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ABSTRACT: The aim of this study was to evaluate the contribution of clinical, an-
giographic and haemodynamic findings in predicting the cardiorespiratory efficacy of
thrombolytic therapy in acute massive pulmonary embolism.

Haemodynamic measurements and pulmonary angiography were performed
before (H0) and 12 h after (H12) initiating thrombolytic therapy in 23 patients with
acute massive pulmonary embolism (Miller index $20/34), and free of prior cardio-
pulmonary disease. Patients were divided into two groups according to the variation
in oxygen delivery (DDO2) between H0 and H12: DDO2 >20% (responders, n=10) and
DDO2 #20% (nonresponders, n=13).

Before thrombolysis, clinical and angiographic findings were similar in both groups.
Mean right atrial pressure (RAP) and total pulmonary (vascular) resistance (TPR)
were higher, while cardiac index (CI), DO2 and mixed venous oxygen saturation
(Sv,O2) were lower in responders. DO2 and Sv,O2 were more closely correlated with
DDO2 than RAP, TPR and CI. Eight out of the 10 responders and two out of the 13
nonresponders had an Sv,O2 <55%, while nine of the responders and two of the non-
responders had a DO2 <350 mL.min-1.m-2.

In conclusion, the initial oxygen delivery and mixed venous oxygen saturation may
predict the cardiorespiratory efficacy of thrombolytic therapy in acute massive pul-
monary embolism. When pulmonary angiography is performed, measurement of mix-
ed venous oxygen saturation may be a simple method by which to select patients for
thrombolytic therapy.
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Thrombolytic therapy (TT) is frequently used in acute
massive pulmonary embolism (AMPE) because it induces
a faster decrease in pulmonary vascular obstruction and a
faster haemodynamic improvement than heparin alone [1,
2]. Although TT should be life-saving in patients with
AMPE and hypotension [3], its benefit in patients without
clinical shock remains to be proved. Moreover, TT does
not achieve significant haemodynamic improvement in
11±55% of the patients [4] and its use is associated with a
14% incidence of major bleeding complications [5]. Con-
sequently, careful selection of patients with AMPE is ad-
vocated before initiation of TT. However, predictive
factors of the efficacy of TT are lacking.

The aim of the present study was to assess the effect of
TT on oxygen delivery (DO2) and to identify predictive
factors of this cardiorespiratory effect in normotensive
patients with AMPE and free of prior cardiopulmonary dis-
ease. The improvement in DO2 was selected to assess the
cardiorespiratory efficacy of TT since AMPE induces
arterial hypoxaemia [6] and right ventricular failure [1, 7,
8], both resulting in a decrease in DO2.

Materials and methods

As part of a multicentre double-blind trial approved by
the European Ethical Review Committee comparing the
effects of urokinase and alteplase in 63 patients with

AMPE [9], the 34 patients recruited in the authors' centre
were considered for the present study.

Patients were eligible if they met the following inclusion
criteria: 1) aged between 18 and 75 yrs; 2) onset of symp-
toms suggestive of AMPE in the preceding 5 days; and 3)
angiographically proven pulmonary embolism with a Mil-
ler index $20/34 (i.e. pulmonary vascular obstruction
$60%) [10]. The exclusion criteria were a pulmonary ar-
tery systolic or mean pressure >70 or 50 mmHg, res-
pectively, a pre-existing cardiac or pulmonary disease
(except for premonitory symptoms of minor pulmonary
embolism in the preceding month), recent puncture of
a noncompressible vessel or organ biopsy, application of
a vena cava filter or current treatment with coumadin,
pregnancy, head trauma or cerebrovascular accident in
the preceding 6 months, history of cerebral haemorrhage,
intracranial or intraspinal surgery, bleeding disorders or
platelet count <100,000 cells.mm-3 at admission, prolifer-
ative or haemorrhagic diabetic retinopathy, systolic blood
pressure >180 mmHg or diastolic blood pressure >110
mmHg (or both), known dissecting or other aneurysm,
major surgery or trauma in the preceding 10 days, known
pericarditis or endocarditis, occurrence of allergic reac-
tions, severe hypotension (systolic blood pressure #90
mmHg) or cardiac arrest during initial pulmonary angio-
graphy and previous TT for the same pulmonary embo-
lism.
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After informed consent was obtained, a pulmonary
artery catheter was inserted and the patients were allocated
to receive either alteplase (100 mg over 2 h) or urokinase
(4,400 IU bolus followed by 4,400 IU.kg-1.h-1 for 12 h).
Drugs affecting haemodynamics and oxygen administra-
tion were allowed, but the dosage was kept constant during
the 12 h of the study.

Clinical findings, including the occurrence of syncope,
hepatojugular reflux or elevated jugular venous distension,
blood pressure, cardiac frequency, respiratory frequency
and pulse oximetry±arterial oxygen saturation (Sa,O2) were
consigned on the case report form before thrombolysis.

Haemodynamic measurements were made before the
start of therapy (H0) and 12 h after (H12). The meas-
urements included cardiac frequency, mean systemic arter-
ial pressure, mean right atrial pressure, mean pulmonary
arterial pressure and cardiac output by the thermodilution
technique (mean of three measurements). Cardiac index
(CI) was calculated as cardiac output divided by the body
area, and the total pulmonary (vascular) resistance (TPR)
index was calculated as mean pulmonary arterial pressure
divided by CI. Mixed venous oxygen saturation (Sv,O2)

was measured by a co-oximeter (ABL 520; Radiometer,
Copenhagen, Denmark) on a mixed venous blood sample.
DO2 was calculated as follows:

DO2=10 6 CI 6 Sa,O2 6 Haemoglobin 6 1.34

A control pulmonary angiography was performed 12 h
after the initiation of TT. The coded angiograms, were
reviewed by two of the authors (G. Meyer and H. Sors)
who were unaware of the chronological order of the
angiograms. Since the haemoglobin level influences DO2,
patients were excluded from the present study if a bleeding
event leading to a decrease in the haemoglobin level of at
least 1.5 g.dL-1 occurred over the 12-h study period. Pa-
tients were also excluded if Sa,O2 or Sv,O2 measurements
were not available for analysis.

Statistical analysis

Patients were divided into two groups according to DO2

variation (DDO2) between H0 and H12. Patients with a
DDO2 >20% and a DDO2 #20% were classified as res-
ponders and nonresponders, respectively. The characteris-
tics of the patients between H0 and H12 and characteristics
of responders and nonresponders before TT (H0) were
compared using a Chi-squared or a Student's t-test as
appropriate. A p-value <0.05 was considered statistically
significant. Results are expressed as mean�SD.

Results

Thirty-four patients were initially considered. Eleven
patients were excluded because Sv,O2 (two patients) or
Sa,O2 (two patients) determinations were not available or
because bleeding occurred before H12 (seven patients). The
initial angiographic and haemodynamic findings of the 11
excluded patients were not significantly different from
those of the 23 remaining patients. The main initial
characteristics of the 23 patients included in the present
study are shown in table 1. Only one patient had inotropic
support (dobutamine: 5 mg.kg-1.min-1) and oxygen ther-
apy was administered to 11 patients.

Table 1. ± Main characteristics before thrombolytic ther-
apy of the patients studied (n=23)

Sex ratio M/F 12/11
Age yrs 58�15
Haemoglobin g.dL-1 12�2
fC beats.min-1 99�17
Mean systemic arterial pressure mmHg 93�12
Mean right atrial pressure mmHg 6�4
Mean pulmonary arterial pressure mmHg 29�5
Cardiac index L.min-1.m-2 2.65�0.74
Total pulmonary vascular resistance index

mmHg.L-1.min-1.m-2
12�4

Sa,O2 % 91�3
Sv,O2 % 54�11
DO2 mL.min-1.m-2 384�108
Miller index 25�2

Results are presented as mean�SD. M: male; F: female; fC:
cardiac frequency; Sa,O2: arterial oxygen saturation; Sv,O2: mix-
ed venous oxygen saturation; DO2: oxygen delivery. (0.133
kPa=1 mmHg.)

Table 2. ± Measurements before (H0) and 12 h after (H12) thrombolytic therapy in responding and nonresponding patients

Responders (n=10) Nonresponders (n=13)

H0 H12 H0 H12

fC beats.min-1 100�16 88�12* 98�19 90�11*
SAP mmHg 89�14 105�18** 97�11 95�12
RAP mmHg 8�4 5�3** 5�4{ 3�3**
PAP mmHg 30�4 20�5** 28�6 17�5**
CI L.min-1.m-2 2.25�0.51 3.31�0.52** 2.96�0.76{ 2.81�0.44
Sa,O2 % 91�3 95�3** 91�4 95�1**
Sv,O2 % 47�9 64�7** 60�7{{ 68�6**
TPR mmHg.L-1.min-1.m-2 14�4 6�2** 10�4{ 6�2**
DO2 mL.min-1.m-2 306�68 455�83** 444�94{{ 421�60
Miller index 26�2 18�5** 25�2 16�5**

Results are given as mean�SD. fC: cardiac frequency; SAP: mean systemic arterial pressure; RAP: mean right atrial pressure; PAP: mean
pulmonary arterial pressure; CI: cardiac index; Sa,O2: arterial oxygen saturation; Sv,O2: mixed venous oxygen saturation; TPR: total
pulmonary (vascular) resistance index; DO2: oxygen delivery; *: p<0.05; **: p<0.01, significant differences between H12 and H0. {:
p<0.05; {{: p<0.01, significant differences between responders and nonresponders.
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Using the above definition, 10 patients were responders
(DDO2=51�19%) and 13 were nonresponders (DDO2=-3�
13%). The allocation of TT was comparable in responders
(urokinase: five patients; alteplase: five patients) and non-
responders (urokinase: six patients; alteplase: seven pa-

tients). In both groups, TT induced a significant decrease in
the Miller index, TPR, cardiac frequency, mean right atrial
pressure and mean pulmonary arterial pressure, and a sig-
nificant increase in Sa,O2 and Sv,O2 (table 2). Mean sys-
temic arterial pressure and CI improved significantly only
in responders (table 2).

Responders versus nonresponders before thrombolysis

The main characteristics of responders and nonrespon-
ders before thrombolysis are reported in table 3. The
incidence of elevated jugular venous distension or he-
patojugular reflux and the occurrence of syncope was
not statistically different between the two groups. Cardiac
frequency, mean systemic arterial pressure, respiratory
frequency and Sa,O2 were also similar in responding and
nonresponding patients. There was no significant differ-
ence between the two groups with regard to pulmonary
arterial obstruction as assessed by the Miller index (table
2). Mean pulmonary arterial pressure was similar in the
two groups, while mean right atrial pressure and TPR
were significantly higher in the responding group (table
2). CI, DO2 and Sv,O2 were significantly lower in respon-
ders than in nonresponders (table 2). Initial values of
mean right atrial pressure (r=0.62, p<0.01), TPR (r=0.68,
p<0.001) and CI (r=-0.67, p<0.001) were significantly
but weakly correlated with DDO2. A closer correlation
was found between initial DO2 and DDO2 (r=-0.79, p<
0.001) and between initial Sv,O2 and DDO2 (r=-0.76,
p<0.001) (fig. 1). Eight (80%) and nine (90%) of the 10
responders had an Sv,O2 <55% and a DO2 <350 mL.min-1.

m-2, respectively. Only two of the 13 nonresponders
(15%) had an Sv,O2 <55% and a DO2 <350 mL.min-1.m-2

(fig. 2).

Discussion

The main results of this study are that 1) fewer than 50%
of the normotensive patients with AMPE had an im-
provement in their cardiorespiratory status following TT;
and 2) pretherapeutic DO2 and Sv,O2 measurements may
allow these patients to be identified, whereas initial clinical
and angiographic findings are of little value in predicting
the cardiorespiratory efficacy of TT.

In patients with AMPE, the most important factor af-
fecting mortality is shock related to acute right ventricular
failure and not the magnitude of vascular obstruction per se
[11]. In this setting, mortality has been estimated as 32%,
whereas the mortality rate of patients with AMPE without
shock is similar to that observed in patients with sub-
massive pulmonary embolism [11]. Arterial hypoxaemia is
a common finding in patients with pulmonary embolism
[6]. In patients without previous cardiac or pulmonary
disease, the severity of hypoxaemia is correlated to the
degree of vascular obstruction [12] and it may further
increase right ventricular ischaemia, thereby contributing
to right ventricular failure and shock in some patients.
Since DO2 is a function of both haemodynamic and res-
piratory consequences of AMPE, it was selected so as to
assess the efficacy of TT in the present study. The increase
in DO2 has not been shown to improve outcome in patients
with AMPE but it is unlikely that TT could be beneficial if

Table 3. ± Main characteristics and clinical findings before
thrombolytic therapy in responding and nonresponding pa-
tients

Responders
(n=10)

Nonresponders
(n=13)

Age yrs 59�13 64�11
Haemoglobin g.dL-1 12�2 13�2
Oxygen therapy L.min-1 2�3 2�3
Syncope 3/10 3/13
HJR or EJVD 5/10 5/13
fC beats.min-1 100�16 98�19
Mean systemic arterial pressure

mmHg
89�14 97�11

Respiratory frequency
breaths.min-1

26�5 26�6

Sa,O2 % 91�3 91�4

Results are given as mean�SD. HJR: hepatojugular reflux;
EJVD: elevated jugular venous distention; fC: cardiac frequen-
cy; Sa,O2: arterial oxygen saturation. None of the differences
between responders and nonresponders were statistically signi-
ficant.
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Fig. 1. ± Relationship between a) baseline oxygen delivery (DO2), b)
baseline mixed venous oxygen saturation (Sv,O2) and thrombolysis-in-
duced change in DO2 (DDO2). a) r= -0.79, p<0.001; b) r= -0.76, p<0.001.

612 F. MICHARD ET AL.



it did not affect the cardiorespiratory status of these pa-
tients. In the present study, TT decreased the Miller index
and TPR by >20% in 19 (83%) and 20 (87%) patients,
respectively. However, an increase in DO2 >20% was ob-
served only in 10 patients (43%). A similar improvement
in Sa,O2 was observed in both groups (table 2), indicating
that the DO2 improvement observed in responders was
mainly related to an increase in CI.

More than half of the patients did not have a significant
increase in DO2 while they were exposed to the TT-related
bleeding risk. In seven of the nonresponders, a slight
decrease in DO2 was even observed after TT, reaching 20%
in one patient. In these seven patients, the decrease in DO2

was related to a decrease in CI (3.4�0.8 versus 2.9�0.5
L.min-1.m-2, p<0.05) and a decrease in haemoglobin level
(12.4�1.9 versus 11.8�1.7 g.dL-1, p<0.05), while Sa,O2

increased nonsignificantly (91�5 versus 95�1%). The de-
crease in CI was due to a decrease in cardiac frequency
(105�19 versus 93�13 beats.min-1 p<0.05), whereas the
stroke volume index did not change (32�8 versus 31�5
mL.m-2). This finding suggests an adaptative mechanism
to the decreased right ventricular ejection impedance re-
lated to TT-induced pulmonary artery de-obstruction.

Unfortunately, none of the clinical findings analysed in
the present study allowed us to discriminate between
responders and nonresponders. This was also true con-
cerning the degree of angiographic pulmonary arterial
obstruction and the value of mean pulmonary arterial pres-
sure. However, mean right atrial pressure and TPR were
higher and CI, DO2 and Sv,O2 significantly lower in the
responder group. In addition, baseline values of mean right

atrial pressure, CI, Sv,O2, TPR, and DO2 were significantly
correlated with the variations of DO2 (DDO2) induced by
TT. The best correlations were found between initial Sv,O2,
initial DO2 and DDO2 (fig. 1). Moreover, examination of
the individual data showed that a threshold value of 350
mL.min-1.m-2 for DO2 and of 55% for Sv,O2 may be used
to discriminate between responders and nonresponders.

The higher value of TPR before TT in responders sug-
gests that pulmonary vasoconstriction may have contrib-
uted to the increase in TPR in this group [13]. However,
since the relationship between pulmonary vascular ob-
struction and TPR is hyperbolic [14], a small difference in
pulmonary vascular obstruction induces a larger one in
TPR. Consequently, the higher value of the Miller index,
although nonsignificant, in the responding group could
explain a significantly higher value of TPR in this group.
The difference between the two groups could also be
explained by an incorrect assumption in the calculation of
TPR. Indeed, since TPR is calculated as mean pulmonary
arterial pressure divided by CI, this implies that it ac-
curately reflects true pulmonary vascular resistances only if
the effective outflow pressure is negligible. Several studies
have shown that the pulmonary vascular pressure±flow
relationship is linear over a physiological range of flow
[15, 16]. In this condition, the extrapolated pressure in-
tercept of the pressure±flow relationship defines the ef-
fective outflow pressure of the lung vasculature [16, 17]. In
experimental conditions, pulmonary embolization results
in a marked increase in the pressure±flow curve intercept
and, therefore, to a dissociation between effective outflow
pressure and left ventricular filling pressure [16]. In this
situation, the pressure gradient is overestimated in the
calculation of TPR, which becomes flow dependent even if
no vasoconstriction has occurred [16].

In the present patients, arterial haemoglobin saturation
and haemoglobin levels were similar in the two groups
before thrombolysis, indicating that the lower DO2 found
in the responding group was mainly related to the lower
initial CI in this group. According to the Fick principle,
Sv,O2 depends on Sa,O2, haemoglobin, CI and oxygen
consumption [18]. Therefore, the lower Sv,O2 observed in
responders may be related either to a lower DO2 or to a
higher oxygen consumption [19]. Oxygen consumption
was not measured in these patients, but a significant
correlation (r=0.80, p<0.001) was found between Sv,O2 and
DO2 suggesting that the lower Sv,O2 value in responders
was related predominantly to a lower DO2 rather than to a
higher oxygen consumption.

It has been shown that the use of TT reduces hospital
mortality in hypotensive patients with AMPE [3]. The use
of TT in patients without hypotension is a matter of
ongoing controversy [20, 21]. Recent data suggest that
patients with AMPE and normal blood pressure may be
subdivided into categories with different clinical outcomes
with regard to the haemodynamic status [2, 22]. The
present results are in line with these findings, emphasizing
that similar pulmonary vascular obstruction may have dif-
ferent haemodynamic consequences even in patients with-
out prior cardiopulmonary disease. In several randomized
studies including patients with AMPE, TT was not as-
sociated with a decrease in mortality [1, 2, 23]. However,
most patients in these studies had normal cardiac output or
did not have any evidence of right ventricular failure on
echocardiography. It has recently been shown that TT is
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independently associated with better survival in clinically
stable patients with AMPE and right ventricular pressure
overload [22]. In this respect, the present results suggest
that the benefit of TT may be limited to the patients with
right ventricular failure. Haemodynamic or echocardio-
graphic evidence of right ventricular failure rather than
pulmonary vascular obstruction may, thus, serve as inclu-
sion criteria for further studies comparing TT and heparin
in patients with AMPE and normal blood pressure.

Several limitations to this study should be addressed.
Since arterial puncture should be avoided during throm-
bolysis, Sa,O2 was measured noninvasively by pulse oxi-
metry. This study was performed on a retrospective basis,
although all of the data were collected prospectively on a
case report form during a controlled trial. Echocardiogra-
phy was not performed routinely in the authors' institution
at the time of the trial. Consequently, echocardiographic
signs of right ventricular dysfunction [24, 25] were not
available for analysis. Thus, their ability to predict the
cardiorespiratory efficacy of TT could not be evaluated in
the present study.

In summary, thrombolytic therapy induced an increase
in oxygen delivery greater than 20% in fewer than half of
the normotensive patients with acute massive pulmonary
embolism. Clinical and angiographic findings were unable
to select patients with haemodynamic improvement as a
result of thrombolytic therapy. By contrast, oxygen deli-
very and mixed venous oxygen saturation may be accurate
predictive factors of the cardiorespiratory efficacy of throm-
bolytic therapy. The determination of oxygen delivery
requires pulmonary artery catheterization, but mixed ven-
ous oxygen saturation measurement alone is easily avail-
able if pulmonary angiography is performed. Despite the
recent development of noninvasive techniques [26±28],
this procedure is still frequently required for diagnosing
pulmonary embolism [29]. In this setting, mixed venous
oxygen saturation measurement may be considered as a
simple method by which to select patients who will have a
haemodynamic improvement as a result of thrombolytic
therapy.
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