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ABSTRACT

Background: Expedient resuscitation and emergent damage 
control interventions remain critical tools of modern combat 
casualty care. Although fortunately rare, the requirement for 
life and limb salvaging surgical intervention prior to arrival 
at traditional deployed medical treatment facilities may be re-
quired for the care of select casualties. The optimal employ-
ment of a surgical resuscitation team (SRT) may afford life 
and limb salvage in these unique situations. Methods: Fifteen 
years of after-action reports (AARs) from a highly specialized 
SRTs were reviewed. Patient demographics, specific details of 
encounter, team role, advanced emergent life and limb inter-
ventions, and outcomes were analyzed. Results: Data from 
317 casualties (312 human, five canines) over 15 years were 
reviewed. Among human casualties, 20 had no signs of life 
at intercept, with only one (5%) surviving to reach a Mili-
tary Treatment Facility (MTF). Among the 292 casualties with 
signs of life at intercept, SRTs were employed in a variety of 
roles, including MTF augmentation (48.6%), as a transport 
capability from other aeromedical platforms, critical care 
transport (CCT) between MTFs (27.7%), or as an in-flight 
damage control capability directly to point of injury (POI) 
(18.2%). In the context of these roles, the SRT performed 
in-flight life and limb preserving surgery for nine patients. 
Procedures performed included resuscitative thoracotomy 
(7/9; 77.8%), damage control laparotomy (1/9; 11.1%) and 
extremity fasciotomy for acute lower extremity compartment 
syndrome (1/11; 11%). Survival following in-flight resuscita-
tive thoracotomy was 33% (1/3) when signs of life (SOL) were 
absent at intercept and 75% (3/4) among patients who lost 
SOL during transport. Conclusion: In-flight surgery by a spe-
cifically trained and experienced SRT can salvage life and limb 
for casualties of major combat injury. Additional research is 
required to determine optimal SRT utilization in present and 
future conflicts.

Keywords: in-flight; surgical rescusitation team; casualty; 
limb salvage; military treatment facility; trauma

Introduction

Recent experiences in modern regions of conflict have demon-
strated a continued need to develop and effectively employ 
strategies to mitigate the risk of hemorrhagic death on the 
battlefield.1–5 These include early resuscitation with blood 
products and the ability to control noncompressible torso 
hemorrhage (NCTH) early after injury by expedient surgi-
cal intervention or other means.1,5–9 A Secretary of Defense 
mandate issued in 2009 established a desired “golden hour” 
standard for the delivery of combat casualties to an environ-
ment capable of damage control surgery (DCS).10,11 However, 
contemporary experience suggests that medical support for 
military conflict may face significant challenges to meet this 
mandate.12,13 Current evidence also suggests that the “golden 
hour” is not an accurate timeframe upon which to base im-
provement in survival after major traumatic injury. Much 
shorter time intervals are associated with more significant im-
provements in outcome among those requiring surgery.14

Existing forward surgical unit configurations, while a mainstay 
in recent conflicts, may not be practically designed to support a 
full range of rapid medical and surgical response contingencies 
across the range of medical operations (ROMO) and across 
significant geographical distances. While more mobile resus-
citative prehospital capabilities were developed during recent 
conflicts, such as the UK Medical Response Team (MERT), 
these units possess inherent limitations and do not afford DCS 
capabilities.15,16

We describe the experience of a surgical resuscitation team 
(SRT) specifically designed to respond rapidly in support of 
emerging contingencies in the modern battlefield. This unit ef-
fectively bridges the gaps between Tactical Combat Casualty 
Care (TCCC), further damage control, and definitive surgical 
care in a variety of settings and platforms. More specifically, 
the SRT is uniquely capable of expediently and effectively pro-
viding delivery of both resuscitation and DCS in austere envi-
ronments on multiple platforms.
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Methods

After institutional review board approval, comprehensive 
review of AARs from casualty episodes of care by a multi-
disciplinary SRT was conducted over a 15-year time frame 
(September 2004–May 2019). All AARs were reviewed by a 
board-certified trauma/vascular surgeon and an experienced 
team-certified physician assistant (PA). Data were abstracted 
as part of ongoing quality improvement efforts for the Joint 
Medical Augmentation Unit designed to inform and improve 
training and readiness efforts.

Data abstracted from AARs included team utilization, patient 
demographics, mechanism of injury, and interventions prior 
to team intercept. Interventions conducted by the SRT and 
outcomes were also recorded and analyzed. As a subset of 
the examination, patients undergoing attempts at in-flight life 
and limb preserving surgical intervention were abstracted for 
further review. All data abstracted and the composition for 
reporting were reviewed and approved by appropriate Joint 
Special Operations Command Operational Security Review 
and Public Affairs Officers prior to publication.

Team Construct and Capabilities
The multidisciplinary SRT described consists of an appropri-
ately trained surgeon, emergency medicine physician, a certi-
fied registered nurse anesthetist (CRNA), a PA, a medical team 
seargant, and a communications expert (RTO). Members of 
this team undergo specialized recruitment, assessment, and 
selection. New members participate in an initial skills pipe-
line, including team-centric advanced austere and far-forward 
medical/surgical training. Every team member performs ad-
vanced training on a continual basis to maintain readiness and 
proficiency.

The primary role of the SRT is to provide damage control 
resuscitation and surgery in the austere, prehospital setting, 
as close to point of injury (POI) as tactically feasible, and to 
facilitate subsequent transfer to definitive care. This mission 
requires flexibility of team response to contingencies ranging 
from POI casualty collection to critical care transport (CCT) of 
casualties. Team composition and equipment are designed to 
facilitate bridging the treatment gap between unit medic TCCC 
interventions and an established military treatment facility 
(MTF), while maintaining the ability to effectively augment the 
entire care spectrum based on mission and casualty needs.

Results

SRT Employment
Over the review period, SRTs were used in a variety of roles 
and settings, treating 312 human casualties and five working 
canines (Figure 1). Among the 292 casualties with signs of life 
present at initial encounter, the SRT was used predominantly in 
strategic augmentation of an existing MTF (142/292; 48.6%) 
during anticipated potential mass casualty events. Other roles 
for the SRT included transfer of casualties to a higher echelon 
of care via either tail-to-tail aeromedical transfer from another 
aeromedical evacuation platform or in prescribed CCT roles 
from an existing MTF to a higher echelon of care (81/292, 
27.7%). In a smaller number of instances, SRTs were used as 
an independently deployed expedient surgical capability in a 
ground structure or hardstand (16/292, 5.5%) or in mobile 
response to point of casualty injury (53/292, 18.2%).

Overall After-Action Casualty Review – 
Management and Outcomes

Canine Casualties
Among the five working canines, injuries included heat in-
jury (n = 1), suffocation (n = 1), and penetrating injuries due 
to gunshot or explosive fragmentation (n = 3). One military 
working dog was returned to duty following care. Two canines 
were evacuated to a higher echelon of care. Two were without 
signs of life at intercept and were unable to be resuscitated and 
expired.

Human Casualties
Casualties were predominantly male (302/312; 96.8%) and 
had sustained penetrating injuries from gunshot or fragmen-
tation mechanisms (261/312; 83.7%). TCCC interventions 
provided prior to surgical team intercept included tourni-
quet placement (65/312; 20.8%), peripheral intravenous (IV) 
access (72/312; 23.1%), intraosseous (IO) access (13/312; 
4.5%), airway establishment (24/312; 7.7%), and chest seal 
or thoracostomy decompression (26/312; 8.3%). Blood prod-
ucts had been administered prior to SRT intercept for only 
13 patients (13/312; 4.2%) with either whole blood (6/312; 
1.9%), packed red blood cells (PRBCs) (8/312; 2.6%), thawed 
plasma (3/312; 1.0%), or freeze-dried plasma (1/312; 0.3%).

Initial interventions delivered by the SRT included the estab-
lishment of IV access (120; 38.5%), airway placement (67; 
21.5%) and thoracostomy tube (28; 9.0%) (Table 1). Resus-
citation was undertaken with whole blood (6.4%, mean = 
3.3 units), PRBCs (15.4%, mean = 10.0 units), and thawed 
plasma (7.7%, mean = 8.0 units). Medications administered 
included fentanyl (18.9%), midazolam (Versed) (10.0%), 
ketamine (13.1%), morphine (9.3%), and tranexamic acid 
(3.8%) (Table 1).

The SRT provided damage control surgical intervention for 
87 casualties (87/312; 27.9%). A variety of surgical interven-
tions were performed, to include complex wounds debride-
ment/washout (22/87; 25.2%), exploratory or damage control 

FIGURE 1  Casualty flow diagram of a 15-year surgical resuscitation 
team (SRT) experience.
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laparotomy (18/87; 20.7%), thoracotomy (13/87; 14.9%), and 
arterial injury shunting or repair (12/87; 13.8%) (Table 2).

Of the 312 human casualties, 20 presented to the SRT with-
out signs of life (SOLs; no pulse, Glasgow Coma Scale score 
of 3, no respirations or detected cardiac activity). All had 
sustained penetrating injuries due to gunshot or fragmenta-
tion mechanisms. Only one survivor was observed from this 
group, despite maximal attempts at salvage. The remainder 
of the casualties treated demonstrated SOLs at intercept and 
resulted in an overall survival of 97.6% (285/292) (Figure 1). 
Seven patients expired during SRT care. Mortalities occurred 
during augmentation of an existing Role 2 MTF (4/7; 57.1%) 
or during transport from location of injury to an established 
MTF (3/7; 42.9%).

Among the entire cohort of 312 human casualties, time from 
injury to intercept was adequately documented for 174, with 
the median time to intercept being 60 minutes (range of 5 min-
utes to 24 hours; interquartile range of 80 minutes). Mortality 
among those intercepted within an hour of injury was 10.1% 
(8/79); if less than 30 minutes, it was 12.8% (5/39).

In-Flight Life and Limb Surgery Results
In-flight surgery was performed on both rotary wing and fixed 
wing evacuation platforms by the SRT for a total of nine pa-
tients, in roles including POI response (6/9; 66.7%), tail-to-
tail transfer from other aeromedical evacuation platform (1/9; 
11.1%) and CCT between MTF echelons (2/9; 22.2%).

Procedures performed included resuscitative thoracotomy 
(7/9; 77.8%), damage control laparotomy with control of 
pelvic hemorrhage (1/9; 11.1%), and extremity fasciotomy 
for acute lower extremity compartment syndrome (1/9; 11%) 

(Table 3). Resuscitative thoracotomy was attempted for three 
patients without SOL at initial encounter, with one survivor 
(1/3; 33.0%) Resuscitative thoracotomy was also performed 
for four patients who lost vital signs while in SRT care, with 
three surviving after achieving return of spontaneous circula-
tion with aortic cross-clamping and blood product resuscita-
tion while en route to an established MTF. Among these three 
patients, all survived to achieve discharge in stable condition 
from a Role 4 or 5 MTF. In total, the survival for resuscitative 
thoracotomy with SOL present at initial encounter was 75% 
(3/4). Additional in-flight surgical procedures all resulted in 
life and limb salvage, including an exploratory laparotomy 
with packing for control of exsanguinating pelvic hemorrhage 
and an in-flight fasciotomy for emergent compartment syn-
drome of the lower extremity.

TABLE 3  Documented SRT Life and Limb Surgical Interventions 
During In-Flight Care Only (September 2004–May 2019)

N = 9 casualties

Resuscitative thoracotomy 7  (77.8%)

Exploratory/damage control laparotomy 1  (11.1%)

Extremity fasciotomy 1  (11.1%)

Resuscitative thoracotomies were conducted by six different 
SRT surgeons. Three were fellowship-trained trauma surgeons 
stationed at high volume trauma centers, with prior experi-
ence as deployed trauma chiefs at Role 2 or 3 facilities and 
multiple subsequent deployments with SRTs (ranging from 
one to four). The remaining three surgeons were MTF based at 
their home duty stations, but had a minimum of four deploy-
ments prior to the described episodes. All interventions were 
conducted as part of a team approach to care. Interventions 
were surrounded by experienced, multidisciplinary teams who 
were intensively trained on a recurring basis in the unique ca-
pabilities inherent to the SRT mission set.

Discussion

A review of modern military conflict publications has demon-
strated a continued need to optimize effective strategies to 
mitigate the risk of early death due to hemorrhage prior to 
delivery to an MTF.1–5 In particular, an emerging appreciation 
of NCTH as a cause of potentially preventable death has fu-
eled critical examination of combat casualty care practices.1 

TABLE 1  Documented SRT Resuscitation Interventions  
During Entire Period of Care Interaction – All Environments 
(September 2004–May 2019)

N = 312 casualties

Resuscitation Interventions 

Any intravenous access 120 (38.5%)

Central venous access 20 (6.4%)

Intraosseous access 11 (13.5%)

Any airway intervention 67 (21.5%)

Endotracheal intubation 63  (20.2%)

Crichothyrotomy 4 (1.3%)

Thoracostomy tube 28 (9.0%)

Whole blood administration 20 (6.4%)

Mean whole blood units used 3.3 units 

Packed red blood cell administration 48  (15.4%)

Mean packed red blood cell units used 10.0 units

Thawed plasma administration 24 (7.7%)

Mean thawed plasma units used 8.0 units 

Drug Administration

Fentanyl 59 (18.9%)

Versed 32 (10.03%)

Ketamine 41 (13.1%)

Morphine 29 (9.3%)

Tranexamic acid 12 (3.8%)

Other medication (antibiotics, paryalytics, 
antiemetics, or NOS) 113 (36.2%)

TABLE 2  Documented Team Surgical Interventions Performed in 
All Environments of Care (September 2004–May 2019)

N = 312 casualties

Any surgical intervention 87 (27.9%)

Cranial decompression 1/87 (1.1%)

Extremity amputation 1/87 (1.1%)

Thoracotomy  13/87 (14.9%)

Pericardial window 1/87 (1.1%)

Exploratory/damage control laparotomy  18/87 (20.7%)

Splenectomy 1/87  (1.1%)

Intestinal resection or repair 7/87 (8.0%)

Arterial shunting, ligation, or repair  12/87 (13.8%)

External fixator extremity 7/87 (8.0%)

Burn debridement 1/87 (1.1%)

Extremity fasciotomy  13/87 (15.0%)

Neck exploration 4/87 (4.6%)

Complex wound debridement/washout  22/87 (25.2%)
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Optimal strategies to combat NCTH on the battlefield have 
included pre-hospital resuscitation with blood products and 
the ability to control NCTH in the earliest phases by expedient 
surgical intervention or other means.1,5–9

A Secretary of Defense directive issued in 2009 established a 
“golden hour” as the time standard for the delivery of combat 
casualties to an environment capable of DCS intervention. A 
subsequent review reported by Kotwal and colleagues retro-
spectively examined the effects of this time-sensitive interven-
tion on subsequent combat casualty outcomes from military 
action in Afghanistan.10,11 The investigators examined out-
comes from 21,089 military casualties occurring from Septem-
ber 2001 to March 2014 and noted that after adjustment for 
injury severity, casualties who received a transfusion or were 
transferred to DCS capability within an hour of injury were 
less likely to die of combat wounds. This group of investiga-
tors estimated that the practice of delivering casualties to a 
DCS-capable environment in this time frame resulted in 359 
lives saved over the study period.10,11

The data from this important effort by Kotwal and colleagues 
were, however, largely collected during a period of robust mil-
itary activity in a mature combat theater. Accordingly, the time 
period of examination was associated with the availability of 
a relatively developed casualty evacuation system and a med-
ical “footprint” designed to optimally position DCS capabili-
ties with the establishment of Role 2 and Role 3 MTFs. More 
contemporary experience suggests that future military medical 
care may be required in less mature environments, in which 
distances to an established Role 2 or Role 3 DCS capability 
may prove more challenging. In addition, there is emerging 
civilian evidence that the timeframes required to optimize out-
comes of those that require surgery after major trauma are 
much shorter in interval than those prescribed by traditional 
“golden hour” principles.12

Furthermore, the future construct of military resuscitation and 
DCS capabilities may be evolving.4 Traditional forward surgi-
cal elements depend largely on the establishment of a robust 
supply chain, and are relatively large in size.13–15 Additionally, 
the traditional forward surgical teams of various military ser-
vices are less mobile, due to larger footprints and ancillary 
requirements, within the very short timeframes potentially 
required to effectively respond to distant emergent contingen-
cies.4 While more mobile resuscitative prehospital capabilities, 
such as the UK MERT, were developed during recent conflicts, 
these unique platforms offer primarily nonsurgical resuscita-
tive capabilities and require the optimal placement of DCS 
capabilities relative to mission locations.16 These specific units 
are also not designed to be used in a flexible manner to sup-
port contingency situations in various environments outside 
their tightly defined roles.

Earlier intervention during transport from POI to an MTF 
warrants consideration but requires an appreciation that ro-
tary wing transport of combat casualties represents a unique 
environment requiring specialized training and capabilities. In 
one review of 149 combat platform helicopter transports con-
ducted by Lehmann and colleagues, 30% of casualties trans-
ported by this modality had in-flight clinical deterioration and 
9% required urgent intervention after delivery to a receiving 
facility.17 This work focused on interfacility transfers, with 
comparatively less having been reported about the occurrence 

of adverse events during rotary wing transport from the POI 
itself. For select casualties, the benefit of an experienced team 
capable of responding to these decompensations is apparent. 
Improved data are required, however, to optimize selection of 
the need for DCS following combat injury by this unique ca-
pability. The judicious utse of this resource is paramount to 
success, as it is clear that not every casualty will require the 
DCS capabilities afforded.

It is also important to note that the successes achieved in our 
report were achieved only in the setting of effective TCCC care 
prior to SRT intercept and a robust and mature MTF to receive 
the casualties after SRT management. In an era of increasingly 
burdened military medical resources, it would almost certainly 
prove counterproductive to convert a large number of surgical 
teams to the kind of in-flight capabilities described. Without 
appropriate investment of these capabilities in the receiving 
MTFs, the in-flight capabilities become the proverbial “bridge 
to nowhere.” In this regard, additional study and consider-
ation are required to determine the appropriate balance along 
the chain of care.

Resuscitative thoracotomy remains a heroic effort of trauma 
care, reserved for those patients who are not responding to 
resuscitation with blood products – regardless of the environ-
ment in which it is used. The addition of advanced invasive 
resuscitative interventions in the prehospital setting by well-
trained teams is not novel and has been described in a variety 
of both military and civilian environments.18–25 In-flight use 
of damage control surgery, however, represents specific chal-
lenges. The performance of DCS interventions on an aircraft 
require an experienced provider who is well trained to conduct 
procedures in a chaotic environment characterized by active 
movement, noise, and lighting challenges. They must be able 
to intervene with only a limited toolset relative to more robust 
civilian environments. Despite these challenges, our described 
results compare favorably to those of mature civilian trauma 
environments. In the largest reported experience with resus-
citative thoracotomy to date, DuBose et al. documented out-
comes from 310 procedures conducted at American College 
of Surgeons Level I trauma centers.26 They found that injuries 
resulting from penetrating mechanisms among civilian casual-
ties presenting with SOL resulted in survival in 13.9% (11/79), 
and only 1.7% (2/118) when SOL were not present on arrival. 
In our more limited combat environment experience, we ob-
served corresponding survival rates of 75% (3/4) and 33% 
(1/3), respectively.

We have previously described the SRT as designed specifically 
for rapid and flexible response to emerging contingencies in 
various roles.27 This unit is capable of effectively bridging the 
gap between TCCC and definitive surgical care in a variety of 
settings. A unique selection and training regimen is required 
for the development of this capability. Our data demonstrates 
the wide range of skills implemented effectively by an SRT 
team must be capable of providing appropriate TCCC inter-
ventions, the benefit of which has been demonstrated in sev-
eral large reports.3,28-30 In addition, the multidisciplinary SRT 
maintains currency in the effective utilization of a wide va-
riety of resuscitative adjuncts, including the ability to secure 
an advanced airway, establish rapid venous access (by central 
venous cannulation if necessary), transfusion, and resuscita-
tive endovascular occlusion of the aorta.9 Finally, the SRT 
can transition rapidly to providing surgical intervention in 
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the pre-Role 2 setting for a variety of emergent indications, 
including cranial decompression, emergent orthopaedic inter-
ventions, control of NCTH, and shunting or repair of arterial 
injuries to restore distal perfusion.

Our reported experience demonstrates that an SRT can effec-
tively employ a unique capability in a variety of roles – from 
augmentation of a Role 2 facility during mass casualty events, 
to independent action, or even in facilitating critical care trans-
port of severely injured casualties. The small size and flexible 
capabilities of the SRT may provide a useful life-saving capa-
bility in response to a wide variety of contingency operations 
that require speed and mobility of medical support. In this 
context, the SRT is capable of rapidly and effectively support-
ing both resuscitation and DCS within one hour of POI in the 
austere military environments, with the goal of delivering opti-
mal casualty care in closest feasible proximity to POI.

Our present report does have important limitations that must 
be acknowledged, including those inherent to retrospective re-
view. The AARs from which these data were abstracted do 
not constitute a formal casualty care database. Although these 
documents accurately recorded team roles and interventions, 
the granularity of data available was not consistent with an 
a priori database designed explicitly for the purpose of com-
prehensive data collection. Some variables, including specific 
vital signs at delivery to the next echelon of care, were not 
consistently available for review. It is also important to note 
the context of conflict in which these results were obtained. In 
future “near peer” conflict, aeriel denial of active battlespaces 
may represent a different challenge to the utilization of in-
flight interventions. As such, caution should be taken when 
attempting to extrapolate the results outlined in our report 
with other care settings or capability configurations.  

Conclusion

An SRT provides a unique resuscitative and damage control 
surgery capability that can be effectively employed in a variety 
of roles, including in-flight DCS delivery, with good outcomes. 
Additional research is required to determine optimal SRT uti-
lization in present and future conflicts.
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