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Abstract

To explore the association between pulmonary artery systolic pressure (PASP) and success to wean from mechanical ventilation
in COVID-19 patients.Thirty-four critically ill COVID-19 patients who had been placed on ventilator support were enrolled in
this retrospective study and were divided into two groups: the weaning success group (group I) and the weaning failure group
(group II). Physical examination, echocardiography, and routine laboratory test data were collected. The levels of troponin
I, myoglobin, interleukin 6, and D-dimer were significantly lower in group I than in group II. The interventricular septum
end-diastolic thickness (IVSd) was thicker (14.00 [13.50-15.00] mm) and the PASP was higher (61.63 £+ 13.53 mmHg) in group
II. Logistic regression analysis showed that D-dimer and IVSd were factors associated with ventilator weaning. The odds ratio
(OR) of D-dimer was 0.81 (95% CI 0.69-0.95) and the OR of IVSd was 0.16 (95% CI 0.045-0.59). Cox analysis revealed that the
adjusted hazard ratio (HR) for a 1-mmHg increase in PASP was 0.94 (95% CI 0.90-0.97) for weaning events (P < 0.001). PASP
was negatively correlated with the PaO2:FiO2 (r = -0.48, P < 0.01). A receiver operating characteristic curve showed that the
best cutoff value of PASP for ventilator weaning was 39.50 mmHg, with a sensitivity of 100% and a specificity of 96.15% PASP
was an independent risk factor for the difficulty of weaning severely ill COVID-19 patients off mechanical ventilation. PASP

can be used as one of the indicators for evaluating the condition of COVID-19 patients.

Introduction

Coronavirus disease-2019 (COVID-19) has resulted in considerable morbidity and mortality worldwide since
December 2019. Clinical features of COVID-19 patients have recently been well described, and the existence of
heart injury in these patients has been confirmed. A previous study reported that 12% of COVID-19 patients
had related acute heart injury, accompanied by decreased ejection fraction (EF) and elevated troponin I
(TnI)1. In another case series, the percentage of patients with acute cardiac injury and arrhythmia was even
higher in severe COVID-19 patients (22.2% and 44.4%, respectively)2. It has been reported that cardiac
injuries are common in critically ill patients with COVID-193; some case series reported a peak value of
Tnl exceeding 40-fold the normal value4. Nevertheless, information on cardiac injury in patients affected by
COVID-19 is relatively limited at present.

There is a need to investigate prognostic markers for severe COVID-19 patients to provide important in-



formation for early therapeutic strategies. Echocardiography is a convenient and repeatable approach that
allows control of cross-infection in the hospital and is suitable to examination in the ICU; thus, echocardio-
graphy has become an indispensable examination method for evaluating COVID-19 patients in ICU. This
study therefore attempted to use echocardiographic measurements to predict the chance of weaning from
mechanical ventilation in patients with critical COVID-19. Herein, we retrospectively analyzed clinical da-
ta from Shenzhen Third People’s Hospital, China, to explore the potential association between pulmonary
artery systolic pressure (PASP), determined echocardiographically, and success to wean from mechanical
ventilation in critically ill patients with COVID-19.

Methods
Participants

This cohort study was conducted from January 11 to April 10, 2020, at Shenzhen Third People’s Hospital
in Guangdong, China. The Shenzhen Third People’s Hospital was designated by the Shenzhen municipal
government to be responsible for the treatment of COVID-19 patients in the city since January 2020. All
patients included in this study had laboratory-confirmed COVID-19 and had received mechanical ventilation
support. Participants were divided into two groups depending on whether they had been successfully weaned
off the ventilator. Weaning failure was defined by failure of spontaneous breathing trials or a need for
reintubation or non-invasive ventilation, or death within 48 h after extubation5. Patients in severe type should
be consistent with any of the following items: (1) respiratory rate higher than 30 times / min; (2) fingertip
blood oxygen saturation less than 93% in resting state; (3) partial arterial oxygen pressure/ fraction of
inspiration oxygen(Pa02:Fi02) less than 300 mmHg. Patients with one of the three conditions are considered
as critical type: Any of the following items: (1) respiratory failure, and requires mechanical ventilation; (2)
shock; (3) multiple organ failure, which requires intensive care unit monitoring and treatment. The study was
approved by the Ethics Committee of Shenzhen Third People’s Hospital (No.2020-157). Informed consent
was obtained before retrospective data collection. A copy of the written consent is available for review by
the Editor of this journal.

Data. collection

Patient demographics, medical history, clinical records, laboratory tests, and ventilator data were collected
and analyzed. Blood gas analysis and echocardiography were performed at the same day. The associations
between cardiac parameters and ventilator treatment were analyzed. The patients were followed up from the
day that mechanical ventilation was implemented to assist breathing to the day of weaning from ventilation
(1-30 days). Death was classified as a failure to wean the patient from the ventilator.

Echocardiographic assessment

All examinations are performed by senior doctors according to the standard procedure within the first 24
hours in ICU. Mindray-M9 portable color Doppler ultrasound and a P4-2s probe (2-4 MHz) were used to
perform echocardiography. Measurements of interventricular septal end-diastolic thickness (IVSd), left vent-
ricular end-diastolic dimension (LVDd), left ventricular ejection fraction (LVEF), pulmonary artery systolic
pressure (PASP), and left ventricular diastolic function were obtained from each echocardiographic exami-
nation. With the guidance of tricuspid regurgitation detected by color Doppler, continuous wave Doppler
was used to measure the maximum velocity of tricuspid regurgitation and the tricuspid valve regurgitati-
on pressure gradient (TRPG). The PASP was estimated by TRPG plus right atrial pressure (RAP). The
right ventricular inflow tunnel section, parasternal short axis, parasternal four chamber, apical four-chamber
or five-chamber sections were selected according to the clarity of the image in each patient. According to
the collapsibility of inferior vena cava (IVC), RAP was valued as 5, 10, or 15 mmHg, respectively6. In the
case of mechanical ventilator usage, central venous pressure (CVP) was considered to be equal to RAP.
The highest PASP value was used for statistical analysis. In order to ensure accuracy and repeatability, the
echocardiographic data were collected by two independent senior doctors.

Statistical analysis



Statistical analysis was performed using SPSS version 26.0 (IBM SPSS Inc., Chicago, IL). Continuous varia-
bles are presented as mean =+ standard deviation or median [interquartile range] for normal and non-normally
distributed data, respectively. Categorical variables are presented as absolute values and percentages. Means
were compared using the independent group ¢ -test or the Mann-Whitney U test (depending on data nor-
mality) for continuous variables and the y? test (two-sided Fisher’s exact test) for categorical variables.
Logistic regression analysis was used to screen the factors related to the outcome and meaningful indicators
for the next step of Cox multivariate regression analysis. Cox proportional hazards models were used to
analyze the independent effect of PASP on ventilator treatment. Spearman’s correlation analysis was used
to investigate the correlation of PASP with oxygen pressure/ fraction of inspiration oxygen (PaO2:FiO2).
The cumulative survival curve of ventilator weaning was estimated using the Kaplan-Meier product-limit
estimation method. A receiver operating characteristic (ROC) curve was drawn to evaluate the predictive
value of PASP for weaning outcome. P < 0.05 was considered to indicate statistical significance.

Results
Presenting characteristics, laboratory tests, and echocardiographic parameters

In this study, 34 patients with COVID-19 in Shenzhen Third People’s Hospital were retrospectively enrolled;
these included 19 critical ill patients and 15 seriously ill patients. All the patients were treated with venti-
lation therapy; 16 patients received non-invasive ventilator support, with an average duration of ventilation
of 7.3 + 4.5 days; 16 patients received both non-invasive and invasive ventilation support (average duration,
non-invasive: 3.8 = 2.9 days vs invasive: 15.3 £+ 7.3 days); 2 patients received invasive ventilation support
from the beginning of follow-up (25.0 & 7.1 days). There were 3 (8.8%) deaths during follow-up.

According to whether patients were successfully weaned from the ventilator, they were divided into two
groups: the weaning success (group I) and weaning failure group (group II). There were 26 patients in group
I, including 15 males and 11 females and 8 patients in group II, all of whom were male. Patients in group II
were significantly older than those in group I (P < 0.047 ).

The myocardial injury markers were significantly higher in group II than group I (Table 1). The interleukin 6
(IL-6) and D-dimer levels were also significantly higher in group II than in group I (P = 0.01 andP = 0.002
, respectively). The IVSd was thicker (P < 0.001 ) and, importantly, the PASP was higher (P < 0.01 ) in
group II than in group I (61.63 + 13.53 mmHg vs 24.27 £+ 7.70 mmHg) (Table 1). Other characteristics, such
as body temperature, comorbidities history, creatine kinase, procalcitonin (PCT), C-reactive protein (CRP),
brain natriuretic peptide, OI, LVEF, and LVDd showed no insignificance between the two groups (Table 1).
The line chart of PASP in the two groups showed that the average PASP in group II was significantly higher
than that in group I from the 28'® day of follow-up (Figure 1).

Predictors of ventilator weaning

The parameters that were statistically significant in univariate analysis, including age, IL-6, D-dimer, Tnl,
IVSd, and PASP were further evaluated in logistic regression analysis to explore whether they were related
to ventilator weaning. The results showed that D-dimer and IVSd may be statistically significant risk factors
for the failure of ventilator weaning. The OR, of D-dimer was 0.81 (95% CI 0.69-0.95) and the OR of IVSd
was 0.16 (95% CI 0.045-0.59) (Table 2).

Cox hazard regression analysis

In Cox multivariate regression model analysis, with ventilator weaning as outcome, time was defined as the
number of days of mechanical respiratory assistance, the start time was the time of admission to the ICU,
and the follow-up time was 30 days. Regression modeling results are shown in Table 3. In logistic regression
analysis, PASP had not shown an association with the outcome. However, based on our clinical experience,
PASP was closely related to clinical performance and pulmonary imaging changes in patients; thus, we
entered PASP into the Cox analysis (model 1). As described above, D-dimer and IVSd could be used as
predictors of ventilator weaning when added to the model respectively for correction (models 2 & 3), but
these models revealed no statistical significance. Our Cox hazard regression analysis results demonstrated



that PASP was a critically important indicator, but had an independent effect on events after adjusting for
potential confounders, including time. The adjusted hazard ratio (HR) for ventilator weaning for a 1-mmHg
increase in PASP was 0.94 (95% CI 0.90-0.97) (P;j0.001).

Correlation of PASP with
Pa0O2:FiO2

In present study, PASP was negatively correlated with PaO2:FiO2 (Spearman’s r = -0.48, P < 0.01) (Figure
2).

Cumulative survival curve for weaning from the ventilator
The cumulative survival rate curve for ventilator weaning is shown in Figure 3.
Receiver operator characteristic curve for prediction in weaning from ventilator

The ROC curve was analyzed by selecting the maximum pulmonary pressure during follow-up. The area
under the curve (AUC) for ventilator weaning was 0.99. The best cutoff value for PASP for predicting the
success of ventilator weaning was 39.50 mmHg, yielding a sensitivity of 100% and a specificity of 96.15%
(Figure 4).

Discussion

This study evaluated the prognostic value of pulmonary artery systolic pressure (PASP) in predicting out-
comes of weaning patients with COVID-19 from mechanical ventilation. The adjusted HR for a 1-mmHg
increase in PASP was 0.94 (95% CI 0.90-0.97) for weaning (P < 0.001), and PASP was negatively correlated
with the PaO2:FiO2 (r = -0.48, P < 0.01). The appropriate cutoff value of PASP for ventilator weaning was
39.50 mmHg, with a sensitivity of 100% and a specificity of 96.15%

Epidemiological studies of COVID-19 have shown that the mortality rate of critical patients is 49%, ac-
counting for 5% of confirmed patients7. Recent studies have revealed that the severity of the disease is an
independent predictor of a poor prognosis8. The effective and appropriate treatment for critically ill patients
seems to be a key for decreasing mortality. Successful ventilator weaning often indicates a good prognosis.
At present, the conditions for clinical discontinuation from mechanical ventilation are the minute ventilation
volume, maximum inspiratory pressure, respiratory frequency, rapid shallow breathing index, 0.1-second air-
way closure pressure and so on9, 10. However, a previous study showed that attempts at extubation failed in
approximately 20% of mechanically ventilated patients, and these patients spent more than 40% of the total
mechanical ventilation time in the overall weaning process11. Improper extubation time leads to hypoxemia,
and can even lead to a need for tracheal reintubation. On the other hand, prolonged mechanical ventilation
time increases the risk of related complications (such as infection, gastrointestinal bleeding, deep vein throm-
bosis, etc.)12. Due to the recurrent nature of the disease symptoms, many patients had met the clinical
indicators and were temporarily weaned off the ventilator, but then required mechanical ventilation again.
Therefore, in order to ascertain the correct timing for weaning patients off the ventilator, more accurate and
specific predictors appropriate to the characteristics of COVID-19 are needed.

In this study, we found statistically significant differences in biochemical indicators (IL-6 and D-dimer)
between the weaning success and weaning failure groups. The former indicated that the immune response
of patients who failed to be weaned off the ventilator was stronger, and the latter reflected the fibrinolytic
dysfunction in these patients. The levels of PCT and CRP were higher than the normal values, without
significant differences between the two groups, indicating that both groups showed enhanced inflammation.
In terms of myocardial injury markers, the levels of Tnl and myoglobin were significantly higher in group II
than in group I, indicating that patients in whom ventilator weaning failed had more serious heart injury.

We also found that patients who failed to wean off the ventilator had a thicker interventricular septum
and a higher PASP on echocardiography, which was consistent with a previous studyl3. The thickened
interventricular septum may be related to the cytokine storm associated with COVID-19. In our study, the



levels of IL-6 were significantly elevated in both groups, and was higher in patients who were not successfully
weaned from the ventilator. The cytokine storm may increase the permeability of the vascular wall and could
lead to myocardial edemal4, 15. In addition, hypoxia can also lead to an early and substantial inflammatory
response and cell damagel6, and may also lead to some myocardial thickening and edema.

Among the echocardiographic measurements, PASP appeared to be most related to the severity of the
patients’ condition. Our research showed that PASP had a moderate correlation with the OI, which indicated
that PASP could partly reflect the lung condition of COVID-19 patients. The result of Cox analysis showed
that PASP was an independent risk factor of ventilator evacuation in critically ill COVID-19 patients. For
every 1 mmHg increase in PASP, the risk of weaning from the ventilator was 0.94 times higher, even after
adjusting for other risk factors. The ROC curve showed that the best cutoff value for PASP for predicting
the success of weaning off the ventilator was 39.50 mmHg, with a sensitivity of 100% and a specificity of
96.15% (P < 0.0001), and an AUC is 0.99, which showed the good power of the test. We suggest that PASP
and other criteria for ventilator weaning should be considered together. In critically ill patients, if the PASP
is higher than 39.5 mmHg, ventilator weaning should not be considered.

Other studies have also confirmed that PASP is related to prognosis in patients with cardiovascular disease.
One study showed that when PASP > 45 mmHg, the prognosis of acute decompensated heart failure (ADHF)
was poor; early right ventricular dilatation or dysfunction suggested a poor prognosis, while LVEF or left
ventricular diastolic function could not predict prognosis17.

There are many reasons for the increased pulmonary artery pressure in critically ill COVID-19 patients.
Anatomic reasons include inflammation of pulmonary arterioles involved in bronchitis and the surrounding
inflammation, accompanied by thickening, spasm, or fibrosis of the blood vessel walls. Functional reasons
include pulmonary vasoconstriction and spasm caused by a neurohumoral mechanism, such as hypoxia and
respiratory acidosis, which increase pulmonary circulatory resistance. In addition, secondary injury (emphy-
sema) is caused by long-term mechanical ventilation, which indirectly causes the rise of PASP. Computed
tomography angiography of one case in our study confirmed that the spasticity and thrombus of pulmonary
arterioles caused the PASP elevation and that PASP fluctuates during anticoagulation and vasodilation
treatment. In addition to the pulmonary vasospasm caused by the pathological changes in the lung itself,
and the decrease in pulmonary vascular compliance caused by pulmonary fibrosis, the accompanying cardiac
diseases also have a significant impact. Acute virus replication in the myocardium and secondary inflam-
matory responses can lead to acute myocardial injury, some of which can lead to left ventricular systolic
dysfunction and myocardial swelling18, that is, ADHF, which can aggravate the pulmonary congestion. With
the progression in the disease course, the pulmonary artery pressure of these patients increased gradually,
which increased the burden of the right heart. In the present study, two of the three patients who died
showed a sudden decrease in right heart function and pulmonary artery pressure several days before death.
Therefore, PASP elevation is a comprehensive indicator of the interaction between systemic inflammation and
pathogen-mediated cardiovascular and respiratory system damage, which may be the mechanism underlying
the worse outcomes.

PASP measurements in this study could have been influenced by various factors, such as nitric oxide (NO)
treatment and increased blood volume due to fluid retention. NO gas is soluble in water and easily passes
through a lipid membrane. NO can relax vascular smooth muscle, inhibit platelet aggregation, affect leuko-
cyte chemotaxis, control inflammation, ease pain, regulate immunity, eliminate oxygen free radicals, and
protect the gastric mucosa. NO can combine with hemoglobin in red blood cells and acts as a potent va-
sodilator19. Three of our patients were treated with NO, which temporarily reduced but did not reverse
PASP.

Furthermore, hypoxia and hypercapnia can cause sympathetic nerve excitability, renal vasoconstriction,
and decreased renal blood flow, resulting in water and sodium retention. The increased blood volume can
lead to increased pulmonary circulation resistance. However, the patients in this study underwent strict
volume management to avoid fluid retention as far as possible, and the left atrial diameters were rarely
enlarged, as measured by echocardiography. A previous study also showed no significant association between



echocardiographic indices of filling pressures and weaning failures20. Therefore, PASP in this study was less
affected by pre-pulmonary circulation load.

PASP did not significantly associated with success of ventilator weaning in the logistic regression analysis;
however, it showed an association with the outcome in Cox regression analysis. This may be explained by the
addition of the time variable, for correction, in the Cox regression analysis; this result shows that continuous
pulmonary hypertension, rather than temporary changes, may be more strongly related to the prognosis.

In this study, estimation of pulmonary artery pressure was based on TRPG plus RAP. The literature on
mechanical ventilation indicates that CVP is equivalent to RAP; hence, we used CVP instead of RAP.
For spontaneous respiration, we used the American Society of Echocardiography guidelines for estimation;
sonographic measurement of the IVC diameter and collapsibility was used to estimate RAP21. In terms of
the effect of mechanical ventilation on right atrial pressure, high positive end-expiratory pressure (PEEP;
8-10 cmH20) will affect the flow from the right heart to the left heart. However, the hemodynamics of
the heart mainly depend on changes in the internal pressure of the heart, and our patients’ PEEPs were
generally below 8-10 cmH20 during mechanical ventilation; thus, the increase in the external pressure likely
had little effect22.

Limitations

There are some limitations in the present study. First, some data, such as echocardiography data, electro-
cardiography data, and cytokine level measurements, were lacking from clinical examinations of patients in
isolation wards or the ICU, which limits the determination of potential mechanisms of cardiac injury. Sec-
ond, there may be some errors in measurement of TRPG due to different operators or poor image quality.
Mediastinal emphysema occurred in four patients and PASP could not be measured. Third, due to the
limited number of COVID-19 patients in a single center, the sample size of this study was relatively small.
Therefore, data from larger populations and multiple centers are required to confirm the correlation of PASP
with outcomes in COVID-19 patients.

Conclusions

Cardiac injury is a common condition among patients with COVID-19. PASP may comprehensively reflect
lung injury. Echocardiography could be used as a means for evaluation of the severity of the disease and may
be associated with whether the patient is likely to be weaned off the ventilator successfully. Thus, PASP
levels in critically ill COVID-19 patients may help to identify patients with poor prognoses.
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Table 1. Presenting characteristics, Laboratory and echocardiographic parameters

Total (n = 34) Group I (n = 26) Group II (n = 8) P value
Age, median [IQR], year 64.50 [61.00,60.00]  63.00 [57.00,69.00]  69.00 [67.00,69.00] 0.04*
Sex 0.03*
Female, No. (%) 11(32.40) 11 (42.30) 0 (0.00)
Male, No. (%) 23 (67.60) 15 (57.70) 8 (100.00)
Highest temperature, mean + SD,  38.52 + 0.73 38.57 + 0.73 38.36 + 0.76 0.98
Comorbidities
Cardiovascular diseases, No. (%) 8 (23.50) 7 (26.90) 1 (12.50) 0.65
Hypertension, No. (%) 12 (35.30) 7 (26.90) 5 (62.50) 0.10
Diabetes, No. (%) 10 (29.40) 8 (30.80) 2 (25.00) 1.00
Chronic kidney disease, No. (%) 1 (2.90) 1 (3.80) 0 (0.00) 1.00
COPD, No. (%) 1 (2.90) 0 (0.00) 1 (12.50) 0.24
Tuberculosis, No. (%) 34 (100.0) 26 (100.0) 8 (100.0) -
Malignant tumor, No. (%) 1 (2.90) 0 (0.00) 1 (12.50) 0.24
Myoglobin, pg/L 67.77 [32.25,161.07]  56.93 [30.19,98.79]  227.82 [195.36.1,11916.36] <0.01%*
Interleukin 6, pg/ml 20.05 [6.03,78.77]  12.02 [5.26,43.70]  78.77 [61.13,114.64] 0.01%
Creatine kinase, U/L 45.70 [27.00,193.38]  53.00 [39.00,03.00]  70.00 [43.50,345.50] 0.77
D-dimer, pg/L 4.75 £ 6.29 2.70 £ 4.15 10.89 £ 7.81 <0.01**
Troponin I, ng/mL 0.018 [0.007,0.078]  0.026 [0.006,0.087]  0.069 [0.048,0.094] 0.02*
Procalcitonin, ng/mL 0.20 [0.13,0.28] 0.22 [0.15,0.27] 0.12 [0.12,0.15] 0.09
C-reactive protein, mg/L 64.99 4+ 67.22 49.08 + 63.48 121.85 4+ 49.03 0.73
BNP, pg/L 5.81 [2.21,37.11] 3.33 [1.79,5.46] 11.23 [8.70,63.22] 0.18
LVEF, % 62.74 + 4.36 62.08 + 4.36 64.88 + 3.83 0.62
LVDd, mm 45.50 [43.25,48.00] 46.50 [44.00,49.00] 40.00 [39.50,40.00] 0.14
IVSd, mm 10.50 [10.0,12.00] 10.00 [10.00,10.00] 14.00 [13.50,15.00] <0.01%*
Pa02:FiO2 253.33 £ 122.86 289.52 £ 106.98 135.74 + 98.06 0.58
PASP, mmHg 33.06 + 18.51 24.27 £ 7.70 61.63 £+ 13.53 <0.01*

Abbreviations: SD, standard deviation; IQR, interquartile range; COPD, chronic obstructive pulmonary
disease; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction; LVDd, left ventricular end-
diastolic dimension; IVSd, interventricular end-diastolic thickness; PASP, pulmonary artery systolic pressure;
SI conversion factors: To convert creatine kinase to pkat/L, multiply by 0.0167. *P < 0.05 ; **P < 0.01 .



Table 2. Binary variables logistic regression analysis

Predictor OR 95%CI P value
Age, year 0.88 0.75-1.03  0.18
Interleukin 6, pg/mL  0.99 0.97-1.01  0.18
D-dimer, pg/L 0.81 0.69-0.95 0.01*
Troponin I, ng/mL <0.001 0.00-2.72  0.06
IVSd, mm 0.16 0.045-0.59 <0.01*
PASP, mmHg 0.70 0.47-1.04 0.08

Abbreviations: OR, odds ratio; CI, confidence interval; IVSd, interventricular end-diastolic thickness; PASP,
pulmonary artery systolic pressure; *P < 0.05 .

Table 3. Cox proportional hazard models

Predictor HR 95%CI P value
Model 1 <0.01**
PASP, mmHg 0.94 0.90-0.97 <0.01**
Model 2 <0.01**

PASP, mmHg 0.95 0.91-0.98 <0.01**
D-dimer, pg/L  0.88 0.78-1.00 0.06

Model 3 <0.01%*
PASP, mmHg  0.94 0.89-0.98 <0.01%**
IVSd, mm 1.00 0.61-1.64 0.9

In Cox multivariate regression model analysis, the outcome was ventilator weaning, the time was days of
mechanical respiratory assistance treatment, the start time was the time of admission to the intensive care
unit, and the follow-up time was 30 days. PASP has an independent effect on events after adjusting for
potential confounders, including time. The adjusted hazard ratio (HR) for 1 mmHg increase in PASP was
0.94 (95% CI 0.90-0.97) for weaning events (P < 0.001 ). Abbreviations: HR, hazard ratio; CI, confidence
interval; PASP, pulmonary artery systolic pressure; IVSd, interventricular end-diastolic thickness; **P <
0.01 .
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