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Abstract
Matrix metalloproteinases (MMPs) may limit severely the pulmonary vasodilatory and inotropic effects of adrenomedullin during pulmonary hypertension. While 
doxycycline inhibits MMPs and prevents the hemodynamic disorders associated with acute pulmonary embolism (APE), no previous study evaluated if doxycycline 
enhances adrenomedullin-induced pulmonary vasodilation and contributes to the attenuation of APE-induced pulmonary hypertension. Hemodynamic and 
respiratory changes were determined in animals not subjected to any intervention (Sham group), or animals subjected to APE induced by microspheres treated 
with saline (PE group) or 10 mg/kg of doxycycline (Dox+PE group) 30 min before APE or 50 ng/kg/min of adrenomedullin (PE+Adm group) 30 after APE, 
or doxycycline combined with adrenomedullin (Dox+PE+Adm group). Doxycycline produced no effect on significant temporal decreases in pulmonary vascular 
resistance index and increases in cardiac index (both by 25%) observed with adrenomedullin. Adrenomedullin produced moderate systemic hypotension. Significant 
decreases in arterial oxygen partial pressure were observed after doxycycline or APE, but these changes were not affected by adrenomedullin. These results show that 
the combined administration of doxycycline and adrenomedullin is not advantageous compared with adrenomedullin alone, thus suggesting that adrenomedullin 
counteracted the pulmonary vasoconstriction and it may help in the therapy of the detrimental acute hemodynamic consequences of APE.
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Introduction
Pulmonary circulation has a key role in filtering thrombi present 

in the deep venous system, which are the most common source of 
embolus to the lungs, causing acute pulmonary embolism (APE). APE-
induced pulmonary hypertension leading to acute right heart failure 
and circulatory shock are important causes of morbidity and death [1-
3].

The usual therapy of APE includes supportive care, systemic 
anticoagulation, systemic thrombolysis and surgical embolectomy [4]. 
While the current treatment of APE targets the mechanical obstruction, 
recent studies have highlighted the relevance of pulmonary arterial 
vasoconstriction immediately after APE is installed [5]. However, few 
studies have addressed the hypothesis that the combination of drugs 
that attenuate the pulmonary hypertension and that improve the 
cardiac output during APE may produce complementary and beneficial 
effects than might enhance survival of APE [6]. 

Previous study demonstrated that adrenomedullin (50 ng/kg/
min) intravenously administrated induced a long-lasting reduction of 
pulmonary vascular resistance and improved cardiac index (both by 
50%) after pulmonary hypertension induced by endotoxin in sheep 
[7]. Furthermore, the same dose of adrenomedullin (for 30 minutes) in 
patients with pulmonary hypertension greatly increased cardiac index 
by 44% and that resulted in a 32% decrease in pulmonary vascular 
resistance [8-10]. Recently, we also showed adrenomedullin significantly 
decreased pulmonary vascular resistance and increased cardiac index, 
both by 25% [11] after APE-induced pulmonary hypertension in 
anaesthetized sheep. Notably, adrenomedullin treatment resulted in a 
significant attenuation of pulmonary hypertension without impacting 

on systemic blood pressure, heart rate and global oxygen transport 
[7,9,11]. Therefore, it appears that the current literature supports 
the hypothesis that adrenomedullin may be a therapeutic agent with 
inotropic and pulmonary vasodilatory effects after APE, being a 
promising adjunct in the therapeutic approach targeting the treatment 
of acute pulmonary hypertension, independent of its pathogenesis 
[8,12-14].

Interestingly, previous studies have shown that adrenomedullin 
may be degraded by matrix metalloproteinases (MMPs), resulting in 
smaller peptides that promote vasoconstriction, thereby inhibiting 
the hypotensive effect adrenomedullin dependent [15]. Accordingly, 
the MMPs inhibition with doxycycline prevented both decreases 
in circulating adrenomedullin and hypertension in rats [16]. 
Additionally, the up-regulation of MMPs has also been involved in the 
development of APE-induced pulmonary hypertension [17-19], since 
the MMPs inhibition with doxycycline produced beneficial effects on 
the hemodynamic derangements associated with APE [20]. Supporting 
these findings, the activation of MMPs in pulmonary vessels and in 
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the right ventricle may contribute to the pulmonary vasoconstriction 
and to the decreased inotropic activity in the setting of APE, causing 
myocardial contractile dysfunction [21-24]. 

Together, the above-mentioned studies support the hypothesis 
that increased MMPs activity may be limiting severely the pulmonary 
vasodilatory and impair the inotropic effects of adrenomedullin during 
APE. However, no previous study has examined whether doxycycline 
enhance the pulmonary vasodilatory and positive inotropic effects 
produced by adrenomedullin during APE [11].

Methods
Animal model and cardiopulmonary hemodynamic 
measurements

The study complied with guidelines of the Institutional Animal 
Care Committee (protocol nº 457/2013) and the animals were handled 
according to the guidelines published by the European Union Directive 
(2010/63/EU) and the ARRIVE (Animal Research: Reporting of In Vivo 
Experiments). We used a whole animal model of APE [25] to study the 
hemodynamic effect of intravenous (i.v.) doxycycline combined with 
i.v. adrenomedullin on APE-induced hemodynamic changes. Sixteen 
rams of the Santa Inês breed (36.3 ± 3.1 kg) received fentanyl (5 µg/
kg, i.v.) before anesthesia was induced and maintained with ketamine 
(7.5 mg/kg, i.v. bolus, followed by 20 mg/kg/h, i.v.) and midazolam 
(0.35 mg/kg bolus i.v., followed by 0.25 mg/kg/h, i.v.). Their lungs 
were mechanically ventilated with an inspired O2 fraction >0.9 (Dräger 
Primus, Drägerwerk AG & Co, Lübeck, Germany) during conditions 
of neuromuscular blockade produced by atracurium (0.3 mg/kg, 
followed by 0.5 mg/kg/h, i.v.). The tidal volume and the inspiration-to-
expiration ratio were held constant throughout the study (15 ml/kg and 
1:2, respectively), while the respiratory rate was adjusted as necessary 
to maintain eucapnia (PaCO2 between 35 to 45 mmHg).

A 20-gauge catheter (Insyte, Becton Dickinson, Sao Paulo, Brazil) 
was placed into a cephalic vein for drug injection and Lactated Ringer’s 
administration (2 mL/kg/h). The femoral artery was catheterized with 
an 18-gauge for monitoring mean arterial pressure via a fluid-filled 
pressure transducer system (Tru Wave PX 260, Edward Lifesciences, 
Irvine, CA) and for collecting samples in heparinized syringes for 
temperature corrected blood gas analysis (348 pH Blood Gas Analyzer,  
Siemens, Halstead, UK).

A fluid-filled 7.5F balloon-tipped Swan-Ganz thermodilution 
catheter (Model 131HF7, Edwards Lifesciences, Irvine, CA) was 
inserted into the jugular vein through an 8.5 Fr introducer sheath 
and advanced until its tip reached the pulmonary artery based on 
the observations of pressure waveforms on the screen of a monitor 
(AS/3, Datex Ëngstrom, Helsinki, Finland). The proximal and distal 
ports of the catheter were connected to two pressure transducers to 
allow monitoring of central venous and pulmonary artery pressures, 
respectively. The pulmonary artery occlusion pressure was measured 
by temporarily insufflating the balloon of the catheter with 0.7 ml of 
air. Transducers were zeroed at the heart level before beginning the 
hemodynamic assessments.

Cardiac output was measured in triplicate by injecting 5 mL of 
cold (3-5°C) 5% dextrose solution into the central venous pressure port 
and heart rate was calculated by the electrocardiogram. Cardiac index, 
pulmonary and systemic vascular resistance indexes were calculated 
using standard formulae. Heart rate was monitored by a lead II 
electrocardiogram.

Arterial blood samples were drawn from the femoral artery 
catheter for measuring temperature-corrected pH, carbon dioxide 
partial pressure (PaCO2), and oxygen partial pressure (PaO2) (348 pH 
Blood Gas Analyzer,  Siemens, Halstead, UK).

Study design and data collection

The animals were randomly assigned to two experimental groups 
(n=8 per group) as follows:

1) Dox+PE group: sheep that received doxycycline (10 mg/kg, i.v. 
during 10 min; [23]) followed 30 min later by APE induced by injection 
of silicone microspheres (10 mg/mL, Sephadex G50; Pharmacia Fine 
Chemicals; Uppsala, Sweden) as described previously [11] and 60 min 
later an infusion of physiological saline (placebo) maintained for 30 
min (Pump 11 Elite, Harvard Apparatus, Holliston, MA). 

2) Dox+PE+Adm group: sheep that received doxycycline (same 
dose as the Dox+PE group) followed 30 min later by APE, and 60 min 
later by an infusion of adrenomedullin (50 ng/kg/min, i.v. [7]) (Human 
Adrenomedullin, Bachem AG, Bubendorf, Switzerland) maintained 
for 30 min (Pump 11 Elite).

Baseline measurements (BL) were recorded and doxycyline was 
injected 30 minutes before APE induction. Measurements were 
performed 15 and 30 min after doxycycline injection (Dox15 and 
Dox30, respectively). Immediately after the Dox30 time point, animals 
received the microspheres and data was collected 15 and 30 min 
after induction of pulmonary embolism (PE15 and PE30, respectively). 
In the Dox+PE+Adm group, 30 minutes after induction of APE, an 
intravenous adrenomedullin infusion (50 ng/kg/min) was maintained 
for 30 min and data was recorded 15 and 30 min after commencing the 
adrenomedullin infusion (Adm15 and Adm30 time points, respectively); 
while in the Dox+PE group, an equal volume of physiological saline 
was administered as placebo. Post-treatment data was recorded 15 and 
30 min after the adrenomedullin or the placebo infusion were stopped 
(PT15 and PT30, respectively). 

To avoid unnecessary use of animals, the data obtained in this study 
were compared with previously published data from our laboratory 
performed under the same experimental conditions evaluating the 
effects of adrenomedullin using the same model of microsphere-
induced APE [11]: 

1) Sham group, non-embolized sheep that did not receive any 
intervention;

2) PE group, sheep that underwent APE induced by microspheres, 
followed 30 min later by placebo. 

3) PE+Adm group, animals where a 30 min infusion of 
adrenomedullin (Human Adrenomedullin, Bachem AG, Bubendorf, 
Switzerland) was administered 30 min after induction of APE. 

In the Sham, PE, and PE+Adm groups data recording were 
initiated from the moment recorded immediately before induction 
of APE (Dox30); the remaining data collection times coincided with 
the time points described previously. Compared to these groups, 
cardiopulmonary evaluations in the Dox+PE and Dox+PE+Adm 
groups were performed for an additional 30 and 15 minutes before the 
APE induction (BL and Dox15, respectively). 

After the end of data collection, a lethal dose of sodium thiopental 
(30 mg/kg) combined with potassium chloride (150 mg/kg) were 
administered i.v. while the animals were still anesthetized.
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Statistical analysis

A Shapiro-Wilk test was applied to verify normality of data 
distribution. Two-way analysis of variance (ANOVA) for repeated 
measures (with time and treatment defined as main effects) followed by 
the Dunnett’s multiple comparisons test (Prism 6.02; Graph Pad, San 
Diego, CA) for between and within group comparisons. Differences 
between groups were evaluated in relation to the PE group. Data 
obtained in within each group were compared with the PE30 time point 
as a reference. A type I error rate <0.05 was considered statistically 
significant. All the results are expressed as means ± S.E.M.

Results
Sham animals presented significantly lower pulmonary 

vascular resistance index and mean pulmonary artery pressure than 
corresponding values recorded after microsphere injection in the PE 
group. Doxycycline injection alone increased pulmonary vascular 
resistance index and mean pulmonary artery pressure and these 
pulmonary parameters recorded 30 min after doxycycline injection 
(Dox30) in doxycycline treated groups were significantly higher in 

comparison to same time point recorded in the PE group, when 
embolized controls did not receive any treatment (Figure 1). 

The pulmonary vascular resistance index and mean pulmonary 
artery pressure values recorded at BL in Dox+PE and Dox+PE+Adm 
groups were significantly lower than corresponding values recorded 
30 min after APE (PE30); while values recorded at Dox15 and Dox30 in 
both groups that received doxycycline did not differ from PE30, with 
the exception of the Dox30 time point in the Dox+PE+Adm group, 
when mean pulmonary artery pressure at Dox30 was 25% lower than 
the corresponding value recorded at PE30 (Figure 1).

Treatment with adrenomedullin significantly decreased pulmonary 
vascular resistance index and significantly increased cardiac index in 
comparison to PE30, without causing significant temporal effects on 
mean pulmonary artery pressure. The Dox+PE and Dox+PE+Adm 
groups showed no further changes in pulmonary vascular resistance 
index and mean pulmonary artery pressure in comparison to the PE30 
time point. In the PE+Adm and Dox+PE+Adm groups there were no 
differences in pulmonary vascular resistance index, mean pulmonary 

 

Dox+PE(n = 8)
Dox+PE+Adm(n = 8)

PE (n = 8)
PE+Adm(n = 8)

Sham (n = 8)

+Significant difference (P<0.05) from PE30 (Dox+PE group);*Significant difference from PE30 (Dox+PE+Adm group);** Significant difference from PE30 (PE Group); ++Significant 
difference from PE30 (PE+Adm Group); #Significant difference from PE group.
Figure 1. Hemodynamic variables (mean ± SEM) recorded in anesthetized sheep that received i.v. doxycycline (10 mg/kg) 30 minutes before induction of pulmonary embolism with 
microspheres and 30 minutes later were treated with physiological saline or adrenomedullin (50 ng/kg/min, during 30 min) in the Dox+PE and Dox+PE+Adm groups, respectively (n=8 per 
group). Data were recorded at baseline (BL); after 15 min (Dox15) and 30 min (Dox30) of doxycycline administration; after 15 min (PE15) and 30 min (PE30) of microsphere-induced pulmonary 
embolism; and after 15 min (Adm15) and 30 min (Adm30) of adrenomedullin or saline infusion, and 15 min (PT15) and 30 min (PT30) after the end of adrenomedullin or saline infusion. 
Data from a previous study performed in anesthetized sheep not treated with doxycycline is presented for comparison (Lagos-Carvajal et al., 2015). Pulmonary embolism was induced by 
microspheres and 30 minutes later animals were treated with physiological saline or adrenomedullin (same dose regimen) in the PE and PE+Adm groups, respectively. Anesthetized sheep 
that did not undergo any intervention (Sham group) were included for comparison (n=8 per group).
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artery pressure and cardiac index values recorded after microsphere 
injection and treatment with adrenomedullin in comparison with 
values recorded in embolized controls (PE group) (Figure 1).

Doxycycline injection alone did not alter systemic vascular 
resistance index and mean arterial pressure. Adrenomedullin 
administration in Dox+PE+Adm and PE+Adm groups induced 
significant decreases in systemic vascular resistance index from the PE30 
time point. This response was accompanied by significant decreases in 
mean arterial pressure from PE30 in both groups, except for the Adm15 
and PT15 time points in the Dox+PE+Adm group. Systemic vascular 
resistance index values recorded after adrenomedullin administration 
in Dox+PE+Adm and PE+Adm groups were significantly lower than 
values recorded in the PE group (except for the PT15 time point in the 
Dox+PE+Adm group). Mean arterial pressure values were significantly 
lower in the PE+Adm group than in the PE group only at the Adm30 
time point (Figure 1).

Mean PaCO2 values were maintained within physiological limits 
(35 to 45 mmHg). Small, but statistically significant decreases in PaCO2 
were recorded at some time points in comparison to the PE30 time 
point in the Dox+PE group (Dox30 and Adm30) and the Dox+PE+Adm 
group (BL).

The PaO2 recorded 30 min after doxycycline injection (Dox30) 
in Dox+PE and Dox+PE+Adm groups was significantly higher in 
comparison to same time point recorded in the PE group (Table 1). In 
the Dox+PE group, PaO2 was significantly higher at BL and at Dox30 
time points in comparison to the PE30 time point. In the Dox+PE+Adm 
group, PaO2 was higher than PE30 only at BL. The PaO2 was significantly 
lower in the PE group after microsphere injection in comparison to 
the corresponding time points in the Sham group. After microsphere 
injection, no significant differences were observed in PaO2 between all 
other embolized groups and the PE group. Heart rate did not show 
time related changes and did not differ among five experimental groups 
throughout the observational period (Figure 1).

Discussion
The main findings of the present study are the combined 

administration of doxycycline and adrenomedullin is not 
advantageous compared with adrenomedullin alone, thus suggesting 

that adrenomedullin counteracted the pulmonary vasoconstriction, 
reducing the pulmonary vascular resistance and improving the cardiac 
index, with moderate systemic effects during APE. These results are 
similar to those previously reported in sheep and humans showing 
that adrenomedullin induced both pulmonary vasodilation and 
inotropic positive effect after pulmonary hypertension [7,9]. Therefore, 
we suggest that the pulmonary vasoconstriction was counteracting 
by the adrenomedullin and it may help in the therapy of the acute 
hemodynamic disorder after APE.

Importantly, the suddenly impairment of cardiac output secondary 
APE, resulting from increased right ventricular afterload imposed by 
the hypertensive pulmonary circulation, may be responsible by the 
high incidence of death after APE [3]. In this concern, the significant 
increases in cardiac index induced by adrenomedullin after APE 
reported here represent an advantageous action for adrenomedullin in 
relation to other drugs tested in APE, which are able to attenuate APE-
induced pulmonary hypertension by 25%, but not improve cardiac 
index [22,27].

Although we have not evaluated cAMP levels in the present 
study, the hemodynamic effects may have been caused by this second 
messenger, mediating the vasodilatory and positive inotropic responses 
to adrenomedullin infusion [7-9,11,14,28,29]. 

We observed no advantageous effect of doxycycline combined 
with adrenomedullin, neither improving pulmonary vasodilatory nor 
cardiac index during APE. In fact, although the aim of the present 
study was not assess the effects of doxycycline many hours after 
APE, doxycycline produced no changes during early stages (90 min) 
after APE (Dox+PE group), as previously reported [22,23]. Thus, the 
absence of attenuation of APE-induced pulmonary hypertension with 
doxycycline could be related to the period of experimental protocol 
(90 min of monitoring after the induction of APE) used in this study, 
i.e., our observational period did not last long enough to evidence 
such effect, as previously reported that beneficial hemodynamic 
effects of MMP inhibition with doxycycline were only observed 2 
hours after APE was induced [22,23]. Accordingly, an inflammatory 
response with an early influx of neutrophils and macrophages within 
the pulmonary artery’s wall showed up only 3 hours after pulmonary 
embolism in rats [30]. So, the latency necessary to these inflammatory 

Parameter Group Time point
BL Dox30 PE30 Adm30 PT30

PaCO2 
(mmHg)

Dox+PE 41 ± 1 38 ± 1+ 44 ± 1 40 ± 1+ 42 ± 1
Dox+PE+Adm 40 ± 1* 42 ± 1 44 ± 1 43 ± 1 43 ± 1
PE - 42 ± 1 43 ± 2 43 ± 2 41 ± 2
PE+Adm - 42 ± 1 41 ± 2 39 ± 2 41 ± 2
Sham - 43 ± 1 42 ± 1 41 ± 1 40 ± 1

PaO2 
(mmHg)

Dox+PE 423 ± 26+ 234 ± 66+# 92 ± 11 117 ± 27 109 ± 26
Dox+PE+Adm 428 ± 15* 149 ± 35# 97 ± 22 140 ± 38 133 ± 34
PE - 390 ± 38** 171 ± 33 185 ± 33 165 ± 23
PE+Adm - 411 ± 30++ 262 ± 49 270 ± 49 253 ± 45
Sham - 446 ± 24 434 ± 31# 449 ± 19# 441 ± 16#

+Significant difference from PE30 (Dox+PE group); *Significant difference from PE30 (Dox+PE+Adm group); **Significant difference from PE30 (PE Group);++Significant difference from 
PE30 (PE+Adm Group); #Significant difference from PE group

Table 1. Arterial carbon dioxide partial pressure (PaCO2) and arterial oxygen partial pressure (PaO2) at recorded in anesthetized sheep that received i.v. doxycycline (10 mg/kg) 30 minutes 
before induction of pulmonary embolism with microspheres and 30 minutes later were treated with physiological saline or adrenomedullin (50 ng/kg/min, during 30 min) in the Dox+PE 
and Dox+PE+Adm groups, respectively (n=8 per group). Data were recorded at baseline (BL); after 30 min (Dox30) of doxycycline administration; after 30 min (PE30) of microsphere-
induced pulmonary embolism; after 30 min (Adm30) of adrenomedullin or saline infusion, and 30 min (PT30) after the end of adrenomedullin or saline infusion. Data from a previous study 
performed in anesthetized sheep not treated with doxycycline is presented for comparison [11]. Pulmonary embolism was induced by microspheres and 30 minutes later animals were treated 
with physiological saline or adrenomedullin (same dose regimen) in the PE and PE+Adm groups, respectively. Anesthetized sheep that did not undergo any intervention (Sham group) were 
included for comparison (n=8 per group).
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cells can release granules containing large amounts of MMPs (specially 
the MMP type 9, MMP-9) requests at least 2 or 3 hours after APE is 
installed. These suggestions may explain the beneficial effects of MMP 
inhibition with doxycycline have found in previous studies [22,23], but 
not here. Therefore, our results suggest that combining of doxycycline 
with adrenomedullin failed to produce synergic effects and is not an 
appropriated approach in the therapy, at least in the first hour soon 
after the APE-induced pulmonary hypertension is installed.

The increases in pulmonary vascular resistance index and mean 
pulmonary artery pressure values (before embolization in the Dox15 
and Dox30 time points) observed with doxycycline alone are not 
related to doxycycline, because the same dose of this drug used here 
(but it was diluted in saline) produced no deleterious cardiovascular 
effects when administered intravenously to non-embolized animals 
[17,22,23]. Supporting our findings, previous studies may explain 
these apparently conflicting results, which related to the vehicle used to 
dilution of doxycycline (propylene glycol, the same used here), causing 
transient increases (peak response) in pulmonary arterial pressure in 
sheep [31] and fatalities in horses [32]. Importantly, the animals treated 
with doxycycline also showed decreases in pulmonary oxygenation 
here, which has not been previously reported [17,22,23]. Since animals 
were breathing an inspired oxygen fraction > 0.9, the decrease in PaO2 
observed in the present study could be attributed to an increase in 
intrapulmonary shunt (greater percentage of cardiac output towards 
to non-aerated lung areas). Atelectasis develops during anesthesia 
in sheep consequently leading to an increase intrapulmonary shunt 
fraction and oxygenation impairment [33]. Therefore, the decreases 
in PaO2 recorded after doxycycline might have been attributed drugs’ 
vehicle (propylene glycol)-induced vasoconstriction in ventilated lung 
regions leading to the deviation of a fraction of blood flow towards 
atelectatic lung areas or to vehicles induced pulmonary edema 
increasing intrapulmonary shunt [31,34].

There are little information regarding to the hemodynamic effects 
of intravenous infusion of doxycycline [17,22-24, 32], thus, it should 
be considered that the vehicle used to dilution of doxycycline must 
be adequately replaced [31,32] or other routes to the administration 
of doxycycline, such as by via oral [35] must be used to avoid these 
disadvantageous effects. However, although the mechanisms leading 
to these conflicting results with doxycycline (an non-specific MMP 
inhibitor) are not clear at present, the possible therapeutic effects of 
selective MMP inhibitors should be further examined in APE setting 
[23], considering the important role played by MMPs hours after the 
onset of APE.

The present study has some limitations that should be taken into 
consideration. For example, patients with APE are often managed several 
hours after the onset of symptoms. Therefore, the very early injection 
of doxycycline or adrenomedullin would be impossible. Additionally, 
although adrenomedullin produced beneficial hemodynamic effects 
after APE (clearly decreased the pulmonary vascular resistance and 
increased the cardiac index), the sheep model of APE used in the 
present study (PE group) was not hemodynamically unstable, thus, 
the moderate systemic vasodilator effect with adrenomedullin could be 
a reason for concern in patients with massive pulmonary embolism, 
because the hypotension observed under these circumstances could 
be aggravated by this peptide. Therefore, adrenomedullin should be 
used carefully in patients hemodynamically unstable with APE and the 
concomitant use of vasopressor drugs should be considered to provide 
hemodynamic stability in hypotensive patients with APE that receive 
adrenomedullin.

Therefore, we conclude that intravenous administration of 
doxycycline neither affects APE-induced pulmonary hypertension nor 
improves the beneficial hemodynamic effects of adrenomedullin. Thus, 
the combined administration of doxycycline and adrenomedullin 
is not advantageous compared with adrenomedullin alone, which 
produced significant increases in cardiac index and decreases in 
pulmonary vascular resistance, thus, suggesting that adrenomedullin 
counteracted the pulmonary vasoconstriction and it may be interesting 
in the therapy of the acute hemodynamic disarrangement of APE.
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