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BACKGROUND: Mitral valve chordae tendineae (CTs) are filaments of
connective tissue that attach the mitral valves to the papillary muscles, which
contract and cause tension on these chordae, so as not to allow separation of
the valves during left ventricular systoles. The morphological particularities of
CTs not only facilitate understanding of the genesis of mitral valve diseases,
but also provide the basis for improvement of surgical techniques.

OBJECTIVE: To evaluate some morphological aspects of mitral valve CTs
and papillary muscles, including number, distribution, type and macroscopic
texture.

MATERIAL AND METHODS: An anatomical descriptive study on mitral
valve CTs and papillary muscles was conducted on 27 hearts from human
fetuses. The CTs were dissected via a longitudinal incision adjacent to the
interventricular septum, and were viewed using a binocular stereoscopic
microscope and documented via photographs. The following variables were
analyzed: number and anatomical distribution of papillary muscles, number
of heads per group of papillary muscles and number of CTs per muscle head.

The CTs were classified in accordance with the methodology proposed by
Lam (1970) and Gunnal et al. (2015).

RESULT: In 27 mitral valves, a total of 827 CTs was found, and “true
chorda” was the predominant type of chorda. Approximately 717 CTs
originated from the 497 muscle heads. These chordae and muscle heads were
shared approximately equally among the papillary muscle groups, with similar
chorda/head proportions. The number of CTs per head in the papillary
muscle groups ranged from O to 6 chordae/head. There were 663 chordae
with tendinous macroscopic texture and 84 with simultaneously tendinous
and membranous texture.

CONCLUSION: Mitral valve CTs were predominantly of true type, with
similar distributions among papillary muscle groups; and the false chordae
that were found were more commonly fixed in the posterior papillary muscle
group. The CTs generally originated in the apexes of the papillary muscle
groups, with variations in the numbers of muscle heads and the numbers of
chordae per head. The main macroscopic texture of the CTs was tendinous,
complemented by occurrences of chordae with simultaneously tendinous and
membranous texture.
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INTRODUCTION

Mitral valve chordae tendineae (CTs) are fibrous bundles with
tendinous, membranous or muscular texture that connect heart valve
cusps to papillary muscles in heart ventricles [1]. Papillary muscles are conical
muscle projections in which the base is fixed to the ventricular walls [2].
They are classified into two muscle groups: anterior and posterior papillary
muscles, both composed of a certain number of heads [3,4].

During left ventricular systole, when the papillary muscles contract, they
apply tension to the CTs, such that the valves are not allowed to open [5],
thereby avoiding mitral valve prolapse [6,7]. Left ventricle CTs are divided
into true and false: true CTs are directly inserted in the mitral valves, while
false CTs are implanted in the papillary muscles and ventricular walls [8].
Detailed studies on the morphological particularities of CTs not only may
facilitate understanding of the genesis of mitral valve diseases, for example,
mitral insufficiency as a consequence of chorda rupture [9], but also may
provide the basis for improvement of the surgical techniques for correct
anatomical defects in CTs [10-13]. In order to conduct minimally invasive
procedures, it is paramount that cusps and CTs are handled carefully.
Therefore, anatomical knowledge of these structures is essential.

The objective of the present study was to evaluate some morphological aspects
of mitral valve CTs and papillary muscles, including number, distribution,
type and macroscopic texture.

MATERIAL AND METHODS

An anatomical descriptive study on mitral valve CTs and papillary muscles

was conducted on 27 hearts from human fetuses (15 male and 12 female).
The fetuses were presumed to be between 5 and 8 months of age, presented
integrity of the thoracic region and did not show any external signs of any type
of disease or congenital anomaly. All the fetuses were obtained in accordance
with Law 8501 of November 30, 1992, which provides rules for the use of
unclaimed corpses for the purposes of scientific studies and research. These
fetuses were available in the Anatomy Laboratory of Tiradentes University,
Farolandia campus, in Aracaju, state of Sergipe. The present study was
approved by the ethics committee of the Federal University of Sergipe, under
protocol no. 77349017.8.0000.5546.

In order to conduct dissection, the hearts were carefully washed in running
water to remove clots from inside the ventricles, in order to preserve the
integrity of the CTs. Next, through an opening in the ascending portion of
the aorta, a longitudinal incision adjacent to the interventricular septum
was made to provide an adequate view of the mitral valve components. All
the CTs were viewed using a binocular stereoscope microscope, with 1X ~
4X zoom and 10X ~ 160X magnification, and were documented through
photographs.

Regarding the anatomical description, the following variables were analyzed:
number and anatomical distribution of the papillary muscles, number of
heads per papillary muscle group and number of CTs per muscle head. The
CTs were classified in accordance with the system proposed by Lam (1970),
as true or false. The macroscopic aspects of the structure textures (tendinous,
membranous or muscular) were classified in accordance with the system
proposed by Gunnal et al. [1].

Absolute and relative percent frequency was used to describe categorical

'Department of Medicine, Tiradentes University (UNIT), Aracaju, Sergipe, Brazil; ?Department of Medicine, University Center of Volta Redonda (UNIFOA), Volta
Redonda, Rio de Janeiro, Brazil; *Medical School of Tiradentes University (UNIT), Aracaju, Sergipe, Brazil; *Department of Morphology, Federal University of Sergipe (UFS),
and Titular Professor of the Medical School, Tiradentes University (UNIT), Aracaju, Sergipe, Brazil.

Correspondence: Dr. Jose Aderval Aragao, Associate Professor, Department of Morphology, Federal University of Sergipe (UFS), and Titular Professor of the Medical School,
Tiradentes University (UNIT), Aracaju, Sergipe, Brazil, Tel: 79991916767; e-mail: jaafelipe@infonet.com.br

Received: January 21, 2019, Accepted: February 10, 2019, Published: February 18, 2019

OPEN 8 ACCESS

Int J Anat Var Vol 12 No 1 March 2019

This open-access article is distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC) (http://
creativecommons.org/licenses/by-nc/4.0/), which permits reuse, distribution and reproduction of the article, provided that the original work is

propetly cited and the reuse is restricted to noncommercial purposes. For commercial reuse, contact reprints@pulsus.com



de Almeida, et al.

variables. Chi-Squared Test was used to evaluate associations between
categorical variables. Discrete/Continuous variables were described by
mean, standard deviation, maximum and minimum. Discrete/Continuous
variables adhere to normal distribution (Shapiro-Wilks test: p>0.05). T test
was used to evaluate mean differences. We adopted 5% as significance level
and R Core Team 2019 was used in all statistical analysis.

RESULTS

In all the 27 mitral valves dissected, a total of 827 CTs were identified, most
of them found in the posterior papillary muscle group and predominantly
of “true” type (p=0.021) (Table 1 and Figure 1). Out of the total number
of chordae tendineae, 86.7% originated at the apexes of the papillary
muscles and were proportionally distributed among both muscle groups
(number of chordae (p=0.787) and number of heads (p=0.802)), at a ratio
of approximately 1:4 (chordae per head) (Table 2). The number of CTs per
head in the papillary muscle groups ranged from O to 6, and approximately
90% of papillary muscles presented 1 or 2 CTs per head (p=0.417) (Table 3).

From macroscopic observation, 75.17% of the CTs presented a tendinous
texture, and this was most frequently seen in the posterior papillary muscle
group, followed by a tendinous and membranous texture (10.16%) in the
APMG (p<0.001). On the other hand, the least frequent type was the
muscular texture, also found in the anterior papillary muscle group (Table
4 and Figure 2).

DISCUSSION

Among the 827 chordae tendineae found in all the 27 mitral valves from
human fetuses that were analyzed, 82.47% were of “true” type. Similar
findings were described by Gunnal et al. [1], Lam [8], and Krawczyk-Olog et
al. [14]. According to these last authors, this type of CT was most frequent
in the PPMG. This finding was also similar to what was found in the present
study. Among the 17.53% of the CTs that were FCs, 61.38% were found in
the PPMG. Gunnal et al. [1] reported the presence of FCs in 56% of the 116
mitral valves that they analyzed, and Krawczyk-Ozog et al. [14] observed the

presence of FCs in 14% of the 100 hearts that they dissected, and also found
that these occurred more frequently in the PPMG.

The papillary muscles were well characterized as an anterolateral and
posteromedial complex, and they were located close to one another. These
findings were similar to what was reported by other authors [3,4,14-17].

Roberts and Cohen et al. [15] described papillary muscles as trunks that
individually originated, on average, from 6 heads, which resulted in a ratio
of 12 CTs per head. Krawczyk-Ozog et al. [14] reported an average of 8.8
heads in the APMG and 7.7 in the PPMG. In the present study, the average
number of heads (approximately nine) was similar in both papillary muscle
groups. In two hearts, the anterior papillary muscle was found directly fixed
to the base of the anterior mitral valve, and no CTs originated from this
head. This finding is in accordance with what was described by Gunnal
et al. [4]. It can be inferred that this variation in the numbers of CTs and
heads per muscle group might be considered to be anatomical variations.
A tendinous texture, macroscopically characterized by short, thin fibrous
threads, was found in 100% of the sample studied by Gunnal et al. [1]. In
the present study, a tendinous texture was found in 80.17% of the CTs.
In addition, Millington-Sanders [18] reported that mitral valve CTs had a
wavy collagenous arrangement surrounded by elastic fibers that presented
adaptation to cyclical tensions. This collagenous tissue did not show
clear limits between chordae and valves. According to those authors, this
arrangement would give rise to unidirectional distribution of forces over the
surface of the leaflets. Khalighi et al. [19] accepted that the composition of
the tendinous texture of CTs would enable a better flexibility of harmonic
movement range between the chordae and valves during the cardiac cycle.

The membranous and muscular textures of the CTs were described by
Gunnal et al. [1], who identified muscular chordae in 14.65% of the mitral
valves, and membranous chordae in 6.03%. Lam et al. [8] found muscular
chordae in 16% of the 50 hearts that they dissected, and Krawczyk-Ozdg et
al. [14] identified this type of chorda in 11% of a 100-heart sample, of which
80% were located in the APMG. In the sample analyzed in the present study,
it was found that 6.53% of the chordae were membranous and that 3.14%

TABLE 1
Numbers and types of mitral valve CTs per papillary muscle group.
Variables APMG PPMG
Types of CT n (%) Minimum  Maximum Mean SD n (%) Minimum  Maximum Mean SD
TC 338 (40.87%) 8 22 12.52 2.86 344 (41.60%) 5 21 12.74 3.98
FC 56 (6.77%) 1 4 2.074 1.96 89 (10.76%) 1 5 3.30 2.57
Total 394 433

CT: Chordae Tendineae; TC: True Chordae; FC: False Chordae; APMG: Anterior Papillary Muscle Group; PPMG: Posterior Papillary Muscle Group; N: Number; SD:

Standard Deviation

Figure 1) Photograph of the anterior view of a left ventricle showing the types of
chordae tendineae. True chordae (green arrow); false chordae (red arrows)
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were muscular. These were distributed as follows: 63% in the APMG and
73% in the PPMG, respectively. It is important to highlight the simultaneous
presence of CTs with both tendinous and membranous profiles that resulted
from their ramifications, which thus originated multiple chordae. This
provided various textures in 10.16% of the 27 mitral valves dissected. It might
be suggested that these types of chorda would provide higher resistance and
help in mitral valve coupling during ventricular diastole.

According to Lam [8], membranous and muscular CTs probably develop as
a response to the need for a stronger valve annex that spreads over cusp
surfaces. This author also considered muscular chordae to be the ones that
did not evolve during their development and persisted as embryonic, meaty
muscle structures along their entire length, presenting a tendinous origin
and insertion, which did not alter valve functioning. Thus, membranous
and muscular CTs may cause higher tension and greater stabilization for
mitral leaflets because of the coarse aspect of their structure, compared with
tendinous CTs.

Previous knowledge of the morphology of CTs using echocardiography
has contributed towards reduction of the risks of heart structure injuries
in interventional therapies to repair subvalvular structures [20,21]. On
the other hand, use of synthetic material to replace damaged natural
CTs in valve reconstruction procedures currently combines preoperative
echocardiographic evaluation of measurements of these natural chordae
and their insertions in the left ventricle, with the objective of preserving
the natural anatomy. In most cases, this is seen during the postoperative
period to have been successful [22,23]. CT integrity is essential for optimum
functioning of the left ventricle. In order to correct for total CT ruptures,
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TABLE 2

Number of CTs originating from the apexes of the papillary muscles and number of heads, distributed according to muscle groups
(T test: Number of Chordae (p=0.787) and Number of heads (p=0.802))

Variables APMG PPMG
n (%) Minimum  Maximum  Mean SD n (%) Minimum  Maximum  Mean SD
Number of chordae 355 (49.51%) 8 22 13.15 292 362 (50.49%) 7 25 1341  4.02
Number of heads 251 (50.50%) 5 15 9.30 2.85 246 (49.50%) 5 15 9.11 2.54
Chorda/head ratio 1.41 1.47
APMG: Anterior Papillary Muscle Group; PPMG: Posterior Papillary Muscle Group; N: Number; SD: Standard Deviation
TABLE 3 . . partial transference of chordae from the tricuspid to the mitral valve is
Number of CTs per head in the papillary muscle groups recommended [24]. In turn, to correct for rupture of specific chordae of the
- o anterior cusp of the mitral valve, chordae of posterior cusp are replaced by
Variables APMG PPMG TOTAL (%) chordae from the anterior cusp [25]. Surgical interventions that prioritize
Head without CTs 2 (0.40%) 0 (0%) 2 mitral valve replacement and preservation of CT continuity, in patients with
Head with 1 CT 179 (36.02%) 165 (33.20%) 344 cbronic mitrgl ingufﬁciency, have a smoother postoperative period, with low
risk of complications [26].
Head with 2 CTs 47 (9.45%) 57 (11.48%) 104
Headwith3CTe  142.82%)  17(3.42%) 31 CONCLUSION
Head with 4 CTs 6 (1.21%) 5 (19%) 11 The mitral valve CTs were mainly of “true” type, presenting similar
: 5 N distributions between papillary muscle groups, while false chordae were
Head with 5 CTs 2(0.40%) 0 (0%) z found in higher numbers in the PPMG. The CTs commonly originated
Head with 6 CTs 1 (0.20%) 2 (0.40%) 3 from the apexes of the papillary muscle groups and presented variations

CT: Chordae Tendineae; APMG: Anterior Papillary Muscle Group; PPMG:
Posterior Papillary Muscle Group

TABLE 4
Macroscopic textures of left ventricle CTs, distributed among
papillary muscle groups

Texture of CTs APMG PPMG TOTAL
Tendinous 302 (31.52%) 361 (43.65%) 663
Tendinous + membranous 51 (6.16%) 33 (4%) 84
Membranous 34 (4.11%) 20 (2.42%) 54
Muscular 7 (0.84%) 19 (2.30%) 26

TC: True Chordae; FC: False Chordae; APMG: Anterior Papillary Muscle Group;
PPMG: Posterior Papillary Muscle Group

Figure 2) Photograph of the anterior view (A, B and C) and posterior view (D)
of the mitral valves showing chordae tendineae textures (A) Tendinous chordae
(yellow arrow) (B) Membranous chordae (yellow arrow) (C) Tendinous and
membranous chordae (yellow arrow) (D) Muscular chordae (yellow arrow)
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in the numbers of muscle heads and the numbers of chordae per head.
The main macroscopic texture of the CTs was tendinous, followed by the
simultaneously tendinous and membranous texture. It is important to
understand the morphology of mitral valve chordae tendineae in order to
underpin better knowledge of heart anomalies and be better prepared for
undertaking minimally injurious surgical techniques.
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