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Purpose: To compare the hemodynamic effects of medical antishock trousers (MAST) inflation in mechanically 
ventilated patients with normal and poor left ventricular function. 
Mcdaods: Twelve patients requiring respiratory support were divided into two groups according to baseline 
transesophageal echocardiography (TEE) measurements: normal left ventricular dimensions and fractional area of 
contraction (FAC=61 _+ 5%) (n=7) and dilated cardiomyopathy with reduced FAC (21 -+ I%) (n=5). All 
patients were studied when two successive levels of load (mild load by inflation of the leg compartment of MAST 
at 50 cmH20 and high load by adding the abdominal compartment of MAST inflated at 30 cmH20 ) were applied. 
Global left ventricular systolic function was assessed on the TEE transgastric short-axis view. End-systolic wall stress 
(ESWS) was used as an indicator of left ventricular afterload. 
Re.stilts: Total respiratory, lung and chest wall compliances were reduced by 48%, 51% and 27% respectively at 
the high load level (P < 0.05). Whereas no hemodynamic changes occurred at mild load, the high load level pro- 
duced an increase in left ventricular afterload as evidenced by concomitant increases in diastolic arterial blood 
pressure (66 - 6 to 79 -+ 6 mmHg, P < 0.05) and ESWS (69 + 12 to 74 _+ 12 Kdyn-cm-2-m -2, P < 0.05). In 
patients with dilated cardiomyopathy, this increase in afterload impaired the left ventricular systolic function and 
end-systolic area increased (I 9.0 - 2.5 to 21.4 _+ 2.9 cm~-m -2, P < 0.05) while FAC decreased (22 -+ 2 to 16 
_+ 2%, P < 0.05). Left ventricular end-diastolic area remained unchanged during the study in both groups. 
Conclusion: MAST inflation impairs respiratory mechanics and global left ventricular systolic function in cardiac 
patients without changes in left ventricular preload. 

Object i f :  Comparer les effets circulatoires du pantalon antichoc (PAC) chez des patients ventil& ~ fonction ven- 
triculaire gauche (VG) normale et al t&&. 
M&hodes : Douze patients ventil& ont ~t~ r~partis en deux groupes selon les donn&s de I'&hocardiographie 
transesophagienne (ETO) : dimensions VG et fraction de raccourcissement de surface (FRS) normales (n = 7) ou 
myocardiopathie dilat~e (FRS = 21 _ I%) (n = 5). Deux niveaux de charge ont ~t~ appliqu& : charge I~g&e 
obtenue en gonflant les membres inf&ieurs du PAC ~ 50 mmHg et charge ~lev& en ajoutant le compartiment 
abdominal gonfl~ ~ 30 mmHg. La performance globale VG a &~ mesur& par ETO et le calcu de la contrainte 
t~l&ystolique (CSVG) utilis~ pour I'appr&iation de la postcharge. 
R~ultats : Les compliances respiratoire totale, pulmonaire et pari~tale sont abaiss&s pour le niveau de charge 
~lev& Si le niveau de charge I~g&e n'a pas ent~n~ de modifications h~modynamiques, la charge ~lev~e a provo- 
qu~ une augmentation de la post charge VG objectiv~e par raugmentation de la pression art&ielle diastolique (66 
-+ 6 ~ 79 _+ 6 mmHg, P < 0,05) et de la CSVG (69 _+ 12 ~ 74 + 12 Kdyn.cm-2.m -2, P < 0,05). Chez les patients 
dilates, cette ~l&ation de postcharge s'est accompagn~e d'une d&&ioration de la performance VG : augmenta- 
tion de la surface t~l&ystolique VG (I 9,0 -+ 2,5 ~. 21,4 _+ 2,9 cm2-m -2, P < 0,05) et diminution de la FRS (22 
_+ 2 ~ 16 _+ 2 %, P < 0,05). Les dimensions diastoliques VG n'ont pas vari~ au cours de I'&ude. 
Conclusion : Le PAC alt&e la m&anique respiratoire et g~n&e une ~l~vation de postcharge VG qui d&&iore 
la fonction systolique globale chez les patients cardiaques sans modifier la pr&harge VG. 
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M 
EDICAL antishock trousers (MAST) 
have been recommended for treatment 
of  life-threatening hypovolemic 
hypotension and intraperitoneal or 

retroperitoneal hemorrhage. 1,2 However, by an 
increase in abdominal pressure, MAST inflation can 
induce abrupt changes in transdiaphragmatic pressure 
and create a gradient between the external pressures 
surrounding the intrathoracic and extrathoracic vessels, 
leading to major changes in left ventricular preload and 
afterload. 3 Critically-ill patients often require intermit- 
tent positive pressure ventilation which acts on transdi- 
aphragmatic pressure and left ventricular load 
conditions. 3,4 The effects of  MAST inflation in non 
cardiac patients undergoing mechanical ventilation 
have been elucidated after cardiac surgery, s The central 
hemodynamic changes due to MAST inflation have 
also been studied in patients with chronic congestive 
heart failure breathing spontaneously. 6 Whether global 
left ventricular performance improves or impairs dur- 
ing load challenge by means of  MAST in mechanically 
ventilated patients with compromised cardiac function 
is however not known. 

The aim of the present study was to compare the 
hemodynamic effects of a sudden increase in transdi- 
aphragmatic pressure induced by means of MAST in 
mechanically ventilated patients with normal and poor 
left ventricular function. 

Methods 

Patients 
Twelve critically-ill patients who required mechanical 
ventilation for an acute episode of respiratory failure 
were studied. Respiratory failure resulted from exten- 
sive bacterial pneumonia in one case, acute exacerbation 
of chronic obstructive pulmonary disease in six cases 
and cardiogenic pulmonary edema in five cases (Table 
I). Patients were divided into two groups according to 
the baseline left ventricular transesophageal echocardio- 
graphic measurements: group 1 (n=7) with normal left 
ventricular dimensions and systolic function and group 
2 (n=5) with dilated cardiomyopathy and markedly 
reduced systolic function (Table III, baseline column). 
All patients with cardiogenic pulmonary edema had a 
history of cardiac dysfunction and were in group 2. 
Conversely, no patient in group i had a history of acute 
or chronic left ventricular disease. The study was in 
accordance with the ethical regulations of our country 
(Huriet's law) and approved by the Comitd Consultatif 
de Protection des Personnes dans la Recherche 
Biomddicale of Ambroise Pard Hospital. At the time of 
the study, the lungs of all patients were being ventilated 
in the controlled mode with a ventilator (7200 Series; 

Puritan Bennett; Carlsbad, CA) that delivered at con- 
stant inspiratory flow rate and respiratory frequency of 
12 cycles.min -1 a tidal volume of 10 ml.kg -1 body 
weight with an end-inspiratory pause of  0.4 sec and 
zero end-expiratory pressure (ZEEP). Inspired oxygen 
concentration was maintained at 50%. During the brief 
period of the study, the patients were sedated with 0.1 
mg.kg-I-hr -I midazolam and 0.5 pg.kg-l.hr -* sufentanil. 
No change in baseline therapy was carried out during 
the study period. 

Measurements 
Airway pressures were obtained from the ventilator. 
Using a side-port of  the tracheal tube, airway pres- 
sures were also displayed on the M-mode tracing to 
record the respiratory cycle during echocardiographic 
study. End-inspiratory (Ppli) and end-expiratory 
(Pple) pleural pressures were measured before trans- 
esophageal echocardiography (TEE) examination by 
using an esophageal balloon advanced through the 
nose into the esophagus 35-40 cm from the nares, 
inflated with 10 ml air and allowed to deflate sponta- 
neously, resulting in a residual volume of approxi- 
mately 0.2 ml air. Balloon placement was considered 
to be correct when the patient was briefly disconnect- 
ed from the ventilator and a negative pleurai pressure 
was recorded. Total respiratory compliance (CT) was 
computed as: CT = VT/(Pi-Pe ) where V T was inspired 
tidal volume and (Pi-Pe) the difference between the 
end-inspiratory and end-expiratory airway pressure 
with a correction for intrinsic PEEP (measured with 
the end-expiratory occlusion hold of the ventilator) 
when present. Lung compliance (CL) was calculated 

FIGURE Simultaneous recording of airway pressure and 
esophageal pressure at baseline and during the two levels of load 
produced by medical antishock trousers challenge. In this example, 
measured values for end-expiratory/end-inspiratory pleural pres- 
sure were -1.8/0.6, -1.8/0.6, -1.8/2.4, -1.8/0.6 mmHg at base- 
line, mild load, high load and baseline respectively. 
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TABLE I Clinical data and outcome ofparients in both groups. 
* COPD: chronic obstructive pulmonary disease, CPE: cardio- 
genie pulmonary edema, Dop: dopamine, Dob: dobutamine, 
NSurv: nonsurvivor, Surv: survivor. 

Patient Age Sex Diagnosis* Hemodynamic Outcome* 
(n) (yr) therapy* 

Group 1 
1 76 
2 69 
3 66 
4 82 
5 34 
6 63 
7 61 

Group 2 
1 60 
2 59 
3 61 
4 73 
5 67 

M COPD NSurv 

M COPD NSurv 

M COPD NSurv 

M COPD NSurv 

M Pneumonia Dop = 5 lag.kgq.min -1 Surv 

M COPD Surv 

F COPD Surv 

M CPE Dob = 15 ~lg.kg-l.min -1 NSurv 
M CPE Dob = 12 ~lg.kg-l.min -1 Surv 

M CPE Dobu=12 pg.kgq.min -l NSurv 

F CPE Surv 

M CPE Dob = 6 lag.kgq.min -l NSurv 

TABLE II Respiratory data at baseline and changes during load 
challenge for the whole group (n=12). Pple: end-expiratory pleur- 
al pressure, Ppli: end-inspiratory pleural pressure, CT: total respi- 
ratory compliance, CL: lung compliance, CW: chest wall 
compliance. Data are expressed as mean • SEM, *P < 0.05 vs 
baseline. 

Baseline Mild load High load Baseline 

Pple -1.8 • 0.2 -1.8 • 0.2 -1.6 • 0.2 -1.8 • 0.2 

( m m H g )  
Ppfi 1.9 + 0.3 2.0 + 0.3 3.6 • 0.5* 1.8 • 0.2 

(mmHg) 
c r  44 • 7 43 • 7 24 • 3* 45 • 7 
(ml.cmH20 -1) 
CL 65 • 11 63 • 10 32 • 4* 69 • 10 
(ml.cmH20 a) 
CW 126 • 12 129 • 14 90 • 7* 137 • 14 
(ml.cmH20 q) 

by dividing V x by end-inspiratory minus end-expirato- 
ry transpulmonary pressure (airway pressure minus 
pleural pressure) and chest wall compliance (CW) by 
dividing V x by end-inspiratory minus end-expiratory 
transthoracic pressure (pleural pressure minus atmos- 
pheric pressure)7 

Systemic arterial blood pressure was measured via 
an indwelling radial catheter  with a transducer 
(Transpac; Abbott  Laboratories; Nor th  Chicago, Ill) 
positioned at the midaxillary line, with atmospheric 
pressure as a zero reference. Transmural systolic blood 
pressure (SBPtm), defined as the peak arterial pressure 
minus pleural pressure, was used to approximate end- 
systolic pressure for noninvasive left ventricular merid- 
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ional end-systolic wall stress (ESWS) calculation, s 
Hear t  rate was obtained from the ECG. 
Echocardiographic measurements were performed by 
a single trained investigator (HP 77020A; Hewlett-  
Packard; Andover, MA). A transesophageal 5 M H Z  
single plane probe was positioned to obtain a short- 
axis cross-sectional view of  the left ventricle at the 
midpapillary muscle level. Echocardiographic images 
were recorded during the protocol and reviewed in a 
blinded fashion for single frame, stop-motion analysis. 
The end-diastolic frame was selected at the peak o f  the 
R wave on simultaneous ECG recording and the end- 
systolic frame was defined as the smallest ventricular 
dimension during the last haft of  the T wave. Using a 
microcomputer interfaced with the videotape player, 
end-expiratory stop-motion frames at end-diastole 
and end-systole were displayed on the microcomputer 
screen to digitize the endocardial outlines o f  the left 
ventricle. End-diastolic (EDA) and end-systolic (ESA) 
areas were automatically processed. The stroke area 
(SA) was calculated as EDA-ESA and the fractional 
area o f  contraction (FAC) was calculated as SA/EDA. 
FAC provided global assessment o f  left ventricular sys- 
tolic performance as the net restflt o f  the integration 
o f  cardiac inotropic state and loading conditions. Left 
ventricular end-systolic wall thickness (WT) was mea- 
sured by the leading edge-to-leading edge technique 
via M-mode recording. ESWS was calculated using 
Reichek's formula: s 

ESWS=0.334(SBPtmxESD) /WT( l+WT/ESD)  

where ESD was left ventricular end-systolic diameter. 
To exclude possible changes in left ventricular 

shape during the study, an average ESD was comput- 
ed from the measured ESA. The ESWS provided a 
reliable indication o f  left ventricular afterload by 
reflecting the combined effects o f  peripheral loading 
conditions and intrinsic cardiac properties. 9 

Protocol  

After completion o f  a baseline set o f  measurements for 
each patient, a mild lower body positive pressure by 
means o f  MAST inflated to 50 c m H 2 0  in the leg com- 
partment was applied for five minutes to obtain the 
first step o f  load (mild load) and measurements were 
repeated. Then,  the load was increased further by 
adding the abdominal compartment  o f  the MAST 
inflated to 30 cm H 2 0  while holding the leg compart- 
ment at the same inflation pressure and measurements 
were repeated after five minutes, providing the high 
lower body positive pressure level (high load). Finally, 
MAST was removed and a second set o f  baseline mea- 
surements was obtained. 
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TABLE III  Global hemodynamic parameters and echocardiographic data at baseline and changes during load challenge for both groups of 
patients. HR (b.minl): heart rate, SBP (mmHg): systolic blood pressure, DBP (mmHg): diastolic blood pressure, EDA (cm2.m-2): end-dias- 
tolic area, ESA (cm2.m-2): end-systolic area, SA (cmZ.m-2): stroke area, FAC (%): fractional area of contraction, ESWS (Kdyn-cm-U.m-2): end- 
systolic wall stress, NS: non significant. Data are expressed as mean • SEM, *P < 0.05 vs baseline. 

Baseline Mild load High load Baseline Difference be~veen groups, 
P value 

H R  
Group 1 105 • 7 104 • 7 103 • 7 104 • 7 NS 
Group 2 103 • 10 104 • 10 103 • 10 105 • 10 
SBP 
Group 1 128 • 5 135 • 5 147 • 5* 123 • 5 <0.05 
Group 2 129 • 9 132 • 9 138 • 9 129 • 9 
DBP 
Group 1 70 • 9 74 • 9 84 • 9* 68 • 9 NS 
Group 2 64 • 4 67 • 4 72 • 4* 61 • 4 
EDA 
Group 1 10.3 + 1.1 10.7 • 1.1 9.9 • 1.2 10.0 + 1.2 NS 
Group 2 24.2 • 3.2 25.6 • 3.5 25.6 • 3.5 24.2 • 3.2 
ESA 
Group 1 3.6 • 0.4 3.9 • 0.4 3.9 + 0.5 3.6 • 0.4 <0.05 
Group 2 19.0 • 2.5 19.8 • 2.6 21.4 • 2.9* 19.0 • 2.8 
SA 
Group 1 6,7 • 1.0 6.9 • 1.0 6.0 • 1.0 6.4 • 1.1 <0.05 
Group 2 5.2 • 0.7 5.8 • 1.2 4.2 • 0.9* 5,2 • 0.8 
FAC 
Group 1 63 • 5 62 • 59 + 5 62 • 5 <0.05 
Group 2 22 • 2 22 • 2 16 • 2* 22 • 2 
ESWS 
Group 1 33 + 4 37 • 4 39 • 4* 32 • 4 NS 
Group 2 93 • 14 97 • 4 106 • 14" 89 + 14 

Statistical analysis 
Statistical analysis was pe r fo rmed  using statistical soft- 
ware (Statgraphics version 5.0; Uniware;  Paris, France).  
Da ta  are expressed as mean  + SEM. Compar i sons  o f  
means  at each level o f  load  (mild  load  and h igh  load)  
wi th  the average o f  baseline measurements  within and 

be tween  groups  were pe r fo rmed  using a two-way analy- 
sis o f  variance for repea ted  measurements ,  comple ted  in 
case o f  significance by mul t ip le  comparisons  tests using 
the contras t  me thod .  A test  giving a Pva lue  < 0.05 was 
cons idered  statistically significant. 

Resul ts  
Clinical  da ta  and  o u t c o m e  in b o t h  g roups  o f  pat ients  
are ind ica ted  in Table  I. Resp i ra to ry  da ta  for the  
who le  g r o u p  are p resen ted  in Table  I I .  The  Pple d id  
n o t  change  d u r i n g  the  s tudy,  whereas  Ppli  was 
increased by inf la t ion o f  the  a b d o m i n a l  c o m p a r t m e n t  
o f  the  M A S T  (h igh  load) .  F u r t h e r m o r e ,  at  the  h igh  
load  level, to ta l  respiratory,  lung  and chest  wall  com-  
pl iances were  r e d u c e d  by 48%, 51% and  27% respec- 
t ively,  P < 0 .05 .  A n  example  o f  s i m u l t a n e o u s  

r eco rd ing  o f  a i rway pressure  and  esophagea l  pressure  
w h e n  t idal  vo lume  was kep t  cons tan t  is shown in the  

F igure .  Whi l e  e n d - e x p i r a t o r y  e sophagea l  pressure  
r ema ined  u n c h a n g e d  t h r o u g h o u t  the  p r o t o c o l  pe r iod ,  
b o t h  end- insp i ra to ry  airway and  esophagea l  pressures 
were  increased at  h igh  load  and  t r anspu lmona ry  and  
t rans thoracic  pressures were  also increased.  

Baseline left ventr icular  two-d imens iona l  echocar-  

d iograph ic  da ta  (short-axis  view) in b o t h  g roups  o f  
pat ients  are ind ica ted  in Table  I I I  (basel ine co lumn) .  
Whereas  pat ients  in g r o u p  1 had  left  ventr icular  
d imens ions  and  F A C  in the  n o r m a l  range ,  pat ients  in 
g roup  2 had  a d i la ted  left  ventr ic le  wi th  r e duc e d  FAC.  
T h e  h e m o d y n a m i c  effects o f  the  two  successive steps 
o f  load  (mi ld  load  and h igh  load  as def ined  earlier) for  
the  two groups  o f  pat ients  are ind ica t ed  in Table I I I .  
H e a r t  rate r ema ined  u n c h a n g e d  du r ing  the  study. 
Mi ld  load  p r o d u c e d  a small  n o n  signif icant  increase in 
arterial  b l o o d  pressure  in b o t h  groups .  A p p l y i n g  the  
h igh  load  a l tered arterial  b l o o d  pressure:  systolic 
b l o o d  p re s su re  was i n c r e a s e d  in g r o u p  1 and  
u n c h a n g e d  in g roup  2 and diastol ic  b l o o d  pressure  
was increased in b o t h  groups .  N o  change  in T E E  data  
was f o u n d  at the  mi ld  load  level in b o t h  groups .  A t  the  
h igh  load  level, the  left vent r icular  d imens ions  and  
F A C  were n o t  affected in g roup  I whereas  an increase 
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in ESA was associated with impairment in SA and FAC 
in group 2 patients. In addition, calculated ESWS was 
increased at the high load level in both groups of 
patients (P < 0.05). 

Discussion 
Inflation of MAST produces a gradient between the 
external pressures surrounding the intrathoracic and 
extrathoracic vessels because it increases the external 
pressure surrounding the extrathoracic vessels without 
changing the external pressure acting on the intratho- 
racic vessels (i.e. pleural pressure). Such an assumption 
assumes that the increase in abdominal pressure pro- 
duced by MAST in mechanically ventilated patients is 
not transmitted to the thoracic cavity. Indeed, no 
change in end-expiratory pleura] pressure was found 
in the present study during the abdominal compres- 
sion by MAST at high load. Conversely, when the 
abdominal compression was combined with lung infla- 
tion, a clear increase in end-inspiratory pleural pres- 
sure was observed, resulting from the impairment in 
chest wall compliance. 7 These clinical findings 
observed with MAST confirm previous published 
experimental data. 1~ 

The pressure gradient between the abdominal and 
thoracic compartments is responsible for major circula- 
tory changes due to both an increase in left ventricular 
preload and afterload, a Nonetheless, it acts in a complex 
way on left ventricular preload and in a simple way on 
left ventricular afterload. The effects of the pressure gra- 
dient on left ventricular preload involve systemic venous 
return and cardiac distensibility. Theoretically, venous 
return increases when the gradient is increased and 
decreases when the gradient is decreased or reversed. 
However, it depends on the intravascular volume of the 
abdominal venous compartment, n so that the resultant 
hemodynamic effect is equivocal. I2 Moreover, the 
increase in venous return may increase the central blood 
volume (i.e. the left ventricular filling reserve) without 
change in left ventricular preload if the left ventricular 
distensibility is simultaneously decreased. In the present 
study, we did not find any variation in end-diastolic 
dimensions during the load challenge by MAST, nei- 
ther in patients with normal left ventricular function nor 
in patients with compromised cardiac function. Such a 
lack of effect on left ventricular preload was expected in 
group 1 since a normally filled healthy left ventricle 
does not significantly dilate in response to an increase in 
venous return because of the pericardial constraint. The 
pressure-volume relationship becomes vertical close to 
the optimal filling pressure. 13 The lack of effect was also 
expected in group 2 for the same reason. Indeed, in 
chronically dilated cardiac patients, the left ventricle acts 

at end-diastole on the vertical part of its pressure-vol- 
ume relationship and a substantial increase in end-dias- 
tolic pressure may well occur without any change in 
end-diastolic volume. Conversely, MAST has been 
found to be an efficient means to restore the left ven- 
tricular preload in settings where it was abnormally 
reduced, as during PEEP ventilation. 14,1s 

The effects of the pressure gradient on left ventric- 
ular aftedoad have been well documented in the past 
by experimental and clinical studies where a negative 
pleural pressure increased aftedoad 16J7 and positive 
pleural pressure decreased afterload ls,I9 of the left ven- 
tricle. Furthermore, the increase in intra-abdominal 
pressure induced by intraperitoneal gas insufflation 
has been found, both experimentally 1~ and clinical- 
ly, 2~ to increase cardiac afterload. Thus, the MAST- 
related pressure gradient increase should induce an 
acute increase in left ventricular afterload. As expect- 
ed, a documented rise in ESWS (a more reliable index 
of left ventricular afterload than systemic vascular 
resistance index) 9 was observed in both groups of 
patients when the MAST abdominal area was inflated. 
The tolerance was apparently good in patients with 
normal cardiac function and no significant impairment 
in global left ventricular systolic performance was evi- 
denced. At the other extreme, hemodynamic deterio- 
ration was shown in patients with compromised 
cardiac function as FAC was decreased by 27%. The 
amount of increase in left ventricular afterload during 
MAST inflation may be estimated by measuring the 
increase in diastolic arterial blood pressure. At the 
high load level, the end-expiratory increase in diastolic 
arterial blood pressure was 13 mmHg on average. 
Changes of  greater magnitude when referenced to 
pleural pressure have been previously documented in 
dyspneic patients with an increase of 14 mmHg dur- 
ing spontaneous inspiration. 21 

In summary, no increase in left ventricular preload, 
as assessed with TEE, was found in the present study 
when the MAST was inflated (including the abdomi- 
nal area) in normovolemic patients with normal and 
poor left ventricular function undergoing mechanical 
ventilation. Conversely, an increase in afterload along 
with a decrease in systolic cardiac function was well 
seen in patients with impaired left ventricular function. 
In clinical practice, the hemodynamic adverse effects 
of MAST must be considered in such cardiac patients. 
Other studies conducted in patients with compro- 
mised cardiac function are needed to evaluate further 
the hemodynamic consequences of an abrupt increase 
in transdiaphragmatic pressure, as it occurs during 
weaning from mechanical ventilation or surgical 
laparoscopic procedures. 
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