PART I

Prevalence, risks, and
prognosis of
pulmonary embolism
and deep venous
thrombosis
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CHAPTER 1

Pulmonary embolism and deep
venous thrombosis at autopsy

Prevalence of pulmonary
embolism at autopsy

The prevalence of pulmonary embolism (PE) at au-
topsy varies according to the age and morbidity of
the population studied. Dalen and Alpert in 1975 es-
timated that 15% of deaths in acute general hospitals
and 25% of deaths in nursing homes or chronic hos-
pitals were due to PE [1]. In more recent years, with
more extensive use of antithrombotic prophylaxis, PE
at autopsy was shown with similar prevalences among
patients who died in acute care hospitals (24%) and
patients who died in chronic care hospitals (22%) [2].
Outpatients, however, had a lower prevalence of PE at
autopsy (5%) [2].

The prevalence of PE at autopsy of patients in gen-
eral hospitals and in entire communities, with one ex-
ception, ranged from 9 to 28% and has not changed in
over 60 years [2-21] (Table 1.1). One study, however,
reported gross PE in 55% of patients at autopsy [10].
On average, PE at autopsy occurred in 7031 of 55,090
patients (13%) (Table 1.1, Figure 1.1).

Large or fatal PE at autopsy

Large or fatal PE in patients at autopsy in general hos-
pitals or communities from 1939 to 2000 occurred in
2264 of 54,364 patients (4%) (range 0.3-24%) (2, 3,
8-11, 13-19, 21, 22] (Table 1.1, Figure 1.1). In most
studies, the prevalence of large or fatal PE ranged from
3 to 10%. In elderly institutionalized patients, the rate
of fatal PE at autopsy was within that range, 18 of 234
(8%) [23]. Data on institutionalized patients are not
included in Table 1.1. A sudden increase in the rate
of PE at autopsy was observed in London in 1940 due
to cramped conditions in air raid shelters [22]. These
rates also are not included in Table 1.1.

Small PE at autopsy

In an autopsy study that employed postmortem pul-
monary arteriography as well as gross dissection and
microscopic examination, gross dissection showed PE
in 34 of 225 (15%) of autopsied patients [4]. Among
these, PE was limited to muscular pulmonary artery
branches (0.1-1 mm diameter) in 26 of 34 patients
(76%) and PE wasin elastic pulmonary artery branches
(>1 mm diameter) in 8 of 34 patients (24%) [4]. Mi-
croscopic examination showed PE in pulmonary arte-
rioles in 13 of 34 patients (38%) with grossly visible
PE. The smallest PE that have been identified in living
patients were with wedge pulmonary arteriography,
which showed PE in 1-2-mm-diameter pulmonary
artery branches [24] (see Chapter 71).

Fibrous bands, webs, and intimal fibrosis have been
interpreted as the final state of organization of PE and
these have been reported by some to indicate old PE
at autopsy [7]. Meticulous dissection and microscopic
examination for minute and barely visible fragments
showed traces of fresh or old PE at autopsy in 52% and
64% of patients [7, 8].

Unsuspected PE at autopsy

Pulmonary embolism was unsuspected or undiag-
nosed antemortem in 3268 of 3876 patients in gen-
eral hospitals or communities who had PE at autopsy
(84%) (range 80-93%) [3, 5, 8, 11, 12, 16, 18] (Ta-
ble 1.2, Figure 1.2). Remarkably, even in patients with
large or fatal PE at autopsy, the majority, 1902 of 2448
(78%), were unsuspected or undiagnosed antemortem
(2, 11, 12, 14-16, 18, 19, 25] (Table 1.2, Figure 1.2).
In our experience, PE at autopsy caused death in 5%,
contributed to death in 0.5%, and was incidental in
9.2% of 404 autopsies, and the distribution, according
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Table 1.1 Prevalence of pulmonary embolism at autopsy in general hospitals and communities.

Any PE/No autopsies (%) Fatal or large PE/No autopsies (%) Study years First author, year [Ref]
4/242 (2) 1939 Simpson, 1940 [22]

606/4391 (14) — 1945-1954 Coon, 1959 [3]

34/225 (15) — 1960-1961 Smith, 1964 [4]

118/981 (12) —_ 1956-1960 Uhland, 1964 [5]

17/61 (28)* — 1951-1959 Freiman, 1965 [6]

55/263 (21)* — 1964-1965 Morrell, 1968 [7]

567/4600 (12) 202/4600 (4) 1964-1974 Coon, 1976 [8]

— 319/1350 (24) 1976 Schwarz, 1976 [9]

280/508 (55)* 92/508 (18) 1969-1970 Havig, 1977 [10]

216/1455 (15) 54/1455 (4) 1973-1974 Goldhaber, 1982 [11]

389/2398 (16) — 1966-1976 Dismuke, 1984 [12]

— 105/1133 (9) 1966-1970 Dismuke, 1986 [13]

—_ 53/1124 (5) 1971-1975 "

— 43/1128 (4) 1976-1980 "

— 44/1276 (3) 1980-1984 Rubenstein, 1988 [14]

313/2388 (13) 239/2388 (10) 1979-1983 Sandler, 1989 [15]

1934/21,529 (9) 67/21,529 (0.3) 1960-1984 Karwinski, 1989 [16]

161/766 (21) 68/766 (9) 1957 Linblad, 1991 [17]

250/1117 (22) 93/1117 (8) 1964 "

346/1412 (25) 83/1412 (6) 1975 "

260/994 (26) 93/994 (9) 1987 "

59/404 (15) 20/404 (5) 1985-1986 Stein, 1995 [18]

— 92/2427 (4) 1985-1989 Morgenthaler, 1995 [19]

288/3334 (9)% — 1966-1974 Mandelli, 1997 [20]

182/1144 (16)§ — 1989-1994

431/2356 (18) 178/2356 (8) 1987 Nordstrom, 1998 [2]

525/3764 (14) 221/3764 (6) 1980-2000 Pheby, 2002 [21]

* An additional 22/61 (36%) showed traces of residual pulmonary embolism (PE), fibrous bands, or webs.
TAn additional 31% had had fibrous bands or intimal fibrosis indicative of old PE.

*An additional 72 of 508 (14%) were visible only by microscopy.

§Massive and submassive PE.
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embolism (PE) and deep venous
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Table 1.2 Unsuspected pulmonary embolism at autopsy.

Any unsuspected or Unsuspected or

Unsuspected or undiagnosed

undiagnosed PE undiagnosed minor or  fatal or large PE

[unsuspected PE/total  small PE [unsuspected  [unsuspected large PE/total

PE (%)] small PE/total PE (%)]  PE (%)] Study years  First author, year [Ref]
563/606 (93) — — 1945-1954 Coon, 1959 [3]

91/107 (85) — — 1955-1960 Uhland, 1964 [5]
514/567 (91) — — 1964- 1974  Coon, 1976 [8]
199/217 (92) 161/162 (99) 38/54 (70) 1973-1974 Goldhaber, 1982 [11]
310/389 (80) 219/244 (90) 91/145 (63) 1966-1976 Dismuke, 1984 [12]

— — 30/44 (68) 1980-1984 Rubenstein, 1988 [14]
—_ — 186/195 (95) 1979-1983 Sandler, 1989 [15]
1619/1934 (84) 436/484 (90) 1183/1450 (82) 1960-1984 Karwinski, 1989 [16]
52/59 (88) 36/37 (97) 14/20 (70) 1985-1986 Stein, 1995 [18]

— — 47/92 (51) 1985-1989 Morgenthaler, 1995 [19]
— — 189/279 (68) 1987 Nordstrom, 1998 [2]
— — 124/169 (73) 1995-2002 Attems, 2004* [25]

*All patients >70 years old.
PE, pulmonary embolism.

to whether diagnosed and treated, suspected but not
diagnosed or treated, or unsuspected is shown in Ta-
ble 1.3 [18]. Many patients with unsuspected large
or fatal PE had advanced associated disease [18]. Pa-
tients who suffer sudden and unexplained catastrophic
events in the hospital are a group in whom the diag-
nosis might be suspected more frequently if physicians
maintain a high index of suspicion [18].

Rate and sequence of organization
of thromboemboli

A thrombus contains extensive regions of masses of ag-
glutinated platelets [26]. Platelets are deposited first,

followed by leukocytes, followed after a variable pe-

riod of time by fibrin with trapped red cells and a few

scattered leukocytes [26]. The rate of organization of

thromboemboli has been assessed in rabbits [27, 28].

The following results were shown [27, 28]:

8 minutes. Thrombus covered by an eosinophilic rim
of platelets. Small amounts of fibrin were inter-
spersed among the platelets at the edge of the throm-
bus [28].

3 days. Thrombi contained masses of red cells, fibrin,
platelets, and white cells together with a number
of macrophages. Parts of the surface not in contact
with the vessel wall were covered by flattened cells
and in places these were buttressed by a layer of
elongated cells beneath. Platelets were particularly
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Figure 1.2 Prevalence of unsuspected
pulmonary embolism (PE) at autopsy.
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Table 1.3 Autopsy patients >18 years old (n = 404).

PE caused death (%) PE contributed to death (%) PE incidental (%) PE total (%)

Diagnosed and treated 3(0.7) 0 (0) 1(0.2) 4(1.0)

Suspected but not 3(0.7) 0 (0) 0 (0) 3(0.7)
diagnosed or treated

Unsuspected 14 (3.5) 2 (0.5) 36 (8.9) 52(12.9)

Total 20 (5.0) 2 (0.5) 37 (9.2) 59 (14.6)

Modified from Stein and Henry [18] and reproduced with permission.
PE, pulmonary embolism.

Table 1.4 Deep venous thromboses; autopsies with full limb dissection.

DVT n/N (%) Site (number of thrombi) Site (number of patients) First author, year [Ref]

95/324 (29) Thighs or pelvis 7 Rossle, 1937 [29]
Thighs and Calves 38
Calves only 50

100/165 (61) Thighs 22 Neumann, 1938 [30]
Calves 87
Ankle 17
Foot 71

88/200 (44) Thighs only 3 Hunter, 1945 [31]

Thighs and Calves 28
Calves only 57
35/130 (27) Raeburn, 1951 [32]
32/100 (32)* Thighs only 18 McLachin, 1962 [33]
Thighs and Calves 10
Calves only 4
149/253 (59) Thighs only 24 Gibbs, 1957 [34]
Thighs and Calves 39
Calves only 86
13/27 (48) IVC 1 Thighs only 1 Stein, 1967 [35]
Pelvic 1 Thighs and Calves 7
Thigh 23 Calves only 5
Calves 35"
540/1350 (40) Pelvic 41* Schwarz, 1976 [9]
Thigh 21
Calves 74
161/261 (62) IVC 8 Havig, 1977 [10]
Pelvic 31
Thigh 129
Calves 128
Foot 87

*Males >40 years old.

TCalf 11 microscopic thrombi in addition.

*Sample of 37 patients.

DVT, deep venous thrombosis; n, number of patients with DVT; N, number of patients necropsied.
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Figure 1.3 Extensive antemortem
thrombus located in popliteal and calf
veins. Previously unpublished figure
from Stein and Evans [35].

prevalent near the thrombus—vessel wall junction.
Mononuclear cells were prominent [27].

5 and 7 days. Beginnings of vascularization were ap-
parent. Capillaries were within the thrombus mass
and in cellular areas of attachment to the intima.
The central area of the thrombus showed mainly
debris [27].

7 days. Occluding thrombi had retracted in places
and were covered by flattened cells, and showed
one or more firm cellular attachments to the in-
tima. Macrophages were conspicuous and con-
tained lipid, fibrin, and cellular debris together with
fibroblastic cells [27].

14 days. Thrombi consisted of cellular masses contain-
ing small clumps of fibrin and variable amounts of
fat and fibrous tissue [27].

20 days. Some thrombi appeared as polypoid masses
protruding into the lumen and containing variable
amounts of fat, fibrous, and elastic tissue, and on
occasion calcium, while others showed lipid within
foamy cells and a fibrous tissue cap containing fi-
broblasts, collagen, and elastic tissue [27].

30 days. Thromboemboli were converted to eccentric
fibrofatty thickenings of the intima [27].

Deep venous thrombosis
at autopsy

Data on patients who had complete dissection of the
lower extremities at autopsy are from prior decades,

and before the general use of antithrombotic prophy-
laxis [10, 29-36]. Among patients at autopsy who had
full limb dissection, 1213 of 2810 (43%) showed deep
venous thrombosis (DVT) [10, 29-36] (Table 1.4, Fig-
ures 1.1 and 1.3).

Among 161 patients with DVT at autopsy, 7 pa-
tients had thrombi in the common iliac vein and 22

had thrombi in the external iliac vein. Each of these
patients also showed DVT in the femoral vein [10].
The external iliac vein showed thrombi in 12 of 161
patients (7%) without femoral vein involvement. In 4
of these patients, the calf veins showed DVT, but not
the femoral veins [10].

Deep venous thrombosis affected the veins of the
calves more frequently than the veins of the thighs, and
both were more frequently affected than the veins of the
pelvis. The distribution of 601 thrombi found in 311
patients who had dissection of the pelvic, thigh, and
calf veins was 54% in the veins of the calves, 32% in the
veins of the thighs, 12% in the pelvic veins, and 1% in
the inferior vena cava [10, 30, 35, 36] (Figure 1.4). The
distribution of 563 thrombi among 261 necropsied
patients who had dissection of the veins of the foot as
well as the veins of the calf, thigh, and pelvis was 28%
in the veins of the foot, 38% in the calf, 27% in the
thigh, 6% in the pelvic veins, and 1% in the inferior
vena cava (IVC) [10, 30] (Figure 1.5).

Among 282 necropsied patients who had complete
dissection of the veins of the thighs and veins of the
calves, the thrombi were located only in the veins of
the calves in 54% of patients [31, 33—-35] (Figure 1.6).
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Figure 1.5 Distribution of deep venous thrombosis among patients at autopsy in whom veins of the foot as well as pelvic,
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Figure 1.7 Normal postmortem
venogram of calf (lateral projection)
showing anterior tibial (AT), posterior
tibial (PT), and peroneal (Pe) veins. The
deep veins are paired. (Reproduced
from Stein and Evans [35], with
permission.)
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A

Figure 1.8 Normal postmortem venogram of the thighs
(anteroposterior projection) showing the femoral (F), deep
femoral (DF), greater saphenous (GS), and popliteal (P)
veins. Valve pockets are shown. (Reproduced from Stein
and Evans [35], with permission.)

Figure 1.9 Postmortem venogram of the veins of both
thighs. Extensive thrombosis of the femoral, deep femoral,
and popliteal veins was found by dissection of the left
thigh. The venogram of the left thigh shows absence of
filling of the popliteal and deep femoral veins and only a
faint outline of the femoral vein (F). The left greater
saphenous vein is dilated and joined by numerous
collateral vessels. The veins of the right thigh were normal.
(Reproduced from Stein and Evans [35], with permission.)

Both the veins of the thighs and calves were affected in
30% of patients. Only the veins of the thighs showed
DVT in 16% of patients.

Bilateral DVT was observed in 81 of 96 patients
(84%) with extensive DVT at autopsy and in 26 of
65 (40%) of patients with minor DVT at autopsy [10].

Postmortem venography illustrates the extent and
location of DVT at autopsy in unselected patients [35].
For comparison, normal postmortem venograms of
the calf and thighs are shown (Figures 1.7 and 1.8).
Postmortem venograms of DVT involving the veins of
the thighs are shown in Figures 1.9 and 1.10.

Figure 1.10 Postmortem venogram of right thigh. The
femoral vein has not filled with contrast material because
of a completely occluding thrombus. The greater
saphenous (GS) vein is distended. Collateral vessels formed
at the site of an occluding thrombus in the greater
saphenous vein (arrow). (Reproduced from Stein and Evans
[35], with permission.)
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Forward thrombosis versus
retrograde thrombosis

In every case that we examined in which the veins of
the thigh and the calf showed DVT in continuity, the
thrombi in the calf were older than those in the thigh
[35] (Figures 1.11 and 1.12). This supports the con-
cept that forward thrombosis is more common than
retrograde thrombosis.

Collateral veins around occlusions

Clinically unsuspected DVT at autopsy was of-
ten extensive, causing collateral circulation around
occlusions and dilatation of collateral veins [35] (Fig-
ures 1.10 and 1.13).

Figure 1.11 Organized thrombus in
anterior tibial vein (same patient as
Figure 1.12). This thrombus is older than
the thrombus in the femoral vein, and
there is no phlebitis here. Hematoxylin
and eosin x40. (Previously unpublished
figure from Stein and Evans [35].)

Thrombophlebitis and
phlebothrombosis

The terms “thrombophlebitis” and “phlebothrom-
bosis” in prior years were used to distinguish
between DVT associated with inflammation (throm-
bophlebitis) and DVT not associated with inflamma-
tion (phlebopthrombosis). These are outdated terms.
Histological investigations have not supported a dis-
tinction between the clinical diagnoses of throm-
bophlebitis and phlebothrombosis. Thrombosis of the
veins of the lower extremities usually occurs without
inflammation [35] (Figures 1.11 and 1.14-1.16). In-
flammation of the walls of the veins, when it occurs
(Figure 1.12), is usually secondary to the thrombosis
[35]. No clear evidence indicates that inflammation

Figure 1.12 Thrombus attached to
femoral vein (same patient as Figure
1.11). Lymphocytic infiltrate is shown
throughout the wall of the vein. The
patient had signs and symptoms of
deep venous thrombosis. Hematoxylin
and eosin x 13. (Previously unpublished
figure from Stein and Evans [35].)
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1

Figure 1.13 Postmortem venogram of the thighs. There is
definite radiographic evidence of occlusion of the femoral
vein between points 1 and 2. There is no filling of the
femoral vein (F) between these points. Dilated and
tortuous collaterals pass around the site of occlusion. No
thrombus was found on dissection of the veins of the thigh
of this patient, presumably because dissection was carried
out along the collateral vessels in this area rather than the
femoral vein. (This apparent femoral vein occlusion was
not included among the positive cases reported in Stein
and Evans [35].)

Figure 1.14 Recent thrombus attached
in vein of soleal plexus. Hematoxylin
and eosin x16. (Previously unpublished
figure from Stein and Evans [35].)

of the veins prevents embolization, or that emboliza-
tion is more frequent in those patients with thrombi
notassociated with venous inflammation. The distinc-
tion between “thrombophlebitis” and “phlebothrom-
bosis” is of no clinical consequence [35]. A thrombus
can induce inflammation in the underlying wall of the
vein, and this inflammation in some patients is exten-
sive enough to produce pain, tenderness, swelling, and
fever compatible with the clinical diagnosis of throm-
bophlebitis [36]. However, the underlying pathogenic
mechanism is primary thrombosis and not primary
phlebitis [36].

The following historical background explains the
evolution of these outdated diagnostic terms. John
Hunter, after studying infected venesections in hu-
man beings and in horses, attributed the thrombosis
to phlebitis [37]. Virchow, however, observed that the
cellular reaction in the wall of the vein usually does not
occur until after the thrombus has been laid down [38].
Welch [39],in studying DVT in patients with infectious
diseases such as typhoid fever, found an inflammatory
lesion beneath the endothelium in which he could not
demonstrate any organisms. He termed this “toxic en-
dophlebitis” and attributed some instances of DVT to
inflammation of the veins. Subsequently, patients were
described who had clinical evidence of thrombosed
leg veins and also had clinical signs of inflammation
(warmth, redness, tenderness). A diagnosis of throm-
bophlebitis was made. In view of Welch’s observations,
itwas concluded that the primary event was inflamma-
tion of the wall of the vein. In contrast, asymptomatic
patients were later described who had thrombosis of
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Figure 1.15 Fresh unattached thrombus
in fomoral vein. Lines of Zahn
distinguish this from postmortem clot.
Hematoxylin and eosin x4. (Previously
unpublished figure from Stein and
Evans [35].)

Figure 1.16 Photomicrograph showing
thrombus originating in valve pocket of
a posterior tibial vein. The
well-organized fibrous point of
attachment is capped by a fresh red cell,
platelet, and fibrin clot. There is no
inflammation of the vein. Hematoxylin
and eosin x4. (Previously unpublished
figure from Stein and Evans [35].)

Figure 1.17 Thrombus attached to valve
pocket in femoral vein and propagating
along the vein. Venous valve is shown
(arrow). Hematoxylin and eosin x10.
(Previously unpublished figure from
Stein and Evans [35].)
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Figure 1.18 Section of left posterior
tibial vein. An antemortem thrombus,
0.2 cm in largest dimension, is located
within a valve pocket. (Previously
unpublished figure from Stein and
Evans [35].)

the lower extremities that resulted in PE [40]. These
patients, because of the lack of leg signs, were said
to have phlebothrombosis. Although there are situa-
tions in which phlebitis is primary and thrombosis is
secondary (such as mechanical and chemical injury)
[36], these are rarely compared with the incidence of
thrombosis without inflammation [31, 36].

In patients with DVT at autopsy, fresh components
of the thrombus as well as older components were
shown, indicating that the thrombosis was continu-
ing [35] (Figure 1.16). None of the patients were di-
agnosed antemortem as having DVT. A patient with
clinical signs and symptoms of DVT showed lympho-
cyticinfiltration in the media of the veins (Figure 1.12).
The inflammation occurred not only at the sites of at-
tachment of the thrombus, but also where the throm-
bus was apposed to the endothelium without being
attached, suggesting that the thrombus induced the
inflammation.

Valve pockets as site of origin
of DVT

The valve pockets were a frequent site of origin of
thrombi (Figures 1.16-1.18). Thrombi located in valve
pockets consisted of organized fibrous points of at-
tachment capped by fresh fibrin and red cell clot [35]
(Figure 1.16). Dilated veins and enlarged valve pock-
ets were frequently seen (Figure 1.19). There was no
correlation of either of these abnormalities with the
presence of thrombosis [35].

Figure 1.19 Postmortem venogram showing dilated valve
pocket in femoral (F) vein of left thigh (arrow). The deep
femoral vein (DF) is also shown. (Reproduced from Stein
and Evans [35], with permission.)
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