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ABSTRACT

ACKGROUND: Selection of patients for diagnostic tests for acute pulmonary embolism requires rec-
gnition of the possibility of pulmonary embolism on the basis of the clinical characteristics. Patients in
he Prospective Investigation of Pulmonary Embolism Diagnosis II had a broad spectrum of severity,
hich permits an evaluation of the subtle characteristics of mild pulmonary embolism and the character-

stics of severe pulmonary embolism.
ETHODS: Data are from the national collaborative study, Prospective Investigation of Pulmonary
mbolism Diagnosis II.
ESULTS: There may be dyspnea only on exertion. The onset of dyspnea is usually, but not always,
apid. Orthopnea may occur. In patients with pulmonary embolism in the main or lobar pulmonary arteries,
yspnea or tachypnea occurred in 92%, but the largest pulmonary embolism was in the segmental
ulmonary arteries in only 65%. In general, signs and symptoms were similar in elderly and younger
atients, but dyspnea or tachypnea was less frequent in elderly patients with no previous cardiopulmonary
isease. Dyspnea may be absent even in patients with circulatory collapse. Patients with a low-probability
bjective clinical assessment sometimes had pulmonary embolism, even in proximal vessels.
ONCLUSION: Symptoms may be mild, and generally recognized symptoms may be absent, particularly in
atients with pulmonary embolism only in the segmental pulmonary branches, but they may be absent even with
evere pulmonary embolism. A high or intermediate-probability objective clinical assessment suggests the need
or diagnostic studies, but a low-probability objective clinical assessment does not exclude the diagnosis.

aintenance of a high level of suspicion is critical. © 2007 Elsevier Inc. All rights reserved.
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cute pulmonary embolism in patients with severe or fatal
ulmonary embolism at autopsy is generally unrecognized
ntemortem.1-4 Advances in the diagnostic methods for
cute pulmonary embolism should affect this high rate of
nderdiagnosis.5-8 However, the successful use of diagnos-
ic pathways requires recognition
f patients with possible acute
ulmonary embolism on the basis
f the clinical characteristics.

The clinical characteristics of
atients with acute pulmonary
mbolism in the first Prospective
nvestigation of Pulmonary Em-
olism Diagnosis (PIOPED), an
ccuracy study of ventilation-
erfusion scintigraphy, were de-
cribed in all enrolled patients,9

atients with no previous car-
iopulmonary disease,10 patients
rouped according to the present-
ng syndromes of pulmonary em-
olism,11 and the elderly.12 One of
he strengths of the data from
IOPED II is that many patients
ith mild pulmonary embolism
ere included, which permits the

dentification of subtle clinical
haracteristics. However, the clinical characteristics of pa-
ients with pulmonary embolism in PIOPED,9-12 as in PIO-
ED II and other investigations of patients enrolled in clinical

rials,13,14 were sufficient to alert attuned physicians to the
iagnosis and characteristics of patients who met the inclusion
riteria. Patients who were too ill to participate, who died
uddenly, or who were not identified because the clinical find-
ngs were mild or atypical were not included. With these
onstraints in mind, we describe the clinical characteristics of
atients enrolled in PIOPED II.

ATIENTS AND METHODS
IOPED II was a prospective multicenter investigation of
ultidetector computed-tomography angiography alone and

ombined with venous phase imaging of the pelvic and
high veins for the diagnosis of acute pulmonary embolism.5

composite reference test was used.5 Patients aged 18 years or
ore with clinically suspected acute pulmonary embolism
ere potentially eligible.5 Exclusion criteria included an in-

bility to complete tests within 36 hours, critical illness, ven-
ilatory support, shock, recent myocardial infarction, abnormal
erum creatinine, allergy to contrast material, pregnancy, treat-
ent with long-term anticoagulants, inferior vena cava filter,

nd deep venous thrombosis of the upper extremity.
To avoid confusing clinical findings of pulmonary em-

olism with comorbid conditions, we evaluated patients
ith no prior cardiopulmonary disease in addition to eval-
ating all patients. No prior cardiopulmonary disease was

CLINICAL SIGNIF

● In patients with p
in the segment
generally recogn
mild or absent, le

● Absence of symp
patients with pu
in the segmenta
but this also o
proximal pulmon

● A low-probabilit
sessment does
embolism, even
nary arteries.
efined as no current asthma, pneumonia, history of chronic T
ronchitis, emphysema, chronic obstructive pulmonary dis-
ase, current or history of right or left-sided heart failure,
ung cancer, or prior pulmonary embolism.

The circulatory collapse syndrome was defined as loss of
onsciousness or systolic blood pressure of 80 mm Hg

or less. The hemoptysis/pleuritic
pain syndrome (previously termed
the pulmonary infarction syn-
drome)13 was defined as patients
with either hemoptysis or pleuritic
pain in the absence of circulatory
collapse. The uncomplicated dys-
pnea syndrome was defined as dys-
pnea in the absence of hemoptysis,
pleuritic pain, or circulatory collapse.

Measurements of arterial blood
gases were obtained while the pa-
tient was breathing room air. The
alveolar-arterial (A-a) oxygen dif-
ference was calculated as follows:15

A-a oxygen difference (mm Hg)

� 150 � 1.25 PACO2
� PaO2

where PACO2 �partial pressure of
carbon dioxide in arterial blood (mm
Hg), and PaO2 �partial pressure of

xygen in arterial blood (mm Hg).

tatistical Methods
he chi-square test was used to compare the prevalence of
linical features in patients with and without pulmonary em-
olism. Because of the large number of comparisons, P values
re underestimates. Comparisons of continuous variable means
ere made with the 2-tailed Student unpaired t test.

ESULTS
cute pulmonary embolism was present in 192 patients,

mong whom 133 (69%) had no prior cardiopulmonary
isease. Pulmonary embolism was excluded in 632 patients,
mong whom 366 (58%) had no prior cardiopulmonary
isease.

yndromes of Pulmonary Embolism
he syndrome of hemoptysis or pleuritic pain occurred in
1% of patients with no prior cardiopulmonary disease and
n 44% of all patients with pulmonary embolism (Table 1).
he uncomplicated dyspnea syndrome occurred in 36% of
atients with no prior cardiopulmonary disease and in 36%
f all patients with pulmonary embolism. The circulatory
ollapse syndrome was uncommon: 8% in patients with no
rior cardiopulmonary disease and 8% in all enrolled pa-
ients with acute pulmonary embolism. The presentations of
9 patients (14%) with pulmonary embolism and no prior
ardiopulmonary disease differed from these syndromes.
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873Stein et al Clinical Characteristics of Pulmonary Embolism
achypnea, tachycardia, or a PaO2 less than 80 mm Hg with
igns or symptoms of deep venous thrombosis (Table 1).

artial Pressure of Oxygen in Arterial Blood
nd Alveolar-Arterial Oxygen Difference
he partial pressure of oxygen in arterial blood (PaO2) while
reathing room air was measured in 74 patients with pul-
onary embolism and in 48 patients with pulmonary em-

olism and no prior cardiopulmonary disease (Table 2). The
aO2 while breathing room air was 80 mm Hg or more in

Table 1 Syndromes of Acute Pulmonary Embolism

PE
No Prior CPD
N � 133
n (%)

Hemoptysis or pleuritic pain 55 (41)
Uncomplicated dyspnea 48 (36)
Circulatory collapse 11 (8)
Different presentation 19 (14)*

CPD � cardiopulmonary disease; PE � pulmonary embolism.
*Tachypnea or tachycardia and signs or symptoms of DVT in 3; PaO2
†Tachypnea or tachycardia and signs or symptoms of DVT in 8; PaO2
‡P �.025.
§P �.01.

Table 2 Arterial Blood Gases and Alveolar-Arterial Oxygen Dif

PE
No Prior CPD
N � 48
n (%)

PaO2 (mm Hg)
�49 1 (2)
50-59 6 (13)
60-69 15 (31)
70-79 8 (17)
�80 18 (38)

PACO2 (mm Hg)
�35 30 (63)
36-39 12 (25)
�40 6 (13)

pH (units)
�7.35 0 (0)
7.35-7.45 29 (60)
�7.45 19 (40)

A-a O2 difference (mm Hg)
�20 17 (35)
21-30 4 (8)
31-40 11 (23)
41-50 9 (19)
51-60 5 (10)
�61 2 (4)

CPD � cardiopulmonary disease; PE � pulmonary embolism.
*P �.05.
†P �.025.
‡P �.01.

§P �.001.
2% of all patients with pulmonary embolism and 80 mm
g or more in 38% of patients with no prior cardiopulmo-
ary disease. The A-a oxygen difference was 20 mm Hg or
ess in 32% of all patients with pulmonary embolism and in
5% of patients with pulmonary embolism and no prior
ardiopulmonary disease (Table 2).

isk Factors for Pulmonary Embolism
mmobilization (bed rest within past month for the most of
he day for � 3 consecutive days) was the most frequent risk

o PE
o Prior CPD
� 366
(%)

PE
All Patients
N � 192
n (%)

No PE
All Patients
N � 632
n (%)

96 (54)‡ 84 (44) 357 (56)§
93 (25)‡ 70 (36) 163 (26)§
21 (6) 15 (8) 33 (5)
56 (15) 23 (12)† 79 (13)

m Hg and signs or symptoms of DVT in 1.
m Hg and signs or symptoms of DVT in 1.

While Breathing Room Air

PE
Prior CPD

� 88
(%)

PE
All Patients
N � 74
n (%)

No PE
All Patients
N � 186
n (%)

(2) 4 (5) 17 (9)
(14) 12 (16) 32 (17)
(16)* 20 (27) 35 (19)
(15) 14 (19) 32 (17)
(53) 24 (32) 70 (38)

(44)* 42 (57) 65 (35)‡
(19) 18 (24) 39 (21)
(36) 14 (19) 82 (44)§

(8)* 0 (0) 13 (7)†
(68) 41 (55) 131 (70)†
(24) 33 (45) 42 (23)§

(50) 24 (32) 70 (38)
(11) 5 (7) 32 (17)*
(15) 18 (24) 30 (16)
(15) 14 (19) 32 (17)
(7) 10 (14) 17 (9)
(2) 3 (4) 5 (3)
N
N
N
n

1

� 80 m
� 80 m
ference

No
No
N
n

2
12
14
13
47

39
17
32

7
60
21

44
10
13
13
6
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actor assessed in patients with pulmonary embolism, and
urgery was the usual cause of immobilization (Table 3).
ne or more of the assessed risk factors were reported in
2% of patients with pulmonary embolism and no prior
ardiopulmonary disease. Among all patients with pulmo-
ary embolism, 94% had 1 or more of the assessed risk
actors.

ymptoms of Pulmonary Embolism
ew dyspnea at rest or on exertion was the most frequent

ymptom in patients with pulmonary embolism and no prior
ardiopulmonary disease (73%) (Table 4). Dyspnea only on
xertion was observed in 16% of patients with pulmonary
mbolism and no prior cardiopulmonary disease and in 16%
f all patients with pulmonary embolism (Table 4). Two-
illow orthopnea was often present (Table 4). Orthopnea
ccurred in 37 of 97 patients (38%) with dyspnea who had
ulmonary embolism and no prior cardiopulmonary disease
nd in 11 of 21 patients (52%) with dyspnea only on
xertion.

The onset of dyspnea was rapid (within seconds or min-
tes) in 72% of patients with pulmonary embolism and no

Table 3 Risk Factors

PE
No Prior
N � 131-
n (%)

Age 56 � 16
Sex (female) 82 (62)
Immobilization* 27 (20)
Travel � 4 h in last month 19 (14)
Surgery (�3 mo) 30 (23)‡
Malignancy (excluding lung cancer)† 29 (22)
Thrombophlebitis, ever 11 (8)
Trauma (�3 mo) Lower extremities and pelvis 14 (11)
Other 4 (3)
Smoke (ever) 55 (42)

�1 pack/d 29 (22)
1-2 packs/d 20 (15)
�2 packs/d 0 (0)

Central venous instrumentation (�3 mo) 12 (9)
Stroke, paresis, or paralysis 4 (3)
Prior pulmonary embolism –
Heart failure –
COPD –
Lung cancer –

CPD � cardiopulmonary disease; PE � pulmonary embolism; COPD �
*Bed rest within past month for the most of the day for �3 consecu
†Actively treated in last 3 months.
‡Among patients with PE and no prior CPD who had surgery as a ris

hip/knee-replacement, and neurosurgery ranged from 3 to 5.
§Among all patients with PE who had surgery as a risk factor (n �

replacement, and neurosurgery ranged from 3 to 5.
�P �.0001.
¶P �.001.
#P �.01.
**P �.05.
rior cardiopulmonary disease, and in 67% of all patients a
ith pulmonary embolism (Table 5). The onset was within
econds, minutes, or hours in 83% of patients with pulmo-
ary embolism and no prior cardiopulmonary disease and in
7% of all patients with pulmonary embolism. In some,
owever, the onset of dyspnea occurred over days.

Pleuritic chest pain was more frequent than hemoptysis
Table 4). Cough, when present, was usually nonproductive,
ut purulent sputum and clear sputum also were reported.
emoptysis may have been pinkish, blood streaked, or all
lood. Hemoptysis of pure blood occurred in only 1 patient
ith pulmonary embolism and no prior cardiopulmonary
isease, and it was less than 1 teaspoonful. Thigh pain and
welling were rarely described in the absence of calf pain or
welling.

igns of Pulmonary Embolism
achypnea was present in approximately one half of the
atients with pulmonary embolism (Table 6). Tachycardia
as present in approximately one fourth. Clinical evidence
f pulmonary hypertension (accentuated pulmonary compo-
ent of the second sound), right ventricular pressure over-
oad or enlargement (right ventricular lift), or elevated right

No PE
No Prior CPD
N � 361-366
n (%)

PE
All Patients
N � 185-192
n (%)

No PE
All Patients
N � 588-632
n (%)

47 � 16� 57 � 17 50 � 17�
225 (61) 112 (58) 394 (62)
60 (16) 48 (25) 121 (19)
74 (20) 23 (12) 105 (17)
53 (14)** 41 (21)§ 83 (13)¶
44 (12)# 37 (19) 82 (13)**
10 (3)# 19 (10) 27 (4)#
27 (7) 16 (8) 49 (8)
14 (4) 5 (3) 21 (3)

156 (43) 90 (47) 321 (51)
74 (20) 43 (22) 122 (19)
62 (17) 37 (19) 152 (24
5 (1) 1 (1) 19 (3)

17 (5) 22 (12) 35 (6)#
10 (3) 7 (4) 17 (3)

– 7 (4) 19 (3)
– 10 (5) 60 (10)
– 10 (5) 58 (9)
– 5 (3) 8 (1)

obstructive pulmonary disease.
ys.

r (n � 30), the prevalence of heart, abdominal, pelvic, hip/knee-open,

had abdominal surgery and heart, pelvic, hip/knee-open, hip/knee-
CPD
133

chronic
tive da

k facto

41), 9
trial pressure (jugular venous distension) was shown in
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1% of patients with no prior cardiopulmonary disease and
n 22% of all patients with pulmonary embolism. Lung
xamination was abnormal in 29% of patients with pulmo-
ary embolism and no prior cardiopulmonary disease and in
7% of all patients with pulmonary embolism. Crackles and
ecreased breath sounds were the most frequent lung find-
ngs. Rhonchi and wheezes occurred uncommonly. Signs of
eep venous thrombosis (edema, erythema, tenderness, or
alpable cord) in the thigh, in the absence of deep venous
hrombosis in the calf, were rare (Table 6). Among all
atients with pulmonary embolism, calf swelling plus pain
ith palpation of the deep veins occurred in 32%.

Table 4 Symptoms of Pulmonary Embolism

PE
No Prior CPD
N � 127-133
n (%)

Dyspnea
Dyspnea (rest or exertion) 97 (73)
Dyspnea (at rest)# 73 (55)
Dyspnea (exertion only)# 21 (16)
Orthopnea (�2-pillow) 37 (28)

Pleuritic pain 58 (44)
Chest pain (not pleuritic) 25 (19)
Cough 45 (34)*
Wheezing 27 (21)
Calf or thigh swelling 52 (41)
Calf and thigh swelling 9 (7)
Calf or thigh pain 56 (44)
Calf and thigh pain 22 (17)

CPD � cardiopulmonary disease; PE � pulmonary embolism.
*Hemoptysis, PE, no CPD: 2 � slightly pinkish, 4 � blood-streaked,
**Hemoptysis, no PE, no CPD: 1 � slightly pink, 2 � streaked, 7 � a

to 1⁄2 cup; 1 patient, �1⁄2 cup).
†Hemoptysis, PE, all patients: 3 � slightly pinkish, 6 � blood-streak
††Hemoptysis, No PE, all patients: 7 � slightly pinkish, 9 � blood s

patients, 1 tsp to 1⁄2 cup; 1 patient, �1⁄2 cup).
#Information not available in some.
�P �.01.
��P �.001.
���P �.025.

Table 5 Rate of Onset of Dyspnea

Patients with
Dyspnea and PE
No Prior CPD
N � 92
n (%)

Patients with
Dyspnea and
No Prior CPD
N � 242
n (%)

Seconds 42 (46) 109 (45)
Minutes 24 (26) 69 (29)
Hours 10 (11) 35 (14)
Days 16 (17) 29 (12)

CPD � cardiopulmonary disease; DVT � deep vein thrombosis; PE � p
All differences not significant.
ombinations of Signs and Symptoms
ither dyspnea or tachypnea was present in 84% of patients
ith pulmonary embolism and no prior cardiopulmonary
isease, and in 86% of all patients with pulmonary embo-
ism. Dyspnea, tachypnea, or pleuritic pain was present in
2% of patients with pulmonary embolism and no prior
ardiopulmonary disease and in 92% of all patients with
ulmonary embolism. One or more of these signs and symp-
oms or signs of deep venous thrombosis were present in
8% of patients with pulmonary embolism and no prior
ardiopulmonary disease, and in 97% of all patients with
ulmonary embolism.

PE
Prior CPD

� 361-366
(%)

PE
All Patients
N � 184-191
n (%)

No PE
All Patients
N � 622-632
n (%)

8 (68) 151 (79) 459 (73)
7 (46) 117 (61) 338 (54)
3 (20) 31 (16) 111 (18)
8 (24) 69 (36) 220 (35)
7 (57)� 89 (47) 376 (59)�

0 (22) 33 (17) 130 (21)
3 (28)** 82 (43)† 248 (39)††
6 (18) 58 (31) 193 (31)
2 (17)�� 72 (39) 126 (20)��

4 (4) 15 (8) 35 (6)
3 (23)�� 78 (42) 156 (25)���

4 (7)�� 30 (16) 61 (10)���

blood (�1 tsp).
(1 patient, too little to quantify; 1 patient, �1 tsp; 4 patients, 1 tsp

all blood (�1 tsp).
, 9 � all blood (1 patient, too little to quantify; 3 patients, �1 tsp; 4

All Patients with
Dyspnea and PE
N � 143
n (%)

All Patients with
Dyspnea and No PE
N � 450
n (%)

59 (41) 206 (46)
37 (26) 117 (26)
20 (14) 70 (16)
27 (19) 57 (13)

ry embolism.
No
No
N
n

24
16
7
8

20
8

10
6
6
1
8
2

1 � all
ll blood

ed, 2 �
treaked
No PE

ulmona
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atients with Circulatory Collapse
mong patients with circulatory collapse with pulmonary

mbolism and no prior cardiopulmonary disease, dyspnea
as present in 9 of 11 (82%), dyspnea or tachypnea was
resent in 10 of 11 (91%), and dyspnea, tachypnea, or
leuritic pain was present in 10 of 11 (91%). All 11 patients
ad dyspnea, tachypnea, pleuritic pain, or signs of deep
enous thrombosis.

Among all patients with circulatory collapse and pulmo-
ary embolism, dyspnea was present in 13 of 15 (87%),
yspnea or tachypnea was present in of 14 of 15 (93%), and
yspnea, tachypnea, or pleuritic pain was present in 14 of 15
93%). All 15 patients had dyspnea, tachypnea, pleuritic
ain, or signs of deep venous thrombosis.

linical Characteristics According to Location
f Pulmonary Embolism
mong 150 patients with pulmonary embolism in whom

mages were classifiable, main or lobar (proximal) pulmo-
ary arteries showed pulmonary embolism by computed
omography angiography in 116 (77%). The largest affected
ranch was segmental in 32 patients (21%) and subsegmen-

Table 6 Signs of Pulmonary Embolism

PE
No Prior CPD
N � 128-132
n (%)

General
Tachypnea (�20/min) 71 (54)
Tachycardia (�100/min) 32 (24)
Diaphoresis 3 (2)
Cyanosis 0 (0)
Temperature � 38.5oC (�101.3oF) 1 (1)

Cardiac examination (abnormal) 28 (21)
Increased P2† 15 (15)
Right ventricular lift‡ 4 (4)
Jugular venous distension 18 (14)

Lung examination (abnormal) 38 (29)
Rales (crackles) 23 (18)
Wheezes 2 (2)
Rhonchi 2 (2)
Decreased breath sounds 22 (17)
Pleural friction rub 0 (0)

DVT signs††
Calf or thigh 62 (47)*
Calf and thigh 18 (14)

CPD � cardiopulmonary disease; PE � pulmonary embolism; P2 � pul
*Number of patients with PE and no CPD who had 1 or more signs o
†Data in 103 patients with PE and no CPD, 293 with no PE and no C
‡Data in 110 patients with PE and no CPD, 301 with no PE and no C
§P �.01.
�P �.001.
¶P �.0001.
#P �.025.
**P �.05.
††Edema, erythema, tenderness, or palpable cord.
al in 2 patients (1%). Among all patients with pulmonary c
mbolism in proximal arteries, 94% presented one of the
ypical syndromes (hemoptysis/pleuritic pain syndrome, un-
omplicated dyspnea syndrome, or circulatory collapse syn-
rome), whereas in patients with segmental pulmonary em-
olism, only 72% had one of these presentations. The others
ith segmental emboli had only calf swelling.
Dyspnea or tachypnea occurred in 92% of all patients

ith pulmonary embolism in whom the pulmonary embo-
ism was proximal, but in only 65% with segmental pulmo-
ary embolism. Dyspnea, tachypnea, or pleuritic pain oc-
urred in 97% of patients with proximal pulmonary
mbolism and in 77% of patients with segmental pulmonary
mbolism. Dyspnea at rest or during exertion, dyspnea at
est, orthopnea, tachypnea, and PACO2 of 35 mm Hg or less
ere more frequent in patients with proximal pulmonary

mbolism, and PACO2 of 40 mm Hg or more was less
requent than in patients with segmental pulmonary
mbolism.

igns, Symptoms, and Combinations
ccording to Age
ost symptoms and all signs occurred with similar frequen-

No PE
No Prior CPD
N � 350-365
n (%)

PE
All Patients
N � 184-191
n (%)

No PE
All Patients
N � 602-629
n (%)

155 (43)# 108 (57) 296 (47)§
52 (14)§ 49 (26) 98 (16)§
27 (7)** 8 (4) 40 (6)
1 (0.003) 1 (1) 1 (0)

12 (3) 3 (2) 14 (2)
39 (11)§ 42 (22) 72 (12)�
14 (5)¶ 22 (15) 27 (5)�
6 (2) 8 (5) 9 (2)#

27 (8)** 25 (13) 50 (8)**
94 (26) 70 (37) 227 (36)
52 (14) 40 (21) 112 (18)
12 (3) 6 (3) 54 (9)#
8 (2) 9 (5) 32 (5)

42 (12) 40 (21) 109 (17)
3 (1) 2/ (1) 5 (1)

77 (21)� 90 (47) 146 (23)�
16 (4)� 23 (12) 30 (5)�

component of second sound; DVT � deep venous thrombosis.
edema � 55, erythema � 5, tenderness � 32, palpable cord � 2.
5 with PE all patients, 512 no PE all patients.
5 with PE all patients, 529 no PE all patients.
monary
f DVT:
PD, 14
PD, 15
ies in patients aged 70 years or more and younger patients
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877Stein et al Clinical Characteristics of Pulmonary Embolism
Tables 7 to 10). In patients with no prior cardiopulmonary
isease and in all patients with pulmonary embolism, the
ombination of dyspnea or tachypnea occurred less fre-
uently in elderly patients than in younger patients.

bjective Clinical Assessment in Patients
ith Pulmonary Embolism
he majority of patients with pulmonary embolism (113/
76, 64%) had a moderate probability of pulmonary embo-
ism by the Wells clinical scoring system.7 The remaining
atients with pulmonary embolism were equally divided
ith a high-probability clinical assessment (32/176,18%)

nd a low-probability clinical assessment (31/176,18%).
omparable proportions were found among patients with no
rior cardiopulmonary disease, elderly patients, younger

Table 7 Symptoms in Patients with Pulmonary Embolism
and No Preexisting Cardiac or Pulmonary Disease According
to Age

�70 Y
N � 33-35
n (%)

�70 Y
N � 93-98
N (%)

Dyspnea
Dyspnea (rest or exertion) 23 (66) 74 (76)
Dyspnea (at rest)* 17 (49) 56 (58)
Dyspnea (exertion only)* 5 (14) 16 (16)
Orthopnea (�2-pillow) 8 (23) 29 (30)

Pleuritic pain 12 (35) 45 (46)
Chest pain (not pleuritic) 6 (18) 20 (20)
Cough 10 (29) 35 (36)
Wheezing 3 (9) 24 (24)
Calf or thigh swelling 9 (26) 43 (44)
Calf or thigh pain 9 (26) 46 (47)†

*Information not available in some.
†P �.05 age � 70 years vs � 70 years. All other differences be-

tween age groups are not significant.

Table 8 Symptoms in All Patients with Pulmonary
Embolism According to Age

�70 Y
N � 53-55
n (%)

�70 Y
N � 130-137
n (%)

Dyspnea
Dyspnea (rest or exertion) 41 (75) 110 (80)
Dyspnea (at rest)* 33 (60) 84 (61)
Dyspnea (exertion only)* 7 (13) 24 (18)
Orthopnea (�2-pillow) 17 (31) 52 (39)

Pleuritic pain 18 (33) 71 (52)†
Chest pain (not pleuritic) 7 (13) 26 (19)
Cough 24 (44) 58 (43)
Wheezing 13 (25) 45 (33)
Calf or thigh swelling 14 (26) 61 (46)†
Calf or thigh pain† 15 (28) 62 (46)

*Information not available in some.
†P �.025 age � 70 years vs � 70 years. All other differences be-
tween age groups are not significant.
atients, and patients who presented with the various syn-
romes. Among patients with pulmonary embolism in the
ain or lobar pulmonary arteries in whom an objective

linical assessment was recorded, 16 of 107 (15%) had a
ow-probability objective clinical assessment by the Wells
coring system.7

Table 9 Signs in Patients with Pulmonary Embolism and
No Preexisting Cardiac or Pulmonary Disease According to
Age

�70
N � 33-35
n (%)

�70
N � 91-98
n (%)

General
Tachypnea (�20 min) 16 (47) 55 (57)
Tachycardia (�100 min) 8 (23) 24 (25)
Diaphoresis 1 (3) 2 (2)
Cyanosis 0 (0) 0 (0)

Temperature � 38.5oC (�101.3oF) 0 (0) 3 (3)
Cardiac examination (any) 8 (23) 20 (21)

Increased P2* 3 (12) 12 (16)
Right ventricular lift† 0 (0) 4 (5)
Jugular venous distension 7 (20) 11 (12)

Lung examination (any) 15 (43) 23 (23)‡
Rales (crackles) 9 (26) 14 (15)
Wheezes 1 (3) 1 (1)
Rhonchi 0 (0) 2 (2)
Decreased breath sounds 8 (23) 14 (15)
Pleural friction rub 0 (0) 0 (0)

*Data in 26 patients � 70 years, 77 patients � 70 years.
†Data in 30 patients � 70 years, 80 patients � 70 years.
‡P �.05 age � 70 years vs � 70 years. All other differences be-

tween age groups are not significant.

Table 10 Signs in All Patients with Pulmonary Embolism

�70 y
N � 52-55
n (%)

�70 y
N � 130-137
n (%)

General
Tachypnea (�20 min) 28 (51) 80 (59)
Tachycardia (�100 min) 11 (21) 38 (28)
Diaphoresis 1 (2) 7 (5)
Cyanosis 0 (0) 1 (1)
Temperature � 38.5oC

(�101.3oF6)
0 (0) 3 (2)

Cardiac examination (any) 12 (22) 30 (23)
Increased P2* 3 (7) 19 (18)
Right ventricular lift† 2 (4) 6 (5)
Jugular venous distension 10 (19) 15 (11)

Lung examination (any) 25 (45) 44 (32)
Rales (crackles) 14 (26) 36 (27)
Wheezes 2 (4) 4 (3)
Rhonchi 3 (6) 6 (4)
Decreased breath sounds 16 (29) 24 (18)
Pleural friction rub 1 (2) 1 (1)

All differences between age groups not significant.
*Data in 42 patients � 70 years, 103 patients � 70 years.

†Data in 45 patients � 70 years, 110 patients � 70 years.
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ISCUSSION
he data show a broad range of severity of clinical findings

n patients with pulmonary embolism. The syndrome of
leuritic pain or hemoptysis, in the absence of circulatory
ollapse, was the most frequent mode of presentation in
IOPED, occurring in 65% of patients with pulmonary
mbolism and no prior cardiopulmonary disease.10 The
resent data from PIOPED II showed somewhat fewer pa-
ients with pleuritic pain or hemoptysis, and more had the
ncomplicated dyspnea syndrome. Circulatory collapse was
n uncommon mode of presentation in PIOPED10 and
IOPED II because of selection criteria. Patients with he-
optysis or pleuritic pain syndrome have been shown to

ave less severe pulmonary embolism than patients with
ncomplicated dyspnea according to an objective pulmo-
ary angiography scoring system.13 Patients with circula-
ory collapse had the most severe pulmonary embolism
ased on the angiographic score, but the score was not
tatistically significantly more than in patients with uncom-
licated dyspnea.13 The absence of dyspnea did not exclude
ulmonary embolism, even in patients with circulatory
ollapse.11

Typically, among patients with acute pulmonary embo-
ism, the PaO2 is low.10 However, acute pulmonary embo-
ism cannot be excluded on the basis of a normal PaO2. This
as shown in the present study and in PIOPED,10 in which
6% of such patients with acute pulmonary embolism and
o prior cardiopulmonary disease who had measurements of
he PaO2 while breathing room air had a PaO2 of 80 mm Hg
r more. Even among patients with submassive or massive
cute pulmonary embolism in the Urokinase Pulmonary
mbolism Trial, 12% had a PaO2 of 80 mm Hg or more.16

n patients with pulmonary embolism breathing room air,
he A-a oxygen difference closely correlates with the PaO2

17

nd has no greater diagnostic value.
The present data show that patients with pulmonary

mbolism may have dyspnea only on exertion. Orthopnea
lso was shown to be a symptom of pulmonary embolism.
rthopnea occurred in patients with pulmonary embolism
ho had dyspnea only on exertion and in those with dys-
nea at rest. Typically, the onset of dyspnea occurred over
econds, minutes, or hours, but in some it occurred over
ays. Compared with patients who had only segmental
ulmonary artery pulmonary embolism, patients with prox-
mal pulmonary embolism (main or lobar pulmonary em-
olism) more often had typical signs, symptoms, and blood
ases. Patients with pulmonary embolism even in the main
r lobar pulmonary arteries may have a low-probability
bjective clinical assessment.

In both PIOPED and PIOPED II, pleuritic chest pain was
ore frequent in patients with pulmonary embolism than

emoptysis.9,10 Hemoptysis, when present, occurred only in
mall amounts. Examination of the lungs was abnormal in a
inority (29% with no prior cardiopulmonary disease) of
atients with pulmonary embolism.
Signs of deep venous thrombosis in patients with no
rior cardiopulmonary disease were more frequent in
IOPED II than in PIOPED (47% vs 11%), as were symp-

oms of deep venous thrombosis (44% vs 26%). However,
n PIOPED II the frequency of signs of deep venous throm-
osis (41%) and symptoms of deep venous thrombosis
39%) were similar to those in the Urokinase Pulmonary
mbolism Trial.10,13

Dyspnea, tachypnea, pleuritic pain, or signs of deep
enous thrombosis were seen in the majority of patients
ith pulmonary embolism in PIOPED9,10 and in the
resent data from PIOPED II. Conversely, in the absence
f dyspnea, tachypnea, pleuritic pain, or signs of deep
enous thrombosis, pulmonary embolism was infre-
uently diagnosed.9,10

The diagnosis of pulmonary embolism among elderly
atients has been thought to be particularly difficult because
he expected signs and symptoms may be absent or ig-
ored.18-20 This did not seem to be the case in the experi-
nce of PIOPED12 or in the present experience of PIOPED
I, although among patients with pulmonary embolism the
ombination of dyspnea or tachypnea was present in fewer
lderly patients than younger patients. In the absence of
yspnea or tachypnea among elderly patients in PIOPED,
nexplained radiographic abnormalities were important di-
gnostic clues.12 When the diagnosis of pulmonary embo-
ism is uncertain, computed tomography angiography can
e performed with the same sensitivity and specificity in
lderly patients as in younger patients,21 although renal
ailure was a problem among elderly patients who under-
ent conventional angiography.12

ONCLUSIONS
ymptoms may be mild and generally recognized symptoms
ay be absent in patients with the largest pulmonary em-

olism in the segmental pulmonary branches, but typical
ymptoms may be absent even in patients with large emboli.

high or intermediate-probability objective clinical assess-
ent may suggest the need for diagnostic studies, but a

ow-probability objective clinical assessment was some-
imes present, even in patients with proximal pulmonary
mbolism. Maintenance of a high level of suspicion is
ritical for the identification of patients in whom diagnostic
ests may be necessary.
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