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Prospective MAST Study in 911 Patients
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iE 1 Nine hundred eleven patients with systolic blood pressures <90 mm Hg were
randomized to MAST and No-MAST groups, and all taken to a single Level I
Trauma Center. Epidemiologic analysis of etiology, age, race, sex, Trauma
Scores, and Injury Severity Scores revealed the two groups to be statistically
identical. Seven hundred eighty-four patients were analyzed in detail. The

AR principal injury location was thorax in 41%, abdomen in 32%, extremity in

RE 16%, head in 7%, and neck in 4%. In patients with head and extremity
wounds, the mortality rate was clearly not a function of MAST use. In the
chest, abdomen, and neck, MAST did not improve survival.

Although the total prehospital time was 35.8 + 10.4 minutes for MAST
patients and 32.5 % 10.7 minutes for No-MAST patients, 70% of patients with
MAST had prehospital times greater than 30 minutes compared to 55% of the
No-MAST patients. When the prehospital time was greater than 30 minutes,
31% of the MAST patients died, compared to 21% of the No-MAST patients.
MAST application adversely affected the outcome most significantly for
patients with cardiac and thoracic vascular injury. The overall mortality of
31% in the MAST group, compared to 25% in the No-MAST group was

statistically significant (p = 0.05).
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MAST or No-MAST on an alternate day basis were
published in the trauma and emergency medicine litera-]
ture (8, 41, 46-48). Despite receiving enthusiastic en- ]
dorsement from some and harsh criticism from others,
we found no other prospectively randomized evaluation
of MAST reported. ‘

This report provides the final results of a continuation
study conducted following the original report on 352
patients. A total of 911 patients were enrolled before
termination of this continuation study, which specifically}
examined multiple subpopulations of patients random-
ized to MAST or No-MAST groups.

Lower body external pneumatic compression has been
promulgated as an attractive means of combating sur-
gical, traumatic, and aviation hypotension since 1907.
Inspired by the work of Crile, Gardner, Wangensteen,
and Cutler, Kaplan developed a model of antishock trou-
sers at Ft. Rucker, Alabama, which was tested in Viet
Nam and which was the prototype for currently used
models (12-16, 18, 21-25, 28, 32-37, 54-56, 59). During
the 1970’s, these garments were commercially produced
and widely praised by emergency medical service pro-
viders, emergency physicians, surgeons, and even state
legislatures (2, 7, 11, 38, 39, 43). The initial Advanced
Trauma Life Support course of the American College of
Surgeons supported the use of the Military Anti-Shock
Trousers (MAST) in the prehospital care of hypotensive
trauma patients and indicated that such garments should

METHODS

Patients. Patients included in the study were adult (age
>15 years) victims of blunt or penetrating injuries and: 1)

be routinely available in hospitals designated as trauma
centers (4-6). In 1985, reports of 352 hypotensive trauma
patients who were prospectively randomized to receive
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presented with a systolic blood pressure of 90 mm Hg or less
at the time of initial prehospital assessment by paramedics
from the City of Houston EMS, and 2) were transported by
ambulance to the Ben Taub General Hospital. Patients werq
excluded from the study for the following reasons: pregnancy
evisceration, or impaled objects in a body region that would be
encompassed by the pneumatic garment.

Protocol. Subjects entered into the study were randomize .
into the MAST and No-MAST treatment groups by an alter$
nate day assignment. The 24-hour periods of MAST use (073
nonuse) corresponded with the 24-hour shifts worked by thré¢
rotating paramedic crews and three rotating trauma teams
This randomization method resulted in continuous, automatiy
alternation of each paramedic crew’s treatment plan (MASH
vs. No-MAST) as well as the alternation of patients assign®‘yg
to the rotating surgical teams. The No-MAST group was &
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. with a standard paramedic protocol during the prehos-
+al phase, which included endotracheal intubation (when
propriate), attempted placement of 14-gauge intravenous

. ers with crystalloid infusion in the upper extremities,

@pid transport. The assessment included elements of the

uma Score in the field as well as on arrival at the emergency

nter. Times of dispatch, scene arrival, scene departure, and
uma center arrival were recorded.

Patients randomized to receive MAST were treated identi-
wlly to the No-MAST group, with the exception that before
ntravenous catheter placement, the garment was applied and

* i bladder compartments simultaneously inflated to full pres-
qre (as evidenced by air escape from the regulator valve or
Velcro separation). The MAST used were a commercially avail-
sle model (MAST III-A, David Clark Company, Worcester,

MA). The garments were applied about the legs and abdomen

1o facilitate the best Velcro alignment with the top of the
garment just below the xyphoid. Using standard recommenda-
tions, MAST deflation was begun after the patient was hemo-
dynamically stable with a blood pressure of 100 mm Hg or more
and the estimated intravascular volume deficit was replaced.
In patients with indications for laparotomy, the abdominal
pladder of MAST was deflated in the operating room. The leg
icompartments were kept fully inflated until hemostasis was
ochieved and the intravascular volume deficit was replaced, at
which time the deflation protocol proceeded. Except for the

'Sstandard removal of MAST, treatment of patients in the emer-

*gency center, operating room, and intensive care unit was

identical for both the MAST and No-MAST groups. All in-
hospital care was under the supervision of the General Surgical

Service.

Patient Care Systems. The Houston Fire Department, by
law, is the sole first responder for the Houston EMS System.
AlLprehospital care was administered by advanced life support
#}ders (paramedics). The only base station for the Houston
BLS System is located at the Ben Taub General Hospital, and
all prehospital care and base station operations are under the
supervision of a single physician (PEP). The Ben Taub General
Hospital is a Level I regional trauma facility for Harris County
and the Greater Houston area. The Ben Taub Emergency
Center, operating rooms, and surgical intensive care unit are
staffed by faculty and house staff from the Department of
Surgery at Baylor College of Medicine. For analysis purposes,
patients were subdivided according to injury type and gross
anatomic location of the injury. Types of injuries included
§ gunshot wounds, stab wounds, blunt motorcycle or motor ve-

hicle occupant trauma, blunt auto-pedestrian trauma, and falls.
Anatomic subcategories included the thorax, abdomen, neck,
thead and extremities.

Statistical Analysis. The quantitative variables found to
be non-normally distributed by the Anderson-Darling test were
compared using the Mann-Whitney U-Test. Chi-square tests,
with Yates’ correction for small numbers when appropriate,
were used for comparison between discrete variables. The In-
ury Severity Score (ISS) and the probability of survival using
?he TRISS methodology were calculated for all patients by one
individual (KLLM). All quantitative variables are expressed as

¢means +Standard Deviations, significance is assumed, and
hence the null hypothesis rejected when the p value is less than
:0.05. All p-values are two-tailed. Stratified analysis for adjust-

¥ment of imbalances between prognostic variables is based on
the logistic regression model.

RESULTS

6Ainical Material. Over a 3% year period beginning
July, 1983, 911 patients were enrolled in the study.
hirty-eight patients were excluded from outcome analy-
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sis due to either transfer to another hospital before
definitive therapy or incomplete (or irretrievable) hos-
pital records. Of the remaining 873 patients, 89 were
excluded for the following reasons: 1) MAST omitted on
patients randomized to the MAST treatment group (N
= 66); 2) MAST applied to patients randomized to the
No-MAST treatment group (N = 11); 3) One or more
pneumatic air bladders deflated in the field because of
significant air leaks or inadvertent opening of the air
valve(s) (N = 12). With the application of MAST being
an additional active process and the non-application
requiring no such active and conscious efforts, more
MAST application “misses” on MAST days than
“misses” in the No-MAST group was not surprising.

Independent analysis to include all known information
has been made using the 911, 873, and 784 populations.
When MAST (or No-MAST) use was on inappropriate
days, the patient could logically be put into the overall
group receiving the opposite treatment. The 784 popu-
lation includes only appropriate application (or not) of
MAST on appropriate days according to strict protocol
adherence.

Although the outcome statistics for the 911 and 873
population were virtually identical to the 784 population,
to eliminate bias and to minimize non-acceptance of the
data, only the last group (784) was used for the detailed
outcome analysis.

Seven hundred eighty-four patients were randomized
to the MAST (N = 345) and No-MAST (N = 439)
treatment groups. Overall comparison of the demo-
graphic factors of age, sex, mechanism of injury, ana-
tomic location of injury, and severity of injury showed
no relevant differences between the MAST and No-
MAST treatment groups (Tables I & II).

Prehospital and In-hospital Clinical Course. No
significant difference was noted in the response times or
transport times between the MAST and No-MAST
groups (Table I1I). Injury severity in the MAST and No-
MAST groups was not significantly different (Table IV).
Prehospital MAST, however, was associated with a sig-
nificant increase in the scene time. Although not statis-
tically significant, an increased volume of intravenous
crystalloid was given to the MAST group in the prehos-
pital phase by the paramedics. Prehospital MAST appli-
cation did not significantly effect the presenting emer-

TABLE 1
Comparison of anatomic location of primary injury between
no-MAST and MAST patients

No-MAST MAST Totals

Head 33 21 54
Neck 17 12 - 29
Thorax 186 134 320
Abdomen 126 124 250
Extremity 73 50 123
Multiple _4 _4 _8

Totals 439 345 784

L
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TABLE II ’ TABLE VI B
Mechanism of injury Comparison of survival by primary anatomic location of
No-MAST MAST Totals tjury
GSW 194 178 372 No-MAST MAST p-value
sw 177 130 307 Head 45% 33% ns
MVA 25 15 40 Neck N% 83% ns
Auto-pedestrian 14 8 22 Thorax 68% 58% 0.06
Motorcycle 8 4 12 Abdomen 77% 72% ns :
Fall 3 2 5 Extremities 100% 96% ns E
Other* 18 _8 26 Overail 75% 69% <0.05 §
Totals 439 345 784 —
N . . ]
Ciombmed injury or beating. TABLE VII ——
p = ns. . . . .
Comparison of survival among patients with a prehospital
blood pressure of <70 systolic
TABLE III —
Prehospital course for No-MAST and MAST patients No-MAST MAST - p-value —
BP 51 to 70
No-MAST MAST p-value Number 96 89
Initial Trauma Scores (in 11+£5 11 +4 ns Survivors 81 65 0.0717
field) ‘ % Survival 84.4% 73.0%
EMS response times (min- 57+ 3.2 57 +3.3 ns BP < 50
utes) Number 72 55
Scene times (minutes) 12.6 + 8.4 164 +86  <0.05 Survivors 21 21 0.3227
Transport times (minutes) 13.2 + 8.8 13.7 = 8.6 ns % Survival 29.2% 38.2%
Prehospital intravenous 1,080 £ 650 1,200 = 760 ns
fluids (ml)
TABLE VIII
Comparison of patients (including DOA’s) with thoracic
TABLE IV injury

Comparison of injury severity for No-MAST and MAST
patients 3

No-MAST MAST

(N=439)  (N=345) Pvalue
Trauma Score (scene) 115 11+4 ns
Trauma Score (EC) 11+6 126 ns

19.2+ 128 200x129 ns
0.749 £ 0.36 0727039 ns

Injury Severity Score
Probability survival (TRISS)

EC = Emergency Center.
ns = nonsignificant.

TABLE V

Hospital course comparison for No-MAST and MAST patients
No-MAST MAST i
(N=439) (N=3a5) Pvaue

Length of stay in ICU (days) 1.9+ 6.5 3.7+125 <0.05

Length of stay in hospital 8.1+x16.2 9.7%228 ns
(days}
Survival 75% 69% <0.05

gency center Trauma Score (Table V). Length of stay in
the intensive care unit was increased in the MAST group
because of multiple complications not thought to be
associated with MAST use (Table VI). However, total
hospital time was not significantly affected.

Overall Survival. Of the 784 patients included in
this study, 222 died. The survival rate was greater in the
No-MAST group (p = 0.05) (Table V). Analysis of
survival by anatomic location failed to demonstrate a
specific subgroup which could account, for the increased
mortality in the MAST group, altho#gh patients with

Total Patients With No-MAST MAST

1° thorax injury 186 134 320
Cardiac injury 41 (22.6%) 37(276%) 85
Thoracic vascular injury 47 (25.2%) 35 (26.1%) 89

Totals p-value

Deaths* 59 (31.7%) 56 (41.8%) 115 0.06

DOA’s 1° thoracic in- 11 22 33 0.0028
jury

% DOA’s 5.2% 16.4%

(of thoracic deaths)

thoracic injury accounted for the most apparent differi
ence (Table VI). In fact, a consistent overall effect of

subgroups (p = 0.05). :

Patients with Prehospital Blood Pressures of 708
mm Hg or less. Three hundred twelve patients had an
initial blood pressure in the field of 70 or less (Table
VII). For patients with blood pressures of 51 to 70/
survival was 11.4% higher in the No-MAST group. Ing
patients with a blood pressure of 50 or less, survival wa¥
9% higher in the MAST group, although the p-value fo}
both of these groups failed to attain significance. %

Patients with a Primary Thoracic Injury. In 32
patients, location of the primary injury was in the thoraxy
(Table VIII). A 31.7% mortality was seen in the No-
MAST group, compared to a 41.8% mortality in

MAST group (p = 0.006). For patients with thorafcl
injury in the MAST group, the incidence of prehospi*®3
mortality was two times greater. £

Patients with Abdominal Injury. For the 250 P2g

tients with the primary injury site in the abdomeH
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'[ provided no advantage from the standpoint of

ival. For patients with abdominal injury, neither use
 2fAST nor level of hypotension affected the final
A@Jme (Table IX). When patients with major abdom-
1ol vascular injury were analyzed specifically, a trend
b ard greater survival again was found in the No-MAST
roup (63.4% vs. 54.9%) (Table X).
E patients with Blunt Trauma. Ninety patients were
ictims of nonpenetrating trauma (Table XI). Although
e MAST and No-MAST populations in the subgroup

ABLE IX
parvival comparison by initial field BP of patients with major
1 dominal vascular injury (excluding patients dead on

ival)

No-MAST MAST p-value
BP 71 to 90
Number 43 41 ns
Survivors 27 24 ns
% Survival 62.8% 60% ns
BP 51 to 70
Number 29 22 ns
Survivors 16 9 ns
% Survival 55.2% 40.9% ns
BP <50
Number 10 6 ns
Survivors 2 1 ns
% Survival 20% 16.6% ns
e .E X
U -arison of outcome in patients with abdominal injury
' No-MAST MAST
(N = 126) (N =124)
Burvivors 97 89
b Survival 7% 71.8%
Number of DOA’s 3 6
OA’s as % of total number of ab- 2.4% 4.8%
gdominal injuries
DOA's as % of abdominal deaths 10.3% 17.1%
mber with major abdominal vas- 64% 51%
g cular injury
Jurvivors in patients with major 40% 28%
*abdominal vascular injury
Survivors in patients with major 63.5% 54.9%

fvascular injury

'ABLE X1

Romparison of No-MAST and MAST in patients sustaining
unt trauma

blunt trauma deaths

: -MAS MAST
et (N=30)  Pvale
:llma Score (scene) 11.3 £ 5.0 11.1 £ 5.3 ns
fauma Score (EC) 11.7 + 5.4 12.6 + 5.1 ns
19.8 + 5.08 21.3 + 14.4 ns
EReth of hospital stay 114 + 14.6 14.1 £ 26.5 ns
(days)
ivors 49 21 ns
ival 81.7% 70.9% ns
RAT < of patients DOA 2 2 ns
DOA deaths of the 3.3% 6.6%
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were equal with regard to injury severity and treatment,
survival rate tended (although not attaining statistical
significance) to be greater in the No-MAST group. In
addition, patients who were victims of blunt trauma and
had MAST applied were dead on arrival 6.6% of the
time, compared to 3.3% of the time when MAST were
not applied.

Patients Dead on Arrival (DOA). A special group
consisted of patients who met the entry criteria in the
field but were dead on arrival (DOA) at the emergency
center. The injury severity for this group was the same
for both study populations (Table X1I). Although more
patients in the thoracic injury group did not receive
MAST, the number of DOA’s in this group doubled when
MAST was applied (Table XIII). Of those with primary
thoracic injuries, 16.4% of those with MAST applied
were dead on arrival, compared to only 5.2% without
MAST (Table XIV). This markedly greater prehospital
mortality trend continued to be seen in the patients with
thoracic injury and predominantly a cardiac or major
thoracic vascular injury (Table XIV). In each of these
categories for DOA patients (thoracic vascular and car-
diac injuries) there was a three times greater prehospital
mortality when MAST was applied compared to the No-
MAST controls.

Patients with Prehospital Times Greater than
30 Minutes. Prehospital time is defined as the time
from dispatch to time of arrival at the emergency room.
Four hundred eighty-four patients had total prehospital
times of 30 minutes or greater (Table XV). Regardless
of the subgroup subjected to analysis, these prolonged
prehospital times when MAST was applied resulted in
no survival advantage (Table XV).

Logistic Regression Analysis. The influence of

TABLE XII
Injury severity among 49 patients who were dead on arrival
comparing No-MAST and MAST groups*

No-MAST MAST
(N =18) (N = 31) p-value
Trauma Score (scene) 3.4%39 29+29 ns
Change in Trauma Score -1.8%+3.3 -1.8+3.3 ns
(EC-scene)
Injury Severity Score 319+16.7 284+*112 ns

* Transport times: No-MAST = 9.6 + 6.0; MAST = 11.6 &+ 4.7—ns.

TABLE XIII
Location of primary injury among patients who were dead on
arrival

No-MAST MAST Totals
Head 3 2 5
Neck 1 1 2
Thorax* 11 22 33
Abdomen 3 6 9
Totals 18 31 49

* Overall, primary thoracic injury occurred in 186 No-MAST and
134 MAST patients.
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TABLE XIV
Dead on arrival (DOA) patients with thoracic injury:
Comparison of cardiac and thoracic vascular injuries

No-MAST MAST p-value
Total # DOA patients with 11 22 <0.0028
thoracic injury
(% of total deaths) (5.2%) (16.4%)
DOA patients with cardiac in- 4 11 <0.0198
jury
(% of deaths in patients with (8.4%) (29.7%)
cardiac injury)
DOA patients with thoracic 4 8 0.055

vascular injury
(% of deaths in patients with
thoracic vascular injury)

(7.4%) (22.8%)

TABLE XV
Comparison of survival for patients with prehospital times of
30 minutes or greater

No-MAST

MAST p-value
30-45 minutes
Number 214 186 ns
Survivors 165 126 ns
% Survival 711 67.7 ns
46-60 minutes
Number 37 32 ns
Survivors 31 24 ns
% Survival 83.8% 5% ns
>60 minutes 5 10 ns
5 8 ns
% Survival 100% 80% ns
TABLE XVI

Prognostic analysis of the risk of death according to the
logistic regression model

Progression Factor

p-value
Prehospital Trauma Score <0.001
Change in Trauma Score <0.001
Injury Severity Score <0.001
Prehospital MAST application 0.003
Mechanism of injury 0.007
Age 0.016
Sex ns
Response time ns
Scene time ns
Transport time ns

prognostic variables on survival was assessed for all
patients by a stepwise logistic regression model (Table
XVI). Trauma Score, change in Trauma Score, Injury
Severity Score, mechanism of injury, anatomic location
of injury, MAST application, and age were the only
independent variables that influenced mortality.

DISCUSSION

To date, we know of no prospective controlled trials
that have demonstrated an outcome effectiveness of
MAST in prehospital injury management. Still, unqual-
ified support for MAST exists despite published con-
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trolled studies showing no benefit to their use 8,93
41, 46-48). A current extensive literature review
McSwain citing more than 200 references on MAST
including various physiologic responses seen with MAgp
in both man and experimental animals failed to preseg
any new data which refuted reports from San Francigd
and Houston which have indicated that there is
survival advantage when MAST are applied during th
prehospital phase of injury management (43). There hays
been a number of controlled laboratory or clinical studie
as well as some editorial comments which demonstrafg
either no value or hazards when MAST is applied (1
17, 20, 26, 27, 30, 31, 42, 49, 52, 44, 60).
In a national survey recently conducted by the Texg
Emergency Medical Services Information System of th
Texas Health Department, it was found that of the 85%
of the states responding, MAST was required or recon
mended in 65% (40). This widespread legislative manda
continues, despite the fact that controlled, randomizeg
data repeatedly demonstrate rno advantage or benefit {4
MAST use. MAST use continues even though medics
devices, old and new alike, are coming under severd
scrutiny from the Federal Drug Administration in re
sponse to the Medical Device Amendments of 1976 (45)

Of prime consideration in analyzing and interpreting
data on the 784 hypotensive trauma patients was assur
ing that the study populations were identical. One con
cern is that MAST “misses” occurred on days wher
hypotensive patients were supposed to receive MAST
As a result, these MAST-misses were eliminated entirely
from the outcome analysis. Therefore, it was mandato
that the MAST and No-MAST populations used in tha
analysis remained statistically identical. The demo
graphic and other comparison data from both study andj
control groups were virtually identical, validating thg
comparison. All other prehospital, emergency cente
operating room, intensive care unit, and other care waf
identical for both groups, as well.

Insufficient numbers and/or deaths of patients with
head, neck, and extremity injury precluded any signif
cant analysis. In fact, mortality among the hypotensivé
patients with extremity injuries was nonexistent, exceps
for two patients in the MAST group with severe groif
injury. The issues, therefore, relate to the value of MAST
for chest, abdominal, and truncal vascular injuries.

A cited criticism of the initial report from this insti
tution on the efficacy of MAST was that it did no
include patients with prolonged prehospital times O
victims of nonpenetrating trauma. We know of no com
trolled studies concerning outcome for prehospital time§
greater than 30 minutes, although supporters of MASK
contend that this “might be” an area where MAST co
be useful (2, 3, 57, 58). This 30-minute limit is not 8
unreasonable period of time to evaluate. The averag
prehospital time for rural Texas EMS systems is 374
minutes vs. 33.8 minutes for urban Texas EMS systeny
(ns) (19). As rural Texas is not unlike rural ared
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A,o,ughout the United States, an analysis of the effect
_of MAST on prehospital times of more than 30 minutes
k - <1d help to address this question. Indeed, of the 911
i b pulation group, 457 of the patients had prehospital
| imes of 30 minutes or greater, yet MAST application
did not improve the chances of survival for patients with
 either short or long prehospital times. Using the logistic
‘,egression model, prehospital time did not have any
| prognostic value.

L Experimental models of “controlled” or “fixed” hem-
¥ orrhagic shock have suggested that MAST application
in patients with abdominal vascular injury improves
survival (1, 5, 7, 16, 36, 37, 52, 54-56). However, these
 animal models in which the bleeding is halted after a
F certain point have led to the erroneous conclusion that
B MAST application will increase the chances of survival.
In patients with dynamic, uncontrolled hemorrhage in
the abdomen, including those with ruptured and leaking
' sbdominal aortic aneurysms, virtually all of the clinical
F reports have been case reports (11, 29, 50, 53).

The data presented in this current study would not
b only support the contention that such practice is of no
i advantage, but that it also may indeed be harmful. Spec-
F ulations as to the reasons for these observations include:
L 1) increase in the scene time required for MAST appli-
¥ cation, 2) increase in the cardiac afterload and therefore
increased cardiac workload, and 3) an increased tendency
- to secondary exsanguinating hemorrhage associated as
. J“] ~ith increasing blood pressure in the patient with uncon-

L trolled hemorrhage. Increasing the cardiac afterload and
I the blood pressure before intraoperative proximal and
 distal control in a patient with an uncontrolled abdomi-
 nal aortic vascular leak actually may increase the rate of
j exsanguinating hemorrhage. The application of a vas-
% cular clamp below or distal to an area of arterial hemor-
? rhage is foreign to the most primitive of vascular surgery
principles.

The literature also suggests that the application of
P MAST causes prehospital elevation of blood pressure
i and increases the number of patients surviving long
E enough to reach a trauma surgeon for appropriate treat-
. ment. However, the most condemning data in this report
were from patients with thoracic injuries (especially car-
- diac or thoracic vascular) when relating the contribution
1 of MAST to the chances of dying before arrival at the
. trauma center. A threefold increase in the number of
3 dead on arrival (DOA) patients was seen when MAST
& was applied. It is possible that the application of MAST
g and the subsequent elevation of blood pressure resulting
- from the increase in peripheral vascular resistance may
- actually cause rebleeding or increase the rate of bleeding
from a precariously tamponaded or clotted injury, sud-
denly creating a fatal prehospital situation.

‘%lthOUgh there may be speculation as to the physio-
logic and Jogistic explanations to the data herein re-
Ported, several incontrovertible observations are made.
Umerous groupings, subgroupings, and eliminations
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have been made in attempt to elucidate bias in the
sampling or the results. Regardless of the statistical
technique or the method of grouping, the conclusions
remain the same:

1) MAST application does not significantly increase
the length of total prehospital time;

2) MAST application does increase the blood pressure;

3) MAST application does not favorably decrease the
length of time in the emergency room, operating room,
or hospital.

4) When MAST was applied, an overall increased
mortality was seen for all patients;

5) Patients with prehospital time of greater than 30
minutes and MAST application did not have a better
survival rate;

6) Patients with thoracic injury (including cardiac and
major thoracic vascular) had a greater chance of dying
before arrival at the hospital (DOA) if MAST was ap-
plied;

7) Patients with major abdominal vascular injury did
not have a better overall survival rate nor did they have
a better chance of reaching the trauma surgeon alive if
MAST was applied;

8) Using a logistic regression model, MAST application
significantly contributed to chance of dying (p = 0.003)
and was a greater prognostic indicator (of death) than
mechanism of injury or age.

This study raises serious questions relating to the logic
that raising the blood pressure in the prehospital time
period is always a worthy objective. Even McSwain has
suggested on at least two occasions that prehospital
reversal of moderate hypotension may not necessarily be
beneficial (43, 44). Teleologically, there may be a group
of hypotensive patients in whom a stable blood pressure
between 70 and 90 may actually be more conducive to
survival. A rise in blood pressure before achieving a
means of controlling the internal hemorrhage may result
in loss of the protective hematoma and secondary exsan-
guinating hemorrhage. Additionally, hemodilution and
hypothermia adversely affect clotting mechanisms and
perhaps oxygen transport. Increased harmful mediators
and free oxygen radicals may develop because of iatro-
genic and artificial interventions before optimal surgical

control can be achieved. As a result of this study and the
conclusions revealed, the pneumatic antishock garment
is no longer used on the ambulances of the Houston Fire
Department, and no garments of this type are stocked in
the Emergency Center of Ben Taub General Hospital.

Acknowledgments

This very large, comprehensive, and quality-controlled study
was made possible because of the efforts and energies of many
individuals: the EMT’s and paramedics of the Houston Fire
Department Ambulance Division, one of the most cooperative
and dependable groups of individuals with whom it has ever
been our privilege to work; the general and thoracic surgery
residents of Baylor College of Medicine, whose long hours of
diligent work and skill afford our patients the best of care; and

et L
perey — k=S RS




1110 The Journal of Trauma

Doctors Mark Bailey, C. Thomas Black, William Dedo, and
Charles Wyatt, who spent countless hours collecting data. A
special thanks, also, to Mary K. Allen for editorial assistance

in preparation of this manuscript.

REFERENCES

1.

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.
23.
24.
25.

26.

Aberg, T., Steen S., Vagianos, C., et al.: The effects of pneumatic
antishock garments in the treatment of critical abdominal inju-
ries in rats. J. Trauma, 28: 772-778, 1988.

. Abernathy, C., Dickenson, T. S., Lakey, H.: A military antishock

trouser program in a small hospital. Surg. Clin. No. Amer., 59:
461-470, 1979.

. Abernathy, C. M., Baumgartner, R., Butler, H. D., et al.: The

management of ruptured abdominal aortic aneurysms in rural
Colorado. JA.M.A., 256: 597-600, 1986.

. Advanced Trauma Life Support Course Instructor Manual. Chi-

cago, American College of Surgeons Committee on Trauma, 1984.

. American College of Surgeons Committee on Trauma: Hospital

and prehospital resources for optimal care of the injured patient
and appendices A-J. ACS, Chicago, 1987.

. American College of Surgeons Committee on Trauma: Essential

Ambulance Equipment List. ACS, Chicago, 1983.

. Aprahamian, C., Thompson, B. M., Towne, J. B., et al.: The effect

of a paramedic system mortality of major open intra-abdominal
vascular trauma. J. Trauma, 23: 687-690, 1983.

. Bickell, W. H., Mattox, K. L., Pepe, P. E.: Response to Kaplan

Letter to Editor in Ann. Emerg. Med., 15: 511, 1986.

. Bickell, W. H., Pepe, P. E., Wyatt, C. H., et al.: Effect of antishock

trousers on the trauma score: A prospective analysis in the urban
setting. Ann. Emerg. Med., 14: 218-222, 1985.

Burchard, K. W., Scotmar, G. J., Jeo, E., et al.: Positive pressure
respirations and pneumatic antishock garment application—
Hemodynamic response. J. Trauma, 25: 83-89, 1985.

Burn, N., Lewis, D. G., MacKenzie, A.: The G-suit: Its use in
emergency surgery for ruptured abdominal aortic aneurysm. An-
aesthesia, 27: 423-427, 1972.

Burton, R. R., Shaffstal, R. M., Jaggars, J: L.: Development, test,
and evaluation of an advanced anti-G valve for the F-15. Aviat.
Space Environ. Med., 51: 504-509, 1980.

Crile, G. W.: The resuscitation of the apparently dead and a
demonstration of the pneumatic rubber suit as a means of con-
trolling the blood pressure. Trans. So. Surg. Gynecol. Assoc., 16:
361-370, 1904.

Crile, G. W.: Control of Blood Pressure: An Autobiography. Phila-
delphia, Lippincott, 1947, pp. 144-152.

Crile, G.W.: Blood Pressure in Surgery: An Experimental and
Clinical Research. Philadelphia, Lippincott, 1903, pp. 288-291.
Crile, G. W.: Hemorrhage and Transfusion: Experimental and Clin-

ical Research. New York, Appleton, 1909, p. 139.

Davis, J. W., McKone, T. K., Cram, A. E.: Hemodynamic effects
of military anti-shock trousers (MAST) in experimental cardiac
tamponade. Ann. Emerg. Med., 10: 185-186, 1981.

Eddy, D. M., Wangensteen, S. L., Ludewig, R. M.: The kinetics of
fluid loss from leaks in arteries tested by an experimental ex vivo
preparation and external counterpressure. Surgery, 64: 451-458,
1969.

EMS Performance 1987. Texas Department of Health, Bureau of
Emergency Management, Austin, Texas, 1988, pp. 10-11.

Gaffney, F. A, Thal, E. F., Taylor, W. F.: Hemodynamic effects of
medical anti-shock trousers (MAST garment). oJ. Trauma, 21:
931-937, 1981.

Gardner, W. J.: Circumferential pneumatic compression. Bull. Am.
Coll. Surg., 62: 7, 1977.

Gardner, W. J.: Hemostasis by compression. Amer. Surg., 35: 635—
637, 1969.

Gardner, W. J., Dohn, D. F.: The antigravity suit (G-suit) in
surgery. JA.MA., 162: 274-276, 1956.

Gardner, W, J., Storer, J.: Use of the G-suit in control of intra-
abdominal bleeding. Surg. Gynecol. Obstet., 123: 792-798, 1966.

Gardner, W. J., Taylor, H. P., Dohn, D. F.: Acute blood loss
requiring 58 transfusions. JA.M.A., 167: 985-986, 1958.

Gilbert, R. D.: Depression of respiratory function by pneumatic
antishock trousers in traumatic quadriplegia. Ann. Emerg. Med.,
12: 378-381, 1983.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

August 1988

Girotti, M. J., Low, D. E,, Lambros, S.: The pneumatic antjgh,3
garment: Use in experimental acute cardiac tamponade, (;
Shock, 19: 203-209, 1986. o

Gray, S.: Acute and prolonged effects of G-suit on cardiovagey) ®
dynamics. Aerospace Med., 40: 40-43, 1969.

Gustafson, R. A., McDowell, D. E., Savrin, R. A.: The use of },
MAST suit in ruptured abdominal aortic aneurysms. A, Sured
49: 454-459, 1983.

dJabour, 1., Savino, J. A., Agarwal, N., et al.: Pneumatic antisheeld
garments detrimental in elderly with diminished myocardia] pe
serve. Current Surgery, 43: 498-501, 1986. g

Jennings, T. J., Seaworth, J. F., Tripp, L. D., et al.: The effects off
inflation of antishock trousers on hemodynamics in normoveA
lemic subjects. J. Trauma, 26: 544-548, 1986. 3

Kaplan, B. H.: Letter to Editor re MAST. Emerg. Dept. News, v
2, 1985.

Kaplan, B. H.: MAST, blood pressure and the trauma score (
to the editor). Ann. Emerg. Med., 15: 510-511, 1986.

Kaplan, B. H., Civetta, J. M., Nagel, E. L., et al.: Military ang”
shock trousers in civilian prehospital emergency care. J. Trauma,
13: 843-848, 1973. 3

Kaplan, B. H.: Emergency autotransfusion medica} pneumatie
trouser. Disclosure of invention, loghook entry 21. Ft, Rucker,
Alabama, US Army Aeromedical Research Unit, June, 1972, p.1
6.

Ludewig, R. M., Wagensteen, S. L.: Effect of external counterpres-.
sure on venous bleeding. Surgery, 66: 515-520, 1969.

Ludewig, R. M., Wagensteen, S.. L.: Aortic bleeding and the effect]
of counterpressure. Surg. Gynecol. Obstet., 128: 252-258, 1969, 4

Macdonald, S. C.: Using Antishock Trousers (MAST): A Guide for
the EMT. Westport, CT, Emergency Training, 1982, page 22.

Mackersie, R. C., Cristensen, J. M., Lewis, F. R.: The prehospital
use of external counterpressure: Does MAST make a difference?}
J. Trauma, 24: 882-888, 1984.

MAST, Military anti-shock trousers: An overview, special project
report. Texas Department of Health, Bureau of Emergency Man-
agement EMS Division, March 1988, Austin, Texas. 3

Mattox, K. L., Bickell, W. H., Pepe. P. E., et al.: Prospective
randomized evaluation of antishock MAST in post-traumatic
hypotension. J. Trauma, 26:779-786, 1986. !

Maull, K. L, Krahwinkel, D. J., Rjozyck, G. S., et al.: Cardiopul-
monary effects of the pneumatic anti-shock garment on swine
with diaphragmatic hernia. Surg. Gynecol. Obstet., 162: 17-24, §
1986.

McSwain, N. E.: Pneumatic anti-shock garment: State of the art]
1988. Ann. Emerg. Med., 17: 506-525, 1988. 1

McSwain, N. E.: Discussion of Mattox, et al.: Prospective random-§
ized evaluation of MAST. J. Trauma, 26: 786, 1986. 1

Medical Device Amendments of 1976, Public Law 994-295.

Pepe, P. E., Bass, R. R., Mattox, K. L.: Clinical trials of the
pneumatic antishock garment in the urban prehospital setting.]

Ann. Emerg. Med., 15: 1407-1410, 1986.

Pepe, P. E., Bickell, W. H., Mattox, K. L.: The effect of anti-shock
garments on prehospital survival. J. World Assoc. Emerg. Dis. {8
Med., 3: 40-50, 1987.

Pepe, P. E., Wyatt, C. H., Bickell, W. H., et al.: The relationship
between total prehospital time and outcome in hypotensive vic-}
tims of penetrating injuries. Ann. Emerg. Med., 16: 293-297,3
1987. 3

Pricolo, V. E., Burchard, K. W., Singh, A. K, et al.: Trendelenburg
versus PASG application—Hemodynamic response in man. J.
Trauma, 26: 718-726, 1986. B

Ryan, D. W., Pridie, A. K., Johnston, P., et al.: The G-suit in
controlling massive urological hemorrhage. Br. J. Urol., 58: 226-
227, 1986. . k

Texas Department of Health, 9 Tex Reg 2823 (1984) codified at
Texas Admin (ODE & 157.68). 3

Traverso, L. W., Lee, W. P., DeGuzman, L. R.: Military anti-ShO‘f
trousers prolong survival after otherwise fatal hemorrhage 1
pigs. J. Trauma, 25: 1054-1058, 1985.

Walsh, K.: Abdominal aortic aneurysms (letter). Amer. Fam. Phys-]
24: 26-29, 1981.

Wangensteen, S. L., de Holl, J. D., Ludewig, R. M., et al.: The}
detrimental effect of the G-suit in hemorrhagic shock. Ann. Surg+}
170: 187-192, 1969.

Wangensteen, S. L., Ludewig, R. M., Cox, J. M.: The effect of}

lettep



I/

V0. 8

external counterpressure on arterial bleeding. Surgery, 64: 822~
927, 1968.

e
h

6. Wangensteen, S. L., Ludewig, R. M., Eddy, D. M. The effect of

external counterpressure on the intact circulation. Surg. Gynecol.

f? Obstet., 127: 253-258, 1968.

57, Wayne, M. A, MacDonald, S. C.: Clinical evaluation of the anti-

3 shock trouser: Retrospective analysis of five years of experience.
Ann. Emerg. Med., 13: 342-347, 1983.

58. wirth, L.: Antishock use in rural areas under study. JEMS, 19
(Sept) 1987.

59. Wood, E., Lambert, E. H.: Some factors which influence the
protection afforded by pneumatic anti-G-suits. J. Aviat. Med,,
23: 218-228, 1952.

60. Zippe, C., Burchard, K.W., Gann, D. 8. Trendelenberg vs. PASG
application in moderate hemorrhagic hypoperfusion. J. Trauma,
25: 923-931, 1985.

5

DISCUSSION

Dr. KIMBALL MauLL (Knoxville, Tennessee): I'd like to
thank the Association for the privilege, and indeed it is a
privilege, to discuss this controversial paper. 7’d also like to
thank Doctor Mattox for sending me all three different copies
of his manuscript.

Many of you in this room were here some years ago and will
vividly recall the author standing before us and condemning
MAST trousers as, and I quote, “a tool of the devil.”

Are we to believe that this same individual would devise an
unbiased experimental protocol to study the effectiveness of
MAST, and to gather data therefrom in an unbiased way,
review it without bias, submit it to unbiased statistical evalua-
tion, and draw unbiased conclusions, all without regard to
having to eat his words publicly?

Or have Doctor Mattox and his colleagues gambled by initi-
ating a tight and well-considered protocol that assures data
that are reliable and significant in both the clinical and epide-
miologic sense, such that the data, regardless of conclusions,
would be difficult to refute?

With apologies to the pro-MAST members of the audience
in my judgment he has done just that. His study is sound, and,
notwithstanding the limitations of prehospital data collection,
is well devised in a prospective manner. This does not mean
that 1 or that we should agree with all of the conclusions in
this report.

Perhaps Dr. Mattox and his co-authors have taken a broad

swipe at MAST condemnation, broader than is justified from
the data, yet there are a number of important points that I
would like to recount to you.
The first point is that MAST in an urban setting with
-~ predominantly penetrating trauma and short transport times
E i3 of no value and may be harmful. Second, MAST in an urban
setting with predominantly penetrating trauma and short
g transport times is contraindicated in patients with thoracic
¢ trauma.

Third, MAST in a setting with predominantly penetrating
trauma and transport times that exceed 30 minutes, does not
¢ offer any clear advantage over patients transported without the
E. MAST garment.
k| I have a number of questions that I would like you to address
L in your closing remarks, and T'm sure there are other discus-
f sants to follow. First, did the increased intravenous fluid vol-
| ume infused in the MAST group reflect greater efficiency in
. starting IV fluids? If s0, would this support at least a theoretical
k advantage of having the device available for field use?
¢ Second, in looking carefully at your data, 1 noted the follow-

_ing features: the ISS was greater or higher in the MAST group,
and the probability of survival was lower in the MAST group.
You state that there was a statistically significant difference
between the no-MAST and the MAST groups. My question to
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you is: Since the MAST group had a lower predicted survival
by the TRISS methodology, was there a statistically significant
difference in mortality between the MAST group and the
predicted mortality by TRISS?

One of the few, perhaps the only, category where MAST
appeared to be beneficial was in patients with a field systolic
blood pressure of less than 50 mm Hg. In this group, survival
favored MAST 38% to 29%. My question to you is: did you
break this group down further into blunt versus penetrating
trauma to look at whether the combination of profound hypo-
tension in blunt trauma could actually identify a subset where
MAST may be helpful?

In the manuscript, you state that there were a number of
independent variables that affected outcome, one of which was
change in Trauma Score. Since an improvement in Trauma
Score was seen fairly consistently in the MAST group who had
a lower survival, would you have us believe that higher Trauma
Scores upon arrival at the hospital causes higher mortality?

In your thoracic trauma group, were there any patients with
diaphragmatic lacerations? In our laboratory we demonstrated
in swine with surgically created diphragmatic tears that MAST
was in fact lethal. Any clinical data in your data to support this
point?

And last, MAST in a setting with predominantly blunt
trauma, profound hypotension, and long transport times needs
to be studied in the same manner that you've done.

Despite the fact that you've pulled the MAST off your
ambulances and out of your hospital in Houston, and made
that recommendation in the manuscript, it is my judgment that
it’s a little premature for the rest of us to do the same.

Dr. JosepH CIVETTA (Miami, Florida): As someone who was
one of the early investigators and perhaps enthusiasts in the
use of MAST, I would not be at all disheartened to discard a
piece of equipment or an intervention that I used to “believe
in.” In fact, the list of interventions I've discarded over the
years is probably longer than the list I use. But before we really
discard it, I find a couple of problems in this paper and the
preceding studies that I’'ve examined once they were printed.

In the earlier paper—and, of course, there are no blood
pressure data in this one, and so it is hard to tell—but there is
no increase in blood pressure in the MAST-treated patients in
Houston. Now, 1 don’t understand that, because the one thing
that everyone else seems t0 be able to accomplish with MAST
application is a marked increase in blood pressure.

For instance, in our patients who had no blood pressure and
who were unconscious in the field, when the MAST was applied,
the patients woke up and had a systolic blood pressure of about
80, and in our group, 192 of those 13 original patients survived.

Now, these data are different from those reported by the
Houston group. | have noticed over the years that the number
of patients who arrive at the hospital with a MAST correctly
inflated is decreasing. I wonder if one of the reasons that
accounts for the failure to improve outcome is that the MAST
has not achieved the effect for which it was designed. If blood
pressure is not dramatically increased as it used to be, and
perhaps has never been increased in Houston, then how can it
possibly have an effect of improving survival if the two are to
be related?

So my principal question is: what were the blood pressures
before and after MAST inflation in Houston in this study? In
the previous study, there was no difference. Second, 1 think it
is interesting that the primary concern that we expressed, I
guess it must be about 15 years ago, was that MAST should
not be used in thoracic injuries, and its bothersome to see that
it has been used in these situations and, in fact, that the
mortality rate seems to be higher.

DRr. NORMAN MCSWAIN, Jr. (New Orleans, Louisiana): 1
noticed that the title of Doctor Mattox’s paper stated that this
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was “the final report,” but yet he indicated to us another
revision of the data would be forthcoming, so I wonder, is this
article really the final report or is there more to come?

There were significantly longer prehospital times in the
MAST group, but yet since we know that MAST application,
when done correctly, requires 1 minute, does this mean that
the Houston EMT-Ps were not properly trained in the use, or
were there more severe injuries in this group that required
longer application, or extrication was longer? It would be
helpful if Doctor Mattox could explain this difference.

The complication rate was also greater in the MAST group,
but Doctor Mattox said this was not associated with MAST
use, so that might also indicate another difference in the two
groups, despite the large number of patients.

Interestingly enough, the number of patients came out to
exactly 911, the magic telephone number. Was this planned or
was there some other reason to stop the study exactly on this
number?

Review of the literature reveals that all patients who have
been studied with intra-abdominal or retroperitoneal hemor-
rhage demonstrate improved survival, although these were not
randomized studies. One of the most outstanding of such papers
on pelvic injuries was by our Secretary-Treasurer. There have
been multiple studies on animals that are randomized which
also indicate improved survival. The latest study by Aberg,
which was reported a couple of months ago in the Journal of
Trauma, is characteristic of prospective randomized studies
which show improved survival with PASG.

Obviously, this Association believes that animal studies are
important, as by the number of animal papers that we’ve had
the opportunity to see at this meeting. Doctor Mattox, how do
you reconcile the difference?

There are also some papers that are beginning to show that
uncontrolled hemorrhage with increasing blood pressure is bad,
which is one of the important points that Doctor Mattox has
pointed out to us. I raise the question then, as did he, are we
resuscitating patients appropriately when we raise blood pres-
sure? As Doctor Civetta has pointed out, improved blood pres-
sure would increase the hemorrhage in chest injuries. He listed
this as a contraindication with his original work on the PASG.
Almost every paper in the literature which discusses resusci-
tation by any means, however, uses improved blood pressure as
an important factor. In the Houston study, Doctor Mattox
questions if this is correct. I'm not sure I understand the true
role of blood pressure, either. Uncontrolled hemorrhage is bad.
Since PASG controls intra-abdominal and pelvic hemorrhage
and improves blood pressure, these patients should do better
with PASG than without. Doctor Mattox, should we quit re-
suscitating patients based on blood pressure until they are in
the OR and hemorrhage has been controlled?

Dr. HowaARD R. CHAMPION (Washington, D. C.): I'd like to
congratulate Doctor Mattox who, in the face of continued
critical onslaught, has attempted to provide us with scientific
underpinnings for his opinions.

I would like to ask him if he has any hypotheses to add to
those opinions with regard to the basis for the deleterious
effects that he observed with this instrument of evil.

DRr. C. GENE CAYTEN (Bronx, NY): I wanted to ask whether
you had enough of a sample size to look at patients with pelvic
fractures with and without MAST?

DR. LENWORTH M. JAcoBS, JR. (Hartford, CT): I appreci-
ated this paper and the fact that its prospective is laudable. I

have one methodologic question. The study was an alternat,
day prospective trial. The author is well known for his intimj
dating views on the subject. He is also well known for hig
advocacy of medical control.

One would expect that the number of MAST and no-MAST
on an alternate-day sample should be equal, and yet no-MAST §
is 215 and MAST is 136. I wonder if the Mattox intimidatioy - %
factor for no-MAST suit is a factor which should be addeq to ;
in Houston EMS. ;

DR. KENNETH L. MATTOX (Closing): Mr. Chairman, I finq
some of the overtones in the discussion confusing and disturh
ing. It was 3 years ago that we shared the original prelimina,-y
data with this Association with a very carefully structured,l
controlled, randomized prospective clinical study. To the verha] 4
skeptics, some of whom we have heard from again today, we
requested to see contrary outcome data from their studies,

We have held the data that you saw today for 2 years ang:
didn’t even whisper the specifics of its existence so that we
would not prejudice IRBs against your ability to obtain randon.- 1
ization. However, no other similar study in humans hag
emerged. ,

Furthermore, among the more than 700 authors in the titleg §
of more than 250 articles on MAST are but a handful of AAST §
members. The closest to science some of our membership has
come on this subject is to be cited in the 1988 McSwain review §
article, as giving to McSwain personal communication. The 3
guantlet was thrown down, and you didn’t pick it up. 2

Additionally, in this audience is a large number of our |
membership who have become closet believers. For a variety of §
reasons, several cities, including Denver and Milwaukee, are §
currently routinely not using MAST in the field. It is time to §
either come out of the closet or produce competing efficacy {
data.

Many of the specific questions can be answered simply. §
MAST application did increase the ability to start IV’s in the
field. The ISS’s were statistically identical between groups. |
There was not a statistical analytic comparison of the overall
TRISS-predicted survival, as the components of the TRISS
were individually analyzed. The population cohorts were statis-
tically identical. MAST application did result in an elevation
in the blood pressure to the same degree as seen in the No- ;
MAST patients. There were no patients with diaphragmatic
tears in either group. Those with diaphragmatic injury coming
into our trauma center during the study time were not hypo- §
tensive at the time of paramedic arrival in the field. Patients §
with various grades of pelvic fractures were too few in each
group to warrant a separate analysis. As stated in the manu-
script, all of the medical supervision in the field was under the §
direction of Doctor Paul Pepe. Any implied or suggested disci- §
pline only served to assure an attention to detail rather than
an implied description of a new syndrome of an intimidation 1
factor.

The reasons for the statistically longer ICU stay for the
MAST patients remains unexplained. It would be tempting to
speculate that MAST application contributed to the increased
production of derogatory mediators, but I will refrain from such
speculation for fear of being criticized as describing as yet
another complication of MAST. !

Mr. Chairman, I am deeply appreciative for the comments
and questions of all the discussants, which provided the oppor-
tunity to further clarify the data from this study, and hopefully
will forever close the books on this final report on MAST.



