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Abstract:

Background: Military anti-shock trousers (MAST) was used for augment venous return (VR) in combat casualty 

care.  Basically, it improves hemodynamic by increasing mean systemic pressure (Pms), causing an increase in 

MAP.  It is suggested in septic shock patients when pharmacologic venous thromboembolism is contraindicated. 

There is no study of hemodynamics effect and clinical outcome compared with the flat position in patients with 

shock during resuscitation.  Methods: Randomized, single blind, prospective cohort and comparison study on 

experimental design.  Sixty patients with shock were included in this analysis.  Thirty patients were performed 

MAST by using pneumatic leg compression pressure 40 mmHg during and until finish resuscitation, compared 

with the flat position and measured for hemodynamic variables immediately after finish resuscitation.  The 

primary outcome was differences in hemodynamic variables and the secondary outcome was mean days in ICU 

stay.  Results: There was no difference in baseline characteristics in hemodynamic variables.  MAST significantly 

increased all hemodynamic variables after resuscitation.  Compared to the flat position, MAST significantly 

increased CO [3.29 (2.64, 3.93) vs. 0.34 (0.26,0.42) L/min, p < 0.001], SV [9.87 (8.68, 11.05) vs. 1.91 (1.15, 2.67) L, p 

< 0.001], MAP [7.9 (5.8, 10) vs. 1.67 (0.82, 2.52) mmHg, p < 0.001], SVR [26.87 (21.13, 32.6) vs. 11.13 (8.99, 13.27) 

dyn.s/cm5, p < 0.001], FTc [43.23 (37.15, 49.32) vs. 10.93 (7.96, 13.9), p < 0.001], SD [2 (1.76, 2.24) vs. 0.7 (0.57, 

0.83), p < 0.001] and PV [11.07 (9.41, 12.73) vs. 5.57 (4.27, 6.87), p < 0.001], and MAST had significantly less mean 

days in ICU than the flat position (4±1.29 vs. 6±1.11, p < 0.001).  Conclusion: In patients with acute circulatory 

failure, MAST significantly increased all hemodynamic variables during resuscitation and was associated with 

less mean days in ICU.
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นิพนธต์น้ฉบบั

การศึกษาการใช ้กางเกงรดัขาเพือ่ป้องกนัภาวะช็อกในทางทหาร ในการรกัษาผูป่้วย
ที่มีภาวะระบบไหลเวยีนโลหติลม้เหลวในหอผูป่้วยวกิฤต
ภาณุ บญุต่อเตมิ1 และ ภษูติ เฟ่ืองฟู2 
1หน่วยศลัยกรรมประสาท กองศลัยกรรม และ แผนกเวชบ�ำบดัวกิฤต กองอายุรกรรม  2กองศลัยกรรม โรงพยาบาลพระมงกฎุเกลา้

บทคดัย่อ

ความเป็นมา กางเกงรดัขาเพือ่ป้องกนัภาวะชอ็กในทางทหาร (MAST) ช่วยเพิม่การไหลเวยีนโลหติโดยเพิม่ค่าความดนัเฉลีย่ของระบบ

ไหลเวยีนโลหติ (Pms) ท�ำใหเ้กดิการเพิม่การไหลเวยีนของเลอืดด�ำกลบัเขา้สู่หวัใจ น�ำไปสู่การเพิม่ความดนัโลหติ มคี�ำแนะน�ำใหใ้ชใ้น

ผูป่้วยชอ็กเหตพุษิตดิเชื้อทีไ่มส่ามารถใหย้าตา้นการแขง็ตวัของเลอืดเพือ่ป้องกนัภาวะลิม่เลอืดอดุตนั ปจัจุบนัยงัไมม่กีารศึกษาผลของ 

MAST โดยการวดัค่าพารามเิตอรท์ีม่คีวามสมัพนัธก์บัการไหลเวยีนโลหติและเปรียบเทยีบกบัการรกัษาตามปกต ิ  รูปแบบการวจิยั 

Randomized, single blind, prospective cohort and comparison study on experimental design  วธิกีารศึกษา ศึกษา

ในผูป่้วย 60 รายโดยแบง่ 2 กลุม่ โดยกลุม่ที ่1 ใช ้MAST ในขณะใหส้ารน�ำ้เพือ่แกไ้ขภาวะชอ็กไปจนสิ้นสดุภาวะชอ็กและกลุม่ที ่2 

รกัษาตามปกต ิวดัค่าพารามเิตอรท์ีม่คีวามสมัพนัธก์บัการไหลเวยีนโลหติและน�ำมาเปรียบเทยีบโดยใชห้ลกัการทางสถติโิดยวดัผลลพัธ ์

ของการศึกษาเป็นความแตกต่างของค่าพารามเิตอรท์ีม่คีวามสมัพนัธก์บัการไหลเวยีนโลหติระหวา่งท ัง้ 2 กลุม่และระยะเวลาในการนอน

รกัษาในหอผูป่้วยวกิฤต  ผลการศึกษา ไมพ่บความแตกต่างอย่างมนียัส�ำคญัทางสถติใินขอ้มลูพื้นฐานค่าพารามเิตอรท์ีม่คีวามสมัพนัธ ์

กบัการไหลเวยีนโลหติของผูป่้วยทัง้ 2 กลุม่และการใช ้MAST ช่วยเพิม่ค่าพารามเิตอรท์ีม่คีวามสมัพนัธก์บัการไหลเวยีนโลหติอย่าง

มนียัส�ำคญัไดแ้ก่ ความดนัโลหติ (MAP, SBP, DBP), อตัราการไหลเวยีนโลหติออกจากหวัใจ (CO, FTc), ปริมาตรเลอืดทีไ่หลออก

จากหวัใจ(SV, SD) และ ความตา้นทานการไหลเวยีนโลหติ (SVR) และเมือ่เปรียบเทยีบกบัการรกัษาตามปกตพิบวา่ MAST ท�ำใหม้ี

ค่าพารามเิตอรท์ีม่คีวามสมัพนัธก์บัการไหลเวยีนโลหติทีม่ากกวา่อย่างมนียัส�ำคญัทางสถติไิดแ้ก่ MAP, SBP, DBP, CO, FTc, SV, 

SD และ SVR และลดระยะเวลาการนอนในหอผูป่้วยวกิฤตอย่างมนียัส�ำคญัทางสถติ ิ  สรุป ในผูป่้วยทีม่ภีาวะระบบไหลเวยีนโลหติ

ลม้เหลว MAST สามารถเพิม่ค่าพารามเิตอรท์ีม่คีวามสมัพนัธก์บัการไหลเวยีนโลหติไดม้ากกวา่การรกัษาตามปกต ิและ ลดระยะเวลา

การนอนในหอผูป่้วยวกิฤต

ค�ำส �ำคญั:	 l กางเกงรดัขาเพือ่ป้องกนัภาวะชอ็กในทางทหาร  l Mean systemic pressure  l Cardiac output

			   l Venous return
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Introduction

In critically ill patients with sepsis and septic shock, 

passive leg compression (PLC) is widely used as an alternative 

method for deep vein thrombosis (DVT) prophylaxis as 

recommended by surviving sepsis campaign guideline 

(SSC) 2018 and European Society of Intensive Care 

Medicine1.  However, its application has been used for 

augment venous return (VR) purpose for at least a decade 

in Military, known as military anti-shock trousers (MAST)2. 

Basically, it improves hemodynamic by increasing mean 

systemic pressure (Pms), and then augment VR causing 

an increase in mean arterial pressure (MAP)2.  Previous 

studies3 showed evaluated effects of PLC on augmented 

flow velocity and volume flow in patients with varicose 

vein, and PLC significantly increased VR volume up to 

106 mL per cycle.  In addition, in healthy volunteers it 

was found that there was an increase in venous volume 

following thigh cuff pressure4.  Nowadays, PLC is a 

method to prevent venous thromboembolism (VTE) in 

ICU patients5.  Its mechanisms are increasing fibrinolytic 

activity and flow of venous return4.  For PLC and effect 

on circulatory hemodynamic, there were randomized 

control trials  investigating the use of a leg compression 

device (LCD) to support mean arterial pressure (MAP) in 

45 healthy patients undergoing elective caesarean section 

under spinal anesthesia.  They found that LCD used in 

conjunction with vasopressor significantly reduced the 

incidence of a 20% reduction of MAP (p = 0.004)6.  In recent 

years, there have been growing concerns on the safety 

of various interventions performed by emergency teams 

during resuscitation.  Fluid infusion during resuscitation has 

led to worsen clinical outcomes.7,8  Another resuscitation 

body position, such as Trendelenburg, was associated 

with an increase in intracranial pressure.  There are 

no data about the safety and clinical outcome of PLC 

during resuscitation, and the beneficial effect of PLC 

performed during resuscitation in ICU is still unknown. 

We hypothesized that PLC performed at the beginning of 

resuscitation as MAST will be a safe maneuver and will 

improve survival compared to patients treated in a flat 

position (standard way).  In this study we did not only 

demonstrated that PLC can increased VR by increased 

Pms but we also demonstrated that PLC increased MAP 

in patients with acute circulatory failure.

Materials and Methods

The objective of this study was to compare changes in 

hemodynamic related variables following PLC pressure 40 

mmHg between MAST and the flat position during and 

after finish resuscitation.  We performed a randomized, 

single blind, prospective cohort and comparison study 

on experimental design.  Regarding randomization of 

patients start with PLC pressure 40 mmHg as MAST 

or flat position, we used a block of four methods by 

randomize 1:1 ratio by varying the block size and using 

computer-generated sequence and allocation, single blind 

by opaque envelopes  (concealed with opaque envelopes). 

Patients were classified to PLC and the flat position as 

described below. 

Participants

Sixty patients in medical and surgical intensive care 

unit (ICU), Phramongkutklao hospital, Bangkok, Thailand 

from May 2020 to May 2021 were monitored for invasive 

arterial blood pressure, peripheral O
2
 saturation (SpO

2
), 

esophageal Doppler (CardioQ, Deltex medical, UK) for 

hemodynamics related variables and electrocardiogram. 

All patients were measured for cardiac output (CO), 

stroke volume (SV), systolic blood pressure (SBP), 

diastolic blood pressure (DBP), mean arterial pressure 

(MAP), heart rate (HR), systemic vascular resistance 

(SVR), flow time corrected (FTc), stroke distance (SD), 

peak velocity (PV), and central venous pressure (CVP) 

immediately after PLC pressure 40 mmHg as MAST 

procedures.  The inclusion criteria were age of more 
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than 18-year-old, septic shock (Sepsis-3 criteria) or acute 

circulatory failure defined as persistent MAP less than 

65 mmHg at least 15 min despite adequate volume 

resuscitation (perform dynamic parameters shows fluid 

non-responsive) or required vasopressor to maintain 

MAP more than 65 mmHg, and the exclusion criteria 

were patients who had contra-indication for esophageal 

Doppler catheter placement, intolerate to esophageal 

Doppler probe insertion, coarctation of aorta, bleeding 

tendency (INR > 2, platelets < 50,000/mL), patients 

who had received advance mechanical hemodynamic 

support, valvular heart disease, contraindication for PLC 

(e.g. leg ulcer or limb amputation), bed ridden more 

than 1 month before enrollment due to contra-indication 

for PLC and high risk for DVT, deep vein thrombosis 

(DVT), peripheral arterial disease (ankle-brachial index 

< 0.9), pregnancy, muscle atrophy of the leg, pain when 

performing PLC, and intraabdominal pressure more than 

16 mmHg during procedure.  Withdrawal criteria were 

patients who had complications from esophageal Doppler 

insertion e.g. massive epistaxis, suspected perforation 

of upper gastrointestinal tract

Hemodynamic monitoring

All patients were monitored for invasive arterial blood 

pressure, radial arterial catheter, and central venous 

catheter was linked to a bedside monitor on one side 

and to a specific transducer (Philips Intellivue Philips 

MX600, USA) for blood pressure and CVP monitoring.  The 

value of CO, SV, SVR, FTc, SD and PV were estimated 

with aortic flow from esophageal Doppler (CardioQ, 

Deltex medical, UK).  Sedative and paralytic agents 

were given based on bedside physician judgements 

including fentanyl, dexmedetomidine, cisatracurium, 

and midazolam. Patients were mechanically ventilated 

using a pressure-control ventilation mode with a tidal 

volume of 6 to 8 mL/kg of ideal body weight, respiratory 

rate was adjusted to maintain normocapnia, positive 

end-expiratory pressure was set between 3 and 6 cm 

H
2
O, inspired oxygen fraction was adjusted to maintain 

SpO
2
 above 94%, and inspiratory/expiratory ratio was 0.5. 

DVT screening

The provider physician performed a screening of 

DVT in all patients who enrolled in this study with 

bedside ultrasound.

Interventions

PLC pressure 40 mmHg as MAST was performed 

immediately after acute circulatory failure at ICU and was 

maintained until the end of resuscitation.  The procedure 

was to set the sleeves inflate pressure 40 mmHg then 

keep maximal effect occurs during resuscitation.

Statistical analysis

The primary outcome was differences in hemodynamics 

related variables between PLC and the flat position during 

and after finish resuscitation, and the secondary outcome 

was survival at hospital admission and mean days in ICU 

stay between the two groups.  We did a randomized, 

single blind, prospective cohort, and comparison study on 

experimental design of PLC pressure 40 mmHg as MAST 

during and until the end of resuscitation, sample size 

estimation showed that at least 30 patients6 in PLC group 

were required to evaluate their ability and to compare 

the difference. Results were expressed as mean±SD 

if the data were normally distributed, or median and 

interquartile range (IQR) if not.  Hemodynamic related 

variables were compared between MAST and the flat 

position during and after finish resuscitation using the 

independent-t test, paired t-test, Fisher’s exact test, 

Pearson’s correlation, and repeated measure ANOVA 

test.  A p-value of less than 0.05 was considered to be 

statistically significant. Statistical analysis was performed 

using SPSS version 23.0.

Ethics approval and consent to participate

Institutional Review Board Royal Thai Army Medical 

Department Ethics Committee approved this study 
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on March 4, 2020.  Research no. R177h/62 followed 

Council for International Organization of Medical Science 

(CIOMS) Guidelines 2012 and Good Clinical Practice of 

International Conference on Harmonization statement 

no.IRBRTA 292/2563.

Results

Patients characteristics

During the study period, there were 60 patients 

with acute circulatory failure included in our analysis. 

Half of the patients were performed PLC as MAST.  All 

patients were measured for cardiac output (CO), stroke 

volume (SV), systolic blood pressure (SBP), diastolic blood 

pressure (DBP), mean arterial pressure (MAP), heart 

rate (HR), systemic vascular resistance (SVR), flow time 

corrected (FTc), stroke distance (SD), peak velocity (PV), 

and central venous pressure (CVP) immediately after 

procedures.  Most of the patients were female (57%) 

with an average age of 67 years.  The most frequent 

coexisting disease was hypertension.  And the most 

frequent etiology of shock was septic shock (Table 1). 

Clinical outcomes data

There was no significant difference in baseline 

characteristic between the two groups of patients in 

sex, BMI (kg/m2), coexisting diseases, APACHE II  score, 

received intravenous fluid, fever, dosage of fentanyl, 

DBP on admission, CVP, CO, SV, SVR, HR, FTc, SD 

and PV on admission, and type of shock.  The details of 

the survival outcomes were analyzed between the two 

groups.  No significant difference in survival at hospital 

admission was found [24(80%) vs. 19(63%), p = 0.152] 

but MAST had significantly less mean days in ICU than 

the flat position (4±1.29 vs. 6±1.11, p < 0.001). (Table 2) 

Hemodynamic changes during MAST and hemodynamic 

variables in post MAST and the flat position after finish 

resuscitation are shown in table 2, with the evolution 

of CO, SV, SBP, DBP, MAP, HR, SVR, FTc, SD, PV, and 

CVP immediately after finish resuscitation.

Table 1  Demographic data of 60 patients with acute 

circulatory failure.

Variables n = 60

Male, n (%) 26 (43.3)

Age (year) 67 ± 13

BMI (kg/m2) 22.5 ± 3

Co-morbidity, n (%)

Hypertension 31 (51.6)

Dyslipidemia 10 (16.7)

Diabetes mellitus 22 (36.7)

Chronic kidney disease 12 (20)

Chronic liver disease 11 (18.3)

Coronary artery disease 4 (6.7)

Other diseases 21 (35)

IV fluid (mL) 1675 ± 538

Norepinephrine (mcg/kg/min) 0.26 ± 0.26

Fentanyl (mcg/hr) 58.0 ± 28.3

Fever 20 (66.7)

APACHE II  Score 13.73 ± 1.88

RASS score -0.2 ± 1.1

Type of shock, n (%)

Septic 50 (83.3)

Hypovolemic 10 (16.7)

Baseline characteristics between the two groups of 

patients

There was no significant differences in baseline 

characteristic between  the two groups of patients in 

sex, BMI (kg/m2), coexisting diseases, APACHE II score, 

received intravenous fluid, fever, dosage of fentanyl, DBP 

on admission, CVP, CO, SV, SVR, HR, FTc, SD, and PV 

on admission, and type of shock.  The MAST group 

was at significantly older age, showed higher blood 

lactate level on admission and dosage of norepinephrine 

(NE) than the flat position group, and the MAST group 

had significantly less SBP, MAP, and mean days in 

ICU than the flat position.  The details of the survival 
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Table 2  Baseline characteristics comparison between the two patient groups.

Variables MAST (n = 30) Flat position (n = 30) p-value

Male, n (%) 14 (46.7%) 12 (40%) 0.602

Age (year) 68.2±9.23 62±10.8 0.020*

BMI (kg/m2) 22.7±3.4 22.0±2.1 0.342

Coexisting diseases, n (%)

HT 19 (63.3%) 12 (40%) 0.071

DLP 6 (20%) 4 (13.3%) 0.488

DM 10 (33.3%) 8 (26.7%) 0.573

CKD 12 (40%) 10 (33.3%) 0.592

chronic liver disease 4 (13.3) 7 (23.3) 0.317

CAD 3 (10%) 1 (3.3%) 0.301

APACHE II  Score 13.6± 1.09 13.9±1.85 0.447

Received IV fluid (mL) 1,652±310.77 1,798±363.58 0.100

Fever 9 (30%) 11 (36.7%) 0.584

Sedation drug

RASS score

-3 0 (0%) 6 (20%) 0.042*

-1 10 (33.3%) 12 (40%)

0 10 (33.3%) 6 (20%)

1 10 (33.3%) 6 (20%)

Fentanyl (mcg/hr) 57.7±18.99 56.92±23.3 0.887

SBP on admission (mmHg) 105±10.07 113±10.67 0.004*

DBP on admission (mmHg) 52±5.55 54±4.76 0.139

MAP on admission (mmHg) 68±6.69 72±6.24 0.020*

CVP on admission (mmHg) 7±2.03 7±1.44 1.000

CO  on admission (L/min) 4.2±0.73 4.3±0.87 0.630

Stroke volume,SV (mL) 47.7±13.33 48.7±12.95 0.769

SVR (dyn.s/cm5)on admission 878±185.05 877±105.41 0.980

Blood lactate on admission (mmol/L) 5.2±0.92 4.5±1.61 0.044*

Heart rate on admission (beat/min) 94±23.25 93±16.76 0.849

Type of Shock 

Septic 27 (90%) 24 (80%) 0.278

Hypovolemic 4 (13.3) 6 (20) 0.488

Dose Norepinephrine (µg/kg/min) 0.29±0.19 0.2±0.08 0.022*

Survival at hospital admission 24 (80%) 19 (63.3%) 0.152

Means days in intensive care unit 4±1.29 6±1.11 <0.001*

FTc 270±43.23 276±39.26 0.576

SD 7±2.32 7.3±1.84 0.581

PV 47±7.85 47±7.9 1

Value presented as mean ± SD. or n (%).  P-value corresponds to Independent-t test and Fisher’s exact test.
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outcomes were analyzed between the two groups, no 

significant difference in survival at hospital admission 

was found [24(80%) vs. 19(63%), p = 0.152] but MAST 

had significantly less mean days in ICU than the flat 

position (4±1.29 vs. 6±1.11, p < 0.001).

Differences in CO, SV, SBP, DBP, MAP, HR, SVR, 

FTc, SD, and PV were compared between MAST and the 

flat position. Period effect analysis was shown in table 

3.  Compared to the flat position, MAST significantly 

increased CO [3.29 (2.64, 3.93) vs. 0.34 (0.26,0.42) L/

min, p = < 0.001], SV [9.87 (8.68, 11.05) vs. 1.91 (1.15, 

2.67) L, p < 0.001], SBP [9.87 (8.68, 11.05) vs. 1.91 (1.15, 

2.67) mmHg, p < 0.001], DBP [10.17 (7.97, 12.37) vs. 1.77 

(1.34, 2.19) mmHg, p < 0.001], MAP [7.9 (5.8, 10) vs. 

1.67 (0.82, 2.52) mmHg, p < 0.001], SVR [26.87 (21.13, 

32.6) vs. 11.13 (8.99, 13.27) dyn.s/cm5, p < 0.001], FTc 

[43.23 (37.15, 49.32) vs. 10.93 (7.96, 13.9), p < 0.001], 

SD [2 (1.76, 2.24) vs. 0.7 (0.57, 0.83), p < 0.001] and PV 

[11.07 (9.41, 12.73) vs. 5.57 (4.27, 6.87), p < 0.001], but 

there was no significant difference in HR and blood 

lactate level pre- and post- procedure between the two 

groups of patients.

Discussion

This study demonstrated that, in acute circulatory failure 

patients who were admitted to ICU, after resuscitation the 

performance of post-MAST changes in CO, SV and MAP 

is better than the flat position and baseline characteristics 

of each group were comparable.  We evaluated effects 

of MAST on CO, SV, SBP, DBP, MAP, HR, SVR, FTc, 

SD, PV, and blood lactate level during and after finish 

resuscitation.  We found that MAST increased CO, SV, 

SBP, DBP, MAP, SVR, FTc, SD, and PV during and after 

finish resuscitation from baseline.  We also found that 

compared to the flat position, MAST increased more 

CO, SV, SBP, DBP, MAP, SVR, FTc, SD, and PV. For 

peak velocity (PV), it represents preload hemodynamic 

variables if PV increased.  Preload increased that effect 

on CO, SV, and MAP increased.  For stroke distance 

(SD), it represents stroke volume (SV) if SD increased.  

SV increased that effect on CO and MAP increased.  

For flow time corrected (FTc), it represents preload and 

afterload hemodynamic variables if FTc increased.  It 

means that a decrease in preload or an increase in 

afterload can be interpreted by a combination with peak 

velocity (PV).  If a normal value of PV showed correlation 

with a decrease in preload but if a decrease in PV 

correlated with an increase in afterload.  FTc increased 

that effect on CO and MAP increased.  MAST improves 

hemodynamics in the ICU because European Society 

of Intensive Care Medicine (ESICM) recommended that 

PLC is an alternative method to prevent DVT in ICU 

patients. In this result, MAST was performed more 

often in cases with worse clinical scenarios as shown in 

table 2, for example, old ages, less SBP and MAP, and 

more blood lactate level on admission and dosage of 

norepinephrine.  Comparison to the flat position, baseline 

characteristics of MAST was at older ages, less SBP and 

MAP, and more blood lactate level on admission and 

dosage of norepinephrine than the flat position, and it 

was suggested that early passive leg compression or use 

of military anti-shock trousers (MAST) could improve its 

benefit on survival and have significantly less means 

days in ICU.  Previous studies on its application used 

MAST for augment venous return (VR) purpose for at 

least a decade in Military2 for soldier with hemorrhagic 

shock in military tactical combat casualty care or in-

theater military treatment facility, forward surgical team 

during care under fire, tactical field care and combat 

casualty evacuation care9. The idea of a transient effect 

of MAST over time has been described in cases of 

septic shock patients and is attributed to capillary leak.  

During acute circulatory failure, to maintained tissue 

perfusion which could cause more shortened effect of 
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Table 3  Changes in hemodynamic variables from baseline in MAST and the flat position during and after finish 

resuscitation.

Variables MAST Flat position Mean change (95%CI) p-value

CO
Baseline (Pre) 4.2 ± 0.73 4.3 ± 0.87 -0.1 (-0.51, 0.31) 0.63
Post procedure 7.49 ± 1.48 4.64 ± 0.89 2.85 (2.21, 3.48) <0.001*
Δ Pre and Post 3.29 (2.64, 3.93) 0.34 (0.26, 0.42) 2.95 (2.31, 3.58) <0.001*

SV
Baseline (Pre) 47.7 ± 13.33 48.7 ± 12.95 -1 (-7.79, 5.79) 0.769
Post procedure 57.57 ± 12.87 50.61 ± 12.93 6.96 (0.29, 13.63) 0.041*
Δ Pre and Post 9.87 (8.68, 11.05) 1.91 (1.15, 2.67) 7.96 (6.58, 9.34) <0.001*

SBP 
Baseline (Pre) 105 ± 10.07 113 ± 10.67 -8 (-13.36, -2.64) 0.004*
Post procedure 117.7 ± 8.55 117.63 ± 9.92 0.07 (-4.72, 4.85) 0.978
Δ Pre and Post 12.7 (10.39, 15.01) 4.63 (3.36, 5.91) 8.07 (5.48, 10.65) <0.001*

DBP
Baseline (Pre) 52 ± 5.55 54 ± 4.76 -2 (-4.67, 0.67) 0.139
Post procedure 62.17 ± 8.6 55.77 ± 4.88 6.4 (2.79, 10.01) 0.001*
Δ Pre and Post 10.17 (7.97, 12.37) 1.77 (1.34, 2.19) 8.4 (6.21, 10.59) <0.001*

MAP
Baseline (Pre) 68 ± 6.69 72 ± 6.24 -4 (-7.34, -0.66) 0.02*
Post procedure 75.9 ± 9.23 73.67 ± 7 2.23 (-2, 6.47) 0.296
Δ Pre and Post 7.9 (5.8, 10) 1.67 (0.82, 2.52) 6.23 (4.02, 8.45) <0.001*

HR
Baseline (Pre) 94 ± 23.25 93 ± 16.76 1 (-9.47, 11.47) 0.849
Post procedure 93.33 ± 23.4 93.2 ± 16.41 0.13 (-10.31, 10.58) 0.98
Δ Pre and Post -0.67 (-1.16, -0.17) 0.2 (-0.18, 0.58) -0.87 (-1.48, -0.25) 0.006*

SVR
Baseline (Pre) 878 ± 185.05 877 ± 105.41 1 (-76.83, 78.83) 0.98
Post procedure 904.87 ± 189.61 888.13 ± 103.94 16.73 (-62.29, 95.76) 0.674
Δ Pre and Post 26.87 (21.13, 32.6) 11.13 (8.99, 13.27) 15.73 (9.74, 21.72) <0.001*

FTC
Baseline (Pre) 270 ± 43.23 276 ± 39.26 -6 (-27.34, 15.34) 0.576
Post procedure 313.23 ± 45.06 286.93 ± 37.76 26.3 (4.82, 47.78) 0.017*
Δ Pre and Post 43.23 (37.15, 49.32) 10.93 (7.96, 13.9) 32.3 (25.68, 38.92) <0.001*

SD
Baseline (Pre) 7 ± 2.32 7.3 ± 1.84 -0.3 (-1.38, 0.78) 0.581
Post procedure 9 ± 2.32 8 ± 1.97 1 (-0.11, 2.11) 0.077
Δ Pre and Post 2 (1.76, 2.24) 0.7 (0.57, 0.83) 1.3 (1.03, 1.57) <0.001*

PV
Baseline (Pre) 47 ± 7.85 47 ± 7.9 0 (-4.07, 4.07) 1
Post procedure 58.07 ± 8.85 52.57 ± 8.45 5.5 (1.03, 9.97) 0.017*
Δ Pre and Post 11.07 (9.41, 12.73) 5.57 (4.27, 6.87) 5.5 (3.44, 7.56) <0.001*

Lactate
Baseline (Pre) 5.2 ± 0.92 4.5 ± 1.61 0.7 (0.02, 1.38) 0.044*
Post procedure 4.42 ± 0.83 3.59 ± 1.34 0.83 (0.26, 1.4) 0.006*
Δ Pre and Post -0.78 (-0.89, -0.67) -0.91 (-1.17, -0.65) 0.13 (-0.15, 0.41) 0.352

Value presented as mean±SD, and mean change (95%CI).  *depicts p < 0.05 and compared between baseline vs. each intervention, 

#depicts p < 0.05 and compared between two interventions.  P-value analyzed using the paired t-test and Independent t test.
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MAST on mean systemic pressure (Pms) and cardiac 

output, optimizing Pms and venous return is a key to 

improve survival outcomes. In 2007, Griffin M, et al10 

evaluated the augmented flow velocity and volume flow 

by intermittent pneumatic leg compression in 12 patients 

with varicose vein. The outcomes were that PLC can 

increase venous return volume up to 106 ml per cycle.  

Zadeh FJ, et al6 conducted an RCT investigation for the 

use of PLC to support mean arterial pressure (MAP) in 45 

healthy patients undergoing elective caesarean section 

under spinal anesthesia.  They found that PLC used 

in conjunction with vasopressor significantly reduced 

the incidence of a 20% reduction of MAP (p = 0.004). 

Christopher RL, et al3. investigated an increase in the 

venous return from unilateral calf when use thigh-cuff 

pressure in 19 healthy volunteers and found that a median 

increase in venous volume was 87 mL (65-113 mL). 

Experimental data supports the distinct hemodynamic 

effect of PLC combined with volume loading during 

resuscitation.  Volume loading has been associated 

with a decrease in cerebral perfusion pressure due 

to the detrimental effect of the increase in right atrial 

pressure (RAP) in the decompression phase.  However, 

MAST do not seem to alter RAP.  Our study confirms 

many points with previously mentioned studies.  Firstly, 

it was performed in the ICU.  Secondly, the goals, 

therapeutics, and monitoring were similar.  Finally, 

volume expansions from MAST were performed with 

an approximate quantity of fluid 100 mL.  The main 

limitation of PLC is that it may stimulate sympathetic tone 

and interfere hemodynamic interpretation in our study. 

However, using the change of heart rate as a surrogate 

of sympathetic stimulation, we found that there was no 

difference in heart rate at any time point on pre- and 

post- resuscitation.  Therefore, we speculated that the 

effect of sympathetic stimulation during interventions 

may be minimal. 

Limitations

This study had some limitations.  Firstly, CO was 

monitored by esophageal Doppler.  This technology is 

operator-dependent, and the angle of the probe must be 

steady, otherwise data acquisition might be inaccurate.  

Secondly, this study had small sample size and most 

of the patients received mechanical ventilation, so the 

findings cannot be extrapolated to spontaneous breathing. 

Thirdly, our study was conducted in a single center and 

confined only in patients with acute circulatory failure, 

our findings may not be generalizable in usual critically ill 

patients who did not need circulatory support. Fourthly, 

many exclusion criteria were used.  Finally, MAST may 

stimulate sympathetic tone and interfere hemodynamic 

interpretation in our study.  However, using the change 

of heart rate as a surrogate of sympathetic stimulation, 

we found that there was no difference in heart rate 

at any time point.  Therefore, we speculated that the 

effect of sympathetic stimulation during interventions 

may be minimal.

Conclusions

In patients with acute circulatory failure, MAST 

significantly increased CO, SV, SBP, DBP, MAP, SVR, 

FTc, SD, and PV during resuscitation from baseline.  We 

also found that, compared to the flat position, MAST 

increased more CO, SV, SBP, DBP, MAP, SVR, FTc, SD, 

and PV. MAST during resuscitation had significantly 

less mean days in ICU.  However, its accuracy needs 

to be confirmed in further study.
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