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Abstract

Standard Cardiopulmonary Resuscitation Generates
Compression (Narrowing) of the Left Ventricular Qaoav

Tract in Humans

Pei Ge Zhao
Department of Medicine
The Graduate School

YonseiUniversity

Objectives: Little is known about how external chest compmssiinfluence

cardiac structures during standard cardiopulmomnasyscitation (CPR) in humans. The
aim of this study is to investigate morphologicdiac changes generated by external

chest compression and the influence of these clsang#he efficacy of CPR.

Subjects and methods: Thirty-four patients with non-traumatic cardiacest

(24 males, mean age: 56 years old) were enrolledlti-plane transesophageal
echocardiography (TEE) was performed during stahd@@®R, and a 135° longitudinal
view was chosen to observe the left ventriculaflawttract (LVOT). An area of maximal

compression (AMC) on LVOT was sought, and the degrecompression at the AMC
(DEGm) was calculated from the diameters of the LVOTiler aorta at the maximal
compression during compression systole and comipregiastole. Left ventricular areas
and left ventricular volumes were measured by petém and area-length method
respectively. Left ventricular stroke volume (4) was calculated by subtracting

end-systolic volume from end-diastolic volume. Weoainvestigated the correlation



between left ventricular stroke volumes and theeleg@f compression.

Results The AMC was identified at the aorta including Hueatic valve area in 20

patients (59%) and at the LVOT in 14 patients (41%he AMC was located within 2 cm
from the aortic valve in 79% of the patients. Coegsion of the AMC was noted in all
patients and the degree of the compression at M€ Aanged from 19% to 83% (mean:
49+19%). Compared with the patients having the AltGhe aorta, the patients having
the AMC at the LVOT had higher calculated strokduwge and larger left ventricular
systolic and diastolic areas (44+15 vs. 29+16 ml).p47; 14+7 vs. 6+3 cmp=0.00;
22+10 vs. 10+7 cfy p=0.00).

Conclusion: Standard cardiopulmonary resuscitation generatésble degrees of

compression of the LVOT or the aortic root. Narnogviof aortic root resulted in more
adverse effect to the efficacy of CPR comparedh&b of LVOT. Lower hand placement
of sternum for external chest compression mightabse this adverse effect and result in

better hemodynamic outcomes of CPR.

Keywords- cardiopulmonary resuscitation; external chest cesgions; left

ventricular outflow tract
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I . Introduction

In 1960, Kouwenhoven et al. first reported the abelosed-chest cardiopulmonary
resuscitation (CPR) in 20 patiefts Since then, CPR has been widely implemented in
the world and documented to be effective to requatgents with cardiac arrest. Many
investigations have been carried out in order westigate the physiologic mechanism by
observing the opening or closure of the cardiagesaburing external chest compression
and to develop new methods of CPR. Morphologic changes of the cardiovascular
structures during external chest compression haeen bsought by using of
two-dimensional echocardiography. Most of theseiptes studies focused on motions of
cardiac valve¥ *®or diameter of descending aoftd. However, little has been known
about how external chest compressions influencdia@structures during standard CPR
in humans. The aim of this study is to investigiie changes of cardiac structure
generated by external chest compression and theeidfe of these changes on the

efficacy of CPR.



II. Subjects and methods

1. Subject

Thirty-four patients with non-traumatic cardiacesmtr (24 males and 10 females, mean
age: 56 years old) were enrolled in the study.elR&iwho had structural heart diseases or
aortic disease on transesophageal echocardiog(@it) were excluded. Patients who
had destructive changes of the lungs on chest Xmerg also excluded. The study was
reviewed and approved by the Human Investigatiom@@ittee of our institution.
Informed consent could not be obtained from théept, but verbal communication was

made with a family member present.

2. Methods

2.1. Cardiopulmonary resuscitation

The team performed CPR as soon as the patienedrat/the emergency room or just
after the cardiac arrest developed. CPR was peeldimaccordance with 2000 American
Heart Association (AHA) guidelines for CPR and EEE The rate of chest compression
was 100 per min. External chest compressions wame dy one of emergency residents.
Ventilation with 100% oxygen was provided with dfseaflating bag. One milligram of

epinephrine was injected into the antecubital Vei@very 3 minutes.

2.2. Transesophageal echocar diography

TEE was performed during CPR just after the conglebf tracheal intubation and
injection of first dose of epinephrine. A multipiartransesophageal probe (5 MHz,
Ultramark-9, Advanced Technology Laboratories INdSA) was introduced into the

esophagus to observe the heart and the ascendirig. dmmediately after the



transesophageal probe was inserted, the heartnedly examined to search for possible
causes of cardiac arrest. Any patient who had phwogic abnormality of the heart or
the aorta on TEE was excluded from the study. hafum-left ventricle two-chamber
views at 90° and longitudinal view at 135° weredus®inspect opening or closure of the
mitral and aortic valve, and a horizontal four-clh@mview to evaluate the extent of left
ventricle compression. A 135° longitudinal view waken toobserve the left ventricular
outflow tract (LVOT) and the ascending aorta. Ingmgéthe left ventricular outflow tract
were obtained at the point of the maximal compagssite. M-mode tracing was done at
the area of maximal compression (AMC). All echo@agdaphic images were recorded

with s-VHS videotape.

2.3. Analysis of recorded images

The images recorded during CPR were analyzed lgr@diac image analysis system
(Imagevue, Novamicrosonics Inc., USA). After freegrecorded images from the cardiac
analysis system, calibration was made by an inlieathcalibrator. The exact position of
AMC was identified. Next the distances from AMC to the aortic valve were soeed in
every patient. The maximal and minimal diametersgh&f LVOT or the aorta during
external compression were measured. The ratio &fmae diameter to minimal diameter
was calculated as the degree of the compressithre &#MC (Fig. 1). The cross-sectional
area of LVOT was also measured during compressisiole and diastole. Left
ventricular volume was calculated by the area—tengtethod™, by subtracting
end-systolic volume from end-diastolic volume t@u@ice left ventricular stroke volume
(LVsy). Left ventricular systolic and diastolic areasreveneasurely perimeter method
from the view at end-systole and end-diastole. Eagasurement was calculated by
taking the average value of five consecutive cyfles the recorded images. Analyses
were performed and reviewed by an emergency playsiend two cardiologists. If there

were any disagreements, the image was reanalyzed.



According to the difference of the location of naal compression (as shown in the
section 3.1 location of the area of maximal comgiceg, we divided all patients into two

groups: LVOT and aorta group.

2.4. Statistical analysis

Data were coded into computerized data processiftggare (SPSS for windows 12.0,
SPSS Inc., Chicago, IL). Continuous variables waralyzed by paired t-test or
Mann-WhitneyU-tests if appropriate, and statistical significamaes noted at ®-value
less than 0.05. All data are presented as mean®8ake volume, left ventricular systolic
area and left ventricular diastolic area between ahrta group and LVOT group were

compared by Student t-test.

Fig. 1. Measurement of the diameter at an AMC ombte tracing. LA: left atrium; RV:
right ventricle; AV: aortic valve (opening); AO: @@ root; AMGC;,s diameter of AMC at

compression systole; AMf: diameter of AMC at compression diastole.



III. Results

1. General characteristics of the patients

In this study, 34 patients who suffered non-traucnatirdiac arrest received TEE.
Twenty-four patients were males. The mean age Wagars old. Twenty-eight patients
had arrests in the field and six patients had &riashe emergency department. The total
arrest time ranged from 1 to 120 minutes, mean evatu 31.2+10.3minutes. Total
compression time ranged from 20 to 92 minutes, rdart+13.9 minutes. With regard to
the initial rhythm of cardiac arrest, ventriculabrillation (or pulseless ventricular
tachycardia) is in 4 patients, PEA in 10 patieats] asystole in 20 patients. Return of
spontaneous circulation (ROSC) occurred in 8 pttiafter CPR. Only 4 patients were
discharged with survival. Another 2 died withint2durs. In one patient the information is
not clear in age, arrest time, compression timerhgthm. The average time from patient
arrival to completion of probe insertion was 8t7nmiThere was no difficulty in

introducing the TEE probe into the esophagus.



Characteristics of the patient were shown in Tadbl&here is no significant difference

in age, arrest time and CPR time between LVOT amtharoup.

Table 1. Characteristics of patients and compatistween LVOT and aorta group

Characteristics Total LVOT group Aorta group P value
Cases 34 14 20
Age, yrs 56.3+11.5 55.2+13.6 57.4+10.8 443
Sex

Male 24 10 14

Female 10 4 6
Arrest time (min) 31.2+10.3 30.3+8.6 33.6+11.7 327
CPR time (min) 44.7+£13.9 46.8+£17.4 43.4+14.8 418
Rhythm

Asystole 20 9 11
VF/ Pulseless VT 4 1 3
PEA 10 4 6
Outcome

Survival 4 2 2

No Survival 30 12 18

Arrest time: elapsed time from collapse to ER visit

CPR time: in-hospital CPR time (elapsed time frof\Esit to ROSC or termination of
CPR)

VF/ Pulseless VT: ventricular fibrillation / pulesks ventricular tachycardia

PEA: pulseless electrical activity



2. Morphologic changes of the heart

AMC was sought with TEE observation. We found thseof the heart, including the
LVOT, the aortic root, and the right ventriculartibaw, subjected to external chest
compression. The base of the heart was compresgeaificeintly during external chest
compression. In all patients, a significant narrayof either the LVOT (Fig. 2) or the
aortic root (Fig. 3) was observed in the 135° Itundjnal view of TEE. The mitral valve
was closed during compression phase and open dulisxgation phase. The aortic valve

was open during compression phase and closed dlepgation phase.

Fig. 2. AMC at LVOT. Compared with TEE image in 238ngitudinal view recorded in
early phase of compression (A), both the LVOT draldortic root became narrowing at
the end of compression phase (B). The area of naxiarrow was obviously at the

LVOT. The right ventricle was also deformed rematia



Fig. 3. AMC at aortic root. Compared with TEE image 35° longitudinal view recorded
in early phase of compression (A), the ascendimgdeecame narrowing at the end of

compression phase (B). The area of maximal narrag/abviously at the aortic root.



3. The AMC,; thelocation and the degree of compression

3.1 Thelocation of the AMC

The AMC was identified at the aorta including ttatie valve in 20 patients (59%,
aorta group) and at the LVOT in 14 patients (4180 group). The distance from the
aortic valve to the AMC (Ruc.av) ranged from 0.09 to 3.62cm (mean: 1.71+0.34cm) in
LVOT group and 0.25 to 3.67cm (mean: 1.58+0.47amaadrta group. The AMC was

located within 2cm from the aortic valve in 79%tloé patients (Fig. 4).

Aorta AV LVOT
o 9000 00000M@ OO0 9 o ¢ oMo -] -]
-2 0 2

Fig. 4. Distribution and the distance of AMC frohetaortic valve (cm)



3.2 changes of the diameter of the LVOT or aorta

Compression of the AMC was noted in all patientgakl diameter of the AMC was
2.08+£0.50 cm at compression diastole and 1.04+@m2at the compression systole

(p<0.01, Fig. 5). The degree of the compressioth@tAMC ranged from 19% to 83%
(mean: 49£19%).

3. -1 *p<0.05

Compression Idiﬂole Cmmmsu;n systole

Fig. 5. Diameter of the LVOT or aorta

10



The degree of compression in aorta group was signily higher than LVOT group,
which suggested that higher degree of a narrowfrteooutflow tract can be developed

when the AMC is located above the aortic valve ([@&).

Table 2. Comparison of dimensions of the AMC betwe€OT group and aorta group

Group AMCsyS (Cm) AMcdia (Cm) AIVlccom (%) DEGcom (%)
LVOT 1.32+0.13 2.14+0.24 61.6+10.3 38.319.4
Aorta 30.86+0.09 b2 01+0.19 42.8+12.1 957.6+11.5

P value: a<0.01; b<0.05; c<0.01; d<0.01

AMCgys diameter of AMC at compression systole

AMC 4. diameter of AMC at compression diastole

AMC om: compression of AMC= AMG¢AMC i, (%)

DEGcom: degree of compression= (AM&-AMCsys YAMC gia (%)
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3.3 Correlation between degree of compresson and LV

stroke volume

There was no correlation between degree of comipressnd LV stroke volume.
Analysis of linear regression showed there wassitipe correlation (the coefficient of
correlationr =0.673) between the degree of compression andrdKestvolume in LVOT
group. On the contrary, a negative correlation slaswvn in the aorta group £-0.749)
(Fig. 6).This finding suggested that the higher siuibty of cardiac compression is
present when the AMC is located at the LVOT whHile kesser possibility is present when

the AMC is located at the aorta.

120 1 707
TS i L 2
100 1 60
L
() ) 50 1 .
£ 80 El *
S £ 40 4
£ 604 *»w o £ ’0
o
& ¢ . . 2 30 1 O o
1] w
% 401 £ % 5o ] MR
20 - Q o &,
* 10 1 L J *
O L L L L 1 0 T T T T 1
0 20 40 60 80 10( 0 2 40 60 80 100
degree of compression(LVOT
& b degree of compression(aorta group)
group)

Fig. 6. Correlation between degree of compressiohl®’ stroke volume in LVOT and

aorta group.
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3.4 Location of AMC and changes in the left ventricular

dimensionsand LV stroke volume

LV stroke volumes and LV systolic and diastolicamavere calculated in 31 patients.
Unfortunately, in three patients we couldn’'t acqugood image plane to measure
left-ventricular volume. Compared with the patiemiso had the AMC at the aorta, the
patients having the AMC at the LVOT had higher glted stroke volume and larger left
ventricular systolic and diastolic areas (44+1528+16 ml, p=0.047; 14+7 vs. 623 ém
p=0.00; 22+10 vs. 107 dnp=0.00) (Fig. 7).

120— [ LV area, systolic (cm?)
100 — [ LV area, diastolic (cm?)
[] LV stroke volume (ml)
m—
*
m_
*p<0.05 —‘7
40— J S—
*
" ﬁi I 4+ &=
I
o—
LVO"I' A.(l'l'l

Fig. 7. LV systolic area, LV diastolic area, and $voke volume (LVOT vs. Aorta

group)
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IV. Discussion

The major findings of our study are as follows: (@)andard cardiopulmonary
resuscitation generates variable degrees of cosipresit the outflow tract of the left
ventricle including the LVOT or the aortic root.) (2ompared with the patients who had
the AMC at the aorta, the patients having the AMGha LVOT had higher calculated
stroke volume and larger left ventricular systali@ diastolic areas.

In our study, external chest compression was peddraccording to 2000 American
Heart Association (AHA) guidelines for CPR and EQE,which the rescuers were
suggested to compress the lower half of the vigisternum in the middle of the chest
between nipples with a compression deyith to 5 cm*!. The rescuer should place the
heel of the hand on the sternimihe center (middle) of the chest between thelegpand
then place the heel of the second hand on topeofirst sathat the hands are overlapped
and parallef*.

However, same hand placement and same compressjih df chest compression
during CPR may result in different changes of aditructures in different patients.
Various configurations of thorax and morphologiefs imtrathoracic structures may
account for these changes. Thoracic configuratayesattributed to various body types,
sexes, and ages of individufs'”. Some pleura and pulmonary diseases can also&hang
the relative position of heart and sternfi®® *°! For example, pulmonary atelectasis
shifts heart to the affected side; pleural diseasel as pneumothorax or pleural effusion
shift it to the opposite side. Various types ofdtavascular diseases may produce its own
shape and positidff’.

In our study, we reviewed chest radiograph or caeghaomography (CT) before or
after CPR for every patient. Combined with tranpésgeal echocardiography, we
excluded all patients with significant morphologabnormalities from thoracic or
cardiovascular diseases.

It is easy to understand which part of the cardtaecture will be subjected by external

14



chest compression if we take a look at a crossesedtanatomy of the thorax at the level
of the position for external chest compression. SEI@&T scan in a patient of our study
shows that the cardiac base is located at theigosif external chest compression (Fig.
8). For this reason, the compression force doeglimettly work on left ventricle. The
axis of compression force exerted by external clwshpression will traverse as
following: compression point of sternumright ventricle—aortic root (or LVOT)—left
atrium —vertebral column. External compression force derifem CPR providers is
indirectly transmitted to aortic root (or LVOT) shisg through right ventricle. That is the
reason why LVOT or aorta root is compressed duexigrnal chest compression in our

study.

COMPRESSION AXIS
o~ vﬂ"'\
S

s

\
)

Fig. 8. Axis of compression traversing the heat. ight ventricle; RA: right atrium; AO:

aorta; LA: left atrium

We noticed that the area of maximal compressionidexstified at the aorta above the
aortic valve in 59% patients and at the LVOT in 4fi&tients. In one of the latest studies
of radiological assessment of the chest in patiadtisout cardiac arrest, Pickard et al.

reported that the left ventricle was presenteti@ntiddle of the lower half of the sternum
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in 3% of cases, the left atrium in 23%, the tophaf left atrium in 36% and the ascending
aorta in 38% of casé&dl. The differences of the results in the reportsvben ours and
Pickard’s study could be due to two factors asofeihg: firstly, all the patients in our
study were of cardiac arrest. Secondly, the meahsmaging and methods of
measurement are different. We used transesophegeatardiography and just observed
the AMC of the outflow tract of the left ventriclecluding the LVOT or the aortic root
during CPR, while they used chest CT scans to tigate anatomical structures below
the mid-point of the lower half of the sternlffl. Nevertheless, we may infer that if the
patients enrolled in Pickard’'s study were perforn@&@R, the most common AMC of
LVOT would be at aortic root. The variation of AMI@ patients with cardiac arrest
probably resulted from different relative positidretween standard compression point of
sternum and LVOT (including aortic root) which midie due to aberrance and diseases
to some extent.

There was a large variation of degree of comprassicAMC in this study. The degree
of compression should be due to several factonst,Rhe relative position between
LVOT (or aortic root) and sternum must be the priyndeterminant. Generally speaking,
aortic root is located just below the sternum. HesveLVOT lies in the left lateral under
the sternum. So, equipollent force of compressial produce higher degree of
deformation at AMC in aortic root than LVOT. Secorde distance from the middle
point of lower half of sternum to LVOT (or aortioat) may be another determinant. The
longer the distance is, the lesser degree of casajome is developed. In addition, the
result of our study showed the lumen of LVOT wasavithan aortic root, which might
lead to its lower degree of deformation.

Compression of LVOT (or aortic root) will result imarrowing of its lumen which
would cause increase in resistance to forward bléiods from left ventricle ??.
Compression (or narrowing) of LVOT or aortic rodiosld be regarded as an adverse
effect to the efficacy of CPR. It seems that L\bk& volume should be decreased if we

increase the degree of compression at AMC of LVQTaartic root to every patient
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during CPR. However, our results showed no coigldtetween LV stroke volume and
the degree of compression at AMC in all patient®ked in this study. Quite differently,
there was a positive correlation in LVOT group onegative correlation in aorta group
between LV stroke volume and the degree of comjmesst AMC. In other words,
increasing the degree of compression at LVOT oti@osot may induce different effect
for LV stroke volume. It is a very interesting ploemenon.

The patients in LVOT group had higher calculated $tvoke volume and larger left
ventricular systolic and diastolic areas than théepts in aorta group. This is another
valuable finding in our study. It has not been séeriteratures to describe these
interesting phenomena. Larger changes in the edémll LV stroke volume and
ventricular area suggest that the left ventriclensre compressed in the LVOT group
than the aorta group. In the view of cardiac puimpoty, external chest compression
should produce significant volume change of theehtricle by direct compression of
the cardiac chambers. Our finding revealed thactlicardiac compression is likely to
occur when the caudal portion of the sternum is pressed by external chest
compression.

To a healthy person, the process of LV ejectiontzaescribed as following: During
the phase of isovolumetric contraction, left vantlar pressure rises rapidly with its
myocyte contraction. During the phase of rapid tge¢ when the intraventricular
pressures exceed the pressures within the aoeaaditic valve is pushed to open,
followed by rapid ejection of blood into the aoftam left ventricld®®. Blood is ejected
because the total energy of the blood within lefhtvicle exceeds the total energy of
blood within the aorta. In other words, there iseaergy gradient to propel blood into the
aorta from left ventriclé®!. But under the condition of cardiac arrest witheemal chest
compression, the energy that accounts for theiejecf blood from LV to aorta derives
from rhythmic squeeze to left ventricle betweernrsten and spine because there is no

intrinsic myocardial contractilit{f>.
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In LVOT group, the position of left ventricle isosler to the axis of compression force.
Besides, LVOT is not located just below the sterramd the lumen of LVOT is wider.
Therefore, equipollent force of compression camltés lower degree of compression at
AMC and yield higher intra-LV pressure in LVOT gmuMore blood will be propelled
from LVOT to aorta during early phase of compressidonsequently, more LV stroke
volume will be yielded in LVOT group than in aodeoup. With regard to the different
correlation between the degree of compression aCAvid LV stroke volume in the two
groups, we may make a supposition as followingudfincrease the force of compression
in patients having AMC at LVOT (i.e. increase thregree of compression at AMC), the
increase of blood energy in left ventricle will bigher than the increase of resistance in
LVOT. On the contrary, in aorta group, the increaéeesistance of aortic root will be
higher than the increase of blood energy in lefitriele, even the lumen of aortic root
occluded during the end phase of compression. rfifoeasing compression force may
produce higher LV stroke volume in LVOT group aonevér LV stroke volume in aorta
group.

Since LV stroke volume in aorta group is lower tlihat of LVOT group, a question
would be put forward with regard to how we coulcpiove the outcome of CPR in the
aorta group. In this study, Analysis of linear esgion showed there was a negative
correlation between the degree of compression ahdttoke volume in the aorta group.
Then, how about to reduce compression depth? Ifdeethis way, the degree of
compression and the resistance of outflow tradtlvéldecreased. However, the force of
compression to LV will also decline. Moreoverthe biggest problem is that we can
hardly judge whether the location of AMC is in @orbot or LVOT before CPR. Besides,
in a prospective and multi-center study of adulhaspital and out-of-hospital cardiac
resuscitations, Edelson et al reported that shattbest compressions were associated
with defibrillation failure*®. Therefore, decreasing compression depth mightbroa
considerable way to improve outcome of CPR. Fromwe hypothesized if we shift the

location of AMC from aortic root to LVOT or lowerlgce, all problems seem to be
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solved. If so, as long as we keep or increasedtee fof compression, LV stroke volume
will be likely to be increased.

Since both other stud}! and ours indicated that most AMC during standaPiR @vere
located at aortic root, if we lower hand placenmfentchest compression, most AMC will
be located at LVOT and higher LV stroke volume Wil acquired. So it is supposed that
the currently recommended position of external thempression during standard CPR
might not be propeihand placement of the sternum caudal to currentiposeems to be
more rational in evidence. In other words, moreepds of cardiac arrest would benefit
from this position with higher efficacy of CPR.

The alternative position we suggest is located betwthe standard position and
xiphoid process. If compression is centered tog kv xiphoid process may be driven
into the left lobe of the liver, resulting in livéaceration®”. If the compression point is
shifted laterally, the costochondral junctions rhaysubluxed or ribs may be brok&h

There are several limitations to this study. Fiveg could not assess changes in the
LVOT (including aortic root) as well as in left vigicular chamber simultaneously.
Simultaneous observation of LVOT (including aontgot) and left ventricular may be
needed to find the relationship between changés/@fT (including aortic root) and left
ventricle. It is very hard to observe left venttamuand LVOT (including aortic root) at
the same moment with TEE. Second, we could not mneastracavitary pressures in the
left ventricle and/or the LVOT (including aorticat). Therefore, we could not investigate
actual pressure gradient through the narrowing segmuring compression or the time
sequences of pressure rise in the left ventricld thie LVOT (including aortic root),
which may help to clarify the mechanism that thégoés in LVOT group had higher LV
stroke volume than the patients in aorta grouprdihive could not measure blood flow
(this is not feasible during CPR in humans), sd W& could not correlate morphologic
changes of the cardiac structures with blood voltraesferred from the left ventricle to
the aorta. Fourth, the compression force could beotmeasured during CPR. Higher

compression force might produce higher degree ofiptession at AMC of LVOT
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(including aortic root) and different changes of k¥foke volumes between LVOT and
aorta groups. However, excessive compression forzest not be administered because
residents of emergency departments perform premlocdimpression according to AHA
guidelines. Fifth, we did not have the patientdqrened chest compressions at the hand
placement caudal to the standard position so tlatewuld not confirm another hand
placement is more proper than the standard posiiomther studies are needed to

confirm this assumption.
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V. Conclusion

Standard cardiopulmonary resuscitation producemblar degrees of compression of
the cardiac base and. generates variable degreesrofving at the outflow tract of the
left ventricle including the LVOT and the aorticotpwhich might affect adversely to the
hemodynamic effect of external chest compressioandHplacement caudal to the
position currently recommended for external chesnmression might decrease the
narrowing of the left ventricular outflow tract aagloid compression of the cardiac base.

Further studies are needed to make this assumpiioa confirmed.
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