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Severe ischemia-reperfusion syndrome in physiologically unstable patients with nonviable extremities remains a major
challenge in damage control surgery. We analyzed 31 cases of tourniquet use aimed at preventing this syndrome in physiologically
unstable patients with nonviable extremities treated in our center. Clinical, laboratory, imaging, intraoperative, and
microcirculatory assessments were used to evaluate limb viability and guide surgical management. We propose the term damage
control tourniquet (DACOTa) for planned tourniquet maintenance or application as a bridging strategy before life-saving
amputation. This strategy was used in 5.7 % of tourniquet cases; lower extremity injuries predominated (78.9 %). Previously
applied hemorrhage-control tourniquets were maintained in 74.2 % of cases. Thirty-one amputations were performed in 28 patients,
predominantly as single-stage procedures (83.9 %). Overall mortality was 38.7 %, mainly due to post-resuscitation syndrome and
multiple organ failure. The damage control tourniquet provides an effective bridging strategy, enabling definitive amputation after
physiological stabilization and improving clinical classification of tourniquet use.

Key words: hemorrhage-control tourniquet, damage control tourniquet, tourniquet syndrome, ischemia-reperfusion
syndrome, combat-related extremity trauma.

XopoumyH E.M., ITanacenko C.I., Heroayiiko B.B., Iluninos C.A., Knanuyk 10.B.,
Kynpisauyk B.B., Kep6ax H.P.

TYPHIKET KOHTPOJIIO YIIKO/KEHB SIK CKJIAJIOBA XIPYPITUHOI TAKTUKH
KOHTPOJIIO KPUTUYHUX YIIKOIKEHbD ITPU IINEMIYHO-PEIIEP®Y3IMHOMY
CUHAPOMI

Tsoxkkuil imemiqHo-penepdy3iiiHui cuHapoM y (i3i0J0riYHO HECTaOUIBHUX HALEHTIB i3 HEXMTTE3NATHOIO KiHIIBKOIO
3aJMIIAETHCS CEPHO3HOI0 MPOOIIEMOO Xipyprii KOHTPOIIIO YIIKO/KEHb. Mu nipoananizyBany 31 BUITagoK 3aCTOCYBaHHS TyPHIKETIB
i3 MeTOI0 3amobiraHHs bOMY CHHAPOMY y (i310J0TiYHO HECTaOUIPHMX MALI€HTIB i3 HEXUTTE3NATHUMH KiHI[IBKaMH, SIKi
JIKyBaJuCcsl y Hamomy ueHTpi. JIs OLHKM JKUTTE3JATHOCTI KIiHLIBKM Ta BHM3HAYEHHS TAKTUKH XIipypriyHOro JIiKyBaHHS
BUKOPHCTOBYBAIN KIIiHIUHI, TaOOpaTOpHIi, Bi3yati3aliiHi, iHTpaonepariiHi Ta MIKpOIUPKYISATOPHI METOAN IOCIiLKEHHSI. Mu
MPOIIOHYEMO TEPMIH «TYpPHIKET KOHTPOJIIO yuikomkeHb» (damage control tourniquet - DACOTa) st mo3HayeHHs 3aIIaHOBAHOTO
MPOJOBKEHHSI BUKOPUCTaHHs a00 HAaKJIaJIaHHs TYpHIKETa SIK THMYacoBOI CTpaTerii 10 BUKOHAHHS JKUTTE30epirajabHOi aMITyTamil.
Lo crparerito 3acTocoByBanun y 5,7 % BHIAKIB BHKOPUCTaHHS TypHIKETiB; epeBaskallil YIIKOKSHHS HIDKHIX KiHIIIBOK (78,9 %).
TypHikeTn, nonepeHb0 HaKJIaAEHI JUIsi KOHTPOJIO KPOBOTEUi, HPOJOBKYBAJIM BUKOPUCTOBYBATH Y 74,2 % BUnaakiB. Bukonano
31 ammyranio y 28 mamieHTiB, nepeBaxkHo ogHoOMOoMeHTHO (83,9 %). 3aranbHa neranbHiCTh cTaHOBHIA 38,7 %, HepeBakHO
BHACIIIZIOK MOCTPEaHIMAIIHHOTO CHHAPOMY Ta IOJIOPTaHHOI HEJOCTATHOCTI. TypHIKET KOHTPONIO YIIKOIPKEHb € e(heKTHBHOIO
TUMYaCOBOIO CTPATETI€I0, 1[0 JAa€ 3MOI'Yy BUKOHATH OCTATOYHY aMITyTallifo miciisi crabimizanii (izionoriyHoro craHy mamieHTa Ta
BJIOCKOHAJIIOE KIIIHIYHY KiIacH(DiKalilo 3aCTOCyBaHHS TypHIKETIB.

KonrouoBi cjioBa: KpoBOCHHMHHHMII TYypHIKET, TypHIKET KOHTPOJIIO YIIKOIKEHb, TYPHIKETHHH CHHAPOM, iIEeMidHO-
penepdy3iitHuii cuHIpoM, 60ii0Ba XipypriuHa TpaBMa.

The study is a fragment of the research project “Development of up-to-date approaches to diagnostics, observation,
prognostication and treatment of surgical and traumatic pathologies”, state registration No. 0125U002732.

In the structure of contemporary combat- The scientific literature describes this type of
related surgical trauma, a significant proportion is combat injury using a variety of terms reflecting its
occupied by severe, nonspecific injuries to the etiopathogenetic and  morphological features,
extremities characterized by massive tissue including “crush syndrome,” “ischemic muscle
destruction, prolonged compression, or a necrosis,” “prolonged limb compression syndrome,”

combination of both. These mechanisms lead to the “traumatic  toxicosis,”  “reperfusion  (release)
development of ischemia-reperfusion syndrome syndrome,” and “compartment syndrome” [3, 11, 12].
(IRS), followed by hemodynamic instability and These injuries are characterized by complex
acute kidney injury (AKI) secondary to pathophysiology, a polymorphic clinical presentation,
endotoxemia. In the majority of cases (65 %), such and significant challenges in both clinical management

injuries are associated with bone fractures, while in and healthcare system organization. They are also
35 % they are combined with trauma to other associated with high rates of disability and mortality,
anatomical and functional regions. reaching up to 40 % [1, 13].
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A unifying feature across these injury patterns is
the development of IRS varying severity, ranging
from mild oliguria to persistent acute kidney injury,
which subsequently triggers downstream
mechanisms of thanatogenesis. From the standpoint
of IRS — albeit with certain reservations — tourniquet
syndrome (TS) can also be included within this
spectrum of combat trauma, the relevance of which is
particularly pronounced in the context of the ongoing
war in Ukraine [4, 7-9].

Concerns regarding the use of hemorrhage-
control tourniquets date back to World War 1. In
1916, Captain M. Blackwood wrote in the Royal
Army Medical Corps Journal: “The tourniquet is an
instrument of the devil that sometimes saves a life”
[10]. The potential for severe complications
associated with tourniquet use is also emphasized in
Advanced Trauma Life Support (ATLS), which notes
that in cases of life-threatening arterial hemorrhage,
the “judicious use of a pneumatic tourniquet” can be
both beneficial and lifesaving.

The criteria guiding the application of surgical
technologies in critically ill trauma patients are well
established, and the concept of damage control
surgery (DCS) is widely accepted. Indications for
DCS include systolic blood pressure below 90
mmHg, serum lactate levels above 7.5 mmol/L, and
core body temperature below 35.5 °C — parameters
that define a physiologically unstable patient profile.
At the same time, it is recognized that the arsenal of
technical approaches within DCS for certain types of
injuries remains limited or insufficiently developed
[10].

Changes in the nature of modern warfare, along
with organizational and methodological challenges in
the evacuation and medical support systems for
military personnel, have led to increased recognition
of tourniquet syndrome as a distinct clinical entity.
During the initial phase of the war (2014-2022), only
sporadic reports of TS were documented. However,
since 2022, it has emerged as a leading indication for
limb amputation [3, 5, 13].

Tourniquet syndrome develops primarily as a
result of improper or prolonged use of hemorrhage-
control tourniquets. It is characterized by severe,
cnerudivne traumatic injury involving
circumferential ~ compression  (effectively a
“guillotine-like” mechanism) of tissues beneath the
tourniquet, prolonged tissue ischemia distal to the
device, and subsequent reperfusion injury upon
restoration of blood flow, ultimately resulting in the
development of IRS [13, 14].

Notably, a review of the available scientific
literature did not reveal clear recommendations
regarding specific technical strategies aimed at
preventing IRS within the framework of DCS in
critically ill patients with physiologic instability.

The purpose of the study was to validate a
novel clinical definition of the “damage control
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tourniquet” and to propose strategies for its use in
patients at risk of developing severe IRS within the
framework of DCS tactics.

Materials and methods. We analyzed 31 cases
of Damage Control Tourniquet (DCT) application in
patients with a physiologically unstable profile
treated at the Military Medical Clinical Center of the
Northern Region over a defined study period. In all
cases, hemorrhage-control tourniquets had been
applied at earlier stages to the upper arm and/or thigh
segments. At the time of decision-making regarding
DCT application, 11 (35.5 %) patients were in the
early post-cardiac arrest period following successful
cardiopulmonary resuscitation, while the remaining
20 (64.5 %) were assessed as critically ill with
ongoing physiologic instability. All patients were
admitted to intensive care units. After stabilization
and normalization of physiological parameters, 28
patients subsequently underwent surgical
intervention at various time points.

The diagnosis of tourniquet syndrome was
established based on the following parameters:
duration of tourniquet application, level of
placement, local clinical signs (edema, paresthesia,
hypoesthesia, anesthesia, hypothermia, joint
contractures),  selected  laboratory = markers
(creatinine, ALT, AST, creatine kinase, potassium,
and myoglobin), presence of peripheral pulses, urine
output, ultrasound evaluation of muscle tissue

(including elastography), thermography,
radiographic studies, and computed tomography in
cases of combined injuries. Intraoperative

assessment of muscle viability was performed
during diagnostic dermatofasciotomy [3, 12, 13]. As
a specialized method for evaluating the
microcirculatory bed of the affected limb segment,
laser Doppler flowmetry was employed. All
investigations were conducted using modern,
metrologically validated equipment.

Results of the study. Based on aggregated
statistical data from the Military Medical Clinical
Center of the Northern Region, there has been a
progressive increase in the proportion of amputations
attributable to tourniquet syndrome and compartment
syndrome, rising from 9 % to 32 % over the most
recent year of observation. Notably, in 20 % of cases
of tourniquet syndrome resulting in limb amputation,
the initial application of the hemorrhage-control
tourniquet was not clinically indicated.

In cases of tourniquet syndrome and
compartment syndrome, the incidence of
rhabdomyolysis-associated acute kidney injury in
the setting of IRS ranged from 35 % to 50 %
[2,4,11].

In our cohort, the DCT strategy was employed
in 31 cases involving patients with physiologic
instability and nonviable extremities, accounting for
5.7 % of all recorded instances of hemorrhage-control
tourniquet use.
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Fig. 1. Patient K., 36 years old, in the shock resuscitation
unit on post-injury day 2 following a blast injury (prolonged
tactical evacuation delay). Hemorrhage-control tourniquets are
present on the extremities at the time of admission.
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A representative example of the DACOTa
strategy in a physiologically unstable patient with
nonviable extremities and previously applied
tourniquets is illustrated in Fig. 1.

Selected characteristics of hemorrhage-control
tourniquets and DCT, including their localization and
duration of application in the setting of tourniquet
syndrome among 31 physiologically unstable
patients, are presented in Table 1.

In the vast majority of cases, tourniquets were
applied to the lower extremities — 21 cases (68 %). In
hemorrhage-control mode, the mean duration of
application was 13+2.8 hours, while in the DACOTa
mode it was 12.643.4 hours (range: 6-24 hours).

Table 1

Localization and duration of hemorrhage-control tourniquets and damage control tourniquets in patients
with a physiologically unstable profile (n=31)

. L. Number of cases Duration of hemorrhage- DACOTa,
Ri* Localization .
abs % control tourniquet, hours hours
1 Lower extremity 21 68 134£2.8 12.6+3.4
2 Upper extremity 5 16 16+£3.2 8.3+2.1
3 Both lower extremities 3 10 11£3.1 14.543.3
4 Upper and lower extremity 1 3 17 8.5
5 Both upper and both lower extremities 1 3 14 24

* Rating index at ranging.

In 5 cases (16%), hemorrhage-control
tourniquets were applied to the upper extremities with
a mean duration of 16+3.2 hours; following
conversion to DCT mode, the duration decreased to
8.3+2.1 hours (range: 6-24 hours).

Other, less common patterns of tourniquet
localization subsequently converted to DACOTa
were observed much less frequently, accounting in
total for only 16 % of cases.

These findings suggest that the development of
physiologic instability — and consequently the need for

DACQOTa-is influenced more by the anatomical location
of the injury and tourniquet application than by the
number of injured limbs or the number of tourniquets
used. Specifically, lower extremity involvement appears
to play a more significant role. Moreover, DCT
application on the lower extremity requires a longer
period to achieve physiologic stabilization compared with
patients presenting with physiologic instability and
tourniquet syndrome of the upper extremities. The tactical
and technical aspects of DACOTa application strategies
are summarized in Table 2.

Table 2
Variants of damage control tourniquet application strategies

- . . Total (n=31
Ri Tactical and technological aspects abs %
1 Prolongation and transformation of the hemorrhage-control tourniquet to DCT 23 74
2 Application at administration 5 16
3 Application following hemorrhage-control tourniquet management measures 2 6
4 Additional application of DCT following hemorrhage-control tourniquet management measures 1 3

* Rating index at ranging.

According to our data, the tactical and technical
characteristics of DCT application were as follows. In
the vast majority of clinical cases, hemorrhage-control
tourniquets were converted into DACOTa through
prolonged application — 23 cases (74 %). In 5 patients
(16 %), DCT was applied to extremities without a
previously placed hemorrhage-control tourniquet or
after its removal at an earlier stage of care. In 2 patients
(6 %), after documented ineffectiveness of
hemorrhage-control tourniquet during tourniquet
reassessment, corrective measures were undertaken,
and the device was subsequently reclassified in the
medical record as a DACOTa. In 1 case (3 %), DCT
was applied more proximally due to improper initial
placement of the hemorrhage-control tourniquet,
which was identified during tourniquet reassessment.
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Delayed amputations were performed as single-
stage procedures in 26 (83.9 %) cases, two-stage
procedures in 4 (12.9 %) cases, and a three-stage
procedure in 1 (3.2 %) case. In our cohort, single-
stage operations predominated, which is typical in
scenarios where DCT is applied to a single extremity.
In cases involving multiple DCTs, staged surgical
interventions on nonviable extremities were
performed based on the patient’s evolving
physiological status.

Overall mortality in the study group was 12
(38.7%), with nearly all deaths attributable to
progression of post-resuscitation syndrome and
multiple organ failure.

Discussion. The use of tourniquets has a long and
well-established history, primarily associated with the
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control of external hemorrhage at the prehospital stage,
most often at the point of injury, particularly from
extremity vessels [1, 9, 12]. Separately, tourniquet
application in the prehospital setting has been
discussed as a means of preventing IRS in crush
injuries. However, the role and place of tourniquet use
at the hospital level remain insufficiently addressed in
both specialized and scientific literature.

It is well recognized that secondary shock-
induced disturbances lead to multiple organ
dysfunction and failure, thereby defining a
physiologically unstable patient profile. For this
reason, surgical decision-making in such patients is
considered separately. These conditions significantly
limit the range of feasible surgical interventions,
narrowing it to the simplest and least traumatic
procedures capable of creating conditions for survival
in critically ill patients [15].

The concept of DCS, which emerged in the late
1990s, has become a cornerstone in trauma and
military surgery, significantly improving survival in
patients with critical injuries. From the perspective of
DCS, the use of a tourniquet at the hospital level takes
on a fundamentally different role compared to its
traditional hemostatic function. Performing an
amputation in a patient with a physiologically
unstable profile is often a fatal step. What, then, can
DCS offer in such situations? A review of the
available literature did not provide a clear answer.

Given the critical nature of this clinical scenario,
the primary surgical objective becomes the cessation
of venous and lymphatic outflow without immediate
amputation. From a formal and logical standpoint,
this may be achieved through the application or
continuation of a tourniquet. However, in this
context, the indication is no longer hemostatic. A
tourniquet applied to prevent IRS, when amputation
is not feasible due to physiologic instability, should
be regarded as a temporary bridging procedure within
the DCS paradigm. It addresses key challenges in the
survival pathway of critically ill patients, enabling
stabilization prior to definitive surgical management
(i.e., amputation).

Defining such a tourniquet as a distinct clinical
entity allows for accurate medical documentation and
appropriate stratification and coding of surgical
procedures. A precise and information-rich definition
ensures clarity in interpretation and consistency in
clinical decision-making across different levels of care.

From a tactical and technical standpoint, the
DACOTa strategy may be implemented through
prolongation of a previously applied CT. In such cases,
a tourniquet initially placed for hemorrhage control is,
based on clinical justification for preventing IRS,
functionally transformed into a DCT. In other
instances, signs of IRS may be present in patients
admitted without a tourniquet, yet their physiologic
instability precludes definitive surgery; under such
conditions, a DCT is applied upon hospital admission.

Our prior collaborative work with Euro-Atlantic
colleagues on revising tourniquet use protocols
achieved only partial success [5]. Notably, current
Tactical Combat Casualty Care (TCCC) protocols do

159

not clearly distinguish between “tourniquet
reassessment” and  “tourniquet  conversion.”
Tourniquet reassessment involves a set of measures
aimed at evaluating the appropriateness of application,
level of placement, effectiveness, and duration.
Tourniquet conversion refers to actions taken
following reassessment and may include removal
(transition to a provisional state), repositioning
(distally or proximally), adjustment of pressure, or
replacement with a safer yet equally effective method.

If, at the time of reassessment, a hemorrhage-
control tourniquet has lost its hemostatic function but
there is a risk or presence of IRS, then prolongation,
repositioning, or pressure adjustment of the
tourniquet constitutes a formal transformation of
hemorrhage-control tourniquet into DCT.

Application of a DCT can, in essence, be
considered a “functional amputation” of the limb.

The primary objective of DACOTa in
physiologically unstable patients with a nonviable
extremity is to gain time for preparing the patient for
a life-saving amputation. From the moment this
strategy is initiated, the date and time of
implementation are documented in the inpatient
medical record, along with formal reclassification of
the procedure. Following stabilization, definitive
surgical intervention — amputation proximal to the
tourniquet — is performed.

To simplify medical documentation and
standardize the description of such clinical scenarios,
we propose the use of the acronym DACOTa
(Damage Control Tourniquet).

Within the framework of damage control
surgery, the DACOTa strategy emphasizes that
tourniquet use is a deliberate component of
stabilization rather than a treatment error. Explicit
documentation of DACOTa in the medical record
eliminates ambiguity regarding potential “misuse.”
This approach should be viewed exclusively as a
bridging procedure to definitive surgery, involving
the intentional maintenance or application of a
tourniquet to a nonviable extremity.

The increasing incidence of tourniquet
syndrome in modern combat trauma reflects both
objective and subjective factors. Objective factors
include the extreme challenges of tactical evacuation,
often resulting in significant delays. However, our
observations suggest that subjective factors also play
a critical role. Even in the presence of prolonged
evacuation delays, appropriate tourniquet
reassessment and timely conversion could have
prevented limb loss and the development of IRS in up
to three-quarters of cases.

A concerning combination of passive oversight
by medical authorities and overactive influence of
non-expert opinion leaders continues to promote the
indiscriminate application of tourniquets based on the
principle of “as high and as tight as possible.” At the
same time, we have observed cases of spontaneous,
“intuitive” tourniquet conversion performed by
patients themselves — often against the instructions of
certified combat medics — which in some instances
preserved both limb and life.
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The current “epidemic” of tourniquet syndrome
represents a systemic failure driven by insufficient
expert oversight of tactical medicine training
programs, inadequate professional standards among
instructors, and outdated, dogmatic approaches that
do not reflect the realities of modern warfare.

In our observations, we documented a case of
tourniquet application maintained for 56 days in a
patient who had no indication for its use. Predictably,

result of improper tourniquet reassessment and
management.

The authors sincerely hope that this article
will serve as a small but meaningful contribution of
clinical common sense to the tactical use of
tourniquets across diverse clinical scenarios — one
that may gradually erode rigid protocol-driven
dogma, and help ensure that tourniquets cease to be
instruments of disability and instead fulfill their

true purpose as life-saving tools in critical
situations.

patient developed irreversible ischemia and
mummification of the right foot and lower leg as a

Conclusion

Hemorrhage-control tourniquets and DACOTa represent distinct clinical entities that describe technically
similar but functionally different surgical interventions in combat-related extremity trauma.

The introduction of the DACOTa concept is driven by the need to differentiate tourniquet use according
to its functional purpose, enabling accurate stratification and coding of surgical procedures in medical
documentation and trauma registries.

In patients with a physiologically unstable profile and nonviable extremities, DACOTa serves as an
effective bridging surgical strategy within the framework of damage control surgery at any level of care,
allowing for life-saving stabilization and the relatively safe delayed amputation of nonviable limbs.

The application of DACOTa is associated with survival rates of up to 60 % in patients who would
otherwise be considered clinically non-survivable.

Prospects for further research include further evaluation of DACOTa in the management of severe extremity trauma, with
particular emphasis on its potential role in reducing ischemia—reperfusion injury and improving clinical outcomes.
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