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Targeted inhibition of key oncogenic signaling, metabolic, and anti-apoptotic pathways in AML.
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Figure 1. Major molecular targets and corresponding therapeutic inhibitors in acute myeloid leukemia (AML). (1) FLT3 inhibitors (midostaurin and gilteritinib)
suppress constitutive FLT3 signaling and downstream proliferative pathways. (2) Mutant IDH1 inhibition by ivesidenib reduces accumulation of the oncometabalite
2-hydroxyglutarate (2-HG), thereby alleviating epigenetic repression and promoting cellular differentiation. (3) Venetoclax restores mitochondrial apoptosis through
selective inhibition of BCL-2. (4) Glasdegib targets Hedgehog signaling and leukemic stem-cell maintenance. (5) Ruxolitinib inhibits JAK/STAT-mediated
transcriptional activity. Together, these agents represent key examples of precision medicine approaches in AML.
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LETTER FROM THE EDITOR

ACHAIKI IATRIKI | 2026;45(3):130

Dear colleagues,

In the current issue, the editorial by Mpakogiannis
highlights the spectrum of extraintestinal manifestations
of Clostridioides difficile infection, raises awareness of
their underlying mechanisms and clinical presentations,
and emphasizes the importance of early recognition
and appropriate management of these uncommon but
potentially serious complications.

The current issue features five review articles. The
first review by Eleftheriadis et al. summarizes the current
understanding of the pathophysiology and diagnosis
of heart failure with preserved ejection fraction and
provides an overview of contemporary and emerging
treatment strategies for this condition. The review by
Tsoupra Stamatia critically reviews the current evidence
on the clinical presentation, diagnosis, and management
of acute and chronic pancreatitis, highlighting advances
in risk stratification and multidisciplinary patient care.
The review by Perdiki et al. summarizes recent advances
in the diagnosis, classification, and management of
chronic kidney disease, with particular emphasis on con-
temporary pharmacological strategies, including RAAS

inhibitors, SGLT2 inhibitors, nonsteroidal mineralocorti-
coid receptor antagonists, and GLP-1 receptor agonists,
and their role in reducing kidney disease progression
and cardiovascular risk. The review by Tsamesidis et al.
summarizes current clinical and preclinical advances
in myeloid neoplasms, focusing on risk stratification,
emerging therapies, treatment resistance, and transla-
tional strategies. Finally, the review by Efthymiou et al.
provides a comprehensive overview of pleural effusion,
focusing on its pathophysiology, clinical presentation,
diagnostic evaluation, and therapeutic management,
with particular emphasis on distinguishing transuda-
tive from exudative effusions and on the diagnosis and
management of chylothorax and pseudochylothorax.

Yours sincerely,

C.Triantos

Professor of Internal Medicine and Gastroenterology
Faculty of Medicine,

School of Health Sciences, University of Patras
Editor-in-Chief of the journal “ACHAIKI IATRIKI”
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Extracolonic manifestations
of Clostridioides difficile infection:
Thinking Beyond the Gut

Konstantinos C. Mpakogiannis’, loanna-Nefeli Mastorogianni’,

Fotios S. Fousekis?, Konstantinos H. Katsanos'

INTRODUCTION

Clostridioides difficile (C. difficile) is a Gram-positive,
spore-forming anaerobic bacterium that is widely rec-
ognized as the leading cause of antibiotic-associated
diarrhea and pseudomembranous colitis [1]. Although
C. difficile primarily affects the colon, cases of extraintes-
tinal manifestations are increasingly reported in the
medical literature [2]. These manifestations include
both infectious and non-infectious complications and
account for less than 1% of all reported C. difficile in-
fections [3].

Risk factors and pathogenesis

Prior exposure to broad-spectrum antibiotics remains
the mostimportant predisposing factor, as disruption of
the normal intestinal microbiota facilitates colonization
and overgrowth of C. difficile [4].

Advanced age, prolonged hospitalization, proton
pump inhibitor use, immunosuppression, malignancy,
diabetes mellitus, chronic liver and kidney disease,
cardiovascular disease, and sickle cell disease are other
significant risk factors [5].

The development of extraintestinal manifestations
is thought to result primarily from disruption of the

'Division of Gastroenterology, Department of Internal Medicine,
Faculty of Medicine, School of Health Sciences,

University of loannina, loannina, Greece

’Medical Department 2, Academic Teaching Hospital Fiirth,
Friedrich-Alexander Universitat Erlangen-Nirnberg,

Furth, Germany

Received: 14 Jun 2026; Accepted: 15 Jul 2026

intestinal mucosal barrier, as occurs in severe colitis,
inflammatory bowel disease, intestinal surgery, bowel
perforation, and gastrointestinal malignancies, which
facilitates the translocation of C. difficile and other mi-
croorganisms of the normal intestinal microbiota into
the bloodstream, enabling their subsequent dissemi-
nation to distant organs [6]. In some cases, however,
extraintestinal manifestations occur in the absence
of gastrointestinal disease, suggesting that additional
mechanisms may be involved [2,7]. These mechanisms
may include hematogenous spread from asymptomatic
intestinal colonization, toxin-mediated effects, or direct
inoculation of the bacterium into tissues during trauma,
surgery, or invasive medical procedures [2,6].

Bacteremia and sepsis-like syndrome

Bacteremia is the most frequently reported ex-
traintestinal manifestation of C. difficile infection [2].
Underlying malignancy and chronic liver disease are
frequently identified in affected patients [8]. Although
monomicrobial bacteremia can occur, it is considerably
less common than polymicrobial bacteremia and may
reflect the presence of an extraintestinal infectious focus
[5,6]. The development of sepsis-like syndrome may be
attributed to toxin A-induced neutrophil chemotaxis
and intestinal barrier dysfunction, which allows toxins
and microbes to enter the bloodstream.

Abdominal and pelvic infections and abscesses
Abdominal and pelvic infections represent the most

common extraintestinal C. difficile infections [2]. These

infections occur predominantly in patients with underly-
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ing immunosuppression or conditions that compromise
the intestinal barrier [2]. Splenic abscesses may arise
through hematogenous dissemination, trauma, or
splenic infarction [2]. Clinical manifestations are often
nonspecific and include fever, abdominal pain, weight
loss, leukocytosis, and elevated inflammatory markers
[2]. Liver and pancreatic abscesses are rare [2]. Many
intra-abdominal infections are polymicrobial, with
Escherichia coli and Enterococcus species frequently
isolated alongside C. difficile [2,9]. Hypervirulent ri-
botype 027 strains have also been implicated in several
cases [7].

Central nervous system infections and abscesses

Only afew cases of brain abscesses caused by C. dif-
ficile have been reported [10,11]. In one case, the infec-
tion developed secondary to suppurative otitis media,
while another case occurred in a patient with a history
of subdural hematoma and asymptomatic intestinal car-
riage of C. difficile[10,11]. Interestingly, some reported
CNS infections involve non-toxigenic strains, suggesting
that strains with lower intestinal virulence may persist in
the gutand cause opportunistic infections [11]. Patients
with central nervous system infections and abscesses
may present without gastrointestinal symptoms, mak-
ing diagnosis particularly challenging [2].

Pleuropulmonary infections

Pleuropulmonary infections associated with C. dif-
ficileinclude pleural effusions, empyema, and, in severe
cases, necrotizing pneumonia [2]. Most reported cases
have occurred following thoracic surgery, thoracentesis,
chest trauma, or other invasive procedures, suggest-
ing direct inoculation into the respiratory tract as the
primary mechanism [12,13]. Patients may present with
fever, chest pain, and dyspnea [2].

Bone and joint infections

Bone and joint infections are frequently reported ex-
traintestinal manifestations [2]. Septic arthritis may affect
both native and prosthetic joints, although prosthetic
joint infections are considerably more common [2]. Na-
tive joint infections have been particularly documented
in patients with sickle cell disease, where intestinal is-
chemia and immune dysfunction may facilitate bacterial
translocation into the bloodstream [2,14].

Prosthetic joint infections are believed to result
mainly from direct contamination during surgery [2].
These infections are usually monomicrobial, supporting

the hypothesis of direct inoculation rather than hema-
togenous spread [2]. Clinical manifestations include
joint pain, swelling, fever, and elevated inflammatory
markers [2].

Osteomyelitis caused by C. difficile is rare but tends
to become chronic [15]. Cases usually involve long
bones, often following trauma, surgery, or previous
hospitalization [2].

Soft tissue and surgical site infections

Soft tissue infections caused by C. difficile include
cases of cellulitis, wound infections, abscesses, and ne-
crotizing fasciitis [2]. Trauma and surgical interventions
are major predisposing factors, with direct wound con-
tamination from environmental or nosocomial sources
of C. difficile representing the most likely pathogenic
mechanism [2].

Published case reports have identified toxigenic
strains in infected wounds, whereas different strains
were isolated from the patients’ gastrointestinal tracts
[16,17]. This observation suggests that infection may
originate from environmental contamination [2]. Nev-
ertheless, intestinal colonization may also contribute
to infection during abdominal surgical procedures [2].

Clinical presentations range from localized wound
infections to rapidly progressive necrotizing soft tissue
infections [2].

Cardiovascular infections

Cardiovascular manifestations are rare but potentially
life-threatening [2]. Reported cases include mycotic
aneurysms, infected vascular grafts and endovascu-
lar prostheses, intracardiac vegetations, pericarditis,
epicardial patch infections, and pacemaker-associated
infections [2].

The most widely accepted pathogenic mechanismin-
volves hematogenous dissemination following bacterial
translocation across the gastrointestinal mucosal barrier
[2]. Many affected patients have concurrent intestinal
disease and positive stool toxin tests [2]. Previous vas-
cular interventions may further increase susceptibility
to infection by creating localized anaerobic conditions
that favor bacterial proliferation [18].

Reactive arthritis and other non-infectious
manifestations

The most common non-infectious extraintestinal
manifestation of C. difficile infection is reactive arthritis
[2].

ACHAIKIIATRIKI July - September 2026, Volume 45, Issue 3
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Reactive arthritis typically develops within days to
weeks after the onset of diarrhea and commonly affects
the knees, ankles, and wrists [6].

Underlying pathogenesis is believed to result from
increased intestinal permeability, which facilitates sys-
temic exposure to bacterial antigens and triggers an
aberrantimmune response [6]. More than half of affected
patients are positive for the HLA-B27 antigen, although
its precise role remains uncertain [19].

Other rare non-infectious manifestations include
Takotsubo syndrome, leukocytoclastic vasculitis, and
syndrome of inappropriate antidiuretic hormone se-
cretion (SIADH), underscoring the potential systemic
effects of C. difficile toxins and associated immune
dysregulation [2,20].

CONCLUSION

Although C. difficile is primarily recognized as an
intestinal pathogen responsible for pseudomembra-
nous colitis, it may occasionally cause a wide spectrum
of extraintestinal manifestations. Increased awareness
of these rare manifestations is essential for timely
diagnosis and appropriate management, and further
research is needed to elucidate their pathogenesis,
identify prognostic markers, and optimize therapeutic
strategies.

Conflict of interest: None to declare
Declaration of funding sources: None to declare

Author contributions: The authors were responsible for
the conception, writing, and revision of the manuscript.

REFERENCES

1. Vedantam G, Clark A, Chu M, McQuade R, Mallozzi M,
Viswanathan VK. Clostridium difficile infection: toxins
and non-toxin virulence factors, and their contributions
to disease establishment and host response. Gut Microb.
2012;3(2):121-34. doi:10.4161/gmic.19399

2. Mpakogiannis K, Fousekis FS, Elemes S, Mantellos E,
Christaki E, Katsanos KH. Extraintestinal Manifestations of
Clostridioides difficile Infections: An Overview. Antibiotics.
2025;14(7):670. doi:10.3390/antibiotics 14070670

3. Hafeez B, Aitken T, Cockburn E, Tinson AJ. Extraintestinal
Clostridium difficile infection presenting as spontaneous
bacterial peritonitis. BMJ Case Rep. 2025;18(2):€262106.
doi:10.1136/bcr-2024-262106

4., Jump RL. Clostridium Difficile Infection in Older Adults.
Aging health. 2013;9(4):403-14. doi:10.2217/ahe.13.37

ACHAIKI IATRIKI July - September 2026, Volume 45, Issue 3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Libby DB, Bearman G. Bacteremia due to Clostridium diffi-

cile—review of the literature. Int J Infect Dis. 2009;13(5):e305-
€309. doi:10.1016/].ijid.2009.01.014

. Jacobs A, Barnard K, Fishel R, Gradon JD. Extracolonic

Manifestations of Clostridium difficile Infections. Medicine
(Baltimore). 2001;80(2):88-101. doi:10.1097/00005792-
200103000-00002

. Urban E, Terhes G, Gajdacs M. Extraintestinal Clostridioides

difficile Infections: Epidemiology in a University Hospital in
Hungary and Review of the Literature. Antibiotics (Basel).
2020;9(1):16. doi:10.3390/antibiotics9010016

. Kazaniji N, Gjeorgjievski M, Yadav S, Mertens AN, Lauter C.

Monomicrobial vs Polymicrobial Clostridium difficile Bacte-
remia: A Case Report and Review of the Literature. Am J Med.
2015;128(9):e19-e26. doi:10.1016/j.amjmed.2015.05.014

. Chatterjee T, Roy M, Ahmad S. Treatment of Extra-Intes-

tinal Clostridioides difficile Abscess following Acute Ap-
pendicitis. Eur J Case Rep Intern Med. 2022;9(9):003489.
doi:10.12890/2022_003489

Garcda-Lechuz JM, Hernangémez S, Juan RS, Peldez T,
Alcald L, Bouza E. Extra-intestinal infections caused by
Clostridium difficile. Clin Microbiol Infect. 2001;7(8):453-57.
doi:10.1046/j.1469-0691.2001.00313.x

Gravisse J, Barnaud G, Hanau-Bercot B, Raskine L, Riahi
J, Gaillardet J L, et al. Clostridium difficile brain empy-
ema after prolonged intestinal carriage. J Clin Microbiol.
2003;41(1):509-11. doi:10.1128/JCM.41.1.509-511.2003
Hudson DA, Gibb AP, Gill MJ. Empyema Caused by
Clostridium difficile. Can J Infect Dis. 1999;10(2):170-1.
doi:10.1155/1999/968940

Mohamed A, Sostre V, Patel H, Patel P, Ortiz LC, Baddoura
WJ. Clostridium difficile Causing Empyema. Case Rep Gas-
troenterol. 2018;12(3):633-639. doi:10.1159/000493184
Onwubalili JK. Sickle cell disease and infection. J Infect.
1983;7(1):2-20. doi:10.1016/50163-4453(83)90863-0

Pron B, Merckx J, Touzet P, Ferroni A, Poyart C, Berche P, et
al. Chronic septic arthritis and osteomyelitis in a prosthetic
knee joint due to Clostridium difficile. Eur J Clin Microbiol
Infect Dis. 1995;14(7):599-601. doi:10.1007/BF01690732
Nyc O, Krutova M, Kriz J, Matejkova J, Bebrova E, Hysperska
V, et al. Clostridium difficile ribotype 078 cultured from
post-surgical non-healing wound in a patient carrying
ribotype 014 in the intestinal tract. Folia Microbiol (Praha).
2015;60(6):541-4. d0i:10.1007/s12223-015-0392-0

Onada Y, Endo S, Umemoto T, Kajino T, Amasaki Y, Furu-
saki A. Extraintestinal Clostridium difficile infection due
to a ribotype different from that isolated from the feces
of the patient: A case report. Anaerobe. 2017;47:185-7.
doi:10.1016/j.anaerobe.2017.05.018

Hagiya H, Kimura K, Ueda A, Nishi I, Yamamoto N, Yoshi-
da H, et al. Infective thoracic aortic aneurysm caused by
Clostridium difficile after endovascular aortic repair. J Infect
Chemother.2017;23(1):62-4.doi:10.1016/j.jiac.2016.08.002
Zimmermann O, Kéchel H, Bohne W, Pollok-Kopp B, Pas-
senberg P, Grof3 U. A Case Report and Review of the Litera-



134

Konstantinos C. Mpakogiannis, et al

20.

ture: Reactive Arthritis Caused by Clostridioides difficile
ribotype 027. Front Microbiol. 2022;13:837422. doi:10.3389/
fmicb.2022.837422

Xia Y, Hu HZ, Liu S, Pothoulakis C, Wood JD. Clostridium
difficile toxin A excites enteric neurones and suppresses
sympathetic neurotransmission in the guinea pig. Gut.
2000;46(4):481-6. d0i:10.1136/gut.46.4.481

Corresponding author:

Konstantinos H. Katsanos

Division of Gastroenterology, Department of Internal Medicine,
Faculty of Medicine, School of Health Sciences, University

of loannina, 45110 loannina, Greece,

E-mail: khkostas@hotmail.com

ACHAIKIIATRIKI July - September 2026, Volume 45, Issue 3



REVIEW ACHAIKI IATRIKI | 2026;45(3):135-143

Treatment of Heart Failure with Preserved

Ejection Fraction

Faethontas Eleftheriadis, Antonios Karanasos, Michail Papafaklis,

Anastasios Papoutsoglou, Grigorios Tsigkas, Periklis Davlouros

Abstract

Heart failure with preserved ejection fraction (HFpEF) presents an increasingly significant clinical challenge due to
its heterogeneous pathophysiology and high morbidity and mortality, alongside a paucity of established disease-
modifying therapies. Complex pathomechanisms are implicated in HFpEF, encompassing arterial stiffness, microvascular
inflammation, and structural cardiac changes, including left atrial dysfunction and pulmonary hypertension, while
diagnosis of HFpEF might also be challenging and relies on clinical assessment, cardiac imaging, and biomarkers,
with dedicated scoring systems developed to assess the probability of this condition. Compounding the diagnostic
challenges, effective treatment strategies for HFpEF remain limited. Although goals of treatment remain similar to
those of heart failure with reduced ejection fraction, aiming at functional improvement, reduction of heart failure
hospitalizations, and mortality reductions, treatment options for HFpEF remain rather limited. The current review aims
to present a brief synopsis of the mechanisms of HFpEF and diagnostic approaches and focuses on summarizing the
current status of HFpEF treatment, including non-pharmacological interventions, management of comorbidities, and
pharmacological treatment. Current drug options comprise diuretics for symptom management and SGLT2 inhibitors
as the primary disease-modifying agents, while new therapies, such as finerenone and semaglutide, are emerging.
Ongoing clinical trials aim to refine personalized treatment approaches, reflecting the need for a precision medicine
approach to improve outcomes in this complex syndrome.

Key words: Heart failure; cardiac output; heart disease; atrial fibrillation; pulmonary hypertension

INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF)
is increasingly acknowledged and diagnosed in clinical
practice, partly as a result of an ageing population and
a rise in contributory comorbidities, including obesity
and diabetes. HFpEF has been recognized as a com-
plex clinical syndrome, accounting for at least half of
patients with heart failure. Due to its heterogeneous
pathophysiology and epidemiological patterns, HFpEF is
often challenging to diagnose and to develop diagnostic
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and therapeutic modalities. Although cardiovascular
mortality is lower in HFpEF than in HF with reduced
ejection fraction (HFrEF), hospital readmissions are
frequent, and quality of life is poor [1,2]. In this review,
we focus on the current and investigational treatment
strategies for this complex syndrome.

Pathomechanisms of HFpEF

HFpEF was initially thought to be the result of dias-
tolic dysfunction caused by hypertensive left ventricular
(LV) remodeling in isolation, exacerbated by abnormal
ventricular-arterial coupling and chronotropic incom-
petence. These mechanisms were noted originally in
HFpEF patients with predominantly hypertensive heart



136

Faethontas Eleftheriadis, et al

disease, where the primary mechanistic hypotheses
centered around hypertension leading to LV hypertro-
phy with stiff and relatively small left ventricles and,
eventually, overt HF [3-5]. Over the past two decades,
older adults with isolated hypertensive heart disease
have given way to multimorbid patients with obesity,
diabetes, and metabolic syndrome as the most common
clinical profile in HFpEF. This highlights the fact that the
pathomechanisms of HFpEF extend beyond adaptive
changes to increased afterload and comprise a variety
of factors including systemic inflammation, endothelial
dysfunction and altered myocardial energetics.

Arterial stiffness

Itis becoming increasingly acknowledged that arte-
rial stiffness plays a significant role in the pathogenesis
of HFpEF, impacting prognosis, treatment, and diagnosis.
Arterial stiffness, a defining characteristic of vascular
aging, increases the afterload on the LV, resulting in
diastolic dysfunction, a crucial aspect of HFpEF. The
progression of the disease is accelerated by elevated
arterial stiffness, which is associated with prevalent
cardiovascular risk factors in HFpEF, including obesity,
diabetes, and hypertension [3,6].

Microvascular inflammation

Comorbidities in HFpEF lead to a systemic inflam-
matory state that causes the coronary microvascular
endothelium to experience oxidative stress. Cardiomyo-
cytes become stiff and proliferate as a result of decreased
PKG activity and decreased cardiac NO bioavailability.
This process of myocardial remodeling differs from the
one observed in HFrEF, where oxidative stress resulting
from ischemia, infection, or toxicity causes cellular death
by cardiocyte death and thus promotes cardiac remod-
eling. The new HFpEF model has significant implications
for both diagnosis and treatment [7].

Structural changes in cardiac chambers

The most noticeable abnormalities in HFpEF are
impairments in the structure and function of the heart,
which affect all four chambers. There are changes in
LV relaxation and a decrease in LV compliance, both of
which are significant factors in the rise in filling pres-
sures. Atrial fibrillation (AF), which may be regarded as
a"biomarker” of underlying LA myopathy and indicative
of more advanced HFpEF, is often the result of remod-
eling and dysfunction of the left atrium (LA) caused
by chronic, prolonged, or intermittent elevation of LV

filling pressures in HFpEF [8]. It has been demonstrated
that deficits in LA strain are the most reliable imaging
indicators that differentiate HFpEF from noncardiac
causes of dyspnea, and that LA function abnormalities
are more often associated with adverse outcomes than
LV function abnormalities [9]. While most patients with
HFpEF have LV dysfunction before LA dysfunction, some
patients may progress to a primary LA cardiomyopathy,
which causes lower LV filling and higher LA pressure,
thus resulting in inadequate cardiac output augmenta-
tion during exertion.

Initially, HFpEF is characterized by minor changes in
cardiac remodeling and mild functional abnormalities,
with elevated LV filling pressures observed exclusively
during exercise. Over time, LA function and remod-
eling gradually deteriorate, leading to secondary atrial
functional MR and increased incidence of paroxysmal
AF. This is the stage where symptoms become more
prominent and tend to also present during rest. The
natural course of the syndrome is characterized by
progressive additional deterioration of LA remodeling
and dysfunction with development of permanent AF,
worsening pulmonary hemodynamics and subsequent
pulmonary vascular remodeling with vasoconstriction,
and eventual development of RV and RA dysfunction.
These changes may also lead to further impairments
in cardiac output and increased pericardial restraint,
findings associated with advanced HFpEF. The different
stages of HFpEF progression are therefore the reason for
the varying clinical presentation, and treatments may
differ depending on presentation. Progression through
these stages is not inevitable and may follow distinct
tempos. Comorbidities, inflammation, and endothelial
dysfunction can manifest differently among individuals,
further increasing heterogeneity.

Regardless of the cause, sustained elevation in
LA pressures leads to worsening pulmonary hyperten-
sion (PH), especially in patients with more severe LA
cardiomyopathy. Roughly 80% of patients with HFpEF
have PH, which starts as a passive result of downstream
LA pressure elevation. However, in many patients, these
passive changes eventually lead to pulmonary vascular
disease and consequent combined post-and pre-capil-
lary pulmonary hypertension, characterized by vascular
remodeling and vasoconstriction that affects the totality
of the pulmonary vasculature leading to deteriorations
in exercise capacity, congestion, pulmonary diffusion,
and eventually in increased mortality. The more ex-
treme and difficult to handle spectrum of HFpEF is the
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development of overt clinical right HF due to the PH
that will eventually lead to additional symptoms due
to systemic congestion and worsening cardiac output.

Atrial Fibrillation

More than half of patients with HFpEF experience AF
during their lifetime. AF is independently linked to an
increased risk of HF hospitalization and death in HFpEF.
Since AF is a reliable sign that HFpEF is probably the
cause of HF symptoms like dyspnea, the presence of AF
has been incorporated into probability scores for the
diagnosis of HFpEF [10]. HFpEF contributes to the rise
of AF through structural and functional remodeling of
the left atrium (LA). HFpEF leads to larger volumes of
LA which is a well-established proarrhythmic substrate
associated with atrial fibrosis. This contributes to elec-
trical remodeling, increased atrial refractoriness, and
development of AF [11,12].

Coronary Artery Disease (CAD)

Patients with HFpEF frequently have coronary ar-
tery disease, which is linked to higher mortality and
worsening ventricular function. In patients with CAD,
revascularization may be linked to improved outcomes
and the maintenance of heart function [13].

Diagnosis of HFpEF
Clinical presentation

Identification of symptoms and signs of HF is the
initial step in diagnosing HFpEF. The Framingham Diag-
nostic Criteria describe the major symptoms and signs
indicating the presence of HF. A HF diagnosis requires
the presence of two major criteria or one major and
two minor criteria. Major criteria include orthopnea
or paroxysmal nocturnal dyspnea, jugular venous dis-
tension, hepatojugular reflux, rales, S3 gallop rhythm,
pulmonary edema, and cardiomegaly. The minor criteria
include exertional dyspnea, nighttime cough, ankle
edema, tachycardia with a heart rate surpassing 120
beats per minute, hepatomegaly, and pleural effusion.
Dyspnea or ankle edema are common first presenta-
tions of HFpEF [14].

Cardiac imaging

When evaluating patients who may have HFpEF,
cardiac imaging is essential. Transthoracic echocardiog-
raphy (TTE) is the most useful imaging modality for early
diagnosis. In addition to assessment of left ventricular
ejection fraction (LVEF), the primary criterion used to dis-
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tinguish between HFrEF and HFpEF, TTE offers detailed
information about the anatomy and physiology of the
heart. It detects anomalies in the pericardium, cardiac
valves, and myocardium, and the data may be useful in
the diagnosis of HFpEF [15]. RV size and function, atrial
size, and thorough valve examination are all included
in TTE evaluation, which addresses anomalies linked to
both anatomy and flow. Importantly, TTE is crucial for
the assessment of diastolic function by evaluating LV
filling and LA pressures.

Additional non-invasive imaging modalities, besides
TTE, may be useful for assessing the structure and
function of the heart. For both LV and RV, cardiac MRI
provides an accurate and reliably repeatable assessment
of heart volumes, mass, and EF. Without using ionizing
radiation, cardiac magnetic resonance imaging (MRI) of-
fers remarkable anatomical resolution in all areas of the
heartand adjacent structures [16]. It aids in the diagnosis
of Fabry disease, cardiac sarcoidosis, cardiac amyloidosis,
and hypertrophic cardiomyopathy. Ventricular size, EF,
and anomalies of wall motion can also be accurately as-
sessed using ECG-gated cardiac computed tomography
(CT). Although radionuclide ventriculography exposes
patients to ionizing radiation, it provides extremely re-
peatable LVEF values. A non-invasive imaging method
called positron emission tomography (PET) can reveal
details on myocardial fibrosis, inflammation, perfusion,
and metabolism [17,18].

In some cases, cardiac catheterization may be neces-
sary to directly measure left ventricular filling pressures
and confirm the diagnosis of HFpEF, particularly when
non-invasive tests are inconclusive or when there is
suspicion of other cardiac conditions. Finally, consid-
ering the spectrum of presentations and the fact that
several patients may only present with exercise-related
symptoms, exercise testing during cardiac catheteriza-
tion may reveal some additional occult cases of HFpEF.

Biomarkers

Natriuretic peptide assay, including B-type natriu-
retic peptide (BNP) or N-terminal proB-type natriuretic
peptide (NT-proBNP), is commonly used to confirm the
presence and severity of HFpEF. Generally, the levels of
BNP and NT-proBNP are comparable, rendering either
one suitable for clinical use [15,19]. When evaluating
dyspnea of potentially cardiac origin, measuring BNP
and NT-proBNP levels offers important diagnostic in-
sight, particularly when the cause of dyspnea remains
uncertain and physical examination yields inconclusive
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results. However, it is important to note that BNP levels
can be influenced by factors other than heart failure,
such as age, renal function, and obesity.

Diagnostic algorithms - scores

To assist in the diagnosis of HFpEF, two primary
scoring systems are commonly used, the H2FPEF score
and HFA-PEFF score. In the H2FPEF score, several factors
are used, including hypertension, age, gender, atrial
fibrillation, elevated BNP, and diastolic dysfunction [20].
HFA-PEFF is a more comprehensive tool that includes
several clinical, echocardiographic, and biomarker pa-
rameters to assess the probability of HFpEF [21]. Both
scoring systems help to stratify patients based on their
likelihood of having HFpEF, guiding clinicians in the
diagnostic process. These scoring systems can aid in
the diagnostic evaluation but should always be used
in conjunction with clinical judgment and additional
diagnostic tests such as echocardiography, imaging,
and biomarker analysis [20,21].

Treatment strategies

The major goals of treatment for patients with HFpEF
are alleviation of symptoms, improvement of functional

status, reduction of the risk of hospitalization for HF, and
reduction of the associated mortality. Notably, a higher
NYHA class is associated with a lower quality of life in HF
patients. This often manifests with an increased risk of
HF-related hospital admissions, a clinically meaningful
endpoint as it has a well-documented association with
higher mortality in patients with HF [22]. Considering
the high variety of phenotypes and causes of HFpEF,
the approach to treatment needs to be inherently
personalized, and tailored to the individual patient’s
specific clinical profile (Figure 1).

Non-pharmacological treatment
Weight reduction

A higher incidence of heart failure and all-cause
death are linked to obesity, particularly central obesity.
Up to 80% of people with HFpEF are overweight or
obese, and obesity is acknowledged as a significant
characteristic of HFpEF [23,24]. Obesity and physical
inactivity are also associated with a poor prognosis for
HFpEF. About half of the HF risk linked to body mass
index (BMI) may be explained by low cardiorespiratory
fitness, which has been linked to an increased risk of HF
across all BMI categories [25]. Changing one’s lifestyle to

Non-pharmacological

Weight reduction Hypertension
Exercise training

Vaccination

Management of HFpEF

Management of comorbidities

Diabetes mellitus
Chronic kidney disease
Coronary artery disease

Atrial fibrillation

Pharmacological

For symptoms

Diuretics

Disease modifying

SGLT2i

MRA (preferably finerenone)
ARNI

ARB

GLP-1

Figure 1. Summary of the treatment of heart failure with preserved ejection fraction. Abbreviations: MRA: mineralocorticoid receptor
antagonist; ARNI: angiotensin receptor neprilysin inhibitor; ARB: angiotensin receptor blocker; GLP - 1: glucagon-like peptide 1.
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reduce weight and improve physical activity are crucial
ways to reduce the risk of heart failure.

Exercise training

A significant number of patients with HFpEF have
several comorbidities that affect their ability to exercise
and contribute to the pathogenesis of HFpEF [26,27].
Exercise-based therapy is becoming a popular non-
pharmacological treatment for HFpEF, and it is well
known that proper physical activity has many posi-
tive impacts on the cardiovascular system. In patients
with HFpEF, exercise training enhances peak oxygen
consumption and quality of life without significantly
altering LV systolic or diastolic function [28].

Vaccination

Pneumonia and respiratory tract infection are im-
portant triggers of HF decompensation and cause
hospitalization. The risk of pneumonia is high in HF
patients especially those with HFpEF [29]. Infections
not only increase the in-hospital mortality of HF but
also result in poor long-term prognosis [30]. Influenza
and pneumococcal vaccines help to prevent respira-
tory infections that may potentially reduce the risk of
exacerbation of HF.

Management of comorbidities
Hypertension and diabetes

Hypertension is the leading cause of HFpEF with a
prevalence ranging from 60% to 89% in HFpEF [31]. The
systolic blood pressure target for HFpEF should be less
than 130 mmHg. The patient’s other comorbidities, such
as diabetes, chronic kidney disease (CKD), or coronary
artery disease (CAD), should guide the personalized
choice of antihypertensive agents. The preferred agents
for hypertension control in HFpEF include diuretics,
angiotensin receptor blockers (ARB), and mineralo-
corticoid receptor antagonists (MRA) because these
agents also have some beneficial effects for HFpEF, in
addition to blood pressure reduction. Since chronotropic
incompetence is a potential mechanism contributing
to exercise functional limitation in HFpEF, the use of
beta-blockers in HFpEF may be avoided if there are no
other specific indications for beta-blockers. Given the
recently demonstrated benefits of sodium-glucose
cotransporter 2 (SGLT2) inhibitors in improving out-
comes in patients with HFpEF, SGLT2 inhibitors should
be prescribed as first-line therapy for diabetic patients
with HFpEF [32]. However, the use of SGLT2 inhibitors is
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not recommended if the estimated glomerular filtration
rate (eGFR) is < 20 mL/min/1.73 m2.

Chronic Kidney Disease

Evidence-based treatments that slow the progression
of CKD should be used to treat patients with HFpEF and
CKD. It has been demonstrated that SGLT2 inhibitors
enhance renal outcomes in CKD patients. After long-
term follow-up, the rate of eGFR decline is slower thanin
patients not on SGLT2 inhibitors, despite an anticipated
initial decline in eGFR of about 4 mL/min/1.73 m? upon
initiation of SGLT2 inhibitors. Clinical studies also showed
that patients receiving angiotensin receptor-neprilysin
inhibitors (ARNI) or ARBs experienced a marked slow-
down in the fall of eGFR.

Coronary Artery Disease

HFpEF has a high prevalence of CAD. Patients with
a low to intermediate pre-test risk of CAD or those
with ambiguous non-invasive stress tests should be
evaluated for CT coronary angiography in order to
assess the severity of CAD and establish the necessity
of revascularization. Patients with an intermediate to
high pre-test risk of CAD may be candidates for inva-
sive coronary angiography. There are no prospective
randomized trials available right now to assess how
revascularization affects patients with CAD and HFpEF.

Atrial fibrillation

Anticoagulants continue to be the mainstay of treat-
ment for HFpEF and AF in order to prevent stroke, and
the CHA2DS2-VASc score determines when antico-
agulation is indicated. There was no evidence in ran-
domized controlled studies that rhythm control with
antiarrhythmic drugs was superior to rate control. For
rhythm control, ablation of AF might be a more effec-
tive method than antiarrhythmic drugs. According to
this recommendation, patients who have both HFpEF
and AF should have sufficient rate control. First-line
medications often consist of beta-blockers and non-
dihydropyridine calcium-channel blockers. Digoxin may
increase functional capacity and lower NT-proBNP more
than bisoprolol in AF patients with heart failure symp-
toms, according to a recent clinical investigation [33].

Pharmacological treatment

Contrary to HFrEF, where a number of therapies
have been demonstrated to improve outcomes includ-
ing all-cause mortality, HFpEF treatment options have
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been fairly limited with respect to reducing clinically
significant endpoints. Although several treatments
with demonstrated benefits in HFrEF have also been
evaluated in HFpEF, most of these agents have not been
able to demonstrate a consistent benefit in modifying
the course of the disease. Therefore, the mainstay of
therapy for HFpEF is the use of diuretics for alleviation
of congestion symptoms and the use of SGLT2 inhibitors
as the only established disease-modifying treatment.
It should be noted however, that ongoing research
has indicated a potential role for medications such as
finerenone and semaglutide in improving outcomes
in HFpEF.

Diuretics

HFpEF patients with volume overload should be
treated with diuretics [34]. Loop diuretics should be
initiated as the first-line therapy with the type and dose
depending on the severity of congestion. Loop diuretics
(furosemide, torsemide, bumetanide) are typically used,
with the dose adjusted to achieve euvolemia (normal
fluid status) without causing excessive dehydration or
electrolyte imbalances. For those patients with loop
diuretic resistance, sequential nephron blockade can be
achieved using thiazide diuretics and/or MRAs. Careful
monitoring of electrolytes (especially potassium and
magnesium) and renal function is essential.

SGLT2 Inhibitors

SGLT2 Inhibitors are the only medication class that
has consistently shown improved outcomes in patients
with HFpEF. Both empagliflozin and dapagliflozin have
shown clear benefits in the management of HFpEF.
EMPEROR-Preserved Trial showed that empagliflozin
significantly reduced the composite outcome of car-
diovascular death or hospitalization for heart failure in
patients with HFpEF [32]. Dapagliflozin in the DELIVER
Trial also demonstrated a significant reduction in the
composite outcome of cardiovascular death or worsen-
ing heart failure in HFpEF patients [35]. As SGLT2 inhibi-
tors have received a strong recommendation (Class 2a,
Level of Evidence A) in HFpEF guidelines, they should
be considered a cornerstone of therapy for all patients
with HFpEF, unless contraindicated [36].

Mineralocorticoid Receptor Antagonists (MRAs)

The benefits of spironolactone were observed at the
lower end (up to 55%) of HFpEF, however the TOPCAT
trial did not show a mortality benefit or a decrease in HF

hospitalization throughout the entire study in patients
with LVEF 45% or higher. The advantages of candesar-
tan, spironolactone, and ARNI were shown to possibly
extend to the lower end of the LVEF range of HFpEF in
a meta-analysis conducted at the individual patient
level. Thus, MRAs may be taken into consideration to
reduce HF hospitalizations in a subset of patients with
HFpEF [37]. The precise involvement of MRAs, such as
finerenone or spironolactone, in HFpEF is currently being
determined by a number of ongoing trials (FINEARTS-
HF, SPIRRIT, and SPIRIT-HF) [38]. Recently, results from
the FINEARTS-HF trial were published, showing that
in patients with HFpEF and HFmrEF, treatment with a
non-steroidal MRA, finerenone, was associated with a
significantly lower incidence of a composite endpoint
consisting of total worsening heart failure events and
cardiovascular mortality compared to placebo, giving
rise to the possibility for another important disease-
modifying therapy in HFpEF [39].

Angiotensin Receptor-Neprilysin Inhibitors (ARNIs)

The PARAGON-HF trial, which evaluated sacubitril/
valsartan in HFpEF, did not demonstrate a statistically
significant reduction in the primary composite endpoint
of total hospitalizations for heart failure and cardiovas-
cular death compared to valsartan alone. However, sub-
group analyses suggested a potential benefitin women
and in patients with lower ejection fractions (within
the preserved range, but closer to 50%). ARNIs may be
considered in selected HFpEF patients, especially those
with LVEF in the lower range of the preserved spectrum
and those who tolerate ACE inhibitors or ARBs well.

Angiotensin Receptor Blockers (ARBs)

Candesartan in the CHARM Preserved trial [40] and
irbesartan in the I-Preserve trial [41], failed to achieve a
significant reduction in the primary outcome compared
with placebo for patients with HFpEF. ARBs can be used
in HFpEF patients who are intolerant of ACE inhibitors or
ARNIs, primarily for blood pressure control and poten-
tial RAAS blockade, but their impact on HFpEF-specific
outcomes is limited.

Beta-blockers

In the RATE-AF study that compared digoxin with
bisoprolol in AF patients with HF symptoms, the primary
outcome of quality of life was comparable between pa-
tients treated with bisoprolol and digoxin at 6 months
[33]. A beta-blocker is not recommended in patients
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with HFpEF without compelling indications, such as
CAD, prior Ml or rate control for AF, especially in those
with chronotropic incompetence.

Glucagon-like peptide 1 (GLP-1) agonists-
Semaglutide

The STEP-HFpEF-DM and STEP-HFpEF trials showed
that semaglutide administration decreased body weight
and significantly improved quality of life and the six-
minute walk distance in obese patients with HFpEF
[42]. There was also a reduction in NT-proBNP levels
and notably high reductions in HF-related symptoms
and physical limitations in patients with higher NT-
proBNP baseline levels. These trials pave the way for
a novel disease-modifying therapy in patients with
HFpEF, particularly those with a phenotype associated
with obesity and cardiometabolic stress.

Future targets

Future therapeutic targets for HFpEF focus on ad-
dressing its complex pathophysiology, including inflam-
mation, fibrosis, endothelial dysfunction, and metabolic
abnormalities. Key areas of interest include anti-inflam-
matory and anti-fibrotic agents, enhancement of the
NO-cGMP-PKG pathway, and modulation of myocar-
dial energetics and titin stiffness. Other emerging ap-
proaches target mitochondrial dysfunction, autonomic
imbalance, and coronary microvascular dysfunction.
Personalized, phenotype-driven therapies and ongo-
ing clinical trials aim to improve outcomes by defining
specific HFpEF phenotypes thus tailoring individualized
treatment to the diverse HFpEF population.

A considerable number of clinical trials are currently
in progress to explore potential therapeutic options for
HFpEF. Given the substantial morbidity and mortality as-
sociated with HFpEF, it is imperative that these therapies
be more routinely considered and offered to patients
as viable adjunctive treatment options. The SUMMIT
trial is investigating Tirzepatide in patients with NYHA
functional class II-1V, Elevated NT-proBNP, BMI =30 kg/
m2, CAMEO-SEMA is evaluating semaglutide, SPIRRIT
and SPIRIT-HF are investigating Spironolactone vs pla-
cebo, and CADENCE is evaluating Sotatercept in patients
with EF =50% with combined pre- and postcapillary PH
PVR =4 WU, PCWP >15 but <30 mm Hg are some of the
ongoing trials [43] ENDEAVOR is a phase 2b-3 study of
Mitiperstat, therapy that targets comorbidity-induced
systemic inflammation which may be a key mechanism
underlying HFpEF [44] HERMES is evaluating patients
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with HFpEF and HFmrEF, investigating Ziltivekimab, a
monoclonal antibody targeting interleukin-6 to reduce
systemic inflammation [45].

CONCLUSIONS

More than half of all HF cases are HFpEF, a growing
public health concern characterized by increased morbid-
ity and mortality. HFpEF frequently goes undiagnosed,
which results in high health resource usage. Considering
the variety of the presenting phenotypes and the lack
of established disease-modifying therapies, as in HFrEF,
there are considerable challenges in the management of
HFpEF, and an unmet clinical need. Currently, research
is focused on assessing tailored treatment for different
subtypes of HFpEF and thoroughly phenotyping HFpEF
patients. Future clinical trials using a precision medicine
approach in a variety of HFpEF characteristics might be
animportant step forward in the attempt toward estab-
lishing new pathways for diagnosis and management
of HFpEF, thus improving outcomes.
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Acute and Chronic Pancreatitis: Clinical
Features, Diagnosis, and Management

Stamatia Tsoupra

Abstract

Acute and chronic pancreatitis are inflammatory disorders of the pancreas, associated with significant morbidity,
mortality and healthcare burden. Acute pancreatitis is a common cause of hospital admission, ranging from a mild,
self-limited disease to a severe condition complicated by pancreatic necrosis and persistent organ failure. In con-
trast, chronic pancreatitis is characterized by progressive pancreatic fibrosis, irreversible structural damage, and the
eventual development of exocrine and endocrine insufficiency. Despite advances in diagnostic imaging, intensive
care management, and minimally invasive therapeutic approaches, pancreatitis remains a substantial diagnosticand
therapeutic challenge to clinicians. This review provides a comprehensive overview of the epidemiology, etiology,
pathophysiology, clinical presentation, diagnostic strategies, and management of both acute and chronic pancrea-
titis. Emphasis is placed on disease severity assessment, complication recognition and evidence-based treatment
strategies, including updated guidelines and expert-opinion recommendations. A comparative approach is adopted
to highlight the main differences and overlaps between acute and chronic pancreatitis, aiming to support early diag-
nosis, appropriate risk stratification and individualized patient management through a multidisciplinary approach.

Key words: Acute and chronic pancreatitis; systemic inflammatory response syndrome; pancreatic necrosis; Revised
Atlanta Classification and Risk Assessment; Acute Physiology and Chronic Health Evaluation Il (APACHE i) score; mini-

mally invasive therapeutic strategies

INTRODUCTION

Pancreatitis represents a spectrum of inflamma-
tory disorders of the pancreas with variable clinical
presentation, treatment response and outcomes. Acute
pancreatitis is defined by the sudden onset of pancreatic
inflammation, most commonly triggered by gallstones
or alcohol consumption, and is characterized by local
pancreatic injury and a systemic inflammatory response.
While most cases follow a mild and self-limiting course,
some cases progress to severe disease, complicated by
infected pancreatic necrosis, persistent organ failure,
prolonged hospitalization and increased mortality.
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Despite improvements in supportive care and early risk
stratification, severe acute pancreatitis remains associ-
ated with substantial morbidity and mortality.

In contrast, chronic pancreatitis is a progressive
inflammatory condition marked by irreversible destruc-
tion of pancreatic parenchyma and fibrosis, along with
ductal abnormalities that lead to exocrine pancreatic
insufficiency, clinically manifested as pancreatogenic
diabetes mellitus and chronic abdominal pain. Alcohol
abuse and smoking constitute the primary risk factors,
although genetic, autoimmune and idiopathic patterns
are increasingly recognized. Recurrent episodes of acute
pancreatitis may play a role in disease progression from
the acute to the chronic form, indicating that these
entities are part of a continuous pathological spectrum.
Table 1 summarizes the key clinical and pathophysiologi-
cal differences between acute and chronic pancreatitis.
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Table 1. Key Differences between Acute and Chronic Pancreatitis.

Feature

Acute Pancreatitis

Chronic Pancreatitis

Definition

Acute inflammatory process caused by
premature activation of pancreatic enzymes

Progressive inflammatory disorder with irreversible
structural damage and fibrosis

Disease course Sudden onset, usually reversible

Main etiologies
drugs, ERCP

Pathophysiology
inflammatory response

Structural changes
collections

Clinical presentation
Exocrine insufficiency Rare
Endocrine dysfunction Rare

Complications

Treatment
nutrition

Gallstones, alcohol, hypertriglyceridemia,

Enzymatic autodigestion and systemic

Edema, necrosis, peripancreatic fluid

Acute severe epigastric pain, nausea, vomiting

Necrosis, pseudocysts, organ failure

Supportive care, fluid resuscitation, early

Chronic progressive disease

Alcohol consumption, smoking, genetic mutations,
autoimmune pancreatitis

Chronic inflammation and pancreatic stellate cell
activation leading to fibrosis

Pancreatic calcifications, ductal strictures, gland
atrophy

Chronic abdominal pain, malabsorption, diabetes
Common in advanced disease
Pancreatogenic diabetes mellitus (Type 3c)

Pseudocysts, biliary obstruction, portal vein
thrombosis, pancreatic cancer

Lifestyle modification, enzyme replacement,
endoscopic or surgical interventions

Clinical suspicion, accurate diagnosis, severity assess-
ment and early intervention are crucial determinants
of outcome in both acute and chronic pancreatitis.
Advances in cross-sectional imaging, endoscopic tech-
niques, and evidence-based management guidelines
have refined clinical practice. However, significant chal-
lenges remain regarding optimal risk stratification,
complication management and long-term follow-up.
The aim of this review is to provide a revised and clini-
cally oriented overview of the underlying pathways
of acute and chronic pancreatitis, focusing on clinical
features, diagnostic approaches and contemporary
management strategies, with particular emphasis on
practical decision-making in everyday clinical practice.

Acute Pancreatitis
Etiology and Pathophysiology

Acute pancreatitis is an acute inflammatory disorder
of the pancreas resulting from premature activation of
pancreatic digestive enzymes within the acinar cells,
leading to autodigestion of pancreatic tissue and a
variable degree of local and systemic inflammatory
response [1,2]. Gallstone disease and excessive alco-
hol consumption are the most common etiological
factors [1,3]. Other recognized causes include hy-
pertriglyceridemia, drug-induced pancreatic injury,
post—endoscopic retrograde cholangiopancreatog-
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raphy (ERCP) pancreatitis, metabolic disturbances
such as hypercalcemia, pancreatic ductal obstruction,
genetic mutations, as well as infectious and idiopathic
etiologies [1,4].

At the cellular level, acute pancreatitis is initiated by
the intrapancreatic activation of trypsinogen, which trig-
gers a cascade of inflammatory signaling pathways and
is characterized by the release of cytokines, chemokines,
and other vasoactive mediators [2,5]. The ensuing in-
flammatory response leads to increased vascular per-
meability, pancreatic interstitial edema, and, in severe
cases, parenchymal necrosis and hemorrhage. When
the inflammatory process extends beyond the pancreas,
systemic inflammatory response syndrome (SIRS) may
develop, predisposing patients to multiple organ dys-
function syndrome (MODS) and significantly increasing
disease-related mortality [1,6].

Two principal pathogenic mechanisms are recog-
nized: obstruction of the pancreatic duct, most com-
monly due to gallstones or biliary sludge and, secondly,
direct toxic injury to pancreatic acinar cells, especially
in alcohol-related disease [1,3]. These mechanisms may
coexist, contributing to the heterogeneity observed
in clinical presentation and disease severity. Genetic
susceptibility, including mutations in PRSS1, SPINK1,
CFTR, and CTRC genes, has been increasingly impli-
cated in both idiopathic and recurrent forms of acute
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pancreatitis, further highlighting the complex interplay
between environmental and host-related factors [4,7].

Classification and Severity Assessment

The clinical and morphological classification of acute
pancreatitis has been standardized by the Revised At-
lanta Classification (2012) for disease stratification [8].
Based on morphological criteria, acute pancreatitis is
categorized into interstitial edematous pancreatitis,
characterized by pancreatic enlargement and interstitial
edema without necrosis, and necrotizing pancreatitis,
which involves pancreatic and/or peripancreatic tissue
necrosis [8,9].

Severity is classified into three categories: mild, mod-
erately severe, and severe acute pancreatitis. Most com-
monly, mild acute pancreatitis is defined by the absence
of organ failure and local or systemic complications,
typically resolving with conservative management [8].
Moderately severe acute pancreatitis is characterized by
transient organ failure lasting less than 48 hours and/or
the presence of local or systemic complications. Severe
acute pancreatitis is defined by persistent organ failure
exceeding 48 hours and is associated with a substantially
higher risk of mortality [8,9].

Assessment of disease severity is critical for early risk
stratification and appropriate allocation of healthcare
resources. Several clinical scoring systems have been
developed, including the Ranson criteria and the Acute
Physiology and Chronic Health Evaluation Il (APACHE
Il) score [10,11]. Although historically important, the
Ranson score has demonstrated limited predictive
accuracy in meta-analyses and requires 48 hours for
full assessment [10]. In contrast, the APACHE Il score
allows dynamic, daily evaluation of disease severity,
particularly in critically ill patients, and has been widely
adopted inintensive care settings [11]. Current guideline
recommendations emphasize the integration of clinical
parameters, laboratory markers and imaging findings,
rather than adopting a single prognostic model to
identify patients at risk of severe disease [1,6].

Clinical Presentation and Diagnostic Evaluation
of Acute Pancreatitis

The clinical presentation of acute pancreatitis is
variable and depends on the underlying etiology, the
extent of pancreatic injury and the presence of local or
systemic complications. The hallmark symptom is severe,
persistent epigastric pain with acute onset, frequently
radiating to the back and often accompanied by nau-

sea and vomiting [1,3]. In severe cases, patients may
present with signs of systemic inflammatory response,
including fever, tachycardia, hypotension and altered
mental status, reflecting the development of systemic
inflammatory response syndrome (SIRS) and early organ
dysfunction [6].

Physical examination findings range from mild epi-
gastric tenderness to an acute abdomen in severe forms.
Abdominal distension, decreased bowel sounds due
to paralytic ileus, and signs of pleural effusion may
be observed. Rare findings, such as Cullen’s and Grey
Turner’s signs, indicate retroperitoneal hemorrhage and
are associated with severe disease [1].

Laboratory Evaluation

The diagnosis of acute pancreatitis is established
when at least two of the following three criteria are
present: characteristicabdominal pain, serum amylase
and/or lipase levels elevated to at least three times the
upper limit of normal and imaging findings consistent
with acute pancreatitis [1,8]. Among biochemical mark-
ers, serum lipase is considered more specific and remains
elevated for a longer duration compared with amylase
[1]. Serum amylase typically rises within six-ten hours of
symptom onset and normalizes within three—five days.
However, its diagnostic accuracy is limited in alcohol-
related pancreatitis and hypertriglyceridemia-associated
disease, where false-negative results are common [1,4].

Additional laboratory investigations are essential for
etiological assessment and severity stratification. These
include complete blood count, hematocrit, C-reactive
protein, liver function tests, renal function parameters,
serum electrolytes, calcium levels and arterial blood gas
analysis in selected cases [6]. Elevated blood urea nitro-
gen and hematocrit at presentation, as well as failure
of their early normalization, have been associated with
increased disease severity and worse outcomes [6,11].

Imaging Modalities

Abdominal ultrasonography is recommended as
the initialimaging modality in patients with suspected
acute pancreatitis, primarily to identify gallstones or
biliary dilatation [1]. Its sensitivity for pancreatic inflam-
mation is limited by bowel gas and patient body mass.
Contrast-enhanced computed tomography (CT) of the
abdomen is not routinely required for the initial diagno-
sis and should be reserved for patients with diagnostic
uncertainty, without clinical improvement within 48-72
hours, or suspicion of local complications [1,6]. When
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performed after the early inflammatory phase, contrast-
enhanced CT provides valuable information regarding
the presence and extent of pancreatic necrosis, peri-
pancreatic collections and vascular complications [9].

Magnetic resonance imaging (MRI) and magnetic
resonance cholangiopancreatography (MRCP) offer
superior soft tissue contrast and enhanced detection
of early pancreatic inflammation and ductal abnormali-
ties, particularly in patients with contraindications to
iodinated contrast agents. Secretin-enhanced MRCP
may further delineate pancreatic ductal anatomy and
functional abnormalities. Endoscopic ultrasound (EUS)
plays animportant role in the evaluation of idiopathic or
recurrent acute pancreatitis, allowing the detection of
microlithiasis, small pancreatic tumors and subtle ductal
abnormalities, as well as providing the opportunity for
tissue sampling when indicated [1,6].

Differential Diagnosis

The differential diagnosis of acute pancreatitis is
broad and includes other causes of intra-abdominal
and extra-abdominal pathology, such as perforated
peptic ulcer disease, acute cholecystitis, biliary colic,
mesenteric ischemia, intestinal obstruction, ruptured
abdominal aortic aneurysm, acute myocardial infarc-
tion and diabetic ketoacidosis. A systematic diagnostic
approach integrating clinical, laboratory and imaging
findings is therefore essential to establish the diagnosis
and provide appropriate management.

Local and Systemic Complications of Acute Pancreatitis

Complications of acute pancreatitis develop in ap-
proximately 20% of patients. According to the Revised
Atlanta Classification, they are classified as local or sys-
temic, and they are related to the severity and duration
of the inflammatory process and contribute significantly
to morbidity and mortality [8].

Local complications include acute peripancreatic
fluid collections, pancreatic and peripancreatic necro-
sis, pseudocysts and walled-off necrosis [8,9]. Acute
peripancreatic fluid collections typically occur early in
the disease course and often resolve spontaneously. In
contrast, pancreatic necrosis may become infected, sig-
nificantly increasing the risk of sepsis and mortality [6,9].

Pancreatic pseudocysts generally develop several
weeks after the onset of acute pancreatitis and are
characterized by encapsulated collections of pancreatic
fluid without solid necrotic material. Walled-off necrosis
represents a mature, encapsulated collection containing

ACHAIKI IATRIKI July - September 2026, Volume 45, Issue 3

both fluid and necrotic tissue and usually develops after
four weeks [8]. Additional local complications include
pancreatic ascites due to ductal disruption, hemorrhage
secondary to vascular erosion or pseudoaneurysm for-
mation, gastrointestinal bleeding, paralytic ileus, and
splenic or portal vein thrombosis.

Systemic complications result from the systemic
inflammatory response and may involve multiple organ
systems. Respiratory complications, including pleural effu-
sions, atelectasis and acute respiratory distress syndrome
(ARDS), are among the most frequent and are associated
with poor prognosis. Cardiovascular instability, acute kid-
ney injury, metabolic disturbances such as hypocalcemia
and hyperglycemia and hematologic abnormalities may
also occur. Persistent organ failure lasting more than 48
hours defines severe acute pancreatitis and is strongly
associated with increased mortality, particularly in the
presence of infected pancreatic necrosis [6,9].

Management of Acute Pancreatitis

The management of acute pancreatitis is primarily
supportive and should be tailored according to disease
severity, etiology and the presence of complications.
Early recognition of patients at risk for severe disease
and prompt initiation of appropriate therapy are es-
sential to improve outcomes.

Initial Supportive Care

Early intravenous fluid resuscitation is a cornerstone
of management, with recent randomized trials sug-
gesting that moderate fluid resuscitation strategies
may reduce complications compared with aggressive
hydration [12]. Balanced crystalloid solutions, especially
Ringer’s lactate, are generally preferred over normal
saline due to their favorable effects on acid-base bal-
ance and inflammatory response. Fluid administration,
particularly within the first 24 hours, should be guided
by frequent clinical and laboratory assessment to avoid
both hypovolemia or fluid overload [1,6].

Adequate pain control is essential and is typically
achieved using opioid analgesics, such as hydromorphone
or fentanyl. Oxygen supplementation and respiratory
support should be provided as needed, while careful
monitoring of vital signs, urine output, hematocrit, and
renal function is required to assess response to therapy [1].

Nutritional Support

Early enteral nutrition is recommended once hemo-
dynamic stability is achieved, ideally within 48-72 hours
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of admission [13]. Enteral feeding has been shown to
preserve gut barrier function, reduce bacterial transloca-
tion and decrease the risk of infectious complications
compared with parenteral nutrition [14]. Nasogastric
feeding is generally safe and effective, with nasojejunal
feeding reserved for patients who are unable to tolerate
gastric feeding.

Antibiotic Therapy

Routine prophylactic antibiotic administration is not
recommended in acute pancreatitis, including cases
with sterile pancreatic necrosis. Antibiotics should be
reserved for patients with confirmed or strongly sus-
pected infected pancreatic necrosis or for the treatment
of extrapancreatic infections [1,6]. When indicated,
broad-spectrum antibiotics, such as carbapenems or
a combination of a third-generation cephalosporin or
fluoroquinolone with metronidazole, are commonly
used, guided by microbiological culture results when-
ever possible.

Endoscopic, Radiologic, and Surgical Interventions

Endoscopic retrograde cholangiopancreatography
(ERCP) with sphincterotomy is indicated in patients with
gallstone-related acute pancreatitis complicated by
acute cholangitis or persistent biliary obstruction [1].
In the absence of these indications, routine early ERCP
is not recommended [15].

Management of pancreatic and peripancreatic col-
lections follows a minimally invasive, step-up approach.
Percutaneous or endoscopic drainage is preferred as
first-line therapy for symptomatic or infected collec-
tions, with surgical necrosectomy reserved for patients
who fail the less invasive interventions above [6,9].
When feasible, interventions should be delayed for
at least four weeks to allow maturation of collections
and reduce procedural morbidity [16]. In patients with
biliary pancreatitis, cholecystectomy is recommended
during the index hospitalization for mild disease or
after resolution of inflammation in more severe cases
to prevent recurrence.

Chronic Pancreatitis
Definition and Pathophysiology

Chronic pancreatitis is a progressive inflammatory
disorder of the pancreas characterized by irreversible
structural damage, fibrosis and distortion of the pancre-
atic ductal system, ultimately leading to loss of exocrine
and endocrine function. Chronic pancreatitis, as op-

posed to acute pancreatitis, represents a long-standing
process marked by repeated or persistent cellular injury
and impaired tissue dys-regeneration [17-20].

At the pathophysiological level, chronic pancreatitis
is associated with sustained activation of inflammatory
pathways and pancreatic stellate cells, resulting in ex-
cessive deposition of extracellular matrix components
and progressive fibrosis [18-20]. Over time, cumulative
damage leads to acinar cell loss, ductal strictures and
eventual islet cell dysfunction, manifesting clinically as
malabsorption and pancreatogenic diabetes mellitus [21].

Etiology and Risk Factors

Alcohol abuse remains the predominant etiologi-
cal factor in chronic pancreatitis, accounting for ap-
proximately 70-80% of cases [22,23]. Sustained alcohol
consumption has direct toxic effects on pancreatic
acinar cells and alters the composition of pancreatic
secretions, promoting ductal obstruction. Cigarette
smoking has emerged as an independent disease modi-
fier, accelerating progression and increasing the risk of
complications [23].

Non-alcoholic causes include genetic disorders, such
as mutations in PRSS1, SPINK1, CFTR, and CTRC genes,
which are associated with early-onset disease [24]. Auto-
immune pancreatitis, a distinctimmune-mediated entity
often associated with elevated 1gG4 levels, represents
a potentially reversible cause when recognized earlier
[25]. Additional etiologies include anatomic abnormali-
ties, such as pancreas divisum, cystic fibrosis, tropical
pancreatitis and idiopathic forms, which account for
approximately 10-20% of cases [26-29].

Clinical Manifestations

The clinical presentation of chronic pancreatitis is
heterogeneous and non-specific. Chronic or recurrent
epigastric pain, often radiating to the back, is the most
prominent symptom. Pain severity does not consistently
correlate with the extent of structural damage and may
diminish in advanced disease due to parenchymal loss
and pancreatic burnout [29].

As the disease progresses, destruction of pancreatic
parenchyma leads to exocrine pancreatic insufficiency,
typically manifesting after loss of more than 90% of
exocrine function [30]. Clinical features include steator-
rhea, weight loss, fat-soluble vitamin deficiencies and
malnutrition [31,32]. Endocrine insufficiency develops
later in the disease course and results in pancreatogenic
diabetes mellitus, characterized by hard-to-manage
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glycemic control and an increased risk of hypoglycemia
due to impaired glucagon secretion [33].

Diagnostic Evaluation of Chronic Pancreatitis

The diagnosis of chronic pancreatitis is often chal-
lenging, particularly in the early stages of the disease,
when structural abnormalities may not be evident and
laboratory findings are non-specific [19]. A comprehen-
sive diagnostic strategy incorporates clinical history,
laboratory evaluation and imaging modalities, with
the selection of investigations determined by disease
stage and clinical presentation [34].

Laboratory Assessment

Routine laboratory tests are of limited diagnostic value
in chronic pancreatitis. Serum amylase and lipase levels
are frequently normal or only mildly elevated, reflecting
progressive pancreatic atrophy rather than active inflam-
mation [20]. Evaluation of exocrine pancreatic function is
therefore essential in patients with suspected advanced
disease. Measurement of fecal elastase-1 is widely used
as a non-invasive screening test for exocrine pancreatic
insufficiency [35]. Additional tests, such as fecal chymo-
trypsin measurement or quantitative fecal fat analysis,
may provide supportive evidence of malabsorption.

Direct pancreatic functional tests, involving the
collection of pancreatic secretions after secretin or
cholecystokinin stimulation, represent the reference
standard for assessing exocrine function. However, their
invasive nature and limited availability restrict their use
in daily clinical practice [36]. Indirect tests, such as fecal
elastase measurement, are more commonly undertaken
due to their simplicity and acceptable diagnostic per-
formance in advanced disease.

Assessment of endocrine function should include
fasting plasma glucose, glycated hemoglobin, or oral
glucose tolerance testing to detect pancreatogenic
diabetes mellitus [33]. Nutritional evaluation, includ-
ing serum levels of fat-soluble vitamins, aloumin, and
prealbumin, may be useful in identifying malnutrition
and guiding supportive therapy.

Imaging Modalities

Cross-sectional imaging plays a central role in the
diagnosis of chronic pancreatitis. Contrast-enhanced
computed tomography (CT) is often the initial imaging
modality and may demonstrate pancreatic calcifications,
glandular atrophy, ductal dilation, and pseudocyst
formation, particularly in advanced disease. However,
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CT has limited sensitivity for early-stage chronic pan-
creatitis [37,38].

Magnetic resonance imaging (MRI) combined with
magnetic resonance cholangiopancreatography (MRCP)
provides superior visualization of the pancreatic pa-
renchyma and ductal anatomy. MRCP allows detailed
assessment of pancreatic ductal irregularities, strictures,
and side-branch abnormalities. Secretin-enhanced
MRCP further improves diagnostic accuracy by evaluat-
ing ductal compliance and exocrine function [37,38].

Endoscopic ultrasound (EUS) is considered the most
sensitive modality for the detection of early chronic
pancreatitis. EUS enables high-resolution imaging of
the pancreatic parenchyma, the ductal system and early
fibrosis [39]. In some controversial cases, EUS-guided
fine-needle biopsy may be performed to confirm au-
toimmune pancreatitis or malignancy.

Local and Systemic Complications
of Chronic Pancreatitis

Chronic pancreatitis is associated with a wide spec-
trum of local and systemic complications that impact
patients’ quality of life. Their incidence increases with
disease duration, and they are consequences of progres-
sive pancreatic fibrosis, ductal obstruction and chronic
inflammation [20].

Pancreatic pseudocysts are the most common local
complications, and they develop because of ductal dis-
ruption or persistent inflammation. Large or complicated
collections may cause abdominal pain, gastric outlet
obstruction, infection, or hemorrhage [39]. Obstruc-
tion of the intrapancreatic portion of the common bile
duct due to inflammatory mass formation or fibrosis
can result in obstructive jaundice and cholangitis [40].

Vascular complications include thrombosis of the
splenic or portal vein, which may lead to segmental
portal hypertension and the development of gastric
or esophageal varices, predisposing patients to gastro-
intestinal bleeding [39]. Pancreatic ascites and pleural
effusions may occur following ductal leakage, whereas
duodenal or colonic obstruction may result from inflam-
matory strictures or extrinsic compression.

A particularly important consideration is the in-
creased risk of pancreatic ductal adenocarcinoma in pa-
tients with long-standing chronic pancreatitis. Differenti-
ating inflammatory pancreatic masses from malignancy
remains a diagnostic challenge and necessitates careful
surveillance, especially in patients with new-onset
symptoms or unexplained clinical deterioration [41].
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Systemic complications primarily reflect exocrine
pancreatic insufficiency, which leads to maldigestion,
weight loss, fat-soluble vitamin deficiencies, malnutri-
tion and sarcopenia. Endocrine insufficiency manifests
as pancreatogenic diabetes mellitus, characterized by
impaired insulin and glucagon secretion and an in-
creased risk of hypoglycemia (type 3 diabetes) [23,43].
Osteoporosis and osteopenia may develop secondary
to malabsorption and vitamin D deficiency, further
contributing to long-term morbidity [32].

Management Strategies for Chronic Pancreatitis

The management of chronic pancreatitis requires a
multidisciplinary approach aimed at symptom control,
prevention of complications and preservation of nutri-
tional and metabolic status [34]. Treatment strategies
should be individualized according to disease severity,
anatomical findings, and the patient’s quality of life.

Lifestyle Modification

Abstinence from alcohol and smoking remains fun-
damental components of management and are strongly
associated with improved symptom control and slower
disease progression [22,23]. Nutritional counseling is
essential, with emphasis on adequate caloric intake and
supplementation of fat-soluble vitamins [42].

Pain Management

Pain control follows a stepwise approach, begin-
ning with non-opioid analgesics and progressing to
opioid therapy when necessary. Adjunctive therapies,
including antidepressants and neuromodulators, may
be beneficial in selected patients. In cases of refractory
pain, celiac plexus block or neurolysis may be considered
after exclusion of local complications [29].

Management of Pancreatic Insufficiency

Pancreatic enzyme replacement therapy for pancre-
atic insufficiency should be administered with meals to
optimize digestion and nutrient absorption, thereby
improving steatorrhea and nutritional status. Endocrine
insufficiency is managed with insulin therapy, with care-
ful monitoring due to the increased risk of hypoglycemia
in pancreatogenic diabetes [23,43].

Invasive Interventions

Endoscopic therapy plays an important role in
selected patients, particularly those with dominant
pancreatic duct strictures, intraductal stones or symp-

tomatic pseudocysts. Endoscopic retrograde cholangio-
pancreatography (ERCP) with ductal stenting or stone
extraction may provide symptom relief and delay the
need for surgery [43].

Surgical intervention is reserved for patients with
refractory pain, complications unresponsive to endo-
scopic treatment or suspicion of malignancy. Surgical
optionsinclude decompressive procedures, pancreatic
resection, or combined approaches [44,45]. Early refer-
ral to specialized centers is recommended to optimize
outcomes.

Current Guidelines and Future Perspectives

Over the past decades, the management of both
acute and chronic pancreatitis has evolved substantially,
guided by evidence-based recommendations issued by
international scientific societies. Contemporary guide-
lines emphasize early risk stratification, judicious use of
diagnosticimaging and a shift toward minimally invasive
therapeutic strategies, along with balanced crystalloid
resuscitation, and avoidance of prophylactic antibiotics
in sterile necrosis [1,6].

In acute pancreatitis, current recommendations sup-
port early fluid resuscitation with balanced crystalloid
solutions, avoidance of prophylactic antibiotics, and
early initiation of enteral nutrition. The adoption of a
step-up approach for the management of pancreatic
necrosis, favoring endoscopic interventions over early
surgical necrosectomy, has resulted in reduced mor-
bidity and improved outcomes [43]. Ongoing research
focuses on refining prognostic tools, identifying reliable
biomarkers for early severity prediction and optimizing
individualized treatment pathways.

In chronic pancreatitis, guidelines highlight the
importance of etiological classification, lifestyle modifi-
cation and a multidisciplinary approach to pain manage-
ment and nutritional support. Advances in endoscopic
techniques and surgical strategies have expanded thera-
peutic options, while emerging insights into the molecu-
lar mechanisms of pancreatic fibrosis and inflammation
offer potential targets for disease-modifying therapies.
Future research is expected to further clarify the role of
early intervention in altering disease progression and
improving long-term quality of life.

CONCLUSIONS

Acute and chronic pancreatitis represent heteroge-
neous pancreatic disorders with significant clinical and
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healthcare impact. Accurate diagnosis, early assess-
ment of disease severity and timely implementation
of evidence-based management are crucial for patient
outcomes. Research in diagnostic imaging, supportive
care and minimally invasive interventions has improved
the prognosis of severe acute pancreatitis. In chronic
pancreatitis, prevention of complications, effective
symptom control and management of pancreatic in-
sufficiency remain central therapeutic goals. Clinicians’
adherence to international guidelines, combined with a
personalized approach, is crucial for optimizing patient
treatment.
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Advances in the Management
of Chronic Kidney Disease
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Abstract

Chronic Kidney Disease (CKD) is a major public health problem, affecting a large proportion of the global population
and is associated with increased cardiovascular morbidity and mortality. Recent advances in diagnosis, including
updated clinical guidelines, and numerous clinical trials that support new therapeutic options, have expanded the
understanding of CKD. This review provides an overview of current evidence on the diagnosis, classification, and
management of CKD, with a particular focus on pharmacologic interventions. In addition to the established use of
renin-angiotensin system inhibitors (RAASi) and sodium-glucose cotransporter 2 inhibitors (SGLT2i), nonsteroidal
mineralocorticoid receptor antagonists (MRAs) and glucagon-like peptide-1 (GLP-1) receptor agonists have shown
kidney and cardiovascular benefits in patients with CKD with or without concomitant diabetes mellitus.

Key words: Chronic kidney disease; renin—angiotensin system inhibitors; SGLT2 inhibitors; mineralocorticoid receptor

antagonists; GLP-1 receptor agonists

INTRODUCTION

CKD is a progressive disease with high global preva-
lence (approximately 9%) [1]. It remains a major health
problem linked to increased cardiovascular morbidity
and mortality. CKD is defined as abnormalities of kid-
ney structure or function that persist for at least three
months and have implications for health [2]. The latest
guidelines classify CKD based on cause, glomerular
filtration rate (GFR) category (G1-G5), and albuminuria
category (A1-A3).These three components help deter-
mine the severity and risk of CKD (Table 1).

The KDIGO CKD risk grid uses estimated glomeru-
lar filtration rate (eGFR) and albuminuria to stratify
prognosis in CKD. It was developed from large cohort
studies showing that lower eGFR and higher urinary
albumin excretion in combination predict outcomes
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such as CKD progression, kidney failure, cardiovascular
events and mortality. The color coding represents risk
gradients across these two dimensions, providing an
outcome-oriented assessment that is more informative
than eGFR staging alone.

Despite the increasing burden of CKD, there is no
universal agreement on the effectiveness of population-
wide screening programs [3]. Screening is typically
considered for individuals at high risk, such as those
with diabetes or hypertension. The rationale for targeted
screening in these groups is that early identification may
improve outcomes by enabling timely intervention.
Screening should be performed using both urinary
albumin measurement and eGFR. Following incidental
detection of an elevated uACR, hematuria or a reduced
eGFR, testing should be repeated to confirm the pres-
ence of CKD [2]. While eGFR testing rates are consist-
ently high, UACR testing rates remain low. This results
in underdiagnosis and undertreatment, putting many
individuals at risk of CKD progression and CVD [4].
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Table 1. CKD stages and cardiovascular risk based on eGFR and albuminuria categories [2].

The initial assessment of albuminuria should be
based on measuring the urine albumin-to-creatinine
ratio (ACR) or, alternatively, on urine dipstick testing for
albumin with automated reading and ACR quantifica-
tion. If total urine protein is measured, a measurement
of the urine protein-to-creatinine ratio (PCR) is preferred.
If not available, urine dipstick testing for total protein
with automated or manual reading may be performed.
In all cases, a first-morning midstream urine sample is
recommended for both adults and children. If an ACR
value exceeding 30 mg/g is detected in arandom urine
sample, the result should be confirmed by repeat testing
using a subsequent first morning void in the midstream
urine sample [2].

Establishing Chronicity

CKD is defined by kidney abnormalities persisting
for atleast 3 months (or more than 90 days), a threshold
used to distinguish CKD from acute kidney disease (AKD)
and acute kidney injury (AKI), which differ in etiology,
management and outcomes. Evidence of chronicity can
be established through prior documentation of reduced
eGFR, prior albuminuria or urine sediment abnormalities,
imaging suggestive of chronic damage (e.g. reduced kid-
ney size or cortical thinning), histopathological features
(fibrosis or atrophy), relevant medical history (conditions
that cause or accelerate CKD), or repeat measurements
that confirm persistence beyond three months.

Persistent albuminuria categories
Al A2 A3
<30 mg/g 30-300 mg/g >300 mg/g
G1
- Low risk moderately increased risk high risk
>
G2
Low risk moderately increased risk high risk
60-89
e derately increased risk high risk
moderately increased ris igh ris
= | 45-59 Y J
£ | G3b -
= high risk
E |30-44
k|
S
()]
()
g
e
G}

Chronicity should not be determined by a single
abnormal eGFR or ACR, as these values may only reflect
recent AKI/AKD. When CKD is clinically likely based on
supporting evidence, initiating CKD-directed manage-
ment at first presentation may be appropriate to avoid
delaying management. Repeat testing remains impor-
tant for accurate diagnosis and staging.

Etiology of CKD

Beyond establishing chronicity and stage, the
cause of CKD remains important, as it guides more
appropriate therapy to slow progression to kidney
failure (e.g. in glomerular diseases), provides further
information about the risk of progression (e.g. in IgA
prediction tools), and helps to understand contribut-
ing factors [5].

To determine the etiology of CKD, we must use a
comprehensive assessment that includes clinical con-
text, personal and family medical history, social and
environmental factors, medication review, physical
examination, laboratory investigations, imaging mo-
dalities, as well as genetic and pathological analyses for
diagnosis. Healthcare providers must consider referrals
to expert centers.

CKD Management

Management of CKD should follow a comprehensive
treatment strategy to slow disease progression and
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reduce associated complications. Risk factors for CKD
progression, cardiovascular disease (CVD), and other
complications are closely interconnected; therefore, their
management must be integrated [6]. CKD treatment and
risk modification target both CKD manifestations (such
as hypertension, anemia, dyslipidemia, CKD—mineral
and bone disease, potassium imbalance, metabolic
acidosis, and reproductive or pregnancy-related com-
plications) and CKD outcomes (progression to kidney
failure, cardiovascular events, hospitalization, infections,
gout, and mortality).

Lifestyle Modifications

People with CKD should be supported in adopting
lifestyle behaviors that reduce cardiovascular risk, includ-
ing regular physical activity tailored to tolerance and
frailty, weight management to achieve an optimal BMI,
and complete avoidance of tobacco products. Where
appropriate and available, referral to other specialties
(renal dietitians and nutrition providers, smoking ces-
sation programs, physical and occupational therapy,
psychological support) should be offered to facilitate
sustained behavior change.

Management of dyslipidemia is based upon the
use of statins. Adults with CKD G3-G5 are advised to
maintain a protein intake of 0.8 g/kg body weight/day.
Sodium intake should remain below 2 g/day (or 5 g of
sodium chloride/day) across all patients with CKD [2].

Pharmacologic pillars for slowing CKD progression

Contemporary pharmacological therapy is built on
four complementary pillars that reduce kidney disease
progression and cardiovascular risk. Renin—angiotensin-
aldosterone system (RAAS) inhibitors continue to serve
as the cornerstone, effectively reducing intraglomerular
pressure and albuminuria. Sodium-glucose cotrans-
porter-2 (SGLT2) inhibitors offer additional kidney and
cardiovascular protection through mechanisms involv-
ing hemodynamic, metabolic, and anti-inflammatory
pathways. Nonsteroidal mineralocorticoid receptor
antagonists (MRAs) further decrease inflammation and
fibrosis, particularly in patients with persistent albumi-
nuria. Glucagon-like peptide-1 receptor agonists (GLP-1
RAs) offer cardiometabolic and kidney advantages,
particularly for individuals with type 2 diabetes (T2D).
The integration of these therapies represents a multi-
dimensional mechanism-based approach designed to
sustainably decelerate CKD progression and reduce
cardiovascular morbidity and mortality.
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Renin-Angiotensin-Aldosterone System
Inhibitors (RAASI)

Mechanism of Action and Pathophysiologic Rationale

The RAAS is a key regulatory axis that maintains
organ perfusion and regulates blood pressure through
sodium and water retention, vasoconstriction, and
volume expansion. Its principal components include
renin (kidney-derived), angiotensin Il (generated via ACE-
mediated activation of angiotensin 1), and aldosterone
(secreted from the adrenal cortex). Angiotensin Il plays
the most important role, as it causes vasoconstriction
in the postglomerular arterioles, thereby increasing
hydraulic pressure and promoting ultrafiltration of
plasma proteins [7]. Chronic RAAS activation may also
accelerate inflammation, fibrosis, and structural dam-
age in the kidney, heart, and vasculature, thus playing a
major role in the elevated cardiovascular risk observed
in hypertension, diabetes, and cardiovascular disease [8].
Pharmacologic RAAS inhibition with ACE inhibitors and
angiotensin receptor blockers has been shown to delay
CKD progression and reduce cardiovascular events, es-
tablishing these agents as foundational therapies in CKD.

Evidence from Landmark Trials

The 1993 study by Lewis et al. evaluated the effect of
captopril in patients with insulin-dependent diabetes and
established diabetic nephropathy. In this randomized,
placebo-controlled trial involving 409 patients, captopril
was compared to placebo in addition to conventional
therapy [9]. The addition of captopril significantly reduced
the risk of doubling of serum creatinine compared with
placebo. Importantly, these benefits were independent
of blood pressure reduction, demonstrating a specific
renoprotective effect of ACE inhibition. This landmark
trial established ACE inhibitors as standard therapy for
diabetic nephropathy and fundamentally changed the
management of CKD in diabetes.

The RENAAL and IDNT trials that followed evaluated
the renal protective effects of angiotensin Il recep-
tor blockers (ARBs) in patients with T2D and diabetic
nephropathy [10,11]. In the RENAAL trial, losartan was
compared with placebo in patients with T2D and pro-
teinuric CKD. Losartan significantly reduced the risk of
the primary outcome (doubling of serum creatinine,
end-stage kidney disease (ESKD), or death) by 16%,
demonstrating a renoprotective effect beyond blood
pressure control. Similarly, in the IDNT trial, irbesartan
was compared with amlodipine and placebo in a high-
risk population. Irbesartan reduced the risk of the same
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renal outcome by 20% compared with the placebo group
and by 23% compared with the amlodipine group.

Both trials established ARBs as standard therapy
for diabetic kidney disease, although a substantial re-
sidual renal risk remained despite RAAS blockade. While
these trials were conducted in patients with diabetic
nephropathy, they strongly influenced the adoption
of RAAS inhibition across proteinuric CKD.

Guideline Recommendations and Clinical
Implementation

RAASi (ACEi or ARB) are recommended for people
with CKD stages G1-G4 and severely increased albu-
minuria (A3) without diabetes, and are suggested for
those with CKD G1-G4 and moderately increased albu-
minuria (A2) without diabetes. In people with diabetes,
RAASi initiation is recommended for CKD G1-G4 with
moderately to severely increased albuminuria (A2-A3).
In all CKD populations, combination therapy with an
ACE inhibitor plus an ARB and/or a direct renin inhibitor
should be avoided, regardless of diabetes status, due
to an unfavorable risk—benefit profile.

Changes in blood pressure, serum creatinine, and
serum potassium should be monitored within 2-4
weeks after initiation or dose escalation of a RAAS;,
depending on baseline GFR and serum potassium levels.
Hyperkalemia associated with RAASi therapy can often
be managed with potassium-lowering measures rather
than reducing the dose or discontinuing the RAASI.
Treatment with an ACE inhibitor or ARB should be
continued unless serum creatinine increases by more
than 30% within four weeks of treatment initiation or
dose escalation.

Of utmostimportance, ACE inhibitors or ARBs should
be administered at the highest approved dose toler-
ated to achieve the described benefits, as the efficacy
observed in clinical trials was demonstrated at these
dose levels. Furthermore, RAAS inhibitors should gener-
ally be continued in people with CKD even when eGFR
declines below 30 mL/min/1.73 m?. Evidence from the
STOP-ACEi trial (h=411; mean eGFR ~13 mL/min/1.73
m?) showed that routine discontinuation of RAAS inhibi-
tors in advanced CKD (G4-G5) did not result in renal or
cardiovascular benefit [12].

Sodium-Glucose Cotransporter 2 Inhibitors
(SGLT2i)

Mechanism of Action and Pathophysiologic Rationale
Sodium-glucose cotransporter 2 (SGLT2) inhibitors

act in the proximal convoluted tubule of the kidney to
reduce reabsorption of filtered glucose and sodium.
Normally, nearly all filtered glucose (~180 g/day) is
reabsorbed from the tubular lumen into proximal tu-
bular cells via SGLT2 on the luminal membrane, with
energy provided by the Na+/K*+ATPase on the basolateral
membrane. SGLT2 inhibition increases urinary glucose
excretion (glycosuria) and induces natriuresis, leading to
osmotic diuresis and modest reductions in plasma glu-
cose and blood pressure. Enhanced sodium delivery to
the macula densa restores tubuloglomerular feedback,
resulting in afferent arteriolar vasoconstriction, lower
intraglomerular pressure, and attenuation of hyperfiltra-
tion, a key mechanism underlying the renal protective
effects of SGLT2 inhibitors [13]. Beyond hemodynamic
changes, SGLT2 inhibitors also exert beneficial metabolic
and anti-inflammatory effects that contribute to reduced
progression of CKD and lower cardiovascular risk.

Evidence from Landmark Trials

The hallmark CREDENCE trial (published in 2019)
evaluated the effects of canagliflozin 100 mg daily in
patients with T2D and CKD who were already receiving
stable background RAAS blockade [12]. A total of 4,401
participants were randomized, with a mean follow-up
of 2.62 years. Eligible patients had an eGFR between
30and 90 mL/min/1.73 m?and significant albuminuria,
defined as a urine albumin-to-creatinine ratio of 300
to 5,000 mg/g, reflecting a population at high kidney
and cardiovascular risk. The primary endpoint was end-
stage kidney disease, doubling of serum creatinine, or
death from renal or cardiovascular causes. Canagliflozin
significantly reduced the risk of the primary outcome
compared with placebo, corresponding to a 30% rela-
tive risk reduction. The renal-specific outcome (ESKD
or doubling of serum creatinine) was also significantly
reduced by 34% in patients treated with canagliflozin.
These findings demonstrated that, in patients with
T2D and albuminuric CKD already treated with RAASi,
canagliflozin provided substantial additional renal and
cardiovascular protection.

The DAPA-CKD trial evaluated dapagliflozin 10 mg
daily in patients with CKD of various etiologies, includ-
ing those with and without T2D. All participants were
receiving background therapy with an ACE inhibitor
or ARB [14]. Eligible patients had an eGFR between 25
and 75 mL/min/1.73 m? and significant albuminuria
(UACR 200-5000 mg/q). A total of 4,304 patients were
randomized and followed for a median of 2.4 years.
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The primary outcome was a sustained =50% decline
in eGFR, end-stage kidney disease, or death from
renal or cardiovascular causes. During follow-up, a
primary event occurred in 9.2% of patients receiving
dapagliflozin, compared with 14.5% in the placebo
group, corresponding to a 39% relative risk reduction.
The number needed to treat (NNT) to prevent one
primary outcome event was 19. Patients treated with
dapagliflozin showed a slower long-term decline in
kidney function. Although an initial greater fall in eGFR
was observed during the first two weeks of therapy,
this was followed by a slower decline slope in renal
function compared with placebo.

The EMPA-KIDNEY trial evaluated empagliflozin
10 mg daily in patients with CKD of various etiolo-
gies, including individuals with and without T2D [15].
All participants were receiving background therapy
with an ACE inhibitor or ARB when indicated. Eligible
patients had an eGFR of 20-45 mL/min/1.73 m?, or an
eGFR of 45-90 mL/min/1.73 m? with a urine albumin-
to-creatinine ratio (UACR) >200 mg/g. A total of 6,609
patients were randomized and followed for a median of
two years. The primary outcome was a sustained =40%
decline in eGFR, end-stage kidney disease, or death from
renal or cardiovascular causes. Disease progression or
cardiovascular death occurred in 13.1% of patients in
the empagliflozin group compared with 16.9% in the
placebo group, corresponding to a 28% relative risk
reduction. The benefits of empagliflozin were consistent
in patients with or without diabetes and were inde-
pendent of baseline eGFR. There was some evidence
suggesting that the proportional risk reduction may
have been greater among patients with higher baseline
albuminuria. Overall, empagliflozin significantly slowed
kidney disease progression and reduced cardiovascular
risk across a broad CKD population.

Alarge meta-analysis of major SGLT2 inhibitor trials,
comparing SGLT2 inhibitors with placebo in people with
and without diabetes, showed that SGLT2 inhibitors
significantly reduced the risk of kidney disease progres-
sion, indicating a ~37% relative risk reduction, with
broadly consistent effects across diabetes status, and
decreased the risk of acute kidney injury corresponding
to a ~23% reduction [16].

Guideline Recommendations
and Clinical Implementation

Treatment with an SGLT2 inhibitor is recommended
for patients with T2D and CKD who have an eGFR =20
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mL/min/1.73 m? (Grade 1A). Once therapy has been
initiated, continuation of the SGLT2 inhibitor is appropri-
ate even if eGFR falls below 20 mL/min/1.73 m?, unless
the medication is not tolerated or kidney replacement
therapy (KRT) is started. Temporary discontinuation
should be considered during periods of prolonged
fasting, surgical procedures, or critical medical illness,
when the risk of ketosis may be increased.

In addition, treatment with an SGLT2 inhibitor is
recommended for adults with CKD (Grade 1A) who
have either an eGFR =20 mL/min/1.73 m? with a urine
albumin-to-creatinine ratio (ACR) =200 mg/g (=20
mg/mmol), or heart failure, regardless of the level of
albuminuria.

It should be noted that SGLT2i initiation does not
require alteration of frequency of CKD monitoring as
the reversible decrease in eGFR on initiation is generally
not an indication to discontinue therapy.

The latest guidelines also suggest treating patients
with eGFR 20 to 45 ml/min/1.73m? and ACR <200 mg/g
(<20 mg/mmol) with an SGLT2i.

Mineralocorticoid Receptor Antagonists
Mechanism of Action and Pathophysiologic Rationale

Aldosterone is the principal mineralocorticoid hor-
mone. It is produced in the zona glomerulosa of the
adrenal cortex, primarily in response to hyperkalemia
or sodium depletion, and represents a downstream
effector of renin-angiotensin system activation. Stud-
ies have also demonstrated aldosterone synthesis in
peripheral tissues [17]. Aldosterone is central to the
regulation of blood pressure and extracellular fluid
volume, by promoting renal sodium reabsorption and
enhancing potassium excretion, by interacting with
the MRs that are expressed in the renal epithelial cells
in the distal nephron [18].

It is now well known that MR is also expressed in
non-epithelial tissues, such as the heart, adipocytes,
podocytes, inflammatory cells, endothelial cells, and
vascular smooth muscle cells. Multiple studies have
shown that aldosterone and MR activation play a role
in various aspects of renal and cardiovascular dam-
age. Aldosterone binding to MR stimulates NADPH
oxidase activity, leading to increased reactive oxygen
species (ROS) generation, reduced nitric oxide (NO)
bioavailability, and activation of intracellular signaling
pathways such as p38 MAPK, SGK-1, NF-kB, and AP-1.
These molecular cascades promote the production of
pro-inflammatory cytokines and profibrotic mediators
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(e.g., TGF-B, CTGF, osteopontin), resulting in inflamma-
tion and fibrosis (Figure 1) [19].

In the heart, this process contributes to myocardial
hypertrophy, ventricular remodeling, ischemia, arrhyth-
mias, and myocardial injury. In the kidneys, it promotes
glomerular hypertrophy, glomerulosclerosis, proteinuria,
reduced renal blood flow, and progressive renal injury.
Mineralocorticoid receptor antagonists (MRAs) inter-
rupt these pathways, thereby reducing oxidative stress,
inflammation, and fibrosis, and protecting both cardiac
and renal function.

Spironolactone and eplerenone are steroidal, flat-
structured compounds, whereas finerenone is a bulkier,
nonsteroidal molecule. While spironolactone demon-
strates high potency at the MR, it has lower selectivity
and is associated with central nervous system penetra-
tion and more frequent sex hormone related adverse ef-
fects due to off-target receptor interactions. Eplerenone
offers greater selectivity than spironolactone but has
lower MR potency and a shorter half-life.

Finerenone, in contrast, combines high potency with
greater selectivity for the MR and minimal off-target
hormonal effects. It has limited CNS penetration, no
active metabolites, and a shorter half-life. Compared
with steroidal MRAs, finerenone exerts a more balanced

(e ;jl/ \

Aldosterone

aﬂ unn)lsllli)rs‘aluu

e lv‘rl]FflJJ‘\llAl{l
‘”.-:uuux ;u'x,uurn"xvrm;nmrnrru};n&n a0
e I:’}i’;--;‘tﬂ SN S Moy "\Il
e a4l T

cardiorenal protective effect with a comparatively mod-
est impact on blood pressure [20].

Evidence from Landmark Trials

One of the first clinical evaluations of the albumi-
nuria-lowering effect of selective mineralocorticoid
receptor blockade with eplerenone in T2D was con-
ducted in a multicenter, randomized, double-blind,
placebo-controlled, parallel-group trial involving 268
patients with T2D and albuminuria, which was published
in 2006. Participants received background therapy with
the ACE inhibitor enalapril and were randomized to add
eplerenone 50 mg, eplerenone 100 mg, or placebo.The
addition of eplerenone at either dose produced a clini-
cally meaningful and statistically significant reductionin
albumin excretion compared with enalapril plus placebo,
demonstrating that selective aldosterone blockade can
provide incremental antiproteinuric benefit on top of
renin-angiotensin system inhibition in albuminuricT2D
[21]. A recent prospective clinical study demonstrated
that, among patients with glomerular diseases, add-on
eplerenone therapy resulted in a significant reduction
in proteinuria, was well tolerated, and did not cause
meaningful short-term deterioration in kidney function.
These findings support the conclusion that eplerenone
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Figure 1. Intracellular cascade after MR activation.
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may offer antiproteinuric benefits beyond standard
therapy across various etiologies of proteinuric CKD [22].

Later trials explored the benefits of non-steroidal
MRAs. The FIDELIO-DKD trial evaluated the efficacy
and safety of finerenone, on top of standard of care, in
patients with T2D and advanced CKD. Eligible patients
had an eGFR of 25-60 mL/min/1.73 m” with moderately
increased albuminuria (ACR 30-300 mg/qg) plus diabetic
retinopathy, or an eGFR of 25-75 mL/min/1.73 m? with
severely increased albuminuria (ACR 300-5000 mg/qg).
The primary outcome included kidney failure (end-stage
kidney disease defined as initiation of dialysis for =90
days or kidney transplantation), sustained eGFR <15
mL/min/1.73 m?, a sustained >40% decline in eGFR
from baseline, or death from renal causes. Finerenone
significantly reduced the risk of kidney disease progres-
sion compared with placebo. In addition, treatment was
associated with a lower risk of cardiovascular events.

The FIGARO-DKD trial followed, evaluating the ef-
ficacy and safety of finerenone, on top of standard of
care in patients with T2D and CKD stages 1-4 with
moderately to severely increased albuminuria [23]. Eli-
gible patients had either a urine albumin-to-creatinine
ratio (UACR) of 30-300 mg/g with an eGFR of 25-90
mL/min/1.73 m? or a UACR of 300-5000 mg/g with an
eGFR =60 mL/min/1.73 m?. The primary cardiovascular
outcome included cardiovascular death, nonfatal myo-
cardial infarction, nonfatal stroke, or hospitalization for
heart failure. Finerenone significantly reduced the risk
of the primary cardiovascular outcome compared with
placebo, with the benefit largely driven by a reduction
in hospitalization for heart failure. Overall, in patients
with T2D and earlier-stage CKD with albuminuria, finer-
enone improved cardiovascular outcomes when added
to optimized background therapy, complementing the
kidney-focused benefits demonstrated in FIDELIO-DKD
in a more advanced CKD population.

The CONFIDENCE trial was a randomized, double-
blind, three-arm Phase 2 study in adults with CKD
(eGFR 30-90 mL/min/1.73 m?), significant albuminuria
(UACR 100-5000 mg/qg), and T2D already treated with
RAAS blockade. Participants were assigned to receive
finerenone, empagliflozin, or both. At 180 days, initial
combination therapy led to a significantly greater re-
duction in UACR than either agent alone, with a 29%
greater reduction than with finerenone alone and a 32%
greater reduction than with empagliflozin alone. The
combination generally did not result in serious adverse
events. These findings support the albuminuria-lowering
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effect of finerenone and empagliflozin in patients with
CKD and T2D. They also indicate that treatment can be
initiated with both agents simultaneously [24].

There is currently no definitive evidence support-
ing the use of nonsteroidal MRAs in patients with CKD
without diabetes. However, this question is being ad-
dressed in the ongoing FIND-CKD trial [25].

Guideline Recommendations
and Clinical Implementation

A nonsteroidal MRA with proven kidney or cardiovas-
cular benefit is suggested for adults with T2D, an eGFR
>25 mL/min/1.73 m?, normal serum potassium, and
persistent albuminuria (>30 mg/g) despite treatment
with a maximally tolerated dose of a renin-angiotensin
system inhibitor (RAASI). Where indicated, a nonsteroi-
dal MRA may be added to therapy with a RAASiand an
SGLT2 inhibitor for adults with T2D and CKD.

To reduce therisk of hyperkalemia, candidates should
have consistently normal serum potassium at baseline,
and serum potassium should be monitored regularly
after initiation. Selection should prioritize agents with
documented renal and/or cardiovascular outcome
benefits. In contrast, steroidal MRAs may be used for
indications such as heart failure, hyperaldosteronism,
or resistant hypertension, but carry a higher risk of hy-
perkalemia and a reversible decline in GFR, particularly
in patients with low baseline kidney function.

Serum potassium should be carefully monitored
during treatment with a nonsteroidal MRA such as finer-
enone, following protocols derived from the FIDELIO-
DKD and FIGARO-DKD trials. Finerenone may be initiated
in patients with normal baseline potassium (gener-
ally <4.8 mmol/L), with dose selection based on eGFR.
Potassium should be reassessed approximately one
month after initiation and periodically thereafter (e.g.
every 4 months). If potassium rises to 4.9-5.5 mmol/L,
treatment may be continued with close monitoring. If
potassium exceeds 5.5 mmol/L, finerenone should be
temporarily withheld, contributing factors addressed,
and therapy reconsidered once potassium returns to
<5.0 mmol/L.These thresholds are based on trial design
and regulatory guidance (including FDA labeling, which
recommends initiation at K* <5.0 mmol/L) and may
vary across regions. Serum creatinine and eGFR should
be assessed concurrently with potassium throughout
treatment (Table 2).

An oral potassium binder can help control potas-
sium levels while allowing continuation of therapy.
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Table 2. Guidance for the initiation of finerenone and monitoring of serum potassium levels (adopted based on the KDIGO guidelines).

K*(mmol/L) Action Monitoring
<4.8 Initiate finerenone 10 mg daily if eGFR 25-59 or Monitor K* at 1 month,
20 mg daily if eGFR =60 then every 4 months
Increase dose to 20 mg daily if started at 10 mg and K+ remains <4.8 mmol/L;
Restart at 10 mg daily if previously held for hyperkalemia and K* is now <5.0
mmol/L
49-5.5 Continue finerenone 10 mg or 20 mg Check K* every 4 months
>5.5 Hold finerenone Recheck K+; restart if <5.0

Consider adjustment of diet or concomitant medications to mitigate hyperkalemia

Restart finerenone when K+ is <5.0 mmol/L

Sodium zirconium cyclosilicate is a selective potassium
binder that acts throughout the gastrointestinal tract by
capturing free potassium in the intestinal lumen. This
mechanism lowers serum potassium levels and increases
fecal potassium excretion. Its onset of action is rapid,
with reductions in serum potassium observed as early
as one hour after administration. The recommended
initial dose is 10 g three times daily, administered orally,
and normokalemia is typically achieved within 24-48
hours. For maintenance therapy, the usual dose is 5 g
once daily, with the option to titrate to 10 g once daily
based on the patient’s potassium levels and clinical
response [26].

GLP-1 Receptor Agonists
Mechanism of Action and Pathophysiologic Rationale

Glucagon-Like Peptide-1 (GLP-1) is an incretin hor-
mone secreted by intestinal L cells at low basal levels
during fasting and is rapidly elevated after food intake. It
enhances glucose-dependent insulin secretion via GLP-
1 receptors on pancreatic B-cells and supports insulin
synthesis, while also suppressing glucagon release in a
glucose-dependent manner, contributing importantly
to postprandial glucose control. Beyond the pancreas,
GLP-1 slows gastric emptying and intestinal motility,
reducing the rate of nutrient absorption. It also acts
through central and vagal pathways to increase satiety
and decrease appetite and may improve postprandial
nutrient handling in peripheral tissues [27].

In peripheral tissues, it improves glucose uptake in
skeletal muscle, reduces hepatic glucose production
and steatosis, and enhances adipose tissue perfusion
and metabolic activity. Cardiovascular effects include
improved glucose utilization, vasodilation, cardiopro-

tection, and increased cardiac output. In the kidney,
GLP-1 promotes natriuresis and diuresis, contributing to
blood pressure reduction. Additionally, GLP-1 appears
to exert anti-inflammatory effects. Overall, GLP-1 inte-
grates pancreatic, metabolic, renal, and cardiovascular
pathways to optimize postprandial glucose handling
and energy homeostasis [28].

Evidence from Landmark Trials

In the SUSTAIN-6 trial, 3,297 patients with T2D were
randomized to receive once-weekly semaglutide (0.5
or 1.0 mg) or placebo and followed for a median of
2.1 years [24]. Most participants (83%) had established
cardiovascular disease, chronic kidney disease, or both,
representing a high-risk population. The primary end-
point was cardiovascular death, nonfatal myocardial
infarction, or nonfatal stroke. Semaglutide significantly
reduced the risk of major adverse cardiovascular events
compared with placebo, demonstrating cardiovascular
benefit in patients with T2D at high risk. New or wors-
ening nephropathy occurred in 3.8% of the patients
in the semaglutide group versus 6.1% in the placebo
group. A reduced incidence of macroalbuminuria was
also reported in the semaglutide group.

In the LEADER trial renal analysis, 9,340 patients with
T2D at high cardiovascular risk were randomized to
liraglutide or placebo and followed for a median of 3.84
years [29]. The prespecified renal endpoint—new-onset
persistent macroalbuminuria, persistent doubling of se-
rum creatinine, end-stage kidney disease, or death from
renal causes—occurred less frequently with liraglutide
than with placebo. This benefit was driven mainly by a
reduction in new-onset persistent macroalbuminuria,
while rates of creatinine doubling and kidney replace-

ACHAIKIIATRIKI July - September 2026, Volume 45, Issue 3



CKD Management

161

ment therapy did not differ significantly between groups.

In contrast to the SUSTAIN-6 and LEADER trials, where
renal benefits were largely driven by reductions in albu-
minuria in broader high—cardiovascular-risk populations,
the more recent FLOW trial specifically enrolled patients
with T2D and established CKD. A total of 3,533 patients
with reduced eGFR and significant alobuminuria were
randomized and followed for a median of 3.4 years [30].
The primary outcome (kidney failure, over 50% decline
in eGFR, or death from renal or cardiovascular causes)
occurred 24% less frequently in the semaglutide group
compared with placebo. Similar benefits were observed
for the kidney-specific outcomes and for cardiovascular
death. Unlike the earlier cardiovascular outcome trials,
this study demonstrated a clear protective effect of
semaglutide on hard kidney endpoints in a population
with established CKD, extending the evidence beyond
albuminuria reduction to meaningful slowing of kidney
disease progression.

Guideline Recommendations and Clinical
Implementation

In adults with T2D and CKD who do not achieve
individualized glycemic targets despite treatment with
metformin and an SGLT2 inhibitor or for those who
cannot use one or both of these agents, a long-acting
GLP-1 receptor agonist is recommended. When select-
ing a GLP-1 receptor agonist, priority should be given
to agents with demonstrated cardiovascular benefit.

CONCLUSION

The approach to managing CKD has shifted from
mostly supportive care to treatments targeting the
main pathways of disease progression and cardiovas-
cular risk. The best markers for predicting outcomes in
CKD remain albuminuria and a declining eGFR. Early
detection and correct staging of CKD can help the
immediate commencement of appropriate treatment.
Within this framework, pharmacologic treatment is
now anchored by four complementary pillars that act
on distinct mechanisms of injury.

Renin-angiotensin-aldosterone system inhibitors
remain central to treatment, as they reduce albumi-
nuria and slow CKD progression. However, individual
use of RAAS inhibitors does not eliminate all renal and
cardiovascular risks. Sodium-glucose co-transporter
2 inhibitors have been added to treatment options
by providing both kidney and cardiac protection for
people with CKD, even those without diabetes. Current
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guidelines recommend SGLT2 inhibitors as part of the
main therapy for CKD, even at lower eGFR levels and for
patients with heart failure, regardless of albuminuria.

Nonsteroidal MRAs add extra antifibrotic and anti-
inflammatory benefits, especially for people with T2D
and concomitant albuminuria. It is important to monitor
potassium levels closely and have a clear management
plan for complications. There is still not much evidence
for nonsteroidal MRAs in people with CKD who do not
have diabetes, but ongoing studies like the FIND-CKD
study should help clarify their role.

GLP-1 receptor agonists offer cardiac and metabolic
benefits, along with proven renal protection. These
results support the guideline recommendation for the
use of long-acting GLP-1 receptor agonists for patients
who cannot achieve blood sugar goals with metformin
and SGLT2 inhibitors.

Using RAAS inhibitors, SGLT2 inhibitors, nonsteroidal
MRAs, and GLP-1 receptor agonists together provides a
more complete approach to CKD care in patients with
T2D.This strategy helps slow the progression to kidney
failure and lowers the risk of cardiovascular events. Fu-
ture studies should focus on the best ways to combine
these treatments, improve screening, and clarify the
role of these emerging therapies across non-diabetic
CKD populations as well.
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Current Directions in Clinical and Preclinical
Research on Myeloid Neoplasms

loannis Tsamesidis, llias Pessach

Abstract

Myeloid neoplasms, including myelodysplastic syndromes (MDS) and acute myeloid leukemia (AML), have
entered a precision era defined by genomic disease classification, biologically informed risk stratification, and
rapidly expanding targeted therapeutics. Contemporary classification systems incorporate recurrent genetic
abnormalities and unify clinical entities across bone marrow blast cell thresholds, enabling alignment of thera-
peutic development with molecular biology. In lower-risk MDS, erythroid maturation and telomerase inhibition
have moved treatment endpoints beyond symptomatic transfusion reduction, toward durable transfusion in-
dependence and potential disease modification. In higher-risk MDS and AML, BCL-2 inhibition, next-generation
hypomethylating strategies, and targeted agents against FLT3, IDH1/2, and menin-dependent transcriptional
programs have redefined standards of care for specific genotypes. Parallel preclinical pipelines emphasize im-
munotherapies (CD47 blockade, bispecific antibodies, cellular therapies), epigenetic reprogramming, and meta-
bolic targeting, with measurable residual disease (MRD) guiding response-adaptive sequencing. This narrative
review synthesizes pivotal clinical trials, mechanistic rationale, resistance biology, and emerging translational
directions expected to shape management of myeloid neoplasms through the next decade.

Key words: Myelodysplastic syndromes; acute myeloid leukemia; targeted therapy; translational research; MRD
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INTRODUCTION

Myeloid neoplasms comprise a heterogeneous
group of clonal disorders arising from hematopoietic
stem and progenitor cells, characterized by dysregu-
lated differentiation, ineffective hematopoiesis, and
variable risk of leukemic transformation. For decades,
diagnosis and risk assessment relied on morphology
and cytogenetics. The widespread adoption of next-
generation sequencing (NGS) has revealed recurrent
driver mutations, clonal architectures, and targetable
dependencies, shifting the field toward biologically
defined entities and precision therapeutics [1,2]. The
2022 WHO and the International Consensus Classifica-
tion (ICC) integrate genetic abnormalities into disease
definitions and acknowledge biologic continuity across
traditional blast-count boundaries (e.g., MDS/AML) [3,4].

These conceptual changes have immediate practical
consequences: trial enrollment is increasingly enriched
with molecularly based eligibility and response crite-
ria, response metrics incorporate measurable residual
disease (MRD), and therapeutic sequencing is shaped
by genotype, fitness, and clonal dynamics.

This narrative review summarizes current direc-
tions in clinical and preclinical research on myeloid
neoplasms with emphasis on (i) early clonal states and
genomics-integrated risk models, (ii) practice-shaping

trials and evolving standards in lower-risk MDS, higher-
risk MDS, and AML, (jii) resistance biology and rational
combinations, and (iv) emerging translational platforms
including immunotherapy, epigenetic and inflamma-
tory pathway-targeting, metabolic interventions, and
data-driven decision support. Key contemporary trials,
representative investigational directions and related
pathways discussed in this review are summarized in
Figure 1 and Tables 1 and 2.

Molecular background and risk stratification
Early clonal states: CHIP and CCUS

Age-associated clonal hematopoiesis of indeter-
minate potential (CHIP) is defined by somatic muta-
tions—most commonly in DNMT3A, TET2, and ASXL1—
detectable in peripheral blood in individuals without
cytopenias or morphologically diagnostic marrow
dysplasia [5,6]. CHIP is associated with an increased
risk of hematologic malignancy and cardiovascular
events, linking hematologic clonal selection with sys-
temic inflammation and vascular biology [5,7]. Clonal
cytopenia of undetermined significance (CCUS) extends
this concept, by coupling persistent cytopenias with
clonal mutations, but without morphologic criteria
for MDS. CCUS carries substantially higher risk of pro-
gression to a clinically recognizable myeloid disease
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Figure 1. Major molecular targets and corresponding therapeutic inhibitors in acute myeloid leukemia.
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Table 1. Pivotal phase 3 trials and selected investigational strategies in myeloid neoplasms.
. . . . Interventionvs  Primary .
Disease/ Setting Trial (Phase) Population Control Endpoint Key Result  Key Safety Signal Ref
LR-MDS, TD, RS+ MEDALIST (l1) ESA- Luspatercept TI=8 weeks  38% vs Fatigue, GI AEs [18]
refractory  vs placebo 13%
LR-MDS, ESA-naive  COMMANDS (Ill) TD Luspaterceptvs Tl +Hb? Superior Favorable safety [19]
epoetin alfa Tl &
durability
LR-MDS, post-ESA  IMerge (lll) TD, non- Imetelstat vs TI >8 weeks 40% vs Neutropenia, [20]
del(5q) placebo 15% thrombocytopenia
HR-MDS AZA-001 (Ill) Untreated  Azacitidinevs  OS OS benefit HMA-related [24]
HR CCR cytopenias
HR-MDS/CMML PANTHER (I11) Untreated  Pevonedistat+ EFS NS Manageable [28]
HR AZA vs AZA toxicity
ND AML (unfit) VIALE-A (Ill) Newly AZA +Ven vs (0N 14.7 vs Myelosuppression [36]
diagnosed AZA 9.6mo
ND AML IDH1-mut  AGILE (Ill) Unfit AZA+ (0N 24.0vs7.9 Differentiation [38]
ivosidenib vs mo syndrome
AZA
R/R AML FLT3-mut  ADMIRAL (l11) Relapsed Gilteritinib vs (O 0S9.3vs  Cytopenias, QT [40]
chemo 5.6 mo
ND AML FLT3-ITD QUANTUM-First (Ill)  Intensive Quizartinib + 0S 31.9vs QT prolongation [41]
“74+3"vs “7+3" 15.1 mo
R/R AML FF-10101 (1) Post-FLT3i  CovalentFLT3  Safety Early Investigational [42]
inhibitor activity
R/RKMT2A/NPM1  AUGMENT-101 ()  Pretreated Revumenib CR/CRh MRD-neg  Differentiation [43,44]
responses  syndrome

Abbreviations: AML, acute myeloid leukemia; AZA, azacitidine; CCR, conventional care regimens; CR/CRh, complete remission/com-
plete remission with partial hematologic recovery; EFS, event-free survival; HR, higher risk; LR, lower risk; OS, overall survival; RS+, ring
sideroblast-positive; TD, transfusion-dependent; Tl, transfusion independence; VEN, venetoclax.

entity than CHIP, particularly when multiple mutations,
high variant allele frequency, or high-risk lesions (e.g.,
TP53, spliccosome genes) are present [8,9]. Such pre-
malignant states, like those two previously mentioned,
are now central to clinical research: they enable risk
modeling, biomarker discovery, and the design of early-
intervention trials aimed at intercepting progression
before overt neoplasia.

Genomics-integrated prognostic models

Risk stratification in MDS historically relied on IPSS-R,
which uses marrow blasts, severity of cytopenias, and
cytogenetics, as major prognostic parameters [10]. While
clinically useful, IPSS-R does not formally incorporate
somatic mutations, despite the clear prognostic signifi-
cance of lesions, such as TP53, ASXL1, RUNX1,and SF3B1
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mutations [11,12]. IPSS-M addresses this inadequacy, by
integrating clinical variables, cytogenetics, and mutation
data to redefine risk categories and improve discrimina-
tion, especially within the intermediate-risk groups, for
which treatment decisions are most difficult [13]. This has
catalyzed biologically-based clinical trial design, in which
high-risk molecular features can drive eligibility, even
at lower blast counts, and the identifiable endpoints
increasingly incorporate molecular response and MRD.
Beyond prognosis, somatic mutations are often not only
predictive but also diagnostic: SF3B1 mutations correlate
with the ring sideroblast phenotype and response to
erythroid maturation strategies, whereas multi-hit TP53
defines a subset with inherent resistance to HMAs and
poor outcomes with conventional approaches, including
allogeneic transplantation [14,15].
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Table 2. Signal transduction pathways, molecular targets, and therapeutic agents in myeloid neoplasmes.

Pathway / Molecular

Role in Pathogenesis /

Targeted

Development

Key Myeloid

Target Mechanism Agent(s) Stage & Status Neoplasm(s) Ref
FLT3 Signaling Constitutive activation of Gilteritinib, FDA-approved & FLT3-mutated [40,41,62]
FLT3 tyrosine kinase recep- Quizartinib, widely available; AML

tors drives uncontrolled cell ~ Midostaurin used in combina-

proliferation and survival tion with intensive

pathways. chemo or as mono-
therapy.

IDH1 /IDH2 Metabolic ~ Neomorphic mutations re- Ivosidenib FDA-approved & IDH1/2-mutated  [38,39,53,63]

Pathway sult in the abnormal produc-  (IDH1), widely available; AML / MDS
tion of the oncometabolite Enasidenib used as targeted
2-hydroxyglutarate (2-HG), (IDH2), Olu- monotherapy orin
causing global DNA hyper- tasidenib combination regi-
methylation and differentia-  (IDH1) mens.
tion arrest.

BCL-2 / Apoptotic Overexpression of anti- Venetoclax FDA-approved & Acute Myeloid [32,33,36,69]

Pathway apoptotic B-cell ymphoma widely available; Leukemia (AML)

2 (BCL-2) allows leukemia standard of care (unfit for inten-
blasts to evade apoptosis when combined sive therapy)
and resist chemotherapy. with hypomethylat-

ing agents.

JAK/STAT Pathway Aberrant JAK2/STAT signal- Ruxolitinib, FDA-approved & Myelofibrosis [64]
ing leads to severe cytokine  Fedratinib, widely available (Primary and
hypersensitivity, constitu- Pacritinib, across multiple Post-PV/ET),
tional symptoms, and sple- Momelotinib  myelofibrosis sub- Post-MPN AML
nomegaly via uncontrolled settings.
myeloproliferation.

Hedgehog Signaling Aberrant activation of Glasdegib FDA-approved & Newly diag- [66]

Pathway Smoothened (SMO) main- available; com- nosed AML (el-
tains leukemia stem cell bined with low- derly/unfit)
self-renewal, drives disease dose cytarabine
progression, and mediates (LDAC).
chemotherapy resistance.

KMT2A (MLL) / Menin ~ Chromosomal rearrange- Revumenib, Advanced Clinical Relapsed/Re- [43-46,65]

Complex ments or NPM1 mutations Ziftomenib Development / fractory KMT2A-
cause dysregulated HOX Newly Approved rearranged or
gene transcription, prevent- (Phase II/1l1); highly ~ NPM1-mutated
ing proper myeloid differen- active targeted AML
tiation. strategy.

Spliceosome Machin- Somatic mutations in core H3B-8800, Early-phase clini- MDS, CMML, [61,67,68]

ery splicing factors (SF3B1, Pladienolide cal trials (Phase I/ AML with spli-

SRSF2, U2AF1) impair mRNA B derivatives Il investigational ceosome muta-

splicing of vital hematopoi- therapies); target- tions

etic genes, altering regular ing RNA-splicing

differentiation. modulation.
Epigenetic Regulation ~ Somatic hypermethylation Azacitidine, FDA-approved & HR-MDS, CMML, [24,36]
(DNA Methylation) and chromatin alterations Decitabine, standard backbone  AML

downregulate and silence
critical tumor suppressor
genes.

Oral ASTX727
(decitabine/
cedazuridine)

therapy for high-
risk non-intensive
regimens.
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Lower-risk mds: targeting ineffective erythropoiesis
Clinical goals and the ESA benchmark

Lower-risk MDS (LR-MDS) is dominated by chronic
anemia and transfusion dependence, with morbidity
mainly driven by cytopenias, infections, iron overload,
and reduced quality of life, rather than by an imminent
leukemic transformation. ESAs remain the standard
first-line treatment approach for many patients with low
transfusion burden and low serum levels of endogenous
erythropoietin; typical response rates are about 30-40%,
with median durations often lasting less than two years.
Responses are less likely to be observed in patients with
high baseline levels of serum erythropoietin or in those
with substantial transfusion needs [16,17]. These limita-
tions have motivated biologically targeted approaches
that aim for higher response rates, longer durability, and
potential disease modification.

Luspatercept: Targeting late-stage erythroid
maturation

Luspatercept is an erythroid maturation agent that
modulates TGF-f3 superfamily signaling to enhance
late-stage erythropoiesis. The phase 3 MEDALIST trial
was a randomized, double-blind, placebo-controlled
study, enrolling transfusion-dependent LR-MDS pa-
tients with ring sideroblasts, who were refractory to, or
unlikely to respond to ESAs [18]. The primary endpoint
red blood cell (RBC) transfusion independence (TI) for >8
weeks during weeks 1-24—was achieved by 38% with
luspatercept versus 13% with placebo, and additional
benefits were observed, such as in longer Tl intervals
and erythroid hematologic improvement [18]. Adverse
events were generally manageable; fatigue, diarrhea,
and musculoskeletal symptoms were common, and
discontinuation rates were relatively low. Importantly,
the trial validated that targeting erythroid maturation,
rather than stimulation of earlier stages of erythropoiesis
can meaningfully reduce transfusion dependence in a
biologically defined patient subgroup.

The COMMANDS study extended luspatercept into
the frontline setting by head-to—head comparing lus-
patercept with epoetin alfa in ESA-naive, transfusion-
dependent LR-MDS [19]. In the primary analysis, luspa-
tercept demonstrated superiority in the achievement
of clinically meaningful transfusion independence,
with hemoglobin improvement and longer response
durability across relevant subgroups, including patients
without ring sideroblasts, and those with low/normal
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baseline serum erythropoietin levels [19]. These find-
ings reframe first-line anemia management in lower-
risk MDS patients: rather than viewing ESAs as default
and luspatercept as second-line, a phenotype- and
biology-informed approach can prioritize the durabil-
ity of response and transfusion avoidance. Ongoing
analyses focus on the identification of predictors of
response (including SF3B1 mutational status), disease
progression rates, and practical sequencing strategies.

Imetelstat: telomerase inhibition and a disease-
modifying hypothesis

Imetelstat, a first-in-class telomerase inhibitor, rep-
resents a mechanistically distinct approach that targets
clonal persistence, rather than erythroid maturation
alone. The multinational, randomized, double-blind,
placebo-controlled phase 3 IMerge trial enrolled transfu-
sion-dependent LR-MDS patients without del(5q), who
relapsed after, were refractory to, or were ineligible for
treatment with ESAs [20]. The primary endpoint of T| =8
weeks was met by 40% of imetelstat-treated patients
compared with 15% of those on placebo; a clinically
important subset achieved Tl =24 weeks, and median
Tl duration approximated one year in many reports
[20]. The dominant toxicities were cytopenias (notably
neutropenia and thrombocytopenia), necessitating
careful monitoring, dose modifications, and strategies
for infection prophylaxis, where appropriate. From a
translational standpoint, IMerge is a notable study,
because some responders showed reductions in mu-
tation allele burden, raising the possibility that in this
patient group telomere inhibition might induce partial
disease modification. Whether telomerase inhibition can
consistently suppress malignant clones, while allowing
recovery of effective, non-clonal hematopoiesis remains
an active research question, requiring longer follow-up,
clonal architecture analyses, and integration of marrow
and molecular response endpoints.

Other directions in LR-MDS

Additional anemia-directed strategies include hy-
poxia-inducible factor (HIF) prolyl hydroxylase inhibi-
tion (e.g., roxadustat), which increases endogenous
erythropoietin signaling and iron utilization, induces
the formation of agents, and modulates the inflamma-
tory marrow microenvironment [21,22]. Safety signals
(including thrombotic concerns) and heterogeneous
efficacy underscore the need for biomarker-driven se-
lection and the design of a robust phase 3 validation. A
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broader, unifying direction is to re-conceptualize LR-MDS
as a chronic clonal disorder of aging, with inflammatory
contributions (“inflammaging”), where the therapeutic
aim will remain the durable transfusion independence
with minimal toxicity, while delaying disease progres-
sion [7,22].

Practical sequencing and response prediction

A central clinical question is how to sequence ESAs,
luspatercept, and imetelstat, in a way that maximizes
survival time, free of transfusions, while concurrently
minimizing cumulative toxicity and clinic burden.
While ESAs remain appropriate for patients with low
transfusion needs and favorable baseline serum eryth-
ropoietin levels, the COMMANDS trial results suggest
that transfusion-dependent patients—particularly
those with ring sideroblasts and/or SF3B1 mutations—
may benefit from earlier initiation of luspatercept, to
achieve longer transfusion independence and to re-
duce transfusion-related iron overload [19]. In contrast,
imetelstat is positioned at the second or third line of
treatment, for patients who have failed, are ineligible
for, or are unlikely to gain benefit from ESAs, and
who require a strategy with the potential for longer
durability, accepting the trade-off of higher rates of
cytopenias and need for monitoring [20]. From a re-
search standpoint, predictive biomarkers for response
remain an urgent need. Candidate predictors include
baseline transfusion burden, serum erythropoietin,
ring sideroblast status, SF3B1 mutational status, and
broader co-mutation patterns that may reflect stem-
cell dominance versus lineage-restricted ineffective
erythropoiesis [13-23]. Another practical direction
is to study “switch” or “step-up” designs (e.g., early
switch from ESA to luspatercept, based on predefined
non-response criteria, or escalation to imetelstat in
patients with short Tl duration), with endpoints that
capture patient-centered benefit, such as cumulative
transfused units avoided, time to achievement of a
hemoglobin level above a functional threshold, and
validated quality-of-life instruments.

Higher-risk mds: combination strategies
and transplant bridging
Backbone therapy and unmet need

For higher-risk MDS (HR-MDS), the management
objectives are to delay AML transformation, prolong sur-
vival, and, where feasible, bridge to allogeneic stem cell
transplantation. Azacitidine has demonstrated survival

benefit over conventional care regimens in the pivotal
AZA-001 study and remains a backbone standard for
non-transplant candidates [24]. Nevertheless, responses
are often transient, and outcomes after HMA failure are
poor, motivating intensive research into the design
of rational combinations, molecular enrichment, and
MRD-guided strategies [25,26].

Venetoclax plus azacitidine: depth versus tolerability

Given the biologic overlap between HR-MDS and
AML, BCL-2 inhibition with venetoclax or other similar
emerging compounds has been explored in combina-
tion with azacitidine. Early phase studies in untreated
HR-MDS have reported high overall response rates, with
meaningful complete remission rates and the potential
to bridge some patients to transplantation [27]. However,
translating higher response rates into improved overall
survival is sometimes challenging, because profound
myelosuppression, infections, and early mortality can
offset benefit in frail patients. Current clinical research,
therefore, emphasizes response-adaptive scheduling
(shortened venetoclax exposure or tailoring its dose),
optimized supportive care, and patient selection to
maximize benefit, while minimizing infection-related
complications.

Pevonedistat: a phase 3 lesson in translation

Pevonedistat inhibits NEDD8-activating enzymes,
disrupting cullin-RING ligase activity and inducing
proteotoxic stress in malignant cells. Although earlier
studies suggested synergy with azacitidine, the phase 3
PANTHER trial (pevonedistat plus azacitidine vs azaciti-
dine alone) did not meet its primary endpoint; outcomes
numerically favored the combination in some analyses
but without prespecified statistical significance [28].
These results have offered a lesson: the failure of the
trial to reach its primary endpoint was methodological
and biologic, namely, not all“add-on” combinations suc-
ceed in heterogeneous diseases, and future programs
increasingly require biomarker-defined subgroups,
mechanistic correlatives, and careful endpoint selection,
beyond overall response rates alone.

Immune checkpoint modulation and the “cold marrow”
problem

Checkpoint inhibition has proven less successful
in MDS than in some solid tumors, probably reflecting
the existence of an immunosuppressive marrow milieu,
with complex myeloid and stromal interactions. TIM-3
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blockade with sabatolimab was advanced through early
studies, but the pivotal development of a phase-3 study
has encountered major setbacks, highlighting the diffi-
culty of translating checkpoint concepts to MDS without
combination logic, predictive biomarkers, or targeting of
innate immune pathways [29,30]. Current translational
efforts increasingly focus on macrophage-controlled
checkpoints, bispecific antibodies, and microenviron-
ment reprogramming, rather than simply checkpoint
modulatory monotherapy.

TP53-mutant HR-MDS: the central unmet need

TP53 mutations, especially multi-hit/biallelic al-
terations, define a high-risk subset, characterized by
genomic instability, poor HMA responsiveness, high
relapse risk after transplant, and short survival [14,15].
Eprenetapopt (APR-246), designed to restore wild-type
p53 conformation, generated encouraging phase 2
trial results but failed to confirm benefit in later-stage
testing, emphasizing allelic context and biologic com-
plexity [31]. Research directions include exploiting DNA
damage response vulnerabilities, integrating innate
immune approaches, optimizing transplant strategies,
and developing maintenance regimens that target
residual TP53-mutant clones. These efforts represent
a defining frontier for the next generation of HR-MDS
therapeutics.

Optimizing combinations and transplant pathways

In HR-MDS, venetoclax plus azacitidine is often
discussed as the currently most effective regimen
available, through the lens of high response rates, but
the critical clinical questions are durability of response,
safety, and the ability of the patient to reach trans-
plantation in adequate clinical condition. Early phase
cohorts commonly included patients with excess blasts
(often MDS-EB) and demonstrated rapid cytoreduc-
tion and measurable remissions [27]. It isimportant to
note that the results of the venetoclax plus azacitidine
(Ven-Aza) combination are highly compelling; if not
superior in safety and tolerability to conventional
anthracycline-based intensive chemotherapy regi-
mens. Consequently, utilizing this combination even in
patients with secondary AML arising from antecedent
MDS (post-MDS AML) may significantly increase the
proportion of patients who can successfully achieve
a deep enough remission to proceed to allogeneic
hematopoietic stem cell transplantation (allo-HSCT).
However, venetoclax-driven myelosuppression may be
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profound in a population that already has limited he-
matopoietic reserve, and infectious complications can
be frequent without careful schedule optimization and
application of appropriate prophylaxis. Consequently,
contemporary clinical trials increasingly explore shorter
venetoclax exposure per cycle (for example, 7-14 days
rather than 28 days), individualized cycle length and
dose intensification based on count recovery, and
standardized antimicrobial prophylaxis algorithms.
Translational correlatives focus on apoptotic priming,
BCL-2 family adaptation (e.g., upregulation of MCL-1
or BCL-xL), and clonal selection as mechanisms of
resistance [32,33]. The research direction is therefore
not merely “add venetoclax,” but “engineer a deliver-
able and affordable regimen”where depth of response
is achieved without unacceptable infection-related
mortality.

Outcomes after HMA failure in HR-MDS are poor,
with limited effective options and frequent progres-
sion to AML [25,26]. This has driven a methodological
shift: trials in the post-HMA setting increasingly prior-
itize endpoints, such as overall response with transfu-
sion improvement, time to AML transformation, and
event-free survival, and they incorporate molecular
response and MRD where feasible. In addition, studies
increasingly stratify patients by TP53 allelic state and
complex karyotype, because these features clearly
dominate outcomes and can dilute efficacy signals, if
not balanced or enriched [14,15]. Another direction is
the development of maintenance treatment strategies
after the achievement of an initial response (with HMAs,
targeted agents, orimmunomodulatory approaches) to
prolong remission and delay clonal escape, particularly
for patients not proceeding to transplant.

Allo-HSCT remains the only potentially curative
therapy for many HR-MDS and AML patients, but
transplant benefit is tightly linked to disease biology
and depth of remission at transplantation. Achiev-
ing cytoreduction with acceptable toxicity is, there-
fore, a core research target, and not just a secondary
consideration. Trials increasingly evaluate “bridge-
to-transplant” endpoints (proportion transplanted,
MRD status at transplant, non-relapse mortality, and
relapse-free survival), rather than response rates alone.
Conditioning regimen intensity and post-transplant
maintenance are also active research areas. For ex-
ample, in FLT3-mutated AML, post-transplant FLT3
inhibitor maintenance treatment has demonstrated
a reduction in relapse rates in multiple studies and,
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therefore, the general concept that molecularly tar-
geted maintenance may be required to suppress re-
sidual disease after transplant has clearly been formed
[34,35]. Extending this paradigm to other genotypes
(IDH, menin-dependent programs, TP53) is a major
translational goal, although robust data still remain
limited for some patient subsets.

AML: targeted therapy era and response-adaptive
strategy

Venetoclax-based therapy in older/unfit AML

The phase 3 VIALE-A trial established azacitidine plus
venetoclax as standard therapy for newly diagnosed
AML patients ineligible for intensive chemotherapy,
demonstrating improved overall survival (median 14.7
vs 9.6 months), and higher composite complete remis-
sion rates, compared with azacitidine alone [36]. The
regimen’s major limitation is the induction of substan-
tial myelosuppression and an increased infection risk.
Contemporary practice and research increasingly use
early marrow assessment and the time interval to blood
count recovery, to individualize venetoclax duration
(e.g., 14-21 days rather than 28 days) and to guide
cycle timing, reflecting a broader shift toward response-
adaptive dosing, rather than fixed-intensity protocols
[37]. Ongoing studies explore triplets (azacitidine and
venetoclax, plus targeted agents) and post-remission
strategies, including transplant bridging and mainte-
nance treatment regimens.

IDH inhibition: differentiation therapy via metabolic
correction

Mutations in IDH1 and IDH2 produce the oncome-
tabolite 2-hydroxyglutarate, which impairs epigenetic
regulation and blocks differentiation. In the AGILE trial,
azacitidine plus ivosidenib (IDH-1 inhibitor) significantly
improved outcomes in newly diagnosed IDH1-mutated
AML patients unfit for intensive therapy, achieving a me-
dian overall survival of 24.0 months versus 7.9 months for
azacitidine plus placebo [38]. Differentiation syndrome
is an important class toxicity, requiring early recogni-
tion and corticosteroid management. Enasidenib, an
IDH2 inhibitor, has demonstrated activity in relapsed/
refractory IDH2-mutated AML with durable responses
in a subset and similar differentiation-related toxicity
patterns [39]. Current research evaluates combinations
of IDH inhibitors with venetoclax or HMAs, mechanisms
of resistance (including clonal evolution and second-site
mutations), and sequencing strategies.

FLT3 inhibition: from salvage to frontline survival
improvement

FLT3 mutations, particularly FLT3-ITD, confer prolif-
erative signaling to the leukemic cell and poor prognosis
to the patient, without targeted therapy. In relapsed/
refractory FLT3-mutated AML, the ADMIRAL trial showed
that the FLT3-inhibitor gilteritinib improved overall sur-
vival versus salvage chemotherapy (median 9.3 vs 5.6
months), with a tolerable safety profile that supports
outpatient administration and transplant bridging [40].
In the frontline intensive setting, the QUANTUM-First
trial demonstrated that adding quizartinib to standard
induction and consolidation improved median overall
survival (31.9 vs 15.1 months) in FLT3-ITD AML, estab-
lishing potent FLT3 inhibition as a practice-changing
strategy [41]. Despite these advances, resistance remains
common via the presence of insensitive TKD mutations,
bypass signaling, and clonal selection. Next-generation
approaches include covalent FLT3 inhibitors such as
FF-10101, designed to retain activity against resistant
kinase conformations and to be incorporated into ra-
tional combinations [42].

Menin inhibition: targeting transcriptional dependency
in KMT2A and NPM1 AML

KMT2A-rearranged and NPM1-mutated AML share
a leukemogenic transcriptional program, dependent
on menin-KMT2A interaction. Menin inhibitors disrupt
this dependency, promoting differentiation and loss of
leukemic self-renewal. In the AUGMENT-101 program, re-
vumenib demonstrated clinically meaningful remissions
in heavily pretreated KMT2A/NPM1 acute leukemias,
with MRD negativity in a substantial fraction of respond-
ers and differentiation syndrome as a characteristic,
manageable toxicity [43,44]. These findings represent
a novel and modern differentiation therapy concept
beyond APL. Ziftomenib and other menin inhibitors
are currently being developed, including combinations
with venetoclax and HMAs, to increase the depth and
durability of response and to mitigate resistance [45,46].
Key interpretational questions include the recognition
of the optimal line of therapy, establishment of the ap-
propriate biomarkers of sensitivity, and the prevention
or inhibition of potentially emerging mechanisms of
acquired resistance at the menin-binding interface.

MRD, clonal dynamics, and transplantation

MRD is increasingly incorporated into AML trials and
clinical practice as a crucial endpoint, because MRD
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negativity correlates with relapse risk and survival across
treatment intensities [47,48]. Methods for its evaluation
include multiparameter flow cytometry, quantitative
PCR for selected lesions, and NGS-based detection of
residual clones. MRD is also being explored as a trigger
for post-remission therapy escalation, transplant refer-
ral, or maintenance. In MDS, MRD assessment is more
challenging, due to lower blast burden and overlap
with clonal hematopoiesis, but molecular monitoring
(including TP53 allele burden) is increasingly used in
transplant settings and clinical research [49]. A major
direction for 2025-2030 is the standardization of MRD
assays, thresholds, and the establishment of appropriate
timepoints, to enable MRD-guided adaptive therapy as
a validated strategy rather than an investigational tool.

AML: resistance biology and rational triplets
Mechanisms of resistance to venetoclax-based therapy

Despite high initial responses, relapse after vene-
toclax plus HMA is common, and resistance biology
has become a dominant translational research field.
Mechanisms include clonal evolution with acquisi-
tion or selection of RAS/MAPK pathway mutations,
upregulation of alternative anti-apoptotic proteins
(MCL-1, BCL-xL), changes in mitochondrial priming,
and metabolic rewiring toward oxidative phosphoryla-
tion states less sensitive to BCL-2 blockade [32,33,50].
These insights motivate rational triplets, such as vene-
toclax plus HMA plus a targeted inhibitor (FLT3, IDH, or
menin) to address both lineage/epigenetic programs
and survival signaling. However, triplets increase
myelosuppression and infectious risk, reinforcing
the importance of response-adaptive scheduling and
supportive care as integral components of a holistic
therapeutic design.

Resistance to FLT3 and IDH inhibitors

Resistance to FLT3 inhibitors arises via secondary
kinase-domain mutations, activation of parallel signal-
ing (RAS/MAPK), and stromal protection. Combination
regimens aim to suppress multiple escape routes, and
next-generation inhibitors (including covalent agents)
attempt to maintain activity against common resist-
ance mutations [42,51]. IDH inhibitor resistance can
involve second-site IDH mutations, isoform switching
(IDH1 to IDH2 or vice versa), and selection of non-IDH-
driven clones, highlighting the need for serial molecular
monitoring and combination strategies that prevent
outgrowth of alternative clones [52,53]. In this context,
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MRD and clonal tracking are not merely prognostic; they
are actionable tools for early detection of escape and
timely therapeutic switching.

Menin inhibitor resistance and differentiation dynamics

Menin inhibitor therapy introduces distinctive re-
sponse dynamics: differentiation programs that can
occur without immediate cytotoxic clearance, and differ-
entiation syndrome can mimic infection or inflammatory
relapse. Clinical research, therefore, emphasizes the need
for education and standardized management pathways,
including the early administration of corticosteroids and
supportive care, without unnecessary discontinuation
when feasible [43,44]. Resistance mechanisms include
mutations that disrupt drug binding, and adaptation
of transcriptional programs. Combination strategies
(menin inhibitor plus venetoclax/HMA, or with kinase
inhibitors in selected contexts) are being evaluated
to deepen remissions and reduce the probability of
resistant clone emergence [46].

Preclinical and translational frontiers
Innate immune targeting: CD47 blockade

The CD47-SIRPa axis functions as a macrophage
checkpoint, by delivering a “don’t eat me” signal to
phagocytes. CD47 blockade aims to enhance mac-
rophage-mediated clearance of malignant cells and has
been investigated to enhance prophagocytic signaling
and immune activation [54,55]. While clinical develop-
ment has been heterogeneous across programs, innate
immune engagement remains a major translational
direction, particularly for genomically high-risk disease,
where classic cytotoxic strategies are inadequate.

Bispecific antibodies and redirected cytotoxicity

T-cell redirecting bispecific antibodies (e.g.,
CD123xCD3 constructs) recruit cytotoxic lymphocytes to
target myeloid blasts. Early-phase studies demonstrate
activity in heavily pretreated AML, with cytokine release
syndrome as an important toxicity requiring stand-
ardized mitigation and monitoring [56]. Translational
research focuses on improving therapeutic windows,
preventing antigen escape, combining with veneto-
clax/HMAs to reduce tumor burden, and identifying
biomarkers predictive of durable benefit.

Cellular therapy: CAR-T and CAR-NK in AML

Adoptive cellular therapies face unique constraints
in AML because many of the target antigens are shared
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with normal hematopoietic progenitors (e.g., CD33,
CD123), and consequently raising the risk of prolonged
aplasia. Strategies in development include transient
CAR expression, dual-target constructs, safety switches,
and use as a bridge to transplant. CAR-NK platforms
may reduce cytokine toxicity and enable “off-the-shelf”
manufacturing, and are being explored as a potentially
safer immunotherapeutic approach [57,58].

Targeting Epigenetic Networks and Inflammatory
Signaling

Epigenetic dysregulation is central to MDS/AML
biology. Beyond HMAs, next-generation epigenetic
strategies aim to reprogram differentiation and restore
therapeutic sensitivity. LSD1 inhibition is one such ap-
proach promoting differentiation and may synergize
with HMAs or venetoclax in preclinical and early clinical
settings [59].

Inflammatory signaling is another emerging target.
Aberrant TLR/MyD88/IRAK pathway activation has been
linked to subsets of MDS/AML, particularly those with
spliceosome mutations that generate IRAK4 isoforms
with oncogenic signaling. IRAK4 inhibition (e.g., with
emavusertib) has shown encouraging early clinical sig-
nals and represents a compelling example of targeting
leukemia-intrinsic signaling and the inflammatory mi-
croenvironment simultaneously [60,61]. These directions
align with the broader recognition that inflammaging
and innate immune dysregulation contribute to disease
maintenance and therapy resistance [7,22]. Moreover,
expanding beyond these classical kinase and metabolic
cascades, next-generation therapeutic strategies in Table
2 focus heavily on epigenetic reprogramming and the
targeting of aberrant bone marrow inflammatory micro-
environments. Simultaneously, hyperactivated innate
immune signaling is emerging as a critical therapeutic
vulnerability.

Also, other pathways such as FLT3 signaling, where
targeting the kinase cascade with midostaurin or gilteri-
tinib remains a cornerstone of precision care [40,62];
the IDH1/IDH2 metabolic pathway, where reversing
oncometabolite-induced differentiation blocks using
ivosidenib or enasidenib has yielded durable clinical
remissions; the BCL-2/Apoptotic pathway, where bypass-
ing cellular survival networks via venetoclax combina-
tions has re-established the global standard of care in
unfit acute myeloid leukemia (AML) [39,63]; the JAK/
STAT pathway, where downstream cascade inhibition
with ruxolitinib has transformed myelofibrosis manage-

ment [64]; and the Hedgehog signaling pathway, where
stem-cell-directed targeting via glasdegib has disrupted
leukemia stem cell self-renewal.

Crucial therapeutic advancements are also occur-
ring within KMT2A (MLL)/Menin Complex chromatin-
remodeling networks, where menin inhibitors like revu-
menib disrupt oncogenic interactions to deliver deep,
minimal residual disease (MRD)-negative remissions
[43,44,65]. Beyond epigenetic regulation (DNA Meth-
ylation) targeted by conventional hypomethylating
agents (HMAs), next-generation epigenetic strategies
aim to actively reprogram differentiation and restore
therapeutic sensitivity; lysine-specific demethylase 1
(LSD1) inhibition is one such approach, promoting dif-
ferentiation and showing strong potential to synergize
with HMAs or venetoclax in preclinical and early clinical
settings. Concurrently, targeting hyperactivated innate
immune signaling and the structural components of
the core spliceosome machinery (such as with the splic-
ing modulator H3B-8800) represents a highly critical
therapeutic vulnerability. Aberrant TLR/MyD88/IRAK
pathway activation has been fundamentally linked to
subsets of MDS/AML, particularly those harboring so-
matic spliceosome mutations that preferentially drive
the production of oncogenic, hypermorphic IRAK4 long
isoforms [67,68].

Metabolic targeting beyond IDH

AML metabolism includes dependencies in oxi-
dative phosphorylation, amino acid utilization, and
mitochondrial integrity, which intersect with apoptotic
priming and venetoclax sensitivity [32,69]. Emerging
metabolic strategies include N-myristoyltransferase
inhibition, which disrupts membrane localization and
function of signaling proteins and has demonstrated
preclinical anti-leukemia activity, motivating early
translational development [70]. The prevailing research
theme is combination logic: metabolic stressors may
sensitize leukemia cells to apoptosis-inducing regi-
mens or overcome resistance by collapsing adaptive
metabolic states.

Artificial intelligence and implementation science

As treatment options expand, the challenge shifts
from drug availability to optimal selection and drug
combination, treatment sequencing, and supportive
care. Al-assisted decision tools are being developed to
integrate genomics, MRD kinetics, comorbidities, frailty,
and prior toxicity into individualized recommendations.

ACHAIKIIATRIKI July - September 2026, Volume 45, Issue 3



Trends in Myeloid Neoplasms

173

Early studies suggest the potential utility of Al in risk
stratification and outcome prediction, but prospective
validation is required before routine adoption [71,72].
Implementation research—ensuring timely molecular
testing, standardized MRD workflows, infection mitiga-
tion protocols, and multidisciplinary care pathways—
will be as important as pharmacologic innovation in
translating trial advances into population-level outcome
improvements.

Therapy-related and secondary myeloid neoplasms:
a distinct translational priority

Therapy-related myeloid neoplasms (t-MN), includ-
ing therapy-related MDS/AML and many secondary
AMLs evolving from antecedent hematologic disor-
ders, are enriched for adverse genetics such as TP53
mutations, complex karyotype, and epigenetic driver
combinations that reflect prior genotoxic stress and
clonal selection [73,74]. Clinically, these diseases have
inferior responses to conventional chemotherapy and
high relapse rates, making them a proving ground for
biology-first strategies. Current research emphasizes
the importance of early molecular identification, avoid-
ance of ineffective cytotoxic escalation in biologically
refractory subsets, and prioritization of transplant path-
ways when feasible. Translationally, t-MN highlights
the importance of clonal evolution: relapses frequently
arise from pre-existing minor clones or from CHIP-like
clones that survive therapy and later acquire additional
hits [75,76]. This biology supports longitudinal NGS
monitoring and motivates maintenance strategies that
suppress residual high-risk clones after remission or
transplant. It also reinforces the need for prevention
research in high-risk CHIP/CCUS populations exposed
to chemotherapy or radiation, where interception could
have substantial public health impact.

Patient-centered outcomes as co-primary research
targets

As therapies prolong survival and shift treatment
into chronic management, patient-reported outcomes
(PROs) and functional measures are increasingly incor-
porated into trials, particularly in LR-MDS where anemia
and transfusion burden drive daily well-being. Future
studies should routinely measure fatigue, physical
functioning, reduced in-hospital stay and transfusion-
related time costs, and should report clinically mean-
ingful hemoglobin thresholds, rather than laboratory
change alone. Incorporating PROs alongside molecular
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and MRD endpoints will help ensure that precision
therapy improves not only survival curves but also
lived experience.

CONCLUSION

Research in myeloid neoplasms is converging on a
precision framework built on molecular disease defini-
tion, mechanism-native therapy, and response-adaptive
clinical strategy. Classification systems that integrate
genomics have moved the field beyond morphology and
have enabled trials and treatment pathways centered
on biologically coherent entities [3,4]. In lower-risk MDS,
luspatercept validated late-stage erythroid maturation
as atherapeutic lever and, in COMMANDS, demonstrated
superiority over epoetin alfa, for clinically meaningful
transfusion independence and durability, particularly
in biologically aligned phenotypes [18,19]. Imetelstat
introduced telomerase inhibition as an anemia-directed
strategy, with unexpectedly durable freedom of trans-
fusion in ESA-refractory patients, and with molecular
signals that raise a credible hypothesis of partial disease
modification in selected responders [20]. Together,
these developments move lower-risk MDS care from
just a symptom-control approach, toward a durable,
biology-informed intervention.

In higher-risk MDS and AML, venetoclax-based
regimens and genotype-specific targeted therapies
have established a new standard: deep remissions are
achievable without default reliance on intensive chemo-
therapy, but benefit is contingent on deliverability and
safety. VIALE-A transformed outcomes in older/unfit
AML, while AGILE demonstrated that molecular selec-
tion (IDH1 mutation) can yield survival gains exceeding
many non-targeted approaches [36,38]. In FLT3-ITD AML,
QuANTUM-First showed that potent driver suppression
integrated into intensive therapy can double median
overall survival, and gilteritinib remains a cornerstone in
relapsed disease and transplant bridging [40,41]. Menin
inhibition has opened a modern differentiation-therapy
paradigm for KMT2A-rearranged and NPM1-mutated
AML, with MRD negativity among responders and a
distinctive, manageable toxicity profile, centered on
differentiation syndrome [43,44]. Across these exam-
ples, the most practice-changing trials combine a clear
biologic rationale, clinically meaningful endpoints, and
feasible toxicity management, an overarching message
reinforced by Table 1.

At the same time, the field has become more rigor-
ous about what constitutes meaningful benefit. Phase
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3 disappointments, such as the PANTHER trial, under-
score that response rate signals are insufficient if they
do not translate into survival advantage, transplant
readiness, or patient-centered improvements, and they
highlight the need for biomarker-enriched designs and
mechanistic correlatives in heterogeneous diseases [28].
MRD has emerged as a critical integrator of biology and
clinical decision-making, offering a pathway toward
response-adaptive therapy intensity, transplant tim-
ing, and maintenance strategies, provided appropriate
assays and decision thresholds are standardized and
prospectively validated [47,48].

The largest unmet needs remain concentrated in
genomically adverse and therapy-resistant subsets—
most notably TP53 multi-hit MDS/AML, therapy-related
myeloid neoplasms, and post-venetoclax relapse. Ad-
dressing these will likely require multi-pronged strate-
gies that combine DNA damage response vulnerabilities,
innate immune engagement, and rational combinations
that prevent clonal escape rather than merely deepen
initial response. Translational pipelines in innate immu-
nity (CD47 blockade), bispecific antibodies, and cellular
therapies are advancing, with the central challenge
being leukemia selectivity while preserving normal
hematopoiesis [54-58]. Epigenetic reprogramming, in-
flammatory pathway inhibition (e.g., IRAK4), and emerg-
ing metabolic strategies further diversify the research
landscape and may become essential components of
therapy in resistant biology [59-61,69,70].

Finally, precision medicine in myeloid neoplasms
will depend as much on implementation as inven-
tion. As therapeutic options multiply, clinicians face
complex sequencing decisions that must integrate
genomics, MRD kinetics, frailty, infection risk, and ac-
cess to transplantation. Al-supported decision tools
may help operationalize this complexity, but only if
they are validated prospectively and embedded within
robust care pathways that ensure timely molecular
testing and standardized supportive care. The next
decade is therefore poised to be defined not sim-
ply by more drugs, but by coherent, biology-driven
therapeutic pathways—built around early molecular
diagnosis, MRD-guided adaptation, and mechanisti-
cally justified combinations—that improve survival
while preserving quality of life across the spectrum
of myeloid neoplasms.
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Understanding Pleural Effusion
and Chylothorax: Clinical Features
and Therapeutic Approaches

Dimitrios Efthymiou’, Iwanna Marlafeka’, Prokopis Karidis', Maria Lagadinou'

Abstract

Pleural effusion is defined as the abnormal accumulation of fluid within the pleural space and represents a common
clinical manifestation of diverse cardiopulmonary, infectious, inflammatory, systemic, and malignant disorders. Its
development reflects an imbalance between pleural fluid production and reabsorption.

Key words: Pleural effusion; chylothorax; pleural fluid; pseudochylothorax

Pleura Anatomy - Innervation - Pleural fluid -
Pleural effusion

Lungs are separated from the chest wall by a con-
tinuous fibrous mesothelial membrane (serous mem-
brane) that is divided into two layers, parietal pleura
and visceral pleura, with the hilum being the transition
point. The visceral pleura overlies the lung surface, and
the parietal pleura overlies the chest wall. The parietal
pleura is further divided into cervical, costal, medias-
tinal and peripheral pleura based on the underlying
structures. This subdivision of the parietal pleura is of
utmost importance since each part has distinct somatic
innervation, leading to radiation of pain to different
neighbouring structures of the same somatic innerva-
tion. More specifically, the cervical pleura is innervated
by the first thoracic spinal nerve, the costal pleura by
the overlying thoracic nerves, the mediastinal pleura
by the phrenic nerve, and the peripheral diaphragmatic
pleura by the lower six thoracic nerves. On the other
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hand, the visceral pleura adheres to the lungs and is only
innervated by autonomic fibres leading to an absence
of pain sensation [1].

The space between the two layers of the pleura is
filled with a small amount of fluid, approximately 0.2-
0.3 ml/kg per pleural cavity (10-20 ml for a 70kg human
per pleural space). The presence of a small amount of
pleural fluid plays a crucial role inimmune surveillance
and facilitates movement between the two layers of the
pleura during respiration acting as a natural lubricant. It
is continuously produced at a rate of 0.01ml/kg/h, by the
systemic circulation, arising from the thoracic pleurainto
the pleural space with a net driving force of +5 cm H20.
This driving force is the result of the difference between
the oncotic and hydrostatic pressures of the systemic
and pulmonary circulations. Drainage of the pleural fluid
is managed through the lymphatics of parietal pleura
which end up draining into the right thoracic or the left
thoracic duct. Drainage rate can reach a maximum of 0.3
to 0.4 ml/kg/h [1-3]. More specifically, the thoracic duct
is responsible for the lymphatic drainage of the entire
body except for the right sides of the head and neck,
the right side of the thorax and pleural space, and the
right upper extremity, which are drained by the right
lymphatic duct [4].
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As far as the composition of pleural fluid is con-
cerned it generally contains a normal number of cells,
approximately 1.7 x10°white blood cells per microliter,
of which 75% are macrophages, 23% lymphocytes, 1%
neutrophils (slightly higher in smokers), 0% eosinophils
and 1% to 2% mesothelial cells. Moreover, it contains a
small amount of protein, which is less than 1.5 g/dl and
is primarily composed of aloumin [1,5].

MATERIALS AND METHODS
This narrative review was conducted following a

”

PubMed search using the keywords “pleural effusion,
“pleural fluid,” “pseudochylothorax” and “chylothorax,”
limited to English-language publications through Febru-
ary 2026. Twenty-nine relevant articles, including clinical
studies, reviews, and guideline-based publications, were

selected for analysis.

Mechanisms of Fluid Accumulation

Pleural effusion is the abnormal accumulation of
pleural fluid due to local or systemic pathologies that
lead to changes in the dynamic balance and equilib-
rium within the chest cavity [1]. This pathological fluid
accumulation is generally the result of an imbalance
between the rate of production and the rate of reab-
sorption of pleural fluid. The underlying pathology af-
fecting the production of fluid may be either systemic
or local, and it affects the oncotic and/or hydrostatic
pressure or the integrity of the pleura (Table 1). As far
as disruption of drainage is concerned, the underlying
pathologic mechanisms affect the removal of fluid and

Table 1. Mechanisms of pleural fluid accumulation.

mainly disrupt the flow of the lymphatic vessels or lead
to increased central venous pressure, which indirectly
leads to lymphatic fluid accumulation [2].

Symptoms - Signs - Imaging modalities

Pleural effusion is characterized by a wide range of
signs and symptoms varying from asymptomatic disease
to exertional breathlessness or dyspnoea and ortho-
pnoea at rest and moderate to profound hypoxemia
and tachypnoea with the underlying pathophysiology
being vague [6].

Based on the PLEASE study, one of the largest pro-
spective studies regarding pleural effusion signs and
symptoms pre- and post- drainage, reducing the space-
occupying or mass effect of pleural effusion appears to
be an important contributor to improved breathlessness
irrespective of lung re-expansion. Notably, in the PLEASE
study, lung volumes, heart rate and respiratory rate un-
derwent only modest absolute changes after drainage,
whereas the ipsilateral diaphragm showed more obvious
changes in shape and movement, possibly due to its
more compressible/distortable nature. Abnormalities
in diaphragm movement were common, and their pres-
ence, in addition to baseline level of breathlessness, were
independent predictors of the likelihood of symptom
relief after fluid drainage [7]. Another smaller study by
Estenne et al. suggested that relief of dyspnoea following
thoracocentesis results primarily from a reduction in the
size of the thoracic cage, which allows the inspiratory
muscles to operate on a more advantageous portion
of their length-tension curve. This is because only small

Pleural fluid accumulation mechanisms

Increased production rate

With normal integrity of the endothelial and mesothelial membranes.

« Raised capillary hydrostatic pressure (e.g. congestive heart failure)

« Raised intrathoracic sub-atmospheric pressure (e.g. atelectasis)

« Low capillary oncotic pressure as in hypoalbuminemia (e.g. cirrhosis, nephrotic syndrome, malnutrition)

With disrupted permeability of the endothelial membrane.

« Local disruption of pleural integrity (e.g. pneumonia, pulmonary embolism, cancer)

Extrapulmonary pathology (e.g. hepatic hydrothorax)

Low reabsorption rate

Disrupted integrity of lymphatic vessels at the level of the stomata or along their course (e.g. cancer, thoracic duct rupture)

Increased Central Venous Pressure.
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and inconsistent changes in pulmonary mechanics were
observed and could not explain the immediate and
remarkable relief of dyspnoea noted by the patients. In
contrast, an invariable shift of the minimal (inspiratory)
pleural pressure -volume curve resulted in generated
pressures by the inspiratory muscles being markedly
more negative at any comparable lung volume [8].

Moreover, symptoms like cough, fever, and systemic
signs also depend on the underlying cause of the effu-
sion. Rare though it may be, effusions can attain sizes
significant enough to induce hemodynamic changes,
imitating tamponade. Of note, patients suffering from
pleural inflammation called pleurisy may complain of
sharp, severe, localized crescendo-decrescendo pain
with inhalation and exhalation or while coughing. How-
ever, the characteristic pleuritic pain is expected to
subside when pleural effusion develops while con-
stant pain is a hallmark of malignant diseases such as
mesothelioma that may not subside even after pleural
effusion accumulation [2,9].

Physical examination findings like intercostal space
fullness and percussion dullness are appreciated in
large effusions. Auscultation reveals decreased breath
sounds and absence of tactile and vocal fremitus over
the area of the effusion. Before pleural effusion forma-
tion, pleural rubs may be auscultated and are often
mistaken for coarse crackles, indicating active pleurisy.
Based on a systematic review by Camilla L Wong et al.,
among the different examination maneuvers of con-
ventional percussion, auscultatory percussion, breath
sounds, chest expansion, tactile vocal fremitus, vocal
resonance, crackles, and pleural friction rub, conven-
tional percussion was most accurate for diagnosing
pleural effusion (summary positive likelihood ratio, 8.7;
95% confidence interval, 2.2-33.8), while the absence of
reduced tactile vocal fremitus made pleural effusion less
likely (negative likelihood ratio, 0.21; 95% confidence
interval, 0.12-0.37) [2,9].

Regarding the imaging modalities for pleural ef-
fusion detection, chest radiography (CXR), computed
tomography (CT) and ultrasound (US) are the most
common and useful options. More specifically, stand-
ing lateral view chest X-ray can detect small effusions
of 50 ml, while standing posterior - anterior view (PA)
chest X-ray can detect effusions of 200-300 ml. In both
cases, guiding points are vague costophrenic angles.
Lateral decubitus chest X- ray is regarded as the most
useful X-ray in detecting pleural effusions even as low
as 15-50 ml with a sensitivity of 96 % and a specificity

of 99% [10-12]. Based on a recent systematic review
point of care ultrasound (POCUS) seems to have a higher
diagnostic accuracy in identification of pleural effusion
(as small as 20ml) as a screening tool compared to radi-
ography with a sensitivity of 94% and a specificity of 97
% even in the hands of inexperienced users. It can also
be superior to CT in cases of septated effusions iden-
tifying the multiple distinct, walled-off compartments
or pockets and even guiding thoracocentesis [11,13].

Finally, regarding the use of CT scan, it can detect
effusions lower than 15 ml, identify a possible empyema
or a septated effusion and also characterize nearby
structures such as the lung parenchyma and lymph
nodes. In that way it helps differential diagnosis, clarify-
ing the possible underlying cause and describing the
extent of it. A 2024 retrospective analysis assessed the
diagnostic accuracy of CT in differentiation of transudate
from exudate pleural effusions based on pleural effu-
sion Hounsfield Units (HU) and pleural fluid to blood HU
ratio. It showed that exudates had significantly higher
CT values and pleural fluid to blood CT ratio than those
with transudates. More specifically with a cut-off value
of 10.81 HU, the area under the curve (AUQ), sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) of CT value were 0.85, 88.89%,
68.90%, 43.96%, and 95.76%, respectively. The optimum
cut-off value for PF to blood CT value ratio was 0.27 with
AUC of 0.86, yielding a sensitivity of 61.11%, specific-
ity of 86.36%, PPV of 78.57%, and NPV of 73.08%. As a
result, CT value and PF to blood CT value ratio showed
good differential abilities in predicting transudates
from exudates, which may help to avoid unnecessary
thoracocentesis [14].

Thoracocentesis

To alleviate symptoms (therapeutic thoracocentesis),
differentiate exudate from transudate effusions and
guide therapeutic decisions, fluid can be drained from
the chest cavity via the minimally invasive technique
of thoracocentesis. In this procedure, a 20g needle is
inserted in the intercostal space on the upper border of
the lower rib to avoid the intercostal neurovascular bun-
dle, typically between the sixth and eighth intercostal
space in the midaxillary line if the patient is supine or
the posterior mid-scapular line if the patient is seated.
In cases where US guidance is used (ideally), the inser-
tion point is usually 1-2 intercostal spaces lower than
the upper limit of the effusion but not lower than the 9*"
rib. When performed with appropriate technique and
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precautions, it carries a low risk of complications like
pneumothorax (5-10%), hemothorax (1%) re-expansion
pulmonary oedema (in therapeutic thoracocentesis
where >1.5lt of fluid is drained) and spleen or liver lac-
eration. As a result, post procedure CXR is not routinely
indicated [3,13,15].

Contraindications for thoracocentesis are coagula-
tion disorders, specifically a platelet count <50.000 /pL
or INR > 2 and local active dermal infection or cellulitis.
Intubated patients are a relevant contraindication where
thoracocentesis should only be performed when pleural
fluid thickness is >15mm in >3 consecutive intercostal
spaces [15].

Indications for thoracocentesis are the presence of
a newly diagnosed pleural effusion larger than 1cm
in the CXR decubitus view and over 1cm thickness in
the US. However, small bilateral effusions in patients
with decompensated heart failure, cirrhosis, or kidney
failure with no underlying fever, chest pain or effusion
asymmetry, are likely transudative and do not require
diagnostic thoracentesis. In these cases, diuresis for
up to 48h can be performed leading to resolution of
up to 75% of these effusions. In cases where the effu-
sion does not resolve, a diagnostic thoracocentesis is
prompted [3,16].

Moreover, parapneumonic effusions occurring as a
complication of bacterial pneumonia, lung abscess, or
bronchiectasis should be tapped as soon as possible
to distinguish complicated from uncomplicated ones
and to guide therapeutic decisions. More specifically,
complicated parapneumonic effusions are character-
ized by positive Gram stain or positive culture or pH of
pleural fluid < 7.2 or glucose of pleural fluid less than
60 mg/dl orLDH> 1000 IU/L and are in need of drainage
with thoracostomy for resolution and not only anti-
biotic therapy. A special subcategory of complicated
parapneumonic effusions is empyema, also known as
pyothorax or purulent pleuritis, and it is characterized
by a pleural effusion with the gross appearance of frank
pus that also needs tube thoracostomy in addition to
antibiotic therapy. Also, uncomplicated parapneumonic
effusions that exceed 1/2 of the hemithorax should
also be managed with tube thoracostomy to avoid
organization [3,17,18].

Therapeutic thoracocentesis should also be per-
formed in cases of haemothorax drainage, for symp-
tomatic (dyspnoea, hypoxemia) pleural effusions of
more than 300 ml and pre-pleurodesis. In all cases of
tube thoracostomy, one should always avoid immediate
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drainage of >1.5lt of fluid because of the possibility of
re-expansion pulmonary edema which is characterised
by the early sign of persistent cough post drainage [15].

Pleural fluid work up

In cases of diagnostic thoracocentesis at least 20-
30 ml of pleural fluid should be drained and sent to
the laboratory. The analysis of pleural aspirate should
routinely include a Gram stain, differential cell count,
culture, cytology (at least 60ml), protein levels, I-lactate
dehydrogenase, and pH. The appearance of the fluid
(bloody, clear, straw, turbid, purulent, milky) is also
helpful in the diagnostic algorithm. Additional tests,
such as tuberculosis (TB) screening with Ziehl-Neelsen
stain and culture for common bacteria, Mycobacterium
Tuberculosis and nontuberculous (NTM) mycobacteria,
should be considered based on individual patient risk
factors and regional prevalence [15,19].
Special pleural fluid values to keep in mind are:
* A ratio of pleural fluid Hct / blood Hct >50 %: Indi-
cates hemothorax.
* NT pro-BNP of pleural fluid 21500 pg/ml has 91% Se
and 93% Sp for congestive heart failure [20]
» ADA of pleural fluid: <40 excludeTB, >70suggestTB
* Pleural fluid glucose <60mg/dI or pleural fluid glu-
cose/ serum glucose < 0,5: Malignancy, TB pleuritis,
Rheumatoid arthritis, Infection, Systemic Lupus
Erythematosus
 High Pleural fluid amylase: Indicative of pancreatic
disease or esophageal rupture
« Triglycerides >110mg/dL indicate chylothorax
* Pleural fluid cr / Serum cr>1 indicate urothorax
* Pleural fluid Lymphocytes in CBC>50%: Malignant
effusion (Lymphomain 50% of cases), TB pleuritis,
Sarcoidosis, Rheumatoid arthritis
* Pleural fluid Eosinophils in CBC> 10%: Drugs, Eosino-
philic granulomatosis with polyanagiitis, parasites,
Pulmonary embolism, Malignancy [15].

Differentiating exudate from transudate pleural
effusion and differential diagnosis.

Differentiating an exudate from a transudate pleu-
ral effusion by performing a pleural tap remains the
standard of care for further differential diagnosis and
therapeutic management keeping in mind that the lead-
ing causes of pleural effusion in adults are heart failure,
infection, malignancy, and pulmonary embolism [16,21].

Transudate effusions mainly account for accumula-
tion of fluid with intact vessels due to either high hy-



182

Dimitrios Efthymiou, et al

drostatic pressure in the pulmonary vessels such as in
congestive heart failure, or systemic low oncotic pressure
such as nephrotic syndrome, cirrhosis or malnutrition.
Both groups can be managed with diuresis and do not
require an extensive differential workup.

On the other hand, exudate effusions account for a
wide spectrum of underlying pathologies and are the
result of increased protein permeability in the capillar-
ies or lymph vessels due to local pathologies, causing
an increase in pleural fluid protein concentration. The
main causes of exudate effusions are infections, such
as pneumonia, metastatic or local malignancy with
lung cancer, breast cancer, and lymphoma being the
most frequent ones, granulomatous diseases such as
tuberculosis or sarcoidosis, collagen vascular diseases
and other less frequent causes such as chylothorax. In
20 % of cases the aetiology remains unclear.

In cases of exudate effusions, a broad work up should
follow the thoracocentesis in order to clarify the un-
derlying pathology and plan therapeutic approach
[1,10,21,22] (Table 2).

The best-known and most widely used criteria to dif-
ferentiate transudative from exudative pleural effusions
are Light’s criteria that exhibit high sensitivity (98%) in
detecting exudative pleural effusions but relatively low
specificity (80%) leading to misleading results as far
as transudates are concerned characterizing them as
exudates especially in cases where prior diuretic therapy
has occurred [1,23,24].

Based on Light’s criteria, to consider an effusion as
exudate, at least one of the following criteria must be
satisfied:

* Pleural fluid protein/serum fluid protein ratio > 0.5,
* Pleural fluid lactate dehydrogenase (LDH)/serum

fluid LDH ratio > 0.6,

* Pleural fluid LDH > 2/3 the upper limit of normal

serum LDH” (Figure 1).

When high suspicion of transudate effusion is present
and Light's criteria indicate an exudate effusion the se-
rum pleural effusion albumin gradient (SPAG) or serum
pleural effusion protein gradient (SPPG) can be used as a
tool. More specifically SPAG (= serum albumin - pleural
albumin) > 1.2g/dl or SPPG (=serum protein — pleural
protein) > 3.1 g/dl indicates a transudate effusion [1].

Other potential criteria that can be easily used and
show a higher specificity identifying an exudate effusion
compared to Light's are the Heffner’s criteria, which are
based on the pleural fluid cholesterol only and without
the need for serum values. More specifically, with a cut
off value of 45 mg/dl higher values indicate exudate
effusions with a reported sensitivity and specificity of
94% and 100%, respectively [25,26].

Another potential way to differentiate exudate from
transudate pleural effusions especially in cases where
LDH, or protein are not easily available, is the pleural
fluid serum bilirubin ratio. Exudates tend to have a
greater mean bilirubin ratio compared to transudates.
Based on a cross-sectional study in 2018 with a cut-off

Table 2. Causes of transudate and exudate effusions [21]. Causes indicated with * can cause both types of effusion.

TRANSUDATE EFFUSION

EXUDATE EFFUSION

Congestive Heart Failure
Cirrhosis

Pulmonary embolism*
Atelectasia

Nephrotic syndrome
Malnutrition

Peritoneal dialysis
latrogenic

Myxoedema*
Sarcoidosis*

Superior Vena Cava syndrome
Constrictive pericarditis

Liver Failure

Parapneumonic effusion
Atypical pneumonia

TB pleuritis
Nocardiosis/Actinomycosis
Sepsis

Primary and secondary cancer
Meigs syndrome

Yellow nail syndrome
Lymphangiomatosis

Familial Mediterranean Fever
Pancreatitis

Esophageal rupture

Uremic pleuritis

Rheumatoid arthritis

Systemic Lupus Erythematosus
Amyloidosis*

Sjogren syndrome
Granulomatosis with polyangiitis
Eosinophilic granulomatosis with polyangiitis
Systemic sclerosis

Dressler syndrome

Asbestosis

Chylothorax

Haemothorax

Drug induced

Post Actinotherapy
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Pleural fluid accumulation detected by

* Radiography ( lateral or
decubitus view)

* Physical examination
* POCUS (US)
+ CTscan

21/3
Light's
criteria

Exudate Transudate

Figure 1. Pleural effusion types..

point of 0.6, the sensitivity, specificity, positive predictive
value and negative predictive value were respectively
88.00%, 93.00%, 97.00% & 75.00%, while back in 1990
Meisel et al. revealed the sensitivity of 96% and specific-
ity of 83% [27,28].

Chylothorax

The accumulation of chyle in the pleural space, also
known as chylothorax, is a rare but highly morbid cause
of exudate pleural effusion. Biochemical analysis of the
pleural fluid is necessary for the diagnosis and requires
triglyceride levels >110 mg/dl with concomitant cho-
lesterol levels <200 mg/dl, while in cases where levels
of triglycerides are less than 55mg/dl the diagnosis is
excluded. Based on literature a pleural fluid triglyceride
of >110 mg-dL™" has a 1% chance of being non-chylous
and a triglyceride of <50 mg-dL™" has a 5% chance of
being chylous. In borderline cases with high clinical
suspicion for chylothorax where pleural fluid triglyceride
levels are between 55 and 110mg/dl, such as in cases
of malnutrition, the diagnosis can be made with the
use of lipoprotein electrophoresis for the detection of
chylomicrons in the pleural fluid. As far as the typical
gross milky appearance of the fluid is concerned it is
seen in only one third of patients. Therefore, the gross
appearance is neither sensitive nor specific enough to
diagnose a chylothorax, as similar appearances may also
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be observed in conditions such as pseudochylothorax
and pleural infection/empyema. Centrifugation may
help in differentiating chylothorax from empyema as in
cases of empyema it clears suspended leukocytes and
debris leading to a clear supernatant [29-32].

Pathophysiology of Chylothorax

Chyle is transported via the major and minor tho-
racic duct into systemic circulation. It is composed of
interstitial fluid, fluid from the lymphatic system and
fluid originating from the intestines which is therefore
rich in lymphocytes,immunoglobulins, proteins, lipids,
fat soluble vitamins and electrolytes. The loss of this
protein-rich, calorie-rich fluid, in cases of chylous leak,
can cause serious complications including dehydration,
malnutrition and immunosuppression [33].

The anatomical course of the major thoracic duct is
complex with considerable variation; therefore, develop-
ment of chylothorax is dependent on the site and level
of the thoracic duct defect.

Causes of chylothorax are mainly traumatic and less
frequently non-traumatic. Traumatic chylothorax can
be subdivided into iatrogenic, such as after thoracic
surgeries or after placement of a central subclavian line
or a pacemaker, and non-iatrogenic, caused by external
injuries or sudden physical strain. Non-traumatic chy-
lothorax on the other hand, is associated with a wide
variety of causes but malignancy remains the major
one. Specifically, potential pathologies that directly
invade the lymphatic ducts, such as lymphoma and
mainly non-Hodgkin lymphoma (in 70% of cases) can
cause non-traumatic chylothorax. Another potential
mechanism is high hydrostatic pressure inside the
lymphatics due to direct obstruction of the thoracic
duct or indirectly through increased central venous
pressure. Such direct or indirect causes are malignan-
cies, a retrosternal goiter, right heart failure, mediasti-
nal lymph node enlargement, such as in tuberculosis,
lymphangioleiomyomatosis, histoplasmosis, sarcoido-
sis, subclavian vein thrombosis, or superior vena cava
obstruction. Interestingly, chylous ascites can also lead
to chylothorax through translocation of chyle via pores
of the diaphragm. In up to 9% of cases, the etiology
remains unknown (termed idiopathic chylothorax)
[29,30,34]. However, before jumping to conclusions it
is of paramountimportance to consider drug-induced
chylothorax as part of the differential diagnosis. For
example, Chen, Bojiang et al. reported a phenomeni-
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cally exceptionally rare case of chylothorax induced by
Dasatinib, which is a tyrosine kinase inhibitor used for
the treatment of BCR-ABL-positive chronic myeloid
leukaemia (CML) or Philadelphia chromosome-positive
acute lymphoblastic leukaemia (ALL) [35].

Therapeutic approach of chylothorax comprises
conservative and invasive choices. The main therapeutic
target is to reduce the production and flow of chyle by
minimizing long-chain triglyceride (LCT) intake. This
type of triglycerides is absorbed by the lymphatic ves-
sels from the interstitial fluid after being converted to
chylomicrons within the enterocytes and transported
to the systemic circulation via the thoracic duct in the
form ofchyle.

In order to manage that, a very low-fat diet com-
prising mainly medium-chain triglycerides (MCT) that
consist of saturated fatty acids of 8 to 12 carbon length
is preferred. Medium-chain triglycerides are absorbed
directly into the portal circulation without micelle for-
mation thus bypassing the lymphatic system and not
contributing to chyle production. Another potential
solution is the nil-by-mouth approach and the use of
parenteral nutrition. The goal is to allow the thoracic
duct leak to heal while preventing malnutrition, for a
period of 2-4 weeks. While on fat-modified diets, one
must take into consideration the potential essential fatty
acid deficiency that results when there is insufficient
dietary intake of linoleic acid and alpha-linolenic acid
from restricted dietary fat consumption. This is because
the human body is unable to synthesize linoleic acid and
alpha-linolenic acid due to the lack of enzymes that can
introduce and nervousdouble bonds beyond the A?site.
These essential fatty acids are necessary for healthy cell
membrane formation, cholesterol metabolism, blood
clotting, as well as proper brain and nervous system
development. To prevent this, 2-4% of total calories
should arise from linoleic acid and 0.2-1% from alpha-
linolenic acid [33,36,37].

Another conservative way to reduce the produc-
tion of chyle is via the administration of somatostatin
analogues (SSAs) like octreotide, or a-adrenergic ago-
nists such as midodrine. Both reduce the production
of chyle by the small intestine, reducing its motility
and the hepatic and visceral blood flow. Somatostatin
analogues should be used when conservative dietary
measures fail [36,38].

Regarding invasive therapeutic choices, drainage of
the chylous effusion with a chest tube (tube thoracos-
tomy) or catheter may be necessary for symptom relief

in parallel with the pharmaceutical approach [30]. In
cases where the conservative management fails and
for example pleural fluid drainage continues to exceed
1 L/d, surgical thoracic duct ligation or embolization is
usually recommended [30].

Pseudochylothorax

Finally, a pathological entity worth mentioning is
pseudochylothorax, which can mimic and must be dif-
ferentiated from chylothorax. Itis the result of a chronic
persistent exudative pleural effusion that gradually
becomes enriched with cholesterol, also termed cho-
lesterol effusion (Table 3). Chronic tuberculous effusion,
chronic pneumothorax, rheumatoid effusion, chronic
haemothorax and incompletely drained empyema
are among common causes of pseudochylothorax.
These effusions have the same milky appearance as
chylothorax but are differentiated in the pleural fluid
analysis since they are characterized by higher levels of
cholesterol (>200mg/dl), lower levels of triglycerides
(<50mg/dl) and absence of chylomicrons compared
to chylothorax [31]. Finally another tool to distinguish
between pseudochylothorax and chylothorax, is a fluid
to serum cholesterol ratio <1 and triglyceride ratio >1
which is characteristic for chylothorax [39] (Figure 2).

CONCLUSION

When dealing with a pleural effusion, a well-struc-
tured and concise approach should always be the
primary goal. A combination of the patient’s history,
physical examination, clinical suspicion regarding the
potential underlying etiology and use of POCUS to
guide thoracocentesis is mandatory to differentiate
exudative from transudative effusions and establish
a therapeutic approach. Due to the diverse etiologi-
cal factors and patient characteristics associated with
pleural effusion, individualized management strategies
are recommended especially in cases of rare entities
such as chylothorax and pseudochylothorax where

Table 3. Chylothorax and pseudochylothorax differences.

Characteristics Chylothorax Pseudochylothorax
Appearance Milky Milky
Triglycerides >110mg/dI <50mg/dl
Cholesterol <200mg/dl >200mg/d|
Chylomicrons Present Absent
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Clinical suspicion of
chylothorax ( ex. milky
appearance)

and

Pleural fluid

Chylothorax

Pleural fluid
Triglycerides

Cholesterol

Triglycerides Pleural fluid
>110mg/dl AND Triglycerides
Cholesterol <110mg/dl
<200mg/dl >50mg/dl

Electrophoresis for
presence of
Chylomicrons

Pleural fluid
Triglycerides
<b0mg/dland
Cholesterol > 200

Pseudo chylothorax

Figure 2. Chylothorax work up.

clinical suspicion and a well-established differential
diagnosis are of paramount importance for addressing
the underlying clinical entity.
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