Ann Vasc Dis Vol. 10, No. 2; 2017; pp 99-106
©2017 Annals of Vascular Diseases

= Review Article <

Online June 9, 2017
doi: 10.3400/avd.ra.17-00035

Pathophysiology of Venous Thromboembolism
with Respect to the Anatomical Features of
the Deep Veins of Lower Limbs: A Review

Ayako Ro, MD, PhD,'? Norimasa Kageyama,'2 and Toshiji Mukai, MD, PhD'2

Here the pathophysiology of venous thromboembolism
is reviewed with respect to the anatomical features of the
deep veins of lower limbs. A thrombus is less likely to form
in the thigh veins compared with that in the calf veins;
however, clinical symptoms are more likely to appear in the
thigh veins owing to vascular occlusion. When a patient is
bedridden, thrombosis is more likely to occur in the intra-
muscular vein, which mainly depends on muscular pump-
ing and the venous valve, rather than in the three crural
branches, which mainly depends on the pulsation of the
accompanying artery. Thrombi are prone to be generated
in the soleal vein compared with those in the gastrocne-
mius vein because of the vein and muscle structures. A
soleal vein thrombosis grows toward the proximal veins
along the drainage veins. To prevent a sudden pulmonary
thromboembolism-related death in bedridden patients,
preventing soleal vein thrombus formation and observing
the thrombus proximal propagation via the drainage veins
are clinically important. When deep vein thrombosis occurs,
avoiding embolization and sequela caused by the thrombus
organization is necessary.
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Introduction

The vascular system comprises arteries, veins, and lymph
vessels. The structure, function, and diseases vary among
the different types of vascular systems. In this study, we ex-
plain the pathophysiology of deep vein thrombosis (DVT)
of lower limbs with regard to the anatomical features.
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Differences in the Characteristics of the Ve-
nous Perfusion System between the Thigh
and Calf Veins

The deep veins of lower limbs are divided into the thigh
and calf veins. The calf veins comprise three crural veins
(posterior tibial, anterior tibial, and peroneal veins) that
receive blood flow from the foot sole and the intramuscu-
lar veins (soleal and gastrocnemius veins) and their joint
vein (popliteal vein). The thigh veins (iliac and femoral
veins) run from the calf veins toward the center. The calf
and thigh veins have different anatomical features.

In the thigh veins, one thick blood vessel runs along
the artery, with scarce venous valves. Because of the thick
structure of the thigh vein, stagnation of blood flow is
unlikely to occur, with a thrombus less likely to form in a
thigh vein compared with in a calf vein. Once a thrombus
is formed in a thigh vein, the single-vein obstruction in-
duces vascular insufficiency on the distal side of the vein,
resulting in clinical symptoms such as redness and pain.

In contrast, the calf veins run alongside the artery as
paired veins and have several branches and anastomoses
with each other. The calf veins have multiple venous valves
to maintain the blood flow in a given direction, even when
an anastomosis is present. Because of these contralateral
veins and anastomoses of the calf veins, symptoms caused
by vascular insufficiency are unlikely to occur even when
a thrombus is present. If the venous valve is destroyed
following the healing process of the thrombus, blood stag-
nation continues, and post-thrombosis syndromes tend to
develop.

Types of DVT with Regard to the Onset
Pattern

Lower extremity DVT can be divided into three types on
the basis of the onset pattern: iliac, femoral, and calf types
(Fig. 1).

The iliac and femoral types are associated with femoral
vein thrombosis and are mainly formed by iliac com-
pression and vascular injury by a catheter, respectively.
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Fig. 1 Clinical characteristics and classification of deep vein thrombosis (from ref. 6, Fig. 11).

A thrombus formation in the thigh veins tends to grow
toward the peripheral side because of the proximal ob-
struction by the thrombus itself. In addition, iliac and
femoral vein thrombosis causes clinical symptoms because
of proximal vein occlusion. Diagnosis is simple based on
the manifestation of symptoms, and such thrombi rarely
embolize to the lungs.

In contrast, the main factor involved in the formation
of calf-type thrombosis is venous stasis because of lack of
limb movement. A calf-type thrombus asymptomatically
develops along the venous return to the proximal side and
can become a large embolic source. Even when the throm-
bus forms in the calf vein, the clinical symptoms caused
by thrombus occlusion are less likely to occur because
of the presence of venous anastomoses. If the thrombus
propagates to the thigh vein, it usually manifests as a
free-floating thrombus without specific clinical symptoms.
Therefore, calf-type thrombosis is the most important type
for preventing massive pulmonary thromboembolism.

The Perfusion System of the Calf Vein with
Respect to Thrombus Formation

Perfusion of the calf vein occurs by muscle pumping and
pulsation of the accompanying artery. Functioning venous
valves are required for perfusion by pulsation of the ac-
companying artery. The calf vein is divided into two types:
veins that receive blood flow from the foot sole and the
intramuscular veins.

The former type of calf vein are accompany veins of
three crural branches of the popliteal artery, i.e., the pos-
terior tibial, peroneal, and anterior tibial veins (Fig. 2).
These three crural branches run in pairs along the artery,
which runs vertically from the foot sole. Their venous

P soleus

muscle

peroneal
vein

Fig. 2 A representative autopsy case of calf deep vein thrombo-
sis. The popliteal vein and three crural branches are pres-
ent. The vein is full of thrombus, and the valves are easily
observed. The soleal and gastrocnemius veins run inside
their respective muscles.

return is mainly owing to the pulsation of the accompany-
ing artery. The pulse movement of the thick artery causes
physical pressure directly to the adjacent paired vein and
produces an ejection in the same manner as muscle pump-
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ing. Hence, the presence or absence of lower limb muscle
contraction is not substantially involved in the venous
return.

In contrast, the intramuscular vein has many anasto-
moses that do not necessarily run with the artery. There-
fore, the perfusion of the intramuscular vein depends on
muscle pumping and adequate venous valve function. If
calf muscles do not contract because of prolonged bed
rest or similar conditions, the intramuscular vein, which
mainly depends on muscle pumping, becomes perfusion
insufficiency and a thrombus is likely to form owing to
venous stasis.

Close attention must be paid to the intramuscular veins
for preventing venous thrombosis of patients without ad-
equate leg movements.

Anatomical Features of Intramuscular Veins
(Gastrocnemius and Soleal Veins)

The calf muscle comprises multiple muscles, and the gas-
trocnemius and soleus muscles are the ones most linked
to DVT. We herein explain the characteristics of these two
muscles and their accompanying veins.

The gastrocnemius muscle is located on the upper side
of the dorsal surface of the calf, whereas the soleus muscle
is located in the deep part of the gastrocnemius muscle.
Two intramuscular veins, namely the gastrocnemius and
soleal veins, run through their respective muscles (Figs. 2
and 3). These two muscles and veins have anatomical dif-
ferences, which are related to thrombus formation (Fig. 4).

Pathophysiology of VTE

Muscle type and function

The gastrocnemius muscle connects the femur and cal-
caneus and is involved in knee joint and foot sole move-
ments. It is a unipennate muscle that lacks an aponeurosis.
The soleus muscle connects the tibia and fibula to the
calcaneus, is involved in foot sole movement, and is a
multipennate muscle with many aponeuroses. While the
gastrocnemius muscle contracts by active knee joint move-
ment, the soleus muscle is involved in the antigravity ac-
tions of standing. Because of these anatomical differences,
knee bending and stretching exercises cannot effectively
act for contracting the soleal muscle to enhance muscle
pumping in a bedridden patient.

Differences in hemodynamics during muscle con-
traction

The blood flow of the gastrocnemius vein is pushed and
ejected to the center by a pumping action secondary to
muscle contraction. In the soleal vein, blood is ejected
toward the center by muscle contraction, which is similar
to squeezing a lemon (Fig. 5). Therefore, persistent soleus
muscle contraction is necessary for the perfusion of the
soleal vein.

Venous structure and running of the vein

The proximal part of the gastrocnemius vein runs in the
center of the gastrocnemius muscle along its accompany-
ing artery. In contrast, those of the soleal vein runs as a
pair along the aponeurosis or merges to become one vein.
Unlike other lower deep veins, the soleal vein on the distal

¢ soleal
soleal vein(s)
vein(s) : /
,L.
: < ! ’>
.4
po§terlox.' \peroneal
tibial vein \ vein

\

Fig. 3 A representative autopsy case of soleal vein thrombosis. (a) After narrow removal of
the surrounding soleal muscle. The dilated soleal vein with thrombi is present. (b) After
broad removal of the surrounding muscle of (a). The complicated running course of the
soleal vein can be observed. (c¢) Schema of the running of the soleal vein (indicated by

brown).
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Muscle type and function

Gastrocnemial muscle

Soleus muscle

Type of muscle fiber Fast twitch
Function
Origin and instertion

Motion site (joint) Knee and ankle

Lower limb movement

Femur and calcaneus

Slow twitch
Antigravity action
Sole and tibia/fibula
Ankle

Venous structure and running of vein

Gastrocnemius vein

Soleal vein

Form of venous valve Bifurcated firm
Location of valve
Running of vein Runs with a pair

Hemodynamics during
muscle contraction

Main trunk and vein junction

Ejected to the central side by
the muscle pumping

Few and incomplete
Gathering site of a thin vein
Repeat anastomosis

Ejected to the central side
while diffusing

Fig. 4 Anatomical features of the gastrocnemius muscle, soleus muscle, gastrocnemius vein,

and soleal vein.

Gastrocnemial muscle

* The blood flow is extruding to the
central side by the pump action.

Soleus muscle

The blood flow is ejected to the central
side while diffusing, like squeezing
lemon.

Fig. 5 Difference in hemodynamics during muscle contractions between the gastrocnemius

and soleal veins.

side does not run as a pair and has many branches (Fig. 6).

The peripheral side of the soleal vein plays an important
role as a venous sinus that can temporarily store blood
by extending itself. Thus, the soleal vein has few valves
and many junctions; however, these characteristics pre-
dispose this vein to venous stagnation. Once thrombosis
has occurred on the peripheral side of the soleal vein, the
thrombus tends to propagate to other branches via vari-
ous anastomoses.

Differences in the anatomical structure of venous
valves
The venous valve of the gastrocnemius vein is mainly

present on the trunk side and runs toward the center. The
venous valve of the gastrocnemius vein is bifurcated and
firm, with valves present in both the main trunk and vein
junction. In the trunk of the soleal vein, multiple thin veins
gather, with few and incomplete venous valves. A small
valve is present just before the gathering site of a thin
vein that joins the trunk (Fig. 6). This small valve prevents
backward flow during muscle pumping; however, if severe
venous dilation occurs because of blood flow stagnation,
the valve function is lost.

In summary, soleal muscle pumping is necessary for
blood perfusion and does not sufficiently function in
bedridden patients. The vein and venous valve structures
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Gastrocnemius vein

*  The vein runs in pairs.
¢ The venous valve has a solid bicuspid valve.
*  Venous valves are present in vein trunks and

branches.

Pathophysiology of VTE

Soleal vein

ha)

*  Veins does not run in pairs and complicated
merging is repeated.
Venous valve is incomplete.

*  There are few venous valves in the main trunk
and many exist on the branching side.

Fig. 6 Difference in the anatomical structure between the gastrocnemius and soleal veins.
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Fig. 7 Distribution and chronology of deep vein thrombosis in eight deep venous segments
of 189 limbs, and the suspected mechanism of venous thromboembolism, resulting in
lethal pulmonary thromboembolism (from ref. 1, Fig. 2).

can cause venous perfusion disturbances in patients with
excessive venous stasis. Therefore, the soleal vein tends to
be the initial site for DVT formation in bedridden patients.

In our study of 100 autopsy cases of acute pulmonary
thromboembolism, >90% of cases had a soleal vein
thrombus!) (Fig. 7). Furthermore, on histological exami-
nation of the thrombi, the soleal vein had the highest pro-
portion of organized thrombi formed before the onset of

the fatal thromboembolism! (Fig. 7). The study revealed
that the soleal vein is a site of thrombus development in
patients with pulmonary embolism.

A previous study in space science examined the anti-
gravity action of the soleus muscle and observed a change
in the lower leg muscle, which was induced by bed rest in
a simulation of a zero gravity environment. When subjects
wearing antigravity suites restrained by bed, their soleal
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muscle atrophied, which could be prevented by adding
dorsiflexing the ankle joint.?)

Growth of a Soleal Vein Thrombus

The soleal vein thrombus itself is not a directly lethal
embolus which can occlude the proximal pulmonary ar-
tery. A soleal vein thrombus easily forms, but it is quickly
organized and does not become a substantially large em-
bolus because of the vessel structure. Rather, a secondary
thrombus, which propagates to the proximal side, would
be serious. The reported rate of such thrombus propaga-
tion is 20%.3

The soleal vein has many branches and is classified into
six types on the basis of the confluence site: a proximal
soleal vein, which drains to the popliteal vein level; a
medial soleal vein, which drains to the proximal posterior
tibial vein; a central soleal vein, which drains to the tib-
ioperoneal vein; a lateral soleal vein, which drains to the
proximal peroneal vein; a distal medial soleal vein, which
drains to the distal posterior tibial vein; and a distal lateral
soleal vein, which drains to the distal peroneal vein.*

The most frequent branch of the soleal vein is the cen-
tral soleal vein, and the detection rate of thrombi is highest
in these central veins.* Then the central soleal vein is the
most important vein for thromboembolism.

The deep veins of lower limbs can be classified on the
basis of the drainage route of the central soleal vein. The

3. Propagated proximal
DVT become detached
producing large
thromboemboli

non-drainage
veins of the
soleal vein

2. DVT propagates to the
proximal veins through
the drainage veins of
the soleal vein

1. DVT originates in the
soleal vein

Gastrocnemius vein

Anterior tibial vein

central soleal vein merges with the peroneal vein near the
popliteal trunk, immediately enters the posterior tibial
vein, and travels through the popliteal trunk to drain to
the proximal thigh veins. These are the drainage veins of
the soleal vein and have a high thrombus detection rate.!5
Conversely, the anterior tibial and peroneal veins do not
join the drainage veins of the soleal vein but instead di-
rectly pour into the popliteal trunk. These two veins are
the nondrainage veins of the soleal vein and have a low
thrombus detection rate.

Examination of autopsy cases of acute pulmonary
embolism revealed that the soleus muscle vein most fre-
quently has an aged thrombus. Furthermore, based on the
detection rates of thrombi in the deep veins of lower limbs,
classified by the drainage route of the soleal vein, a throm-
bus that forms in the soleal vein develops on the proximal
side along the drainage veins and embolizes into the
thigh veins!) (Figs. 7 and 8). When a thrombus is formed
in the soleal vein, it slowly progresses through the calf
veins along the drainage route and grows.»¢) However,
once a secondary thrombus has formed in a thigh vein
via the popliteal vein, there is the risk for developing a
free-floating thrombus, which can be widely propagated
in a short time period. A free-floating thrombus can be
easily released from the vessel wall with knee joint flexion,
resulting in a lethal embolus. Thus, although the soleal
vein is an important structure for primarily preventing le-
thal thromboembolism, assessing for femoral or iliac vein

Proximal veins

lliac vein
Femoral vein

Popliteal vein

Calf veins

drainage veins of
the soleal vein

Tibio-peronia trunk
Posterior tibial vein

Peroneal vein

Soleal vein

Fig. 8 Suspected mechanism of venous thromboembolism, resulting in lethal pulmonary

thromboembolism (from ref. 1, Fig. S).
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thrombus as the actual embolization source in patients
with symptomatic massive pulmonary thromboembolism
is useful.

Fate and Recurrence of Acute DVT

When a thrombus is formed in the soleal vein, it may
disappear by thrombolysis, embolization, or organization
(Fig. 9). Thrombus organization from the vein wall is a
biological reaction necessary for recanalization but may
result in a risk for venous stenosis. In addition, the orga-
nization is often accompanied by venous valve destruc-
tion, which seriously affects venous perfusion of the calf.

DVT occurrence

/ (propagation) \
v

[course] thrombolysis embolization organization
[venous structure] stenosis or
intact none or destruction of the
residual thrombi venous valve
[complication] none acute PTE venous stagnation

( post-thrombotic syndrome)
or site of DVT recurrence

Preferable outcome I

Fig. 9 Fate of the deep vein thrombosis.

Outcome to avoid

Embolized? to lung

Pathophysiology of VTE

Organization, as well as embolization, must be avoided
when treating a venous thrombus. The development of
leg symptoms caused by perfusion failure of the lower
deep veins secondary to venous thrombus organization
is defined as a postthrombotic syndrome, and it is known
that blood flow stagnation contributes to thrombus recur-
rence.

When DVT relapses because of an old organized throm-
bus in the calf vein, a new thrombus often forms on the
proximal side.” A repeating cycle of thrombus recurrence
and organization owing to persistent blood flow stagna-
tion, which is caused by the organized thrombus, can
cause the thrombus formation site to shift to the proximal
side. In addition, during lung embolization, which can also
occur in the pulmonary artery, the thrombus is captured
on the proximal side from the subsegmental artery, and
the effect of thromboembolism is more severe.®) To inter-
rupt this cycle, preventing lower limb DVT formation,
which is the initial lesion, and ensuring that no residual
organization is present are important.

A typical autopsy case is shown in Fig. 10. A fresh
thrombus that escaped embolization was observed in the
femoral and popliteal veins. Further examination showed
an organized thrombus at the base of the popliteal vein,
suggesting that these fresh thrombi were secondary
thrombi. Furthermore, an occlusive organized primary
thrombus was confirmed in the soleal vein. Many sudden
deaths secondary to pulmonary thromboembolism occur

’ popliteal vein ‘Fresh thrombi

Secondary thrombi

« Rapid progression
« Easy to detach

—

—

Primary thrombi ]

« Slow progression
« Tend to organize

propagation

Organized thrombi

soleal vein

Fig. 10 Mechanism of thrombus propagation in fatal pulmonary thromboembolism (from ref.

8, Fig. 15).
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after an acute-to-chronic clinical course wherein a throm-
bus first forms in a deep calf vein. The thrombus then
propagates to the proximal thigh veins, forming repeated
small thromboemboli with few clinical symptoms. Finally,
the massive development of thromboemboli becomes le-
thal. This clinical course can be confirmed by medicolegal
autopsy.?) Understanding these thrombus growth pro-
cesses for effectively treating venous thromboembolism is
important.

Conclusion

The pathological condition of lower limb DVT is affected
by the anatomical structure of the involved veins.

A thrombus is less likely to form in the thigh veins com-
pared with that in the calf veins, but clinical symptoms
are more common in the thigh veins because of vascular
occlusion.

During bed rest, thrombosis is more likely to occur
in the intramuscular veins, which require active muscle
pumping and adequate venous valve functioning.

Thrombi are more prone to develop in the soleal veins
compared with the gastrocnemius vein because of the
unique characteristics of the vein and muscle structure.
A soleal vein thrombus grows toward the proximal veins
along the drainage routes.

To prevent sudden pulmonary thromboembolism-
related death in patients with immovable limbs, prevent-
ing soleal vein thrombus formation and observing the
proximal progression of the thrombi through the drainage
veins of the central soleal veins are clinically important.

When DVT occurs, avoiding both embolization and the
sequela caused by organization is necessary.

A thorough understanding of the anatomical structure
and pathophysiology enables more effective prevention
and treatment of venous thromboembolism.

Disclosure Statement

The authors have no conflicts of interest to declare.

Author Contributions

Writing: AR

Funding acquisition: AR, TM

Critical review and revision: all authors

Final approval of the article: all authors
Accountability for all aspects of the work: all authors

References

1) Ro A, Kageyama N. Clinical significance of the soleal vein
and related drainage veins, in calf vein thrombosis in au-
topsy cases with massive pulmonary thromboembolism. Ann
Vasc Dis 20165 9: 15-21.

2) Ohira Y, Kawano F, Ishihara A, et al. Relationship between
gravity and function of nerve/muscle and development/
development. Prospects for utilization of space environment
in 2001, Chapter 6. http://www.jspacesystems.or.jp/library_
utilization/archives/91 (in Japanese)

3) Labropoulos N, Kang SS, Mansour MA, et al. Early throm-
bus remodeling of isolated calf deep vein thrombosis. Eur J
Vasc Endovasc Surg 2002; 23: 344-8.

4) Ohgi S, Iwai T, Ando M, et al. Contents of agreement of in-
formed intramuscular vein review committee. Jpn J Phlebol
20105 21: 77-81. (in Japanese)

5) Kageyama N, Ro A, Tanifuji T, et al. Significance of the soleal
vein and its drainage veins in cases of massive pulmonary
thromboembolism. Ann Vasc Dis 2008; 1: 35-9.

6) Ro A, Kageyama N, Tanifuji T, et al. Pulmonary thromboem-
bolism: overview and update from medicolegal aspects. Leg
Med (Tokyo) 2008; 10: 57-71.

7) Ro A, Kageyama N, Tanifuji T, et al. The mechanism of
thrombi formation, propagation and embolization of calf-
type deep vein thrombosis resulting in massive pulmonary
thromboembolism. Jpn J Phlebol 2006; 17: 197-205. (in
Japanese)

8) Ro A, Kageyama N, Tanifuji T, et al. Autopsy-proven un-
treated previous pulmonary thromboembolism: frequency
and distribution in the pulmonary artery and correlation
with patients’ clinical characteristics. ] Thromb Haemost
20115 9: 922-7.

106

Annals of Vascular Diseases Vol. 10, No. 2 (2017)


http://dx.doi.org/10.3400/avd.oa.15-00088
http://dx.doi.org/10.3400/avd.oa.15-00088
http://dx.doi.org/10.3400/avd.oa.15-00088
http://dx.doi.org/10.3400/avd.oa.15-00088
http://dx.doi.org/10.1053/ejvs.2002.1608
http://dx.doi.org/10.1053/ejvs.2002.1608
http://dx.doi.org/10.1053/ejvs.2002.1608
http://dx.doi.org/10.3400/avd.AVDoa07004
http://dx.doi.org/10.3400/avd.AVDoa07004
http://dx.doi.org/10.3400/avd.AVDoa07004
http://dx.doi.org/10.1016/j.legalmed.2007.09.003
http://dx.doi.org/10.1016/j.legalmed.2007.09.003
http://dx.doi.org/10.1016/j.legalmed.2007.09.003
http://dx.doi.org/10.1111/j.1538-7836.2011.04225.x
http://dx.doi.org/10.1111/j.1538-7836.2011.04225.x
http://dx.doi.org/10.1111/j.1538-7836.2011.04225.x
http://dx.doi.org/10.1111/j.1538-7836.2011.04225.x
http://dx.doi.org/10.1111/j.1538-7836.2011.04225.x

