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(3) Drug Treatment

1) Imitial Treatment

The major components of the treatment of acute PTE are anti-
coagulation therapy and thrombolytic therapy. The treatment
of choice is anticoagulation therapy using unfractionated
heparin.”7¢ This should be performed in all patients unless
anticoagulation is contraindicated. When acute PTE is strong-
ly suspected or a long period of time is required to confirm
the diagnosis, treatment may be initiated before confirming
the diagnosis. Unfractionated heparin should be administered
as a single intravenous dose of 80 units/kg or 5,000 units,
followed by continuous intravenous infusion at 18 units/kg/hr
or 1,300 units/hr. The dose should be adjusted to maintain
an activated partial thromboplastin time (APTT) of 1.5 to
2.5 times the control value (Table 4).77 Infusion of unfrac-
tionated heparin should be continued until control of anti-
coagulation with warfarin is established.

Thrombolytic therapy is performed to promptly improve
pulmonary circulation by dissolving thromboemboli, and is
also used for the treatment of patients with massive acute PTE
with unstable hemodynamics or echocardiography-proven
enlargement of the right heart.”® Monteplase, a recombinant
tissue plasminogen activator, is the only drug officially indi-
cated for the treatment of acute PTE in Japan.” The recom-
mended regimen in adults is intravenous administration of
13,750 to 27,500 units/kg over about 2 minutes. Table § lists
contraindications to thrombolytic therapy.* Although throm-
bolytic therapy has been proven to be clearly superior to anti-
coagulation therapy in ensuring prompt dissolution of thrombi
and improvement of hemodynamics,”** no difference in
prognosis has been observed in randomized studies of throm-
bolytic therapy and anticoagulation therapy.

The current criteria for drug treatment for acute PTE are
as follows:

(1) Anticoagulation therapy is the treatment of choice for
normotensive patients without right heart dysfunction.

(2) Normotensive patients with right heart dysfunction should
be carcfully assessed for expected benefits and risk of
bleeding in considering whether thrombolytic therapy is
a treatment option.

(3) Thrombolytic therapy is the treatment of choice for pa-
tients with persistent shock and hypotension unless it is
contraindicated.

2) Long-Term Treatment

Following treatment with unfractionated heparin, warfarin
therapy is used. Warfarin therapy should be initiated during
the early phase of treatment with unfractionated heparin, and
the dose of warfarin should be adjusted to achieve an optimal
prothrombin time and international normalized ratio (PT-INR).
The initial dose is 3 to 5mg in many cases. Warfarin therapy
should be continued when the risk of recurrent PTE is higher
than the risk of bleeding, and the duration of warfarin therapy
will vary depending on the presence and types of risk factors
(Table 6). The optimal target range of warfarin therapy is 2.0
to 3.0 PT-INR in foreign countries®* but is 1.5 to 2.5 PT-INR
in Japan because of the risk of bleeding.

[Levels of Recommendations]
Class T
1. During the acute phase of acute PTE, unfractionated
heparin should be administered to achieve an APTT of
1.5 to 2.5 times the control value for a period of time
until the effects of warfarin are stabilized.

2. Warfarin should be administered during the chronic
phase of acute PTE. The duration of warfarin therapy
should be 3 months for patients with reversible risk fac-
tors and at least 3 months for patients with congenital
coagulopathy and those with idiopathic VTE. Warfarin
should be administered for a longer period of time to
patients with cancer and those with recurrent PTE.

3. In patients with persistent shock, hypotension, and un-
stable hemodynamics, thrombolytic therapy should be
performed during the acute phase of acute PTE.

Class Ila

1. During the acute phase of acute PTE, thrombolytic
therapy should be performed in normotensive patients
with right heart dysfunction.

Class IIb

1. During the treatment of acute PTE, the dose of warfarin

should be adjusted to achieve a PT-INR of 1.5 to 2.5.

{(4) Catheter Intervention

Catheter intervention is indicated for patients with acute mas-
sive PTE with unstable hemodynamics despite other appro-
priate treatment.*6-#7 Catheter interventions include catheter-
directed thrombolysis (CDT) and catheter fragmentation/
aspiration thrombectomy.

1) Catheter-Directed Thrombolysis

Use of catheters to inject thrombolytics directly to thrombus
in the pulmonary arteries is not currently supported.$® Appro-
priate methods of injection such as the pulse-spray technique
should be used to ensure the efficacy of treatment.

2) Catheter Fragmentation/Aspiration Thrombectomy
Catheter interventions other than catheter-directed throm-
bolytic therapy include aspiration thrombectomy, thrombus
fragmentation, and rheolytic thrombectomy. These techniques
are followed by thrombolytic therapy in most cases. It has
been suggested that the clinical results of these techniques
are comparable to that of surgical thrombectomy.¥ Efficacy
evaluation should be based on improvement of hemody-
namics and oxygenation, and angiographic findings should
not be overemphasized.”® Physicians should be aware that
complications® such as injury of vascular walls, peripheral
embolism, recurrent thrombosis, traumatic hemolysis, and
blood loss may occur.

(a) Aspiration Thrombectomy

The Greenfield embolectomy device has not yet been approved
in Japan. Aspiration thrombectomy using guiding catheters
for percutaneous transluminal coronary angioplasty (PTCA)
has attracted attention because of its simplicity and excellent
clinical results.” On the other hand, catheters designed to
percutaneously remove thrombus from the coronary arteries
are not useful in the treatment of acute PTE because of their
low suction power.

(b) Thrombus Fragmentation

Thrombus fragmentation is performed to directly break a
thrombotic mass in a proximal pulmonary artery and redis-
tribute microemboli into peripheral vessels.”* Although the
thrombi are not recovered, small fragments of a thrombotic
mass will respond better to thrombolytic therapy because the
total surface area exposed with thrombolytics will be in-
creased significantly. Currently used methods of fragmenta-
tion include cutting a thrombotic mass by rotating a pigtail
catheter® and crushing it with a balloon catheter. Hybrid
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treatment techniques combining fragmentation and aspiration
thrombectomy using guiding catheters have been proposed
to prevent distal emboli associated with fragmentation, and
have achieved excellent results.?

(c) Rheolytic Thrombectomy

Rheolytic thrombectomy is a theoretically safe method since
thrombi are removed, but is in many cases ineffective when
used alone to treat acute PTE.

[Levels of Recommendations]

1. CDT: Class IIb
The efficacy of simple injection of a thrombolytic agent
into the affected pulmonary artery does not differ from
that of systemic administration of the drug.

2. Catheter fragmentation/aspiration thrombectomy: Class
b
Aspiration thrombectomy
Thrombus fragmentation
Rheolytic thrombectomy

(5) Surgical Treatment
1) Indications for Surgery

(a) Treatment Strategies for Acute PTE

When a diagnosis of acute PTE is made, anticoagulation
and/or thrombolytic therapy should be promptly initiated.
However, since exacerbation of acute PTE may be observed
and cardiac arrest may occur during the course of throm-
bolytic therapy, patients should be carefully monitored and
considered for surgery throughout medical treatment. Many
reports have indicated that surgical treatment improves the
condition of patients with unstable hemodynamics due to mas-
sive PTE, and recent surgical techniques may achieve favor-
able results in patients with massive PTE.%% Treatment
strategies for patients who develop PTE following surgery
should be determined in accordance with the type of surgery
and the general condition of patients.

(b) Indications for Surgical Thrombectomy

In patients with circulatory failure or shock due to acute mas-
sive PTE causing rapid occlusion of the pulmonary arterial
trunk or both right and left main pulmonary arteries, prompt
recanalization of the occluded pulmonary arteries is essen-
tial ** Surgical pulmonary thrombectomy under cardiopulmo-
nary bypass is indicated for these patients. In patients with-
out shock, conventional surgical pulmonary thrombectomy
is indicated, among other conditions, (1) when tachycardia
persists in the absence of hypotension and medical treatment
is not effective; (2) when thrombus is observed in the pul-
monary arterial trunk or both right and left main pulmonary
arteries, and heart failure and/or respiratory failure is rapidly
progressive; (3) when thrombolytic therapy is contraindicated;
and (4) when free thrombus is present in the right atrium
and/or ventricle.!%?

When post-surgical patients or bedridden patients experi-
ence the abrupt onset of circulatory collapse before the diag-
nosis of acute PTE and medical treatment is not effective,
PCPS must immediately be initiated in the ward.!*® When
such patients are confirmed not to have fatal cerebral com-
plications and are diagnosed with shock due to acute PTE,
pulmonary thrombectomy should be performed.

2) Methods of Surgery

Surgical thrombectomy for the treatment of acute PTE in-
volves incision of the affected pulmonary artery to remove
thrombus under cardiopulmonary support.” When poor car-
diopulmonary kinetics are observed before surgery, femoral
veno-arterial cardiopulmonary support should be initiated
promptly as a supportive measure. When shock develops in
a patient in the ward, PCPS should be initiated before the
patient is transferred to the operating room.

Following median sternotomy, cardiopulmonary support is
initiated. An incision is made into the pulmonary arterial trunk
and, when necessary, the right main pulmonary artery to re-
move thrombus. In patients with acute PTE, soft, rod-shaped,
relatively fresh red thrombi may be removed. Although throm-
bus in peripheral arteries should also be removed whenever
possible, postoperative thrombolytic therapy is effective in
dissolving peripheral thrombus when most central thrombus
is removed during surgery. Surgical thrombectomy may be
performed during a beating heart procedure. However, when
small thrombi are located in many segmental arteries or
thrombi are tightly adherent to the vascular wall, thrombec-
tomy should be performed during an arrested heart procedure.

3) Results of Surgical Pulmonary Thrombectomy

Stein et al reviewed 46 reports on 1,300 cases of surgical pul-
monary thrombectomy performed from 1985 to 2006, and
reported that the mortality of patients undergoing pulmo-
nary thrombectomy was 20%.1%* According to annual reports
by the Japanese Association for Thoracic Surgery, a total of
539 patients with acute PTE underwent surgical pulmonary
thrombectomy during the 7-year period between 2000 and
2006, and the in-hospital mortality was 21.2%. The results in
Japan are similar to or better than those in foreign countries.
The results are fairly good given the severe condition of
patients. During the period between August 1996 and October
2006, the Japanese Society of Pulmonary Embolism Research
conducted a survey in 60 institutions in Japan, and a total of
32 patients who underwent pulmonary thrombectomy for
the treatment of acute PTE were registered.' Mean age was
57%17 years, and 21 patients (66%) were female. The initial
presentation was shock in 23 patients, cardiopulmonary arrest
in 3 patients, and syncope in 11 patients. Underlying con-
ditions included trauma in 3 patients, malignant tumors in
3 patients, cerebrovascular disorder in 3 patients, heart disease
in [ patient, central line placement in 2 patients, and preg-
nancy in 1 patient. Acute PTE developed after surgery in
13 patients and during prolonged bed rest status in 8 patients.
Seventeen patients were inpatients when PTE developed.
Before surgical pulmonary thrombectomy, thrombolytic ther-
apy was performed in 10 patients and catheter interventions
for pulmonary embolus in 4 patients. Ten patients underwent
PCPS before surgery. Six patients (18.8%) died in hospital,
and 3 patients (30%) under PCPS died. IVC filters were used
in 16 patients (50%).

[Levels of Recommendations]

1. Surgical pulmonary thrombectomy under cardiopulmo-
nary bypass in patients with acute massive PTE with
circulatory collapse: Class I

2. Surgical pulmonary thrombectomy for the treatment of
acute massive PTE in patients without shock: Class Ila

(6) Tnferior Vena Cava Filters
Although the indications for and efficacy of IVC filters have
yet to be fully determined and demonstrated, IVC filters have
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been increasingly recognized as effective in preventing PTE
and its complications.'*-166

1) Indications of Permanent IVC Filters'®%.19¢
Class I: Among patients with VTE,
Those who are contraindicated for anticoagulation therapy
Those who exhibit treatment-related complications and
adverse drug reactions to anticoagulation therapy
Those with recurrent VTE during adequate anticoagulation
therapy
Those who arc unable to continue anticoagulation therapy
Class lla: Among patients with VTE,
Those with venous thrombosis in intrapelvic veins or
branches of the IVC
Those with large free thrombi in proximal veins
Those undergoing thrombolytic therapy or thrombectomy
for the treatment of PTE
Those with VTE with poor cardiopulmonary reserve
Those with recurrent PTE following placement of filters
Those with high risk of complications related to anti-
coagulants (such as ataxia and frequent falls)
Those undergoing PEA for the treatment of chronic PTE
Class IIb: Among patients without VTE,
Those with trauma associated with a high risk of VTE
Those undergoing surgery with a high risk of VTE
Those with other conditions associated with a high risk of
VTE
Class II:
Patients with acute PTE with neither right heart failure
nor DVT who are undergoing anticoagulation therapy
Patients with peripheral type of DVT who are undergoing
anticoagulation therapy
Contraindications:
Patients with no access to the vena cava
Patients without space to place a filter
*Use of a non-permanent IVC filter may be considered for
patients with conditions for which an TVC filter will no
longer be required after several weeks.

2) Indications for Non-Permanent IVC!o*-111
Class I: None
Class Ila:

Patients indicated for the placement of a permanent IVC
filter but who need the filter for only several weeks to
prevent acute PTE.

Class IIb:
Long-term placement of removable filters
Class HI:

Patients with acute PTE with neither right heart failure nor
DVT who are undergoing anticoagulation therapy

Patients with peripheral type of DVT who are receiving
anticoagulation therapy

*Since permanent placement of IVC filters increases the
risk of venous thrombosis, removable IVC filters should be
removed whenever possible.

[Levels of Recommendations]
The indications for permanent and non-permanent IVC filters
are listed as above.

2. Ghronic Pulmonary Thromboembolism

1 Diagnosis
Diagnosis of idiopathic chronic PTE with PH (CTEPH) as

a condition requiring treatment should be made according to
the criteria for diagnosis provided by the Specific Disease
Respiratory Failure Study Group of the MHLW (Tabie 7).
CTEPH should be suspected in patients with exertional dys-
pnea. Patients in whom CTEPH is suspected should be iden-
tified based on the typical symptoms and clinical findings
listed in Table 7. Arterial blood gas analysis should be per-
formed not only in patients with abnormal chest X-ray find-
ings but also in those without remarkable X-ray findings.
Patients with hypoxemia associated with hypocapnia should
be assessed with ECG, echocardiography, and pulmonary
function tests to exclude other cardiopulmonary diseases and
to confirm the presence/absence of findings of right heart
overload such as right ventricular enlargement and right ven-
tricular hypertrophy. In making the diagnosis of CTEPH,
physicians should confirm that (1) pulmonary ventilation/per-
fusion scintigraphy has revealed maldistribution of pulmonary
blood flow without abnormal ventilation distribution that
has persisted for 26 months; or the patient exhibits at least
one of the five typical findings of pulmonary artery angiog-
raphy,'** ie, (a) pouch defects (the presence of round pouch-
like shadows of thrombi that have been smoothed by blood
flow, (b) webs and bands (band-like stenosis with pulmonary
recanalization associated with organization of thrombi, (c)
intimal irregularities, (d) abrupt narrowing, and (e) complete
obstruction; and (2) right heart catheterization reveals normal
pulmonary artery wedge pressure and a mean pulmonary arte-
rial pressure of 225 mmHg. Cardiac catheterization is useful
for measurement of pulmonary vascular resistance to deter-
mine prognosis. ‘

Although contrast CT (MSCT) has been reported to be
useful in the diagnosis of CTEPH,'™ pulmonary angiography
is required to assess the condition of subsegmental arteries
and to determine whether surgery is indicated.*

2 Treatment

CTEPH is treated with medical and surgical therapy, and
the results with current methods of PEA are excellent. Only
a few reports have described catheter interventions for the
treatment of CTEPH; use of them is not expected to become
common in the future, if they are used at all.

(1) Medical Treatiment

The pathophysiology of CTEPH includes PH due to occlu-
sion of pulmonary arteries by organized thrombi, intractable
right heart failure, and hypoxemia. Accordingly, surgical
removal of organized thrombi (PEA) is the only radical treat-
ment for CTEPH. However, PEA is limited to the treatment
of central type of CTEPH. Patients with peripheral type of
CTEPH, those with relatively mild CTEPH who do not need
surgery, and those with CTEPH with persistent PH following
surgery are treated with medical treatment.

In medical treatment, patients with CTEPH who are not
indicated for surgery receive anticoagulants for the treatment
of VTE, which is considered the cause of CTEPH, oxygen
therapy for hypoxemia, pulmonary vasodilators for PH, and
cardiotonics and diuretics for right heart failure, whenever
necessary.

1) Anticoagulation Therapy

The prognosis of untreated CTEPH depends on pulmonary
hemodynamics. It has been reported that even patients with
mild CTEPH may exhibit exacerbation of pulmonary hemo-
dynamics over time.! Such exacerbation is believed to be
caused by recurrent acute PTE, and to involve mechanisms
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. fTaiﬂe 1. Gmde!mes for the Dsagnosvs of idnopathtc Chromc Puimonary Thromboembohsm Wlth Pulmonary Hypertensmn

Chronic pu!monary thromboembohsm with pulmonary hypertensnon is defined as the presence of chromc obstruction of pulmonary artenes
due to organized thrombi and pulmonary hypertension causing severe exertional dyspnea.

(1) Major symptoms and other clinical findings
1) Exertional dyspnea (Hugh-Jones Grade I} or more severe) or fatigability has been observed for 23 months.

2) Clinical symptoms typically associated with acute pulmonary thromboembolism (abrupt onset of dyspnea, chest pain, syncope, etc.)
have occurred at least once.

3) Clinical symptoms (swelling in the lower limbs and pain) suspected deep vein thrombosis in the lower limbs have occurred.
4) Pulmonary bruit is auscultated over the lungs.

5) Chest auscultation reveals abnormal sounds suggestive of pulmonary hypertension (including at least one of the following four find-
ings: (1) increase in the pulmonary component of the second heart sound, (2) a fourth heart sound, (3) noise at the pulmonary arterial
orifice during the diastolic phase, and (4) noise at the tricuspid orifice during the systolic phase

(2) Laboratory findings
1) Arterial blood gases
(a) Hypoxemia associated with hypocapnia (PaCOz <35 Torr, PaOz <70 Torr)
(b) Increase in AaDO2 (AaDO2 230 Torr)
2) Chest X-ray findings

(a) Enlargement of pulmonary artery shadow in hilar region (protruding left second arch or enlargement of right descending pulmonary
artery; maximal diameter 218 mm)

(b) Enlargement of cardiac shadow (CTR 250%)

(c) Local differences in pulmonary artery shadows (right vs. left lung, upper vs. lower lung)
3) ECG

(a) Right axis deviation and pulmonary P wave

(b) R>5mm at V1 or R/S >1, or S 27mm at V5 or R/S <1
4) Echocardiography

(a) Right ventricular hypertrophy, enlargement of the right atrium and ventricle, and distorted left ventricular shape

(b) Doppler echocardiography reveals patterns characteristic of pulmonary hypertension or findings of high right ventricular systolic pressure
5) Lung ventilation/perfusion scan

Segmental defects without abnormal ventilation distribution that have persisted or are believed to have persisted for 26 months even
after thrombolytic or anticoagulation therapy. When findings appear to have persisted, scintigraphy should be repeated 6 months later
to confirm the findings.

6) Pulmonary angiography

As changes due to chronic thrombi, at least one of five findings, including (a) pouch defects, (b) webs and bands, (c) intimal irregulari-
ties, (d) abrupt narrowing, and (e) complete obstruction, is observed.

7) Right heart catheterization
(a) Mean pulmonary arterial pressure during the chronic stable phase is 225 mmHg.
(b) Pulmonary arterial wedge pressure is normal (s12mmHg).
(3) Conditions to be excluded
The following conditions, which may cause pulmonary hypertension or abnormal pulmonary blood flow distribution, should be excluded:
1) Left-sided heart disease
2) Congenital heart disease
3) Cor pulmonale due to ventilatory impairment
4) Primary pulmonary hypertension
5) Pulmonary hypertension due to connective tissue disease
6) Aortitis syndrome
7) Congenital malformation of pulmonary vessels
8) Pulmonary hypertension due to hepatic cirrhosis
9) Pulmonary venc-occlusive disease
(4) Criteria for diagnosis
Al of the following criteria should be met:
1) Submission of a new case
(a) The patient should exhibit finding 1) of “Major symptoms and other clinical findings” with or without other clinical findings.

(b) The patient should exhibit at least 2 of the four “Laboratory findings” 1) to 4), as well as abnormal findings on either 5) Lung ventila-
tion/perfusion scan or 6) Pulmonary angiography, and abnormal findings on 7) Right heart catheterization.

(c) All “Conditions to be excluded” should be differentiated.
2) Renewal of a registered case
(a) The patient should exhibit finding 1) of “Major symptoms and other clinical findings” with or without other clinical findings.
(b) The patient should exhibit “Laboratory findings” 1) with or without other laboratory findings.
(c) All “Conditions to be excluded” should be differentiated.

PaCOe, partial pressure of arterial carbon dioxide; PaOz, partial pressure of arterial oxygen; AaDOz, alveolar-arterial oxygen difference; CTR,
cardiothoracic ratio.
Provided by the Specific Disease Respiratory Failure Study Group of the Ministry of Health, Labour and Welfare.
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of formation of thrombus in situ. Accordingly, life-long anti-
coagulation therapy with warfarin is required for patients with
CTEPH. Warfarin is often administered with a target INR of
1.5 to 2.5, which is also recommended for patients with acute
PTE.

2) Thrombolytic Therapy

Patients with CTEPH may exhibit rapid progression of dis-
case. When levels of coagulation/fibrinolytic molecular
markers such as D-dimer are high during disease progression,
thrombolytic therapy may yield improvement. Physicians
should be aware of this possibility.

3) Hypoxemia

Although there is no conclusive evidence for it, oxygen ther-
apy is expected to improve both the QOL and prognosis of
patients with CTEPH. In Japan, home oxygen therapy (HOT)
for patients with PH including CTEPH is covered by the
NHI.

4) Treatment of Right Heart Failure

The presence of clinically significant right heart failure is an
important determinant of the prognosis in CTEPH. Patients
with right heart failure who exhibit pleural effusion, hepa-
tomegaly/abnormal hepatic function, thrombocytopenia, leg
edema, or other typical signs/symptoms are treated with con-
ventional regimens for heart failure including bed rest, restric-
tion of water intake, diuretics, and oral cardiotonics. Patients
in severe condition also require intravenous administration
of catecholamines such as dopamine and dobutamine as well
as milrinone.

5) Vasodilatation

Although use of classic vasodilators such as calcium blockers,
nitrates, and angiotensin converting enzyme (ACE) inhibi-
tors to treat CTEPH has been attempted, the efficacy of these
drugs in patients with CTEPH has not been demonstrated.
However, recent studies have evaluated the effects of bera-
prost* and epoprostenol,’’¥ drugs indicated for pulmonary
arterial hypertension, on CTEPH. Open-label studies and
placebo-controlled studies of bosentan®:1'¢ and sildenafil®
have revealed that these drugs may significantly improve
pulmonary hemodynamics, six-minute walking distance, and
brain natriuretic peptide (BNP) level, and so on. The efficacy
of regimens combining these drugs has also been reported.
However, use of these drugs for the treatment of CTEPH is
currently not covered by NHI in Japan.

[Levels of Recommendations]

1. Anticoagulation therapy: Class lla

2. Oxygen therapy/HOT: Class IIb

3. Vasodilatation for the treatment of PH: Class IIb

4. Cardiotonics and diuretics for right heart failure: Class IIb

(2) Surgical Treatment

1) PEA by Lateral Thoracotomy

PEA is almost fully established as a method of treatment of
CTEPH. Lateral thoracotomy had been used before PEA by
median sternotomy with cardiopulmonary bypass and deep
hypothermic intermittent circulatory arrest was established
as the standard technique. The indications for PEA by lateral
thoracotomy are similar to those for the method by median
sternotomy, though this procedure is currently considered for
only a limited number of patients.!17-123

a) Surgery

Incision along the fourth or fifth rib is made to approach the
pulmonary artery. Dissection is started from the interlobar
fissure to expose the segmental arteries. Taping is performed
to control back flow of blood from peripheral vessels. Dissec-
tion must be performed carefully so as not to injure the pul-
monary parenchyma. After administration of heparin, either
the right or left main pulmonary artery is clamped without
cardiopulmonary bypass to monitor changes over time in pul-
monary arterial pressure for about 5 minutes. After confirm-
ing that pulmonary arterial pressure does not exceed systemic
blood pressure, an incision is made into the affected lobe
artery to initiate thromboendarterectomy. The dissecting plane
is determined as in the median sternotomy technique. The
target organized thrombus and the intima are held and pulled
along the direction to each segmental artery without cutting
off the thrombus and the intima. Following removal of the
thrombus and the intima, the peripheral taping is removed to
confirm back flow of blood. The incision over the lobe artery
is closed by suturing or using an autologous pericardial patch.

b) Results of Surgery by Masuda et al

Since 1986, Masuda et al have performed PEA by lateral tho-
racotomy in 16 patients. In all patients, a right lateral tho-
racotomy incision was used to access the pulmonary arteries.
No patients exhibited serious arrhythmia or right heart failure.
No patients required emergency cardiopulmonary bypass for
the treatment of hypoxemia. Two patients underwent throm-
boendarterectomy by left lateral thoracotomy as a second-
stage procedure in a two-staged operation. Two patients
(12.5%) died of surgical complications, due to postoperative
pneumnonia and postoperative pulmonary edema in one case
cach. The patients who survived surgery exhibited prompt im-
provement in mean pulmonary arterial pressure, cardiac index,
and pulmonary vascular resistance, and gradual improve-
ment in PaOz over time, resulting in significant improvement
6 months after surgery. Three patients died 4,220, 1,891, and
1,173 days after surgery, due to sudden death in 2 patients
and heart failure in 1 patient. Relationships were suspected
to exist between these late-phase deaths and CTEPH.

¢) Summary

Median sternotomy, which enables PEA in both right and
left pulmonary arteries in one stage, is used as the standard
procedure for treatment of CTEPH, and has yielded favor-
able results, particularly in patients with central type of
CTEPH.'.12* The lateral thoracotomy technique should be
considered only for patients with predominantly unilateral
disease with peripheral pulmonary lesions.

[Levels of Recommendations]
1. PEA by lateral thoracotomy: Class IIb

2) PEA With Deep Hypothermia

(a) Indications for Surgery

Findings of various examinations including pulmonary angi-
ography, MSCT, pulmonary perfusion scintigraphy and right
heart catheterization are important in determining treatment
strategies for CTEPH. Daily et al'#12 reported that surgical
treatment of CTEPH is indicated for patients with a pul-
monary vascular resistance of 2300 dyne-sec-cm~ in whom
pulmonary angiography reveals occlusive lesions of the lobe
arteries, while Jamieson et al*!*? described this technique as
indicated for patients with (1) a mean pulmonary arterial
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pressure of 230 mmHg and a pulmonary vascular resistance
of 2300 dyne-sec-cm™; (2) central edges of thrombi located
in surgically accessible areas; and (3) without serious compli-
cations. Important determinants of the use of surgery for the
treatment of CTEPH are the configuration of occluded pul-
monary arteries and clinical manifestations (New York Heart
Association [NYHA] Class Il or higher without shock) 31128129
In terms of configuration of affected pulmonary arteries, sur-
gery is indicated for patients with central type of CTEPH
that affects central pulmonary arteries including the main
pulmonary artery, interlobar arteries, and segmental arteries
and causes mural thrombi and intimal hyperplasia, while
effective surgical treatment may not be possible in patients
with peripheral type of CTEPH affecting peripheral portions
of segmental arteries and subsegmental arteries. Appropriate
selection of patients is thus important.'

(b) Surgical Techniques

Unlike acute PTE, the thrombi in CTEPH are pale white, and
organized thrombi are attached firmly to the pulmonary arte-
rial wall. During surgical treatment of CTEPH, organized
thrombi must be removed together with the intima.'* The San
Diego group including Daily et al** and Jamieson et al® de-
veloped a technique termed PEA in both lungs, which involves
a median sternotomy with cardiopulmonary bypass and deep
hypothermic intermittent circulatory arrest. PEA is the stan-
dard surgical technique for the treatment of CTEPH,124.136-134
since CTEPH usually develops in both lungs; the right and
left lungs can be approached simultaneously; cardiac lesions
complicated by CTEPH can be treated; and the risk of pul-
monary bleeding due to thoracotomy is low.

a) Important Aspects of PEA

Techniques to remove thromboemboli alone without remov-
ing the intima are completely ineffective in the treatment of
CTEPH. In removing the intima, it is important first to deter-
mine the dissecting plane appropriately. Optimally, the dis-
secting plane should be located between the internal elastic
membrane and the media. Second, since organized thrombi
are hard and not fragile, the target thrombus and intima should
be slowly peeled peripherally to the segmental arteries by
pulling the thrombus to remove the tree-like organized throm-
bus with intima. Third, it is important to ensure a blood-free
surgical field. Jamieson strippers are useful for this purpose,
and intermittent circulatory arrest should be performed as
appropriate. The duration of circulatory arrest should be
<15 minutes each time. When venous oxygen saturation is
decreased to 90%, reperfusion should be performed for at
least 10 minutes before restart of circulatory arrest. Major
challenges of PEA include the treatment of peripheral occlu-
sive lesions for which surgical thromboendarterectomy can-
not be performed by median sternotomy and treatment of
patients with fragile mural thrombi for which traction during
dissection is difficult to perform.

b) Procedures for PEA

a. Presurgical preparation: In patients with DVT and those
with a history of it, an IVC filter is placed before PEA.
During surgery, patients should be monitored for deep body
temperature (pharyngeal temperature), arterial pressure, and
pulse oximetry. Transesophageal echocardiography and
Swan-Ganz catheter placement are performed. Endotracheal
tubes are placed in the right and left bronchi to prepare for
pulmonary bleeding, and ice bags to wrap the head are
also prepared. Autologous blood recovery systems (Cell

Saver) are used during surgery.

b. Following a median sternotomy, cardiopulmonary bypass
is performed with venous drainage from the superior vena
cava (directly) and the IVC (through the right atrium) and
arterial return to the ascending aorta. When ventricular
fibrillation occurs after the initiation of cooling, a left atrial
vent is inserted from the right upper pulmonary vein.

¢. Under hypothermia, the superior vena cava is freed com-
pletely from the right atrium to the innominate vein. The
frontal surface of the right main pulmonary artery is ex-
posed to the right superior pulmonary vein, and the left
main pulmonary artery to the pericardial reflection.

d. PEA of the right pulmonary artery: A retractor is placed
between the superior vena cava and the ascending aorta,
and a vertical incision of the right pulmonary artery is made
from level of mobilized aorta, past right upper lobe branch,
and into the right lower lobe artery. On the posterior wall,
a dissecting plane is developed to start PEA. In patients
with thrombus in the main pulmonary artery, the dissect-
ing plane can be identified at the site of incision. Under
hypothermia to a deep body temperature of 18°C and inter-
mittent circulatory arrest, PEA is performed distally to
each segmental artery using a Jamieson stripper. Follow-
ing PEA, the right pulmonary artery is closed by double
running suture with monofilament material.

e. PEA of the left pulmonary artery: Using a heart net, the
heart is tugged to the lower right-hand side, and the left
pulmonary artery is exposed from the pulmonary trunk
to the pericardial reflection. The dissecting plane is de-
veloped, and PEA is performed to each segmental artery
under intermittent circulatory arrest. Following PEA, the
left pulmonary arterial wall is sutured and closed.

f. When an atrial septal defect is present, it is closed. When
coronary artery bypass grafting (CABG) or surgical treat-
ment of valvular disease is required, it is performed during
rewarming. Since tricuspid valve regurgitation is improved
when pulmonary arterial pressure is decreased, no surgical
treatment for it is required, in principle.'®

g. Following rewarming, withdrawal from cardiopulmonary
bypass is attempted. The patient can be safely withdrawn
from cardiopulmonary bypass when mean pulmonary arte-
rial pressure is 30 mmHg or less. However, when pulmonary
arterial pressure is identical to systemic blood pressure or
when severe bleeding from the respiratory tract is observed,
PCPS is introduced before withdrawal from cardiopulmo-
nary bypass, and protamine is administered thereafter.

h. Cardiac tamponade due to pericardial effusion may occur
during the several weeks after surgery. To prevent it, peri-
cardial fenestration is performed on the left side, and a
drainage tube is inserted into the left thoracic cavity.

¢) Postoperative Management

When a patient with PCPS has returned to the intensive care
unit (ICU), withdrawal from PCPS is attempted over 2 to
3 days. Pulmonary edema and endotracheal bleeding due to
reperfusion injury are important postoperative complications
requiring careful attention.’> When prolonged respiratory
failure develops, the patient should be carefully ventilated
using positive end-expiratory pressure (PEEP) for a sufficient
length of time. After the risk of respiratory tract bleeding or
bloody drainage is decreased, the patient should begin hepa-
rin therapy and then be switched to oral warfarin. When PH
persists, long-term management of right heart failure with
vasodilators (eg, prostaglandin [PG] Ei and PGI2) and cate-
cholamines is required.
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Figre 3, Algorithm for diagnosis of deep vein thrombosis.
CT, computed tomography; MRV, magnetic resonance ve-
nography.

(c) Results of Surgical Treatment

The operative mortality of patients undergoing PEA with car-
diopulmonary bypass and deep hypothermic circulatory arrest
for the treatment of CTEPH were 11.7% (12/103)'*% and
12.6% (16/127)'?% in the case series reported by Daily et al,
8.7% (13/150)% and 5.1% as reported by Jamieson et al,#
10.1% (7/69) by Tscholl et al,'¥7 6% (66/1,100)'* and 4.7%
(52/1,100)* by Thistlethwaite et al, 5% by Bonderman et
al,"*® 8.0% (7/88) by Ogino et al,** and 8.3% (7 out of 84 pa-
tients undergoing elective PEA) by Ando et al.™¥! The results
of PEA have recently improved.

Although the long-term results of medical treatment of
CTEPH are not favorable, PEA is expected to improve car-
diopulmonary hemodynamics and to yield a favorable long-
term prognosis.'* It has been reported that the 6-year and
5-year postoperative survival rate were 75%,% 86%,* respec-
tively, and so on. In the patients with persistent PH follow-
ing surgery, long-term results are poor.!313t

(d) Summary

CTEPH does not respond to medical treatment. PEA is quite
effective in the treatment of central type of CTEPH. PEA with
cardiopulmonary bypass and deep hypothermic circulatory
arrest, which is performed increasingly often now, signifi-
cantly improves pulmonary hemodynamics and pulmonary
gas exchange, and is associated with favorable results. How-
ever, patients with peripheral type of CTEPH should be care-
fully evaluated to determine whether this surgery is indicated
for them.

[Levels of Recommendations]

1. PEA with cardiopulmonary bypass and deep hypother-
mic circulatory arrest for the treatment of central type of
CTEPH: Class |

2. PEA with cardiopulmonary bypass and deep hypothermic
circulatory arrest for the treatment of peripheral type of
CTEPH: Class Ila

Existence of thrombus: presence/absence
Characteristics of thrombus: Staging (acute/chronic)

'} Extent of thrombus: Type (iliac region, femoral region,
- lower legs)

[ Step 4 } Central edge of thrombus: Source of emboli
..................... (stable/unstable)

Figure 4. Diagnosis of deep vein thrombosis in the lower
limbs by venous ultrasonography.

3. Deep Vein Thrombosis

1 Diagnosis

(1) Basic Approach

Diagnosis and treatment of DVT should always be per-
formed considering the risk of PTE (Figures 1,2). Patients
in the acute phase should be evaluated for the presence and
location of thrombosis, the characteristics of possible sources
of emboli, and the severity of venous insufficiency in select-
ing appropriate treatment strategies. 514 Figure 3 shows an
algorithm for diagnosis of DVT during the acute phase."#2143
DVT should be suspected on the basis of the history and phys-
ical examination signs/symptoms, and the presence/absence
of known risk factors. Patients suspected to have acute-phase
DVT#* should be evaluated with appropriate imaging tech-
niques that enable the presence of DVT to be promptly deter-
mined. Noninvasive venous ultrasonography is the exami-
nation of choice for evaluation of DVT in the extremities .44
Minimally invasive contrast CT or magnetic resonance venog-
raphy (MRV) should be performed to evaluate patients sus-
pected to have abdominal or chest DVT.!"5-147 When the
presence/absence of DVT cannot be not confirmed with the
above techniques, invasive contrast venography should be
performed.™® Differential diagnosis may be performed by
quantitative assay. D-dimer can be used for patients in whom
the possibility of acute-phase DVT is low. "5 Patients with
abnormal D-dimer levels should be evaluated with imaging
techniques to confirm the diagnosis. Physicians should be
aware that the presence of normal D-dimer levels can exclude
acute-phase DVT but cannot exclude chronic-phase DVT.
Appropriate imaging techniques should be used to exclude
thrombosis. Prior to treatment, the causes of DVT should be
investigated.

(2) History and Present Iliness

During the history and physical examination, physicians
should look not only for the symptoms of acute-phase DVT
but also those of PTE and arterial embolism.*54142 Acute-
phase DVT should be suspected when swelling, pain, or color
change of the extremities is present. Central type of DVT
should be suspected when unilateral swelling is noted. Cen-
tral type of DVT is suspected in patients with femoral pain,
while central or peripheral type of DVT is suspected in pa-
tients with lower leg pain. Central type of DVT is suspected
when red purple skin is observed in the femoral region or
lower leg. Patients with peripheral type of DVT are often
asymptomatic. Physicians should suspect peripheral type of
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 Table 8. Diagnosis of Acute and Chronic Deep Vein Thrombosis by Venous Ultrasonography
Criteria Acute phase Chronic phase
Vein Stenosis (compressibility) Occlusion (noncompressing)  Stenosis (partial compression)
Distention Distended Contracted
Clots Floating Free Fixed
Regression None/moderate Severe
Consistency Soft Hard
Surface character Smooth Irregular
Brightness Low/middle High/middle
Homogeneity Homogeneous Heterogeneous
Blood flow Defect Total Partial
Recanalization (in thrombus) Absent Present
Collateral (in branch) Absent Present

DVT when patients present with dyspnea and/or chest pain.
Patients should be evaluated for common known risk factors
of DVT (Table 3).

(3) Medical Examination

Patients should be inspected visually for color change and
swelling in the extremities, and the extremities should be
palpated for pathological changes in the deep veins and
muscles.®54142 Central type of DVT should be suspected
when color change or swelling is present in the extremities.
The presence of palpable thrombotic veins in the groin is
a direct finding of central type of DVT in the lower limbs.
Stiff muscles in the lower legs are an indirect finding of cen-
tral type of DVT, while tender muscles in the lower legs are
a direct finding of central or peripheral type of DVT. Central
type of DVT should be strongly suspected when patients
exhibit skin color change and swelling as well as stiffness
and/or tenderness of the lower leg muscles.*1#2 Severe cen-
tral type of DVT should be strongly suspected when dermal
necrosis of the lower legs as well as skin color change and
swelling of the legs are present. A lower leg arterial Doppler
test should then be performed to evaluate blood flow in
the leg arteries. Patients in whom acute DVT recurs during
the chronic phase of DVT exhibit findings of both chronic
and acute DVT.

(4) Laboratory Examinations

1) Quantitative Examinations

Quantitative examinations are used for differential diagnosis
of DVT on the basis of blood chemistry findings and blood
flow. D-dimer is the most important item in screening for
DVT. Blood flow is evaluated with ultrasonography, which
can determine vessel blood flow, and plethysmography, which
can determine blood flow in the lower limbs. Among ultra-
sonographic techniques for diagnosis of DVT, continuous
wave Doppler is used to check for arterial perfusion dis-
order, while color Doppler and pulsed Doppler are used to
check for occlusion and resumption of blood flow.3%#2 Air
plethysmography is commonly used to evaluate lower limbs
vein function.

2) Imaging Techniques

Imaging techniques such as ultrasonography,'3! contrast CT,!**
MRV, and venography are used to confirm the morphologi-
cal diagnosis of DVT. During lower limb venous ultrasonog-
raphy (Figure 4), the following four steps of investigation
should be performed: (1) determination of the presence/ab-
sence of thrombus in lower limb veins; (2) when thrombus is

detected, evaluation of its characteristics to stage disease;
(3) when acute-phase DVT is present, determination of the
extent of thrombus to determine the type of DVT; and (4)
examination of the central edge of the thrombus to evaluate it
as a potential source of emboli. Staging should be performed
based on comprehensive evaluation of noncompressing veins,
brightness of thrombus, and perfusion defects, among other
findings'4* (Table 8). Although venous ultrasonography is a
highly reliable technique for diagnosis of acute-phase DVT,
it is of limited use in the diagnosis of chronic DVT. On con-
trast CT, the diagnosis of DVT can be made based on findings
of venous filling defects. MRV can also provide findings of
thrombosis useful in the diagnosis of DVT, though its reli-
ability is less than that of contrast CT. Since venography
provides findings of venous filling defects and delineates the
border of thrombus, it can be used to diagnose DVT reliably
and exclude other possible diseases.!$%15¢

3) Etiological Evaluation

Etiological evaluation includes blood tests to check for ten-
dency of thrombosis such as the presence of thrombophilia
and autoantibodies. Coagulation/fibrinolytic markers are use-
ful in the determination of treatment strategies and the pre-
vention of recurrent DVT. Patients should be examined for
congenital conditions such as protein S deficiency, protein C
deficiency, and antithrombin deficiency as well as for acquired
conditions such as decrease in levels of coagulation inhibi-
tors and increase in levels of tissue factors. Antiphospholipid
antibodies, which are autoantibodies known to be associated
with DVT, should also be tested.

[Levels of Recommendations]

1. D-dimer: Class Ia

2. Venous ultrasonography: Class [
3. MRV: Class ITa

4. Contrast CT: Class I

5. Venography: Class I

2 Treatment

(1) Introduction (Current Concepts)

Whether a thrombus developing in a deep vein will grow or
not depends on external factors as well as the balance be-
tween the intrinsic and extrinsic coagulation systems and the
fibrinolytic system surrounding the thrombus. In order to
ensure effective treatment of thrombosis, physicians should
understand the effects of mechanical compression of veins
such as that in pregnancy/delivery and surgical treatment,
effects of tissue factors such as cancer on the coagulation
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system, and abnormality or deficiency of regulatory proteins
such as proteins C and S and antithrombin (Class I). The
optimal method of treatment of DVT involves a combination
of techniques to prevent the development of PTE, eliminate or
dissolve venous thrombus promptly, and prevent recurrence
of thrombosis, maintain the patency of veins, and preserve
the function of venous valves. Physicians must consider the
clinical severity and natural course of DVT in selecting drug
treatment, catheter interventions, and/or surgical thrombec-
tomy, among other techniques (Class a).

(2) Drug Treatment
Heparin and warfarin are the essential components of anti-
coagulation therapy for patients with DVT (Class I).7%155.156
Since the anticoagulative effect of unfractionated heparin,
which is used in Japan, varies between individuals, the effect
of heparin should be monitored with APTT and blood hepa-
rin concentration. The target APTT in Europe and the United
States is 1.5 to 2.5 times the control APTT.?5¥7-159 This level
appears appropriate in Japanese patients, as well (Class I).
Following initial intravenous administration of 5,000 units
of heparin, 10,000 to 15,000 units of heparin should be con-
tinuously infused over 24 hours. The dose should be adjusted
according to APTT values. When bleeding complications
occur, heparin treatment should be suspended or permanently
discontinued. Type II heparin-induced thrombocytopenia
(HIT) is a serious treatment-related complication associated
with arterial thrombosis and DVT caused by immune reac-
tions. When it is suspected, heparin therapy must be discon-
tinued immediately (Class T). Low molecular weight heparin,
which is commonly used in Europe and the United States, is
not indicated for the treatment of DVT in Japan. However, the
indications for low molecular weight heparin have expanded,
and the prevention of VTE in patients undergoing total hip
replacement, total knee replacement, surgery for hip fracture,
or abdominal surgery has recently been added to them.
When warfarin is administered to patients with throm-
bosis, heparin and warfarin should be combined for 5 days
before starting warfarin monotherapy. The dose of warfarin
should be adjusted to achieve a PT-INR of 1.5 to 2.5 (target
2.0) (Class IIb). The risk of bleeding complications increases
in patients with a PT-INR of 24. Patients with de novo DVT
with no known risk factors should receive warfarin for 3 to
6 months (Class lla), while patients with recurrent DVT or
long-term risk factors such as cancer, antithrombin deficien-
¢y, or antiphospholipid antibody syndrome should receive
warfarin as long as the relevant risks continue (Class Ila).
Systemic thrombolytic therapy decreases the incidences of
DVT and the sequelae of thrombosis (Class Ia).16%-163 Uro-
kinase (UK) should be infused intravenously at a dose of
60,000 to 240,000 units/day on Day 1 and at tapered doses
from Days 2 to 7 (Class Ila).

[Levels of Recommendations]

1. Combined use of of heparin and warfarin in the treatment
of acute DVT: Class 1

2. Heparin control with a target APTT of 1.5 to 2.5 times
the control in the treatment of acute DVT: Class I

3. Warfarin control with a target PT-INR of 2.0 (1.5 to 2.5)
times the control in the treatment of acute DVT: Class 1lb

4. Systemic thrombolytic therapy in the treatment of acute
DVT: Class Ila

(3) Physical Therapy (Exercise and Compression)
During the acute phase of DVT, physicians should carefully

consider clinical severity and the natural course of DVT in
selecting appropriate treatment such as drug treatment, cathe-
ter interventions, and/or surgical thrombectomy, among other
techniques. Patients should following surgical thrombectomy
start postoperative physical therapy by wearing elastic stock-
ings and start walking shortly after surgery. Exercisc and
compression may enhance improvement of swelling and pain
and significantly decrease the incidence of sequelae of throm-
bosis (post-thrombotic syndrome) (Class I).164+-166

When treatment of DVT is initiated after the acute phase,
its main purpose should be treatment of swelling and pain,
prevention of recurrent thrombosis, and prevention of occur-
rence or worsening of post-thrombotic syndrome.

Whether elastic stockings should be used continuously or
not should be determined for individual patients based on the
degree of improvement of venous function. It is preferable
that elastic stockings exerting higher pressures be used con-
tinuously for patients with severe symptoms or those with
poor venous function.

[Levels of Recommendations]
1. Elastic stockings: Class I

{4) Catheter Interventions (Thrombolysis, Aspiration
Thrombectomy, Stenting)
The efficacy of thrombolytic therapy often depends on the
timing of treatment and the volume of thrombus. Treatment
should be performed as promptly as possible to ensure its
success. It is preferable that CDT be initiated during the acute
phase of DVT 167188 [n the treatment of iliofemoral venous
thrombosis, it is difficult to obtain sufficient thrombolysis
with CDT with a small dose of UK (240,000 units/day). Some
physicians remove thrombi as soon as possible using throm-
bosuction catheters, and then change catheters to perform
CDT.'® Aspiration thrombectomy may be combined with
CDT in some cases. Endovascular treatment using balloons
and stents is expected to improve the outcome of patients
who have remaining stenosis following CDT. 70171
Anticoagulation therapy should be performed following
CDT to prevent progression or recurrence of thrombosis.

[Levels of Recommendations]

1. CDT: Class IIb

2. Aspiration thrombectomy: Class IIb
3. Venous stenting: Class IIb

(5) Surgical Thrombectomy

Surgical thrombectomy is useful in preventing severe se-
quelae of thrombosis in otherwise healthy patients and venous
necrosis in patients with phlegmasia cerulea dolens (Class la),
and is indicated for lesions that are not accessible by means
of catheters, lesions in which thrombus cannot be sufficiently
dissolved, and patients for whom anticoagulation therapy is
contraindicated.t”?

Under general anesthesia, thrombi in the common/external
iliac veins are removed using Fogarty embolectomy catheters.
Thrombi in peripheral regions should be removed in antegrade
fashion with the milking technique and the Esmarch bandage.
Some are of the opinion that an arteriovenous fistula should
be created. Iliac vein compression should be treated with bal-
loon dilatation and/or stenting. Since blood does not travel
backwards when the valves of the external iliac vein are intact,
and blood also travels backwards when the common iliac vein
is occluded and the internal iliac vein is patent, the presence/
absence of remaining thrombus must be determined with
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Tahle 8. Risk Classification, Incidence of Venous Thromboembolism, and Recommended Preventive Treatments

isklevel  gerieg Centattype Symptematc PE
Low risk 2 0.4 0.2
Intermediate risk 10to2 2t04 1to2
High risk 20 to 40 4t08 2t04
Highest risk 4010 80 10to 20 41010

Fazf/i)PE Recommended preventive treatments

0.002 Early ambulation and active exercise
0.1t0 0.4 Elastic stockings or IPC
0.4t01.0 IPC or anticoagulation therapy*

0.2t05 (Anticoagulation therapy* plus IPC) or (Anticoagulation
therapy* plus elastic stockings)

*Patients undergoing orthopedic surgery or abdominal surgery should receive enoxaparin, fondaparinux, or low-dose unfractionated heparin,
while other patients should receive low-dose unfractionated heparin. Patients at highest risk should be treated with adjusted-dose unfractionated

heparin (monotherapy) or adjusted-dose warfarin (monotherapy).

Enoxaparin should be administered subcutaneously at a dose of 2,000 units twice daily. Treatment should be started 24 hours after surgery.
(Note: The efficacy and safety of enoxaparin therapy for 215 days have not been determined in Japan.)

Fondaparinux should be administered subcutaneously at a dose of 2.5mg (1.5mg in patients with renal function disorder) once daily. Treatment
should be started 24 hours after surgery. (Note: The efficacy and safety of fondaparinux therapy for 215 days in patients undergoing orthopedic
surgery and 29 days in patients undergoing abdominal surgery have not been determined in Japan.)

DVT, deep vein thrombosis; PE, pulmonary embolism; IPC, intermittent pneumatic compression.

venography and angioscopy during surgery.!” Following sur-
gery, heparin should be administered for 5 days, and warfarin
therapy should be initiated one day after surgery and contin-
ued for 6 months. Beginning one day after surgery, patients
should wear elastic stockings and walk. When an arteriovenous
fistula has been created during surgery, it should be closed
6 weeks after surgery. In order to achieve favorable results,
surgery should be avoided whenever possible when 27 days
have passed since the onset of DVT.'7 Patients with phlegma-
sia cerulea dolens should be treated with fasciotomy in lower
legs to decompress the compartment and improve circulation.
Although surgical thrombectomy has yielded favorable short-
and long-term results (Class Ila), the number of patients under-
going surgical thrombectomy is small in Japan.

[Levels of Recommendations]
1. Surgical thrombectomy: Class IIb

4. Prevention of Pulmonary Thromboembolism/
Deep Vein Thrombesis
{Venous Thromhoembolism)}

1 Evaluation of the Risk of Venous Thromboembolism and
Methods of Prevention for Each Risk Level

Primary prevention of VTE is considered mainly for hospi-

talized patients.'¥!7* The risk of VTE is classified into four

levels, ie, low, intermediate, high, and highest (Table 9).

Each surgical or disease risk level should be evaluated com-

prehensively considering additional risk factors (Table 18).

2 Wethods io Prevent Venous Thromboembolism

(1) Walking and Active Exercise

Initiation of walking and active exercise during the early post-
operative period is essential to prevent VTE. When patients
are unable to become early ambulatory, leg raising, massage,
and active and passive foot joint exercise should be per-
formed. 76178

(2) Elastic Stockings

During hospitalization, patients should wear elastic stockings
before and after surgery as long as the risk of VTE exists.!”*
Elastic stockings are beneficial since they do not cause compli-
cations such as bleeding, are easy to use, and not expensive.

Tahle 16. Strength of Additional Risk Factors for Venous
Thromboembolism

Strength

Weak Obesity
Estrogen therapy
Varicose veins in the lower limbs

Intermediate Elderly
Prolonged bed rest
Congestive heart failure
Respiratory failure
Malignant disease
Central venous catheterization
Cancer chemotherapy
Severe infection

Strong History of venous thromboembolism
Thrombophilia
Leg palsy
Leg fixation with plaster bandage

Risk factors

Thrombophilia: Antithrombin deficiency, protein C deficiency, pro-
tein S deficiency, antiphospholipid syndrome, etc.

(3) Intermittent Pneumatic Compression

Intermittent pneumatic compression (IPC) is beneficial in
high-risk patients, especially those with a high risk of bleed-
ing.*%38 In principle, IPC should start before or during sur-
gery. When the presence of DVT cannot be excluded prior
to initiation of IPC, physicians must obtain informed consent
from patients after adequate explanation of the risk of throm-
boembolism, and should examine patients carefully for PTE.
Patients undergoing bed rest should continue IPC all day
long.!82 Even after they become ambulatory, patients should
use IPC during bed rest until they are able to walk for a suf-
ficient length of time.

(4) Low-Dose Unfractionated Heparin

Unfractionated heparin is administered at a dose of 5,000
units every 8 or 12 hours at least until the patient is able to
walk for a sufficient length of time. Physicians should con-
sider switching from heparin to warfarin therapy when the
risk of thrombosis persists and the patient requires long-term
preventive therapy. The risk of bleeding should be carefully
evaluated. Heparin should be administered with special care
before and after spinal or epidural anesthesia. Reduction of
anticoagulant dose should also be considered during these
periods.
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Risk level
Low risk

Intermediate risk

High risk

Highest risk

Surgery, urology, gynecology
Non-major surgery in patients <60 years
old
Major surgery in patients <40 years old
Non-major surgery in patients =60 years
or those with risk factors
Major surgery in patients =40 years or
those with risk factors

Major cancer surgery in patients 240 years
old

Major surgery with a history of VTE or
thrombophilia

Table 1. Classification of Risk of Venous Thromboembolism by Type of Surgery

Orthopedic surgeryy'
Upper limb surgery

Upper limb surgery including bone collec-
tion from the ilium or collection of nerve/
skin from the lower limbs

Spine surgery

Spine/spinal injury

Lower limb surgery

Uncomplicated leg injury distal to the
femur

Hip replacement, total knee replacement,
surgery for hip fracture (including the
shaft of the femur)

Pelvic osteotomy (eg, Chiari osteotomy
of pelvis, acetabular rotational osteot-
omy)

Leg surgery in patients with additional
risk factors for VTE

Surgery for malignant tumors of the lower
limb

Severe trauma (multiple trauma), pelvic
fracture

“High risk” surgery in patients with a his-
tory of VTE or thrombophilia

' OVtV)stetricks
Normal delivery

Caesarean section (excluding high-
risk pregnancy)

Caesarean section in obese women
of advanced age

Vaginal delivery in women with a
history of VTE or thrombophilia

Caesarean section in women with a
history of VTE or thrombophilia

Risk level should be determined comprehensively on the basis of the risks of planned surgical procedures and conditions and additional risk
factors. For example, when a patient has a strong additional risk factor, risk level should be increased by one rank. Also, when there is more
than one weak additional risk factor, risk should be increased by one rank.
Additional factors that increase the risk of VTE: Thrombophilia, history of VTE, malignant disease, cancer chemotherapy, severe infection,
central venous catheterization, prolonged bed rest, leg palsy, leg fixation with plaster band, hormone therapy, obesity, varicose veins, etc.
(Thrombophilia include antithrombin deficiency, protein C deficiency, protein S deficiency, and antiphospholipid syndrome.)

Although there is no strict definition for it, major surgery is basically understood to include all abdominal surgeries and other surgeries that
require 245 minutes to perform, and should be further classified comprehensively based on the anesthetic techniques, volume of bleeding,

volume of transfusion, and length of surgery.
VTE, venous thromboembolism.

(5) Adjusted-Dose Unfractionated Heparin
Adjusted-dose unfractionated heparin is administered to main-
tain APTT at the upper limit of the normal range. Although
this technique is complicated, even monotherapy with ad-
justed-dose unfractionated heparin is beneficial in highest-
risk patients.3

(6) Adjusted-Dose Warfarin
Warfarin is administered to maintain PT-INR at the target
level. In Japan, a PT-INR of 1.5 to 2.5 is recommended.

(7) Low Molecular Weight Heparin and Factor Xa
Inhibitors

This technique is convenient, since preventive treatment using
low molecular weight heparin and factor Xa inhibitors has
stable effects without significant individual differences and
these drugs can be administered subcutaneously once or twice
a day without close monitoring. The incidence of adverse drug
reactions such as thrombocytopenia and osteopenia is low. In
Japan, enoxaparin, a low molecular weight heparin product,
is officially indicated for patients following total hip replace-
ment, total knee replacement, or surgical treatment of hip
fracture as well as after abdominal surgery associated with a
high risk of development of VTE.'* In addition, fondaparinux,
the factor Xa inhibitor, is officially indicated for patients
following orthopedic surgery of the lower limb or abdominal
surgery, which are associated with a high risk of VTE. %3

3 Selection of Methods of Prevention for Patients
Undergoing Surgery or Medical Treatment

Table 11 classifies the risk of VTE by type of surgery. Supple-

mental information is provided as follows.

(1) General Surgery

Although there is no strict definition for it, major surgery is
basically understood to include all types of abdominal sur-
gery and other surgeries that require 245 minutes to perform,
and should further be classified comprehensively based on
anesthetic techniques, volume of bleeding, volume of trans-
fusion, and length of surgery.'*® Physicians should determine
when anticoagulation therapy will be started based on the
condition of individual patients. Preventive treatment may
be initiated the evening before the surgery, immediately after
initiating surgery, or after surgery, based on the risks of VTE
and bleeding.

(2) Urological Surgery

The risk of VTE is low for transurethral surgery, interme-
diate for pelvic surgery other than as cancer treatment, and
high for total prostatectomy and total cystectomy. Prevention
of VTE in patients undergoing intra-abdominal urological
procedures such as renal surgery should be performed as for
patients undergoing pelvic urological procedures. Although
there is no strict definition for it, the classification of major
urological surgeries including transurethral procedures should
be performed in the same fashion as for general surgery.
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(3) Gynecological Surgery

Patients undergoing surgery for the treatment of benign dis-
ease (laparotomy, transvaginal procedures, laparoscopic pro-
cedures) or surgery for malignant disease using techniques
commonly used for the treatment of benign disease and those
receiving hormone therapy are considered intermediate-risk
patients, while patients undergoing radical treatment of pelvic
malignant tumors should be considered high-risk patients.

(4) Obstetric Procedures

Pregnant women who remain in bed for long periods of time
due to pregnancy complications should be encouraged to per-
form leg exercise in bed. Pregnant women who must refrain
from exercise should wear elastic stockings or use IPC. When
pregnant women undergo Caesarean section following long-
term bed rest, physicians should consider preoperative screen-
ing for VTE. It is preferable that pregnant women with a
history of VTE or thrombophilia undergo preventive drug
treatment from the first trimester.

(5) Orthopedic Surgery

Anticoagulation therapy may be performed in patients with
leg fracture for whom physical preventive treatment is not
feasible and who cannot immediately undergo surgery. Based
on the incidence of VTE among patients with noncompli-
cated leg fracture distal to the femur, the risk of VTE is con-
sidered intermediate in this patient population. Since DVT
may develop immediately after hip fracture, patients should
immediately undergo surgery and leave the bed early. It is
uncertain whether anticoagulation therapy is appropriate in
patients undergoing spine surgery and those with spine injury
or spinal injury, since anticoagulation therapy may pose the
risk of bleeding. No safe and effective methods of prevention
are available for patients with severe trauma and those with
pelvic fracture.

(6) Neurosurgery

Patients undergoing craniotomy other than that associated
with brain tumor surgery are considered at intermediate risk
of VTE, and patients with brain tumor undergoing crani-
otomy are considered at high risk. Use of high-dose steroids
appears to increase the risk. Prevention of VTE through anti-
coagulation therapy should be initiated after the risk of bleed-
ing complications after surgery has been decreased to an
acceptable level.

(7) Medical Field

Physical preventive therapy should be selected for patients
contraindicated for anticoagulation therapy, such as those with
hemorrhagic cerebrovascular disorder. Patients with myocar-
dial infarction, respiratory failure, severe infection, or inflam-
matory bowel disease should be considered at intermediate
risk of VTE, while patients with palsy due to stroke and those
with congestive heart failure should be considered at high
risk. Patients in the ICU, who often have multiple risk fac-
tors, should undergo prevention of VTE based on individual
assessment of level of risk.

[Levels of Recommendations]

1. Early ambulation and active exercise in low-risk patients:
Class 1

2.Use of elastic stockings by intermediate-risk patients:
Class 1

3. Use of IPC in intermediate-risk patients: Class Ila

4. Combined use of IPC and anticoagulation therapy in high-

risk patients: Class lla

5. Combined use of anticoagulation therapy, IPC, anticoagu-

lation therapy, and elastic stockings in highest-risk patients:
Class Ila
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Effects of Anticoagulants and Storage Temperature on Immature Platelet Fraction % (IPF%)

Values in Stored Samples Measured by the Automated Hematology Analyzer, XE-5000
—Utility of CTAD-Anticoagulation and Room Temperature Storage —

Miho NISHIYAMA™?, Satoru HAYASHI*2, Osamu KABUTOMORI, PhD*3,
Hachirou YAMANISHI, PhD*4, Etsuji SUEHISA, PhD*5, Yoshiyuki KURATA, MD*6,
Hirokazu KASHIWAGI, MD*7 and Yoshiaki TOMIYAMA, MD*3

Measurement of reticulated platelet percentage (RP%) is thought to be a useful marker for differential
diagnosis and analysis of platelet kinetics in patients with thrombocytopenic disorders. Two methods are
used to detect RP; flow cytometric method and immature platelet fraction (IPF) method using automated
hematology analyzers. ~Although IPF% measured by the automated hematology analyzers is simple and con-
venient, we already reported that IPF% values were highly fluctuated in stored whole blood sample with
EDTA-2K at 4°C day by day. In this study we investigated the stability of IPF% in blood samples obtained
from 11 patients with chronic immune thrombocytopenic purpura (ITP) and 19 healthy volunteers using the
automated hematology analyzer, XE-5000 (Sysmex) under various storage conditions. EDTA-2K, 3.13%
sodium citrate, acid-citrate dextrose solution(ACD), citrate-theophylline-adenosine-dipyridamole solution
(CTAD), or sodium fluoride was used as an anticoagulant. When blood samples obtained from healthy sub-
jects were stored at 4°C, IPF% values markedly increased in a time-dependent manner by any anticoagulant
examined. On the other hand, there was no significant or only slight difference in IPF% values at room
temperature (RT) storage except sodium fluoride. However, in patients with ITP the elevated IPF% values
fluctuated widely in EDTA-2K, sodium citrate and ACD-anticoagulated samples even at RT storage. In
contrast, [PF% values in CTAD samples stored at RT were highly stable in all patients with ITP up to 4 day-
storage. These results suggest that the measurement of IPF% by XE-5000 provides quite stable data up to
4 day-storage in ITP patients as well as healthy subjects under CTAD-anticoagulation and RT storage conditions.

[Rinsho Byori 59 : 452~458, 2011]
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theophylline-adenosine-dipyridamole solution (CTAD &)

AR I/ BR (reticulated platelet: RP) W40 aHE i
RNA BEF LIZHENNMREEZEZONTEY, &
BECOM/NMREAREZ KM T 2H/ NREEL ST
W5, EE, R/ EEE (RP%) ORIZEX, M)
HR A E, I R FE MR I/ N IR A 1 48 B 9R (chronic
immune thrombocytopenic purpura: ITP) & HAEARE
4% I (aplastic anemia: AA) & OEEBIEBHT, M1/NRE)
BEDfRNT, BLORBE=FY 7 & LTOHMAME
NEEINTHWAY, BT ITP O lrALlE
HBICHAAEN DR E, WAZOEEWNE LT
II\}:)?.)O

—f&FIZ RP 1, /MR RNA 28 BEETHE
#Bou—YA M2 RN —CXVBHT S FCMET
BEINTHERY™, BEEZEWDOOEMRE
83 LIEM R IR VE O T AR IEIT & D BIE S E R RER
MERRIZRE SN T2 ONRFRTH D, TDX 57k,
RP 23& &5 KB /IR 53 T8 % B35 I/ N AR 4o T8
(immature platelet fraction: IPF) & L TH{ED> D
WHETE 22 HEBIMERSEBXE U —X
(Sysmex) Y 7 AW ENTERY, ZoBE:
FR W72 535 /MR ELEE (IPF%) JIFE O & B AR
ENTWBY™, Ui LR DB FER X OCRE
T DS IPF%IC RIE T8I U TRflicRET = L
TEME I DR NI, B EEBRBREICBWT, M3k
R X R RRE I TP E R & LT EDTA %
Ry, BHMET5B6513REE 4SCRETDZ &
NEELWEERTWAR®, kAL XE-2100 %
WizkEth 5, EDTA BREICRWTIE, REBEIC
Lo TIPF% DO KX 72K 2780, YRAIELAT
DFMIRETHBEZ EEHRE LKLY, Osel-
Bimpong » %, EDTA #Ilik{k% 4°CT 24 FERERTF

LB BIT IPF% S LR T2 Z L2 MELTHEY,

AMETE, ZORBELUETDLDIT, BRERE
DEBHM RIS~ < B% AR KU ITP EFBRA
ERAOVTEEINEREHR O IPFRICRIETRELZO
RIFIRE D & ORERFIICHRE L.

L MEBLUAE

A =t E3

R FE PR I /N A M S5 3R (ITP) 11 51 (58 2 41,
9P, Fhm o 37~82 B (Fha{E 56 #%), M/NiK
B 49+24%x10%uL (mean=SD) ], B LU IEH BB
ELTREANLFILE9F, Z10#, Fih 22~
56 mE (POl 42 5%), m/NRER @ 247231x10%uL]
RS Ui, ITP OB IREE S HR SR
RETAMZEIE OB W AR B L UOEBIEEHEO
MR TR, II/NAREAS 100X 10%u L Hif &
L. MEBREEZEmC CRBEZEZOLICT> T,
F T AW 2RI R R OK 2 R 27 R B T 39 5% i PR A 28 A B
LERDERER/RTND,
B. A& by

1. BOB &V REEYE

BRME ) Y PRMET 7. PEEHR L LT,
EDTA-2K(A >+ X\ v 7 II®, SEKISUL: EDTA),
3B% s =BT RU T AL 2Ry 717,
SEKISUL: Na-citrate), ACD-A #& (TERUMO: ACD),
CTAD ¥ (Vacutainer®, Becton Dickinson: CTAD), 7
AT R U T A (AL 28y 7 1%, SEKISUL NaF,
EDTA-2K) © 5 f&EA2 AV, &40RMNEICREES
S L. CTAD iFFITAEN T oM/ MuE A IkEE
RIS HREICAWGN, 7T UBICMZ T, f/MMR
OEMALEIRIT AT A 740V, 75/, BE
CUVEYEE—NARRMSNTNDY, Zhb Ok
A, BN EZ 1A LTHE LR, &42%0
LTREBIUCALCTREFL, 4 HEETHIE LT,

2. 8 ®E

IPF &4 FHY 7 b7 =7 IPFmaster Z#5# L7 %
T8 B B BBk #rEE XE-5000 (Sysmex) 'z T/
B LU IPF% A BIE L,

3. #RETALE

TWEOHFEEZBREL ) VAT A MY v I %
HLEHEBRERE Ounn ME) A, 5% TEEH
BEHE LK.
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(Fig. 1, Table 1), Fig. 1 1ZIZHTEEIFIDE U &3
FESRMIC X VT2 IPF% O 4 DL ZRKR L,
BT Table 1124k, FOFHE & IEEIFEOEL,
BLUOFEBEERRBODLNTL DI DONTIE *(p<
0.05), BI O+ (p<0.0D) &4 L TR L,

LR %1 EDTA, Na-citrate, ACD, CTAD #%
A LIzG a1, BIRRETIX IPF%ICRE F5E
MZRDL OO Fig. 1 L&), EDTA, Na-citrate
TIX3BHEET, ACD, CTAD TiZ4 HEHETHE
EIXFD bigdy o7 (Table 1A), — 7, 4°CIR{E
T IPF% D LR IZERRFICHEABEETH Y (Fig.

RT EDTA
40.0

Na-citrate

1 M), EDTA-2K, CTAD Tl 3 HHEHLLK, Na-
citrate, ACD T/& 2 HEUMEEIC L& L7 (Table
1B). EHUEEFIIC NaF 2R Licsals, 28
TE, 4CIRIFEL BIT, IPF%IRE BE I+ 5
WONTERL, SHEURZEEZLZRLE (p<
0.01). E7cMOFUEEAE By 4CRELY BE
BREOHP LEDESVWNERTH -7 (Fig. 1,
Table 1A, B),
B. ITP EFIZH 1T BHEHREHIZ &L 5 IPF%DEE)
LROBRHERESEA L ETE L ICRET B2
W, EENIOFEZEMUAF 196, BLogs
L UTIPF%AMEI U Tz ITP FEF 11 filic D
THERT L. BLERER & LU CTid NaF 2\ /= EDTA,
Na-citrate, ACD, CTAD ML, 4 BZEEEE
2170, IPF%OZEENT DWW TR 517 - 2,
BIL¥ B (1 HE) ®IPF%% Fig. 2 12574, 4, A
IZEEE N, BIZITPEMOREE R LTINS,

ACD CTAD NaF
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Figure 1 Effects of anticoagulants and storage conditions on the transition of IPF%.
Blood samples were obtained from 10 healthy volunteers with various anticoagulants (EDTA, 3.13% Na-
citrate, ACD, CTAD, or NaF), and stored at room temperature (upper panels) or 4°C (lower panels) for 4

days. IPF% was measured by XE-5000 (Sysmex) .
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Table 1 Transition of Immature Platelet Fraction (IPF) % in 10 healthy volunteers measured by XE-5000

A. Stored at room temperature

IPF% (mean£SD)
Anticoagulant Day 1 Day 2 Day 3 Day 4
EDTA-2K 0.8+0.5 1205 1.5%=0.7 2.0E0.7%*
Na-citrate 0.9x0.7 1.3+0.6 1.7+0.8 2.2+£0.9%*
ACD 0.9=0.7 1.1x=0.6 1.1x05 1.3%=0.5
CTAD 0.8£0.5 0.8+0.4 1.120.6 1.4=x0.6
NaF 1.620.7 6.1+2.4 11.042.9%* 19.5+6.4%*
B. Stored at 4°C
IPF% (mean=SD)
Anticoagulant Day 1 Day 2 Day 3 Day 4
EDTA-2K 0.8+0.5 1.3+0.5 2.3+0.7% 4.1+1.0%*
Na-citrate 0.9+0.7 71+£2.2%* 8.1£2.6%% 9.8+35%*
ACD 0.9£0.7 4,3+£2.8%* 45%2.0%% 56+=3.8%F
CTAD 0.8+0.5 1.3+0.9 3.0%£1.4% 38%=1.1%*
NaF 1.6+0.7 26*1.1 7.0£1.8%F 13.2X3.8%*
Statistical comparison against IPF% of 1st days was performed with non-parametric Dunn’s test.
* . p<0.05 **.p<0.01 SD: standard deviation
A. B.
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Figure 2 IPF% in 19 healthy volunteers (A) and 11 patients with ITP (B) on day 1.

Mean values were demonstrated as horizontal bars.

A 19 B> EDTA {23813 3 IPF%IZ 0.9+0.6%CTH 5
DK L, ITP 11 HI o IPF%IE 14.8+11.7% &
EIT (p<0.005) N LTz, E7 EDTA Ak L
U CHUEEE I 0 IPF% % [ at U7z 28, il
LHEICBNTIXREANDORL 5T ITP FEFIZ BN T
bEBREEZRDRNP ST,

Wiz, EDTA, Na-citrate, ACD, CTAD 0%k
BFNZOWTHIER Z & IPF% O EE KD, 1

NS; not significant.

HEAZHEEL LU CHERERERIT>7, Fig. 30 L
BlcdgsBEANOT—2%7ay ML, FTERIZIZF
DEHEZRLTHD, BEANIFIZBNTIX
EDTA, Na-citrate, CTAD TIZHRE FE(@A 23D
bOoD, 3RHETHEEZZRD P T, £
ACD TIZ4HEZTHEEZRZADT, 2 ToOHE
BIANC DWW TR L E LT ERE Bk,

ITP EH (Fig. 4) 2B W T3, EDTA, Na-citrate,
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