PULMONARY HYPERTENSION

pulmonary artery pressure is > 30 with exercise mean >
25 mm Hg

respiratory failure due to intrinsic pulmonary disease is
the most common cause of pulmonary hypertension

severe pulmonary hypertension :

- a primary disorder

- a complication of connective tissue disease
(e.g. systemic sclerosis)

- a result of chronic thromboembolic events.



19.98 Classification of pulmonary hypertension

Pulmonary arterial hypertension

o Primary pulmonary hypertension: sporadic and familial

o Related to: connective tissue disease (limited cutaneous systemic sclerosis), congenital systemic
to pulmonary shunts, portal hypertension, HIV infection, exposure to various drugs or toxins, and
persistent pulmonary hypertension of the newborn

Pulmonary venous hypertension

o Left-sided atrial or ventricular heart disease
Left-sided valvular heart disease
Pulmonary veno-occlusive disease
Pulmonary capillary haemangiomatosis

Pulmonary hypertension associated with disorders of the respiratory system and/or hypoxaemia
e COPD

DPLD

Sleep-disordered breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Neonatal lung disease

Alveolar capillary dysplasia

Severe kyphoscoliosis

Pulmonary hypertension caused by chronic thromboembolic discase
¢ Thromboembolic obstruction of the proximal pulmonary arteries
¢ In situ thrombosis
e Sickle cell disease

Miscellaneous
o Inflammatory conditions
o Extrinsic compression of central puimonary veins



Primary Pulmonary Hypertension

1 idiopathic change in arterial walls :
hypertrophy of both the media and intima of the vessel & observed in situ thrombosis

[J commonly complain of dyspnea, fatigue, syncope, chest pain
[ disease of young women (20-40 years)

e physical exam :
- elevation of the JVP
- a parasternal heave (RV hypertrophy)
- accentuation of the pulmonary component of the second heart sound and a right
ventricular third heart sound.

[ positive serology (ANA) > 30%
[ patients frequently have Raynaud's syndrome

[J may be associated with the use of anorexic drugs (e.g. aminorex, fenfluramine)



Investigations

ECG : a right ventricular 'strain' pattern

chest X-ray :
enlarged pulmonary arteries, peripheral pruning

and right ventricle enlargement.

Confirmation : echocardiography



freatment:

All patients should be anticoagulated with warfarin
oxygen, diuretics and digoxin prescribed as appropriate.
high-dose calcium channel blockers

prostaglandins such : epoprostenol (prostacyclin)

the PDES inhibitor : sildenafil

oral endothelin antagonist: bosentan.

transplantation



Prognosis
N

0 poor, with 2-3 year mean survival from time of
diagnosis



Secondary Causes of Pulmonary
Hypertension

Cardiac Disease (Passive)
J increased LAP (e.g. chronic LVF, mitral stenosis)
1 increased pulmonary vascular flow

* as with a L —> R shunt (ASD, VSD, PDA)

* as right sided pressure increases due to increased
flow, pressure eventually becomes greater than left
sided pressure resulting in a R —> L shunt and
cyanosis (irreversible Eisenmenger's complex)



Pulmonary Vasoconstriction
(Reactive)

] primary response to hypoxia but also to acidosis
from hypercapnia (i.e. with chronic lung disease)

1 note:
chronic hypoxia also causes polycythemia which will
increase viscosity and increase pulmonary arterial
pressure



Loss of Pulmonary Vessels
(Destructive)

1 loss of vascular bed surface area as with
interstitial lung disease/pulmonary fibrosis,
emphysema, scleroderma, pneumonectomy,
multiple lobectomies, bronchiectasis, CF

1 pulmonary arterial pressure may be normal at
rest but increased with exercise



Pulmonary Vascular Occlusion
(Obstructive)
Chronic thromboembolic disease



Clinical Presentation

[ symptoms

* dyspnea

* fatigue

* substernal chest pain

* syncope

* symptoms of underlying disease

1 signs
* loud, palpable P2
* RV heave
* right sided S4 (due to RVH)

* if RV failure: right sided S3, increased JVP, peripheral edema, TR



Investigations

[J CXR
* enlarged central pulmonary arteries

* cardiac changes due to RVH/failure (filling of retrosternal air space)

1 ECG
* RVH/strain and RA enlargement, rightward axis deviation

[ 2-D echo doppler assessment of RVSP
[ cardiac catheterization: direct measurement of pulmonary artery pressures
[ spiral CT and PFTs to rule out lung disease

[d V/Q scan +/= pulmonary angiogram to rule out thromboembolic disease



Management

1 O2 if hypoxic
1 treat underlying condition
1 phlebotomy for polycythemia (rarely required)
] treatment of exacerbating factors

* smoking

* sedatives

* obesity

* infection
1 anti-coagulation + /- vasodilators (prostacyclin)
1 lung transplant



PULMONARY EMBOLI (PE)

J thrombi usually start in calf, but must propagate
into proximal veins (i.e. thigh) to create a sufficiently
large thrombus for a clinically significant PE

1 only 50% of patients have previous clinical
evidence of DVT (i.e. tenderness, swelling of lower
extremity)

1 always suspect PE if patient suddenly collapses
1-2 weeks after surgery



Risk Factors (Virchow's Triad)

[ stasis

* immobilization : bed rest, prolonged sitting during travel, immobilization of an extremity
after fracture

* obesity, CHF

* chronic venous insufficiency

(1 endothelial cell damage

* post-operative complications, trauma

(1 hypercoaqulable states

* underlying CA (particularly adenocarcinoma)
* high dose exogenous estrogen administration
* pregnancy, post-partum

* coagulopathies: inherited deficiencies of antithrombin lll, protein C, protein S, activated
protein C resistance, antiphospholipid antibody, hyperhomocysteinemia, factor V Leiden
mutation

* prior history of DVT/PE, family history



Other Causes (all rare)

1 tumour cells/fragments
1 fat
1 amniotic fluid

1 foreign bodies
J air

® A recognised risk factor is present in between
80% and 90% of patients



Risk factors for venous thromboembolism

Surgery

e Major abdominal/pelvic surgery
e Hip/knee surgery

e Post-operative intensive care

Obstetrics

e Pregnancy/puerpenum

Cardiorespiratory disease
e COPD
e Congestive cardiac failure

e Other disabling disease

Lower limb problems
e Fracture
e Varicose veins

e Stroke/spinal cord injury

Malignant discase
e Abdominal/pelvic
e Advanced/metastatic

e Concurrent chemotherapy

Miscellaneous

Increasing age

Previous proven VTE
Immobility

Thrombotic disorders (Ch. 24)
Trauma



Clinical Presentation

[ respiratory symptoms/signs (neither sensitive nor specific)
* tachypnea
* SOB +/— wheeze
* pleuritic chest pain or non-pleuritic non-central chest pain
* hemoptysis
* Sa02 < 92%
* pleural rub

[ other (neither sensitive nor specific)
* tachycardia +/— hypotension
* syncope
* + /- fever, elevated white count
* leg symptoms



Clinical Presentation

1 in severe hemodynamic compromise:

* increased pulmonary arterial pressure, RVH (RV
heave, loud/palpable P2, right-sided S4)

* if RV failure (right sided S3, distention of jugular
veins), TR

* decreased LV filling (decreased cardiac output,
syncope, shock)



Investigations

1 CXR

* frequently normal

* Hampton's hump- cone-shaped area of opacification
representing atelectasis/infarction

* Westermark's sign- area of oligemia/decreased
vascular markings
(difficult to assess without prior films)

* rarely - dilatation of proximal PA

* often nonspecific :
(e.g. areas of atelectasis, elevation of a
hemidiaphragm, pleural effusion)



Features of pulmonary thromboembolism/infarction
on chest X-ray.

Pulmonary opacities
(any size or shape,
rarely lobar or segmental,
can cavitate)
Wedge-shaped opacity |
Oligaemia of lung fielc
Horizontal linear opacities Enlarged pulmonary
(bilateral and usually in artery
lower zones)
Elevated
Pleural effusion hemidiaphragm

(usually blood-stained)




Pulmonary infarct with

| triangular

" opacity in the right middle
and lower lung fields,
elevation of the diaphragm,
and possibly pleural
effusion.



Investigations

LJECG
o often normal
* sinus tachycardia most common & anterior T-wave inversion
* RAD, S1Q3T3 with large embolus (right heart strain )

L1 ABG

* PaO2 usually decreased, PaCO2 decreased
(due to increase in overall minute ventilation)

* increased A-a gradient

LJ D-dimers (products of thrombotic/fibrinolytic process)
* ELISA better than latex agglutination
* D-dimer results alone do not rule in or out DVT/PE
ohigh negative predictive value and further investigation is unnecessary

* need to use in conjunction with leg dopplers, other investigations



elevated D-dimer

PE

myocardial infarction
pneumonia

Sepsis

Surgery (2 weeks )
Pregnancy

Inpatient

Malignancy



Investigations

[J venous duplex ultrasound or doppler (high specificity)
- with leg symptoms
* positive test can rule in a proximal or distal DVT
* negative test can only rule out a proximal DVT
- without leg syptoms
* positive test rules in proximal DVT
* negative test does not rule out a DVT (a possible non-occlusive DVT?)

1 V/Q scan (very sensitive but low specificity) :

order scan if :
* CXR normal/mild abnormalites, no COPD

* normal leg dopplers but abnormal D-dimers

avoid scan if :
* CXR very abnormal or COPD
* leg dopplers and D-dimers are normal



Table 9-21. Pulmonary ventilation-perfusion scan based diagnostic algorithm for PE.

Clinical concern for PE:

1. Analyze by three-tiered clinical probability assessment (Table 9-20)
2. Obtain scan

3. Match resuits in the following table

Chinical suspicion for PE by clinical probability assessment

HIGH MODERATE LOwW
STOP. STOP. Diagnosis likely (56% in PIOPED |, but small
Diagnosis established. Diagnosis established. number of patients). Treat for PE or
& § Treat for PE. Treat for PE. evaluate further with LE US or CT-PA.
x
Diagnosis highly likely (66% in PIOPED ). Uncertain diagnosis. Uncertain diagnosis. Evaluate further
- Treat for PE or evaluate further with Evaluate further with with LE US or CT-PA.
e E LE US or CT-PA. LE US or CT-PA.
£32 8
T ‘3 ~
&
Uncertain diagnosis. Evaluate further Uncertain diagnosis. STOP.
with LE US or CT-PA. Evaluate further with Diagnosis excluded; monitor off
§ § LEUS or CT-PA. anticoagulation. Consider alternative
diagnoses.
STOP. STOP. STOP.
E € Diagnosis excluded; monitor off Diagnosis excluded; Diagnosis excluded;
3 anticoagulation. monitor off anticoagulation. monitor off anticoagulation.
= . . : _ .
Consider alternative diagnoses. Consider alternative diagnoses. Consider alternative diagnoses.

Data from The PIOPED Investuigators. Value of the ventlation/perfusion scan in acute pulmonary embolisan resutts of the Prospective
Investigation of Pulnonaty Embolism Diagnosis (PIOPED), JAMA, 1990 May 23-30:263(20):2753-9. [PMID: 2332918]

CTPA nelical CT pu'monary angiograohy; LE US, ‘ower extremity venous ultrasound for DVT; PE, pulmonary embolism
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Bedside echocardiography
—

11 extremely helpful in the differential diagnosis

7 Acute dilatation of the right heart is usually present
in massive PE



Investigations

J pulmonary angiogram is gold standard but more
invasive

1 spiral CT scan with contrast

1 ECHO



Figure 48.7 Left-sided pulmonary angiogram showing extensive fillng defects within the left pulmonary artery
(arrows) and the upper loe, lingula, and lower lobe arteries consistent with the diagnosis of pulmonary embolism.




CT pulmonary angiography (CTPA)

most commonly sought first-line diagnostic test.
visualising the distribution and extent of the emboli

highlighting alternative diagnoses such as
consolidation or pneumothorax

renal impairment and the use of iodinated contrast
media should be avoided



Figure 48.6 Chest computed tomagraphy scanning demonstrating extensive embolization involving the right
main, upper lobe, and lower lobe pulmonary arteries.
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Features of pulmonary thromboemboli

Acute massive PE Acute small/medium PE Chronic PE
Pathophysiology Major haemodynamic effects: Occlusion of segmental Chronic occlusion of
|cardiac output; acute right heart |pulmonary artery - infarction ‘pulmonary microvasculature,
— (failure £ effusion fight heart failure
Symptoms Faintness or oollapso crushmg Pleuritic chest pam restricted Exemonal dyspnoea Late
central chest pain, apprehension, |breathing, haemoptysis symptoms of pulmonary
severe dyspnoea hypertension or right heart
failure
Signs Major circulatory collapse: Tachycardia, pleural rub, ‘May be minimal early in
tachycardia, hypotension,} JVP, |raised hemidiaphragm, disease. Later: RV heave,
nght ventricular gallop thythm,  |crackles, effusion (often blood- loud P,. Terminal: signs of
loud P, severe cyanosis, |urinary stained), low-grade fever right hean failure
output
Chest X-ray Usually normal. May be subtle  |Pleuropulmonary opacities, ‘Enlamed pulmonary artery
oligaemia pleural effusion, linear trunk enlarged heart,
shadows, raised promment RV
hemidiaphragm
ECG $,Q,T, anterior T-wave inversion, |Sinus tachycardia 'RV hypertrophy and strain
nght bundle branch block (RBBB) |
Arterial blood  |Markedly abnormal with 1Pa02 May be normal or |PaO, or  Exertional |PaO, or
gases and | PaCO,. Metabolic acidosis ||PaCO, desaturation on formal
- ‘exercise testing
Alternative Myocardial infarction, pericardial |Pneumonia, pneumothorax,  Other causes of pulmonary
diagnoses tamponade, aortic dissection musculoskeletal chest pain hypertension
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TABLE 244-1 Welis Diognostic Scoring System* for Suspected PE

Points

* Clinical signs and symptoms of DVT (minimum of leg 3.0

swelling and pain with palpation of the deep veins)
* An alternative diagnosis is less likely than PE 3.0
* Heart rate > 100 beats/min 1.5
* [Immobilization or surgery in the previous 4 weeks 1.5
* Previous DVT/PE 1.5
* Hemoptysis 1.0
* Malignancy (on treatment, treated in the past 6 months, or 1.0

palliative)

* The Wells Sconng System has a maximum of 12.5 points. If the score is = 4 points, the
likelihood of PE is only 3%,



Table 9-20. Clinical prediction rule for pulmonary
embolismm (PE).

Variable Points

Clinical symptoms and signs of deep venous 3.0
thrombosis (DVT) (leg swelling and pain with
palpation of deep veins)

Alternative diagnosis less likely than PE 3.0
Heart rate > 100 beats/min 1.5
Immobilization for more than 3 days or surgery in 1.5
previous 4 weeks
Previous PE or DVT 1.5
Hemoptysis 1.0
Cancer (with treatment within past 6 months 1.0
or palliative care)
Three-tiered clinical probability assessment Score
High > 6.0
Moderate 20 10 6.0
Loww < 20
Dichotomous clinical probability assessment Score
PE likely >40

PE unhikely < Oor = 4.0
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A Figure 9-9. D-dimer and helical CT-PA based diagnostic algorithm for PE. CT-PA CT pulmonary angiogram; Pt,
pulmonary embolism; ELISA, enzyme-linked immunosorbent assay; VTE, venous thromboembolic disease; LE US, lower
exiremity venous ultrasound for deep venous thrombosis; PA, pulmonary angiogram, (Reproduced, with permission, fror
van Belle A et al. Effectiveness of managing suspected pulmonary embolism using an algorithm combining clinical
probability, O-dimer testing, and computed 1omography. JAMA, 2006 Jan 11;295{2):172-9)
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Algorithm for the
investigation of
patients with
suspected
pulmonary
thromboembolism.

Clinical risk is based
on the presence of
risk factors for VTE
and the probability
of another
diagnosis.

Venous thromboembolism
suspected

|

Measure D-dimer levels

Assess clinical risk l

D-dimer -ve
Risk low

D-dimer +ve

f_Ll

Risk high Risk low

l

Treat

.

Not DVT/PE

Confirm
| diagnosis

D-dimer -ve
Risk high

e Ultrasound leg
veins +

e CT pulmonary
angiogram or

* V/Q scan
(no previous
cardiopulmonary
disease)




Clinical Assessment and
Estimate Clinical Likelihood

Inpatrent or very
high likefihood

Outpatient or
ED patient

Low or modierate
clhirncal ikelihood

| Do-Dimer ELisA |

’-l Imaging '

] Renal nsufficiency

Normal; ] [Elevaled '
sStop work-up

or remal

comMirast allergy

| —1
— CTli ==

FKidneys OK and
NoO comMMrast alergy

Nondiagnostic ]

I

T

Definite DV'T ; Normal or
Treat nondcagnosuc

IPAgtarn]

Diagnosis strategy for pulmonary thromboembolism: An integrated
ELISA, enzgme-linked immunosorbent

FIGURE 244-3
diagnostic approach. ED, emergency department;
assay; T, computed tomography: USS, ultrasound; DVT, deep vein thrombosis; PA gram

pulmonary artenogram.



Prevention

1 early mobilization of peri-operative patients, in-
patients

1 prophylactic anticoagulation: limited mobility,
chronically ill (e.g. heparin 5,000 units SC BID)

1 peri-operative anticoagulation:

heparin or LMWH (enoxaparin)



Treatment

1 have patient sit up as it aids respiration
1 02

[ thrombolysis for large, hemodynamically significant emboli (ICU) or
right ventricular dilatation and hypokinesis or severe hypoxaemia.

1 anticoagulation to prevent further emboli

* LMWH initial treatment (fragmin) (reliable dose-response curve at a
given weight, so don’t need to monitor PTTs with LMWH)

* IV heparin

1 6-24+ weeks oral warfarin (started one day after heparin started)
[ IVC filter if

* anticoagulant therapy contraindicated or fails

* pulmonary vascular reserve is such that another PE would be fatal



Treatment

Heparin reduces further propagation of clot, the risk of further emboli, and
lowers mortality.

duration of LMWH treatment should be at least 5 days

LMWH should not be discontinued until the international normalised ratio (INR)
is greater than 2.

Patients with a persistent prothrombotic risk or a history of previous emboli
should be anticoagulated for life

reversible risk factor usually require only 3 months of therapy.

If the condition is idiopathic or risk factors are weak, anticoagulation for 6
months is recommended



American College of Chest Physician
Guidelines

3 months of anticoagulation after a first episode
provoked by a surgery or a transient nonsurgical
risk factor.

Extended therapy (6- 1 2 months) is
recommended for unprovoked or recurrrent episode
with a low to moderate risk of bleeding.

For patients with cancer, extended therapy is
recommended regardless of bleeding risk and
LMWH is preferred over vitamin K antagonists.



Table 14-16. Initial anticoagulation for VTE.!

Clinical Scenario

VTE, with
DvT, DVT, Concomitant VTE,
Lower Upper Severe Renal Cancer-
Anticoagulant Dose/Frequency Extremity Extremity PE Impairment® Related Comment
Unfractionated 80 units/kg intravenous x b = < Bolus may be omitted if
heparin bolus, then continu- risk of bleeding is per-
ous intravenous infu- ceived to be elevated
sion of 18 units/kg/h Maximum bolus,
10,000 units. Requires
aPTT monitoring. Most
patients: begin
warfarin attime of
initiation of heparin.
330 units/kg subcutane- x Fixed-dose; no aPTT
ously x 1, then 250 monitoring required

units/kg subcutane-
ously every 12 hours

LMWH and Fondaparinux

Enoxaparin’ 1 mg/kg subcutaneously x x x Most patients: begin
every 12 hours warfarin at time of
initiation of LMWH
Dalteparin’ 200 units/kg subcutane- x > x x Cancer: administer LMWH
ously once daily for for = 3-6 months;
first month, then reduce dose to 150
150 units/kg/day units/kg after first
month of treatment
Fondaparinux 5-10 mg subcutane- * P * Use 7.5 mg for body
ously once daily (see weight 50-100 kg:
Comment) 0 mg for body weight
> 100 kg
Direct-Acting Oral Anticoagulants (DOACs)
Rivaroxaban 15 mg orally twice daily x > > Contraindicated if C&rQ)
with food for 21 days < 30 mL/min
then 20 mg orally
daily with food
Apixaban 10 mg orally twice daily E = x Contraindicated if CrCl
for first 7 days then < 25 mL/min
S mg twice daily
Dabigatran 5-10 days of parenteral ES * x Contraindicated if
anticoagulation, then G Q < 1S ml/min
150 mg twice daily
Edoxaban S-10days of parenteral x b x Contraindicated if C&rCl
anticoagulation, then < B mL/min or
60 mg once daily; > 95 mL/min
30 mg once daly

recommended if Crd
is between 15 and
50 mL/min, if weight
= 60 kg, or if certain
P-gp inhibitors are
present




Treatment

shock :
infravenous fluids or plasma expander, but inotropic
agents are of limited value

Diuretics and vasodilators should also be avoided

Opiates may be necessary



Rivaroxaban

direct inhibitor of activated factorX

Inhibiting both thrombin formation and development
of thrombi.

It has a rapid onset of action.

No routine coagulation monitoring is required.
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Table 9-24, Selected low-molecular-weight heparin anticoagulation regimens.

Drug  |Suggested Treatment Dose ! (Subcutaneous)

Dalteparin | 200 unitsfkg once daily (not to exceed 18,000 units/dose)
Enoxaparin| 1.5 ma/kg once daly (single dose not to exceed 180 mg)

Nadroparin| 86 units/kg twice daily for 10 days, or 171 units/kg once daily (single dose not to exceed
17,000 units)

Tinzaparin | 175 units/kg once daily




Prognosis

greatest in those with echocardiographic evidence of
right ventricular dysfunction or cardiogenic shock.

persisting pulmonary hypertension :
4% of patients by 2 years.

A minority progress to overt right ventricular failure.



VTE and pregnancy

Maternal mortality: VTE is the leading cause.

CTPA:

may be performed safely with fetal shielding (0.01-0.06 mGy). It is important to
consider the risk of radiation to breast tissue (particularly if family history of breast
carcinoma) and the risk of iodinated contrast media to mother and fetus (neonatal
hypothyroidism).

V/Q scanning:

greater radiation dose to fetus (0.11-0.22 mGy) but less to maternal breast tissue.

In utero radiation exposure:

estimated incidence of childhood malignancy is about 1 in 16 000 per mGy.

Warfarin:
teratogenic, so VTE should be treated with LMWH during pregnancy.



Thromboembolic disease in old age

Risk: rises by a factor of 2.5 over the age of 60 years.

Prophylaxis for VTE:
should be considered in all older patients who are immobile as a result of acute illness, except
when this is due to acute stroke.

Association with cancer:

the prevalence of cancer among those with DVT increases with age but the relative risk of
malignancy with DVT falls; therefore intensive investigation is not justified if initial assessment
reveals no evidence of an underlying neoplasm.

Warfarin:

older patients are more sensitive to the anticoagulant effects of warfarin, partly due to the
concurrent use of other drugs and the presence of other pathology. Life-threatening or fatal
bleeds on warfarin are significantly more common in those aged over 80 years.

Chronic immobility:
long-term anticoagulant therapy is not required as there is no associated increase in
thromboembolism



