Participation of atrioventricular valves chordae tendineae pathology
in a patient’s clinical presentation
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Abstract

Introduction: The anatomically correct chordae tendineae originate from the apical part of the papillary muscles of the ven-
tricles and attach to the corresponding free margins of the atrioventricular valves. Together with the papillary muscles, they
contribute to the effective contraction of the ventricles, creating the so-called “annular-ventricular continuity”.

Aim of the research: This publication aimed to evaluate and analyse the impact of chordae tendineae pathology of the atrio-
ventricular valves on the clinical presentation of a patient.

Material and methods: A systematic review of the literature was performed in the PubMed, Web of Science, and Scopus
databases and according to the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses).
Results and conclusions: This review allowed us to distinguish 6 groups of characteristic pathological lesions of chordae
tendineae such as thickening, elongation, shortening, fibrosis, complete absence, or histopathological changes of the chor-
dae tendineae. Most of the cases resulted from congenital underlying diseases, and treatment mainly consisted of surgical
correction.

Streszczenie

Wprowadzenie: Anatomicznie prawidiowe struny Sciegniste pochodza z wierzchotkowej czesci mie$ni brodawkowatych
komér i sa przymocowane do odpowiednich wolnych brzegéw zastawek przedsionkowo-komorowych. Wraz z mie$niami
brodawkowatymi przyczyniaja sie do skutecznego skurczu komdr, tworzac tak zwana ciagto$¢ pierScieniowo-komorowa.
Cel pracy: Ocena i analiza wptywu patologii strun $ciegnistych zastawek przedsionkowo-komorowych na obraz kliniczny
pacjenta.

Material i metody: Systematyczny przeglad piSmiennictwa zostal przeprowadzony w bazach danych PubMed, Web of Scien-
ce i Scopus zgodnie z wytycznymi PRISMA (Preferred Re-porting Items for Systematic Reviews and Meta-Analysis).

Wyniki i wnioski: Przeglad ten pozwolit nam wyréznic sze$¢ grup charakterystycznych zmian patologicznych strun $cie-
gnistych, takich jak pogrubienie, wydtuzenie, skr6cenie, zwtéknienie, catkowity brak lub zmiany histopatologiczne w stru-
nach $ciegnistych. Wiekszos$¢ przypadkéw wynikata z wrodzonych choréb podstawowych, a leczenie polegato gtéwnie na
korekcji chirurgicznej.

Introduction chords, but it should be remembered that the exact

Tendinous chords, anatomically, originate from
the apical part of the papillary muscles of the ventri-
cles and attach to the corresponding cusps of the atrio-
ventricular valves. Each papillary muscle has a large
shaft from which 6 “heads” extend. From each of them,
12 primary fibrous tendons depart, and then they
divide into 2 secondary fibres, which again divided
into 2 or 3 tertiary fibres. Thus, every single papillary
muscle is associated with an average of 62 tendinous
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number of fibre attachments may be an individual
variable [1]. The primary chordae tendineae are at-
tached to the free edge of the valve leaflets, the second-
ary ones to the ventricular surface of the leaflets, and
the tertiary cords to the posterior part of the valve an-
nulus. The anatomy, branching patterns, and thickness
of individual chords are extremely variable. Tendinous
chords together with the papillary muscles contribute
to the effective contraction of the ventricles, creating
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the so-called “annulo-ventricular continuity”. Dur-
ing the relaxation of the papillary muscles of the left
ventricle, the tendinous chords reduce the lumen
of the ventricle, and during contraction, they regulate
their tension [2]. The mechanical properties of the ten-
dinous chords result from their histological struc-
ture, dominated by collagen and elastic fibres, which
transmit the contractions of the papillary muscles
to the atrioventricular valves [3]. It is suggested that
the wavy collagen straightens when the tendinous
chords are stretched by the contraction of the papillary
muscles, whereas after the muscle is relaxed, the col-
lagen returns to its wavy configuration [4]. Diagnosis
of symptoms resulting from tendinous chord dysfunc-
tion remains a major challenge due to non-specific
symptoms. A better understanding of tendinous chord
pathology will be particularly beneficial in improving
the treatment of cardio and cardiosurgery patients.
Clinicians need to be aware of normal and pathological
tendinous chords variants. Tendinous chords anoma-
lies show symptoms with a delay of days, weeks, or
even months, unlike papillary muscle damage, which
manifests symptoms right away.

Material and methods

This review article was carried out following
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines [5].

Inclusion criteria

In this study, we considered case reports regard-
less of patients’ age or gender. Publications had to be
full-text articles available in the English language.
Publications had to provide a detailed description
of tendinous chord abnormalities of atrioventricular
valves and their impact on the patient’s clinical pre-
sentation. During the review, we focused primarily
on identifying the underlying causes of these anoma-
lies. Regardless of treatment regimens, interventions,
assessments of cytophysiological outcomes, and pub-
lications with lack of described aetiology were ex-
cluded from the analysis. We also excluded reports
on false chords. Additionally, publications focusing
on extensively described cases of ruptured chords
were excluded unless the rupture was attributed to
previously existing congenital or acquired tendinous
chords pathologies. This review did not encompass
pathologies related to neoplastic changes originating
from the subvalvular apparatus because this is a com-
prehensive topic beyond the scope of this article.

Search strategy

We conducted a literature search in the PubMed,
Web of Science, and Scopus databases. The time frame
was not specified for the literature review because,
according to our knowledge, this is the first review
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article focusing on chordae tendineae pathologies in
atrioventricular valves. The following search terms
were used: ‘pathology’, ‘abnormalities’, ‘dysfunctions’,
‘fragile’, ‘thin’, ‘fine’, ‘thick’, ‘a few’, ‘redundance’, and
‘fibrotic’ in combination with ‘chordae tendineae’.
Article selection involved an initial screening based
on abstracts to identify studies potentially relevant to
the topic. Then, we utilised article references to iden-
tify any articles missed during the database searches.

Data extraction

The included publications were analysed to extract
the following information: publication year, primary
author, patient’s age and gender, underlying disease
leading to tendinous chord pathology, description
of tendinous chord pathology, the diagnostic method
employed for patient diagnosis, and a description
of the tendinous chord features (Table 1).

Results
Study classification

Two independent researchers searched the data-
bases according to the predefined search strategy and
initially identified 592 potentially eligible studies. Ad-
ditional review of the bibliographies of the identified
publications did not yield any additional studies. Af-
ter the preliminary screening of titles and abstracts,
we excluded studies that were duplicates, and upon
applying the inclusion criteria, 110 articles were ex-
cluded. Among the remaining 112 studies, 96 were
excluded due to a lack of relevant information about
the outcomes, or after reading, it was found that they
contained information unrelated to the review topic.
The flowchart of the analysis is presented in Figure 1.

Histopathological changes despite normal
macroscopic appearance

Histopathological changes of tendinous chords
are most commonly detected spontaneously when
biological material is obtained for examination dur-
ing surgery. The macroscopic appearance of ten-
dinous chords is typically normal. Only advanced
changes can lead to the development of pathologies
that often spread to the leaflets of the atrioventricu-
lar valves. A literature review identified case reports
of patients with myxoid changes of tendinous chord
fibres [6], mucoid degeneration, and fibroid changes
from previous endocarditis [7], as well as hetero-
geneous deposits of AA-type amyloid [8]. Deposi-
tion of pathophysiological substances in tendinous
chords can remain asymptomatic for a long time or
present with non-specific symptoms. These changes
are not isolated to tendinous chords but result from
diseases affecting the entire subvalvular apparatus,
valves, or papillary muscles of the heart chambers.
Myxoid changes in the fibres disrupted the physi-
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Year Age Gender Underlying disease
2022 [1] 63 F Refractory right heart failure
2022 [2] 22 F Mitral valve leaflet prolapse secondary
to anomalous left coronary artery
from the pulmonary artery
2021 (3] 36 M Parachute Mitral Valve
2020 [4] 9 F Congenital multiple sclerosis
2017 [5] 43 F Hypertrophic interventricular
septum coexisting with anomalous
anterolateral papillary muscle
2016 [6] 56 M Hypotrophic cardiomyopathy
2016 [7] 64 M Endomyocardial fibrosis
2013 [8] 31 M Left ventricular non-compaction
2010 [9] 35 F Shone’s complex
2010[10] 33 M Mitral arcade
2008 [11] 14 M Hypoplasia of the posterior leaflet
of the mitral valve
2008 [12] 16 M Congenital abnormalities
of the subvalvular apparatus
of the mitral valve
2008 [13] 60 M Bacterial endocarditis
2008 [14] 38 M Systemic amyloidosis
1982 [15] 26 M Acid maltase deficiency
1982 [16] 24 M Bacterial endocarditis

Chordae tendineae pathology

Shortened chordae tendineae of the tricuspid
valve

Shortened chordae tendineae of the mitral
valve

Elongated and thickened chordae tendineae
of the mitral valve unifocally attached to
a single papillary muscle

Shortened and thickened chordae tendineae
of the mitral valve

Shortened chordae tendineae of the mitral
valve

Absent chordae tendineae of both leaflets
of the mitral valve

Fibrotic chordae tendineae of the tricuspid
valve

Histopathologically irregular fibres, myxoid
changes of chordae tendinea of the mitral
valve

Thickened chordae tendineae of the mitral
valve

Absent chordae tendineae of the mitral valve

Absent chordae tendineae of the posterior
leaflet of the mitral valve

Shortened and reduced number of chordae
tendineae of the posterior leaflet of the mitral
valve

Histopathologically mucinous degeneration
and change of fibrinoid present in chordae
tendineae of the mitral valve

Histopathologically present amyloid deposits in
chordae tendineae of the mitral valve

Thickened chordae tendineae of the mitral valve

Swollen chordae tendineae of the mitral valve

ological function of tendinous chords, leading to
their rupture. This resulted in the posterior-medial
leaflet of the mitral valve prolapsing, subsequently
causing symptoms of congestive heart failure. Ad-
ditionally, excessive trabeculation and deep recesses
were observed in the left ventricle, which led to left
ventricular dilation. The described patient exhibited
left ventricular noncompaction. Fibrous changes in
the tendinous chords were also found in a patient
who had undergone infective endocarditis. Mucoid
degeneration of the tendinous chords did not disrupt
valve function and was spontaneously discovered.
Macroscopically, the tendinous chords did not show
active inflammatory changes, and mucoid degenera-
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tion was associated with the previous infective en-
docarditis [7]. Although cardiac amyloidosis is often
associated with the pathophysiology of mitral valve
function due to amyloid deposition, severe mitral re-
gurgitation in patients with systemic cardiac amyloi-
dosis is rare [9]. Postoperative histopathological find-
ings in the patient revealed heterogeneous amyloid
deposits in the right ventricular myocardium, mitral
valve, and ruptured chordae. Additionally, immuno-
histochemical staining revealed a positive component
of amyloid A — AA amyloid, with deposits spreading
towards the ruptured chords. In patients with cardiac
amyloidosis, the accumulation of amyloid deposits in
the mitral valve leaflets can lead to decreased elastic-
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Figure 1. Study flowchart

ity, increased fragility, and weakness, causing chordal
stress [10]. However, in this case, despite the amyloid
deposits in the mitral valve, its motion was normal,
and the valve itself was not thickened, suggesting that
the amyloid deposits accumulated in the tendinous
chords led to their rupture and secondary impair-
ment of mitral valve function [8].

Pathological elongation of tendinous chords

Pathological elongation of the tendinous chords can
result from compensatory changes in acquired heart
defects, such as increased ventricular volume [11]. This
condition can also be the result of congenital heart de-
fects [12]. This review found an extremely rare and
exceptional case of parachute mitral valve associated
with abnormally elongated and thickened tendinous
chords [13]. They were attached to a single papillary
muscle and irregularly interconnected, forming a char-
acteristic mesh. These anomalies resulted in restricted
movement of the mitral valve leaflets. The unifocal
attachment of the tendinous chords with a unique
mesh-like shape caused severe narrowing of the mitral
valve, subsequently leading to left atrial enlargement.
The only functional communication between the left
atrium and the left ventricle was through the mesh-like
spaces between the tendinous chords. The significant
stenosis indicated the need for mitral valve surgery [14].
Mitral valve valvuloplasty has better long-term prog-
nosis compared to valve replacement, but the distorted
chords were too severely affected to choose this proce-
dure [15]. Isolated parachute mitral valve is very rare
and can remain asymptomatic throughout life. The pa-
tient’s only subjective symptom was dyspnoea on exer-
tion persisting for 2 months since hospitalisation. In
parachute mitral valve, the tendinous chords are often
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poorly developed, resulting in them being short, thick,
and adherent, which reduces the mobility of the valve
leaflets and decreases the diameter of the mitral orifice
[16]. This makes the described case exceptional. Addi-
tionally, parachute mitral valve can also cause thick-
ening of the tendinous chords in the atrioventricular
valve leaflets, which are attached to the single papillary
muscle [13].

Pathologically thickened chordae tendineae

Pathological thickening of the tendinous chords
can result from acquired heart defects such as para-
chute mitral valve [13], congenital multiple sclerosis
[17], Shone’s complex [18], and acid maltase deficiency
[19], as well as acquired conditions like infective endo-
carditis [20]. In the case of congenital multiple sclerosis,
one variant being mitral arcade, the tendinous chords
are thick and significantly shortened or absent, leading
to mitral valve stenosis or insufficiency [17]. Shone’s
complex is a rare congenital heart disease characterised
by 4 major defects: aortic coarctation, subvalvular aor-
tic stenosis, parachute mitral valve, and supravalvular
mitral ring. Complete Shone’s complex includes all
4 abnormalities, while the partial form, which is more
common and also represented by one of the described
patients, involves 2-3 anomalies [21]. The described
patient had a parachute mitral valve characterised by
thickened tendinous chords in both mitral valve leaf-
lets, connected to a single papillary muscle, resulting
in left ventricular outflow tract obstruction [18]. Acid
maltase deficiency, also known as Pompe disease or
glycogen storage disease type Il, is an autosomal reces-
sive lysosomal storage disorder caused by a pathogenic
variant in both copies of the GAA gene, which encodes
acid a-glucosidase enzyme. This can result in partial
or complete deficiency of acid a-glucosidase [22], lead-
ing to the accumulation of glycogen in various tissues,
including the papillary muscles and tendinous chords
of the mitral valve. This patient had thickened tendi-
nous chords, and the papillary muscles had become
hypertrophied [19]. Infective endocarditis is an in-
fection of the endocardium. In the described patient,
there was oedema of the tendinous chords and veg-
etations on the free edges of the anterior mitral leaflet
composed of fibrinoid deposits, platelets, and white
blood cells. This pathology resulted in fusion and
rupture of the tendinous chords, leading to severe mi-
tral valve insufficiency [20]. Mitral valve insufficiency,
also described in one of the specified cases, is often
the main manifestation of atrioventricular valve appa-
ratus destruction in the course of this pathology [23].

Fibrotic tendinous chords

Fibrotic tendinous chords are composed of dense,
compact collagen and elastin fibres, which alter their
structure leading to anomalies within them [24]. Ma-
trix metalloproteinase triggers a signalling cascade
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initiating fibrosis of the cardiac muscle and subval-
vular apparatus, including the tendinous chords, ul-
timately contributing to their rupture. However, it
cannot be directly determined whether increased ex-
pression or reactivity of matrix metalloproteinase 1,
a prototype matrix metalloproteinase that degrades
fibrillar collagens type I, II, and III, is associated with
chordae fibrosis [25]. A literature review highlighted
a case description of a patient with fibrotic tendinous
chords. The underlying disease that directly contrib-
uted to this type of anomaly was endomyocardial
fibrosis, a progressive form of restrictive cardiomy-
opathy characterised by haemodynamic changes pri-
marily caused by endocardial thickening and fibrosis
[26]. Endomyocardial fibrosis is characterised by in-
flammation involving all layers of the heart, present
in both early and late stages of the disease. The fibrosis
primarily affects the distal parts of the ventricles and
atrioventricular valves, leading to the described valve
insufficiency. The patient, presented with right-sided
heart failure and recurrent pulmonary embolism.
They had a markedly dilated and thrombus-filled
right atrium, and the right ventricle exhibited signifi-
cantly impaired contractile function, necessitating
hospitalisation. The patient ultimately succumbed to
treatment-refractory right-sided heart failure [24].

Pathologically shortened tendinous chords

Pathologically shortened tendinous chords can
result from refractory right heart failure [27], Bland-
White-Garland syndrome [28], hypertrophic inter-
ventricular septum [29], and mitral arcade [17]. Re-
fractory right heart failure refers to the persistence
of symptoms related to fluid retention despite opti-
mal pharmacological treatment [30]. In the described
case, pericardial effusion led to impaired venous re-
turn, masking severe tricuspid valve insufficiency,
which became apparent after drainage. The short-
ened tendinous chords were an organic abnormality
associated with congenital structural tricuspid valve
insufficiency, which remained asymptomatic due
to the presence of pericardial effusion [27]. Bland-
White-Garland syndrome, indicating an anomalous
left coronary artery originating from the pulmonary
artery, is a rare and potentially life-threatening con-
genital anomaly of the coronary artery [28]. It is divid-
ed into 2 types: infantile and, much less commonly,
adult, represented by one of the described patients
[31]. In most cases, the mechanism of collateral circu-
lation is insufficient, ultimately leading to ischaemic
dysfunction of the papillary muscle and vulnerable,
shortened tendinous chords, which can lead to their
rupture [28]. Hypertrophic interventricular septum is
one type of hypertrophic cardiomyopathy [32], char-
acterised by hypertrophy and disarray of cardiomyo-
cytes, as well as interstitial and inflammatory fibrosis
[29]. In the specific case, an acute angle of the hy-
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pertrophied interventricular septum protruding
into the left ventricular outflow tract, an anomalous
anterolateral papillary muscle, and shortened tendi-
nous chords contributed to the left ventricular out-
flow tract gradient, as shown by the immediate entry
of the catheter into the aorta during left ventricular
catheterisation [32].

Absent tendinous chords

A literature review identified case reports of pa-
tients with absent tendinous chords, which were
associated with the presence of mitral arcade [17,
33], hypertrophic cardiomyopathy [34], hypoplasia
of the posterior mitral valve leaflet [35], and abnor-
malities of the mitral valve subvalvular apparatus
[36]. Mitral arcade, which is one variant of congenital
diffuse sclerosis, affects the structure of the papillary
muscles and tendinous chords. It is characterised by
elongated papillary muscles connected to the anterior
leaflet of the mitral valve by a fibrous tissue bridge that
resembles an arcade. Mitral arcade affects the struc-
ture of the patient’s mitral valve, leading to described
valve insufficiency or stenosis [37]. Hypertrophic
cardiomyopathy is a complex and common genetic
disease inherited in an autosomal dominant manner
[38]. It is characterised by hypertrophy of cardiomyo-
cytes [34], and its pathophysiology is determined by
a complex interaction involving the mitral valve, pap-
illary muscles, tendinous chords, and interventricular
septum. Hypertrophy of the papillary muscle, short-
ening or absence of tendinous chords, and elongation
of the mitral valve leaflets result in reduced mobility
of the mitral valve leaflets [38], which can contribute
to mitral valve stenosis or insufficiency [34, 38]. Hypo-
plasia of the posterior mitral valve leaflet is a rare con-
genital heart defect, typically manifesting in infancy
and childhood as severe mitral valve insufficiency,
either isolated or associated with other cardiac abnor-
malities [39]. In this pathology, the posterior leaflet
of the mitral valve is nearly completely absent, rep-
resented only by fibrous tissue markers that closely
adhere to the posterior annulus, with a complete ab-
sence of chordae inserting into the hypoplastic leaf-
let, leading to mitral valve insufficiency [35]. Another
disorder associated with the absence of tendinous
chords is congenital abnormality of the subvalvular
apparatus, characterised by the abnormal attachment
of the papillary muscle directly to the mitral valve
leaflets, which can result in entrapment of the ante-
rior and posterior mitral valve leaflets and ultimately
lead to mitral valve insufficiency [36].

Discussion

Tendinous chords are an important part of the sub-
valvular apparatus of atrioventricular valves. Depend-
ing on their arrangement and morphology, they can
affect the clinical presentation of patients, and their
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detailed structure is an essential part of cardiac sur-
gical procedures [40]. To the best of our knowledge,
this is the first review article discussing the involve-
ment of tendinous chords in congenital and acquired
heart valve abnormalities. The appearance of tendinous
chords can be macroscopically distorted or involve
structures visualised during histopathological exami-
nations. Cellular changes can occur secondarily to en-
domyocardial fibrosis [24], infective endocarditis [1], or
systemic amyloidosis [19]. Macroscopic changes include
thickening, elongation, shortening, fibrosis, or com-
plete absence of the chordae. The aetiopathogenesis
of these conditions is presented in Table 1. This article
is not without limitations. The available research ma-
terials are based on case reports, which may introduce
potential publication errors in the results section. Case
reports focus on the course and clinical presentation
of patients, addressing the entire apparatus of atrioven-
tricular valves rather than specifically focusing on ten-
dinous chords. Furthermore, there are no randomised
controlled trials describing the effectiveness of surgical
treatment for patients with isolated or concurrent heart
valve defects involving tendinous chords.

Conclusions

Patients with tendinous chords pathologies may
be asymptomatic for years if normal valve function is
maintained, but some patients may develop second-
ary severe valvular disease and cause congestive heart
failure. Diagnosis was usually based on transthoracic/
transoesophageal echocardiography; then patients
underwent surgery to replace the valve with a suitable
prosthesis and to correct the associated heart defects.
In each described case, the operation and convales-
cence were successful.
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