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I. INCIDENCE, MORBIDITY AND MORTALITY 

Pulmonary thromboembolism is not a disease. It is a complication of venous 
thrombosis that affects the medical practice of the majority of specialties. The incidence 
is high, and is associated with an impressive mortality if not clinically suspected, and with 
a significant mortality even if diagnosed and treated. 

It was estimated in the late 60's that the incidence of PTE occurring in the United 
States was 650,000 per year, and that 15% of the deaths of hospitalized patients were 
caused by pulmonary thromboembolism (1 ,2). Recent autopsy studies report that this 
figure has dropped to 3.4-3.8% of in-hospital deaths, indicating that the incidence of fatal 
PE in this group of patients has declined significantly over twenty years (3-5). While this 
decline could be due to changing hospital populations, improved mechanisms for 
prevention of venous thrombosis is a likely contributing factor. However, only 
approximately 30% of significant emboli are clinically suspected antemortem, a figure that 
has remained unchanged since 1968 (6-8). In addition, once the diagnosis is made, the 
mortality of treated pulmonary thromboembolism remains as high as 7-8% (2,9). 

This protocol reviews the risk factors for developing venous thrombosis, the clinical 
features and diagnosis of pulmonary thromboembolism, the pathophysiologic 
abnormalities, and the known as well as newer modalities of treatment. 

II. SOURCES, ETIOLOGY AND HYPERCOAGULABLE STATES 

Sources: 

Any particle that moves through the venous system, if large enough, will become 
trapped in the pulmonary circulation, since nearly the entire cardiac output flows through 
the pulmonary arteries. Blood clots are the most common source of emboli to the lungs, 
although many other substances are known to produce emboli ( 1 0-13). It has been 
shown that most of significant pulmonary emboli arise from deep venous thrombosis 
(DVT) of the large vessels of the lower leg and pelvis ( 14, 15) . While almost half of the 
patients with DVT develop evidence of severe or fatal pulmonary embolism ( 14, 16), there 
has been convincing evidence that asymptomatic blood clots that are restricted to the 
veins of the lower leg are not associated with significant pulmonary embolism ( 1 5, 17). 
The key word is restricted, since fatal pulmonary emboli have been traced to origins from 
the popliteal and deep venous system of the calf ( 14,17, 18). Thrombosis extending from 
the popliteal system and above have a greater likelihood of breaking loose and migrating 
to the pulmonary circulation. Thrombi ktentified by venography to have free- ends 
extending into the lumen of a large vessel have been described to be highly associated 
with massive embolism (19). However, the actual size of an embolus is not always 
related to mortality. Factors such as underlying cardiac or pulmonary disease contribute 
equally since smaller emboli can produce greater physiologic disturbances in these 
patients (20). Significant emboli originating from the upper extremities or right ventricle 
of the heart are less common, and are usually associated with other medical conditions 
which predispose to DVT, such as trauma, presence of central venous catheters, or 
severe dilated cardiomyopathy (2 1 ,22). 
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It is interesting to note that two older autopsy studies identify a high proportion of 
patients (8-39%) as having PTE arising from the right heart (23,24). Havig, et al were 
unable to identify the right heart as a source in their study of 261 autopsies ( 14). It is 
uncertain whether the clots in the right heart in the older studies represent mobile thrombi 
that have more recently been identified by echocardiography. It is presumed that they are 
visualized in the right heart as they migrate to the pulmonary vasculature (25,26). This 
finding is important since these emboli often have a fatal outcome (26). 

Etiology: 

Immobilization promotes stasis and clot formation in the deep venous system, and 
was the most common underlying risk factor in the Urokinase Pulmonary Embolism Trial 
(27). Stasis from automobile or air travel has been associated with DVT and PTE (28), and 
the duration of bed rest up to 14 days was associated with a linear increase in incidence 
of DVT ( 14). Most medical conditions which promote stasis in the venous system have 
been associated with a higher incidence of DVT and PTE. In addition to stasis, release of 
activators of the clotting system due to endothelial damage is probably necessary. 

Individuals at greater risk are older individuals (who are more likely to be 
immobilized or ill) and women who are obese ( > 20% ideal body weight) or are taking oral 
contraceptives (22,27). Other conditions that have been identified as predisposing to PTE . 
include sickle cell disease, paroxysmal nocturnal hemoglobinuria, Bechet's syndrome, and 
pregnancy (29-34). Orthopedic surgery poses a special risk with 5% of those having 
elective hip replacement suffering major PTE and up to 2% die; major knee surgery has 
similar statistics (35). Fractured hip is associated with a much higher incidence (30%) 
of proximal DVT or PE (36,37). 
Hypercoagulable states: 

Hypercoagulable states have been identified that are associated with increased 
incidences of DVT and PTE. Perhaps the earliest form was described in 1 865 by 
Trousseau who made the clinical association between thrombophlebitis and malignancy 
(38). This has been well substantiated since then and is associated with a variety of 
malignancies (38,39) [see table, from references 38,40]. 

FREQUENCY OF PE IN PATIENTS WITH CANCER 

Pancreas 
Genitourinary (Other) 
Lung 
Colon 
Uterus, corpus, cervix 
Prostate 
Stomach 
Breast 
Other Gl 
Lymphoma-leukemia 
CNS 
Unknown, primary, other malignancies 

24-35% 
21% 
20% 

5-19% 
18% 

13-17% 
12-16% 

15% 
10% 
8-9% 

8% 
5-8% 
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Although there is a high association with mucin producing solid tumors, its 
pathophysiology is believed to be complex and varied, since the clotting system itself is 
a complex balance between thrombosis and thrombolysis (31). Although DVT and PTE 
are not in themselves hallmarks of underlying neoplasms, malignancies have been found 
in 25-35% of those patients with DVT and no other known risk factors (40,41). These 
were found by screening with routine examinations including serum CEA, LDH as well as 
chest radiographs and abdominal ultrasound or CT scan (41). 

In recent years other forms of hypercoagulable states have been identified which 
are associated with DVT and PTE without other known risk factors. The best known of 
these are deficiencies of proteins which are involved in the fibrinolytic system or the 
inhibition of coagulation. These proteins include antithrombin Ill, protein C, proteinS and 
plasminogen (42-46). Although not all with these deficiencies are at risk (47-48). In a 
recent study, the overall prevalence of congenital deficiencies in patients with unexplained 
venous thrombosis was 8.3 % which was higher than the control population without 
thrombosis, 2.2%. Thus, in those patients without known risk factors, over 90% cannot 
have their thrombosis explained by a currently identifiable congenital abnormality of the 
coagulation or fibrinolytic system. Furthermore, in that study neither a medical history of 
juvenile thrombosis, recurrent thrombosis, or a family history of thrombosis had a 
significant predictive value for detection of a deficiency, whereas the presence of all three 
had a predictive value of 30% (49). 

Other, acquired alterations in the coagulation system are described that are 
associated with increased risk for DVT and PTE. The lupus anticoagulant (antiphospholipid 
antibody) is one such condition (50). 

Ill. CLINICAL FEATURES 

Signs and symptoms: 

The Urokinase Pulmonary Embolism Trial established that there are no specific 
signs and symptoms of pulmonary embolism (27). The most common symptom found 
was chest pain (either pleuritic or nonpleuritic) which was present in 88% of 327 patients 
with documented pulmonary embolism by arteriography. Of almost equal frequency was 
dyspnea, present in 84% of the patients (27). Similarly, the most common sign was 
tachypnea (RR > 16) [see table]. 

The UPET study, however, excluded 12% of the screened patients because of 
contraindications to thrombolytic therapy which may have introduced some bias. 
Important features are the relatively low incidence of hemoptysis, syncope, and clinical 
evidence of DVT (51). Similarly the physical findings of DVT have been found to be 
notoriously poor in establishing the presence of clot in the lower extremity (52,53). Fever 
is found in 50-60% of patients (54). Pleuritic chest pain alone is a poor predictor of PTE, 
since only 21% of 173 patients presenting to an emergency room with this complaint 
were subsequently diagnosed as having PTE (55). Thus, the physician must form a clinical 
opinion of the presence of PTE based on few clinical indicators and an index of suspicion 
based on known risk factors, or the absence of other clinical causes of the patients 
symptoms. 



SYMPTOMS IN 327 PATIENTS WITH PTE 
(from UPET study, references 27, 51) 

Symptoms and signs 

Chest pain 
Pleuritic 
Non-pleuritic 

Hemoptysis 

Dyspnea 
Cough 

Signs 
Respirations > 1 6 
Pulse > 100 
Cyanosis 

Chest radiographs and ECG: 

Percent 

88 
74 
14 
30 

84 
53 

92 
44 
19 
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The initial evaluation of patients with suspected PTE or chest pain, dyspnea or 
tachypnea frequently includes chest radiography and ECG. 

The most common radiographic manifestation of PTE is a clear chest x-ray. 
However, less than half of those with PTE may manifest some abnormality in the lung 
parenchyma, and almost one third will have evidence of pleural effusion (51,56). The 
parenchymal abnormalities are predominantly consolidation and atelectasis, which are 
likely secondary to smaller emboli producing infarction. Dilatation of the proximal 
pulmonary arteries with an abrupt taper or cut off of the distal vessel (Westermark's sign) 
is an infrequent finding, and when found is most likely associated with large PTE(57). 

The characteristics of the pleural effusions are nonspecific, with approximately 
60% being bloody, although transudates as well as exudates are found (56). Hence, 
thoracentesis may be withheld if the index of suspicion for acute PTE is sufficiently high 
that thrombolytic therapy is considered. 

The ECG findings in acute PTE are equally nonspecific, with many abnormalities 
described in the UPET study. The classic finding of an S 1 03T3 was found in about 10% 
of cases and was also assoctated wtth massive PTE (58,59). 

Arterial blood gases: 

Several studies have described the presence of PTE without significant hypoxemia 
(51,60), and 12% of the patients from the UPET study had a p02 greater than 80 torr 
(see figure) (51). 
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DISTR IBUTION OF p02 IN PATIENTS WITH PE 
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However, one recent study demonstrated that while a "normal" p02 on room air 
may be a frequent finding in patients with PTE, a completely normal blood gas is not. Of 
those with documented PE 98% had increased P(A-a)02 and/or hypocapnea (60). Thus, 
ABG determinations that fall close to the normal range do not exclude PTE, and one must 
keep in mind the fact that patients with PTE often have underlying conditions which 
cause abnormal blood gases. 

Laboratory tests: 

Multiple attempts have been made to develop a laboratory test which is specific 
and sensitive for the diagnosis of DVT or PTE. These include tests for fibrin split products 
(FSP), plasma DNA, and urinary thromboxane 82 (61-66) . However, all the assays are 
not sensitive or specific enough for widespread use. Underlying diseases that pred ispose 
to thrombosis and PTE frequently produce false positive results. Hence, it may be 
extremely difficult to find a factor in the urine or blood that is only released when the 
patient has a clinically significant thrombosis. 

IV. MAKING THE DIAGNOSIS 

Ventilation-perfusion scans: 

The most widely used and sensitive test for PTE is perfusion lung scanning using 
technetium-99m-labeled macroaggregated albumin microspheres. After intravenous 
injection of the isotope, standard scanning of the lungs is performed in 6 views. The 
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macroaggregated spheres are large enough to occlude precapillary arterioles and produce 
accurate information about the blood flow through the pulmonary vascular bed. Any 
disturbance in blood flow will create an abnormal study. Thus, this technique is very 
sensitive, but not specific for PTE. It is considered a very safe procedure with an 
extremely rare complication (67-69). Specificity is improved by performing ventilation 
scans for comparison with the perfusion scan ( 16). Preserved ventilation in areas of 
perfusion defects are known as mismatched defects. Ventilation scans have typically been 
performed with radioactive xenon, although use of technetium aerosols have been 
reported as an acceptable alternative (70). On the other hand, the aerosol scans do no 
visualize wash-out which is helpful to know in patients with obstructive lung disease (53). 
The perfusion scan correlates well with the severity of embolization by angiography in 
acute PTE, but may underestimate it with chronic disease (71). 

Earlier, non-prospective studies indicated that ventilation-perfusion scanning (V /0) 
had predictive value when compared to pulmonary angiography (72). The perfusion 
defects were categorized by the size in relation to the anatomical blood flow patterns of 
the lung in terms of pulmonary segments or lobes. Scans were interpreted as high, low 
or intermediate probability. However, these studies have been criticized for being 
retrospective, not having uniform techniques, and not being blinded (72). High probability 
scans according to Hull, et.al. were defined as a perfusion scan with one or more 
segmental or larger defects with normal ventilation to that area. This finding was 
associated with a positive pulmonary angiogram in 86% of the patients (16). When 
venography was added, this increased to a positive diagnosis in 91 % ( 16). However, 
reviewing the "older" literature reveals three studies that confirmed the results by 
angiography and used similar criteria for high probability and low probability scans as Hull 
(73-76). The results of these four studies are shown on the table. 

NUMBER POSITIVE ANGIOGRAMS/NUMBER WITH V/Q SCAN INTERPRETATION 

Biello Cheeley McNeil Hull Total 
low Probability: 

Sub-segmental/non-segmental 1/21 (5%1 0/19 (0%1 4/16 (34%1 4/15 (27%1 13% 
(single or multiple, V/Q match) 

Hiah Probability: 

Segmental/lobar 25/26 (96%1 17/19 (89%1 32/32 ( 100%1 30/35 (86%1 93% 
(V/Q mismatch) 
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Hull reexamined his data using the criteria described by Biello and McNeil and 
determined that the sensitivity of their high probability criteria was only 56% (76). In 
other words, their criteria for high probability scans had a high specificity, but the 
sensitivity was not adequate (76). 

The largest recent prospective study is the investigation of pulmonary embolism 
diagnosis (PIOPED) study, a multicenter prospective study of 933 patients. Criteria for 
high probability scans defined by the PI OPED study are shown below (77). 

PIOPED CENTRAL SCAN INTERPRETATION CATEGORIES AND CRITERIA 

High Probability 

~ 2 large segmental perfusion defects without corresponding ventilation or roentgenographic 
abnormalities or substantially larger than either matching venti lation or chest 
roentgenogram abnormalities 

> 2 moderate segmental perfusion defects without matching ventilation or chest roentgenogram 
;;bnormalities and 1 large mismatched segmental defect 

~ 4 moderate segmental perfusion defects without ventilation or chest roentgenogram 
abnormalities 

Low Probability 

Nonsegmental perfusion defects 

Single moderate mismatched segmental perfusion defect with normal chest roentgenogram 

Any perfusion defect with a substantially larger chest roentgenogram abnormality 

Large or moderate segmental perfusion defects involving no more than 4 segments in 
1 lung and no more than 3 segments in 1 lung region with matching ventilation defects 
either equal to or larger in size and chest roentgenogram either normal or with 
abnormalities substantially smaller than perfusion defects 

> 3 small segmental perfusion defects with a normal chest roentgenogram 

The predictive value of a high probability scan in this study was 88% ( 1 02/ 124). 
However, only 41% of patients with documented PTE by angiography had high probability 
lung scans, the remainder were classified into less predictive categories (77). Thus, high 
probability scans are usually due to PTE, however, many if not most PTE are not 
associated with such scans. 

On the other hand, normal lung scans in the absence of objective studies for DVT 
have been shown to have an exceedingly benign course. Thus, it can be considered safe 
to withhold anticoagulant therapy in this group of patients (78). 

It is interesting to note that Hull et.al. found an incidence of DVT between 5 and 
10% in patients with abnormal V/0 scans but with negative pulmonary angiography 
( 16, 79). Follow up of patients with non-high probability scans and negative studies for 
DVT also revealed a good prognosis without anticoagulation (79). 

To summarize, ventilation-perfusion scans classified as high probability have a 
predictive value of at least 86%. However, any interpretation of lung scans other than 
normal can not be classified into any reliably predictive category. As suggested by Moser, 
for the diagnosis of PTE lung scans should be classified as normal, high probability or non­
diagnostic (53). Clinicians should be wary of the interpretation of "low-probability" scans, 
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with the possible exception of those patients in whom the clinical suspicion of PTE is very 
low (73). It must be noted, however, that non-diagnostic lung scans may have value. The 
angiographer can use the information from the scans to determine the region of the lung 
to study first with selective angiography. This theoretically should increase the diagnostic 
yield and decrease the risk to the patient. 

Pulmonary angiography: 

The most direct method for demonstrating an embolism is via pulmonary 
angiography, which is still considered the standard for documenting PTE antemortem. 

Since the mid 1960s pulmonary angiography has been the diagnostic standard 
against which other, less invasive measures are compared (80,81). The diagnosis is 
established only when an intravascular filling defect is seen within the lumen of a 
pulmonary artery, or an absolute cutoff is seen (82). Other, less specific, findings include 
focal areas of oligemia, "pruning" of the vascular tree and delayed venous visualization 
which can be seen with other pulmonary diseases and fail to establish the diagnosis 
(81,82). Nevertheless, the study is equivocal in 15% of the cases which may be 
improved by selective injection into the pulmonary artery (82). Although it is an invasive 
procedure, the complication rate is low ( < 5 %) and the mortality is significantly less than 
1% (82,83) Complications include cardiac perforation, arrhythmias, or cardiac arrest. 
Mortality is linked to elevated pulmonary artery pressures and is believed to be due to the 
increased pressure caused by the high osmotic load during injection (83,84). Using non­
ionic contrast agents appears to be preferred, but is more expensive (85,86). It is 
generally recommended that the pulmonary artery pressures be measured at the time the 
angiogram is performed, and caution used when the right ventricular end diastolic 
pressure is greater than 20 mmHg, or the pulmonary artery systolic pressure is greater 
than 70 mmHg (84). Selective angiography can be utilized to minimize complications in 
those with significant pulmonary hypertension (87). 

Recent studies have reported using intravenous digital subtraction angiography to 
detect pulmonary emboli (88,89). While initially promising, this technique requires special 
equipment and does not appear to be as accurate as direct pulmonary angiography 
(90,91). Thus, it has not evolved into widespread use. 

The primary indications for pulmonary angiography are twofold (92): 
1) An apparent discrepancy between the clinical suspicion of pulmonary embolism 

and the results of the V/0 scan and 2) invasive therapy such as embolectomy, caval 
interruption or use of thrombolytic therapy is considered. 

The timing of the performance of the angiogram in relati-onship to the event has 
practical importance in establishing the diagnosis. Earlier studies with a canine model 
demonstrated that clot lysis was significant, if not complete, within 72 hours of the 
embolization (93). However, resolution rates of thromboembolism in humans is slower 
than those in canine models. Studies with repeated angiograms in humans demonstrated 
that intravascular filling defects following the acute event frequently persisted for 7 days, 
and about half had complete resolution by 14 days (94). 
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Other imaging modalities: 

Other imaging modalities have been described for the detection of PTE; most have 
been investigational and have not been utilized in general clinical practice. Improved 
sensitivity of radionuclide perfusion scans is obtained with tomographic imaging using 
single-photon emission computed tomography (SPECT) (95). Although the sensitivity is 
good, the specificity has not been well established. Thus it is not likely to develop into 
a good screening tool. Reports of radiolabeled platelets used for scanning were published 
in the early 80s without much since then (96). 

More recently is the development of the technique of fiberoptic angioscopy which 
is currently being used to differentiate acute from chronic emboli, or thromboemboli from 
other etiologies, such a tumors (97,98). There are anecdotal reports of large PTE detected 
by computed tomography (99). However, due to current difficulties with resolution, only 
large PTE in the main pulmonary arteries will be identified. However, CT scanning can also 
identify the wedge-shaped infarction due to smaller emboli ( 1 00), and since it is non­
invasive, it may have a clinical role in those patients who have contraindications to 
pulmonary angiography. 

MRI scans using the spin echo technique can also detect pulmonary embolism. 
Moving blood is not detected since it produces no signal, and no signal is produced in 
normally aerated lungs because of low tissue density (1 01 ). However, the vessel walls 
and emboli are of soft tissue density and are visualized. Studies have been performed 
experimentally in animals and anecdotal reports in humans ( 1 02). As the technology 
improves for MRI, this may progress to a superior noninvasive technique for the diagnosis 
of PTE. 

V. DEEP VENOUS THROMBOSIS 

Since treatment of both DVT and PTE is so similar, establishing the diagnosis of 
DVT in the face of suspected PTE is sufficient indication to initiate treatment. Between 
50-70% of those with PTE also have demonstrable evidence of venous thrombosis, which 
is also to say that in those with known PTE a search for DVT will be negative 30%-50% 
of the time ( 16). Similarly, of those with DVT proven by venography, half will have 
asymptomatic PTE (52, 1 03). It has been shown that the clinical diagnosis of DVT is not 
adequate, and there are few proven modalities for establishing or excluding the presence 
of DVT. In addition, since approximately 20% of calf vein thrombi propagate proximally, 
it is recommended that such patients be monitored serially and treated if evidence of 
propagation is found (52, 1 04). 

Venography: 

Ascending contrast venography remains the" gold standard" for the diagnosis of 
thrombosis of the venous system (53, 1 05), although it is an invasive study that is not 
without some risk and discomfort to the patient ( 1 06-1 08) . The most notable is post­
venographic thrombosis in 8% (1 08). Because of this, it does not lend itself well to 
repetitive studies, and is now reserved as the definitive study when other less invasive 
studies are equivocal or not available. Venography can identify those "floating" clots with 
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ends not attached to the caval wall and which are more likely to embolize ( 19). Finally, 
a negative venogram (in absence of PTE) has an excellent prognosis ( 1 09). 

Impedance plethysmography (lPG): 

Impedance plethysmography has been in use since the 1970s. There is ample 
evidence in the literature that when done correctly it is an excellent tool for diagnosing 
DVT. Several studies have demonstrated that impedance plethysmography will detect 
approximately 95% of all venous thrombi above the calves and less than seven days old 
( 11 0-112). It will only detect 20% of calf vein thrombosis, however. In addition, there 
are conditions which can produce false positive results: congestive heart failure, marked 
local leg muscle tension, and severe peripheral vascular disease ( 111, 112). Serial lPG, 
i.e. repeated several times for up to 14 days, is the current standard, as a single study 
produces a significant degree of false negative and false positive results ( 1 04) . 

Radioactive scanning: 

Another proven modality for detection of DVT is scanning the leg with 1125
-

Fibrinogen. This technique detects over 90% of acute calf vein thrombi, but only between 
60 and 80% of proximal vein thrombi. It is relatively insensitive to the upper thigh and 
pelvis (113). However, the combination of radiofibrinogen scanning with lPG can detect 
almost all DVT (1 09). Because it may take up to 72 hours for the scan to become . 
positive, it has not become commonly used in community hospitals, but has been 
invaluable as a clinical research tool. 

There are other imaging modalities using various new radiolabeled agents such as 
indium-labeled platelets, and RBCs labeled with technetium99

m, and tagged fibrin-specific 
monoclonal antibody, which generally remain investigational (96,114,115). 
Radionucleotide venography using the same preparation as that for lung scanning is used 
by some, but the results are not well substantiated, and it is not generally recommended 
( 116). 

Doppler and duplex scanning: 

The pulsed doppler technique uses an ultrasound beam directed toward the vessel 
which is reflected by the flow of blood. If no blood is moving, no sound is recorded. This 
technique is very operator dependent and commonly uses subjective interpretation, so 
sensitivity and spedf~c~ty have varted constderably. Recently a standardized objective 
method was described using a strip chart recording of flow and a device to record the 
mouth pressure generated during a Valsalva maneuver by the patient ( 117). This study 
reports a sensitivity of 91% and specificity of 99% with the improved results based on 
demonstrable absence of venous flow following the cessation of an adequate Valsalva 
maneuver ( 117). This study also reported missing thrombi restricted to the calf. However, 
since this is a noninvasive study which can be repeated serially, and many hospitals 
already have this equipment, this new data is encouraging. 

Duplex scanning is similar to pulsed doppler scans with the addition of B-mode 
ultrasound to visualize the vessel. Its results are variable, and still not well established, 
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although its overall sensitivity and specificity are good and some advocate it to be 
superior to venography ( 118). There are three parameters that are examined with duplex 
scans. The first, visualization of the thrombus with ultrasound, is the least sensitive. The 
second, loss of compressibility of the vein has been reported as having both a high ( 118) 
and low ( 11 9) sensitivity and specificity. The third parameter is absence of flow, or 
better yet, absence of phasicity of flow with respiration or Valsalva (118). A recent 
review of studies comparing duplex scans with venography reports an overall sensitivity 
of 95% and specificity of 99% (120). Another prospective double-blinded study 
compared duplex scanning to venography and, found the sensitivity was best with 
absence of phasicity of flow with respiration (sensitivity and specificity of 92%) (119). 
Although there is some variability among reports, this seems to be a good non-invasive 
method to detect DVT. This technique is also limited when studying veins below the 
knee (121-123). 

Other modalities: 

MRI: MRI can be used to detect DVT. This may be particularly helpful in areas that 
are not well demonstrated with other modalities, such as the pelvis and upper extremities 
( 124) Additional studies may reveal this to be a valuable technique. 

VI. PATHOPHYSIOLOGY OF PULMONARY THROMBOEMBOLISM 

Respiratory: 

Immediately following occlusion of a pulmonary artery by embolism an increase in 
physiologic deadspace (VD/VT) occurs, and partial occlusion of a pulmonary artery results 
in areas that have high ventilation to perfusion ratios ( 125). Clinically, measurement of 
a VD/VT greater than 0.4 combined with normal spirometry has been reported as having 
a high sensitivity (91 %) and specificity (94%) for PTE (126). It should be noted that the 
technique does not readily lend itself to general clinical application. In the spontaneously 
breathing human, elevation in arterial carbon dioxide levels due to increased dead space 
is not noted because hyperventilation also occurs and is a common physical sign (see 
above). A decreased pC02 is most common, although elevations in pC02 have been 
reported ( 127, 128). The cause of hypercapnia is thought to be due to an inadequate 
increase in ventilation for the amount of deadspace involved, usually in patients on 
mechanical ventilators . In addition, an increase in the mixed venous pC02 due to a large 
right to left shunt has been proposed since all such paHEmts had massive PTE (128). The 
mechanism of hyperventilation with PTE is still unclear but may be due to stimulation of 
irritant receptors in the lung ( 129). 

Arterial hypoxemia is a common finding in PTE as described above. One cause of 
the hypoxemia is the development of areas of true shunt or very low V /Q ratios caused 
by increased perfusion in the residual vascular bed, some regions of which are not well 
ventilated ( 127, 130) . In an experimental setting with dogs hypoxemia is due to 
ventilation-perfusion inequality, not true shunt ( 131). Pulmonary artery occlusion after 24 
hours also causes decreased production of surfactant by the alveolar Type II cells 
resulting in atelectasis and edema (53). This also contributes to hypoxemia. In patients 
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with large enough PTE to increase the pulmonary artery pressure, shunting of blood may 
occur through a patent foramen ovale which is present in approximately 30% of the 
normal population (132). Finally, significant PTE can cause a reduction of the cardiac 
output due to acute right ventricular failure. The decrease in cardiac output causes a fall 
in the mixed venous oxygen level which magnifies the impact of the V /0 abnormalities 
( 130). Wheezing is a prominent clinical finding in many patients with PTE and is likely due 
to serotonin release from platelets adherent to the emboli ( 133). Treatment with heparin 
has been credited with reversal of this phenomenon ( 125, 134). 

Pulmonary infarction is not common relative to the incidence of PTE. This is related 
to the fact that the lung receives oxygen from the airways, the pulmonary artery 
circulation, the bronchial artery circulation, and there is recent evidence that there is back 
perfusion from the pulmonary veins (135, 136). Hence, infarction is less likely to occur in 
individuals with normal underlying lung. 

Hemodynamic effects: 

Significant PTE result in a decrease in the cross sectional area of the pulmonary 
vascular bed. If the reduction is significant (greater than 50%), acute right ventricular 
overload occurs (137). In the presence of abnormal pulmonary vasculature from 
underlying cardiac or pulmonary diseases, significant loss of the vascular bed occurs with 
smaller embolic loads due to the loss of pulmonary vascular reserve (20, 125). 
Experimentally, with massive PTE, there is a disassociation of the relationship between 
right sided and left sided hemodynamic pressures, and a maximum mean pulmonary 
arterial pressure is reached which is unaffected by rising left atrial pressures ( 138). This 
maximal PAP is similar to that found in acute PTE in humans (137). Hence marked 
pulmonary hypertension is unlikely in acute PTE but it may reach very high levels with 
underlying cardiopulmonary disease, or with chronic PTE ( 139, 140). Interestingly, patients 
with symptomatic acute PTE rarely develop pulmonary artery hypertension (PAH) later on, 
as is found with occult disease ( 141). This may be related to further platelet deposition 
that is associated with microemboli ( 140, 142). In animal models, other mechanisms have 
been identified that increase the pulmonary artery resistance. These are humoral factors 
such as serotonin or thromboxanes from platelets attached to the emboli ( 143, 144). 
Serotonin antagonists and thromboxane inhibitors have been shown to produce a 
decrease in some of the hemodynamic abnormalities following embolism ( 145, 146). 

VII. THERAPY 

Heparin: 

The mainstay of therapy for DVT and PTE has long been the use of heparin . It is 
poorly absorbed from the Gl tract and must be administered parenterally where it is bound 
to plasma proteins in addition to antithrombin Ill. 
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The antithrombin Ill-heparin complex inactivates many coagulation enzymes, 
including thrombin, and the activated factors X, XII, XI, and IX. Some circulating proteins 
also neutralize the anticoagulant effect of heparin which may contribute to heparin 
resistance in patients with inflammation and malignancies ( 14 7, 148). Less heparin is 
required to neutralize small amounts of lla and Xa which partially explains the rationale 
for low dose heparin as prophylaxis of DVT (149). 

The effect of heparin varies widely among patients, and there is no easy 
mechanism to measure heparin levels in the serum. Hence anticoagulant effects are 
monitored by measuring the biologic effects on coagulation studies. Many studies have 
determined that efficacy is optimized if the activated partial-thromboplastin time (APTT) 
is kept within the range of 1.5 to 2.5 times control ( 150,151). It has also been shown 
that risk of bleeding increases as the dose is increased ( 148). 
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Administration and monitoring: 

A loading dose(> 5,000 units iv) is recommended with PTE since heparin clearance 
is increased in this condition by un unknown mechanism (152) . There is some evidence 
that heparin may counter the release of vasoactive amines from platelets, hence the 
rationale for large loading doses ( > 1 0,000) recommended by some (53, 135). Three 
recent prospective studies have been done which outline the duration of heparin 
administration as compared to episodes of major bleeding, recurrence rates of 
thromboembolism and fatal PTE (151,153, 154). All three studies maintained the APTT 
within therapeutic range, and recurrence was determined by standard tests. Heparin was 
administered as a continuous infusion in these studies followed by oral anticoagulants. 
[see table] Other recent studies examined the route of administration of heparin 
intravenously vs. subcutaneously (155, 156). The mean starting dose was the same in the 
two groups of patients, and the major bleeding episodes and recurrence rates were 
similar. The most important factor was monitoring of heparin effect with the APTT 
( 1 57, 1 58). In fact, one recent study suggested improved control of heparin therapy by 
using a standardized protocol (157). 

Until recently heparin was given for a total of 7 to 1 0 days in treating DVT or PTE, 
to allow adequate time for the thrombus to become fixed to the vessel wall. However, 
there are two recent studies that indicate this time may be shortened to 5 days with oral 
anticoagulant therapy initiated at the same time as heparin [see table] (153, 154). 

Study 

Gallus (153) 

Hull (1511 

Hull (154) 

Total 

RECURRENCES AND MAJOR BLEEDING WITH 
DIFFERENT DURATIONS OF HEPARIN INFUSION (1471 

Duration of Heparin DVT or PE Recurrence 
Infusion Days 

4 PE or DVT 7/139 (5%) 

9 PE or DVT 6/127 (4.7%) 

10 DVT 3/58 (5.2%) 

5 DVT 7/99 (7.1 %) 

10 DVT 7/100 (7 .0%) 

30/523 (5.7%1 

Bleeding 

3/139 (2.2%) 

2/127 ( 1.6%) 

2/58 (3.4%) 

7/99 (7.1 %) 

6/100 (6.0%) 

20/533 (3.8%) 

One should exercise caution when treating patients with massive PTE or large DVT 
with a short course since these patients were either excluded from these two studies or 
were not well represented by them (147). 

Complications and contraindications: 

The major complication of heparin therapy is bleeding. While some studies suggest 
there is a higher risk of hemorrhage with intermittent dosing of heparin, it was found that 
the studies using intermittent heparin had higher total doses (155). When the doses over 
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24 hours were the same, the bleeding complication rates were the same (156). In 
addition to simply overdosing heparin, factors which predispose patients to bleeding are 
a serious underlying illness, heavy alcohol consumption, and perhaps concomitant aspirin 
use (153) . 

Thrombocytopenia is well recognized as a complication of heparin therapy, but is 
usually asymptomatic (159, 160). It tends to be more common with bovine lung than 
porcine intestine preparations ( 161-163). It is thought to be caused by an lgG-heparin 
complex, and usually begins between 6 and 12 days after heparin is started. It is 
completely reversible with platelet counts returning to normal after heparin is 
discontinued. Arterial thrombosis is a much less common complication resulting from 
platelet aggregation with an incidence less than 0.4%, but a significant fatality rate ( 164). 
Other less frequent side effects of heparin therapy include hypoaldosteronism (165), and 
osteoporosis (166) with chronic use. 

Warfarin: 

Mechanisms of action: 

Warfarin acts by inhibiting vitamin K epoxide reductase ( 167), which results in 
depletion of vitamin KH2 and limits the addition of carboxyl groups to prothrombin, factor 
VII, factor IX, X and proteins C and S. Without adequate carboxylation, these proteins 
cannot undergo conformational changes required for them to bind to their cofactors, thus 
limiting their biological activity ( 168) [see figure]. 
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Administration and monitoring: 

Warfarin is bound to plasma proteins and has a half life of approximately 36-42 
hours. There is a significant variation between the dosing and response of warfarin 
between patients, and variation can occur with the same subject treated over time (167). 
The variability may be due to differences in affinity of the receptor, availability of vitamin 
K (i.e . diet), and administration of other drugs. In addition, long term use is further 
complicated by patient non-compliance and physician complacency. 

Warfarin does not exert its anticoagulant effect until the affected clotting factors 
are cleared from circulation. Factor VII does have a much shorter half life, 6-7 hours as 
compared to the other factors, which range from 72-96 hours. However, it is likely that 
the early anticoagulant effect from depletion of factor VII is counteracted by the 
thrombogenic effects from depletion of factor C which also has a short half life ( 169). 
Hence, in treatment of PTE, heparin therapy is initiated first, and continued for several 
days until adequate anticoagulation is achieved. 

The test most commonly used to monitor therapy is the prothrombin time (PT), 
which is sensitive to decreased factors II, VII and X. The test is also sensitive to different 
sources of thromboplastin which is added to plasma to perform the study. In North 
America, the commercially available thromboplastin is not as sensitive as that available 
in Europe ( 170). Hence, for example, anticoagulation in the US is greater than that 
achieved in the United Kingdom for the same degree of prolongation of the PT. In 1983 
the WHO recommended using an international standard for clinical use, the INR system, 
which uses a reference thromboplastin so that the PT results can be adjusted to the same 
standard from every country. However, this method has not yet achieved widespread use 
in the US or Canada, so one must be aware of these differences when interpreting the 
literature. This is well described in a recent review ( 167). 

The dose of warfarin in the initial treatment of PTE, is usually 1 0 mg for the first 
two days followed by a reduction to about 5 mg per day. When adequate anticoagulation 
is achieved, (after a minimum of 5 days) heparin may be discontinued. The PT is 
monitored, and the dose adjusted to maintain it at 1.35 to 1.6 times control (or INR of 
2.0 to 2.3). The PT is usually monitored daily initially, then twice a week for one to two 
months depending on the response. If adjustments of the dose are required, the frequency 
of monitoring should be increased accordingly. The likelihood of significant recurrence of 
DVT or PE has been demonstrated to be present for up to 4 to 6 months after diagnosis 
(171, 172). However, in patients with massive PTE, or those with underlying conditions 
that are unlikely to improve, anticoagulation may be continued for much longer, or 
lifefong. 

Warfarin has been well known to interact with many other drugs, some prolong the 
anticoagulant effect. These are summarized on the following table ( 167) . 



DRUGS THAT ALTER PROTHROMBIN TIME BY 
INTERACTING WITH WARFARIN 

Prolongs PT 

Phenylbutazone 
Metronidazole 
Sulfinpyrazone 
Trimethoprim-sulfamethoxazole 
Disulfiram 
Amiodarone 
Cephalosporins (2nd & 3rd generation) 
Clofibrate 
Heparin 
Thyroxine 
Cimetidine• 
Omeprazole • 
Erythromycin 
Anabolic steroids 

* Minimal effect 

Complications and contraindication&: 

Reduces PT 

Cholestyramine 
Barbiturates 
Rifampin 
Griseofulvin 
Carbamazepine 
Penicillins 

Inhibits Platelet Function 

Aspirin 
Other nonsteroidal anti-inflammatory drugs 
Ticlopidine 
Moxalactam 
Carbenicillin 
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Like heparin, bleeding is the most frequent complication. Major bleeding appears 
to be increased in older patients (>65), those with a history of CVA or prior Gl bleeding, 
and other serious coexisting conditions (173, 174). The incidence of bleeding with 
Warfarin over three months therapy for DVT is reported as 17-22% ( 171). Another, less 
common complication is skin necrosis which occurs between the third to the eighth day 
of treatment. It is caused by extensive thrombosis of venules and capillaries within the 
subcutaneous fat. It has been reported to be associated with protein C and S deficiency, 
but can be found without these deficiencies (175). 

Use of warfarin during pregnancy has been associated with fetal defects, and 
heparin is preferred if anticoagulation is needed during pregnancy ( 176). 

Chronic anticoagulant therapy: 

Over the past decade it has been shown that chronic anticoagulation can be 
achieved with smaUer doses of oral anticoagulation which produces less bleeding. 
Furthermore, heparin administered in a dose of 10,000 units twice a day, has been shown 
to be equally as effective when warfarin cannot be used ( 177, 17 8). One must weigh the 
need for anticoagulation with the known side effects of either drug. Even lower doses 
of these drugs, or newer agents may prove effective in the future. 
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Thrombolytic therapy: 

Anticoagulant therapy prevents formation of new clot while the endogenous 
fibrinolytic system slowly dissolves the existing thrombus. However, there are some 
instances when it is desirable to promote immediate lysis of the clot using an exogenous 
thrombolytic agent. Thrombolytic agents currently in use are: urokinase (UK), 
streptokinase (SK), and tissue plasminogen activator (rt-PA). All these agents produce 
lysis of blood clot. Urokinase and rt-PA activate plasminogen directly, while streptokinase 
forms a complex with plasminogen to form an activator that accelerates conversion of 
residual plasminogen to plasmin. Two other newer agents have been introduced and are 
derived from urokinase (recombinant single-chain urokinase plasminogen activator, rSCU­
PA), and streptokinase (APSAC, an in vitro manufactured complex of human plasminogen 
and streptokinase). Both of these newer agents are supposed to have greater affinity for 
fibrin and greater potency than the parent drug, but of course, are more expensive ( 179). 
(179). 
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The earliest and largest trial comparing thrombolytic therapy with heparin for PTE 
was the UPET in 1973. That trial and two subsequent studies did not demonstrate 
significant improvement in mortality or longtime morbidity between those treated initially 
with thrombolytic therapy and heparin (1 80-1 82). However, there have been detailed 
physiologic studies that indicate better long term hemodynamics in those treated with 
fibrinolytic agents vs heparin ( 1 83-1 85). In fact, in the UPET study significant 
improvement was found at 24 hours in hemodynamically compromised patients treated 
with fibrinolytic agents vs heparin. This difference did not persist at one week ( 1 80). It 
has been stated that the overall numbers in these studies precluded identifying a 
significant difference in mortality unless the improvement is drastic ( 1 86). There are more 
studies examining the effects of thrombolysis vs heparin for treatment of DVT ( 1 87-1 90). 
The bottom line is that thrombolysis is useful for prevention of the postphlebitic 
syndrome, but with more bleeding complications. However, one long-term comparative 
study did not find a significant difference between heparin and UK ( 1 91). 

Over the past decade, thrombolytic therapy has become one of the primary 
treatments for acute myocardial infarction, with massive promotions for the use of 
recombinant tissue plasminogen activator, rt-PA. In an attempt to improve the mortality 
rate of PTE, there has been a resurgence of clinical trials using rt-PA and comparing rt-PA 
to UK. Thus, in June, 1990, this agent was approved by the FDA for treatment of PTE. 
One of the first trials conducted found that of 45 patients randomized to receive either 
agent, clot lysis was better with rt-PA than with UK, and the bleeding complications were 
much greater with UK ( 1 92). However, this study was flawed by using a relatively rapid 
infusion of rt-PA ( 1 00 mg over 2 hrs) compared to a 24 hour infusion of UK. The PI OPED 
group also used rt-PA (40-80 mg given 1 mg/min) in 1 3 patients and were not impressed 
with the results ( 1 93). Current studies, however, tend to favor the shorter infusions of 
rt-PA as being more effective with less bleeding complications, although bleeding may still 
be significant ( 1 92,1 94,1 95) In an effort to find a superior method of delivery, Verstraete 
did not find any difference in clot lysis between intravenous or intrapulmonary infusion 
of rt-PA ( 1 96) Also, studies in dogs indicate the lytic effect of rt-PA is better than UK at 
a comparable dose, and this effect is improved by simultaneously improving cardiac 
output ( 1 97). 

Complications and contraindications: 

All fibrinolytic agents produce a generalized fibrinolytic state resulting in bleeding 
from any recent wound, including puncture sites. Thus, major bleeding is the most 
common complication and can be fatal. Studies on the use of rt-PA for myocardial 
infarction revealed that the incidence of fatal hemorrhagic stroke during infusions of 1 00 
mg rt-PA ranged from 0.5 to 1% . In addition, the incidence of severe hemorrhage with 
SK infusions is higher for those patients 75 yrs or older (24% vs 1 1 %) (1 98). The 
general contra indications for fibrinolytic therapy as outlined by the NIH are ( 1 99): 



Monitoring: 

Absolute Contraindications 

al Active internal bleeding 
b) Recent (within 2 months) cerebrovascular accident or other 

active intracranial process 

Relative Major Contraindicatlons 

a) Recent ( < 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels 

b) Recent serious gastrointestinal bleeding 
c) Recent serious trauma 
dl Severe arterial hypertension (~ 200 mmHg systrolic or 
~ 11 0 mmHg diastolic) 

Relative Minor Contraindication& 

al Recent minor trauma, including cardiopulmonary resuscitation 
bl High likelihood of a left heart thrombus, for example, mitral 

disease with atrial fibrillation 
c) Bacterial endocarditis 
dl Hemostatic defects including those associated with severe 

hepatic or renal disease 
e) Pregnancy 
f) Age over 75 years 
g) Diabetic hemorrhagic retinopathy 
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Fibrinolytic therapy may be monitored by exam1mng decreases in the plasma 
fibrinogen concentration, since exogenous administration of thrombolytic agents affects 
all fibrinogen in addition to that within the targeted clot. In addition, the fibrin degradation 
products from clot lysis also prolong the thrombin time during thrombolytic therapy. Since 
heparin is also used following thrombolytic therapy, the thrombin time obtained with 
either ancrod or reptilase will be normal in the presence of heparin but will be increased 
by FOPs (179). 

For long infusions (as with UK and SK), a thrombin time should be checked after 
3-4 hours. It should be greater than 2X control value. Since streptokinase resistance 
may be found due to the presence of anti-streptococcal antibodies, failure of prolongation 
of the TT should result in discontinuation of therapy. For rt-PA, one should measure TT 
and/or PTT at conclusion of drug infusion, followed by initiation of heparin without a 
loading dose when the laboratory value has fallen to < 2X control. Heparin is started at 
the conclusion of UK and SK therapy in the same manner ( 179,200,201). 

PHARMACOLOGIC CHARACTERISTICS OF THROMBOLYTIC AGENTS 

SK APSAC UK rSCU-PA rt-PA 

Enzymology Proenzyme Proenzyme Enzyme Proenzyme Enzyme 

Administration Continuous IV Bolus Continuous IV Continuous IV Continuous IV 

Plasma Clearance 18-25 70-90 . 13-20 5-8 2-6 
(t 1/21. min 

Fibrin specificity 1+ 1-2+ 2-3+ 2+ 1-2+ 

Bleeding 4+ 4+ 4+ 4+ 4+ 

Allergic Side Effects Yes Yes Rare 7 Rare 

Cost 1+ 3+ 3-4+ 7 4+ 
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Conclusion: 

Future trends in thrombolytic therapy with rt-PA may result in shorter infusions 
than currently used now ( 197). Nevertheless, there are not enough clinical studies 
available at this time to establish the superiority of one treatment over the other for all 
PTE. In addition, the increased bleeding complications from thrombolytic therapy must 
be considered. Until sufficient numbers of patients are studied, the indications for and 
dosing of thrombolytic therapy are not established . Thrombolytic therapy is usually 
reserved for patients with obstruction to a large segment of the pulmonary circulatory 
tree, or those with hemodynamic compromise, and should be considered for all such 
patients with no contraindication to fibrinolytic therapy ( 1 99). If angiography is available, 
it should be performed prior to initiating therapy. However, a high probability scan in the 
presence of a high clinical likelihood of PE has been considered acceptable by many 
experts (20 1). 

Surgical Intervention: 

Embolectomy: 

Even when massive PTE or hemodynamic compromise is present, surgical 
embolectomy is rarely indicated. With the use of cardiopulmonary bypass, the mortality 
of this procedure in patients with acute PTE who have survived the first two hours is in 
the range of 23-25% (202). It should be emphasized that these figures are from 
institutions where these procedures are performed frequently. On the other hand, this 
procedure is used with relative success as treatment for pulmonary hypertension 
secondary to chronic PTE (203-205). In a recent study the perioperative mortality was 
12.6%, with 31.5% of the patients requiring mechanical ventilators for more than 5 days 
(203). Pulmonary edema and pulmonary hemorrhage were significant complications, and 
have been described by many (206,207). Failure to decrease the pulmonary vascular 
resistance intraoperatively by more than 50% was a predictor of hospital mortality, as 
was the duration of cardiopulmonary bypass. Nevertheless, of the survivors, there 
appears to be a significant improvement in functional status (203). 

Vena Caval Interruption: 

In some instances it is necessary to physically prevent migration of additional clot 
from the lower extremities to the pulmonary circulahon. This is usually accompHshed by 
inserting a mechanical filter transvenously into the inferior vena cava. Indications for 
insertion of these devices are listed below: 

1) DVT or PTE with Contraindication to anticoagulation 
2) Failure of adequate anticoagulation 
3) Prophylaxis against any further PTE, usually in presence of massive PTE, or 

chronic PTE with evidence of pulmonary hypertension (208) 
Currently there are several different devices available, and some of the older 

devices have either changed or have been removed from the market (e.g.Mobin-Uddin 
Umbrella) . The five devices available in 1991 are shown in the following table: 
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Max 
IVC Diam Tilting IVC Incidence MRI 

Recommended Significant Patency Recurrent PE Interference? 
Filter type lmml 1%1 1%1 

Greenfield stainless steel 28 Yes 95-97 5 Yes 

Greenfield titanium 28 Yes ? ? No 

Bird's nest 40 No 80-97 3 Yes 

Vena-tech 28 Yes 93 2 Yes 

Simon nitinol 28 No 92 No 

[from reference 2091 
When selecting which filter to use, one must consider the following: 

filtering efficiency of both large and small clots, impedance of blood flow, low morbidity 
(penetration of vena caval wall, migration of filter, morbidity associated with device 
placement), and interference with MRI, i.e. ferromagnetic properties. None of the above 
filters meet all the requirements (209). 

Other complications include migration of filters, perforation of vena cava into other 
structures such as aorta, ureter,etc., rarely embolization of the filter itself, and clot 
formation on the proximal surface of some filters have been described (208,21 0-212). 
Experience with a new removable filter has been reported (213). This filter is designed 
to temporarily prevent recurrent PTE while thrombolytic therapy is initiated, thus it is 
associated with bleeding complications. 

Severe coagulopathy that would result in significant bleeding from puncture site, 
and a patient who would not cooperate with the procedure or post procedure protocol. 

It is recommended that a venacavogram be done before the placement of 
transvenous filters in order to identify the precise extent of the clot in relation to the renal 
veins, establish the diameter or the IVC and to identify any significant collateral circulation 
(209). If it is necessary to place a filter above the renal veins, use of the 24-Fr Greenfield 
filter is recommended due to its documented high patency rate, while the Birds nest filter 
currently is recommended as the filter most suited for general use (209,214). 

VIII. PREVENTION 

The best means of decreasing mortality from PTE is to prevent their occurrence in 
the first place. This seems obvious, but is of major importance since 70-80% of those 
who die of PTE do so within the first few hours, often before diagnosis and therapy can 
be initiated (1 ,2). There is compelling evidence that the overall incidence of DVT and PTE 
in hospitalized patients is decreasing (3-5). It is believed that this is due to improved 
techniques for prevention of clot formation in those patients who are identified as high 
risk. The principle involved is the reversal of conditions that promote clot formation in the 
first place: stasis, the clotting mechanism, and damage to the vessel intima. The majority 
of studies on prevention are conducted with surgical patients since these are an easily 
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matched population of patients. Furthermore, the incidence of DVT detected by leg 
scanning in orthopedic patients is probably the highest, see Table (35). 

INCIDENCE OF THROMBOEMBOLIC COMPLICATIONS IN ORTHOPEDIC SURGERY 

Deep vein Pulmonary Fatal Pulmonary 
thrombosis embolism embolism 

1%1 1%1 1%1 

Trauma 720 710 71 

Hip fracture 11-74 4 4-10 

Total hip replacement 40·58 5-10 2-5 

Total knee replacement 50-70 5-10 1-5 

Increasing blood flow: 

Over the past decade patients undergoing surgery are encouraged if not pushed to 
early ambulation and discharge from the hospital. This has certainly contributed to the 
decrease in mortality since the incidence of clot formation increases with the duration of 
bed rest. While patients are hospitalized, other attempts have been made to increase 
blood flow through the venous system of the legs. Elastic compression stockings have 
been shown to reduce the incidence of DVT as determined by 1125 radiofibrinogen scans 
from 32% to 11.5% overall in general surgical patients (215). However, only those 
stockings that provided graduated compression which varied over the ankle, calf, knee, 
lower and upper thighs, were effective (215). On the other hand, these stockings must 
be individually fit which may discourage routine use. In order to provide pulsatile flow 
through the leg, intermittent pneumatic compression devices were developed (I PC). 
These devices consist of boots that fit around the calves or entire legs. Through use of 
air compartments, the devices are rhythmically inflated and deflated, which causes blood 
to be pumped through the lower leg. Interestingly, IPC has been demonstrated to increase 
fibrinolysis in surgical patients, and prostacyclin produced by endothelial cells was found 
to be 16 times greater in those exposed to pulsatile flow (216,217), which suggests that 
IPC prevents clot formation through additional mechanisms. Use of these devices in high 
risk orthopedic patients reduces the incidence of DVT to 22% from 4 7% (218). Devices 
which fit up to the thigh giving full-leg sequential compression have been reported to 
increase flow better than those providing knee-length uniform compression (219). The 
combination of graduated compression stockings with tPC also has been shown to give 
additive effects (220). It seems logical to use either graduated compression stockings or 
knee-length sequential compressive devices in all patients at risk, since they are relatively 
easy to use, with no complications of bleeding. 

Heparin: 

A recent extensive review of multiple comparable trials demonstrated that in 
surgical patients at risk for PTE (general surgical,urological, and orthopedic) use of "low­
dose" heparin produces a significant reduction, of approximately 68%, in the incidence 



25 

of DVT as detected by radiofibrinogen scans, or venography (221). Collins, et al point out 
that although several orthopedic trials with low dose heparin do not show a reduction in 
incidence of DVT, this was likely due to the small numbers used in any one study since 
the combined results from multiple studies demonstrated the beneficial effects of low 
dose heparin, see figure (221). This review also concluded that the incidence of fatal PTE 
was reduced by approximately 47%, and established that heparin administered 
subcutaneously as 5,000 units either every 8 or 12 hours produced equal effects. 
"Excessive bleeding" was noted to be increased in the groups receiving heparin by about 
66%, with an increase of 227% in urologic patients (221). However, the overall mortality, 
including that from hemorrhage, was still less in the heparin treated patients. Many 
surgical studies include wound bleeding as significant bleeding which was reported to be 
as high as 27% (222). 
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In addition to low-dose heparin, the addition of dihydroergotamine, which is added 
to increase the vascular tone of peripheral veins and enhance blood flow, has been 
reported to increase the effectiveness (223,224). Also use of adjusted dose heparin to 
prolong the APTT may add further to the prophylaxis of DVT with less bleeding 
complications (35) In order to reduce the increased risk of bleeding in surgical patients 
receiving prophylactic anticoagulation, trials have been conducted with low molecular 
weight heparin. The results of recent studies seem to indicate that this agent produces 
a similar or better reduction in incidence of DVT while having a slightly lower incidence 
of important hemorrhage (225-227). 



26 

Warfarin: 

Warfarin therapy has also been used to prevent DVT in surgical patients, 
particularly those with hip surgery. Very low doses such as 1 or 2 mg are given preop, 
followed by an increase postop to therapeutic levels (228). While data indicates warfarin 
is associated with a reduction in rates of DVT of about 48%, this is also associated with 
an equal increase in significant bleeding (35). In patients who cannot tolerate any risk of 
increased bleeding, i.e. neurosurgical patients, pneumatic compression devices with 
graduated compression stockings appears to be the best option (229). 

Other: 

It has been demonstrated that trauma or surgery is associated with a decrease in 
antithrombin Ill, and this may contribute to the predisposition of these patients to DVT. 
Administering antithrombin Ill with low dose heparin has been shown to improve the 
effectiveness of DVT prophylaxis in patients receiving total hip or knee replacement (230). 
There are other protocols used for prophylaxis, such as low molecular weight dextran 
(231), and antiplatelet drugs (232) which have been advocated. The choice of the 
regimen for prophylaxis varies with the patient population treated. However, it is 
important that those known to be high risk be given prophylaxis. It has even been 
advocated that those at very high risk, but who have contraindications to every form of 
prophylactic treatment, such as severe trauma patients, have vena caval filters placed 
(53). In contrast, an excellent review using meta-analysis describes the effectiveness of 
different prevention modalities in general surgical patients. Orthopedic cases were 
excluded (233). 

The following is a summary of many different protocols used as prophylaxis for 
DVT in patients undergoing either general (233) or hip (35) surgery. 

60 

(/) 50 
1-
z 
w 
1- 40 
<( 
a.. 
LL.. 
0 30 
1-
z 
w 

20 u 
a::: 
w 
a.. 

10 

0 

INCIDENCE OF DVT FROM POOLED STUDIES 
USING DIFFERENT PROTOCOLS 

1 = CONTROL 
2 = LOW DOSE HEPARIN 
3 = ADJUSTED D. HEPARIN 
4 = LMWH 
5 =HEPARIN + DIHYDRO-

ERGOTAMINE 
6 = WARFARIN 
7 = DEXTRAN 
8 = ASA 
9 = LEG COMPRESSION 
1 0 = LEG STOCKING 

SOLID BARS = GENERAL 
SURGERY 

HATCHED BARS = HIP 
SURGERY 

2 3 4 5 6 7 8 9 10 



,..... 
N

 
A

 P
R

A
C

T
IC

A
L D

IA
G

N
O

S
T

IC
 A

LG
O

R
IT

H
M

 

C
X

R
, E

K
G

, P
hysical exam

 

t 
C

om
patible w

ith
 PE 

H
igh risk p

a
tie

n
t* 

PE E
xcluded 

N
o

r
m

a
l-

-
-
-

P
erfuJion S

can 
I 

I 
S

egm
ental or 

S
ubsegm

ental 
lobar d

e
fe

cts 
or interm

ediate 

t 
t 

V
e

n
tila

tio
n

 scan 
lP

G
 or D

uplex scans 
/ 

(V
enography) 

M
isri,a

tch
 

Mat~hed 
N

eaative 
P

ositive 

D
e

fe
cts 

1 "" 
\ 

H
igh 

F
o

llo
w

 
! 

T
re

a
t PE 

C
linical 

and/or 
S

uspicion 
R

epeat 

t 
P

ulm
onary 

A
ngiography 

*M
a

ssive
 PE suspected, sig

n
ifica

n
t cardiopulm

onary disease 
T

h
ro

m
b

o
lytic or IV

C
 filte

r considered 

l T
re

a
t 



SELECTED BIBLIOGRAPHY 

1. Dalen JE, Alpert JS. Natural history of pulmonary embolism. Prog Cardiovasc Dis 17: 
259-270, 1975. 

2. Alpert JS, Smith R, Carlson J, et al. Mortality in patients treated for pulmonary 
embolism. JAMA 236: 1477-1480, 1976. 

3. Dismuke SE, Wagner EH. Pulmonary embolism as a cause of death. JAMA 255: 2039-
2042, 1986. 

4. Gillum RF. Pulmonary embolism and thrombophlebitis in the United States, 1970-
1985. Am Heart J 114: 1262-1264, 1987. 

5. Rubinstein I, Murray D, Hoffstein V. Fatal pulmonary emboli in hospitalized patients. 
An autopsy study. Arch Intern Med 148: 1425-1426, 1988. 

6. Goldhaber SZ, Hennekens CH. Time trends in hospital mortality and diagnosis of 
pulmonary embolism. Am Heart J 104: 305-306, 1982. 

7. Goldman L, Sayson R, Robbins S, etc. The value of the autopsy in three medical eras. 
N Engl J Med 308: 1000-1005, 1983. 

8. Freiman DG, Suyemoto J, Wessler S. Frequency of pulmonary thromboembolism in 
man. N Engl J Med 272: 1278-1280, 1965. 

9. Goldhaber SZ. Pulmonary embolism death rates (letter to the editor). Am Heart J 
115: 1342-1343, 1988. 

10. O'Quinn RJ, Lakshminarayan S. Venous air embolism. Arch Intern Med 142: 2173-
2176, 1982. 

11. Guenter CA, Braun TE. Fat embolism syndrome. Chest 79: 143-145, 1981. 

12. Winterbauer RH, Elfenbein 18, Ball WC. Incidence and clinical significance of tumor 
embolization to the lungs. Am J Med 45: 271-290, 1968. 

13. MacMillan J, Milstein SH, Samson PC. Clinical spectrum of septic pulmonary 
embolism and infarction. J Thorac Cardiovasc Surg 75: 670-679, 1978. 

14. Havig 0. Source of pulmonary emboli, Chapter VI. Acta Chir Scand 478:42-47, 
1977. 

15 . Moser K. Is embolic risk conditioned by location of deep venous thrombosis? Ann 
Intern Med 94: 439-444, 1981. 



16. Hull RD, Hirsh J, Carter CJ, et al. Pulmonary angiography, ventilation lung scanning, 
and venography for clinically suspected pulmonary embolism with abnormal perfusion 
lung. Ann Intern Med 98: 891-899, 1983. 

17. Philbrick JT, Becker OM. Calf deep venous thrombosis. Arch Intern Med 148: 2131-
2138, 1988. 

18. Lagerstedt Cl, Olsson CG, Fagher BO, et al. Need for long-term anticoagulant 
treatment in symptomatic calf-vein thrombosis. Lancet 2: 515-518, 1985. 

19. Norris CS, Greenfield LJ, Herrmann JB. Free-floating iliofemoral thrombus. Arch 
Surg 120: 806-808, 1985. 

20. Mcintyre KM, Sasahara AA. Determinants of right ventricular function and 
hemodynamics after pulmonary embolism. Chest 65: 534-543, 1974. 

21. Prescott SM, Tikoff G. Deep venous thrombosis of the upper extremity: A 
reappraisal. Circulation 59: 350-355, 1979. 

22. Monreal M, Lafoz E, Ruiz J, et al. Upper-extremity deep venous thrombosis and 
pulmonary embolism. Chest 99: 280-283, 1991. 

23. Fowler EF, Bollinger JA. Pulmonary embolism: A clinical study of ninety-seven fatal 
cases. Surgery 36: 650-663, 1954. 

24. Modan B, Sharon E, Jelin N. Factors contributing to the incorrect diagnosis of 
pulmonary embolic disease. Chest 62: 388-393, 1972. 

25. Goldberg SM, Pizzarello RA, Goldman MA, et al. Echocardiographic diagnosis of 
right atrial thromboembolism resulting in massive pulmonary embolization. Am Heart J 
108: 1371 -1372, 1984. 

26. Nestico PF, Panidis IP, Kotler MN, et al. Surgical removal of right atrial 
thromboembolus detected by two-dimensional echocardiography in pulmonary embolism. 
Am Heart J 107: 1278-1280, 1984. 

27. Bell W R, Simon TL, DeMets DL. The clinical features of submassive and massive 
pulmonary emboli. Am J Med 62: 355-360, 1977. 

28. Homans J. Thrombosis of the deep leg veins due to prolonged sitting. N Engl J Med 
250: 148-149, 1954. 

29. Collins FS, Orringer EP. Pulmonary hypertension and cor pulmonale in the sickle 
hemoglobinopathies. Am J Med 73: 814-821, 1982. 

30. Chajek T, Fainaru M. Behcet's disease with decreased fibrinolysis and superior vena 
caval occlusion. Br Med J 1: 782-783, 1973. 



31. Schafer AI. The hypercoagulable states. Ann lnt Med 102: 814-828, 1985. 

32. Clarke-Pearson DL, Olt G. Thromboembolism in patients with gyn tumors: Risk 
factors, natural history, and prophylaxis. Oncology 3: 39-48, 1989. 

33. Henderson SR, Lund CJ, Creasman WT. Antepartum pulmonary embolism. Am J 
Obstet Gynecol 112:476-486, 1972. 

34. Ygge J. Changes in blood coagulation and fibrinolysis during the puerperium. Am 
J Obstet Gynecol 104: 2-12, 1969. 

35. Hirsh J. Prevention of venous thrombosis in patients undergoing major orthopaedic 
surgical procedures. Acta Chir Scand Suppl 556: 30-35,1990. 

36. Powers PJ, Gent M, Jay RM, Julian DH, et al. A randomized trial of less intense 
postoperative warfarin or aspirin therapy in the prevention of venous thromboembolism 
after surgery for fractured hip. Arch Intern Med 149: 771-774,1989. 

37. Reilly DT, Prophylactic methods against thromboembolism. Acta Chir Scand Suppl 
550: 115-118, 1988. 

38. Sack GH, Levin J, Bell WR. Trousseau's syndrome and other manifestations of 
chronic disseminated coagulopathy in patients with neoplasms: Clinical, pathophysiologic, 
and therapeutic features. Medicine 56: 1-37, 1977. 

39. Griffin MR, Stanson AW, Brown ML, Hauser MF, O'Fallon WM, Anderson HM, 
Kazmier FJ, Melton LJ. Deep venous thrombosis and pulmonary embolism. Arch Intern 
Med 147: 1907-1911, 1987. 

40. Coon WW. Risk factors in pulmonary embolism. Surg Gynecol Obstet 143: 385-
390, 1976. 

41 . Monreal M, Lafoz E, Casals A, et al. Occult cancer in patients with deep venous 
thrombosis. Cancer 67: 541-545, 1991. 

42. Aoki N, Moroi M, Sakata Y, Yoshida N, Matsuda M. Abnormal plasminogen. J Clin 
lnvest61: 1186-1195,1978. 

43. Tullis JL, Watanabe K. Platelet antithrombin deficiency. Am J Med 65: 472-478, 
1978. 

44. Carvalho A, Ellman L. Hereditary antithrombin Ill deficiency. Am J Med 61: 179-
183, 1976. 



45. Comp PC, Esmon CT. Recurrent venous thromboembolism in patients with a partial 
deficiency of protein S. N Engl J Med 311: 1525-1528, 1984. 

46. Broekmans AW, Veltkamp JJ, Bertina RM. Congenital protein C deficiency and 
venous thromboembolism. N Engl J Med 309: 340-344, 1983. 

47. Miletich J, Sherman L, Broze G. Absence of thrombosis in subjects with 
heterozygous protein C deficiency. N Engl J Med 317:991-996, 1987. 

48. Rosendaal FR, Heijboer H, Briet E, et al. Mortality in hereditary antithrombin-Ill 
deficiency - 1830 to 1989. Lancet 337: 260-262, 1991 . 

49 . Heijboer H, Brandjes DPM, Buller HR, et al. Deficiencies of coagulation-inhibiting and 
fibrinolytic proteins in outpatients with deep-vein thrombosis. N Eng I J Med 323: 1512-
1516, 1990. 

50. Elias M, Elder A. Thromboembolism in patients with the "lupus" -type circulating 
anticoagulant. Arch Intern Med 144: 510-515, 1984. 

51 . The UPET. Associated clinical and laboratory findings. Chapter 13. Circulation, 
Supplement II, Vols. XLVII and XLVIII: II 81 -11 85, 1973. 

52. Kakkar VV, Howe CT, Flang C, et al. Natural history of postoperative deep-vein 
thrombosis. Lancet 2: 230-233, 1 969. 

53. Moser KM. Venous thromboembolism . Am Rev Respir Dis 141 :235-249, 1990 

54. Murray HW, Ellis GC, Blumenthal DS, et al. Fever and pulmonary thromboembolism. 
Am J Med 67: 232-235, 1979. 

55. Hull RD, Raskob GE, Carter CJ, et al. Pulmonary embolism in outpatients with 
pleuritic chest pain. Arch Intern Med 148: 838-844, 1988. 

56. Bynum LJ, Wilson JE, Ill. Characteristics of pleural effusions associated with 
pulmonary embolism. Arch Intern Med 136: 159-162, 1976. 

57. Prediletto R, Paoletti P, Fornai E, et al. Natural course of treated pulmonary 
embolism. Chest 97: 554-561, 1990. 

58. The UPET. Clinical and electrocardiographic observations . Chapter 10. Circulation, 
Supplement II, Vols XLVII and XLVIII: II 60-11 65, 1973. 

59. Stein PD, Dalen JE, Mcintyre KM, et al. The electrocardiogram in acute pulmonary 
embolism. Prog Cardiovasc Dis 17: 247-257, 1975. 

60. Cvitanic 0, Marino PL. Improved use of arterial blood gas analysis in suspected 
pulmonary embolism. Chest 95: 48-51, 1989. 



61. Vargo JS, Becker DM, Philbrick JT, et al. Plasma DNA. Chest 97: 63-68, 1990. 

62. Klotz TA, Cohn LS, Zipser RD. Urinary excretion of thromboxane B2 in patients with 
venous thromboembolic disease. Chest 85: 329-335, 1984. 

63. Jareno AJ, De Ia Serna JL, Corral EE, et al. Fibrinogen/fibrin degradation products 
in the diagnosis of pulmonary embolism in critically ill patients. Crit Care Med 8: 646-
650, 1980. 

64. Bynum LJ, Crotty CM, Wilson JE, Ill. Diagnostic value of tests of fibrin metabolism 
in patients predisposed to pulmonary embolism. Arch Intern Med 139: 283-285, 1979. 

65. Foti MEG, Gurewich V. Fibrin degradation products and impedance 
plethysmography. Arch Intern Med 140: 903-906, 1980. 

66. Rickman FD, Handin R, Howe JP, et al. Fibrin split products in acute pulmonary 
embolism. Ann Intern Med 79: 664-668, 1973. 

67. Child JS, Wolfe JD, Tashkin D, et al. Fatal lung scan in a case of pulmonary 
hypertension due to obliterative pulmonary vascular disease. Chest 67: 308-310, 1975. 

68. Dworkin HJ, Smith JR, Bull FE. Reaction after administration of macroaggregated 
albumin for a lung scan. N Engl J Med 275: 376, 1966. 

69. Vincent WR, Goldberg SJ, Desilets D. Fatality immediately following rapid infusion 
of macroaggregates of 99mTc albumin (MAA) for lung scan. Radiology 91: 1181-1184, 
1968. 

70. Alderson PO, Biello DR, Gottschalk A, et al. Tc99mDTPA aerosol and radioactive gases 
compared as adjuncts to perfusion scintigraphy in patients with suspected pulmonary 
embolism. Radiology 153: 515-521, 1984. 

71. Ryan KL, Fedullo PF, Davis GB, et al. Perfusion scan findings understate the severity 
of angiographic and hemodynamic compromise in chronic thromboembolic pulmonary 
hypertension. Chest 93: 1180-1185, 1988 

72. Kelley MA, Carson JL, Palevsky HI, et al. Diagnosing pulmonary embolism: New 
facts and strategies. Ann Intern Med 114: 300-306, 1991. 

73. Hull RD, Raskob GE. Low-probability lung scan findings: A need for change. Ann 
Intern Med 114: 142-143, 1991. 

74. Biello DR, Mattar AG, McKnight RC, Siegel BA. Ventilation-perfusion studies in 
suspected pulmonary embolism. AJR 133: 1033-1037, 1979. 

75. McNeil BJ. A diagnostic strategy using ventilation-perfusion stud ies in patients 
suspect for pulmonary embolism. J Nucl Med 17: 613-616, 1976. 



76. Cheely R, McCartney WH, Perry JR, et al. The role of noninvasive tests versus 
pulmonary angiography in the diagnosis of pulmonary embolism. Am J Med 70: 17-22, 
1981. 

77. The PI OPED Investigators. Value of the ventilation/perfusion scan in acute 
pulmonary embolism. JAMA 263: 2753-2759, 1990. 

78. Hull RD, Raskob GE, Coates G, et al. Clinical validity of a normal perfusion lung scan 
in patients with suspected pulmonary embolism. Chest 97: 23-26, 1990. 

79. Hull RD, Raskob GE, Coates G, Panju AA, Gill GJ. A new noninvasive management 
strategy for patients with suspected pulmonary embolism . Arch Intern Med 149: 2549-
2555, 1989. 

80. Sasahara AA, Stein M, Simon M, et al. Pulmonary angiography in the diagnosis of 
thromboembolic disease. N Engl J Med 270: 
1075-1081 1 1964. 

81. Williams JR, Wilcox WC, Andrews GJ, et al. Angiography in pulmonary Embolism . 
JAMA 184: 135-138, 1963. 

82. Dalen JE, Brooks HL, Johnson LW, et al. Pulmonary angiography in acute pulmonary 
embolism: indications, techniques, and results in 367 patients. American Heart Journal 
81:175-185, 1971 . 

83. Mills SR, Jackson DC, Older RA, et al. The incidence, etiologies, and avoidance of 
complications of pulmonary angiography in a large series. Radiology 136: 295-299, 
1980. 

84. Perlmutt LM, Braun SD, Newman GE, et al. Pulmonary arteriography in the high-risk 
patient. Radiology 162: 187-189, 1987. 

85. Thompson WM, Mills SR, Bates M, et al. Pulmonary angiography with iopamidol and 
renografin 76 in normal and pulmonary hypertensive dogs. Acta Radiol (Diagn) 24: 425-
431, 1983. 

86 . Grainger RG. The clinical and financial implications of the low-osmolar radiological 
contrast media. Clin Radiol 35: 251 -252, 1984. 

87. Nicod P, Peterson K, Levine M, et al. Pulmonary angiography in severe chronic 
pulmonary hypertension. Ann Intern Med 107: 565-568, 1987. 

88. Crummy AB, Strother CM, Sackett JF, et al. Computerized fluoroscopy: Digital 
subtraction for intravenous angiocardiography and arteriography . AJR 135: 1131-1140, 
1980. 

89. Pond GD, Chernin MM. Digital subtraction angiography of the pulmonary arteries. 
J Thorac lmag 1: 21-31, 1985. 



90. Pond GO, Ovitt TW, Capp MP. Comparison of conventional pulmonary angiography 
with intravenous digital subtraction angiography for pulmonary embolic disease. 
Radiology 147: 345-350, 1983. 

91. Reilley RF, Smith CW, Price RR, et al. Digital subtraction angiography: Limitations 
for the detection of pulmonary embolism. Radiology 149: 379-382, 1983. 

92. Dunnick NR, Newman GE, Perlmutt LM, et al. Pulmonary embolism. Curr Probl 
Diagn Radiol 17: 197-229, 1988. 

93. Moser KM, Guisan M, Bartimmo EE, et al. In vivo and post mortem dissolution rates 
of pulmonary emboli and venous thrombi in the dog. Circulation 48: 170-178, 1973. 

94. Dalen JE, Banas JS, Brooks HL, et al. Resolution rate of acute pulmonary embolism 
in man. N Engl J Med 280: 1194-1199, 1969. 

95. Palla A, Tumeh SS, Nagel JS, et al. Detection of pulmonary perfusion defects by 
single photon emission tomography (SPECT). J Nucl Med Allied Sci 32: 27-32, 1988. 

96. Moser K, Fedullo PF. Imaging of venous thromboemboli with labeled platelets. 
Semin Nucl Med 14: 188-197, 1984. 

97. Shure 0, Gregoratos G, Moser KM. Fiberoptic angioscopy: Role in the diagnosis of 
chronic pulmonary arterial obstruction. Ann Intern Med 103: 844-850, 1985. 

98. Case Records of the Massachusetts General Hospital. Robert E. Scully, editor. N 
Engl J Med 324: 1795-1804, 1991. 

99. Shah HR, Buckner CB, Purnell GL, et al. Computed tomography and magnetic 
resonance imaging in the diagnosis of pulmonary thromboembolic disease. J Thorac lmag 
4: 58-61, 1989. 

100. Kereiakes OJ, Herfkens RJ, Brundage BH, et al. Computerized tomography in 
chronic thromboembolic pulmonary hypertension. Am Heart J 106: 1432-1436, 1983. 

101. Ovenfors CO, Batra P. Diagnosis of peripheral pulmonary emboli by MR imaging: 
An experimental study in dogs. Mag Res I mag 6: 487-491, 1988. 

102. Erdman WA, Jayson HT, Miller GL, et al. Can MRI aid in the diagnosis of 
pulmonary embolism? J Nucl Med 31: 721, 1990. 

103. Huisman MV, Buller HR, ten Cate JW, et al. Unexpected high prevalence of silent 
pulmonary embolism in patients with deep venous thrombosis. Chest 95: 498-502, 
1989. 

104. Huisman MV, Buller HR, ten Cate JW, et al. Serial impedance plethysmography for 
suspected deep venous thrombosis in outpatients. N Engl J Med 314: 823-828, 1986. 



105. Bettmann MA, Robbins A, Braun SO, et al. Contrast venography of the leg: 
diagnostic efficacy, tolerance, and complication rates with ionic and non ionic contrast 
media. Radiology 165:113-116,1987. 

106. Albrechtsson U, Olsson CG. Thrombotic side-effects of lower-limb phlebography. 
Lancet: 723-724, 1976. 

1 07. Coel MN, Dodge W. Complication rate with supine phlebography. Am J Roetgenol 
131: 821-822, 1978. 

108. Bettmann MA, Paulin S. Leg phlebography: the incidence, nature and modification 
of undesirable side effects. Radiology 122: 1 01-1 04, 1977. 

109. Hull R, Hirsh J, Sackett DL, et al. Clinical validity of a negative venogram in patients 
with clinically suspected venous thrombosis. Circulation 64:622-625, 1981. 

110. Benedict KT, Wheeler HB, Patwardhan NA. Impedance plethysmography: correlation 
with contrast venography. Radiology 125: 695-699, 1977. 

111. Hull RD, Raskob GE, Carter CJ. Serial impedance plethysmography in pregnant 
patients with clinically suspected deep-vein thrombosis. Ann Intern Med 112: 663-667, 
1990. 

112. Hull R, Taylor OW, Hirsh J, et al. Impedance plethysmography: the relationship 
between venous filling and sensitivity and specificity for proximal vein thrombosis. 
Circulation 58: 898-902, 1978. 

113. Kakkar VV. Fibrinogen uptake test for detection of deep vein thrombosis-a review 
of current practice. Semin Nucl Med 7: 229-243, 1977. 

114. Lisbona R, Stern J, Derbekyan V. 99mTc Red blood cell venography in deep vein 
thrombosis of the leg: A correlation with contrast venography. Radiology 143: 771-773, 
1982. 

115. Rosebrough SF, Grossman ZD, McAfee JG, et al. Aged venous thrombi: 
Radioimmunoimaging with fibrin-specific monoclonal antibody. Radiology 162: 575-577, 
1987. 

116. Gomes AS, Webber MM, Buffkin D. Contrast venography vs radionucleotide 
venography: A study of discrepancies and their possible significance. Radiology 142: 
719-728, 1982. 

117. Lensing AWA, Levi MM, Buller HR, et al. Diagnosis of deep-vein thrombosis using 
an objective doppler method. Ann Intern Med 113: 9-13, 1990. 

118. Polak JF. Doppler ultrasound of the deep leg veins. Chest 99: 165S-172S, 1991. 



119. Killewich LA, Bedford GR, Beach KW, et al. Diagnosis of deep venous thrombosis. 
Circulation 79: 810-814, 1989. 

120. White RH, McGahan JP, Daschbach MM, et al. Diagnosis of deep-vein thrombosis 
using duplex ultrasound. Ann Intern Med 111: 297-304, 1989. 

121. Lensing AWA, Prandoni P, Brandjes D, et al. Detection of deep-vein thrombosis by 
real-time B-mode ultrasonography. N Engl J Med 320: 342-345, 1989. 

122. Polak JF, Culter SS, O'Leary DH. Deep veins of the calf: Assessment with color 
doppler flow imaging . Radiology 171: 481-485, 1989. 

123. Rose SC, Zwiebel WJ, Nelson BD, et al. Symptomatic lower extremity deep venous 
thrombosis: Accuracy, limitations, and role of color duplex flow imaging in diagnosis. 
Radiology 175: 639-644, 1990. 

124. Erdman WA, Jayson HT, Redman HC, et al. Deep venous thrombosis of 
extremities: role of MR imaging in the diagnosis. Radiology 174: 425-431,1990. 

125. Sasahara AA, Cannilla JE, Morse RL, et al. Clinical and Physiologic studies in 
pulmonary thromboembolism. Am J Cardiel 20: 10-20, 1967. 

126. Burki NK. The dead space to tidal volume ratio in the diagnosis of pulmonary 
embolism. Am Rev Respir Dis 133: 679-685, 1986. 

127. D' Alonzo GE, Bower JS, De Hart P, et al. The mechanisms of abnormal gas 
exchange in acute massive pulmonary embolism. Am Rev Respir Dis 128: 170-172, 
1983. 

128. Bouchama A, Curley W, AI-Dossary S, et al. Refractory hypercapnia complicating 
massive pulmonary embolism. Am Rev Respir Dis 138: 466-468, 1988. 

129. Mills JE, Sellick H, Widdicombe JG. Activity of lung irritant receptors in pulmonary 
microembolism, anaphylaxis and drug-induced bronchoconstrictions. J Physiol 203: 337-
357, 1969. 

130. Manier G, Castaing Y, Guenard H. Determinants of hypoxemia during the acute 
phase of pulmonary embolism in humans. Am Rev Respir Dis 132: 332-338, 1985. 

131. Dantzker DR, Wagner PD, Tornabene VW, et al. Gas exchange after pulmonary 
thromboembolization in dogs. Circ Res 42: 92-103, 1978. 

132. Hagen PT, Scholz DG, Edwards WD. Incidence and size of patent foramen ovale 
during the first 10 decades of life: An autopsy study of 965 normal hearts. Mayo Clin 
Proc 59: 17-20,1984. 

133. Webster JR, Saadeh GB, Eggum PR, et al. Wheezing due to pulmonary embolism: 
Treatment with heparin. N Engl J Med 274: 931-933, 1966. 



134. Thomas DP, Gurewich V, Ashford TP. Platelet adherence to thromboemboli in 
relation to the pathogenesis and treatment of pulmonary embolism. N Engl J Med 274: 
953-956, 1966. 

135. Tsao MS, Schraufnagel D, Wang NS . Pathogenesis of pulmonary infarction. Am 
J Med 72: 599-606, 1982. 

136. Butler J, Kowalski TF, Willoughby S, et al. Preventing infarctions after pulmonary 
artery occlusion. Clin Res 37: 163A, 1989. 

137. Dalen JE, Haynes FW, Hoppin FG, et al. Cardiovascular responses to experimental 
pulmonary embolism. Am J Cardiel 20: 3-9, 1967. 

138. Hasinoff I, Ducas J, Schick U, et al. Pulmonary vascular pressure-flow 
characteristics in canine pulmonary embolism. J Appl Physiol 68: 462-467, 1990. 

139. Mcintyre KM, Sasahara AA. The hemodynamic response to pulmonary embolism 
in patients without prior cardiopulmonary disease. Am J Cardiel 28: 288-294, 1971. 

140. Rich S, Levitsky S, Brundage BH. Pulmonary hypertension from chronic pulmonary 
thromboembolism. Ann Intern Med 108: 425-434, 1988. 

141. Riedel M, Stanek V, Widimsky J, et al. Longterm follow-up of patients with 
pulmonary thromboembolism. Chest 81: 151-158, 1982. 

142. McCandless BK, Kaplan JE, Cooper JA, et al. Determinants of platelet kinetics: 
effects of pulmonary microembolism. J Appl Physiol 65: 1716-1722, 1988. 

143. McGoon MD, Vanhoutte PM. Aggregating platelets contract isolated canine 
pulmonary arteries by releasing 5-hydroxytryptamine. J Clin Invest 74: 828-833, 1984. 

144. Utsunomiya T, Krausz MM, Levine L, et al. Thromboxane mediation of 
cardiopulmonary effects of embolism. J Clin Invest 70: 361-368, 1982. 

145. Huval WV, Mathieson MA, Stemp Ll, et al. Therapeutic benefits of 5-
hydroxytryptamine inhibition following pulmonary embolism. Ann Surg 197: 220-225, 
1983. 

146. Huet Y, Brun-Buisson C, Lemaire F, et al. Cardiopulmonary effects of ketanserin 
infusion in human pulmonary embolism. Am Rev Respir Dis 135: 114-117, 1987. 

147. Hirsh J. Heparin. N Engl J Med 324: 1565-1574, 1991. 

148. Hirsh J, vanAken WG, Gallus AS, et al. Heparin kinetics in venous thrombosis and 
pulmonary embolism. Circulation 53: 691 -695, 1976. 

149. Rosenberg RD. Action and interactions of antithrombin and heparin. N Engl J Med 
292: 146-151, 1975. 



150. Basu D, Gallus A, Hirsh J, et al. A prospective study of the value of monitoring 
heparin treatment with the activated partial thromboplastin time. N Engl J Med 287: 324-
327, 1972. 

151. Hull RD, Raskob GE, Hirsh J, et al. Continuous intravenous heparin compared with 
intermittent subcutaneous heparin in the initial treatment of proximal-vein thrombosis. 
N Engl J Med 315:1109-1114,1986. 

152. Simon TL, Hyers TM, Gaston JP, et al. Heparin pharmacokinetics: Increased 
requirements in pulmonary embolism. Br J Haematol 39: 111 -120, 1978. 

153. Gallus A, Jackman J, Tillett J, et al. Safety and efficacy of warfarin started early 
after submassive venous thrombosis or pulmonary embolism. Lancet 2: 1293-1296, 
1986. 

154. Hull RD, Raskob GE, Rosenbloom D, et al. Heparin for 5 days as compared with 
10 days in the initial treatment of proximal venous thrombosis. N Engl J Med 322: 1260-
1264, 1990. 

155 .. Walker MG, Shaw JW, Thomson GLJ, et al. Subcutaneous calcium heparin versus 
intravenous sodium heparin in treatment of established acute deep vein thrombosis of the 
legs: A multicentre prospective randomised trial. Br Med J 294: 1189-1192, 1987. 

156. Pini M, Pattacini C, Ouintavalla R, et al. Subcutaneous vs intravenous heparin in 
the treatment of deep venous thrombosis- a randomized trial. Thromb Haemost 64: 222-
226, 1990. 

157. Cruickshank MK, Levine MN, Hirsh J, et al. A standard heparin nomogram for the 
management of heparin therapy. Arch Intern Med 151: 333-337, 1991. 

158. Walker AM, Jick H. Predictors of bleeding during heparin therapy. JAMA 244: 
1209-1212, 1980. 

159. Bell WR, Tomasulo PA, Alving BM, et al. Thrombocytopenia occurring during the 
administration of heparin. Ann Intern Med 85: 155-160, 1976. 

160. King OJ, Kelton JG. Heparin-associated thrombocytopenia. Ann Intern Med 100: 
535-540, 1984. 

161 . Bell WR, Royall RM. Heparin-associated thrombocytopenia: A comparison of three 
heparin preparations. N Eng I J Med 303: 902-907, 1980. 

162. Cines DB, Kaywin P, Bina M, et al. Heparin-associated thrombocytopenia. N Engl 
J Med 303: 788-795, 1980. 

163. Rao AK, White GC, Sherman L, et al. Low incidence of thrombocytopenia with 
porcine mucosal heparin. Arch Intern Med 149: 1285-1288, 1989. 



164. Warkentin TE, Kelton JG. Heparin-induced thrombocytopenia. Ann Rev Med 40: 
31-44, 1989. 

165. Leehey D, Gantt C, Lim V. Heparin-induced hypoaldosteronism. JAMA 246: 2189-
2190, 1981. 

166. Jaffe MD, Willis P\N. Multiple fractures associated with long-term sodium heparin 
therapy. JAMA 193: 152-154, 1965. 

167. Hirsh J. Oral anticoagulant drugs. N Engl J Med 324: 1865-1875, 1991 

168. Fasco MJ, Hildebrandt EF, Suttie JW. Evidence that warfarin anticoagulant action 
involves two distinct reductase activities. J Bioi Chern 257: 11210-11212, 1982. 

169. Vigano S, Mannucci PM, Salinas S, et al. Decrease in protein C antigen and 
formation of an abnormal protein soon after starting oral anticoagulant therapy. Br J 
Haematol 57: 213-220, 1984. 

170. Poller L. Therapeutic ranges in anticoagulant administration. Br Med J 290: 1683-
1686, 1985. 

171. Hull R, Hirsh J, Jay R, et al. Different intensities of oral anticoagulant therapy in 
the treatment of proximal-vein thrombosis. N Engl J Med 307: 1676-1681, 1982. 

172. Coon WW, Willis P\N. Recurrence of venous thromboembolism. Surgery 73: 823-
827, 1973. 

173. Landefeld CS, Goldman L. Major bleeding in outpatients treated with warfarin: 
Incidence and prediction by factors known at the start of outpatient therapy. Am J Med 
87: 144-152, 1 989. 

174. Landefeld CS, Rosenblatt MW, Goldman L. Bleeding in outpatients treated with 
warfarin: relation to the prothrombin time and important remediable lesions. Am J Med 
87: 153-159, 1989. 

175. Grimaudo V, Gueissaz F, Hauert J, et al. Necrosis of skin induced by coumarin in 
a patient deficient in protein S. Br Med J 298: 233-234, 1989. 

176. Han JG, Pauli RM, Wilson KM. Maternal and fetal sequelae of anticoagulation 
during pregnancy. Am J of Med 68: 122-140, 1980. 

177. Hull R, Delmore T, Carter C, et al. Adjusted subcutaneous heparin versus warfarin 
sodium in the long-term treatment of venous thrombosis. N Engl J Med 306: 189-194, 
1982. 

178. Hirsh J, Levine MN. The optimal intensity of oral anticoagulant therapy. JAMA 
258: 2723-2726, 1987. 



179. Kessler CM. The pharmacology of aspirin, heparin, coumadin and thrombolytic 
agents. Implications for therapeutic use in cardiopulmonary disease. Chest 99:97S-112S, 
1991 . 

180. Urokinase-Streptokinase Embolism Trial. Phase 2 Results. JAMA 229: 1606-1613, 
1974. 

181. Ly B, Arnesen H, Eie H, et al. A controlled clinical trial of streptokinase and heparin 
in the treatment of major pulmonary embolism. Acta Med Scand 203: 465-470,1978. 

182. Tibbutt DA, Davies JA, Anderson JA et al. Comparison by controlled clinical trial 
of streptokinase and heparin in treatment of life-threatening pulmonary embolism. Br Med 
J 1: 343-347,1974. 

183. Sharma GVRK, Folland ED, Mcintyre KM, et al. Longterm hemodynamic benefit of 
thrombolytic therapy in pulmonary embolic disease. JAm Coli Cardiel 15: 65A, 1990. 

184. Sharma GVRK, Burleson VA, Sasahara AA. Effect of thrombolytic therapy on 
pulmonary-capillary blood volume in patients with pulmonary embolism. N Engl J Med. 
303: 842-845, 1980. 

185. Schwarz F, Stehr H, Zimmerman R, et al. Sustained improvement of pulmonary 
hemodynamics in patients at rest and during exercise after thrombolytic treatment of 
massive pulmonary embolism. Circulation 71: 117-123, 1985. 

186. Goldhaber SZ. Thrombolytic therapy for venous thromboembolism. Bailliere's 
Clinical Haematology 3: 693-704, 1990. 

187. Tsapogas MJ, Peabody RA, Wu KT, et al. Controlled study of thrombolytic therapy 
in deep vein thrombosis. Surgery 74: 973-984, 1973. 

188. Duckert F, Muller G, Nyman D, et al. Treatment of deep vein thrombosis with 
streptokinase . BrMedJ 1:479-481,1975 . 

189. Marder VJ, Soulen RL, Atichartakarn V, et al. Quantitative venographic assessment 
of deep vein thrombosis in the evaluation of streptokinase and heparin therapy. J Lab Clin 
Med 89: 1018-1029, 1977. 

190. Goldhaber SZ, Buring JE, Lepnick RJ, et al. Pooled analysis of randomized trials of 
streptokinase and heparin in phlebographically documented deep venous thrombosis. Am 
J Med 76: 393-397, 1984. 

191. Kakkar VV, Lawrence D. Hemodynamic and clinical assessment after therapy for 
acute deep venin thrombosis. A prospective study. Am J Surg 150 (4A): 54-63,1985. 

192. Goldhaber SZ, Kessler GM, Heit J, et al. Randomized controlled trial of recombinant 
tissue plasminogen activator versus urokinase in the treatment of acute pulmonary 
embolism. Lancet 2: 293-298, 1988. 



193. PIOPED Investigators. Tissue plasminogen activator for the treatment of acute 
pulmonary embolism. Chest 97: 528-533, 1990. 

194. Levine M, Hirsh J, Weitz J, et al. A randomized trial of a single bolus dosage 
regimen of recombinant tissue plasminogen activator in patients with acute pulmonary 
embolism. Chest 98: 1473-1479, 1990. 

195. Goldhaber SZ, Vaughan DE, Markin JE, et al. Acute pulmonary embolism treated 
with tissue plasminogen activator. Lancet 2: 886-889, 1986. 

196. Verstraete M, Miller GAH, Bounameaux H, et al. Intravenous and intrapulmonary 
recombinant tissue-type plasminogen activator in the treatment of acute massive 
pulmonary embolism. Circulation 77: 353-360, 1988. 

197. Prewit RM. Principles of thrombolysis in pulmonary embolism. Chest 99: 157S-
164S, 1991. 

198. Thrombolytic agents. From AHFS Drug Information. McEvoy GK, ed, pp. 746-760. 
American Society of Hospital Pharmacists, Bethesda, MD, 1990 

199. Thrombolytic therapy in thrombosis: A National Institutes of Health consensus 
development conference. Ann Intern Med 93: 141-144, 1980. 

200. Hirsch DR, Goldhaber SZ. Laboratory parameters to monitor safety and efficacy 
during thrombolytic therapy. Chest 99: 113S-120S, 1991. 

201. Goldhaber SZ. Recent advances in the diagnosis and lytic therapy of pulmonary 
embolism. Chest 99: 173S-179S, 1991. 

202. Miller GAH, Hall RJC, Paneth M. Pulmonary embolectomy, heparin, and 
streptokinase: Their place in the treatment of acute massive pulmonary embolism. Am 
Heart J 93: 568-574, 1977. 

203. Daily PO, Dembitsky WP, Iversen S, et al. Risk factors for pulmonary 
thromboendarterectomy. J Thorac Cardiovasc Surg 99: 670-678, 1990. 

204. Moser KM, Spragg RG, Utley J, et al. Chronic thrombotic obstruction of major 
pulmonary arteries. Ann Intern Med 99: 299-305, 1983. 

205. Chitwood WR, Lyerly HK, Sabiston DC. Surgical management of chronic pulmonary 
embolism. Ann Surg 201: 11-26, 1985. 

206. Couves CM, Nakai SS, Sterns LP, et al. Hemorrhagic lung syndrome. Ann Thorac 
Surg 15: 187-195, 1973. 

207. Levinson RM, Shure D, Moser KM. Reperfusion pulmonary edema after pulmonary 
artery thromboendarterectomy. Am Rev Respir Dis 134: 1241-1245, 1986. 



208. Gomez GA, Cutler BS, Wheeler HB. Transvenous interruption of the inferior vena 
cava. Surgery 93: 612-619, 1983. 

209. Grassi CJ. Inferior vena caval filters: Analysis of five currently available devices. 
AJR 156:813-821, 1991. 

210. Blumenberg RM, Gelfand ML. Long-term follow-up of vena caval clips and 
umbrellas. Am J Surg 134: 205-208, 1977. 

211 . Roehm JOF, Johnsrude IS, Barth MH, et al. The Bird's Nest inferior vena cava 
filter: Progress report . Radiology 168: 745-749, 1988. 

212. Greenfield LJ, Peyton R, Crute S, Barnes R. Greenfield vena cava filter experience. 
Arch Surg 116: 1451-1456, 1981 . 

213. Thery C, Asseman P, Amrouni N, et al. Use of a new removable vena cava filter 
in order to prevent pulmonary embolism in patients submitted to thrombolysis. Eur Heart 
J 11: 334-341, 1990. 

214. Orsini RA, Jarrell BE. Suprarenal placement of vena caval filters: Indications, 
techniques, and results . J Vase Surg 1: 124-135, 1984. 

215. Caprini JA, Scurr JH, Hasty JH. Role of compression modalities in a prophylactic 
program for deep vein thrombosis. Semin Thromb Hemost (suppl) 14: 77-87,1988. 

216. Caprini JA, Chucker JL, Zuckerman L. Thrombosis prophylaxis using external 
compression. Surg Gynecol Obst. 156: 599-604, 1983. 

217. Frangos JA, Mcintire LV, lves CL. Flow effects on prostacyclin production by 
cultured human endothelial cells. Science 227: 1477-1479,1985. 

218. Haas SB, lnsall JN, Scuderi GR, et al. Pneumatic sequentia l-compression boots 
compared with aspirin prophylaxis of deep-vein thrombosis after total knee arthroplasty. 
J Bone Joint Surg 72-A: 27-31, 1990 

219. Mittelman JS, Edwards WS, McDonald JB. Effectiveness of leg compression in 
preventing venous stasis. Am J Surg 144: 611-613, 1982. 

220. Scurr JH, Coleridge-Smith PO, Hasty JH. Regimen for improved effectiveness of 
intermittent pneumatic compression in deep venous thrombosis prophylaxis. Surgery 
102: 816-820, 1987. 

221. Collins R, Scrimgeour A, Yusuf S, et al. Reduction in fatal pulmonary embolism and 
venous thrombosis by perioperative administration of subcutaneous heparin. N Engl J 
Med 318: 1162-1173, 1988. 

222. Pachter HL, Riles TS. Low dose heparin: bleeding and wound complications in the 
surgical patient . Ann Surg 186: 669-674, 1977. 



223. Kaakar VV, Fok PJ, Murray WJG, et al. Heparin and dihydroergotamine prophylaxis 
against thromboembolism after hip arthroplasty. J Bone Joint Surg 678: 539-542, 1985. 

224. Gent M, Roberts RS. A meta-analysis of the studies of dihydroergotamine plus 
heparin in the prophylaxis of deep vein thrombosis. Chest 89: 396S-400S, 1986. 

225. Turpie AGG, Levine MN, Hirsh J,et al. A randomized controlled trial of a low­
molecular-weight heparin (enoxaparin) to prevent deep-vein thrombosis in patients 
undergoing elective hip surgery. N Engl J Med 315: 925-929,1986. 

226. Levine MN, Hirsh J, Gent M, et al. Prevention of deep vein thrombosis after 
elective hip surgery. Ann Intern Med 114: 545-551, 1 991 

227. Green D, Lee MY, Lim AC, et al. Prevention of thromboembolism after spinal cord 
injury using low-molecular-weight heparin. Ann Intern Med 113: 571-574, 1990. 

228. Francis CW, Marder VJ, Evarts CM, Yaukoolbodi S. Two-step warfarin therapy. 
JAMA 249: 374-378, 1983. 

229. Turpie AG, Hirsh J, Gent M, et al. Prevention of deep vein thrombosis in potential 
neurosurgical patients. Arch Intern Med 149: 679-681, 1989. 

230. Francis CW, Pellegrini VD, Harris CM, et al. Antithrombin Ill prophylaxis of venous 
thromboembolic disease after total hip or total knee replacement. Am J Med 87: 61 S-
66S, 1989. 

231. Fredin H, Bergqvist D, Cederholm C, et al. Thromboprophylaxis in hip arthroplasty. 
Acta Orthop Scand 60: 678-681, 1989 

232. Harris WH, Salzman EW, Athanasoulis CA, et al. Aspirin prophylaxis of venous 
thromboembolism after total hip replacement. N Engl J Med 297: 1246-1249, 1977. 

233. Clagett GP, Reisch JS. Prevention of venous thromboembolism in general surgical 
patients. Ann Surg 208: 227-240, 1988. 


