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ผูปวยชาย อายุ 65 ป อาชีพชาวสวน จ.ประจวบคีรีขันธ 

อาการสำคัญ : ไขมานาน 3 สัปดาห 
ประวัติปจจุบัน : 3 สัปดาหกอน ผูปวยเริ่มมีไขตํ่าๆ ไมมีอาการปสสาวะขุนแสบขัด ไมมีอาการปวดทอง ไมมี
อาการทองเสียถายเหลว ไมมีอาการไอ/ไมมีเสมหะ ไมมีอาการปวดขอ กินยา paracetamol แลว อาการดี
ขึ้นบาง 
 2 สัปดาหกอน ผูปวยยังคงมีไขอยู ไขเริ่มสูงขึ้น เริ่มมีเหงื่อออกเวลามีไข เริ่มมีอาการเหนื่อยมากขึ้น เวลา
เดินไปไดประมาณ 200-300 เมตร ทำสวนหลังบานแลวมีอาการเหนื่อยมากขึ้น ไมมีอาการเจ็บหนาอก ไมมี
อาการใจสั่น  
 1 สัปดาหกอน ผูปวยยังคงมีไขอยู เริ่มมีไขตลอดทั้งวัน อาการเหนื่อยมากขึ้น อยูเฉยๆ ก็เหนื่อย นั่งพักแลว
อาการเหนื่อยไมหายไป ผูปวยตองนอนหนุนหมอน 2-3 ใบ บางคืนสะดุงตื่นเพราะหายใจไมทัน ไมมีอาการ
เจ็บหนาอก อาการเหนื่อยและไขยังไมดีขึ้น อาการเปนมากขึ้น ภรรยาจึงพาผูปวยมาโรงพยาบาล จ.ประจวบคี
รีขันธ 
ประวัติอดีต : เมื่ออายุ 20 ป ถูกคูอริตีดวยของแข็งบริเวณทัดดอกไม มีเลือดออกเหนือเยื่อหุมสมอง ไดรับการ
รักษาโดยการเอากอนเลือดออก 
 : 2 เดือนกอน ไปตรวจสองกลองลำไสใหญ (Colonoscopy) ตรวจพบมีติ่งเนื้อที่ลำไสใหญสวนตน ได
ตัดติ่งเนื้อออกไป 2 ติ่ง ผลชิ้นเนื้อพยาธิวิทยาเปน tubular adenoma 
ประวัติสวนตัว : ไมสูบบุหรี่ ไมดื่มสุรา 
ประวัติครอบครัว : ไมมีใครในครอบครัวมีอาการแบบเดียวกับผูปวย 
ประวัติยาและภูมิแพ : ผูปวยไมไดใชยาใดเปนประจำ ไมเคยแพยา



Physical examination 
Vital signs : BT 37.4 C, PR 100/min, BP 120/50 mmHg, RR 26/min, O2 saturation (room air) 
93% 
General appearance : Agitation, mildly pale, no jaundice, pitting edema both legs, no 
cyanosis, dyspnea and tachypnea 
CVS : JVP 5 cms above sternal angle, apical impulse at 5th ICS at left midclavicular line, 
normal S1/S2, murmur at left 3rd intercostal space as figure  
RS : Trachea in midline, equal chest expansion, fine crackles both lower lungs 
Abdomen : Soft, not tender, liver and spleen not palpable, normal bowel sound 
Nervous system 
 Cranial nerves - Intact all 
          Motor system - Normal tone, motor power grade V all, DTR 2+all 
          Stiff neck - negative 
Musculoskeletal system  
 Right knee joint : Tenderness at joint line, warmth, tenderness  
on passive motion 
Lymphatic system : No superficial lymphadenopathy



Laboratory investigation 
CBC : Hb 8.7 g/dL, WBC 23,000/mm3 (N 85%, L15%) (ภาพขยาย x 100 เทา) 
Blood chemistry : BS 163 mg/dL, BUN 10 mg/dL, Cr 0.7 mg/dL, Na 128 mmol/L, 

K 3.6 mmol/L, Cl 99 mmol/L, HCO3 18 mmol/L
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Prolonged fever

Dyspnea on exertion

Dyspnea at rest

Paroxysmal nocturnal dyspnea

Hx of epidural hematoma, S/P clot removal

Hx of colonic polyp, S/P colonoscopy with 
polypectomy 
(Result of Tissue biopsy : Tubular 
adenoma)



Physical examination 
Vital signs : BT 37.4 C, PR 100/min, BP 120/50 mmHg, RR 26/min, O2 saturation (room 
air) 93% 
General appearance : Agitation, mildly pale, no jaundice, pitting edema both legs, no 
cyanosis, dyspnea and tachypnea 
CVS : JVP 5 cms above sternal angle, apical impulse at 5th ICS at left midclavicular 
line, normal S1/S2, murmur at left 3rd intercostal space as figure  
RS : Trachea in midline, equal chest expansion, fine crackles both lower lungs 
Abdomen : Soft, not tender, liver and spleen not palpable, normal bowel sound 
Nervous system 
 Cranial nerves - Intact all 
          Motor system - Normal tone, motor power grade V all, DTR 2+all 
          Stiff neck - negative 
Musculoskeletal system  
 Right knee joint : Tenderness at joint line, warmth, tenderness on passive motion 
Lymphatic system : No superficial lymphadenopathy

Tachycardia, wide pulse pressure

Hypoxemia

Signs of left sided heart failure

Systolic ejection murmur and 
Diastolic blowing murmur at 
Erb’s point Splinter hemorrhage

Right knee joint arthritis

🌬



Laboratory investigation 
CBC : Hb 8.7 g/dL, WBC 23,000/mm3 (N 85%, L15%) (ภาพขยาย x 100 เทา) 
Blood chemistry : BS 163 mg/dL, BUN 10 mg/dL, Cr 0.7 mg/dL, Na 128 mmol/L, 

K 3.6 mmol/L, Cl 99 mmol/L, HCO3 18 mmol/L

Normochromic normocytic anemia

Leukocytosis

Hyperglycemia Hypervolemic hyponatremia

Low HCO3 level



Problem list

Prolonged fever for 3 weeks

Progressive dyspnea for 2 weeks, paroxysmal nocturnal dyspnea for 1 week, hypoxemia with sign of left sided heart failure

Systolic ejection murmur and diastolic blowing murmur at Erb’s point

Tachycardia with wide pulse pressure

Splinter hemorrhage

Right knee joint arthritis

Normochromic normocytic anemia with leukocytosis

Hyperglycemia, hypervolemic hyponatremia with low HCO3 level

Hx of colonic polyp, S/P polypectomy (tissue biopsy result : Tubular adenoma)

Hx of epidural hematoma, S/P clot removal

A 65-year-old man presented with 



Diagnosis

Pros Cons

Infective endocarditis, 
aortic valve regurgitation 
with left-sided heart 
failure

 Prolonged fever for 3 weeks 
 Progressive dyspnea for 2 weeks, paroxysmal 

nocturnal dyspnea for 1 week, hypoxemia with 
sign of left sided heart failure  
 Systolic ejection murmur and diastolic blowing 

murmur at Erb’s point 
 Tachycardia with wide pulse pressure  
 Splinter hemorrhage 
 Normochromic normocytic anemia with 

leukocytosis  
 Hypervolemic hyponatremia with low HCO3 level 
 Hx of colonic polyp, S/P colonoscopy with 

polypectomy (tissue biopsy result : Tubular 
adenoma)

Rheumatic fever, aortic 
valve regurgitation with 
heart failure

 Progressive dyspnea for 2 weeks, paroxysmal 
nocturnal dyspnea for 1 week, hypoxemia with sign 
of left sided heart failure  
 Systolic ejection murmur and diastolic blowing 
murmur at Erb’s point 
 Tachycardia with wide pulse pressure 
 Hypervolemic hyponatremia with low HCO3 level

 Splinter hemorrhage 
 Absent Hx of 
migratory polyarthritis
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Mitral valve - left 5th ICS 
at MCL 

Tricuspid valve - Left 5th 
ICS at left parasternal 
area 

Pulmonic valve - Left 2nd 
ICS at left parasternal 
area 

Aortic valve - Right 2nd ICS 
at right parasternal area
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SECTION VI

 

Cardiovascular Physiology

 

PERICARDIUM

 

The myocardium is covered by a fibrous layer known as the epi-
cardium. This, in turn, is surrounded by the pericardium, which
separates the heart from the rest of the thoracic viscera. The
space between the epicardium and pericardium (the 

 

pericardial
sac

 

) normally contains 5 to 30 mL of clear fluid, which lubricates
the heart and permits it to contract with minimal friction.

 

TIMING

 

Although events on the two sides of the heart are similar, they
are somewhat asynchronous. Right atrial systole precedes left
atrial systole, and contraction of the right ventricle starts after
that of the left (see Chapter 30). However, since pulmonary ar-
terial pressure is lower than aortic pressure, right ventricular
ejection begins before that of the left. During expiration, the
pulmonary and aortic valves close at the same time; but during
inspiration, the aortic valve closes slightly before the pulmo-
nary. The slower closure of the pulmonary valve is due to low-
er impedance of the pulmonary vascular tree. When measured
over a period of minutes, the outputs of the two ventricles are,
of course, equal, but transient differences in output during the
respiratory cycle occur in normal individuals.

 

LENGTH OF SYSTOLE & DIASTOLE

 

Cardiac muscle has the unique property of contracting and re-
polarizing faster when the heart rate is high (see Chapter 5),

and the duration of systole decreases from 0.27 s at a heart rate
of 65 to 0.16 s at a rate of 200 beats/min (Table 31–1). The
shortening is due mainly to a decrease in the duration of sys-
tolic ejection. However, the duration of systole is much more
fixed than that of diastole, and when the heart rate is in-
creased, diastole is shortened to a much greater degree. For ex-
ample, at a heart rate of 65, the duration of diastole is 0.62 s,
whereas at a heart rate of 200, it is only 0.14 s. This fact has im-
portant physiologic and clinical implications. It is during dias-
tole that the heart muscle rests, and coronary blood flow to the
subendocardial portions of the left ventricle occurs only dur-
ing diastole (see Chapter 34). Furthermore, most of the ven-
tricular filling occurs in diastole. At heart rates up to about
180, filling is adequate as long as there is ample venous return,
and cardiac output per minute is increased by an increase in
rate. However, at very high heart rates, filling may be compro-
mised to such a degree that cardiac output per minute falls.

Because it has a prolonged action potential, cardiac muscle
cannot contract in response to a second stimulus until near
the end of the initial contraction (see Figure 5–15). Therefore,
cardiac muscle cannot be tetanized like skeletal muscle. The
highest rate at which the ventricles can contract is theoreti-
cally about 400/min, but in adults the AV node will not con-
duct more than about 230 impulses/min because of its long
refractory period. A ventricular rate of more than 230 is seen
only in paroxysmal ventricular tachycardia (see Chapter 30).

Exact measurement of the duration of isovolumetric ven-
tricular contraction is difficult in clinical situations, but it is
relatively easy to measure the duration of 

 

total electrome-
chanical systole (QS

 

2

 

),

 

 the 

 

preejection period (PEP),

 

 and the

 

left ventricular ejection time (LVET)

 

 by recording the ECG,
phonocardiogram, and carotid pulse simultaneously. QS

 

2

 

 is
the period from the onset of the QRS complex to the closure of
the aortic valves, as determined by the onset of the second
heart sound. LVET is the period from the beginning of the
carotid pressure rise to the dicrotic notch (see below). PEP is
the difference between QS

 

2

 

 and LVET and represents the time
for the electrical as well as the mechanical events that precede
systolic ejection. The ratio PEP/LVET is normally about 0.35,
and it increases without a change in QS

 

2

 

 when left ventricular
performance is compromised in a variety of cardiac diseases.

 

ARTERIAL PULSE

 

The blood forced into the aorta during systole not only moves
the blood in the vessels forward but also sets up a pressure wave
that travels along the arteries. The pressure wave expands the
arterial walls as it travels, and the expansion is palpable as the

 

pulse.

 

 The rate at which the wave travels, which is independent
of and much higher than the velocity of blood flow, is about 4
m/s in the aorta, 8 m/s in the large arteries, and 16 m/s in the
small arteries of young adults. Consequently, the pulse is felt in
the radial artery at the wrist about 0.1 s after the peak of systolic
ejection into the aorta (Figure 31–3). With advancing age, the
arteries become more rigid, and the pulse wave moves faster.

 

FIGURE 31–2 

 

Pressure–volume loop of the left ventricle. 
During diastole, the ventricle fills and pressure increases from d 
to a. 

 

Pressure then rises sharply from a to b during isovolumetric con-
traction and from b to c during ventricular ejection. At c, the aortic 
valves close and pressure falls during isovolumetric relaxation from c 
back to d.  

 

(Reproduced with permission from McPhee SJ, Lingappa VR, Ganong 

WF [editors]: 

 

Pathophysiology of Disease,

 

 4th ed. McGraw-Hill, 2003.)
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Mechanism of Murmur

540 SECTION VI Cardiovascular Physiology

principles are of value when used as an aid to understanding
what goes on in the body.

LAMINAR FLOW

The flow of blood in straight blood vessels, like the flow of liq-
uids in narrow rigid tubes, is normally laminar. Within the
blood vessels, an infinitely thin layer of blood in contact with
the wall of the vessel does not move. The next layer within the
vessel has a low velocity, the next a higher velocity, and so
forth, velocity being greatest in the center of the stream
(Figure 32–21). Laminar flow occurs at velocities up to a cer-
tain critical velocity. At or above this velocity, flow is turbu-
lent. Laminar flow is silent, but turbulent flow creates sounds.

The probability of turbulence is also related to the diameter
of the vessel and the viscosity of the blood. This probability

can be expressed by the ratio of inertial to viscous forces as
follows:

where Re is the Reynolds number, named for the man who de-
scribed the relationship; ρ is the density of the fluid; D is the
diameter of the tube under consideration; V is the velocity of
the flow; and η is the viscosity of the fluid. The higher the val-
ue of Re, the greater the probability of turbulence. When D is
in cm, V is in cm/s–1, and η is in poise; flow is usually not tur-
bulent if Re is less than 2000. When Re is more than 3000, tur-
bulence is almost always present. Laminar flow can be
disturbed at the branching points of arteries, and the resulting
turbulence may increase the likelihood that atherosclerotic
plaques will be deposited. Constriction of an artery likewise
increases the velocity of blood flow through the constriction,
producing turbulence and sound beyond the constriction
(Figure 32–22). Examples are bruits heard over arteries con-
stricted by atherosclerotic plaques and the sounds of Korot-
koff heard when measuring blood pressure (see below).

In humans, the critical velocity is sometimes exceeded in
the ascending aorta at the peak of systolic ejection, but it is
usually exceeded only when an artery is constricted. Turbu-
lence occurs more frequently in anemia because the viscosity
of the blood is lower. This may be the explanation of the sys-
tolic murmurs that are common in anemia.

SHEAR STRESS & GENE ACTIVATION

Flowing blood creates a force on the endothelium that is par-
allel to the long axis of the vessel. This shear stress (γ) is pro-
portionate to viscosity (η) times the shear rate (dy/dr), which

FIGURE 32–20 Plethysmography.

FIGURE 32–21 Diagram of the velocities of concentric 
laminas of a viscous fluid flowing in a tube, illustrating the 
parabolic distribution of velocities.
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FIGURE 32–22 Top: Effect of constriction (C) on the profile of 
velocities in a blood vessel. The arrows indicate direction of velocity 
components, and their length is proportionate to their magnitude. 
Bottom: Range of velocities at each point along the vessel. In the area 
of turbulence, there are many different anterograde (A) and some ret-
rograde (R) velocities.  (Modified and reproduced with permission from Richards 

KE: Doppler echocardiography in diagnosis and quantification of vascular disease. 

Mod Concepts Cardiovasc Dis 1987;56:43. By permission of the American Heart 

Association.)
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tolic murmurs that are common in anemia.

SHEAR STRESS & GENE ACTIVATION

Flowing blood creates a force on the endothelium that is par-
allel to the long axis of the vessel. This shear stress (γ) is pro-
portionate to viscosity (η) times the shear rate (dy/dr), which

FIGURE 32–20 Plethysmography.

FIGURE 32–21 Diagram of the velocities of concentric 
laminas of a viscous fluid flowing in a tube, illustrating the 
parabolic distribution of velocities.
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FIGURE 32–22 Top: Effect of constriction (C) on the profile of 
velocities in a blood vessel. The arrows indicate direction of velocity 
components, and their length is proportionate to their magnitude. 
Bottom: Range of velocities at each point along the vessel. In the area 
of turbulence, there are many different anterograde (A) and some ret-
rograde (R) velocities.  (Modified and reproduced with permission from Richards 

KE: Doppler echocardiography in diagnosis and quantification of vascular disease. 

Mod Concepts Cardiovasc Dis 1987;56:43. By permission of the American Heart 

Association.)
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Congenital

• Bicuspid valve or disproportionate cusps

Acquired

• Rheumatic disease
• Infective endocarditis
• Trauma
• Aortic dilatation (Marfan’s syndrome, aneurysm, dissection, 

syphilis, ankylosing spondylitis)

18.109 Causes of aortic regurgitation

valvuloplasty is useful in congenital aortic stenosis but 
is of no value in older patients with calcific aortic 
stenosis.

Anticoagulants are only required in patients who 
have atrial fibrillation or those who have had a valve 
replacement with a mechanical prosthesis.

Aortic regurgitation
Aetiology and pathophysiology
This condition is due to disease of the aortic valve cusps 
or dilatation of the aortic root (Box 18.109). The LV 
dilates and hypertrophies to compensate for the regur-
gitation. The stroke volume of the LV may eventually be 
doubled or trebled, and the major arteries are then  
conspicuously pulsatile. As the disease progresses, left 
ventricular diastolic pressure rises and breathlessness 
develops.

Clinical features
Until the onset of breathlessness, the only symptom may 
be an awareness of the heart beat (Box 18.110), particu-
larly when lying on the left side, which results from the 

Fig. 18.92 Aortic regurgitation. The early diastolic murmur is best heard at the left sternal edge and may be accompanied by an ejection systolic 
(‘to and fro’) murmur. The aortic arch and LV may become dilated.  A Doppler echocardiogram with the regurgitant jet (arrows). Inset (Colour Doppler 
echo) From Newby and Grubb 2005 – see p. 641. 
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Symptoms

Mild to moderate aortic regurgitation
• Often asymptomatic
• Awareness of heart beat, ‘palpitations’

Severe aortic regurgitation
• Breathlessness
• Angina

Signs

Pulses
• Large-volume or ‘collapsing’ pulse
• Low diastolic and increased pulse pressure
• Bounding peripheral pulses
• Capillary pulsation in nail beds: Quincke’s sign
• Femoral bruit (‘pistol shot’): Duroziez’s sign
• Head nodding with pulse: de Musset’s sign
Murmurs
• Early diastolic murmur
• Systolic murmur (increased stroke volume)
• Austin Flint murmur (soft mid-diastolic)
Other signs
• Displaced, heaving apex beat (volume overload)
• Pre-systolic impulse
• Fourth heart sound
• Crepitations (pulmonary venous congestion)

18.110 Clinical features of aortic regurgitation

increased stroke volume. Paroxysmal nocturnal dys-
pnoea is sometimes the first symptom, and peripheral 
oedema or angina may occur. The characteristic murmur 
is best heard to the left of the sternum during held expi-
ration (Fig. 18.92); a thrill is rare. A systolic murmur due 
to the increased stroke volume is common and does not 

SEM and DBM (diastolic blowing murmur) 
Soft mid-diastolic murmur (relative MS) 
Sign of LHF 
Peripheral sign of AR (low SVR)

18
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Echocardiography demonstrates restricted valve open-
ing (Fig. 18.91) and Doppler assessment permits calcula-
tion of the systolic gradient across the aortic valve, from 
which the severity of stenosis can be assessed (see Fig. 
18.11, p. 536). In patients with an impaired LV, velocities 
across the aortic valve may be diminished because of a 
reduced stroke volume, while when aortic regurgitation 
is present, velocities are increased because of an 
increased stroke volume. In these circumstances, aortic 
valve area calculated from Doppler measurements is a 
more accurate assessment of severity. CT and MRI are 
useful in assessing the degree of valve calcification and 
stenosis, respectively, but are rarely necessary.

Management
Irrespective of the severity of valve stenosis, patients 
with asymptomatic aortic stenosis have a good immedi-
ate prognosis and conservative management is appro-
priate. Such patients should be kept under review, as the 
development of angina, syncope, symptoms of low 
cardiac output or heart failure has a poor prognosis and 
is an indication for prompt surgery. In practice, patients 
with moderate or severe stenosis are evaluated every 
1–2 years with Doppler echocardiography to detect pro-
gression in severity; this is more rapid in older patients 
with heavily calcified valves.

Patients with symptomatic severe aortic stenosis 
should have prompt aortic valve replacement. Old age 

Investigations
In advanced cases, ECG features of hypertrophy (Box 
18.107) are often gross (Fig. 18.90), and down-sloping  
ST segments and T inversion (‘strain pattern’) are seen 
in leads reflecting the LV. Nevertheless, especially in old 
age, the ECG can be normal, despite severe stenosis. 

Fig. 18.89 Aortic stenosis. Pressure traces show the systolic gradient between LV and aorta. The ‘diamond-shaped’ murmur is heard best with the 
diaphragm in the aortic outflow and also at the apex. An ejection click (EC) may be present in young patients with a bicuspid aortic valve but not in older 
patients with calcified valves. Aortic stenosis may lead to left ventricular hypertrophy with a fourth sound at the apex and post-stenotic dilatation of the 
aortic arch. Figure 18.11 (p. 536) shows the typical Doppler signal with aortic stenosis. 
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ECG

• Left ventricular hypertrophy (usually)
• Left bundle branch block

Chest X-ray

• May be normal; sometimes enlarged LV and dilated 
ascending aorta on PA view, calcified valve on lateral view

Echo

• Calcified valve with restricted opening, hypertrophied LV (see 
Fig. 18.91)

Doppler

• Measurement of severity of stenosis
• Detection of associated aortic regurgitation

Cardiac catheterisation

• Mainly to identify associated coronary artery disease
• May be used to measure gradient between LV and aorta

18.107 Investigations in aortic stenosis

AS : Physical Signs
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replication of sarcomeres. Th ese compensatory changes, 
termed “concentric hypertrophy,” reduce the increase in wall 
tension observed in aortic stenosis (see Aortic Regurgitation). 
Analysis of pressure-volume loops reveals that, to main-
tain stroke volume and because of decreases in ventricular 

compliance, left  ventricular end-diastolic pressure increases 
signifi cantly ( Figure 10–22C ). Th e thick ventricle leads to a 
prominent  a  wave on left  atrial pressure tracings as the ven-
tricle becomes more dependent on atrial contraction to fi ll 
the ventricle.  

   FIGURE 10–22    Aortic stenosis.  A:  Drawing of the left heart in left anterior oblique view showing anatomic features of aortic stenosis. 
Note structures enlarged: left ventricle (thickened); poststenotic dilation of the aorta.  B:  Drawing showing auscultatory and hemodynamic 
features of predominant aortic stenosis. Cardinal features include left ventricular hypertrophy; systolic ejection murmur. (EC, ejection click; SM, 
systolic murmur; P, pulmonary valve; A, aortic valve.) (Redrawn, with permission, from Cheitlin MD et al, eds.  Clinical Cardiology,  6th ed. Originally published by 

Appleton & Lange. Copyright © 1993 by The McGraw-Hill Companies, Inc.)  C:  Pressure-volume loop in aortic stenosis. The left ventricle becomes thickened 
and less compliant, forcing the diastolic pressure-volume curve upward, which results in elevated left ventricular end-diastolic pressure ( a′ ). 
Because the left ventricle must pump against a fi xed gradient (increased afterload),  b  increases to  b′ . Finally, the hypertrophy of the ventricle 
results in increased inotropic force, which shifts the isovolumic pressure curve leftward.  
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In aortic sclerosis (not stenosis) 
Systolic ejection murmur (SEM) 
Not radiate to carotid a.
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Endocarditis

Endocarditis

Non-infective endocarditis Infective endocarditis

Bacteria Others

Acute endocarditis Subacute endocarditis

S. aureus, Enterococci 
Coagulase negative Staphylococci 
Enterobacteriaceae 
Streptococcus pneumoniae 
Pseudomonas aeruginosa

Viridans streptococci 
HACEK group
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Alpha



PYR +ve









Colon : Colonic Polyp

Tubular adenoma



Infective Endocarditis : Peripheral Signs

Janeway lesions

Osler’s node

Splinter hemorrhage

Roth’s spot

Subconjunctival hemorrhage



Infective Endocarditis : Pathology

Vegetation at 
aortic valve



Infective Endocarditis : Pathology



Edema : Concept of Starling Force

Fluid movement = k ((Pc - Pi) - (¶c - ¶i))

k = Capillary filtration coefficient 
Pc = Capillary hydrostatic pressure 
Pi = Interstitial hydrostatic pressure 
¶c = Capillary colloid osmotic pressure 
¶i = Interstitial colloid osmotic pressure
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EQUILIBRATION WITH 
INTERSTITIAL FLUID

As noted above, the capillary wall is a thin membrane made up
of endothelial cells. Substances pass through the junctions be-
tween endothelial cells and through fenestrations when they
are present. Some also pass through the cells by vesicular
transport.

The factors other than vesicular transport that are respon-
sible for transport across the capillary wall are diffusion and
filtration (see Chapter 1). Diffusion is quantitatively much
more important. O2 and glucose are in higher concentration
in the bloodstream than in the interstitial fluid and diffuse
into the interstitial fluid, whereas CO2 diffuses in the oppo-
site direction.

The rate of filtration at any point along a capillary depends
on a balance of forces sometimes called the Starling forces,
after the physiologist who first described their operation in
detail. One of these forces is the hydrostatic pressure gradi-
ent (the hydrostatic pressure in the capillary minus the hydro-
static pressure of the interstitial fluid) at that point. The
interstitial fluid pressure varies from one organ to another,
and there is considerable evidence that it is subatmospheric
(about –2 mm Hg) in subcutaneous tissue. It is, however, pos-
itive in the liver and kidneys and as high as 6 mm Hg in the
brain. The other force is the osmotic pressure gradient across
the capillary wall (colloid osmotic pressure of plasma minus

colloid osmotic pressure of interstitial fluid). This component
is directed inward.

Thus:
Fluid movement = k[(Pc – Pi) – (πc – πi)]

where
k = capillary filtration coefficient
Pc = capillary hydrostatic pressure
Pi = interstitial hydrostatic pressure
πc = capillary colloid osmotic pressure
πi = interstitial colloid osmotic pressure

πi is usually negligible, so the osmotic pressure gradient (πc – πi)
usually equals the oncotic pressure. The capillary filtration
coefficient takes into account, and is proportional to, the
permeability of the capillary wall and the area available for
filtration. The magnitude of the Starling forces along a typi-
cal muscle capillary is shown in Figure 32–33. Fluid moves
into the interstitial space at the arteriolar end of the capillary
and into the capillary at the venular end. In other capillaries,
the balance of Starling forces may be different. For example,
fluid moves out of almost the entire length of the capillaries
in the renal glomeruli. On the other hand, fluid moves into
the capillaries through almost their entire length in the intes-
tines. About 24 L of fluid is filtered through the capillaries
per day. This is about 0.3% of the cardiac output. About 85%
of the filtered fluid is reabsorbed into the capillaries, and the
remainder returns to the circulation via the lymphatics.

It is worth noting that small molecules often equilibrate with
the tissues near the arteriolar end of each capillary. In this sit-
uation, total diffusion can be increased by increasing blood
flow; that is, exchange is flow-limited (Figure 32–34). Con-
versely, transfer of substances that do not reach equilibrium
with the tissues during their passage through the capillaries is
said to be diffusion-limited.

TABLE 32–12 Estimated frequency of various forms 
of hypertension in the general hypertensive population.

Percentage of 
Population

Essential hypertension 88

Renal hypertension

Renovascular 2

Parenchymal 3

Endocrine hypertension

Primary aldosteronism 5

Cushing syndrome 0.1

Pheochromocytoma 0.1

Other adrenal forms 0.2

Estrogen treatment (“pill hypertension”) 1

Miscellaneous (Liddle syndrome, coarctation of the 
aorta, etc)

0.6

Reproduced with permission from McPhee SJ, Lingappa V, Ganong WF: Pathophysi-
ology of Disease, 4th ed. McGraw-Hill, 2003.

FIGURE 32–33 Schematic representation of pressure 
gradients across the wall of a muscle capillary. The numbers at the 
arteriolar and venular ends of the capillary are the hydrostatic pressures 
in mm Hg at these locations. The arrows indicate the approximate mag-
nitude and direction of fluid movement. In this example, the pressure 
differential at the arteriolar end of the capillary is 11 mm Hg ([37 – 1] – 
25) outward; at the opposite end, it is 9 mm Hg (25 – [17 – 1]) inward.

Interstitial
space

Arteriole Venule

Oncotic P = 25
Interstitial P = 1

37 17
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• Hypokalaemia may be the result of treatment with 
potassium-losing diuretics or hyperaldosteronism 
caused by activation of the renin–angiotensin 
system and impaired aldosterone metabolism  
due to hepatic congestion. Most of the body’s 
potassium is intracellular and there may be 
substantial depletion of potassium stores, even 
when the plasma concentration is in the reference 
range.

• Hyperkalaemia may be due to the effects of drugs 
which promote renal resorption of potassium,  
in particular the combination of ACE inhibitors  
(or angiotensin receptor blockers) and 
mineralocorticoid receptor antagonists. These effects 
are amplified if there is renal dysfunction due to 
low cardiac output or atherosclerotic renal vascular 
disease.

• Hyponatraemia is a feature of severe heart failure 
and is a poor prognostic sign. It may be caused by 
diuretic therapy, inappropriate water retention due 
to high ADH secretion, or failure of the cell 
membrane ion pump.

• Impaired liver function is caused by hepatic venous 
congestion and poor arterial perfusion, which 
frequently cause mild jaundice and abnormal liver 
function tests; reduced synthesis of clotting factors 
can make anticoagulant control difficult.

• Thromboembolism. Deep vein thrombosis and 
pulmonary embolism may occur due to the effects 
of a low cardiac output and enforced immobility. 
Systemic emboli occur in patients with atrial 
fibrillation or flutter, or with intracardiac thrombus 
complicating conditions such as mitral stenosis, MI 
or left ventricular aneurysm.

• Atrial and ventricular arrhythmias are very common 
and may be related to electrolyte changes (e.g. 
hypokalaemia, hypomagnesaemia), the underlying 
cardiac disease, and the pro-arrhythmic effects of 
sympathetic activation. Atrial fibrillation occurs in 
approximately 20% of patients with heart failure 
and causes further impairment of cardiac function. 
Sudden death occurs in up to 50% of patients with 
heart failure and is often due to a ventricular 
arrhythmia. Frequent ventricular ectopic beats and 
runs of non-sustained ventricular tachycardia are 
common findings in patients with heart failure and 
are associated with an adverse prognosis.

Investigations
Serum urea, creatinine and electrolytes, haemoglobin, 
thyroid function, ECG and chest X-ray may help to 
establish the nature and severity of the underlying heart 
disease and detect any complications. Brain natriuretic 
peptide (BNP) is elevated in heart failure and is a marker 
of risk; it is useful in the investigation of patients with 
breathlessness or peripheral oedema.

Echocardiography is very useful and should be con-
sidered in all patients with heart failure in order to:
• determine the aetiology
• detect hitherto unsuspected valvular heart  

disease, such as occult mitral stenosis, and other 
conditions that may be amenable to specific 
remedies

• identify patients who will benefit from long-term 
drug therapy, e.g. ACE inhibitors (see below).

Low cardiac output causes fatigue, listlessness and a 
poor effort tolerance; the peripheries are cold and the BP 
is low. To maintain perfusion of vital organs, blood flow 
is diverted away from skeletal muscle and this may con-
tribute to fatigue and weakness. Poor renal perfusion 
leads to oliguria and uraemia.

Pulmonary oedema due to left heart failure presents 
as above and with inspiratory crepitations over the lung 
bases. In contrast, right heart failure produces a high JVP 
with hepatic congestion and dependent peripheral 
oedema. In ambulant patients, the oedema affects the 
ankles, whereas, in bed-bound patients, it collects 
around the thighs and sacrum. Ascites or pleural effu-
sion may occur (see Fig. 18.24). Heart failure is not the 
only cause of oedema (Box 18.13).

Chronic heart failure is sometimes associated with 
marked weight loss (cardiac cachexia), caused by a com-
bination of anorexia and impaired absorption due to 
gastrointestinal congestion, poor tissue perfusion due to 
a low cardiac output, and skeletal muscle atrophy due 
to immobility.

Complications
In advanced heart failure, the following may occur:
• Renal failure is caused by poor renal perfusion due 

to low cardiac output and may be exacerbated by 
diuretic therapy, angiotensin-converting enzyme 
(ACE) inhibitors and angiotensin receptor blockers.

Fig. 18.24 Clinical features of left and right heart failure. 
(JVP = jugular venous pressure) 

Left
heart failure

Raised
JVP +/++

Pleural
effusions

Pulmonary
oedema

Cardiomegaly

Pitting
oedema +/++

Right
heart failure

Raised JVP +++

Hepatomegaly

Ascites

Peripheral
pitting
oedema +++

• Cardiac failure: right or combined left and right heart failure, 
pericardial constriction, cardiomyopathy

• Chronic venous insufficiency: varicose veins
• Hypoalbuminaemia: nephrotic syndrome, liver disease, 

protein-losing enteropathy; often widespread, can affect 
arms and face

• Drugs:
Sodium retention: fludrocortisone, NSAIDs
Increasing capillary permeability: nifedipine, amlodipine

• Idiopathic: women > men
• Chronic lymphatic obstruction

18.13 Differential diagnosis of peripheral oedema

Presenting problems in cardiovascular disease

18

549

• Hypokalaemia may be the result of treatment with 
potassium-losing diuretics or hyperaldosteronism 
caused by activation of the renin–angiotensin 
system and impaired aldosterone metabolism  
due to hepatic congestion. Most of the body’s 
potassium is intracellular and there may be 
substantial depletion of potassium stores, even 
when the plasma concentration is in the reference 
range.

• Hyperkalaemia may be due to the effects of drugs 
which promote renal resorption of potassium,  
in particular the combination of ACE inhibitors  
(or angiotensin receptor blockers) and 
mineralocorticoid receptor antagonists. These effects 
are amplified if there is renal dysfunction due to 
low cardiac output or atherosclerotic renal vascular 
disease.

• Hyponatraemia is a feature of severe heart failure 
and is a poor prognostic sign. It may be caused by 
diuretic therapy, inappropriate water retention due 
to high ADH secretion, or failure of the cell 
membrane ion pump.

• Impaired liver function is caused by hepatic venous 
congestion and poor arterial perfusion, which 
frequently cause mild jaundice and abnormal liver 
function tests; reduced synthesis of clotting factors 
can make anticoagulant control difficult.

• Thromboembolism. Deep vein thrombosis and 
pulmonary embolism may occur due to the effects 
of a low cardiac output and enforced immobility. 
Systemic emboli occur in patients with atrial 
fibrillation or flutter, or with intracardiac thrombus 
complicating conditions such as mitral stenosis, MI 
or left ventricular aneurysm.

• Atrial and ventricular arrhythmias are very common 
and may be related to electrolyte changes (e.g. 
hypokalaemia, hypomagnesaemia), the underlying 
cardiac disease, and the pro-arrhythmic effects of 
sympathetic activation. Atrial fibrillation occurs in 
approximately 20% of patients with heart failure 
and causes further impairment of cardiac function. 
Sudden death occurs in up to 50% of patients with 
heart failure and is often due to a ventricular 
arrhythmia. Frequent ventricular ectopic beats and 
runs of non-sustained ventricular tachycardia are 
common findings in patients with heart failure and 
are associated with an adverse prognosis.

Investigations
Serum urea, creatinine and electrolytes, haemoglobin, 
thyroid function, ECG and chest X-ray may help to 
establish the nature and severity of the underlying heart 
disease and detect any complications. Brain natriuretic 
peptide (BNP) is elevated in heart failure and is a marker 
of risk; it is useful in the investigation of patients with 
breathlessness or peripheral oedema.

Echocardiography is very useful and should be con-
sidered in all patients with heart failure in order to:
• determine the aetiology
• detect hitherto unsuspected valvular heart  

disease, such as occult mitral stenosis, and other 
conditions that may be amenable to specific 
remedies

• identify patients who will benefit from long-term 
drug therapy, e.g. ACE inhibitors (see below).

Low cardiac output causes fatigue, listlessness and a 
poor effort tolerance; the peripheries are cold and the BP 
is low. To maintain perfusion of vital organs, blood flow 
is diverted away from skeletal muscle and this may con-
tribute to fatigue and weakness. Poor renal perfusion 
leads to oliguria and uraemia.

Pulmonary oedema due to left heart failure presents 
as above and with inspiratory crepitations over the lung 
bases. In contrast, right heart failure produces a high JVP 
with hepatic congestion and dependent peripheral 
oedema. In ambulant patients, the oedema affects the 
ankles, whereas, in bed-bound patients, it collects 
around the thighs and sacrum. Ascites or pleural effu-
sion may occur (see Fig. 18.24). Heart failure is not the 
only cause of oedema (Box 18.13).

Chronic heart failure is sometimes associated with 
marked weight loss (cardiac cachexia), caused by a com-
bination of anorexia and impaired absorption due to 
gastrointestinal congestion, poor tissue perfusion due to 
a low cardiac output, and skeletal muscle atrophy due 
to immobility.

Complications
In advanced heart failure, the following may occur:
• Renal failure is caused by poor renal perfusion due 

to low cardiac output and may be exacerbated by 
diuretic therapy, angiotensin-converting enzyme 
(ACE) inhibitors and angiotensin receptor blockers.

Fig. 18.24 Clinical features of left and right heart failure. 
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• Cardiac failure: right or combined left and right heart failure, 
pericardial constriction, cardiomyopathy

• Chronic venous insufficiency: varicose veins
• Hypoalbuminaemia: nephrotic syndrome, liver disease, 

protein-losing enteropathy; often widespread, can affect 
arms and face

• Drugs:
Sodium retention: fludrocortisone, NSAIDs
Increasing capillary permeability: nifedipine, amlodipine

• Idiopathic: women > men
• Chronic lymphatic obstruction
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Paroxysmal Nocturnal Dyspnea



Compensatory neurohormonal stimulation in heart failure
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Hyperglycemia

Heart Failure
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Abnormal HCO3 interpretation

Interpretation

HCO3 ↓

Metabolic acidosis

Respiratory alkalosis 
(compensation)

HCO3 ↑

Metabolic alkalosis

Respiratory acidosis 
(compensation)
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Knee arthrocentesis
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Middle Meningeal Artery ➠ Which Foramen ?



Which of the following CT brain is the bleeding come from middle 
meningeal artery in this patient ?

1. 2.
3. 4.



Investigation

For diagnosis
For detect severity and 

complication
For assess underlying 
disease (Risk factor)

Hemoculture
Urinalysis (detect 
glomerulonephritis)

EKG, CXR

Echocardiography

Synovial fluid analysis



Key Pathophysiology

AR

Embolic 
phenomena

E. fecalis

Wide PP

Anemia of Inflammation


