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Indonesian Journal of  Cardiology (IJC) is a peer-
reviewed and open-access journal established by the 
Indonesian Heart Association (IHA)/Perhimpunan 
Dokter Spesialis Kardiovaskular Indonesia (PERKI) on 
the year 1979. This journal is published to meet the 
needs of  physicians and other health professionals 
for scientific articles in the cardiovascular field. 
All articles (research, case report, review article, 
and others) should be original and have never 
been published in any magazine/journal. Prior to 
publication, every manuscript will be subjected to 
double-blind review by peer reviewers. We consider 
articles on all aspects of  the cardiovascular system, 
including clinical, translational, epidemiological, and 
basic studies.

GENERAL PREPARATION

These requirements apply to all types of  manuscripts:
1.	 Manuscripts must be written in the English 

Language.
2.	 Manuscripts should be typed 1.5-spaced 

(including title page, abstract, text references, 
figure legends, and tables) and leave a 2.5-
cm margin on all sides, in A4 paper size. All 
manuscripts need to be submitted in Microsoft 
Word format (.docx).

3.	 All tables and figures should be separated from 
the text. Tables should be submitted in Microsoft 
Word format (.docx) and completed with a 
figure legend. Figures should be submitted in 
TIFF or JPEG format with clear captions.

4.	 Authors should express all measurements in 
conventional units, with System International 
(SI) units given in parentheses throughout the 
text. Figures and tables should use conventional 
units, with conversion factors given in legends 
or footnotes.

5.	 There should be a title page at the beginning 
of  the manuscript. Title page (page 1, do 
not number the page) should contain these 
elements:

•	 Full title
•	 Running title (16 characters)
•	 Authors’ names, academic degrees, 

affiliations, and emails.
•	 Name and complete address for 

correspondence (include street name and 
address as well as postal codes, telephone 

number, and email address).
•	 The total word count of  the manuscript, 

including the title page, abstract, text, 
references, tables, and figure legends.

EDITORIAL (By Invitation)

An Editorial aims to stimulate thought (often with 
more questions than answers) rather than review 
the subject exhaustively. Editorials are usually linked 
to one or more articles published in the same issue. 
Personal opinion and comment are legitimate since 
the Editorial is not anonymous, though of  course 
such opinion needs to be reasonable and backed up 
by appropriate evidence.
•	 Word count: up to 1200-2500 words.
•	 Illustrations/Tables: no tables and/or figures.
•	 References: up to 25.
•	 Abstract: up to 200 words.

RESEARCH ARTICLES

These represent a substantial body of  laboratory or 
clinical work. Extended reports should not exceed 
5000 words plus references; articles that exceed 
this word limit may be returned for revision before 
peer review. Additional data may be presented as 
supplementary information, which will be published 
online only should the article be accepted (this can 
be in any format: text, tables, images, etc.).

The original article should be presented in sections 
- namely:
1.	 Title of  The Article. The study design should 

be stated in the title.
2.	 Abstract. No more than 350 words, summarizing 

the problem being considered, how the study 
was performed, the salient results, and the 
principal conclusions under subheadings;

•	 Background: rationale for the study.
•	 Methods: a brief  presentation of  the 

study design and key methods.
•	 Results: succinct presentation of  key 

results; please include sample size 
throughout.

•	 Conclusion: succinct statement of  data 
interpretation.

3.	 Keywords. No more than 5. These should 
be given beneath the Abstract and in the box 
provided in the online submission process.

4.	 Introduction. No more than four paragraphs. 
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Without a subtitle, state the rationale for the 
study, identify a problem main problem/the 
study purpose, establish a gap in the current 
knowledge/state the novelties, and articulate 
a hook that convinces readers that this gap is 
of  consequence. A brief  description of  the 
background that led to the study (current results 
and conclusions should not be included).

5.	 Methods. Please state the study design. Details 
relevant to the conduct of  the study. Wherever 
possible, give numbers of  subjects studied (not 
percentages alone). Statistical methods should 
be clearly explained at the end of  this section, 
and its analyses must be explained on the meth-
ods used.

6.	 Results. Work should be reported in SI units. 
Undue repetition in text and tables should be 
avoided. Comment on the validity and signifi-
cance of  results is an appropriate but broader 
discussion of  their implication is restricted to 
the next section. Subheadings that aid clarity of  
presentation within this and the previous sec-
tion are encouraged.

7.	 Discussion. The nature and findings of  the 
study are placed in the context of  other relevant 
published data. Caveats to the study should be 
discussed. Avoid undue extrapolation from the 
study topic.

8.	 Conclusion.
9.	 Acknowledgements. Individuals with direct in-

volvement in the study but not included in au-
thorship may be acknowledged.

10.	 References (usually below 30). Please see Ref-
erences for further style guidance. Consists of  
references of  minimal ten years recently and in 
the form of  an essay.

11.	 Figure legends: Maximum six tables and/or fig-
ures. Please see Tables and Figures for further 
style guidance.

REVIEW ARTICLES

•	 Word count: the length will be indicated by or 
will be discussed with the editor, but will usually 
be less than 5000 words. 

•	 The article of  references should be presented in 
sections, namely:

1.	 Title of  The Article.
2.	 Abstract. Unstructured, no more than 

350 words, summarizing what is being 
discussed, why it is being discussed, and 
a summary of  the discussion. 

3.	 Keywords. No more than 5. These should 

be given beneath the Abstract and in the 
box provided in the online submission 
process.

4.	 Introduction. No more than four para-
graphs. Without a subtitle, State the 
problems that are being discussed within 
the manuscript. A brief  description of  
the background that led to the making 
of  the manuscript, and what contribu-
tion the authors will make by writing on 
such topics.

5.	 Conclusion.
6.	 Acknowledgements and affiliations. In-

dividuals with direct involvement in the 
making of  the manuscript but not in-
cluded in authorship may be acknowl-
edged. The source of  financial support 
and industry affiliations of  all those in-
volved must be stated.

7.	 References (no limit, but usually below 
50). Please see References for further 
style guidance. Consists of  references 
of  minimal ten years recently and in the 
form of  an essay.

8.	 Figure legends: Maximum six tables and/
or figures. Please see Tables and Figures 
for further style guidance.

CASE REPORTS

Word count: the length will be indicated by or will 
be discussed with the editor, but will usually be less 
than 3000 words.
•	 The Case Report should be presented in sec-

tions - namely:
1.	 Title of  The Article
2.	 Abstract. No more than 350 words, sum-

marizing the case that is being discussed.  
3.	 Keywords. No more than 5. These should 

be given beneath the Abstract and in the 
box provided in the online submission 
process.

4.	 Introduction. No more than four para-
graphs. Without a subtitle, explain the 
background of  the case report, some ref-
erences, state the novelty, and the main 
problem/the reported purpose.

5.	 Case Illustration.
6.	 Discussion. The findings of  the case 

report, the management of  the patient, 
and the outcome of  the management. 
Caveats to the management should be 
discussed. 
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Original Article

Indonesian Journal of  Cardiology
Indonesian J Cardiol 2025:46:96-103

pISSN; 2830-3105 / eISSN: 2964-7304
doi: 10.30701/ijc.1335

Puspa Lestari1, Setyasih Anjarwani1, Novi Kurnianingsih1, Indra Prasetya1, 
Heny Martini1

Abstract
Background: Acute respiratory failure (ARF) is a critical condition 
that often complicates hospitalization and commonly arises from 
cardiopulmonary dysfunctions such as acute heart failure. Prolonged 
mechanical ventilation (PMV) in these patients is associated with in-
creased morbidity, mortality of about 30%, and greater healthcare 
resource utilization. Identifying predictors of PMV is essential to im-
prove outcomes and optimize management strategies.
Methods: A retrospective cohort study was conducted on all pa-
tients who underwent endotracheal intubation in the Cardiovascular 
Care Unit (CVCU) of RSUD Dr. Saiful Anwar Malang from 2015 
to 2021. Patients with incomplete medical records or who died 
within 14 days of mechanical ventilation were excluded. Univariate 
and multivariate logistic regression analyses identified independent 
predictors of PMV. Receiver operating characteristic (ROC) curves 
were generated to assess model discrimination using the area under 
the curve (AUC), with corresponding sensitivity and specificity. Data 
were analyzed using SPSS 22.0.
Results: Five independent predictors of PMV were identified: tachy-
cardia (p = 0.013), metabolic acidosis (p = 0.002), impaired re-
nal function (p = 0.009), shock (p = 0.006), and major bleeding 
(p = 0.002). Multivariate analysis showed the following odds ratios 
(OR, 95% CI): tachycardia 2.06 (1.09–5.99), metabolic acidosis 
2.03 (1.09–6.33), impaired renal function 2.87 (1.28–6.46), shock 
2.83 (1.13–7.06), and major bleeding 1.36 (1.18–2.15). The model 
demonstrated good discrimination with an AUC of 0.83 (95% CI 
0.77–0.88), sensitivity 0.87, and specificity 0.73.
Conclusions: In patients with respiratory failure due to acute heart 
failure, tachycardia, metabolic acidosis, impaired renal function, 
shock, and major bleeding were independent predictors of prolonged 
mechanical ventilation. The predictive model showed high sensitivity 
and acceptable specificity, supporting its clinical usefulness for early 
identification of high-risk patients and targeted intervention.

1Department Cardiology and Vascular 
Medicine, Faculty of Medicine, 
Universitas Brawijaya, Dr. Saiful 
Anwar Hospital, Malang, Indonesia.
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Introduction
Acute Respiratory Failure (ARF) can occur as a 

complication in hospitalized patients and is brought 
on by a variety of  cardiopulmonary dysfunctions, 
such as Congestive Heart Failure (CHF), Chronic 
Obstructive Pulmonary Disease (COPD), pneu-
monia, and Acute Respiratory Distress Syndrome 
(ARDS). A patient’s medical history and a clinical 
examination can be used to determine whether they 
have ARF, which is indicated by an arterial oxygen 
pressure of  less than 60 mmHg. Intensive Care Unit 
(ICU) treatment is frequently prompted by ARF. 
Patients who need invasive mechanical ventilation 
have mortality rates in hospitals ranging from 33% 
to 37%. More than 365,000 patients in the Intensive 
Care Unit (ICU) in the United States are admitted 
with congestive heart failure and cardiogenic shock 
each year; 80,000 of  these patients need mechanical 
breathing.1

For critically ill patients, intubation and mechan-
ical ventilation are necessary to maintain an open 
airway and guarantee appropriate gas exchange.2 

In order to prevent adverse effects, management 
should be informed about the benefits and draw-
backs of  invasive mechanical breathing.1 The use of  
mechanical ventilation necessitates an understand-
ing of  the fundamental physiology of  the respirato-
ry system, work standards, main ventilation settings, 
and knowledge of  potential problems. In cases of  
cardiopulmonary malfunction, the ventilation strat-
egy should be tailored to particular situations, such 
as decompensated congestive heart failure, chronic 
obstructive pulmonary disease, right heart failure, 
and protective ventilation in patients with healthy 
lungs.1, 3

From a cardiac and respiratory standpoint, ven-
tilator management for critically ill patients should 
be customized to meet the specific requirements 
of  each patient in order to maximize benefits while 
minimizing risks. Depending on the clinical situ-
ation’s pathophysiology and planned aims, there 
are different requirements for starting mechanical 
breathing. The cardiovascular system can be impact-
ed positively or negatively by Positive-Pressure Ven-
tilation (PPV), although no overall effect has been 
observed because of  the body’s capacity to adjust to 
variations in intrathoracic pressure. Cardiovascular 
performance can be significantly changed by varia-
tions in intrathoracic pressure that are conveyed to 
the heart and lungs. The physiological reaction of  
the right and left ventricles to variations in intratho-
racic pressure differs significantly. A proficient car-
diologist must be familiar with the evidence-based 

uses of  Invasive Mechanical Positive Pressure Ven-
tilation (IM-PPV) and its interactions with the heart 
and lungs, as well as be able to modify ventilation 
techniques to the underlying cardiovascular status 
of  each patient. All cardiologists who care for pa-
tients in the CVCU should be educated about these 
interventions as well.4-6

Nearly 80% of  all cardiogenic shock patients in 
everyday practice have Acute Myocardial Infarction 
(AMI), which is linked to significant mortality and 
morbidity. The usage of  mechanical ventilation and 
respiratory failure have increased, according to pri-
or research, in cardiogenic shock. Long-term use 
of  mechanical ventilation in critically ill patients is 
linked to a mortality rate of  about 30% and much 
higher resource demand.6 Identification of  those 
who require long-term mechanical ventilation might 
change breathing techniques or possibly shorten 
the course of  therapy and reduce associated prob-
lems. Therefore, it indicates that the length of  time 
a patient uses mechanical ventilation is a substantial 
predictor of  health issues. For medical objectives, 
with a focus on the most important factors, and to 
aid in clinical decisions about critical care patients, 
predictors of  prolonged mechanical ventilation re-
quirements among patients admitted to the CVCU 
are required.4

Methods
Study Design

This cohort retrospective study included patients 
intubated in CVCU room RSUD Dr. Saiful Anwar 
Malang from 2015 until 2021. There were 397 pa-
tients intubated in CVCU, 117 patients were exclud-
ed for the following reasons: incomplete medical 
record data and died before 14 days of  mechanical 
ventilation.  Data obtained from medical records in-
clude age, gender, vital signs (blood pressure, heart 
rate, respiratory rate), oxygen saturation, shock 
conditions, blood gas analysis (pH, PaO2, PaCO2, 
HCO3, Base Excess), hemoglobin levels, leukocyte 
count, hematocrit level, platelet count, serum elec-
trolytes (Sodium, Potassium, Chloride), random 
blood sugar, kidney function test (Urea, creatinine, 
estimated Glomerular Filtration Rate (eGFR)), 
pneumonia, emphysema lung, sepsis, major bleed-
ing, Liver Function Test (AST/ALT), and Glasgow 
Coma Scale.
End Points and Operational Definitions

The primary endpoint of  this study was the 
occurrence of  Prolonged Mechanical Ventilation 
(PMV), defined as the requirement for invasive 
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mechanical ventilation for ≥14 consecutive days 
in patients with respiratory failure due to acute 
heart failure. Secondary endpoints included the 
identification of  clinical and laboratory predictors 
associated with PMV, such as tachycardia, metabolic 
acidosis, impaired renal function, shock, and major 
bleeding, as well as the evaluation of  the predictive 
performance of  these variables. Predictive accuracy 
was assessed through sensitivity, specificity, Odds 
Ratios (ORs) with 95% confidence intervals, and the 
discriminative ability of  the model, measured by the 
Area Under the Receiver Operating Characteristic 
(ROC) Curve (AUC).

For the purposes of  this study, operational defi-
nitions were applied as follows: tachycardia was de-
fined as a resting heart rate >100 beats per minute 
measured on admission or during CVCU stay; meta-
bolic acidosis as arterial pH <7.25 on blood gas anal-
ysis; impaired renal function as an eGFR <30 mL/
min/1.73m² using the CKD-EPI equation; shock as 
systolic blood pressure <90 mmHg or the require-
ment for vasopressor support to maintain adequate 
mean arterial pressure; and major bleeding as clini-
cally overt bleeding resulting in a hemoglobin drop 
> 2 g/dL or requiring blood transfusion, hemody-
namic support, or surgical intervention. Additional
demographic, clinical, and laboratory variables—in-
cluding age, sex, Glasgow Coma Scale, vital signs,
oxygenation indices, complete blood count, serum
electrolytes, renal and liver function tests, and co-

morbidities (e.g., pneumonia, sepsis) were also col-
lected and analyzed.
Statistical Analysis

The mean and standard deviation for all data 
were displayed. The chi-square (x2) was used to 
compare categorical variables. Two-sample t-tests 
were used to analyze mean differences for contin-
uous variables. To find potential PMV predictors, 
we conducted both univariate and multivariate anal-
yses. A multivariate analysis was performed on all 
variables that had a p-value of  0.05 or above in the 
univariate analysis. Logistic regression was used for 
the multivariate analysis. For these variables, ROC 
curves were built. The area under the curve was 
used to compare receiver operating characteristic 
curves (AUC). the sensitivity and specificity calcu-
lated for each positive variable count. Using SPSS 
22.0, the data were examined.

Results
In this study, there were 33 patients (13.36%) 

with prolonged use of  mechanical ventilation (>14 
days) and 247 patients (86.64%) patients with me-
chanical ventilation <14 days. 

There was no significant difference in the num-
ber of  acute heart failure patient with a wet-warm 
subset as well as a wet-cold subset between the 
PMV and non-PMV group. 

Variable Non PMV 
(n=247)

PMV 
(n = 33) p-value

Age (years), (mean ± SD) 59.7 ± 11.7 62.8 ± 10.9 0.142
Gender

Women (n, %)
Men (n, %)

103 (41.7%)
144 (58.3%)

14 (42.4%)
19 (57.6%)

0.93

Glasgow Coma Scale (GCS) 11 11 0.762
Systolic Blood Pressure (mmHg) 115 ± 27 116 ± 29 0.843
Diastolic Blood Pressure (mmHg) 69 ± 18 74 ± 22 0.150
Heart Rate (beats per minute) 96 ± 24 99 ± 30 0.465

Temperature (˚C) 36.5 ± 0.2 36.6 ± 0.2 0.403

Respiratory Rate (times per minute) 21 ± 6 21 ± 3 0.881
Oxygen saturation (%) 97.52 ± 4.26 96.06 ± 11.7 0.483
FiO2 (%) 82 ± 23.2 79 ± 23.2 0.473

PaO2/FiO2 157 ±102 186 ± 128 0.139
Hemoglobin (g/dL) 12.3 ± 3.0 12.3 ± 2.92 0.273
Hematocrit (%) 37.81 ± 8.4 37.64 ± 8.7 0.257
WBC (cells/µL) 15257 ± 2174 24170 ± 5601 0.186

Table 1. Characteristics of  a group patient respiratory failure with acute failure using mechanical 
ventilation.
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Platelet count (×10³/µL) 211 ± 22 221 ± 90 0.696
Serum Creatinine (mg/dL) 1.48 ± 3.3 2.27 ± 5.0 0.067
Ureum (mg/dL) 81.49 ± 65.9 83.02 ± 49.5 0.898
eGFR (mL/min/1.73m2) 50.1 ± 32.4 46.9 ± 27.2 0.593
Aspartate Aminotransferase (AST, IU/L) 45.3 ± 55.0 38.82± 21.8 0.567

Alanine Aminotransferase (ALT, IU/L) 55.53 ± 77.0 46.61± 56.78 0.980
Random Blood Glucose (mg/dL) 182 ± 122 163 ± 101 0.986
Sodium (Na+, mEq/L) 134.2 ± 5.16 134.2 ± 4.6 0.517
Potassium (K+, mEq/L) 4.18 ± 0.96 4.2 ± 1.22 0.793
Chloride (Cl-, mEq/L) 105 ± 14.7 105 ± 6.2 0.852
Arterial pH 7.24 ± 0.14 7.28 ± 0.12 0.241
Bicarbonate (HCO3

-, mEq/L) 18.5 ± 7.5 18.7 ± 5.9 0.859
Partial Pressure of  Oxygen (PaO2, mmHg) 117.42 ± 59.84 137.5 ± 82.3 0.09
Partial Pressure of  Carbon Dioxide (PaCO2, mmHg) 41.74 ± 23.87 40.19 ± 13.96 0.719
Arterial Oxygen Saturation (SaO2, %) 93.92 ± 8.9 93.15 ± 12.2 0.662
Tachycardia (HR > 100 beats per minute) 110 (44.9%) 23 (69.7%) 0.013
Metabolic acidosis (PH < 7.25) 115 (47.1%) 25 (75.8%) 0.002
Impaired renal function (eGFR < 30 mL/min/1.73m2) 80 (32.7%) 19 (57.6%) 0.009
Shock Condition 127 (51.6%) 26 (78.8%) 0.006
Major Bleeding (n, %) 9 (3.6%) 6 (18.2%) 0.002
Lung Emphysema (n, %) 9 (3.6%) 0 (0%) 0.605
Acute Coronary Syndrome

Anterior MI
Anterior Extensive MI
Anteroseptal MI
Inferior MI
Inferoposterior MI
Inferoposterior MI + RV Infarct
Non ST Elevation
Unstable Angina Pectoris

20 (8.09%)
15 (6.07%)
6 (2.43%)
16 (6.47%)
11 (4.45%)
18 (7.28%)
29 (11.74%)
9 (3.64%)

3 (9.09%)
2 (6.06%)
1 (3.03%)
1 (3.03%)
4 (12.12%)
4 (12.12%)
1 (3.03%)
7 (21.21%)

0.989

Killip
I
II
III
IV

28 (11.33%)
5 (2.02%)
16 (6.47%)
74 (29.95%)

7 (21.21%)
0
0

10 (30.30%)

0.277

Pneumonia 165 (66,8%) 21 (63.6%) 0.86
Sepsis 57 (23.3%) 5 (15.2%) 0.414
Hypoxemia 34 (13.8%) 7 (21.2%) 0.38
Hypercapnia 60 (24.3%) 7 (21.2%) 0.86
Forrester

Dry Warm (n, %)
Dry Cold (n, %)
Wet Warm (n, %)
Wet Cold (n, %)

0
0

114 (46.2%)
133 (53.8%)

0
0

16 (48.4%)
17 (51.6%)

0.86

The PMV group had a significantly great-
er number of  patients with tachycardia, acidosis, 
grade III chronic kidney disease, shock, and ma-
jor bleeding compared to the non PMV group. 
Hence, from univariate analysis, these five vari-
ables were identified as the independent predictor 

of  PMV among the acute heart failure patients. 
Furthermore, multivariate analysis with logis-
tic regression was performed on these variables. 

 Based on multivariate analysis, among the pre-
dictors, shock and impaired renal function had the 
highest odds of  PMV. Furthermore, tachycardia 
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and metabolic acidosis had two times likelihood of  
PMV while major bleeding only had minor likeli-
hood of  PMV.

 The predictor factors showed good discrimina-
tion with an area under the receiver operating curve 
(AUC) of  0.83 (95% CI 0.77–0.88) with a sensitivity 
of  0.87 (95% CI 0.82–0.94) and a specificity of  0.73 
(95% CI 0.72–0.84).

Discussion
This study showed that tachycardia, metabolic 

acidosis, impaired renal function, shock, and major 
bleeding were important predictors of  prolonged 
mechanical ventilation in patients with acute heart 
failure and respiratory failure. These findings high-
light the clinical relevance of  hemodynamic insta-
bility, acid base imbalance, renal dysfunction, and 

bleeding complications as barriers to successful 
weaning. Recognizing these predictors early may 
enable clinicians to anticipate difficulties and adjust 
management strategies accordingly. Compared with 
the study by Clark et al., the average duration of  me-
chanical ventilation in our cohort was shorter. This 
difference may partly be explained by our exclusion 
of  patients who died before day 14 of  ventilation, 
which was done to avoid misclassification of  early 
death as successful weaning. However, this meth-
odological choice may also have contributed to a 
shorter overall duration of  ventilator use compared 
with other studies. Differences in patient character-
istics, disease severity, and supportive care practices 
may also explain the observed variation.7

In this study, patients were intubated primarily 
to secure the airway and provide prolonged venti-
latory support due to underlying cardiac complica-

Table 2. Multivariate analysis with logistic regression.

Variable Sig. OR
95% CI

Lower Upper

Tachycardia (HR > 100 beats per minute) 0.31 2.058 1.091 5.996
Metabolic acidosis (PH <7.25) 0.31 2.027 1.090 6.330
Impaired renal function (eGFR < 30 mL/
min/1.73 m2) 0.11 2.873 1.278 6.460

Shock Condition 0.26 2.828 1.133 7.062
Major Bleeding 0.28 1.359 1.177 2.150

Figure 1. ROC curve of  the predictor model for prolonged mechanical ventilation showing good 
discrimination (AUC = 0.83).
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tions, particularly acute heart failure. The classifica-
tion of  acute heart failure in the study was divided 
based on Forrester’s criteria, including: Warm and 
dry (normal); Warm and wet (congestion); Cold and 
dry (hypoperfusion); and Cold and wet (Congestion 
and hypoperfusion). Patients with acute heart failure 
were predominantly classified into wet-warm and 
wet-cold subsets, with similar proportions observed 
between those who required prolonged ventilation 
and those who did not. Previous literature notes that 
acute respiratory failure in this setting is often re-
lated to cardiogenic pulmonary edema. Supportive 
management with oxygen therapy remains the main-
stay to correct hypoxemia, while the presence of  hy-
percapnia may necessitate escalation to mechanical 
ventilation.8 Mechanical ventilation provides cardio-
vascular system benefits in patients with left heart 
failure. In contrast, cardiovascular conditions are 
responsible for mechanical ventilation weaning fail-
ure in conditions of  myocardial ischemia and car-
diogenic pulmonary edema.9-10 

Tachycardia conditions induce excessive cat-
echolamine release in patients who have difficulty 
weaning mechanical ventilation and can shorten 
coronary perfusion time.11-12 This condition causes 
(1) increased oxygen demand due to increased respi-
ratory effort, (2) decreased myocardial oxygen deliv-
ery. Because at the time of  weaning on mechanical 
ventilation there is hypoxemia, the decrease in arte-
rial diastolic pressure associated with a decrease in 
intrathoracic pressure during inspiration is a sign of  
significant respiratory effort. This mechanism can 
lead to prolongation of  mechanical ventilation.12-15 
Studies conducted by Hammash et al. in patients us-
ing mechanical ventilation who experience cardiac 
dysrhythmias, it is stated that tachycardia conditions 
contribute to the weaning process of  mechanical 
ventilation, which can lead to prolonged use of  
mechanical ventilation. The negative effect of  this 
tachycardia condition affects cardiac contractility 
and increases tissue oxygen demand, so that system-
atic heart rate evaluation in mechanically ventilated 
patients can help shorten weaning time and use me-
chanical ventilation.16

Metabolic acidosis also emerged as a relevant 
predictor of  prolonged mechanical ventilation. 
Patients with lower pH values were more likely to 
remain ventilator-dependent compared to those 
with more stable acid–base balance. This finding 
emphasizes the importance of  acid–base status in 
the weaning process, as persistent acidosis signals 
ongoing physiological stress that can delay recovery. 
In contrast, patients with adequate compensation 

or closer to normal pH were more likely to toler-
ate weaning, since sufficient correction of  acidosis 
is one of  the key criteria for safe liberation from 
mechanical support.17

The effect of  mechanical ventilation on re-
nal function remains incompletely understood, al-
though beyond changes in carbon dioxide levels, it 
is known to influence fluid and electrolyte balance 
through mechanisms involving vasopressin and the 
renin–angiotensin–aldosterone system. These al-
terations may contribute to fluid overload and dis-
turbances in acid–base status, thereby complicating 
recovery. In this study, patients with impaired renal 
function were more likely to experience prolonged 
ventilator dependence compared to those with pre-
served kidney function. This suggests that renal 
dysfunction, by worsening systemic imbalance and 
delaying clearance of  metabolic byproducts, plays a 
critical role in extending the duration of  mechanical 
ventilation.18-19

Previous research by Kimura et al. demonstrated 
that shock was an important predictor of  prolonged 
mechanical ventilation, and our findings are consis-
tent with this observation. Patients who developed 
shock in our cohort were more likely to remain ven-
tilator-dependent compared with those who main-
tained stable hemodynamics. This association high-
lights how inadequate tissue perfusion and the need 
for vasopressor support create conditions that delay 
recovery and complicate the weaning process.20

Major bleeding was also associated with pro-
longed mechanical ventilation in this study. Patients 
who experienced significant bleeding were more 
likely to remain ventilator-dependent compared 
with those without bleeding complications. This can 
be explained by several mechanisms such as massive 
hemorrhage may precipitate hypovolemic shock and 
tissue hypoperfusion, transfusion can increase the 
risk of  acute lung injury, and resuscitation efforts 
may lead to fluid overload that contributes to pul-
monary edema. These combined effects create un-
favorable respiratory conditions that make weaning 
from mechanical ventilation more difficult.21 
Strengths and Limitations

The study benefited from a homogenous patient 
population and robust analytical methods, including 
multivariate logistic regression and ROC analysis, 
which strengthen confidence in the identified pre-
dictors. However, exclusion of  patients who died 
before day 14 may have introduced survival bias, 
and outcome data after extubation were not avail-
able. As a single-center retrospective study, residual 
confounding cannot be excluded, and the relatively 
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small number of  patients with prolonged ventilation 
may limit generalizability. Future prospective, multi-
center studies with longer follow-up are warranted 
to validate these predictors and to assess whether 
targeted interventions can improve outcomes and 
reduce resource utilization.

Conclusion
Tachycardia, metabolic acidosis, impaired renal 

function, shock condition, and major bleeding were 
identified as the principal predictors of  prolonged 
mechanical ventilation in patients with respirato-
ry failure due to acute heart failure treated in the 
CVCU at RSUD Dr. Saiful Anwar Malang. These 
predictors demonstrated good discriminatory abil-
ity, with acceptable sensitivity and specificity for 
identifying patients at risk of  prolonged mechanical 
ventilation. Their recognition may assist clinicians in 
anticipating high-risk cases, guiding preventive strat-
egies, and promoting more cost-effective manage-
ment of  acute respiratory failure.
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Abstract
Background: Pulmonary arterial hypertension (PAH) has been known 
to cause a decreases functional capacity. The underlying mechanisms 
include right ventricular dysfunction, chronotropic incompetence, 
ventilation abnormalities, and skeletal muscle dysfunction. Although 
exercise training programs are recommended, there is currently no 
standardized exercise training program that is easy to implement in pa-
tients with PAH. We aimed to investigate the effect of exercise training 
program on functional capacity in patients with PAH. 
Methods: This study was a non-randomized clinical trial in adult pa-
tients with PAH who were divided into intervention and control 
groups. Cardiopulmonary exercise test (CPET) results were assessed 
before and after a four-week supervised program (5 sessions/week). 
The program followed the FITT principle: frequency 5 times/week, in-
tensity 60–85% of six-minute walk test (6MWT) distance, time 25–30 
minutes/session including warm-up and cool-down, type supervised 
indoor walking. Shapiro-Wilk normality test was performed before 
analyzing the numerical data, followed by the independent t-test or 
Mann-Whitney U test to determine differences between groups.
Results: This study included 26 patients with PAH, 14 in the inter-
vention group, and 12 in the control group, consisting of 17 women 
(65%) and 9 men (35%) aged 18-54 years. Statistical analysis showed 
no significant differences in the baseline characteristics between the 
two groups (p  >0.05). Characteristics of the CPET examination re-
sults before and after the exercise program. At baseline, there was no 
difference in VO2 peak in the intervention group and the control group 
(888.29 ± 435.99 (95% CI: 314-1823) vs 641.92 ± 231.98 (95% CI: 
408 – 1111), p-value >0.05). After the physical exercise program, the 
intervention group showed a significant increase in VO2 peak (1047.71 
± 456.05 (95% CI: 413-2175) vs 656.5 ± 223.85 (95%CI: 401–1105), 
p-value < 0.05). Therefore, ΔVO2 peak in the intervention group was 
significantly higher (159.42 ± 209.32 (95%CI: -92 – 707) vs 14.5 ± 
60.4 (95%CI: -77 – 148), p-value < 0.05).
Conclusions: A four-week structured walking exercise program sig-
nificantly improved functional capacity in PAH patients.
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Introduction
Pulmonary arterial hypertension (PAH) is a pro-

gressive disease with a prevalence of  15–50 cases 
per million population, and it is more common in 
women. In Indonesia, atrial septal defect (ASD) 
represents the most frequent congenital cause. This 
condition is known to significantly reduce patients’ 
functional capacity. Exercise programs have been 
shown to improve functional outcomes; however, a 
standardized regimen that is simple and allows pa-
tients to adapt quickly is still lacking. To the best 
of  our knowledge, there are only limited studies 
investigating the effectiveness of  physical exercise 
programs for PAH patients in Indonesia. Therefore, 
further research is required to evaluate the effects 
of  structured exercise training on cardiopulmonary 
stress test capacity in this population.1-3

Methods
Study Design

This study is a non-randomized clinical trial con-
ducted at the Integrated Heart Center of  RSUP Dr. 
M. Djamil Padang from November 2022 to Sep-
tember 2023. The subjects in this study were all pa-
tients with PAH who visited the cardiology clinic of  
RSUP, Dr. M. Djamil Padang. 

The inclusion criteria were as follows: age be-
tween 18-54 years old and not pregnant, while the 
exclusion criteria were acute coronary syndrome 

within the last month; WHO FC III-IV; resting 
heart rate > 120 beats/min; systolic blood pressure 
<85 mmHg or >180 mmHg; diastolic blood pres-
sure> 100 mmHg; peripheral oxygen saturation at 
rest <85%; history of  syncope <1 week prior; and 
musculoskeletal abnormalities or disorders. Diagno-
sis was based on right heart catheterization: mean 
pulmonary artery pressure ≥20 mmHg, pulmonary 
artery wedge pressure (PAWP) ≤15 mmHg, and pul-
monary vascular resistance (PVR) >2 Wood units, 
consistent with ESC/ERS guidelines.

Consecutive sampling was conducted in this 
study. All subjects who presented consecutively and 
met the eligibility criteria were enrolled in the study 
until the required sample size was reached. Subjects 
were then allocated into the intervention group or 
the control group. The intervention group consist-
ed of  subjects who underwent treatment and were 
given a physical exercise program. In contrast, the 
control group consisted of  subjects who underwent 
medical treatment and were not given a physical ex-
ercise program. Before undergoing a physical exer-
cise program, patients were first examined using a 
six-minute walk test (6MWT) and cardiopulmonary 
exercise test (CPET) at the initial meeting.

The exercise program in this study was walking 
exercise, the dosage of  which was given in accor-
dance with the Cardiovascular Rehabilitation Guide-
lines by PERKI in 2019. At each walking session, 
the dosage administered to the patient was increased

Table 1. Dose of  physical exercise based on 6-minute walk test.

6MWD
Walking dose

60% 70% 85%
120 m 360 m 420 m 510 m
150 m 450 m 525 m 640 m
180 m 540 m 630 m 770 m
210 m 630 m 735 m 900 m
240 m 720 m 840 m 1030 m
270 m 810 m 945 m 1160 m
300 m 900 m 1050 m 1290 m
350 m 1050 m 1225 m 1490 m
400 m 1200 m 1400 m 1700 m

Description: The walking dose can be divided into 2x sessions or 3x sessions according to the patient’s physical ability.

by 100-200 meters per session. Exercise interven-
tion followed the FITT principle: Frequency: 5 
sessions/week for 4 weeks; Intensity: 60–85% of  
6MWT-derived walking distance; Time: 25–30 min-
utes/session, including 5-min warm-up and 5-min 
cool-down. Walking doses could be split into 2–3 
intervals within one session depending on toler-

ance; Type: supervised indoor walking in the hospi-
tal’s cardiac rehabilitation room, naturally ventilated 
(non-air conditioned). During se ssions, HR (bpm), 
BP (mmHg), and SpO2 (%) were monitored. Sup-
plemental oxygen (2 L/min, titrated) was provided 
when SpO2 <90%.4-5 At the end of  the exercise pro-
gram, the subjects underwent a CPET re-examina-



106 Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

tion. The VO2 peak values before and after the in-
tervention in the intervention group were compared 
with those in the control group.
Statistical Analysis

Univariate analysis was performed to obtain 
an overview of  the baseline characteristics of  the 
study subjects, which are displayed in the form of  
a frequency distribution table. Bivariate analysis was 
performed to examine the relationship between the 
independent and dependent variables. Before bivar-
iate analysis, data normality testing was performed 
using the Shapiro-Wilk test. An independent t-test 
was performed to compare the difference in VO2 
peak between the two groups if  the VO2 peak data 
were normally distributed, and the Wilcoxon test if  
the data VO2 peak were not normally distributed. 
If  the p-value was < 0.05, the null hypothesis (H0) 
was rejected, and there was a significant difference 
between the VO peak values before and after the 
rehabilitation program. Data were analyzed using 
the Statistical Package for Social Sciences (SPSS) for 
Mac version 27.

Results
This study included 30 subjects, 16 in the inter-

vention group and 14 in the control group. The sub-

jects included 20 women (66%) and 10 men (44%). 
Of  the 30 subjects, four dropped out, leaving 26 
subjects who completed the study. The 26 subjects 
included 17 (65%) females and 9 (35%) males. Two 
patients dropped out of  the intervention group, and 
two dropped out of  the control group. The drop-
outs in the intervention group were due to one pa-
tient’s death and another patient’s relocation, pre-
venting him from completing the exercise program. 
Dropouts in the control group were due to patients 
not attending the post-test CPET examination.

At baseline characteristic data, there were no 
significant sample differences between the inter-
vention group and the control group, except for 
the PVR data; also, it can be seen that the subjects 
who most often experienced PAH were female and 
had a low body weight. ASD was the most common 
cause of  PAH with 7 (50%) patients in the inter-
vention group and 5 (41.7%) patients in the control 
group. In addition, phosphodiesterase-5 inhibitors 
(PDE5I) were the most commonly used drugs, with 
7 (39.28%) in the intervention group and 10 (83%) 
in the control  group. 

The characteristics of  the CPET examination 
showed a statistically significant difference in the 
variables of  exercise tolerance time and peak heart 
rate achievement (Table 3).

Table 2. Baseline Characteristics.
Variable Intervention group Control group p-value

Sex
Male, n(%) 5 (55.6) 4 (44.4) 1.0
Female, n(%) 9 (44.4) 8 (47.1)

Age (years) 24 (18-54) 27 (18-51) 0.13b

Height (cm) 159.4 ± 7.5 160.9 ±8.1 0.63b

Weight (kg) 44 (37-75) 49 (35-65) 0.37b

Body mass index (BMI) (kg/m2) 17.1 (14.5-27.9) 18.4 (13.8-24.2) 0.8a

Etiology
Ventricular septal defecr, n(%) 5 (35.7) 4 (33.3) 0.15
Atrial septal defect, n(%) 7 (50) 5 (41.7)
Primary pulmonary hypertension, n(%) 0 3 (25)
Patent ductus arteriosus, n(%) 2 (14.3) 0

Right Heart Catheterization
Mean Pulmonary Artery Pressure (mmHg) 45 (22-76) 48.5 (22-94) 0.54a

Pulmonary vascular resistance (WU) 2.57 (2.12-18) 10.45 (2.22-23.69) 0.01a

Echocardiography
LVEF (%) 67.93±10.18 65.3±6.9 0.57b

TAPSE (mm) 2.15 (1.4-3.6) 1.9 (1-2.2) 0.07a

Drugs
PDE5i, n(%) 7 (50) 10 (83.3) 0.11
Prostacyclin analogue, n(%) 3 (20) 5 (41.7) 0.40
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Table 3. Cardiopulmonary exercise test characteristics.
No Variable Intervention group Control group p-value
1. Resting systolic blood pressure (mmHg) 

Pre-test 110.43 ± 23.86 112.67 ± 12.78 0.97b

Post-test 112.43 ± 18.10 114.5 ±11.91
Δ pre-post test 2.0 ± 16.49 1.8 ± 2.4

2. Peak systolic blood pressure (mmHg)
Pre-test 146.5 ±23.9 138.83 ±10.75 0.89b

Post-test 149.42 ±23.67 140.67 ±11.75
Δ pre-post test 2.92 ±25.75 1.83 ±9.40

3. Resting diastolic blood pressure (mmHg)
Pre-test 66.79 ±17.09 73.08 ±10.63 0.34b

Post-test 72.14 ±12.71 73 ±8.53
Δ pre-post test 5.36 ±18.05 -0.08 ±7.26

4. Peak diastolic blood pressure (mmHg)
Pre-test 82.07 ± 11.24 85.42 ± 8.11 0.14a

Post-test 83.00 ±7.07 81.67 ±7.89
Δ pre-post test 4.5 (-36–15) 0 (-20–2)

5. Resting heart rate (bpm)
Pre-test 94.86 ±11.98 85 ±3.86 0.85a

Post-test 93.43 ±12.69 82.92 ±9.87
Δ pre-post test -1.43 ±8.38 -2.08 ±9.05

6. Peak heart rate (bpm)
Pre-test 148.07 ± 17.93 136.58 ±29.45 0.008a

Post-test 154.50 ±21.08 122.08 ±26.85
Δ pre-post test 6.5 (-49–36) -7.5 (-98–13)

7. Resting SpO2 (%)
Pre-test 97.43 ±2.31 95.00 ±4.16 0.40a

Post-test 97.14 ±2.25 93.42 ±5.55
Δ pre-post test 0 (-3.0 –1.0) -5.0 (-8 –3)

8. Peak SpO2(%)
Pre-test 95.14 ±3.92 92.50 ±7.05 0.43a

Post-test 94.93 ±5.97 90.58 ±8.84
Δ pre-post test 0 (-16.0 – 13.0) -0.5 (28 – 18)

9. Exercise tolerance time (minutes)
Pre-test 8.3 ±2.51 7.21 ±2.83 0.002a

Post-test 10.14 ±3.23 7.12 ±2.64
Δ pre-post test 2.3 (-1 – 5.5) 0 (-1 – 1)

10. Anaerobic Threshold (AT) (ml/min)

CCB, n(%) 1 (7.1) 0 1
Diuretik, n(%) 1 (7.1) 2 (41.7) 0.58
MRA, n(%) 3 (21.4) 1 (8.3) 0.59
BB, n(%) 5 (35.7) 6 (50) 0.69
ACEi/ARB, n(%) 9 (64.3) 8 (66.7) 1

aWilcoxon test (Mann-Whitney)
bIndependent T-test
p-values for categorical variables (e.g., drugs) were calculated using chi-square or Fisher’s exact test



108 Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

The results of  the normality test of  the VO2 
peak at the initial measurement showed that the 
data were not normally distributed; therefore, the 
non-parametric Wilcoxon (Mann-Whitney) test was 

performed to compare the VO2 peak values at the 
initial measurement, the measurement after four 
weeks of  research, and the ΔVO2 peak (Table 3).

Pre-test 565.29 ±256.75 462.5 ±159.23 0.41a

Post-test 678.43 ±227.27 480.92 ±147.93
Δ pre-post test 64 (-222.0 – 569.0) 8 (-154.0 – 175.0)

11. VE/VCO2

Pre-test 46.53 ±7.44 60.69 ±15.00 0.83b

Post-test 44.04 ±7.52 58.40 ±14.18
Δ pre-post test -2.49 ±8.6 -2.28 ±6.67

aWilcoxon test (Mann-Whitney)
bIndependent T-test

Table 4. Bivariate analysis of  VO2.
Group N Mean ± SD Median (min-max) p-value*

VO2 peak pre-test (ml/min) Intervention 14 888.29 ± 435.99 839 (314 – 1823) 0.136
Control 12 641.92 ± 231.98 578.5  (408 – 1111)

VO2 peak post-test (ml/
min)

Intervention 14 1047.71 ± 456.05 999  (413 – 2175) 0.013
Control 12 656.5 ± 223.85 537.5 (401 – 1105)

ΔVO2 peak pre-post test(ml) Intervention 14 159.42 ± 209.32 120 (-92 – 707) 0.018
Control 12 14.5 ± 60.4 -1.5  (-77 – 148)

*Wilcoxon test (Mann-Whitney)

Based on the bivariate analysis, there was no 
significant difference in VO2 peak between the 
intervention group and the control group before the 
physical exercise program was conducted (888.29 ± 
435.99 (314-1823) vs 641.92 ± 231.98 (408-1111), 
p = 0.136). After the four-week physical exercise 
program, a significant difference was found in VO2 
peak between the intervention and control groups 
(1047.71 ± 456.05 (413-2175) vs 656.5 ± 223.85 
(401-1105), p = 0.013). In addition, a significant 
difference was found in the comparison of  ΔVO2 
between the intervention group and the control 
group (159.42 ± 209.32 (-92 – 707) vs 14.5 ± 60.4 
(-77 – 148), p-value = 0.018). The results of  this 
analysis indicate that the intervention group who 
underwent a four-week physical exercise program 
experienced a more significant increase in VO2 
peak than the control group who did not undergo a 
physical exercise program (Table 3).

Discussion
Several variables did not show a statistically 

significant difference between the intervention and 
control groups, except for the PVR data, likely due 
to the consecutive sampling method, which could 
lead to the potential for uneven sample division of  
the intervention and control groups. Nevertheless, 

there was no statistically significant difference in 
VO2 peak values between the intervention and 
control groups before the exercise program (Table 
3). This study showed that most PAH patients are 
young adult women who have a low body weight 
and a significant age difference ranging from 18 
to 54 years. The data from this study are in line 
with previous studies that show that PAH is more 
common in women aged 30-60 years. However, the 
life expectancy of  women with PAH is better than 
that of  men, which is thought to be related to the 
influence of  estrogen. The phenomenon known as 
the “estrogen paradox” in women suggests that this 
hormone can interact with other factors to increase 
chronic effects and damage pulmonary vessels. 
Conversely, it can have a protective effect in patients 
with PAH. However, the exact cause of  this paradox 
remains unknown.6-7

Previous studies have shown that low body 
weight is more common in patients with PAH, and 
patients with low body weight were 2.9 times more 
likely to be found in the PAH population than in the 
general population. Low body weight is also known 
to be associated with a worse prognosis, especially 
in younger patients.8 This study found that ASD was 
the most common cause of  PAH in the study sub-
jects, in line with the COHARD-PH registry, which
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reported that ASD is the most common congenital 
heart disease that causes PAH in Indonesia, at 
73.4%.9

This study also found that PDE5Is were the 
most common specific PAH treatment administered 
to the study subjects. PDE5Is, especially sildenafil, 
have been shown to be safe and effective in im-
proving exercise capacity, hemodynamics, and out-
comes in patients with PAH. In a study by Oudiz et 
al., sildenafil improved the functional capacity and 
ventilatory efficiency in patients with PAH. This is 
due to the improvement of  pulmonary blood flow, 
which causes an improvement in ventilation ef-
ficiency.10  However, PDE5Is are also effective in 
treating PAH, but they also have side effects, such 
as headache, redness, and muscle pain. In addi-
tion, there are some contraindications to the use of  
PDE5Is, such as ischemic heart disease, congestive 
heart failure, and hypertension. Therefore, not all 
study subjects used PDE5Is.11-12

Based on the results of  this study, it was found 
that there were no statistically significant differenc-
es in some characteristics of  the CPET between 
the two groups after the four-week research period 
except for the HR peak and time to exercise intol-
erance data. The intervention group showed better 
exercise endurance than did the control group after 
the physical exercise program. Several studies have 
shown that exercise programs can increase exercise 
tolerance time.13-14

De Man et al. showed improved exercise endur-
ance in the exercise program group, supported by 
evidence of  increased capillaryization in the quadri-
ceps muscle and oxidative enzyme capacity, especial-
ly in type 1 muscle fibres (slow twitch), which indi-

cates an increase in muscle work that predominantly 
uses aerobic metabolism.14 However, this difference 
may be due to the limited number of  samples and 
the short duration of  the exercise, which may have 
caused an increase in one of  the hemodynamic pa-
rameters to occur by chance. A study by Grunig et 
al. also found a significant increase in maximum 
blood pressure, peak heart rate, and maximum pe-
ripheral saturation in the intervention group, which 
is likely due to a chance.15

A previous study found that the blood pressure 
of  PAH patients is often low but still tolerable ow-
ing to the use of  vasodilators. HR at rest is associ-
ated with the prognosis of  PAH patients. In a study 
by Hildenbrand et al., resting HR below 82 beats per 
minute was associated with better long-term prog-
nosis in patients with PAH.16 In another study, it is 
mentioned that high resting HR at the initial mea-
surement without other known causes can indicate 
right ventricular failure.17-18

Exercise programs are expected to lower PVR 
and increase cardiac output, thereby lowering rest-
ing HR in patients with PAH. In addition, it is also 
expected to increase pulmonary blood flow and re-
duce right-to-left shunts, thereby improving periph-
eral oxygen saturation in patients with PAH. In this 
study, there were no significant differences in resting 
HR or resting/exercise oxygen saturation between 
the intervention and control groups. This may be 
due to the relatively short duration of  the exercise 
program, which may have needed to be longer to 
produce significant differences in some hemody-
namic parameters. In a study by Elkhen et al., the 
exercise program did not show a significant im-
provement in resting systolic blood pressure, resting 

Figure 1. VO2 peak difference between the intervention and control groups.

Control group

Intervention group
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HR, resting diastolic blood pressure, or maximum 
diastolic blood pressure in patients with PAH who 
underwent 15 weeks of  exercise training compared 
to the control group.4,15,19-20

In this study, there was no significant difference 
in ventilation efficiency between the intervention 
and control groups after four weeks of  exercise. 
However, both groups showed a simultaneous im-
provement in ventilation efficiency after four weeks, 
as evidenced by an increase in VO2 at AT and a de-
crease in VE/VCO2. Pulmonary vascular remodel-
ling in patients with PAH leads to perfusion defi-
cits in the pulmonary arteries, which can increase 
the ventilation-perfusion ratio (V/Q) and alveolar 
dead space fraction (Vd/Vt), and cause ventilatory 
inefficiency that contributes to decreased functional 
capacity. The improvement in efficiency observed in 
the control group may be due to the use of  med-
ications, such as sildenafil. A study by Oudiz et al. 
showed that sildenafil significantly increased AT 
and decreased VE/CO2 compared with the control 
group. This is related to the increase in pulmonary 
blood flow, which improves ventilatory efficiency.10

Previous studies have shown that physical exer-
cise significantly increases the VO2 peak. However, 
there was no significant difference in ventilation ef-
ficiency parameters, which suggests that an acute ex-
ercise program does not improve ventilation-perfu-
sion. Still, the increase in functional capacity is due 
to improvements in skeletal muscle strength and en-
durance. However, no studies have confirmed this 
finding.21-22

In this study, there was a significantly more sig-
nificant increase in VO2 peak in patients with PAH 
who underwent an exercise program than in those 
who did not undergo an exercise program. Physical 
exercise is beneficial for the management of  PAH. 
Although different exercise protocols have been 
used in various studies, physical exercise can im-
prove functional capacity in patients with PAH2-3,20,23

Several mechanisms can influence the improve-
ment in functional capacity in subjects who under-
go an exercise program, such as improvement in 
right ventricular function, increased adaptation and 
strength of  the respiratory muscles, and increased 
strength and endurance of  the skeletal muscles. At 
the molecular level, physical exercise can reduce in-
flammatory mediators such as Th17 lymphocytes, 
Tumor Necrosis Factor α (TNF-α), IL-1, and IL-6, 
which play a role in inducing inflammation in pa-
tients with pulmonary hypertension.24-25

Some studies have shown that physical exercise 
can improve right ventricular function, as assessed 

by a decrease in systolic pulmonary arterial pres-
sure and an increase in pulmonary perfusion flow. 
4,15,19 This suggests that physical exercise also plays a 
role in lowering PVR. However, it is still unknown 
whether reverse remodelling of  pulmonary vessels 
occurs.25 Gonzalez et al. also found that physical ex-
ercise can increase respiratory muscle strength, as 
evidenced by a significant increase in Pimax after 
an eight-week exercise program. In addition, exer-
cise programs increase the strength and endurance 
of  skeletal muscles.14,26 Other studies have shown 
that physical exercise is not effective in improving 
the functional capacity and quality of  life in patients 
with pulmonary hypertension. This may be due to 
several factors, such as small study sample size, in-
consistent patient selection criteria, low intensity 
and frequency of  exercise, variability of  exercise 
programs, different study durations, and heteroge-
neity of  the patient population.27

Further research with a larger sample size, more 
consistent patient selection criteria, higher inten-
sity and frequency of  exercise, and longer study 
duration is needed to determine whether physical 
exercise is effective for patients with pulmonary 
hypertension. Based on the above discussion, this 
study shows that an exercise program can improve 
the functional capacity of  patients with PAH; in this 
case, an increase in VO2 peak. To the best of  our’ 
knowledge, this study is the one that uses the most 
easily adaptable exercise program, but can signifi-
cantly improve functional capacity in patients with 
PAH. The results of  this study support the impor-
tance of  physical exercise as a non-pharmacological 
approach in the management of  PAH.
Limitation

This study demonstrated the benefits of  exer-
cise in PAH patients as measured by VO2 peak, yet 
several limitations should be acknowledged. First, 
the study did not assess other variables that may 
contribute to improvements in VO2 peak, such as 
right ventricular function, PVR, respiratory muscle 
strength, skeletal muscle strength, pulmonary blood 
flow, or molecular changes following exercise. Sec-
ond, the baseline data revealed a significant differ-
ence in PVR between the intervention and control 
groups, which could have introduced bias, since the 
intervention group had a lower baseline PVR. Nev-
ertheless, the baseline VO2 peak values were not sig-
nificantly different between the two groups prior to 
the exercise program. Finally, because consecutive 
sampling was used—a non-probability technique—
there is a possibility of  selection bias, which may 
limit the generalizability of  the findings.
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Conclusion
This study showed that PAH is more common 

in young adult women with low body weight, the 
most common diagnosis being atrial septal defect, 
and the most common treatment is PDE5I. The 
study showed a significant increase in the peak HR 
and exercise intolerance time in the intervention 
group. However, there were no significant differ-
ences in other hemodynamic characteristics such 
as blood pressure and peripheral oxygen saturation. 
In addition, the ventilation efficiency variables in 
both groups after the four-week study period, such 
as anaerobic threshold and VE/VCO2 ratio before 
and after the physical exercise program, also did not 
show a significant difference. The study showed a 
significant increase in VO2 peak in PAH patients 
who underwent a physical exercise program com-
pared to PAH patients who did not undergo the 
program. This study can be continued with a mul-
tivariate analysis by measuring other variables that 
can affect VO2 peak measurement results. Physical 
exercise can be performed as a routine rehabilitation 
therapy for PAH patients as safe, easy, and effective 
management to improve patient quality of  life.

List of Abbreviations
6MWT	 Six-Minute Walk Test
6MWD	Six-Minute Walk Distance
CPET	 Cardiopulmonary Exercise Test
DBP	 Diastolic Blood Pressure
HR	 Heart Rate
LVEF	 Left Ventricular Ejection Fraction
mPAP	 Mean Pulmonary Artery Pressure
PAH	 Pulmonary Arterial Hypertension
PAWP	 Pulmonary Artery Wedge Pressure
PVR	 Pulmonary Vascular Resistance
SBP	 Systolic Blood Pressure
TAPSE	Tricuspid Annular Plane Systolic Excursion

Ethical Clearance
Ethical approval was obtained from the Ethics 
Committee of  RSUP Dr. M. Djamil Padang (No. 
LB.02.02/5.7/329/2023). All patients provided 
written informed consent.

Publication Approval
Institutional approval for publication has been ob-
tained.

Authors Contributions

F. H. S.: Conceptualization, study design, patient 
recruitment, data collection, data analysis, statisti-
cal analysis, manuscript drafting and editing; C. K. 
K.: Conceptualization, study design, exercise ses-
sion supervision, and critical revision for important 
content; R. H.: Conceptualization, study design, ex-
ercise session supervision, and critical revision for 
important content.

Acknowledgments 
The authors thank the Department of  Cardiovascu-
lar Medicine of  Dr. M. Djamil Padang Hospital for 
their valuable support.

Conflict of Interest
The authors declare no conflict of  interest.

Availability of Data and 
Materials
Data are available from the corresponding author 
upon reasonable request.

Funding
This research was funded by the Research and De-
velopment Unit (Litbang) of  Dr. M. Djamil Padang 
Hospital.

Copyright/Permissions for 
Figures
All figures and materials are original and created by 
the authors.

Generative AI and AI-
Assisted Technologies in 
the Writing Process
The authors declare that no generative AI or AI-as-
sisted technologies were used in the writing this 
manuscript. All content was produced entirely by 
the authors.

References
1.	 Eichstaedt CA, Benjamin N, Xanthouli P, Mar-

ra AM, Grünig E. The role of  rehabilitation 
in patients with pulmonary arterial hyperten-
sion. Current Opinion in Pulmonary Medicine 
2019;25:398-404.

2.	 Bussotti M, Gremigni P, FE Pedretti R, et al. 
Effects of  an outpatient service rehabilitation 
programme in patients affected by pulmo-



112 Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

nary arterial hypertension: an observational 
study. Cardiovascular & Haematological Dis-
orders-Drug Targets (Formerly Current Drug 
Targets-Cardiovascular & Hematological Dis-
orders) 2017;17:3-10.

3.	 Grünig E, MacKenzie A, Peacock AJ, et al. 
Standardized exercise training is feasible, safe, 
and effective in pulmonary arterial and chron-
ic thromboembolic pulmonary hypertension: 
results from a large European multicentre ran-
domized controlled trial. European Heart Jour-
nal 2021;42:2284-95.

4.	 Mereles D, Ehlken N, Kreuscher S, et al. Ex-
ercise and respiratory training improve exercise 
capacity and quality of  life in patients with se-
vere chronic pulmonary hypertension. Circula-
tion 2006;114:1482-9.

5.	 PERKI. Panduan Rehabilitasi Kardiovaskular. 1 ed. 
Jakarta: Kelompok Kerja Prevensi dan Rehabilitasi 
Kardiovaskuler Pengurus Pusar Perhimpunan Kardio-
vaskuler Indonesia; 2019.

6.	 Varì R, Scazzocchio B, D’Amore A, Giovannini 
C, Gessani S, Masella R. Gender-related differ-
ences in lifestyle may affect health status. Annali 
dell’Istituto superiore di sanita 2016;52:158-66.

7.	 Austin ED, Lahm T, West J, et al. Gender, sex 
hormones and pulmonary hypertension. Pul-
monary circulation 2013;3:294-314.

8.	 Londoño A, Conde R, Pacheco M, et al. Under-
weight/overweight syndrome in patients with 
pulmonary hypertension in Colombia: a prev-
alence study. Eur Respiratory Soc; 2022.Vol 60 
(suppl 66)

9.	 Dinarti LK, Hartopo AB, Kusuma AD, et al. 
The COngenital HeARt Disease in adult and 
Pulmonary Hypertension (COHARD-PH) 
registry: a descriptive study from single-center 
hospital registry of  adult congenital heart dis-
ease and pulmonary hypertension in Indonesia. 
BMC Cardiovascular Disorders 2020;20:1-11.

10.	 Oudiz RJ, Roveran G, Hansen JE, Sun XG, Was-
serman K. Effect of  sildenafil on ventilatory 
efficiency and exercise tolerance in pulmonary 
hypertension. Eur J Heart Fail 2007;9:917-21.

11.	 Barnes H, Brown Z, Burns A, Williams T. Phos-
phodiesterase 5 inhibitors for pulmonary hyper-
tension. Cochrane Database of  Systematic Re-
views 2019.

12.	 Rubin LJ, Badesch DB, Fleming TR, et al. Long-
term treatment with sildenafil citrate in pulmo-
nary arterial hypertension: the SUPER-2 study. 
Chest 2011;140:1274-83.

13.	 Chan L, Chin LM, Kennedy M, et al. Benefits 

of  intensive treadmill exercise training on car-
diorespiratory function and quality of  life in 
patients with pulmonary hypertension. Chest 
2013;143:333-43.

14.	 De Man F, Handoko M, Groepenhoff  H, et al. 
Effects of  exercise training in patients with id-
iopathic pulmonary arterial hypertension. Euro-
pean Respiratory Journal 2009;34:669-75.

15.	 Grünig E, Maier F, Ehlken N, et al. Exercise 
training in pulmonary arterial hypertension as-
sociated with connective tissue diseases. Arthri-
tis research & therapy 2012;14:1-10.

16.	 Hildenbrand FF, Fauchère I, Huber LC, Keus-
ch S, Speich R, Ulrich S. A low resting heart 
rate at diagnosis predicts favourable long-term 
outcome in pulmonary arterial and chronic 
thromboembolic pulmonary hypertension. A 
prospective observational study. Respiratory re-
search 2012;13:1-7.

17.	 Rich JD, Rich S. Clinical diagnosis of  pulmo-
nary hypertension. Circulation 2014;130:1820-
30.

18.	 Bersohn MM, Turner MP, Traiger GL, Frost 
AE, Shapiro S. Systemic BP and heart rate as 
prognostic indicators in pulmonary arterial hy-
pertension. Chest 2013;144:959-65.

19.	 Ley S, Fink C, Risse F, et al. Magnetic resonance 
imaging to assess the effect of  exercise training 
on pulmonary perfusion and blood flow in pa-
tients with pulmonary hypertension. European 
radiology 2013;23:324-31.

20.	 Ehlken N, Lichtblau M, Klose H, et al. Exer-
cise training improves peak oxygen consump-
tion and haemodynamics in patients with severe 
pulmonary arterial hypertension and inoperable 
chronic thrombo-embolic pulmonary hyperten-
sion: a prospective, randomized, controlled tri-
al. European heart journal 2016;37:35-44.

21.	 Fox BD, Kassirer M, Weiss I, et al. Ambulatory 
rehabilitation improves exercise capacity in pa-
tients with pulmonary hypertension. Journal of  
cardiac failure 2011;17:196-200.

22.	 Becker-Grünig T, Klose H, Ehlken N, et al. Ef-
ficacy of  exercise training in pulmonary arterial 
hypertension associated with congenital heart 
disease. International Journal of  Cardiology 
2013;168:375-81.

23.	 Ozemek C, Berry MJ, Arena R. A review of  
exercise interventions in pulmonary arterial hy-
pertension and recommendations for rehabili-
tation programing. Journal of  Cardiopulmonary 
Rehabilitation and Prevention 2019;39:138-45.

24.	 Harbaum L, Renk E, Yousef  S, et al. Acute 



113Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

Indonesian Journal of Cardiology

effects of  exercise on the inflammatory state 
in patients with idiopathic pulmonary arteri-
al hypertension. BMC Pulmonary Medicine 
2016;16:1-11.

25.	 Grünig E, Eichstaedt C, Barberà J-A, et al. ERS 
statement on exercise training and rehabilita-
tion in patients with severe chronic pulmonary 
hypertension. European Respiratory Journal 
2019;53.

26.	 González-Saiz L, Fiuza-Luces C, Sanchis-Go-
mar F, et al. Benefits of  skeletal-muscle exer-
cise training in pulmonary arterial hypertension: 
The WHOLEi+ 12 trial. International journal 
of  cardiology 2017;231:277-83.

27.	 Martínez-Quintana E, Miranda-Calderín G, 
Ugarte-Lopetegui A, Rodríguez-González F. 
Rehabilitation program in adult congenital heart 
disease patients with pulmonary hypertension. 
Congenital heart disease 2010;5:44-50.



114 Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

Review Article

Indonesian Journal of  Cardiology
Indonesian J Cardiol 2025:46:114-121
pISSN; 2830-3105 / eISSN: 2964-7304

doi: 10.30701/ijc.1745

Phrenic nerve stimulation as a novel therapeutic approach for 
heart failure with central sleep apnea: a systematic review

Clara Alverina1, Rizqi Apsari Fairuz Kamila1, Alfiani Zukhruful Fitri Rifa’i1 

Abstract
Heart failure (HF) is a chronic condition associated with significant 
morbidity and mortality. Phrenic nerve stimulation (PNS) is an inno-
vative therapeutic approach targeting HF patients with central sleep 
apnea (CSA), a condition linked to worsened cardiac outcomes. This 
systematic review evaluated the efficacy and safety of PNS, focusing 
on its impact on clinical outcomes such as the apnea-hypopnea in-
dex (AHI), central apnea index (CAI), left ventricular ejection frac-
tion (LVEF), and sleep quality. A comprehensive literature search of 
studies published between 2014 and 2023 identified five relevant 
studies, following PRISMA guidelines and utilizing the Newcastle-Ot-
tawa Scale for quality assessment. Results from current studies con-
sistently demonstrated that PNS significantly reduces CSA severity, 
improves cardiac function, and enhances sleep quality, with minimal 
adverse events and high patient satisfaction. While these findings 
highlight PNS as a promising additional treatment for HF patients 
with CSA especially for patients who do not improve despite opti-
mal guideline-directed medical therapy (GDMT), further large-scale 
randomized trials are needed to confirm its long-term efficacy and 
safety. 

1Faculty of Medicine, Universitas 
Airlangga, Surabaya, Indonesia.

Correspondence:
Clara Alverina,

Faculty of Medicine, Universitas 
Airlangga, Surabaya, Indonesia

Email: alverinaclara9898@gmail.com

(Indonesian J Cardiol, 2025;46:114-121)

Keywords: Heart Failure, Phrenic Nerve Stimulation, Central 
Sleep Apnea, Device-based Therapy



115Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

Indonesian Journal of Cardiology

Introduction
Heart failure (HF) is a complex medical con-

dition caused by any structural or functional issue 
that impairs the heart’s ability to fill with or pump 
blood.1 HF remains a significant clinical challenge, 
affecting millions worldwide and leading to signif-
icant morbidity, frequent hospitalizations, and ele-
vated mortality rates. Central sleep apnea (CSA) is a 
sleep disorder characterized by the brain’s failure to 
send appropriate signals to the muscles controlling 
breathing, leading to pauses or reductions in respi-
ratory effort during sleep. Unlike obstructive sleep 
apnea (OSA), which results from physical airway 
blockages, CSA is associated with various medical 
conditions, particularly heart failure.2

The prevalence of  CSA in HF ranges from 25% 
to 40% and is linked to increased mortality and poor 
prognosis.3 Recurrent apneic events in CSA lead to 
disrupted sleep, chronic fatigue, and decreased day-
time functioning, contributing to a diminished qual-
ity of  life for these individuals.4 Furthermore, the 
occurrence of  CSA in heart failure patients is linked 
to increased hospitalizations, elevated healthcare 
costs, and higher mortality rates.5

The recurrent episodes of  apnea and hypopnea 
in CSA lead to intermittent hypoxia and hypercap-
nia, triggering a cascade of  pathophysiological re-
sponses. These responses include sympathetic ner-
vous system activation, inflammation, and oxidative 
stress, which can further impair cardiac function 
and exacerbate heart failure.6 Various treatment mo-
dalities exist for CSA in HF, such as phrenic nerve 
stimulation, which has shown promise in improving 
CSA.4 Adaptive servo-ventilation has been studied 
for its effects on CSA in HF patients, showing po-
tential benefits in improving sleep structure.7 This 
method involves the electrical stimulation of  the 
phrenic nerve to activate the diaphragm, promoting 
regular diaphragmatic contractions and mitigating 
apneic events during sleep.8

The remedē System, approved by the FDA, uses 
transvenous phrenic nerve stimulation (PNS) to 
treat moderate to severe CSA in adults.9 PNS sta-
bilizes respiratory patterns, reducing the frequency 
and severity of  CSA episodes, which improves ox-
ygenation and decreases nocturnal hypoxia—cru-
cial for heart failure patients.10 Additionally, PNS 
improves cardiac function by controlling breathing 
patterns and reducing sympathetic activation and 
oxidative stress, thus alleviating cardiac burdens as-
sociated with HF.11 Finally, PNS enhances quality of  
life by improving sleep quality and reducing daytime 
symptoms, leading to a better overall quality of  life 

for heart failure patients with CSA.12

This systematic review aims to comprehensive-
ly evaluate the efficacy and safety of  phrenic nerve 
stimulation in heart failure patients, particularly 
those suffering from CSA, by analyzing data from 
clinical studies and providing insights into its poten-
tial role as a therapeutic modality.

Methods
A comprehensive search was conducted across 

multiple databases to find related studies about 
Phrenic Nerve Stimulation as a novel therapy in 
heart failure patients. We used the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis 
(PRISMA) Guidelines to report our findings.13 The 
research protocol was registered at PROSPERO 
(ID: CRD42024604614).
Searching Strategy

A literature search was conducted on 4 online 
databases (Pubmed, Web of  Science, Science Direct, 
and ProQuest) on June 22, 2024 using the keywords 
“(phrenic nerve stimulation) AND (heart failure)”. 
All retrieved articles were imported into Rayyan for 
duplicate removal. The titles and abstracts of  the re-
maining articles were screened independently by the 
authors to exclude irrelevant studies. Discrepancies 
were resolved through discussion. Full texts of  po-
tentially relevant articles were then reviewed based 
on pre-established eligibility criteria.
Eligibility Criteria

Specific inclusion and exclusion criteria were es-
tablished to ensure a comprehensive and relevant 
analysis. The inclusion criteria encompassed studies 
involving adult patients (aged 18 years and above) 
diagnosed with heart failure who also experienced 
central sleep apnea. Only studies that utilized phren-
ic nerve stimulation as an intervention and reported 
its efficacy and safety in treating heart failure were 
considered. Eligible studies included randomized 
controlled trials, non-randomized trials, and obser-
vational studies. Furthermore, only articles published 
in English were included to maintain consistency in 
data interpretation. Conversely, the exclusion crite-
ria aimed to filter out irrelevant or non-applicable 
studies. This included studies that did not involve 
heart failure patients or used interventions other 
than phrenic nerve stimulation. Non-human studies 
were excluded to focus on clinically relevant human 
data. Additionally, reviews, case reports, opinion 
pieces, and articles not published in English were 
excluded to maintain a high standard of  evidence 
and ensure clarity in data analysis.
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Data Extraction
Data were extracted independently by three au-

thors using a standardized extraction form. The ex-
tracted data included authors, publication year, study 
location, study design, sample size, patient charac-
teristics, intervention details, primary and secondary 
outcomes, and adverse events. The data were com-
piled into an online spreadsheet and cross-verified 
by other authors to ensure accuracy. Disagreements 
were resolved through consensus.

Quality Assessment
The risk of  bias in the included studies was as-

sessed using the Newcastle-Ottawa Scale (NOS). 
The assessment was independently performed by 
three authors, with disagreements resolved by dis-
cussion. The risk of  bias was categorized as high, 
medium, or low based on the number of  stars at-
tributed to each study.

Table 1. Quality assessment of  selected studies based on the Newcastle-Ottawa scale (NOS).
Author, Year Selection Comparability Exposure Overall Grade

Costanzo, et. al., 2018 **** ** *** 9
Scwarts, et. al., 2021 *** * ** 6
Hill, et. al., 2023 **** * ** 7
Prtratz, et. al., 2021 ** ** *** 7
Zhang, et. al., 2015 ** * *** 6

Literature Selection
A total of  1227 articles were identified after 

initial literature search performed on 4 databases 
[104 articles from PubMed/MEDLINE, 181 from 
Science Direct, 316 from Web of  Science, and 625 
from ProQuest (Figure 1)]. 303 duplicates were re-
moved before screening. A total of  924 articles were 
identified through screening of  titles and abstracts 
from initial results. Full-text review of  all the articles 
was then completed. All articles were published in 
2014 - 2023. Of  the 5 articles included, a total of  
203 patients underwent device implantation. 

Results
The following baseline and study characteristics 

were collected for each selected article: first author, 
publication year, nation, and study patient character-
istics (Table 2). Efficacy outcome measures includ-
ed the apnea-hypopnea index (AHI), central apnea 
index (CAI), percent of  sleep with O2 saturation 
<90% (T90), sleep efficiency, and Epworth Sleep-
iness Scale (ESS) (Table 3). 

Figure 1. PRISMA flowchart of  literature search.
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had a majority of  patients with EF ≤ 40, which is 
included in the HFrEF (heart failure with reduced 
ejection fraction) category9,14-15, while the other 2 
studies used samples with a mean LVEF of  40.71 
and 42.4, respectively.10,16 Most of  them are included 
in NYHA class II-III.9-10,15-16

Table 2. Characteristics of  selected studies (n=5) and subjects.

Author, 
Year

Country Study
Design

Sample
Size

Age
(Year)

Male
(%)

BMI
(kg/m2)

NYHA
class
(%)

LVEF
(%)

Type of  
HF

AHI
(events/

h)

CAI
(events/

h)

Follow 
up (mo)

Costanzo, 
et. al., 2018

USA Prospec-
tive, RCT, 
MC

96 67±12 87 30.7 I: 19
II: 43
III: 39

34.5 HFrFF 47.1 26.2 6

Schwarts, 
et. al, 2021

Not 
specified

RCT 151 67.1 89 30.6 NA 40.71 HFmrFF 44.7 26.2 6 & 12

Hill, et. al, 
2023

USA
Germany 
and 
Poland

RCT 75 67±8 93 31 I: 20
II: 48
III: 32

34.6 HFrFF 45.6 24.3 12

Potratz, et. 
al., 2021

Germany Prospective 24 67.1±
11.2

92 34.6 II: 62
III: 38

42.4 HFmrFF 38.1 18 6

Zhang, et. 
al., 2015

China Prospec-
tive, SC

8 51.5±
4

75 24.6 III: 
62.5
IV: 
37.5

37.3 HFrFF 31.2 29.4 6

Values are presented as number or mean; RCT: Randomized Controlled Trial; MC: Multicenter; SC: Single Center; BMI: Body Mass Index; 
NYHA: New York Heart Association; LVEF: Left Ventricular Ejection Fraction; AHI: Apnea Hypopnea Index; CAI: Central Apnoea Index.

Table 2 shows that CSA in heart failure patients 
often occurs in elderly men who are obese (BMI 
≥ 30kg/m2) and especially those who have sever-
al comorbidities such as cardiovascular disease and 
metabolic disease.9-10,13-14 The majority of  patients 
are heart failure patients with Left Ventricular Ejec-
tion Fraction (LVEF) ≤ 45.9-10,14-16 3 out of  5 studies 

Table 3. Results and conclusion of  selected studies (n=5).
Author, 

Year
Medication status Comorbidities Intervention Adverse 

Effect
Outcomes Conclusion

Costanzo, 
et. al., 
2018

Patients had to be 
medically stable for 30 
days on GDMT prior 
to baseline assessments 
and have a qualifying 
polysomnogram. 
Medications used such 
as: ACEi or ARB, statins, 
beta-blocker, antiplatelet, 
MRA, loop diuretic, thia-
zide, digoxin and CCB.

history of  AF, 
HT, CAD, 
DM, stroke, 
renal impair-
ment

Unilateral 
TPNS vs no 
TPNS

33% 
patients  
reported 
non-seri-
ous thera-
py-related 
discomfort 
through 
12 
months

Reduces 
CSA severity, 
improvement 
LVEF and 
AHI, fewer 
arousals, less 
hypoxaemia, 
and improve-
ment in REM 
sleep and QoL

TPNS  re-
duces CSA 
severity in 
patients 
with HF

Schwarts, 
et. al, 2021

Patients included are 
medically stable for 30 
days prior to all baseline 
testing including not 
using any PAP therapy.
Medications not speci-
fied.

AF, CAD, his-
tory of  jaw/
neck surgery

TPNS; ac-
tive and de-
ferred  6-mo 
therapy

One-third 
patients 
complaint 
discom-
fort

Reduces AHI to 
<20/h and CAI 
to ≤2/h, reduc-
tions in daytime 
sleepiness and 
fatigue

TPNS 
improved 
AHI, CAI, 
QoL of  
the patients 
with CSA



118 Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

Hill, et. al, 
2023

Patients who were med-
ically stable on GDMT 
for >30 days.
Medications not speci-
fied.

DM, AF, 
concomitant 
cardiac device, 
HT, CAD

TPNS; ac-
tive and de-
ferred  6-mo 
therapy

Not 
reported

Reductions 
in daytime 
sleepiness 
and fatigue, 
resolution of  
insomnia/frag-
mented sleep 
and snoring

TPNS 
improved 
QOL, sleep 
quality, and 
reduced 
daytime 
sleepiness

Potratz, et. 
al., 2021

Patients included already 
received treatment with 
optimal guideline-based 
HF medication and car-
diac devices for at least 6 
months. 
Medications not speci-
fied.

Not reported. TPNS No 
serious 
adverse 
events

Significant de-
crease in AHI 
and CAI, signif-
icant improve-
ment in 6MWD 
and hypoxemic 
burden

TPNS can 
reduce 
hypoxemic 
burden and 
improve 
physical 
capacity

Zhang,et. 
al., 2015

All the patients were on 
standard therapy for HF 
based on their ejection 
fraction and medically 
stable prior to the pro-
cedure.
Medications used such 
as: digoxin, diuretics, be-
ta-blocker, nitroglycerin 
and ACEi.

Cardiomyopa-
thy, AF

TPNS 1 out of  
8 patients 
have 
dislodge-
ment

Significant 
decrease in 
AHI and CAI, 
improvement 
in 6MWD, and 
statistical  eleva-
tion of  LVEF

TPNS is 
safe and 
feasible for 
HF patients 
with CSA

TPNS: Transvenous Phrenic Nerve Stimulation; AF: Atrial Fibrillation; HT: Hypertension; CAD: Coronary Artery 
Disease; DM: Diabetes Mellitus; CSA: Central Sleep Apnoea; GDMT: Guideline-Directed Medical Therapy; ACEi: 
ACE Inhibitors; ARB: Angiotensin Receptor Blocker; MRA: Mineralocorticoid Receptor Antagonist; CCB: Calcium 
Channel Blocker; AHI: Apnea Hypopnea Index; CAI: Central Apnoea Index; LVEF: Left Ventricular Ejection Frac-
tion; 6MWD: Six-Minute Walk Distance; REM: Rapid Eye Movement; QoL: Quality of  Life; HF: Heart Failure.

promised quality of  life, leading to high readmis-
sion rates.17 Sleep-disordered breathing, particularly 
CSA, significantly contributes to the high morbidity 
and mortality in HF patients.9 CSA in these patients 
is driven by hyperventilation, circulatory delay, and 
cerebrovascular reactivity. Hyperventilation is trig-
gered by increased chemosensitivity and stimulation 
of  lung receptors due to pulmonary interstitial con-
gestion.18 Fluid movement during sleep exacerbates 
this congestion, causing chronic hyperventilation 
and reduced PaCO2 levels, which leads to period-
ic breathing cessation or known as central apnea.19 

Additionally, underlying cardiac disease activates 
peripheral chemoreceptors, triggering an exaggerat-
ed response to the decreased CO2 levels, resulting 
in apnea. This apnea increases CO2 levels, leading 
to hyperventilation and creating a cyclical pattern 
known as Cheyne-Stokes respiration. CSA in HF of-
ten manifests as Cheyne-Stokes Respiration (CSR), 
a cyclical pattern of  waxing and waning breathing. 
This is driven by the delayed circulation time be-
tween the lungs and the brain, leading to a lag in the 

As presented in Table 3, patients included in these 
studies were already on GDMT for HF and medical-
ly stable prior to TPNS intervention.9,10,14,16 All the 
studies maintained a standard approach where PNS 
was implemented as an adjunctive therapy rather than 
a replacement for GDMT. The study on PNS for 
treating CSA in HF patients demonstrates that PNS 
significantly reduces the AHI and CAI.9-10,14,16 PNS 
also improves sleep quality and oxygenation, there-
by improving the global well-being of  patients.9,14-15 
There is also improvement in physical performance 
that is measured using 6MWD.10,16 During the 6 and 
12 months follow-up, some studies report one-third 
of  patients complaining of  discomfort after PNS 
implantation.9,15 In other studies, there is no serious 
adverse effect or mortality has been mentioned, but 
one of  them had dislodgement and the lead was 
subsequently repositioned after follow-up.10,15-16 
 

Discussion
Despite advancements in HF treatments, many 

patients remain symptomatic and experience com-
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feedback mechanism that regulates breathing. When 
CO2 levels drop too low, it dampens the brain’s drive 
to breathe, causing apnea. The subsequent rise in 
CO2 from apnea stimulates hyperventilation, per-
petuating the cycle.18 Recognizing CSA in HF pa-
tients is crucial for providing intensive therapy to 
improve prognosis and quality of  life.

Treating CSA in HF patients involves various 
strategies aimed at enhancing both cardiac func-
tion and respiratory stability. The primary approach 
typically involves optimizing HF medications. Ad-
ditionally, device-based therapies such as cardiac 
resynchronization therapy (CRT) have been shown 
to improve CSA by boosting cardiac efficiency and 
reducing episodes of  sleep-disordered breathing.9 
Beyond these methods, Continuous Positive Airway 
Pressure (CPAP) and PNS are two other treatment 
options, each with its unique benefits and consider-
ations.20-21

CPAP is a widely used therapy for CSA, primar-
ily effective in patients with both obstructive and 
central sleep apnea. It works by providing a constant 
stream of  air through a mask, keeping the airways 
open and preventing apnea episodes. Studies have 
shown that CPAP can improve sleep quality, reduce 
daytime sleepiness, and enhance overall cardiovascu-
lar outcomes in HF patients. However, adherence to 
CPAP therapy can be a challenge due to discomfort 
and the cumbersome nature of  the equipment.18,20

PNS involves implanting a device that stimulates 
the phrenic nerve, which controls the diaphragm, 
thereby helping to regulate breathing patterns during 
sleep. The study on PNS for treating CSA in HF pa-
tients shows that PNS significantly reduces the AHI, 
enhances sleep quality, and improves oxygenation, 
making it a promising alternative therapy, especially 
for those who struggle with CPAP adherence. Unlike 
CPAP, PNS has shown higher tolerance and compli-
ance rates among patients. PNS also have minimal 
serious adverse events over a 12-month follow-up. 
The therapy also improves cardiac structure and sys-
tolic function, reduces the hypoxemic burden (SaO2 
< 90%), and enhances physical performance, as 
measured by the 6MWD.10,16 Significant reductions 
in central respiratory events, including decreases in 
AHI and the CAI, were observed, though obstruc-
tive apnea index (OAI) and LVEF did not differ sig-
nificantly. However, the left atrial diameter showed 
notable improvements. These findings support PNS 
as an effective and safe option as an additional ther-
apeutic option on top of  established GDMT for 
HF patients with CSA specifically for patients who 
do not improve with standard treatment or who ex-

perience side effects from primary treatments such 
as CPAP. Further randomized, controlled trials are 
needed to evaluate its long-term efficacy and safe-
ty, especially in relation to other implanted cardiac 
devices and its broader applicability, including for 
those with coexisting obstructive apnea.20-21

Conclusion
Despite optimal GDMT, CSA remains prevalent 

across all stages of  HF. Phrenic nerve stimulation 
presents a promising alternative for improving both 
cardiac and sleep outcomes, particularly in patients 
who cannot tolerate CPAP. This review highlights 
that PNS significantly reduces apnea events, en-
hances sleep quality, improves oxygenation and car-
diac structure, and increases physical performance. 
PNS is well tolerated, with a high success rate and 
minimal serious side effects. However, further large-
scale, randomized controlled trials are needed to es-
tablish its long-term efficacy and safety in this pop-
ulation.
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Inverted U wave & de Winter pattern: under-recognized 
sign of acute coronary occlusion

Zaky Faris Maulana1, Ramang Napu2

Abstract
Background: Interpreting ECGs for evidence of ischemia in pa-
tients with noticeable changes, such as ST-segment elevation and 
ST-segment depression, can be easily identified. However, identify-
ing & recognizing atypical ECG patterns of acute coronary syndrome 
is essential in preventing significant mortality and morbidity. In the 
following case report, we describe inverted U wave & de Winter 
pattern.
Case Illustration: A 58-year-old male presented to the emergency 
department with pressure-like chest pain. His initial evaluation re-
vealed normal blood pressure and elevated blood glucose levels, and 
an initial ECG was incorrectly interpreted as normal. Eight hours lat-
er, he returned with worsened chest pain. The new ECG revealed 
the de Winter ECG pattern, which indicates acute occlusion of the 
left anterior descending artery. Additionally, previously overlooked 
inverted U waves in the initial ECG suggested myocardial ischemia. 
Eventually, the angiography revealed a complete occlusion of the 
proximal left anterior descending coronary artery. The patient un-
derwent stent placement and have a good outcome.
Conclusions: Inverted U wave and the de Winter pattern described 
in this case indicates an acute LAD occlusion. It’s a rare finding, but it 
is critical for emergency physicians to recognize it for urgent reper-
fusion therapy. Unfamiliarity with these high-risk ECG pattern may 
lead to delays in appropriate treatment, causing negative effects on 
morbidity and mortality.1General Practitioner, Ummi Hospital 

Bogor, West Java, Indonesia.

2Interventional Cardiologist, Ummi 
Hospital Bogor & RSUD Kota Bogor, 
West Java. Indonesia

Correspondence:
Zaky Faris Maulana,

General Practitioner, Ummi Hospital 
Bogor, West Java, Indonesia.

Email: zakyfarism@gmail.com

(Indonesian J Cardiol, 2025;46:122-128)

Keywords: inverted U wave, de Winter pattern, acute coronary 
syndrome, left anterior descending artery.



123Indonesian J Cardiol • Vol. 46, Issue III • July – September 2025

Indonesian Journal of Cardiology

Introduction
Patients with suspected Acute Coronary Syn-

drome (ACS) present in a broad range of  clinical 
scenarios and it is crucial to take a focused medi-
cal history and accurately characterize the present-
ing symptoms in order to manage the patient via 
the appropriate care pathway as soon as possible. 
The resting 12-lead Electrocardiogram (ECG) is the 
first-line diagnostic tool in the assessment of  pa-
tients with suspected ACS. It is recommended that 
an ECG is obtained immediately upon first-medical 
contact and interpreted by a qualified emergency 
medical technician or physician within 10 minutes.1-2

In the appropriate clinical context, ST-segment 
elevation (measured at the J-point) is considered 
suggestive of  ongoing coronary artery acute oc-
clusion in the following cases: New ST elevation at 
the J-point in at least two contiguous leads: (a) ≥2.5 
mm in men <40 years, ≥2 mm in men ≥40 years, 
or ≥1.5 mm in women regardless of  age in leads 
V2–V3, (b) and/or ≥1 mm in the other leads (in the 
absence of  left ventricular hypertrophy or left bun-
dle branch block).2 Interpreting ECG for evidence 
of  ischemia in patient with obvious changes, such 
as ST-segment elevation, can easily identified with 
criteria mentioned before. However, identifying & 
recognizing atypical ECG patterns of  acute coro-

nary syndrome is essential in preventing significant 
mortality and morbidity.

In the following case report, we describe inverted 
U wave as an early sign of  acute coronary occlusion, 
later developed into de Winter ECG pattern. These 
patterns are sign of  acute coronary occlusion in the 
Left Anterior Descending coronary artery (LAD).

Case Illustration
A 58-year-old male presented to the emergen-

cy department with pressure-like chest pain on the 
right and left sides of  the chest, radiating to the 
back, accompanied by sweating, which occurred es-
pecially during exercise and improved with rest. No 
radiation to the neck or left hand. The pain comes 
and goes in the last 4 days. No prior history of  hy-
pertension, diabetes, or family history of  heart dis-
ease. The patient was an active smoker for the last 
20 years. Blood pressure at 110/70 mmHg, heart 
rate at 74 BPM, no significant abnormality on phys-
ical examination, and no sign of  congestion in both 
lungs. ECG was recorded and labelled as a normal 
sinus rhythm (Figure 1). Patient then treated for 
muscle-related chest pain with Non-Steroidal An-
ti-Inflammatory Drugs (NSAIDs), an antispasmod-
ic drug, and discharged. 

Figure 1. Electrocardiogram at the first emergency department visit.
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Eight hours later, in the next shift, the patient 
came back with worsened chest pain accompanied 
by diaphoresis and shortness of  breath. Blood pres-
sure at 110/70 mmHg, heart rate at 76 BPM, oxy-
gen saturation at 98% in room air. In the physical 
examination, we found fine crackles on both sides 
of  the lungs, indicating pulmonary congestion. 
Recent ECG shows upsloping ST depression and 
peaked T waves in the precordial leads (V2-V5), 
which we recognized as the de Winter pattern, an 
anterior ST-Segment Elevation Myocardial Infarc-
tion (STEMI) equivalent (Figure 2). We performed a 
bedside echocardiography, which showed decreased 
contractility of  the left ventricle, particularly in the 
basal-mid anteroseptal region, possibly due to myo-
cardial stunning. The patient now receives proper 
therapy for ACS, including aspirin, clopidogrel, and 
nitrates. We also give furosemide to relieve the con-
gestion. Laboratory results show random glucose 
at 232 mg/dl (hyperglycaemia suggesting diabetes) 
and elevated cardiac troponin-I at 8.12 ng/mL. Pa-
tient was immediately transferred to a higher-care 
hospital with a Percutaneous Coronary Intervention 
(PCI) capability.

During PCI, we found a total occlusion in the 
proximal LAD, a 70% stenosis in the proximal Left 
Circumflex coronary artery (LCX), and a 30% dis-
tal stenosis in the Right Coronary Artery (RCA). 
A stent was inserted into the LAD after successful 

balloon dilatation. Follow-up angiography demon-
strates TIMI grade III flow. The Patient then trans-
ferred to the Intensive Cardiovascular Care Unit for 
further observation. After 2 days of  observation, 
echocardiography was performed and shows nor-
mal valvular and chamber with normokinetic left 
ventricle (LVEF 82%), with diastolic dysfunction 
(E/A: 0.8). Patient then discharged in an excellent 
condition and gets oral therapy including Ticagrelor 
2x90mg, Acetylsalicylate Acid 1x80mg, Atorvasta-
tin 1x20mg, Bisoprolol 1x2,5mg, Isosorbide Dini-
trate 3x5mg, Candesartan 8mg 1x1, and Metformin 
3x500mg.

Discussion
Despite the obvious clinical presentation of  

acute coronary syndrome, the first emergency 
physician discharged the patient because there are 
no typical ECG findings and the ECG didn’t meet 
the STEMI criteria. Currently, there are still many 
emergency physicians who are only focused on the 
clinical presentation of  acute coronary syndrome 
with ST elevation or depression ECG changes, so 
that early changes in the ECG that represent other 
acute coronary syndromes may be missed. The 
ECG at the first encounter only showed negative 
or inverted U waves in the precordial leads (Figure 
3) and had been missed as an early sign of  acute 
coronary occlusion. Failure to recognize this ECG 

Figure 2. Electrocardiogram at the second emergency department visit, 8-hours after first visit.
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pattern led to the patient’s discharge without a 
diagnosis of  acute coronary syndrome, resulting 
in a lack of  aggressive treatment from the outset. 
Inversion of  the U-wave with an upright T-wave 
has pathological significance. An inverted U wave 
appears in various pathological conditions, including 
myocardial ischemia, coronary vasospasm, valvular 
disease, hypertension and cardiomyopathy.3-4 In a 
patient with acute chest pain, a negative U-wave in 
the precordial leads represents a significant LAD 
lesion until proven otherwise.5

Interestingly, patients with an anterior wall 
myocardial infarction and negative U waves in 
the precordial leads have smaller infarcts, less 
ST-elevation, better collateral circulation, and a 
larger amount of  stunned but viable myocardi-
um.5 The stunned myocardial we’ve seen in first 
bed-side echocardiography represent this state-
ment. Decrease left ventricular contractility be-
cause of  stunned myocardium responsible for 
the pulmonary congestion we found in second 
encounter with the patient. After reperfusion 
therapy, echocardiography shows improvement 

in contractility with no regional wall motion ab-
normality and preserved ejection fraction.

The de Winter ECG pattern first described 
in 2008 as new typical ECG pattern in patients 
with ischemic chest pain and a large acute trans-
mural anterior myocardial infarction.6-7 It has 
been linked with significant occlusion of  the 
proximal LAD and in some cases total occlu-
sion, as in our case.8–12 Instead of  the signature 
ST-segment elevation, the ST segment showed 
a 1- to 3-mm upsloping ST-segment depres-
sion at the J point in leads V1 to V6 that con-
tinued into tall, positive symmetrical T waves. 
The QRS complexes were usually not widened 
or were only slightly widened, and in some 
there was a loss of  precordial R-wave progres-
sion. In most patients there was a 1- to 2-mm 
ST-elevation in lead aVR.6-7 This pattern seen 
in 2% of  acute LAD occlusions. Additionally, 
de Winter pattern is often considered to be an 
‘STEMI equivalent’.13 Therefore, these patients 
qualify for immediate reperfusion therapy.6-7 It 

Figure 3. Comparison between initial ECG and serial ECG 8-hours later. (a) Inverted U waves in precordial 
lead marked by black arrow. (b) Upsloping ST depression in precordial lead marked by black arrowhead. (c) 
Total occlusion of  proximal LAD marked by white arrowhead. (d) After PCI in LAD, TIMI grade III flow.
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is of  great importance that all physicians and 
paramedics involved in triage of  patients with 
chest pain do recognize this ECG pattern, and 
immediately refer these patients for immediate 
reperfusion therapy.6

The presentation of  these two rare and of-
ten under-recognized ECG patterns in a single 
patient is truly unique. The presence of  the in-
verted U wave, alongside the de Winter ECG 
pattern, serves as a significant indicator of  an 
acute proximal occlusion of  the LAD artery. 
These findings align with established medical 
literature, as angiography revealed a total occlu-
sion in the proximal segment of  the LAD artery 
in this patient. 

Unfortunately, in the first encounter patient 
has been prematurely discharged and not getting 
the proper treatment. In suspected ACS, acquire 
and interpret ECG within 10 minutes to guide 
management. If  the initial ECG is nondiagnos-
tic, perform serial 12-lead ECGs, especially if  
suspicion remains high or symptoms persist. 
Current guidelines recommend serial troponin 
testing using the 0 h/1 h (preferred) or 0 h/2 
h algorithms. Measure high-sensitivity cardiac 
troponin (hs-cTn) at 0 h and 1 h/2 h; a very low 
initial hs-cTn or no increase indicates rule-out 
pathway, while high levels or an increase suggest 
rule-in pathway. If  hs-cTn is unavailable, repeat 
conventional cardiac troponin (cTn) assays after 
3 to 6 hours. Patients who don’t fit these criteria 
should be observed, with a third measurement 
at 3 h. Echocardiography and CT angiography 
can help identify patients with non-obstructive 
coronary arteries.2,14-15 However, many hospitals 
in Indonesia face financial limitations that re-
strict their ability to implement these strategies. 
The most practical approach available is to con-
duct a serial ECG at 30 to 90-minute intervals 
or, if  available, to use a conventional serial cTn 
assay.

In the end, our findings on this case adds 
new evidence to the literature showing that in 
the clinical context of  chest pain, if  we found 
negative U wave in the precordial leads, it rep-
resents a significant LAD lesion until proven 
otherwise. This later can develop into more 
atypical pattern of  acute coronary occlusion 

such as de Winter ECG pattern. These two 
kinds of  ECG didn’t meet the typical STEMI 
criteria but still a sign of  acute coronary occlu-
sion and should not be missed.

Conclusion
In summary, an inverted U wave and the de 

Winter pattern described in this case indicates an 
acute LAD occlusion. It’s a rare and atypical finding, 
but it is critical for emergency physicians to recognize 
it for urgent reperfusion therapy. Unfamiliarity with 
these high-risk ECG pattern may lead to delays in 
appropriate treatment, causing negative effects on 
morbidity and mortality.
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Acute ST-Elevation Myocardial Infarction in a 25-Year-Old Female 
with Polycystic Ovary Syndrome: A Cardiometabolic Risk in Women 

of Reproductive Age
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Abstract
Background: Acute myocardial infarction is relatively rare in young 
patients. The age of onset gradually decreases due to multiple risk 
factors. The causes of Myocardial Infarction (MI) among patients 
aged less than 45 can be divided into four groups: atheromatous 
coronary artery disease, non-atheromatous coronary artery disease, 
hypercoagulable states, and MI related to substance misuse.
Case Illustration: A 25-year-old female came to the emergency 
department with chest discomfort for the past 40 minutes, has a 
history of diabetes for the past 3 years, and a Polycystic Ovary Syn-
drome (PCOS) history. Her vital signs show elevated Blood Pres-
sure (BP) 150/100 mmHg. ECG showed sinus rhythm with ST ele-
vation in the anterior leads. Random Blood Glucose (RBG) was 477 
mg/dL, High Sensitivity (HS)-troponin 403 ng/L, and blood ketone 
3.1 mmol/L. She was initially treated with: ticagrelor 180 mg, Ace-
tosal 320 mg, insulin 4 u/hour. She was diagnosed with ST-Segment 
Elevation Myocardial Infarction (STEMI) and Diabetic Ketoacidosis 
(DKA). Coronary angiography revealed 95% stenosis in proximal 
Left Anterior Descending (LAD) and was treated as the culprit le-
sion, while 85% stenosis in mid Right Coronary Artery (RCA) was 
considered as the residual stenosis. Primary Percutaneous Coronary 
Intervention (PCI) was initiated at the proximal LAD, and post-PCI 
angiography showed a good result with TIMI 3 flow to the distal 
LAD.
Conclusions: PCOS increases cardiovascular risk primarily by pro-
moting insulin resistance and metabolic dysfunction. Young indi-
viduals suspected of elevated cardiovascular risk should undergo a 
comprehensive cardiometabolic evaluation. PCI remains the corner-
stone treatment for STEMI across all ages due to its well-established 
mortality benefit.
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Introduction
Acute Myocardial Infarction (AMI) is relatively 

rare in younger individuals, with reported incidence 
rates ranging from 2% to 10%.1-2 Although younger 
patients generally have a more favorable prognosis 
and the condition occurs less frequently in individu-
als under the age of  45, AMI can still be life-threat-
ening and lead to lasting disability.3 

In young adults, AMI can result from a variety of  
causes, broadly categorized into four main groups: 
atheromatous and non-atheromatous Coronary 
Heart Disease (CHD), hypercoagulable states, and 
substance abuse. In young individuals, the develop-
ment of  atheromatous CHD is linked to the same 
common risk factors seen in adults. Smoking is 
highly prevalent, affecting up to 92% of  young pa-
tients, especially those under 40 years old. Non-ath-
eromatous causes include congenital coronary ar-
tery abnormalities, though rare, which can cause 
myocardial infarction in young adults. One such 
condition, myocardial bridging, can lead to signifi-
cant ischemia and MI. Hypercoagulable states such 
as antiphospholipid syndrome, which often affects 
young adults in their 30s, are associated with recur-
rent arterial and venous thrombosis. It can occur as 
a primary condition or secondary to autoimmune 

diseases like systemic lupus erythematosus. Patients 
with this syndrome frequently show increased plate-
let adhesiveness and early signs of  atherosclerosis. 
Substance abuse, particularly cocaine use, signifi-
cantly increases the risk by inducing coronary va-
sospasm, with other substances like amphetamines 
and cannabis. Excessive alcohol intake has been 
connected to MI in young people, although its exact 
role is unclear.4

Case Illustration
A 25-year-old woman presented to the emergen-

cy department with acute chest discomfort lasting 
for 40 minutes. Her past medical history was notable 
for type 2 diabetes mellitus, diagnosed three years 
earlier, and polycystic ovary syndrome (PCOS). A 
comprehensive clinical assessment was performed 
to evaluate her condition. On examination, her vital 
signs were as follows: heart rate 100 beats per min-
ute, respiratory rate 20 breaths per minute, blood 
pressure 150/100 mmHg, and body temperature 
36.0°C. Physical examination revealed no significant 
abnormalities.

An Electrocardiogram (ECG) was performed, 
revealing a sinus rhythm with significant ST-seg-
ment elevation in the anterior leads. (Figure 1).

Figure 1. Electrocardiogram showing sinus tachycardia and anterior STEMI (ST-Elevation Mycocardial 
Infarction).
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Immediate treatment was initiated. She re-
ceived a loading dose of  ticagrelor 180 mg along 
with acetylsalicylic acid 320 mg, atorvastatin 80 mg, 
and morphine 1 mg due to pain. Her RBG was 
477 mg/dL, therefore, insulin administration was 
deferred until serum potassium levels were deter-
mined. The patient was admitted to the cathlab for 
primary Percutaneous Coronary Intervention (PCI).

Laboratory findings revealed elevated High Sen-
sitivity (HS)-troponin 403 ng/L, blood ketone 3.1 
mmol/L, confirming a diagnosis of  Diabetic Ke-
toacidosis (DKA). The urea level was 25 mg/dL, 
Natrium 132 mmol/L, Kalium 4.2 mmol/L, and 
Chloride 95 mmol/L. An insulin infusion was com-
menced at a rate of  4 units per hour to manage hy-

perglycemia and facilitate correction of  ketoacidosis.
Coronary angiography revealed significant 

multi-vessel coronary artery disease. A critical 
95% stenosis was localized to the proximal LAD, 
which was identified as the culprit lesion respon-
sible for the patient’s acute myocardial ischemia. 
Furthermore, a significant residual stenosis of  
85% was noted in the mid RCA. This second-
ary lesion was designated for future, staged per-
cutaneous coronary intervention (Figure 2).

Following PCI, post-procedural angiography 
demonstrated successful revascularization with 
TIMI grade 3 flow to the distal LAD (Figure 3).

Figure 2. Coronary angiography views revealing multi-vessel stenosis. (A) Right coronary artery, RAO 
CRA view. (B) Left anterior descending, RAO CRA view. (C) Left anterior descending, RAO CAU view.
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comorbidities including diabetes mellitus, meta-
bolic syndrome, hypertension, chronic kidney dis-
ease, and smoking. The remaining 10% arise from 
non-atheromatous etiologies.5 New studies empha-
size the rising importance of  non-traditional risk 
factors, such as chronic inflammation, autoimmune 
disorders, hypercoagulability, and substance abuse, 
in causing acute MI among younger populations.6 

Historically, AMI in young women was 
considered uncommon, primarily due to the 
presumed protective effects of  estrogen.7 However, 
this perspective is challenged by the presence 
of  PCOS, a common endocrinological disorder 
affecting 6–13% of  women of  reproductive age 
worldwide.8 This endocrinological disorder is 
increasingly acknowledged as a contributor to 
heightened cardiovascular risk factors. A meta-

Femoral access was preferred due to the spasm 
of  the radial artery. The lesion was predilated with 
a balloon (®Pantera pro-2.5x20 mm) inflated to 18 
atm. Drug Eluting Stent (DES ®Supraflex Cruz 
3.5x20 mm) was inserted at proximal LAD, in-
flated 16 atm. Door-to-balloon time was 90 min-
utes, and the duration from the onset of  symp-
toms to coronary artery recanalization was 130 
minutes. The patient was stable after PCI. Post-re-
vascularization ECG was done, showing ante-
rior Q waves with V2-V6 T inversion. (Figure 4).

Discussion
AMI in young adults is predominantly caused 

by premature atherosclerosis, with plaque rupture 
or erosion accounting for nearly 90% of  cases with 

Figure 3. Post-percutaneous coronary intervention (PCI) results in the Left Anterior Descending Artery 
(LAD). (A) Left anterior descending, RAO CRA view & post-PCI. (B) Left anterior descending, RAO 

CAU view & post-PCI.
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These effects lead to inflammation and injury 
of  blood vessels, accelerating atherosclerosis 
development—a key factor in coronary artery 
disease, stroke, and peripheral vascular disease.15 

In the current case, the patient’s history of  
PCOS combined with poorly controlled diabetes 
mellitus presents a unique intersection of  metabolic 
and cardiovascular risks. While substance abuse was 
ruled out based on clinical presentation and history, 
the prothrombotic milieu associated with PCOS 
likely contributed to the acute event.16 Furthermore, 
hyperandrogenism in PCOS exacerbates insulin 
resistance and systemic inflammation, leading 
to endothelial injury and the promotion of  
atherosclerosis. This chronic inflammatory state 
impairs endothelial function, which is a key precursor 
to plaque development and instability.17 PCOS often 
coexists with obesity, which at the cellular level 
induces a chronic inflammatory state that damages 
vascular walls and impairs endothelial function. 
This sustained inflammation promotes venous wall 
fibrosis and dysfunction, leading to impaired blood 
flow and subsequent venous stasis.18 Collectively, 
these pathological changes contribute to the 
components of  Virchow’s triad—endothelial injury, 
hypercoagulability, and blood flow abnormalities —
thereby increasing the risk of  thrombosis in this case.19

The coexistence of  DKA and STEMI poses 
an added complexity. DKA is known to provoke 
systemic inflammation and a prothrombotic state 
with increased Von Willebrand factor and decreased 
free protein S and protein C activity, ultimately 

analysis of  104,392 subjects demonstrated that 
PCOS is independently associated with increased 
Cardiovascular Disease (CVD) risk, particularly 
coronary heart disease (odds ratio [OR] 1.44; 
95% confidence interval [CI]: 1.13–1.84).9-10.

 PCOS is characterized by hyperandrogenism, 
insulin resistance, and metabolic disturbances 
such as dyslipidemia, hypertension, and obesity—
all established traditional cardiovascular risk 
factors.11 Elevated free testosterone levels have 
been correlated with higher systolic blood pressure 
and adverse lipid profiles, further aggravating 
endothelial dysfunction. Importantly, women with 
PCOS frequently develop type 2 Diabetes Mellitus 
(DM).12 DM is a complex metabolic disorder 
characterized by chronic hyperglycemia due to 
defects in insulin secretion, insulin action, or both.13 

In this case, insulin resistance is most likely driven 
by the presence of  PCOS. Hyperandrogenism, often 
resulting from PCOS, impairs insulin signaling both 
directly and indirectly by altering fat distribution and 
promoting a proinflammatory state. Furthermore, 
a feedback loop exists in which hyperinsulinemia 
stimulates additional androgen production. This 
complex interplay contributes to the metabolic and 
reproductive abnormalities characteristic of  PCOS.14

The link between DM and CVD is multifaceted 
and involves both macrovascular and microvascular 
dysfunction. Chronic hyperglycemia contributes 
to endothelial dysfunction by impairing nitric 
oxide bioavailability, promoting oxidative 
stress, and triggering inflammatory pathways. 

Figure 4. Electrocardiography post Percutaneous Coronary Intervention (PCI).
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impairing myocardial perfusion and increasing 
the risk of  adverse cardiovascular outcomes.20 

In this case, femoral access was preferred due to 
the spasm of  the radial artery. Door-to-balloon time 
was 90 minutes, and the duration from the onset 
of  symptoms to coronary artery recanalization 
was 130 minutes. The patient was stable after 
PCI and started a routine medications consisting 
of  80 mg of  acetosal, 90 mg of  ticagrelor, 40 mg 
of  atorvastatin, 2.5 mg of  bisoprolol after PCI. 

STEMI should be managed according to 
standard protocols, regardless of  patient age. 
Urgent reperfusion via primary PCI remains the 
cornerstone of  treatment across all age groups 
due to its proven mortality benefit. Compared to 
other cases, this case follows the same management 
approach, with the only additional consideration 
being the implementation of  the DKA protocol. 

It is important to note that women and 
diabetic patients are more likely to present with 
atypical symptoms, leading to potential diagnostic 
delays.21 A comprehensive cardiometabolic 
evaluation should be performed even in young 
individuals who are suspected of  being at 
increased cardiovascular risk. Timely identification 
reduces the risk of  associated complications.

Conclusion
This case emphasizes the importance of  

comprehensive cardiovascular risk assessment even 
in young females. PCOS increases cardiovascular 
risk primarily by promoting metabolic disturbances. 
DKA triggers systemic inflammation and a 
prothrombotic state, together with endothelial 
dysfunction due to hyperglycemia, leading to 
impaired blood flow and venous stasis—key 
elements of  Virchow’s triad. The diagnosis might 
be challenging in some cases due to the presence 
of  atypical symptoms, which are more commonly 
observed in female and diabetic patients, potentially 
leading to delayed recognition. STEMI should be 
treated according to established standard protocols 
regardless of  the patient’s age, with primary PCI 
as the urgent and vital treatment due to its proven 
impact on reducing mortality across all age groups. 
Future investigations, including advanced vascular 
imaging, may provide deeper insights into the 
structural and functional vascular changes in such 
patients, guiding personalized therapeutic strategies.
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