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Abstract
Cardiomyoplasty is a surgical technique to improve cardiac pump function in patients with
severe heart failure, using the Latissimus Dorsi (LD) muscle. However, intrinsic skeletal
muscle alterations have been reported in patients suffering from chronic heart failure.
Therefore, the aim of the present study was to compare histological characteristics of the LD
muscle in patients with chronic heart failure (HF), with mild heart failure patients and non
heart failure individuals. The first group (chronic-HF) were patients submitted for a
Cardiomyoplasty procedure (n = 6, NYHA class IV, age 57 ± 5). The second group (mild-HF)
were patients with mild heart failure (n = 7, NYHA class II, age 73 ± 8) and the third group
(non-HF) were patients without signs of heart disease and therefore considered as a reference
group (n =10, age 74 ± 9). The LD muscle was examined for fibre type distribution, fat content,
connective tissue content, and the capillary to fibre ratio.
The latissimus dorsi muscle revealed a significant decrease of type I muscle fibres in chronic
HF as compared to non-HF (32% ± 11 vs 52% ± 14). Percentage type I fibres in mild-HF was
46% ±13, demonstrating the tendency of reduced percentage type I fibres due to mild heart
failure. In the latissimus dorsi no differences in fat content, connective tissue content or
capillary to fibre ratio was observed between the three groups.
In conclusion, these findings indicate that the fibre type distribution of the LD muscle in
patients with chronic heart failure, is significantly altered. This reduced amount of type I fibres
in the latissimus dorsi muscle is the opposit of what is required for optimal cardiac assist in
aorto- and Cardiomyoplasty. Therefore, it should be subject of future research whether this may
retard transformation in a fatigue resistant muscle.
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Exercise intolerance and early fatigue are the primary
symptoms in patients with mild or severe congestive heart
failure. In order to explain the low level of exercise tolerance
in these patients, several investigators demonstrated that pa-
tients with chronic heart failure exhibit intrinsic skeletal
muscle changes, including a fibre type redistribution and a
decrease in the number of capillaries per fibre [3, 8, 13, 20,
22]. These changes can explain the early onset of the anaero-
bic threshold in patients with chronic heart failure.

Alterations in skeletal muscle morphology due to heart
fa i lure are an important item for aorto- and
Cardiomyoplasty, where the latissimus dorsi (LD) muscle
is used for cardiac assist after conditioning [9, 11, 14, 16].
Pre-operative vitality of the LD muscle may be an impor-
tant determinant of the efficacy of the procedure.

Therefore, the present study was designed to assess the
effect of chronic heart failure on the LD muscle. This was
done by comparing two groups of patients with increasing
heart failure with normal subjects. Histological analyses
were used to assess the vitality of the latissimus dorsi
muscle, by comparing two groups of patients with increas-
ing heart failure with normal subjects. Histological analy-
ses were used to assess the vitality of the latissimus dorsi
muscle.

Materials and Methods

Study subjects

The study population consisted of 3 groups of patients.
Tissue specimen were obtained from the middle of the
lateral aspect of the left LD muscle in all patients. The first
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group consisted of 6 patients suffering from chronic heart
failure (Chronic-HF, NYHA class IV), who were submit-
ted for a cardiomyoplasty procedure, and the biopsy was
taken peroperatively. Patients in the other two groups
underwent autopsy at the Department of Pathology. Biopsy
specimens of the LD muscle were obtained within 24 hours
after death occurred. Based on both clinical information
and echocardiography data these patients were divided into
two groups: mild-HF or non-HF. Those with signs of a
modestly reduced ejection fraction (EF), shown by echo-
cardiography or other relevant clinical information, were
enrolled in the mild heart failure group (mild-HF). Patients
without evidence of pump function disturbance were con-
sidered as the reference group (non-HF). Patients suffering
from long-standing pulmonary diseases or malignity, were
excluded from the study.

Histological analyses

The skeletal muscle tissue specimen were processed in
10% phosphate buffered formalin and paraffin embedded.
Quantitative microscopy was performed on tissue slices (3
|im) using specific staining methods and antibody reac-
tions. The following variables were studied: fibre type
distribution (both type I and type II fibres), percentage of
fat cells, percentage of connective tissue, and the capillary
to fibre ratio.

Antibodies and staining techniques

R11D10, an antibody raised against Myosin Heavy
Chain type I fibres was used to asses the amount of type I
fibres [5]. Control measurements of fibre type distribution
were performed by MY-32, which is an antibody raised
against MHC type II. Collagen-IV, an antibody raised
against type IV collagen, allows selective staining of the
basement membrane and was therefore used to count the
number of capillaries per fibre [24]. Elastica von Gieson

staining (EvG) was used to define the percentage of fat
cells in the skeletal muscle. Sirius-Red staining (SR) was
used to quantify the amount of connective tissue [25].

Measurements

At least 100 different fibres and their surrounding capil-
laries were counted for the capillary to fibre ratio (C/F),
and at least 200 fibres were counted for the determination
of fibre type distribution. Data of fat and connective tissue
percentage were measured on a computerized morphome-
ter Quanti-met 570 (Leica). Measurements of interfascicu-
lar fat and interfascicular connective tissue were made on

2
each slice at 6 different areas (1 area = 1.03 mm ) and the
mean of these six values was presented.

Statistics
Skeletal muscle characteristics of the chronic-HF group,

the mild-HF group and the non-HF group were compared
using the Kruskal-Wallis Test. A value of p 0.05 was
considered as a significant difference. Values are presented
as the mean ± standard deviation (SD).

Results

Study Subjects

A relatively small biopsy specimen of about 1 gram was
obtained peroperatively in six patients with chronic-HF
who were submitted for a cardiomyoplasty procedure.
Mean age was 57 ± 5 yrs, EF 17 ± 2%, and they were all
in NYHA functional class IV. Five of the six were male
patients (Table 1).

Biopsies of 27 autopsy patients were collected at the
Department of Pathology. Mild-HF was detected in 7
patients (NYHA class II), mean age was 73 ± 8 years,
ejection fraction was 41 ± 15% and 2 of the 7 were male
patients (Table 2). In two patients of this group no recent
ejection fraction data were available, but based on the

Table 1. Histological analyses of biopsy specimens of the Latissimus Dorsi muscle in patients with chronic heart failure.
(Chronic-HF).

patient

nr.

sex

M/F

age EF type
Ifb.

type
lift.

C/F fat con.
tissue

M
F
M
M
M
M

53
51
57
66
60
57

16
16
18
18
16
20

29
37
28
30
51
17

71
63
72
70
49
83

0.7
0.8
0.6
0.8
0.7
0.7

25
15
9
3

16
7

5
6
5
11
2
2

mean
SD

57**
5

17**
2

32*
11

68
11

0.7
0.1

13

EF: ejection fraction, fb.: fibres, C/F: capillary to fibre ratio, con.tissue: connective tissue. *: p < 0.05, ** < p 0.01.
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clinical information the EF of these patients was judged to
be below 50%. Causes of death in the mild-HF group were
aorta dissection (n = 3), recent MI (n = 2), pulmonary
embolism and meningitis.

In 10 patients no evidence for heart failure was present
and therefore they were enrolled in the non-HF group. Mean
age in this group was 74 + 9 yrs, EF was judged to be normal
according to clinical information, and 5 of them were male
patients (Table 3). Ten patients were excluded from the
study because of malignancy, pulmonary diseases or be-
cause of in sufficient clinical information on health status.

The mean age of the chronic-HF group was significantly
lower than in the other two groups. Although the mild-HF
group was selected on a reduced EF value, a significant
lower EF was observed in the chronic-HF group (17 ± 2%
vs41 ±15%).

Histological analyses

The percentage of type I fibres, assessed by R11D10
antibody reaction, was significantly lower in chronic-HF,
if compared to non-HF (32% ± 11 vs 52% ± 14), and tended
to be lower if compared to the mild-HF group (32 ±11%
vs 46 ± 13%) (see tables 1, 2 and 3). This finding was
confirmed by the results of fibre type II analyses by MY-32
monoclonal antibody reaction. Representative pictures of
the fibre type distribution in latissimus dorsi muscles are
shown in figure la for chronic-HF, and in figure Ib for
non-HF.

The capillary to fibre ratio was not significantly different
between the three groups. Whereas this ratio was rather
similar in the chronic-HF group (0.7 ±0.1) the variation
was pronounced both in the mild-HF group (1.0 ± 0.3) and
in the non-HF group (0.9 ± 0.2) with a range from 0.5 to
1.5.

Figure 2 shows fibres and capillaries by Collagen-IV

antibody reaction in the latissimus dorsi.
There were no differences observed in the percentage of

interfascicular fat and connective tissue between the 3
groups. The range in the amount of fat tissue was remark-
able in all three groups. A tissue slice showing muscular
fat is presented in Figure 3 and a tissue slice stained for
connective tissue is shown in Figure 4.

Discussion

At present more than 700 cardiomyoplasty procedures
have been performed worldwide, and more applications of
skeletal muscle to assist the failing heart are on their way.
While numerous clinical and preclinical studies focus on
cardiomyoplasty perse, the vitality of the LD muscle in this
specific group of patients may be of critical importance.
Exercise tolerance and fatigue in patients with chronic
heart failure were studied by Sullivan [17, 18, 19, 20, 21]
and others [3,12,13,23, 26,27]. It was concluded that not
reduced muscle blood flow, but rather an altered skeletal
muscle metabolism due to biochemical and morphological
changes, was responsible for the earlier onset of the anaero-
bic threshold in these patients. It is obvious that these
intrinsic skeletal muscle changes will affect any applica-
tion of skeletal muscle for cardiac assist.

Histological analyses by Sullivan [20] and Drexler [3]
showed, a significant decrease of type I fibres in chronic
heart failure patients (Sullivan normals 52% vs CHF 36%,
Drexler normals 55% vs CHF 41%). In contrast, Mancini
[12] did not found a difference in muscle fibre type I
distribution due to heart failure. The present study reports
a significant decrease of slow twitch fibres due to chronic-
HF (non-HF 52% vs chronic-HF 32%).

In healthy subjects fibre type distribution shows great
variation among different muscle groups, depending on
functional demand. Most likely, muscles of the back will

Table 2. Histological analyses of biopsy specimens of the Latissimus Dorsi muscle in patients with mild heart failure. (mild-HF).

patient

nr. M/F

age

year

EF type
Ifb.

type
II fb.

C/F fat

%

con.
tissue

M
F
F
M
F
F
F

73
72
86
68
67
66
82

57
38
55
28
25
nd
nd

38
31
41
47
71
53
39

63
69
59
53
29
47
61

0.6
1.2
0.6
1.5
1.0
0.9
1.2

23
26
18
13
18
6

30

mean
SD

73" 41**

15
46*
13

54
13

1.0
0.3

19

EF: ejection fraction, fb.: fibres, C/F: capillary to fibre ratio, con.tissue: connective tissue, nd: not determined *: p < 0.05,
**<0.01.
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Table 3. Histological analyses of biopsy specimens of the Latissimus Dorsi muscle in patients without heart failure (non-HF).

patient

nr.

1
2
3
4
5
6
7
8
9
10

mean
SD

sex

M/F

M
F
M
M
F
M
F
M
F
F

age

year

60
76
63
80
86
67
81
68
86
71

74**

9

type
Ifb.
%

31
52
51
62
69
43
76
41

58
38

52*
14

type
II fb.

%

69
48
49
38
31
57
23
59
42
62

48
14

C/F

1.1
0.9
0.9
0.9
0.6
1.3
1.0
0.9
0.5
0.8

0.9
0.2

fat

%

11
8
3

14
29
10
25

2
23
19

14
9

con.
tissue

%

5
3
4
3
2
2
5
2

10
5

4
2

Note: different from the patients in the other groups, the ejection fraction in the non-HF group is not kwown, but assumed
to be normal based on clinical information.

fb.: fibres. C/F: capillary to fibre ratio, con.tissue: connective tissue.
*p<0.05,**p<0.01.

Figure I. Composition of muscle fibres in the Latissimus Dorsi muscle of patients with chronic heart failure (left, 29% type
I fibres) and in controls (right, 50% Type I fibres). Antibody reaction for type I fibres with R11D10. Type I fibres
appear dark; type II fibres appear white.
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Figure 2. Antibody reaction with Collagen-IV to stain the basement membrane showing both capillaries (C) and muscle
fibres (F) of the Latissimus Dorsi muscle.

be influenced less from inactivity than the muscles of the
legs. On the other hand, if chronic heart failure is accom-
panied by a systematic decrease of muscle vitality one
would expect to observe the same deterioration in all
muscles. Sullivan and Drexler obtained biopsy specimen
of the vastus lateralis muscle, Mancini analyzed muscle
specimen of the gastrocnemius, while our data represent
values of the LD muscle. In skeletal muscle studies usually
muscles of the lower limbs are selected. However, we took
biopsies of the LD muscle because of its application in
cardiomyoplasty.

Also Johnson [6] and Scelsi [15] analyzed the LD mus-
cle. Johnson found a mean percentage of 50.5% type I
fibres in healthy young men (aged 18-30 years). Scelsi
examined the LD muscle of sedentary male subjects (aged
40 - 65 years) and reported a percentage of 50% type I
fibres.

These data correspond to our findings of 52% type I
fibres in non-HF patients, despite the fact that our control
subjects had a significant older age, which indicates that
fibre type distribution of the LD muscle does not changes
perse due to aging. This is in line with the finding of
Coggan and colleagues [2] who showed that the percentage
of type I, Ha and lib fibres in lower extremity muscles did
not differ with age.

The number of capillaries in skeletal muscle tissue is
generally related to the intensity of exercise and hence of
muscle metabolism, and can be expressed in relation to
muscle surface, muscle fibres, or to fibre type. However, a

large variation is observed in data presenting the capillary
density using the capillary to fibre ratio. Table 4 shows the
C/F ratio observed in different studies, using different
skeletal muscles [ 1, 12, 15, 20]. The variation in C/F, both
in normal subjects and in patients can be explained on the
one hand by the fibre type distribution of a muscle group,
and on the other hand by the definition used for determin-
ing capillary to fibre ratio. Fluctuation in this ratio can
occur, because capillaries can belong to more than one
fibre, which means that counting only a few fibres per area
increases the C/F ratio. In the present study we observed
no decrease of the capillary to fibre ratio in chronic-HF.

The amount of connective tissue measured in the three
groups was rather similar with a low variation and mean
percentages of 4% to 5%. Collagen fibres are a prerequisite
for myosin and actin filaments to return to their original
orientation after contraction. However, an excessive
growth of collagen fibres in between muscle fibres, in-
creases the stiffness of the muscle and therefore reduces
relaxation. MacDougall [10] studied three groups of
healthy men who were subjected to different degrees of
training. He concluded that in all groups the amount of
non-contractile tissue was extremely consistent and was
about 13% of the tissue sample after training. Of this 13%
about 6% was identified as collagen (connective tissue),
which is in line with the findings of the present study.

The appearance of fat cells in skeletal muscle tissue is not
often described. Jones [7] reported fat percentages in both
the quadriceps and the calf muscle to be less than 5% of
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Figure 3. Histological appearance of the Latissimus Dorsi
in a chronic-HF patient-showing the infiltration of
fat cells. Elastine von Gieson stain.

muscle tissue. However, in these same muscles relatively
high percentages of connective tissue were observed
(11.5%). We found in our chronic-HF group a mean fat
percentage of 13%.

In the present study this percentage did not differ from
mild-HF and control subjects. Scelsi [15] measured in the
LD muscle a mean percentage of 19% fat (range 12-25%)
in sedentary autopsy patients. This percentage corresponds
well to our data. Grindrod [4] has pointed Out that more
than 20% fat in skeletal muscle tissue will decrease the
muscle contractile force with more than 35%, and even
smaller amounts of fat infiltration in skeletal muscle are
accompanied by loss of contractile force. This item is
important for aorto- and cardiomyoplasty, as optimal
power generation is required for cardiac assist.

Conclusion

The morphology of the LD muscle of patients with
chronic heart failure is significantly altered. The reduction
of type I fibres is a disadvantage for aorto- and
cardiomyoplasty were LD muscle conditioning should
change the muscle into a predominantly (> 90%) type I
fibre muscle.

Address correspondence to:

F.H.van der Veen, PhD, Dept. of Cardiology, Academic
Hospital Maastricht, PO Box 5800, 6202 AZ Maastricht,
The Netherlands, tel. 31 43 3877097, fax 31 43 3875104.

Figure 4. Connective tissue in the Latissimus Dorsi muscle
of a chronic-HF patient. Sirius Red-stain.

Table 4. Survey of capillary to fibre ratio (C/F) in skeletal
muscle of patients with chronic heart failure (CHF)
and healthy individuals (non-HF). Data are presented
as mean ± SD.

Reference patients
group

examined
muscle

C/F

Sullivan CHF Vastus Lateralis 4.0 ± 0.7ff

(1990) non-CHF 4.8 ±0.4*

Mancini CHF Gastrocnemius 1.85 ±0.35
(1989) non-CHF 1.67 ±0.25

Carry young Vastus Lateralis 1.47 ±0.09
(1986) adults

Scelsi sedentary
(1990) patients Latissimus Dorsi 1.20 ±0.08

(autopsy)

C/F: capillary to fibre ratio. #: capillary to type I fibre
ratio

-28-



Skeletal muscle adaptation in patients with severe heart failure: implications for aorto- and cardiomyoplasty

Acknowledgement

The authors want to thank Telectronics (Denver) for
financial support, Lenny Frissen and Marion Lahaije for
assistance in preparing the manuscript, and Mr. P. Op de
Beek, for skilful asisstance.

References

[I] Carry MR, Ringel SP, Starcevich JM: Distribution
of capillaries in normal and diseased human skeletal
muscle. Muscle and Nerve 1986; 9: 445-454.

[2] Coggan AR, Spina RJ, King DS: Histochemical and
enzymatic comparison of the gastrocnemius muscle
of young and elderly men and women. J Gerontol
1992;47(3):B71-6.

[3] Drexler H, Riede U, Munzel T, Konig H, Funke E,
Just H: Alterations of Skeletal Muscle in Chronic
Heart Failure. Circulation 1992; 85: 1751-1759.

[4] Grindrod S, Tofts P, Edwards R: Investigation of
human skeletal muscle structure and composition
by X-ray computerised tomography. European
Journal of Clinical Investigation 1983; 13: 465-
468.

[5] Havenith MG, Visser R, Schrijvers-van Schendel
JMC, Bosman FT: Muscle fibre typing in routinely
processed muscle with monoclonal antibodies. His-
tochemistry 1990; 93: 497-499.

[6] Johnson MA, Polgar J, Weightman D, Appleton D:
Data of the Distribution of Fibre Types in Thirty-six
Human Muscle: An autopsy Study. J Neurol Sci
1973; 18: 111-129.

[7] Jones DA, Round JM, Edwards RHT, Grindwood
SR, Tofts PS: Size and composition of the calf and
quadriceps muscles in Duchenne muscular dystro-
phy. J Neurol Sci 1983; 60 (2): 307-22.

[8] Lindsay DC, Lovegrove CA, Dunn MJ, Bemiet JG,
Pepper JR, Yacoub MH, Poole-Wilson DA. Histo-
logical abnormalities of muscle from limb, thorax
and diaphragm in chronic heart failure. Eur Heart
J1996; 17: 1239-1250.

[9] Lucas CMHB, Havenith MG, van der Veen FH,
Habets J, van der Nagel T, Schrijvers-van Schendel
JM, Penn OCKM, Wellens HJJ: Changes in canine
latissimus dorsi muscle during 24 weeks of continu-
ous electrical stimulation. J Appl Physiol 1992; 72
(3): 828-835.

[10] MacDougall JD, Sale DG, Alway SE, Sutton JR:
Muscle fiber number in biceps brachii in body-
builders and control subjects. J Appl Physiol Respi-
rat Environ Exercise Physiol 1984; 57 (5):
1399-1403.

[ I I ] Magovern JA, Magovern GJ, Maher TD, Benckart
DH, Park SB, Christlieb IY, Magovern GJ: Opera-
tion for Congestive Heart Failure: Transplantation,
Coronary Artery Bypass, and Cardiomyoplasty.
Ann Thorac Surg 1993; 56: 418-25.

[12] Mancini DM, Coyle E, Coggan A, Beltz J, Ferraro
N, Montain S, Wilson JR: Contribution of Intrinsic
Skeletal Muscle Changes to 3IP NMR Skeletal
Muscle Metabolic Abnormalities in Patients With
Chronic Heart Failure. Circulation, 1989; 80:1338-
1346.

[13] Mancini DM, Walter G, Reickek N, Lenkinski R,
McCully KK, Mullen JL, Wilson JR: Contribution
of Skeletal Muscle Atrophy to Exercise Intolerance
and Altered Muscle Metabolism in Heart Failure.
Circulation 1992; 85: 1364-1373.

[14] Rademecker MA, Triffaux M, Limet R: Anatomi-
cal rationale for use of the latissimus dorsi flap
during the cardiomyoplasty operation. Surg Radiol
Anatl992\ 14:5-10.

[15] Scelsi R, Poggi, P, Azan G: Morphometric Analysis
of Human Latissimus Dorsi Muscle in Middle-aged
Subjects: an Autopsy Study, in Marechal G and
Carraro U (eds): Muscle and Motility (Vol 2). An-
dover, Hampshire, Intercept, 1990, pp 169-173.

[16] Sola OM, Haines LC, Kakulas BA, Ivey T, Dillard
DH, Thomas R, Shoji Y,Dahm L: Comparative
Anatomy and Histo-chemistry of Human and Ca-
nine Latissimus Dorsi Muscle. / Heart Transplant
1990; 9: 151-159.

[17] Sullivan MJ, Higginbotham MB, Cobb FR: In-
creased exercise ventilation in patients with chronic
heart failure: intact ventilatory control despite
hemodynamic and pulmonary abnormalities. Cir-
culation 1988; 77: 552-559.

[18] Sullivan MJ, Higginbotham MB, Cobb FR: Exer-
cise Training in Patients With Chronic Heart Fail-
ure Delays Ventilatory Anaerobic Threshold and
Improves Submaximal Exercise Performance. Cir-
culation 1989; 79: 324-329.

[ 19] Sullivan MJ, Knight JD, Higginbotham MB, Cobb
FR: Relation Between Central and Peripheral
Hemodynamics During Exercise in Patients With
Chronic Heart Failure. Circulation 1989; 80: 769-
781.

[20] Sullivan MJ, Green HJ, Cobb FR: Skeletal Muscle
Biochemistry and Histology in Ambulatory Pa-
tients with Long-term Heart Failure. Circulation
1990; 80: 769-781.

[21] Sullivan MJ, Green HJ, Cobb FR: Altered Skeletal
Muscle Metabolic Response to Exercise in Chronic
Heart Failure: Relation to Skeletal Muscle Aerobic
Enzyme Activity. Circulation 1991; 84: 1597-
1607.

[22] Vescovo G, Serafini F, Facchin L, Tenderini P,
Dalla Libera L, Leprotti C, Catani C, Ambrosio GB:
A new electrophoretic micro method for assessing
myosin heavy chain composition of skeletal muscle
in chronic heart failure. Basic Appl Myol 1995; 5:
365-370.

-29-



Skeletal muscle adaptation in patients with severe heart failure: implications for aorto- and cardiomyoplasty

[23] Vescovo G, Serafini F, Facchin L, Tenderini P,
Carraro U, Dalla Libera L, Catani C, Ambrosio GB:
Specific changes in skeletal muscle myosin heavy
chain composition in cardiac failure: differences
compared with disuse atrophy as assessed on mi-
crobiopsis by high resolution electrophoresis.
Heart 1996;76: 337-343.

[24] Visser R, van de Beek JMH, Havenith MG, Cleut-
jens JPM, Bosman FT: Immuno-cytochemical de-
tection of basement membrane antigens in the
histopathological evaluation of laryngeal dysplasia
and neoplasia. Histopathology 1986; 10: 171-180.

[25] Williams PE, Goldspink G: Connective tissue
changes in immobilised muscle. JAnat 1984; 138,
2: 343-350.

[26] Wilson R, Mancini DM: Skeletal Muscle Metabolic
Dysfunction: Implications for Exercise Intolerance
in Heart Failure. Circulation 1993; 87[suppl VII]:
VII-104-VII-109.

[27] Wilson JR, Mancini DM, Dunkman WB: Exer-
tional Fatigue Due to Skeletal Muscle Dysfunction
in Patients With Severe Heart Failure. Circulation
1993; 87: 470-475.


