivity and HLC play in psychological
health outcomes for CVD patients. These findings suggest that promoting a positive
orientation and internal HLC may lead to improved psychological well-being, reduced
anxiety and depression levels, and enhanced HRQoL among these patients. In conclusion,
this study’s results underline the importance of considering patients’ psychological well-
being in the context of cardiac rehabilitation, and suggest that interventions focused on
a psychological approach may be beneficial for enhancing CVH and a better prognosis
for these patients. Further studies are required in this direction in order to empirically
investigate the effectiveness of incorporating this approach in cardiac care.
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Abstract: Background: Studies on strokes associated with dysmenorrhea are limited. We conducted
a propensity-score-matched retrospective cohort study to assess the risk of stroke in women with
primary dysmenorrhea (PD). Methods: From the claims data of one million people in Taiwan’s
insurance program, we identified 18,783 women aged 15–40 years, newly diagnosed with PD in
2000–2010, without a history of stroke. We randomly selected a comparison cohort without stroke
history and dysmenorrhea, with the same sample size matched by age, index date, and propensity
score. We began a follow-up with individuals one year after cohort entry to the end of 2013 to capture
stroke events. Results: The two study cohorts were well-matched for age and comorbidities, with 54%
of women aged 15–24. Stroke incidence was 1.5-fold higher in the PD cohort than in the comparison
cohort (6.05 vs. 4.01 per 10,000 person-years, or 99 vs. 65 cases), with an adjusted hazard ratio
(aHR) of 1.51 (95%CI 1.11–2.06) after adjustment for matched pairs. Nearly 70% of strokes were
ischemic strokes, which occurred 1.6 times more frequently in the PD cohort than in the comparison
cohort (4.40 vs. 2.71 per 10,000 person-years, or 72 vs. 44 cases), aHR = 1.61 (95% CI 1.11–2.33), after
adjustment for matched pairs. The incidence of hemorrhagic stroke was also higher in the PD cohort
than in the comparison cohort (1.65 vs. 1.29 per 10,000 person-years, or 27 versus 21 cases), but the
difference was not significant. Conclusion: Women of reproductive age with PD are at increased risk
for ischemic stroke.

Keywords: dysmenorrhea; propensity score; retrospective cohort study; stroke

1. Introduction

Women go through a menstrual cycle due to the monthly change in estrogen produc-
tion. The menstruation period begins with menarche and ends after menopause. Dysmen-
orrhea is a painful condition for women during menstruation in which they experience an
intense sensation of pain or even cramping in the lower abdomen. Adolescents and young
women with severe and frequent cramps and pain from dysmenorrhea tend to be regularly
absent from school and work [1,2]. Absence from daily work during the dysmenorrhea
cycle may be responsible for the loss of 600 million work hours in the United States [3].

A previous review of the international literature of 178 studies found that the preva-
lence of dysmenorrhea varied widely by ethnic group, ranging from 16.8% to 81% [4]. The
age of women is inversely related to the prevalence, which is higher in young women aged
17–24 years, and more than half suffer from the condition [5,6]. There are two types of
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dysmenorrhea. Primary dysmenorrhea (PD) presents with lower abdominal pain with-
out evident organic pelvic disease and is more common in younger women after their
menstrual cycle is established. Secondary dysmenorrhea (SD) is associated with disor-
ders of the reproductive organs [5,7]. The prevalence of PD in women may be up to six
times higher than those with SD [8]. These disorders also vary in Asian women. It has
been estimated that 15.8–78.5% of Japanese women suffer from PD [9,10], with more than
60% having moderate to severe lower abdominal cramps [10] and almost half resorting
to self-medication [9]. Prevalence rates in Taiwan and Korea were 70.7% and 75.1%, re-
spectively [11–13], higher than those reported for women in China, ranging from 41.7 to
56.4% [2,14]. A cross-sectional study in secondary schools in Kuala Lumpur, Malaysia,
reported that 79.7% of Malaysian girls, 69.8% of Chinese girls, and 82.4% of Indian girls had
suffered from dysmenorrhea [15]. Dysmenorrhea symptoms might differ between White
and Asian women. White women generally experience more intense and longer-lasting
pain [16].

Stroke is the third leading cause of death globally and one of main causes of disabil-
ity [17]. Approximately 15 million new stroke patients are diagnosed annually world-
wide [18]. With one stroke event every 40 s, it is also the third leading cause of death among
women in the United States [19,20]. The Framingham Heart Study found that strokes occur
less frequently in women than men in the younger population [21]. Female stroke patients
tend to present worse sequelae than male stroke patients [22,23]. A case–control study
examining Taiwanese women with dysmenorrhea aged 15–49 years found an increased
risk of stroke with age, significant for those aged 30 years and older [24]. Hypertension is
also a significant risk factor for stroke, with an adjusted odds ratio of 4.53. However, types
of dysmenorrhea were not addressed in these studies.

The complicated pathophysiology of PD is associated with the overexpression of
prostaglandin. Prostaglandin is thought to be one of the mediators of chronic vascular
inflammation, which has been linked to heart disease and stroke [3,25]. A recent study
found that women with PD have an increased risk of ischemic heart disease [26]. Women
with PD may also be at higher risk for stroke. To our knowledge, no study has investigated
stroke risk specifically for women with PD. Because PD is more prevalent in women than
SD, we conducted a study to examine the risk of stroke in women with PD using insurance
claims data from Taiwan.

2. Methods

2.1. Data Source

In this retrospective cohort study, we used the Longitudinal Health Insurance Database
(LHID) with claims data of one million insured persons randomly selected from the Na-
tional Health Insurance Research Database (NHIRD) established by the National Health
Insurance Administration of Taiwan. The insurance system was established in 1995 as a
mandatory enrollment program, with over 99% of Taiwan’s 23.72 million residents covered.
The database contains medical records of outpatients and inpatients and demographic data
from 1996 to 2013. Diseases are coded using the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD 9-CM), and the Anatomical Therapeutic Chemi-
cal (ATC) classification system. In addition, all identification numbers of insured persons
in the claims data were re-coded before being made available to users to protect privacy.
This study was approved by the Research Ethics Committee of China Medical University
and Hospital in Taiwan (CMUH104-REC2-115 (CR-4)).

2.2. Study Population

From LHID claims data, we identified 35,977 women with dysmenorrhea (ICD-9-CM
625.3) newly diagnosed between 2000 and 2010 with at least two consecutive diagnoses as
the potential study population. The date of the first dysmenorrhea diagnosis was defined
as the index date. Patients with only one diagnosis were not selected to avoid coding
and/or medical billing errors. To create the study cohorts, women aged <15 or >40 years
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with a history of stroke, endometriosis, uterine myoma or pelvic inflammatory disease,
hysterectomy, ovariectomy, or cancer, or aspirin use were excluded (Figure 1). We also
excluded women with follow-up duration <1 year due to death, stroke, or withdrawal
from the insurance. Women aged 41–49 years old were also excluded to avoid the potential
impact of premenopausal and early menopause. Excluding women with diagnoses of
obvious gynecologic conditions resulted in the exclusion of women with SD [27,28]. The
same exclusion criteria were applied to women without dysmenorrhea for comparisons.
From the remaining 18,812 women with dysmenorrhea and 101,154 women without dys-
menorrhea, we established a PD cohort and a comparison cohort matched by age, index
date, and propensity score. We randomly assigned an index date for each comparison
woman. We estimated the propensity score for each woman using logistic regression to
estimate the probability of disease status on the basis of the baseline variables of age; index
date; and comorbidities including diabetes (ICD-9 code: 250; A code: A181), hypertension
(ICD-9 code: 401–405; A codes: A260 and A269), hyperlipidemia (ICD-9 codes: 272.0, 272.1,
272.2, 272.3, and 272.4), obesity (ICD-9 codes: 278, A183), alcoholism (ICD-9 codes: 291,
303, 305.00, 305.01, 305.02, 305.03, 790.3, and V11.3), arrhythmia (ICD-9 code: 427), thyroid
disease (ICD-9 code: 240–246), migraine (ICD-9 code: 346), immune disorders (ICD-9
code: 279), systemic lupus erythematosus (ICD-9 code: 710.0), and rheumatoid arthritis
(ICD-9 code: 714.0). All comorbidities were defined before the index date, with at least two
consecutive diagnoses.

Figure 1. Flow chart for establishing study cohorts.

2.3. Outcome

Strokes that occurred shortly after inclusion in the study cohort may not have been
associated with the risk factor. To adjust for the effect of immortal time bias, we began the
follow-up one year after each individual’s entry into the cohort. The follow-up person-years
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were counted up to the date the stroke (ICD-9-CM 430–438) was diagnosed, including
hemorrhagic stroke (ICD-9-CM 430-432) and ischemic stroke (ICD-9-CM 433–438), or up to
the date of withdrawal from the insurance program, or the end of 2013, whichever occurred
first. The maximum follow-up period was 13 years.

2.4. Statistical Analysis

This study used SAS version 9.4 software (SAS Institute, Cary, NC, USA) to man-
age the data and perform the statistical analysis. A two-tailed p-value of less than 0.05
was considered to be statistically significant. Data analysis first compared the frequency
distributions of age, comorbidities, and the use of non-steroidal anti-inflammatory drugs
(NSAIDs) between the 2 cohorts. Women who had been prescribed NSAIDs for 10 days
or longer were considered users. A chi-squared test was used to test the distribution of
categorical variables between the two cohorts. Mean ages with standard deviations were
compared between the two cohorts and tested using the t-test. We estimated and plotted
the cumulative incidence proportions for overall stroke, ischemic stroke, and hemorrhagic
stroke using Kaplan–Meier analysis. The log-rank test was used to examine the difference
between the two cohorts. The incidence rate of stroke was calculated by dividing the
number of stroke cases by the sum of follow-up person-years for each cohort. Cox propor-
tional hazards regression analysis was used to estimate the PD cohort to the comparison
cohort hazard ratio (HR) of stroke and the associated 95% confidence interval (CI). Age
and comorbidity-associated HRs of stroke were assessed. We presented the Cox model
estimated adjusted HR (aHR), which was estimated after controlling for matched pairs.
We also presented results separately for ischemic stroke, hemorrhagic stroke, and the two
stroke types combined together as the overall stroke. The likelihood ratio test was used to
examine the interaction effects between the PD status and age, comorbidities, and NSAID.

3. Results

With similar sample sizes in the matched cohorts with and without dysmenorrhea
(n = 18,783), distributions of age and comorbidities of both cohorts were similar (Table 1).
With an average age of 25.5 years, 54% of the study population was aged 15–24 years.
Thyroid disorders were the most prevalent among baseline comorbidities in both cohorts,
whereas systemic lupus erythematosus and rheumatoid arthritis were the least common.
Few women were taking NSAIDs for 10 days or longer.

Table 1. Distributions of age, comorbidities, and NSAID use compared between cohorts with and
without primary dysmenorrhea.

Variable

Primary Dysmenorrhea

p-Value *No (N = 18,783) Yes (N = 18,783)

n % n %

Age group (years) 0.99
15–19 524 26.8 5010 26.7
20–24 5104 27.2 5134 27.3
25–29 3635 19.4 3618 19.3
30–40 5020 26.7 5021 26.7
Mean (SD) a 25.5 (6.97) 25.5 (6.96) 0.93 a

Baseline comorbidities
Diabetes mellitus 176 0.94 196 1.04 0.30
Hypertension 176 0.94 195 1.04 0.32
Hyperlipidemia 252 1.34 265 1.41 0.56
Obesity 90 0.48 116 0.62 0.07
Alcoholism 40 0.21 47 0.25 0.45
Arrhythmia 483 2.57 473 2.52 0.74
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Table 1. Cont.

Variable

Primary Dysmenorrhea

p-Value *No (N = 18,783) Yes (N = 18,783)

n % n %

Thyroid diseases 1162 6.19 1141 6.07 0.65
Migraine 640 3.41 640 3.41 1.00
Immune disorders 39 0.21 50 0.27 0.24
Systemic lupus

erythematosus 12 0.06 22 0.12 0.09

Rheumatoid arthritis b 2 0.01 6 0.03 0.29 b

NSAID use 0.31
No 18,724 99.7 18,716 99.6
Yes 59 0.3 67 0.4

* chi-squared test. a t-test. b Fisher’s exact test. NSAID, non-steroidal anti-inflammatory drug.

3.1. Overall Stroke

The Kaplan–Meier method estimated cumulative incidence of stroke after a maximum
of the 13-year follow-up period was approximately 0.16% higher in the dysmenorrhea
cohort than in the comparison cohort (0.88% vs. 0.72%) (log-rank test p = 0.010, Figure 2a),
mainly contributed to by ischemic stroke (Figure 2b). The incidence rate of stroke was
1.51 times higher in women with dysmenorrhea than in the comparison cohort (6.05 vs.
4.01 per 10,000 person-years or 99 vs. 65 cases), with an aHR of 1.51 (95% CI 1.11–2.06) after
adjustment for matched pairs (Table 2). The difference in incidence rates between cohorts
was greater in the 25–40-year-old group (9.71 − 6.13 = 3.58 per 10,000 person-years) than
in the 15–24-year-old group (3.02 − 2.25 = 0.77 per 10,000 person-years). The Cox method
estimated PD cohort to comparison cohort HRs showed that none of the comorbidities
had a significant role associated with stroke. There were no significant interaction effects
between age and PD status and between each comorbidity status and PD status.

  
(a) (b) (c) 

 

Figure 2. Kaplan–Meier method estimated cumulative incidence for (a) stroke, (b) ischemic stroke,
and (c) hemorrhagic stroke in dysmenorrhea and comparison cohorts.
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3.2. Ischemic Stroke

The Kaplan–Meier analysis showed that the cumulative incidence of ischemic stroke
during the follow-up period was approximately 0.15% higher in the dysmenorrhea cohort
than in the comparison cohort (0.65% vs. 0.48%) (log-rank test p = 0.012, Figure 2b). Table 3
shows that the incidence rate of ischemic stroke in women with dysmenorrhea was 1.62
times higher than that in the comparison cohort (4.40 vs. 2.71 per 10,000 person-years or 72
vs. 44 cases), with an aHR of 1.61 (95% CI, 1.11–2.33) after adjustment for matching pairs. In
addition, the difference in incidence rates between the two cohorts was greater in the 25–40-
year-old group (7.82 − 4.08 = 3.74 per 10,000 person-years) than in the 15–24-year-old group
(1.56 − 1.58 = −0.02 per 10,000 person-years). The ischemic stroke incidence rates in women
with comorbidities were not all higher in women with PD. The Cox method estimated HRs
also demonstrated that none of the comorbidities were significantly associated with stroke.
There were no significant interaction effects between comorbidities and PD status.

3.3. Hemorrhagic Stroke

The Kaplan–Meier analysis shows that the cumulative incidence of hemorrhagic
stroke during the follow-up was slightly higher in the dysmenorrhea cohort than in the
comparison cohort by the follow-up year of 13 (log-rank test p = 0.371, Figure 2C).

Table 4 also shows that the hemorrhagic stroke incidence rate was slightly higher
in women with dysmenorrhea than in the comparison cohort (1.65 vs. 1.29 per 10,000
person-years), with an aHR of 1.30 (95% CI, 0.74–2.29). The hemorrhagic stroke was not
associated with the comorbidities.

123



J. Pers. Med. 2023, 13, 114

T
a

b
le

3
.

N
um

be
r

of
is

ch
em

ic
st

ro
ke

ev
en

ts
an

d
in

ci
de

nc
e

ra
te

s
in

in
pr

im
ar

y
dy

sm
en

or
rh

ea
an

d
co

m
pa

ri
so

n
co

ho
rt

s
by

ag
e,

co
m

or
bi

di
ty

,a
nd

N
SA

ID
us

e,
an

d
C

ox
m

od
el

es
ti

m
at

ed
pr

im
ar

y
dy

sm
en

or
rh

ea
co

ho
rt

to
co

m
pa

ri
so

n
ad

ju
st

ed
ha

za
rd

ra
ti

os
an

d
95

%
co

nfi
de

nc
e

in
te

rv
al

s.

V
a

ri
a

b
le

s

P
ri

m
a

ry
D

y
sm

e
n

o
rr

h
e

a

H
a

z
a

rd
R

a
ti

o
p

fo
r

In
te

ra
ct

io
n

N
o

Y
e

s

(N
=

1
8

,7
8

3
)

(N
=

1
8

,7
8

3
)

E
v

e
n

t,
n

P
e

rs
o

n
Y

e
a

rs
In

ci
d

e
n

ce
R

a
te

E
v

e
n

t,
n

P
e

rs
o

n
Y

e
a

rs
In

ci
d

e
n

ce
R

a
te

C
ru

d
e

(9
5

%
C

I)
A

d
ju

st
e

d
(9

5
%

C
I)

To
ta

l
44

16
2,

24
7

2.
71

72
16

3,
62

5
4.

40
1.

63
(1

.0
7–

2.
35

)*
1.

61
(1

.1
1–

2.
33

)*
A

ge
,y

ea
r

0.
14

15
–2

4
14

88
,8

07
1.

58
14

89
,4

78
1.

56
0.

98
(0

.4
4–

21
1)

0.
99

(0
.4

7–
2.

07
)

25
–4

0
30

73
,4

40
4.

08
58

74
,1

47
7.

82
1.

91
(1

.1
8–

2.
97

)*
*

1.
89

(1
.2

2–
2.

92
)*

*
D

ia
be

te
s

m
el

lit
us

0.
97

N
o

41
16

0,
77

1
2.

55
72

16
1,

92
2

4.
45

1.
75

(1
.1

2–
2.

60
)*

*
1.

73
(1

.1
9–

2.
52

)*
*

Ye
s

3
14

76
20

.3
3

0
17

04
0.

00
N

A
N

A
H

yp
er

te
ns

io
n

0.
16

N
o

38
16

0,
81

4
2.

36
67

16
1,

96
3

4.
14

1.
76

(1
.1

2–
2.

63
)*

*
1.

73
(1

.1
7–

2.
57

)*
*

Ye
s

6
14

33
41

.8
8

5
16

63
30

.0
7

0.
72

(0
.1

5–
2.

40
)

0.
68

(0
.2

0–
2.

31
)

H
yp

er
lip

id
em

ia
0.

98
N

o
44

16
0,

44
4

2.
74

67
16

1,
56

5
4.

15
1.

51
(1

.0
1–

2.
32

)*
1.

50
(1

.0
3–

2.
18

)*
Ye

s
0

18
03

0.
00

5
20

60
24

.2
7

N
A

N
A

O
be

si
ty

0.
78

N
o

43
16

1,
54

2
2.

66
69

16
2,

68
2

4.
24

1.
58

(1
.0

8–
2.

30
)*

1.
58

(1
.0

8–
2.

30
)*

Ye
s

1
70

5
14

.1
8

3
94

3
31

.8
1

2.
24

(0
.1

8–
22

.3
)

2.
01

(0
.2

0–
20

.0
)

A
lc

oh
ol

is
m

0.
98

N
o

42
16

1,
98

1
2.

59
72

16
3,

26
7

4.
41

1.
71

(1
.0

4–
2.

51
)*

*
1.

68
(1

.1
6–

2.
45

)*
*

Ye
s

2
26

6
75

.1
8

0
35

8
0.

00
N

A
N

A
A

rr
hy

th
m

ia
0.

97
N

o
41

15
8,

29
2

2.
59

72
15

9,
57

3
4.

51
1.

75
(1

.1
0–

2.
61

)*
*

1.
73

(1
.1

8–
2.

52
)*

*
Ye

s
3

39
55

7.
59

0
40

52
0.

00
N

A
N

A
Th

yr
oi

d
di

se
as

e
0.

93

N
o

42
15

2,
38

0
2.

76
69

15
3,

81
6

4.
49

1.
63

(1
.0

7–
2.

40
)*

1.
61

(1
.1

0–
2.

35
)*

Ye
s

2
98

67
2.

03
3

98
09

3.
06

1.
52

(0
.2

0–
9.

01
)

1.
50

(0
.2

5–
8.

93
)

M
ig

ra
in

e
0.

63
N

o
42

15
7,

42
5

2.
67

67
15

8,
62

9
4.

22
1.

61
(1

.0
2–

2.
37

)*
1.

57
(1

.0
7–

2.
30

)*
Ye

s
2

48
22

4.
15

5
49

96
10

.0
1

2.
42

(0
.4

0–
13

.2
)

2.
39

(0
.4

6–
12

.4
)

124



J. Pers. Med. 2023, 13, 114

T
a

b
le

3
.

C
on

t.

V
a

ri
a

b
le

s

P
ri

m
a

ry
D

y
sm

e
n

o
rr

h
e

a

H
a

z
a

rd
R

a
ti

o
p

fo
r

In
te

ra
ct

io
n

N
o

Y
e

s

(N
=

1
8

,7
8

3
)

(N
=

1
8

,7
8

3
)

E
v

e
n

t,
n

P
e

rs
o

n
Y

e
a

rs
In

ci
d

e
n

ce
R

a
te

E
v

e
n

t,
n

P
e

rs
o

n
Y

e
a

rs
In

ci
d

e
n

ce
R

a
te

C
ru

d
e

(9
5

%
C

I)
A

d
ju

st
e

d
(9

5
%

C
I)

Im
m

un
e

di
se

as
e

1.
00

N
o

44
16

1,
87

8
2.

72
72

16
3,

03
7

4.
42

1.
63

(1
.0

4–
2.

41
)*

1.
61

(1
.1

1–
2.

33
)*

Ye
s

0
27

0
0.

00
0

58
8

0.
00

N
A

N
A

N
SA

ID
us

e
1.

00
N

o
44

16
1,

73
5

2.
72

72
16

3,
04

1
4.

42
1.

63
(1

.0
1–

2.
44

)*
1.

61
(1

.1
1–

2.
33

)*
Ye

s
0

51
2

0.
00

0
58

4
0.

00
N

A
N

A

A
bb

re
vi

at
io

n:
in

ci
d

en
ce

ra
te

,p
er

10
,0

00
pe

rs
on

-y
ea

rs
;C

I,
co

nfi
d

en
ce

in
te

rv
al

;N
SA

ID
,n

on
-s

te
ro

id
al

an
ti

-i
nfl

am
m

at
or

y
d

ru
g;

N
A

,n
ot

ap
pl

ic
ab

le
.I

m
m

un
e

d
is

ea
se

in
cl

u
d

ed
im

m
u

ne
d

is
or

d
er

s,
sy

st
em

ic
lu

p
u

s
er

yt
he

m
at

os
u

s,
an

d
rh

eu
m

at
oi

d
ar

th
ri

ti
s.

p-
va

lu
es

fo
r

ha
za

rd
ra

ti
o:

*
<

0.
05

;*
*

<
0.

01
;p

fo
r

in
te

ra
ct

io
n:

p-
va

lu
e

fo
r

in
te

ra
ct

io
n

be
tw

ee
n

dy
sm

en
or

rh
ea

st
at

us
an

d
st

ra
ti

fie
d

co
va

ri
at

e.

T
a

b
le

4
.

N
um

be
r

of
he

m
or

rh
ag

ic
st

ro
ke

ev
en

ts
an

d
in

ci
de

nc
e

ra
te

s
in

in
pr

im
ar

y
dy

sm
en

or
rh

ea
an

d
co

m
pa

ri
so

n
co

ho
rt

s
by

ag
e,

co
m

or
bi

di
ty

,
an

d
N

SA
ID

us
e,

an
d

C
ox

m
od

el
es

tim
at

ed
pr

im
ar

y
dy

sm
en

or
rh

ea
co

ho
rt

to
co

m
pa

ri
so

n
ad

ju
st

ed
ha

za
rd

ra
tio

s
an

d
95

%
co

nfi
de

nc
e

in
te

rv
al

s.

V
a

ri
a

b
le

s

P
ri

m
a

ry
D

y
sm

e
n

o
rr

h
e

a

H
a

z
a

rd
R

a
ti

o
p

fo
r

In
te

ra
ct

io
n

N
o

Y
e

s

(n
=

1
8

,7
8

3
)

(n
=

1
8

,7
8

3
)

E
v

e
n

t
P

e
rs

o
n

Y
e

a
rs

In
ci

d
e

n
ce

R
a

te
E

v
e

n
t

P
e

rs
o

n
Y

e
a

rs
In

ci
d

e
n

ce
R

a
te

C
ru

d
e

(9
5

%
C

I)
A

d
ju

st
e

d
(9

5
%

C
I)

To
ta

l
21

16
2,

24
7

1.
29

27
16

3,
62

5
1.

65
1.

32
(0

.7
0–

2.
37

)
1.

30
(0

.7
4–

2.
29

)
A

ge
,y

ea
r

0.
17

15
–2

4
6

88
,8

07
0.

68
13

89
,4

78
1.

45
2.

22
(0

.7
0–

5.
98

)
2.

18
(0

.8
3–

5.
76

)
25

–4
0

15
73

,4
40

2.
04

14
74

,1
47

1.
89

0.
96

(0
.4

1–
2.

33
)

09
4

(0
.4

6–
1.

93
)

D
ia

be
te

s
m

el
lit

us
1.

00

N
o

21
16

0,
77

1
1.

31
27

16
1,

92
2

1.
67

1.
33

(0
.6

8–
2.

40
)

1.
30

(0
.7

4–
2.

29
)

Ye
s

0
14

76
0.

00
0

17
04

0.
00

N
A

N
A

125



J. Pers. Med. 2023, 13, 114

T
a

b
le

4
.

C
on

t.

V
a

ri
a

b
le

s

P
ri

m
a

ry
D

y
sm

e
n

o
rr

h
e

a

H
a

z
a

rd
R

a
ti

o
p

fo
r

In
te

ra
ct

io
n

N
o

Y
e

s

(n
=

1
8

,7
8

3
)

(n
=

1
8

,7
8

3
)

E
v

e
n

t
P

e
rs

o
n

Y
e

a
rs

In
ci

d
e

n
ce

R
a

te
E

v
e

n
t

P
e

rs
o

n
Y

e
a

rs
In

ci
d

e
n

ce
R

a
te

C
ru

d
e

(9
5

%
C

I)
A

d
ju

st
e

d
(9

5
%

C
I)

H
yp

er
te

ns
io

n
0.

98
N

o
19

16
0,

81
4

1.
18

27
16

1,
96

3
1.

67
1.

36
(0

.7
8–

2.
69

)
1.

34
(0

.8
1–

2.
58

)
Ye

s
2

14
33

13
.9

6
0

16
63

0.
00

N
A

N
A

H
yp

er
lip

id
em

ia
0.

98
N

o
20

16
0,

44
4

1.
25

27
16

1,
56

5
1.

67
1.

40
(0

.6
7–

2.
55

)
1.

37
(0

.7
7–

2.
43

)
Ye

s
1

18
03

5.
55

0
20

60
0.

00
N

A
N

A
O

be
si

ty
1.

00
N

o
21

16
1,

54
2

1.
30

27
16

2,
68

2
1.

66
1.

35
(0

.6
6–

2.
70

)
1.

30
(0

.7
4–

2.
29

)
Ye

s
0

70
5

0.
00

0
94

3
0.

00
N

A
N

A
A

lc
oh

ol
is

m
1.

00
N

o
21

16
1,

98
1

1.
30

27
16

3,
26

7
1.

65
1.

34
(0

.7
0–

2.
69

)
1.

30
(0

.7
4–

2.
29

)
Ye

s
0

26
6

0.
00

0
35

8
0.

00
N

A
N

A
A

rr
hy

th
m

ia
1.

00
N

o
21

15
8,

29
2

1.
33

27
15

9,
57

3
1.

69
1.

32
(0

.7
1–

2.
57

)
1.

30
(0

.7
4–

2.
29

)
Ye

s
0

39
55

0.
00

0
40

52
0.

00
N

A
N

A
Th

yr
oi

d
di

se
as

e
0.

28

N
o

20
15

2,
38

0
1.

31
23

15
3,

81
6

1.
50

1.
19

(0
.5

2–
2.

79
)

1.
15

(0
.6

3–
2.

09
)

Ye
s

1
98

67
1.

01
4

98
09

4.
08

4.
15

(0
.3

4–
44

.9
)

4.
27

(0
.5

4–
34

.1
)

M
ig

ra
in

e
0.

98
N

o
20

15
7,

42
5

1.
27

27
15

8,
62

9
1.

70
1.

34
(0

.6
6–

2.
72

)
1.

36
(0

.7
7–

2.
42

)
Ye

s
1

48
22

2.
07

0
49

96
0.

00
N

A
N

A
Im

m
un

e
di

se
as

e
1.

00

N
o

21
16

1,
87

8
1.

30
27

16
3,

03
7

1.
66

1.
32

(0
.6

4–
2.

57
)

1.
30

(0
.7

4–
2.

29
)

Ye
s

0
37

0
0.

00
0

58
8

0.
00

N
A

N
A

N
SA

ID
us

e
1.

00
N

o
21

16
1,

73
5

1.
30

27
16

3,
04

1
1.

66
1.

29
(0

.6
6–

2.
59

)
1.

30
(0

.7
4–

2.
29

)
Ye

s
0

51
2

0.
00

0
58

4
0.

00
N

A
N

A

A
bb

re
vi

at
io

n:
in

ci
d

en
ce

ra
te

,p
er

10
,0

00
pe

rs
on

-y
ea

rs
;C

I,
co

nfi
d

en
ce

in
te

rv
al

;N
SA

ID
,n

on
-s

te
ro

id
al

an
ti

-i
nfl

am
m

at
or

y
d

ru
g;

N
A

,n
ot

ap
pl

ic
ab

le
.I

m
m

un
e

d
is

ea
se

in
cl

ud
ed

im
m

un
e

d
is

or
d

er
s,

sy
st

em
ic

lu
pu

s
er

yt
he

m
at

os
us

,a
nd

rh
eu

m
at

oi
d

ar
th

ri
ti

s.
p

fo
r

in
te

ra
ct

io
n:

p-
va

lu
e

fo
r

in
te

ra
ct

io
n

be
tw

ee
n

d
ys

m
en

or
rh

ea
st

at
us

an
d

st
ra

ti
fie

d
co

va
ri

at
e.

126



J. Pers. Med. 2023, 13, 114

4. Discussion

In our study, the distributions of age and comorbidities at baseline were similar in the
age- and propensity-score-matched PD cohort and the comparison cohort. We found that
more than half of the PD patients were younger women aged 15–24 years, consistent with
previous studies [6]. The incidence of stroke increased with age in our study population,
which is consistent with the stroke in young women in the Netherlands [29]. We found age
had an important role in the development of stroke. The difference of stroke incidence rates
between the older and younger groups was near twofold greater in in the PD cohort than
in the comparison group (6.69 vs. 3.88 per 10,000 person-years). The aHR of 1.34 for stroke
was insignificant in women aged 15–24 years with PD. For women aged 25–40 years, the
aHR of 1.58 for stroke was significant in women with PD, indicating that the older women
with PD were at a higher stroke risk.

Some comorbidities increased stroke incidence and might be higher in the PD co-
hort than in the comparison cohort. However, the Cox method estimated PD cohort to
comparison cohort HRs showed that none of these comorbidities were significant factors
associated with stroke. The propensity score matching reduced the potential bias in stroke
development associated with comorbidities.

In our study population, most prevalence rates of baseline comorbidities were less
than 5.00%. Among the baseline comorbidities, the prevalence rates of thyroid disease were
the highest in both cohorts, slightly lower in the PD cohort than in the comparisons (6.07%
versus 6.19%). The disease was associated with a 2.3-fold higher incidence rate of stroke
in the PD cohort than in the comparison cohort (7.14 vs. 3.04 per 10,000 person-years),
but the numbers of associated stroke cases were few (seven versus three) and the aHR of
depression for the PD cohort was not significant. Our data showed that the prevalence of
hypertension in women with PD was slightly higher than that in the comparison cohort,
which is consistent with the study conducted on women in Tianjin, China [30]. Women
with hypertension had a higher incidence of stroke than women without hypertension in
both cohorts. Interestingly, the hypertensive women in the PD cohort had a lower incidence
of stroke than the comparison group. We suspect that the hypertensive women in the
PD cohort could receive more medical attention to better control hypertension [31,32].
The benefit is insignificant, with an aHR of 0.51 (95% CI, 0.16–1.61) for stroke among
hypertensive women in the PD cohort.

It is well known that ischemic stroke accounts for most strokes, nearly 70% to 80%
of all strokes [29,33]. In the present study, ischemic stroke was also the main type of
stroke in both cohorts. The PD cohort had a higher proportion of ischemic stroke than
the comparison cohort (72.7% vs. 67.7%, or 72/99 vs. 44/66). The aHR of ischemic stroke
was 1.61 (95% CI 1.11–2.33) for the PD cohort, mainly due to an elevated incidence rate in
the older women. Women with PD may have increased thrombotic or embolic events that
reduce blood flow to the brain [34,35]. Our data also showed that women with PD may
be at higher risk for hemorrhagic stroke, but this was not significant, probably because
of the small number of cases. It is unclear as to whether hypertension is associated with
hemorrhagic events in women with PD. We suspect that the increased risk of stroke in
women with PD is related to an imbalance of prostaglandins [36,37].

Women suffering from dysmenorrhea pain may experience a decreased quality of
life [38,39]. NSAIDs may be prescribed to relieve the pain [21,28]. Studies have reported
that long-term users of NSAIDs are at an increased risk of stroke, particularly hemorrhagic
stroke [23,28,38,40,41]. A recent study examining the risk of stroke associated with NSAID
uses for dysmenorrhea found that patients who took the medicine for 13 or more days
per month were at an elevated risk of stroke. Those taking NSAIDs less than 13 days per
month were at a lower risk of stroke with an aHR of 0.51 (95% CI 0.13–2.10) [42]. However,
very few women had been prescribed NSAIDs for more than 10 days during the period
with PD in this study. Therefore, the impact of this drug was not considered in our study.

There are some limitations in our study. First, PD is a common complaint among
young women in our study. The finding is consistent with other Asian populations [9,15].
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However, no study has investigated the stroke risk associated with PD for other Asian
women. Second, it has been noted that the imbalance of hormones is not only related to
dysmenorrhea but also affects the mechanism of estrogen in neuroprotection, reducing
the risk of stroke [43]. Thus, women with dysmenorrhea have a higher risk of stroke than
women in general. However, the insurance claims data provided no information on the
laboratory data of hormones for evaluating the impact of estrogen. Third, a previous
focus group study in Taiwan reported that young PD female patients used various self-
care strategies, including diet, herbal remedies, and other complementary therapies [44].
Unfortunately, we could not evaluate the impact of these self-care treatments because they
are not available in our database as well. Four, certain lifestyle information (smoking,
alcohol consumption, exercise, and body mass index) is unavailable in the claims data and,
therefore, could not be further adjusted in this study [45,46]. Finally, information on the
severity of dysmenorrhea is not available to assess whether women with severe pain are at
higher risk for stroke.

5. Conclusions

In this propensity score-matched follow-up study, we controlled for the effects of other
comorbidities that might be associated with the risk of stroke. Our data showed that, with
the exception of age, none of the comorbidities had a significant association with stroke risk
for women with PD. Women with PD had an aHR of 1.51 for stroke compared to women
without PD, mainly because of ischemic stroke. The age-specific data showed that the aHR
of developing stroke in women with PD was significant for women aged between 25 and
40 years old, but not for those aged from 15 to 24, suggesting that healthcare providers
may need to counsel women with dysmenorrhea with care strategies, particularly for
older individuals.
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