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Summary. Background: Patients with massive pul-
monary embolism and obstructive shock usually require
hemodynamic stabilization and thrombolysis. Little is
known about the optimal and proper use of volume infu-
sion and vasoactive drugs, or about the titration of throm-
bolytic agents in patients with relative contraindication for
such treatment. The aim of the study was to find the most
rapidly changing hemodynamic variable to monitor and
optimize the treatment of patients with obstructive shock
following massive pulmonary embolism.

Patients and methods: Ten consecutive patients hos-
pitalized in the medical intensive care unit in the commu-
nity General Hospital with obstructive shock following
massive pulmonary embolism were included in the pro-
spective observational study. Heart rate, systolic arterial
pressure, central venous pressure, mean pulmonary-ar-
tery pressure, cardiac index, total pulmonary vascular-
resistance index, mixed venous oxygen saturation, and
urine output were measured on admission and at 1, 2, 3,
4, 8, 12, and 16 hours. Patients were treated with uro-
kinase through the distal port of a pulmonary-artery cath-
eter.

Results: At 1 hour, mixed venous oxygen saturation,
systolic arterial pressure and cardiac index were higher
than their admission values (31+ 10 vs. 49+ 12%,
p<0.0001; 86+ 12 vs. 105+ 17 mmHg, p<0.01; 1.5£0.4
vs. 1.9+0.7L/min/m?, p<0.05; respectively), whereas
heart rate, central venous pressure, mean pulmonary-
artery pressure and urine output remained unchanged.
Total pulmonary vascular-resistance index was lower
than at admission (29+10 vs. 21+ 12mmHg/L/min/m?,
p <0.05). The relative change of mixed venous oxygen
saturation at hour 1 was higher than the relative changes
of all other studied variables (p <0.05). Serum lactate on
admission and at 12 hours correlated to mixed venous
oxygen saturation (r=-0.855, p<0.001).

Conclusion: In obstructive shock after massive pul-
monary embolism, mixed venous oxygen saturation
changes more rapidly than other standard hemodynamic
variables.

Key words: Pulmonary embolism, thrombolysis,
monitoring.

Introduction

Pulmonary embolism due to different causes is one of
the premortem least recognized causes of death [1-5].
Massive pulmonary embolism (MPE) associated with
shock is a devastating clinical event compared with hemo-
dynamically stable patients with pulmonary embolism
[6, 7]. The right-ventricular function is a crucial prognos-
tic determinant and is positively associated with rapid
resolution of pulmonary clots and effective supportive
therapy. Although the indication for thrombolytic therapy
in such patients remains unequivocal, there have been no
randomized clinical studies on the optimal administration
of volume infusion and vasoactive agents [8]. The ultimate
hemodynamic goal is to ensure adequate systemic blood
flow and oxygen supply, but evaluation of such therapeu-
tic intervention necessitates invasive hemodynamic moni-
toring. The optimal mode of such monitoring also remains
to be clarified.

Meyer et al. introduced serial calculations of total
pulmonary vascular-resistance index (TPRI), determined
by dividing mean pulmonary-artery pressure (MPAP) by
cardiac index (Ci) obtained from thermodilution, to mon-
itor the efficacy of thrombolytic therapy in patients with
severe pulmonary embolism [9]. This method offered a
better and more practical serial evaluation of pulmonary
obstruction than from repeated estimation of angiographic
indexes. However, Ci obtained from thermodilution can be
inaccurate in low flow states and in the presence of tricus-
pid regurgitation, and does not provide information on the
adequacy of oxygen transport [10].

The aim of our study was to find the most rapidly
changing hemodynamic variable for monitoring the treat-
ment of patients with obstructive shock after MPE.

Materials and methods
Patients

Ten patients who presented with shock secondary to MPE
and who were treated with thrombolysis were enrolled in a
prospective study during a 2-year period (May 1996 through
December 1998). They were all admitted to an 11-bed, closed
medical intensive care unit (ICU) in an 860-bed community
general hospital. The study was approved by the institutional
review board.
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Diagnostic procedure

Transoesophageal echocardiography (TEE) using a 4—
7MHz multiplane probe (MPT7-4, HDI 3000, ATL, Bothell,
Wa.) was performed after rapid initial assessment (clinical
history, physical examination, and transthoracic echocardio-
graphy as a screening test before TEE in order to exclude
diagnoses other than acute right-heart overload) within 15 min
of admission to the ICU. We have described the detailed meth-
odology previously [11, 12]. Briefly, right and left ventricles
were examined from the transverse gastric short-axis view.
Visualization of the atria and interatrial septum was achieved
by slight withdrawal of the probe. The pulmonary trunk, prox-
imal segment of the left pulmonary artery, and the whole right
pulmonary artery were examined from the upper transverse
view using extreme clockwise rotation of the probe. In the
pulmonary artery or its branches, any abnormal intraluminal
structure with echoicity different from blood and vessel was
considered a thromboembolus.

In the case of negative TEE, pulmonary scintigraphy was
performed as a confirmatory test after hemodynamic stabiliza-
tion and thrombolysis. PIOPED criteria (prospective investiga-
tion of pulmonary embolism diagnosis) were used for evalua-
tion and analysis of results [13]. Autopsy was performed rou-
tinely in patients who died.

Hemodynamic measurements

Systemic arterial pressure (SAP) and heart rate (HR) were
non-invasively monitored (SC 960/961 or SC 6000, Siemens
AG, Erlangen, Germany). Right-heart catheterization was per-
formed in all patients. Continuous cardiac-output monitoring
catheters with oxygen sensor and continuous display of mixed
venous oxygen saturation (MVO,) (Oxymetrics Swan-Ganz
catheter, Baxter HealthCare Corp, Irvin, Ca) were used. Hemo-
dynamic measurements included central venous pressure
(CVP), MPAP, cardiac output and MVO, on admission and at 1,
2, 3,4, 8,12, and 16 hours after the start of thrombolysis. Ci
was calculated as cardiac output divided by body surface area.
TPRI was calculated as MPAP divided by Ci. Arterial lactate
level was measured using a colorimetric enzyme method (Chro-
nolab, Hitachi, San Jose, CA, USA).
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Clinical presentation

Shock was defined as systolic arterial pressure <90 mmHg
and Ci <2.11/min/m? with elevated serum lactate >2.5 mmol/l.

None of the patients had acute trauma or signs and symp-
toms of systemic inflammatory response, sepsis or acute respi-
ratory-distress syndrome.

Treatment

All patients received 100% oxygen through an Ohio mask
or were mechanically ventilated. The ventilator settings re-
mained constant during the study.

After the diagnosis was established, 801U/kg of heparin
was given as an IV bolus, followed by one million I.U. of
urokinase over 10 minutes through the distal port of a pulmo-
nary artery catheter and then 1 million I.U. in 2-hour infusion.
IV heparin infusion to achieve an activated partial thromboplas-
tin time-ratio of two to three times the basal value was started
at the end of urokinase infusion. Each patient received con-
comitant infusion of noradrenaline in stepwise incremental in-
fusion (0.2-4.0 pug/kg/min). After noradrenaline, saline was
infused (200-1000 ml/h) in patients with CVP <20 mmHg.
Dobutamine was used only as an adjunctive agent and was left
to the discretion of the treating physician: its starting infusion
was 3.5 ug/kg/min, continuing with incremental infusion to a
maximum rate of 10.0 ug/kg/min. The therapy was titrated in an
attempt to achieve mean systemic systolic arterial pressure
>80mmHg and adequate urine output (50 ml/h).

Statistics

We used Student’s t-test for comparison of continuous
normally distributed data (heart rate, SAP, CVP, MPAP, MVO,,
Ci, TPRI, and urine output) and the chi-square test for compar-
ison of noncontinuous variables. Results were expressed as
mean = SD unless otherwise specified. In patients who under-
went repeated hemodynamic measurements, changes from
baseline were evaluated with a paired t-test for each monitoring
variable. Relative changes of variables that increased during
treatment were calculated by dividing data by their baseline
values (actual value/baseline value); those that decreased were
calculated with the formula 1-actual value/baseline value. Rel-

Table 1. Characteristics, treatment, and outcome of 10 patients with massive pulmonary embolism and shock

Patient/sex/ Risk factors for Therapy in 16 hours Outcome
age, yr pulmonary embolism
Vol ml/kg NE mg/kg DOB mg/kg
1/M/65 I-ST 0 0.025 0 Discharged
2/F/70 MA 27.8 0.042 0 Discharged
3/F/64 I-ST 15.3 0.069 0 Discharged
4/F/48 I-ST 44.6 0.08 0 Discharged
5/F/50 I-ST 0 0.025 0 Discharged
6/F/73 I-MN 68.3 0.417 12.5 Died MV
7/M/45 I-MN 90 0.017 4 Discharged MV
8F/64 I-ST 62.5 0.028 0.42 Discharged
9/F/67 I-MN 62.5 0.1 5.9 Discharged
10/F/64 I-MN 471 0.259 0 Discharged

M male; F female; NE norepinephrine; DOB dobutamine; Vol volume (saline) infusion; MV mechanical ventilation; I-ST
immobilization due to surgical procedure or trauma; /-MN immobilization due to medical or neurologic disease; MA malignancy.
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Table 2. Hemodynamics of patients with massive pulmonary embolism

At At 1 At 2 At3 At 4 At 8 At 12 At 16
admission hour hours hours hours hours hours hours
N=10 N=10 N=10 N=10 N=10 N=10 N=10 N=9
Heart rate, bmp 129+22 124+16 123422 115+24 115+£21%* 113+£22% 108 £21%* 103+ 167
SAP,mmHg 86+ 12 105+ 17* 131158 1304208 129+ 168 129+ 198 121+ 148 130+ 128
CVP, mmHg 18+3 18+4 17+4 16+4 15+ 3% 15+3% 165 165
MPAP, mmHg 40+9 36+7 3717 34409%* 32+0°F 33+£9* 32+6°F 32+£5fF
MVO,, % 31+10 49+ 128 53+108 54498 60+ 8% 61£108 62+128 66+ 8%
Ci, I/min/m? 1.5+£04 1.9+£0.7* 2.1£0.6" 2.1£0.57 2.2+0.5% 2.3+£0.6% 2.5+£0.7% 2.5+£0.4%
TPRI,
mmHg/l/min/m? 29+10 21+ 12% 20+ 107 18 £ 8% 16+88% 15188 1578 12148
Urine output,
ml/h 16+ 16 11£8 16£15 20+22 50+62 102+76F 99 + 94 148+ 1267

Values reflect data in patients with paired measurements. Data are mean (SD). SAP systolic arterial pressure; MPAP mean
pulmonary artery pressure; CVP central venous pressure; Ci cardiac index; MVO; mixed venous oxygen saturation; TPRI total
pulmonary vascular resistance index. *p<0.05; "p<0.01; *p<0.001; ¥p<0.0001 for paired t-tests of mean of variable and

corresponding value at admission.

ative changes of variables were compared using one-way
ANOVA. Correlations were tested with the Pearson correlation
coefficient. A 2-tailed value of p<0.05 was considered statisti-
cally significant. SPSS 10.0 for Windows was used for statisti-
cal calculations.

Results

Ten consecutive patients (mean age 625 years) with
obstructive shock following MPE were enrolled in the
study. Demographic and clinical data, treatment and out-
come are shown in Table 1.

Nine patients (90%) had central thromboemboli diag-
nosed by TEE. All patients had right-ventricular dysfunc-
tion. In one patient, MPE was confirmed by high probabil-
ity lung ventilation/perfusion scintigraphy after hemody-
namic stabilization and thrombolysis.

All patients received noradrenaline infusion with a
mean total dose of 0.106+0.165 mg/kg over 16 hours, but
in widely variable regimens. Mean total saline infusion
over 16 hours was 41.8+£33.3ml/kg. Two patients had
excellent hemodynamic response to norepinephrine alone
and required no volume support. Four patients received
dobutamine with a mean total dose of 5.71 mg/kg over 16
hours.

Table 2 shows the changes in hemodynamic variables.
At 1 hour MVO,, SAP and Ci were higher than their admis-
sion values (3110 vs. 49+£12%, p<0.0001; 86+ 12 vs.
105+ 17 mmHg, p<0.01; 1.5£0.4 vs. 1.9£0.7 L/min/m?,
p<0.05; respectively), whereas HR, CVP, MPAP and urine
output remained unchanged. TPRI was lower than admis-
sion values (29£ 10 vs. 21 £ 12 mmHg/L/min/m?, p<0.05).
The relative change of MVO; at 1 hour was higher than the
relative changes of all other studied variables (p<0.05)
(Fig. 1). The relative change of TPRI at 1 hour was not
statistically different from those of SAP, MPAP and Ci.
Urine output had the highest relative increase but the
change occurred late during the treatment (at 3 hours or
later).

At 16 hours serum lactate fell significantly (5.24+2.5
vs. 1.83£0.51 mmol/l). Serum lactate on admission and
at 12 hours correlated strongly to MVO, (r=-0.855,
p<0.001) (Fig. 2). Values of MVO, <40% were associat-
ed with lactate values >2.5 mmol/l.

One patient died at 14 hours; despite effective initial
treatment, she succumbed to sudden refractory electrome-
chanical dissociation caused by repeated massive central
re-embolism, later confirmed at autopsy. Of nine patients
who survived to hospital discharge, eight received peroral
anticoagulants and one received an inferior vena caval
filter. No patient had major hemorrhage. One patient had a
minor hemorrhage at the puncture site and required trans-
fusion with one pack of blood.

Discussion

The present study shows that MVO, may offer better
monitoring than standard hemodynamic variables; it
changes rapidly and may enable goal-directed therapy.
The study supports the view that central thromboemboli
are present in the majority of patients with MPE and
shock, and strengthens the role of TEE as a noninvasive
bedside tool in this subgroup of patients [11, 12].

The ultimate goal of the treatment is to assure ade-
quate tissue oxygenation in order to prevent further organ
failure. To our knowledge this is the first, albeit small,
study with continuous MVO, saturation monitoring in
patients with MPE. Unlike other standard hemodynamic
variables, MVO, allows estimation of the adequacy of
tissue oxygenation. Thus, MVO, is a sensitive marker of
therapeutic interventions in the early period of monitoring
hemodynamically unstable patients with MPE. Since a
great proportion of patients have contraindications for
thrombolysis, this therapy can be terminated early after
achieving adequate hemodynamic response [14]. We may
also recognize patients refractory to thrombolytic therapy
earlier and offer them different treatment.
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Fig. 1. Relative changes of hemodynamic variable in comparison with mixed venous oxygen saturation in patients with massive

pulmonary embolism. HR heart rate; SAP systolic arterial pressure; MPAP mean pulmonary artery pressure; CVP central venous

pressure; Ci cardiac index; CI confidence interval; MVO; mixed venous oxygen saturation; 7PRI total pulmonary vascular
resistance index. *p<0.05; 1 p<0.01; £p<0.001; § p<0.0001 for one-way ANOVA
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Fig. 2. Correlation between mixed venous oxygen saturation
and serum lactate at admission and at 12 hours. MV mixed
venous oxygen saturation

In our study, increased oxygen delivery increased
MVO:; in patients with stable oxygen demand and arterial
oxygen content. In patients with MPE, cardiac output
depends mainly on right-ventricular function, with its lim-
ited capacity to oppose an acute increase of afterload.
Thus any clot reduction and/or improvement of right-
ventricular contractile function increases MVO,.

Michard et al. used MVO, measurements in patients
with MPE and Miller score >20/34 on admission in order
to select patients for thrombolytic therapy [15]. He divid-
ed patients into responders with MVO, of 47+9% and
non-responders with MVO, 60+7%. In our group the
average MVO, was 31%, which denotes extreme hemo-
dynamic compromise, confirmed by other hemodynamic
parameters and increased serum levels of lactate. It is
possible that such patients are often excluded from stud-
ies, precluding realistic reporting of MPE. Patients with
unstable MPE therefore manifest seriously impaired oxy-
gen transport with low MVO, values. They seem to be the
target group not only for the administration and monitor-
ing of thrombolytic therapy but also for monitoring of
volume infusion and vasoactive therapy. Mercat et al.
confirmed the beneficial effects of 500 ml dextran without
vasoactive therapy in patients with MPE who were normo-
tensive [16]. It is well known that volume infusion should
be used with caution in hypotensive patients with MPE.
However, continuous MVO, monitoring allows individual-
ly tailored volume loading.

Most data for norepinephrine administration are ex-
trapolated from animal models. Molloy et al. in a study of
dogs found that norepinephrine improved right-ventricular
performance by increasing blood pressure and right-ven-
tricular perfusion and contractility [17]. In the same study
all control dogs and those treated with volume and isoprot-
erenol died. In our study patients rapidly increased MVO,
values and decreased TPRI after receiving norepinephrine
and thrombolytic infusion. It is impossible to avoid the
confounding effects of such combined therapy, but norepi-
nephrine seems to be an effective temporizing measure that
enables thrombolysis and allows optimal volume loading.
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The hemodynamic effects of dobutamine in patients
with fixed cardiac output and hypotension can be poten-
tially harmful. However, the hemodynamic improvement
with dobutamine and concomitant noradrenaline and sa-
line infusion in our four patients with MPE was similar to
that found by Jardin et al., who used comparable doses of
dobutamine in circulatory unstable patients [18].

Our report of a final TPRI reduction of —-52% com-
pares favorably with findings of —24% in the study by
Meyer et al. [9], and is similar to the effects reported by
Sors et al. [19] of 100 mg recombinant tissue-plasminogen
activator (rt-PA) given as an intravenous bolus (-35%) or
as a 2-hour continuous infusion (—42%). Short concentrat-
ed regimens of thrombolytic therapy are most effective in
obtaining early rapid lysis [20]. In severely shocked pa-
tients, who have reduced systemic delivery, increasing the
thrombolytic concentration in proximity to thromboembo-
li may be beneficial.

The drawback of pulmonary-artery catheterization is
the increase of bleeding from vascular access sites. In our
study there were no serious bleeding complications such
as haematothorax or haemorrhagic shock, because cannu-
lation via the subclavian route was performed before
thrombolysis [21].

A further drawback of pulmonary-artery catheteriza-
tion is loss of time. In ICU with very well trained staff,
pulmonary-artery catheterization is performed in 15-20
minutes and possibly during TEE. Both procedures are
probably performed more quickly than a CT scan. How-
ever, we have not found any study comparing short- or
long-term mortality rates and the time needed to diagnose
pulmonary embolism and initiate different diagnostic pro-
cedures in patients with suspected PE who have shock or
hypotension.

We have not collected data on oxyhemoglobin satura-
tion from the superior vena cava; this was shown to be
effective in early goal-directed therapy in the treatment of
severe sepsis and septic shock, and provided significant
benefits in outcome [22].

In cases where the insertion of a pulmonary-artery
catheter is impractical (such as thrombolysis), venous
oxyhemoglobin saturation could be measured in the cen-
tral circulation [23]; however, wide differences in range
and confidence limits would lead to large errors if satura-
tion in the superior vena cava or right atrium were substi-
tuted for true MVO, in calculations of oxygen transport or
pulmonary venous admixture, especially in the face of
high pulmonary arterial pressures and impairment of right
ventricular function [24].

Our study has at least one limitation: we used uro-
kinase, which is currently not as widely used as rt-PA.
Despite this limitation a 38% reduction of TPRI and 102%
increase of MVO; at 3 hours were achieved. Further stud-
ies with newer thrombolytic agents are needed.

In conclusion, we demonstrated that in patients with
MPE and shock continuous MVO, more rapidly detects
hemodynamic changes than standard hemodynamic vari-
ables and serial TPRI calculations. MVO, may become a
promising monitoring tool in selected groups of patients
with MPE, with potential to guide the titration of throm-
bolytic, volume and vasoactive therapy.
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