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COST-EFFICIENT IMPLEMENTATION OF MULTI-STAGE SURGICAL STRATEGIES
FOR SEVERE LIVER INJURIES USING THE “DAMAGE CONTROL” APPROACH

Abstract:

Severe liver trauma poses a significant clinical and economic challenge, particularly in emergency
surgical care. The "damage control” strategy, based on a staged approach to surgical intervention, has
demonstrated not only improved clinical outcomes but also reduced overall healthcare costs. This study
analyzes 19 critical cases of liver trauma where the "damage control” method was applied, focusing
on both medical results and cost-effectiveness.

The method involves initial rapid hemorrhage control, followed by intensive resuscitation, and delayed
definitive surgery. This structured staging prevents complications such as multiple organ failure,
reduces ICU and hospital stay duration, and limits the need for extensive surgical procedures. The
average number of surgeries per patient was 2.7, with a significant reduction in mortality (from 53.3%
to 19.5%) compared to the one-stage “early total care” model.

From an economic perspective, adopting "damage control” surgery minimizes resource depletion in
critical phases and allows for optimal allocation of medical staff, surgical time, transfusion volumes,
and critical care equipment. By preventing early fatal outcomes and costly complications, the strategy
contributes to sustainable surgical care in resource-limited health systems.

Keywords: Liver trauma, damage control surgery, staged surgical intervention, critical care
economics, resource optimization, cost-effectiveness, surgical planning, trauma systems.

Hopmamamoe Baxpuooun ITupmamamosuy

Accucmenm kageopul xupypeuueckux bonesneti Ne2,
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3KOHOMHNYHO D®DPEKTUBHAS PEAJIN3ALIAA MHOTO3TAITHON
XUPYPTUMUECKOM TAKTHUKHU MPU TAXKEJBIX HOBPEXJIEHUSAX IEYEHU C
HNCITOJb30BAHUMEM NNOJAXOJA «DAMAGE CONTROL»

AHHOTAIIUA:

Tspkenass TpaBMa TIEYEHH TPEACTaBISeT COOOM HE TONBKO CEphE3HYI0 KIMHUYECKYI0, HO U
HKOHOMHUECKYIO MPOoOIeMy, OCOOCHHO B YCIOBUAX SKCTPEHHON XUPYprudeckoit momomu. CtpaTerus
«damage control», ocHoBaHHas Ha MHOTO3TATHOM IMOJIXO/€ K XHUPYPTHUYECKOMY BMEIIATEIbCTBY,
MoKa3ajla He TOJBKO YJIyYIIEHHE KIMHUYECKHX Pe3yJbTaToOB, HO U CHIKEHHE OOIIMX PACXOI0B B
CHCTEME 3/IpaBOOXPAHCHUS.

B uccnenoanny npoaHaau3upoBaHbl 19 KpUTHYECKHUX CIIy4aeB TpaBM IIEYEHHU, ITPH JIEUEHUHU KOTOPBIX
INpUMeHsIach TakTHKa «damage controly. Merox Bxirodaer B ceOsi TpH dTama: MepBOHAYAIBHOE
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OBICTpOE KYNMHUPOBAHHE KPOBOTEUYCHHS, MHTCHCHUBHYIO MPOTHUBOIIOKOBYIO TEPANUIO M OTCPOYCHHOE
paguKabHOE XUPYPrHYE€CKOE BMEIIATEILCTBO. TaKOW CTPYKTYPHUPOBAHHBIM TOJIXOJ TTO3BOJISIET
n30exaTh OCIIO)KHEHUH, TAKUX KaK MOJIMOPraHHAsi HEOCTATOYHOCTh, COKPATHTD MPOI0KUTEITHBHOCTh
NnpeObIBaHKUS B OTJICJICHUN pEaHMMAIMHM W CTAIIMOHAPE, a TaKK€ YMEHBIIUTh 00bEMbl HHBA3HBHBIX
BMelaTeabcTB. CpeqHee KOJIMYECTBO ONepaluii Ha OJHOrO NAIMeHTa COCTaBWIO 2,7, IpU 3TOM
JIeTaIbHOCTh CHU3WIACh ¢ 53,3% 10 19,5% 1o cpaBHEHUIO C OJHOATAITHOM TAKTUKOW «PAHHETO
TOTAJIbHOIO JICUCHHUS.

C SKOHOMHMYECKOH TOYKHM 3pCHUs, BHEIpeHHe MeToja «damage control» cmocoOctByer Oonee
palMOHaIbHOMY HCIIOJB30BAaHUIO PECYPCOB B KPUTHUYECKHE MEPUOJBI. DTO MO3BOJSET ONTUMAIBHO
pacripenienate pabouee BpeMs MEIUIMHCKOIO IIepCOHaNa, ONEpallMOHHbIE PECypchl, O0BEMBI
NepeIMBaHusl KPOBH M HCIONIB30BaHHE OOOpYyIOBAaHMS WHTCHCHUBHOW Tepamuu. llpodunaktuxa
JETAIIBHBIX HCXOJOB M JOPOTOCTOSIIMX OCJIOKHEHUM JENacT NaHHBIM IOAXOJX YCTOMYMBBIM U
9KOHOMHWYECKH ONpPaBIaHHBIM B CHCTEMax 3JIpaBOOXPAHCHUS C OrpaHHYCHHBIMH PECypCaMHu.

KawueBble ciioBa: TpaBMa IiedeHu, xupyprusi damage control, mMHorosramHoe Xupypruaueckoe
BMEILIATEJIbCTBO, SKOHOMHMKAa MHTCHCHBHOM TEpaluu, ONTHUMHU3ALUSA PECYpCOB, 3KOHOMHUYECKAs
3¢ EKTUBHOCTD, IUTAHUPOBAHUE XUPYPTUH, TPABMATOJIOTHYECKAsI CHCTEMA.

Hopmamamos baxpuooun Ilupmamamosuu

CamITV, Camaprano, Y3oexucmon

_ KUTAPHUHT OFUP IIMKACT/IAHUIIJIAPUJIA "DAMAGE CONTROL"
EHAAIIYBUJIAH ®OUITAJIAHTAH XOJJA KV BOCKUYJIU JKAPPOXJMK
TAKTUKACHHHU TEXKAMKOPJIUK BUJIAH AMAJITA OIIVPHIIL.

AnHoTanusi: JKUrapHUHT OFMp IIMKACTIAHUIIM HadakaT KUAIANA KIMHUK, OalKd HKTHUCOIUN
MyaMMO XamJaHup, alHUKCA HIOLIMWIMHY KappoXJIuK €plaMu mapoutuaa. Kappoxauk apanalryBura
KYT1 OOCKHYJIM €HJIalTyBra acociaHTaH "3apapiiapHy Ha30paT KWJIUII'" CTpaTerusacu HadakaT KIMHHUK
HATWKAJITAPHUHT AXIIMIAHUIIWHY, OAlKU COFJIMKHU CaKJIall TU3UMHUJA YMYMHUN XapakaTJIapHUHT
KaMaWHIINHU XaM KypCaT/iy.

Taakukorna 19 Ta ’kurap HIMKACTIAHUIIMHUHT KPUTHK XOJATJIApU TaxXJuil KWIMHTAH, yJapHU
nasojaniia "damage control" TakTHKacH KyJUTaHWATaH. YCyJ ydTa OOCKMYHHU ¥3 MUWra olajau: KOH
KETUILITUHY JacTIa0Ku Te3/1a TYXTaTHIIL, IOKKA KapIlli MHTEHCUB Tepanusl Ba KEUMKTUPHUIITAH PauKal
KAPPOXJIMK apajianryBu. byHaai TH3uMin €H1alyB MOJMOPTaH €THIIIMOBUMIIMK KaOU acopaTaapHUHT
OJIITHU OJIUII, peaHuMalus Oy 1My Ba mu(oxoHaaa OYIuII My IIaTHHA KUCKAPTUPHUIL, ITYHUHTIEK,
WHBA3WB apajlallyBiiap XaXMUHU KaMaWTUPHUII UMKOHUHU Oepaau. bup Gemopra Tyrpu Kenaaura
oTepaIMsUIApHUHT ¥pTaya COHU 2,7 HU TaIIKWJ ITIU, YIUM Japaxxacu Oup OOCKHYIM "IpTa TOTAI
nmaposiam” TakTukacura Hucoaran 53,3% man 19,5% raga xamaiign.

WkTuconuii HyKTau Ha3apJaH, "'3apapHy Ha30paT KUJIUI" yCYJIMHU )KOPUH ATUII TAHKUIMN TaBpiap/ia
pecypcnapiaH sHaaa OKuioHa QoinanaHumra épaaMm Oepaau. by THOOMET XOAMMIIAPUHUHT WIII
BAKTHHU, OMNEPALMOH peCcypcilapHHU, KOH KyWHII XaKMHUHU Ba MHTEHCHB TEpamnus yCKyHalapuJaH
(oiaNaHUIIHA ONTHMAN TAKCHMIANI WMKOHHHH Oepaid. YJIUM XONaTiapd Ba KHMMAT
acopaTNapHUHT OJITUHU ONUIN YOy EHAANIyBHU pecypclapyd 4YeKJIaHTaH COFIUKHU CaKJall
TH3UMIIapHIa GapKapop Ba UKTUCOIUN KUXATIAH Y3UHU OKJIalIUTaH KUJIaIH.
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Kamut cy3aap: xurap >kapoxaTH, XappoXJUK MIMKACTIAHUIIHMA HA30paT KWIUII, KYH OOCKUWIH
KAPPOXJIMK apallalllyBU, HHTEHCHUB Tepamusi HUKTHUCOAMETHU, PECcypciapHU ONTHMAaIIAIITHPHIL,
UKTHCOAUN caMapaJopIMK, )KappOXJIUKHU PEKATAIUTUPUILL, TPABMATOJIOTUK TU3HM.

Introduction

Liver trauma, particularly of a severe nature, represents one of the most complex challenges in
emergency abdominal surgery. The incidence of liver damage ranges from 20-46.9% in blunt
abdominal trauma and up to 86.4% in penetrating injuries. According to various studies, mortality rates
vary widely: approximately 30.4% for blunt trauma, 4-10.5% for stab wounds, and as high as 39.3%
in polytrauma cases.

When the injury reaches grades IV or V (Moore classification), mortality may escalate to 40-80%,
often complicated by hemorrhagic shock, abdominal compartment syndrome, and sepsis.

Traditional strategies involve one-stage laparotomy and comprehensive repair, which may be overly
invasive in unstable patients. In contrast, "damage control™ surgery, as introduced by M. Rotondo in
1993, emphasizes early bleeding control, intensive resuscitation, and delayed definitive repair.

In recent decades, the management of hepatic trauma has undergone significant evolution due to
advances in imaging, critical care, and surgical techniques. Despite these improvements, high-grade
liver injuries (grades IV-V) continue to be associated with a high mortality rate, particularly in settings
lacking access to advanced medical infrastructure.

The liver is the second most frequently injured organ in abdominal trauma, following the spleen.
According to the World Society of Emergency Surgery (WSES) guidelines (2020), liver trauma
accounts for approximately 35-45% of all abdominal trauma cases, with non-operative management
(NOM) being effective in more than 80% of low-grade injuries. However, NOM is not feasible in
hemodynamically unstable patients or those with high-grade injuries and active bleeding.

Recent systematic reviews suggest that in patients with major hepatic injuries, early mortality is
primarily driven by exsanguination, while late mortality is frequently due to sepsis and multiorgan
dysfunction syndrome (MODS). Therefore, treatment protocols that prioritize early hemostasis and
physiological stabilization have gained prominence.

The “damage control surgery” concept, originally introduced by Rotondo et al. in 1993, has become a
cornerstone in modern trauma surgery. This approach focuses on the initial control of bleeding and
contamination, temporary abdominal closure, followed by intensive care resuscitation and delayed
definitive repair. Its application has been associated with significant improvements in survival,
especially among patients with severe trauma and physiological derangements.

Objective

The primary objective of this study is to assess the clinical efficacy of the "damage control" surgical
approach in the management of patients with critical liver trauma, particularly those presenting with
high-grade (IVV-V) injuries and hemodynamic instability. This includes evaluating patient outcomes in
terms of mortality, complication rates, and recovery timelines.

In parallel, the study aims to examine the economic and logistical feasibility of implementing a multi-
stage surgical strategy in an emergency care setting. Special attention is given to the optimization of
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critical care resources, including operating room time, blood transfusion requirements, ICU occupancy,
and staff workload.
Additionally, the research seeks to validate a severity-based triage algorithm designed to assist in early
identification of patients who would most benefit from staged surgical intervention, thus enhancing
individualized treatment planning and overall system efficiency.
By integrating clinical outcomes with cost-effectiveness analysis, the study endeavors to provide
evidence-based recommendations for surgical practice in resource-limited trauma centers, ultimately
contributing to improved survival rates and more sustainable trauma care delivery.
Materials and Methods
From 2012 to 2022, 170 patients with hepatic trauma were surgically treated at the SFRNCEMMP.
Among them, 19 patients had high-grade injuries (grades IV-V). These patients underwent multi-stage
interventions involving gauze or film tamponade, with an average of 2.7 operations per patient.
Techniques included liver suturing, major vessel ligation, extensive hepatotomy, and atypical
resections.

e Mean ISS: 34 (range: 17-76)

e Average ICU stay: 13 days

o Average hospital stay: 25 days

« Mortality rate: 26.3%
Additionally, a comparative analysis was conducted involving two patient cohorts:

e Group 1 (n=41): treated using the "damage control" method

e Group 2 (n=30): treated with a one-stage "early total care" approach
Mortality in Group 1 was significantly lower (19.5%) than in Group 2 (53.3%).

Proposed Algorithm and Severity Scoring
A tailored scoring system was introduced to determine the necessity of "damage control™:
e <9 points: no indication
e 10-16 points: clear indication
e 8-9 points: clinical discretion
Factors considered: duration of illness, peritonitis source, type of necrosis or obstruction, shock
severity, laboratory parameters (Hb, urea, electrolytes), ECG, vital signs.
Patients were stratified:
e 1-10: Compensated, favorable prognosis
e 11-29: Subcompensated, borderline status
o 30-44: Decompensated, poor prognosis

Results and Discussion

The application of the “damage control” surgical approach resulted in a marked reduction in mortality
and postoperative complications among patients with severe hepatic trauma. Specifically, the mortality
rate in the damage control group (Group 1) was 19.5%, significantly lower than the 53.3% observed
in the early total care group (Group 2). This highlights the clinical advantage of staging surgical
interventions in patients who are physiologically compromised at admission.
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Patients undergoing damage control surgery also experienced improved hemodynamic stabilization
during the resuscitation phase, which facilitated more effective subsequent definitive surgical repair.
The mean number of operations per patient was 2.7, with a progressive decrease in intraoperative blood
loss and transfusion volumes over the staged interventions.
ICU stay and total hospital stay were reduced in the damage control group, with average durations of
13 and 25 days, respectively. These outcomes suggest better recovery trajectories and lower incidence
of complications such as abdominal sepsis, multi-organ dysfunction syndrome (MODS), and
coagulopathy.
The economic analysis further supports the clinical findings. Resource allocation—particularly in
terms of operative time, critical care equipment usage, and staff burden—was more efficient in the
damage control cohort. By preventing early fatal deterioration and minimizing the need for high-
complexity surgeries under unstable conditions, the damage control approach proved both clinically
and economically advantageous.
Additionally, the implementation of the triage algorithm facilitated timely decision-making regarding
the suitability of damage control intervention. Patients with high ISS scores and physiologic
derangement clearly benefited from a structured, phased approach. The stratification system based on
clinical, laboratory, and hemodynamic criteria proved effective in guiding management decisions.
These results align with global trauma surgery literature emphasizing the importance of early bleeding
control, physiological stabilization, and delayed definitive procedures in reducing trauma-related
mortality. The findings of this study confirm that even in resource-constrained environments, adopting
structured damage control principles can lead to favorable outcomes comparable to those in high-
income trauma centers.
Conclusions

e The “damage control” surgical strategy is a clinically effective and economically sustainable

approach for managing severe liver trauma, particularly in cases involving hemodynamic

instability, coagulopathy, and high injury severity scores.

e Multi-stage surgical intervention, consisting of rapid hemorrhage control, resuscitation in the
ICU, and delayed definitive surgery, significantly reduces mortality rates and the incidence of
postoperative complications such as MODS, abdominal sepsis, and prolonged ventilatory

support.

e Compared to the one-stage “early total care” method, the damage control approach allows for
more rational utilization of critical hospital resources—including operative time, blood

transfusions, and intensive care capacities—especially vital in low-resource healthcare settings.

e Theintroduction of a structured clinical algorithm for patient stratification and decision-making
enhanced the precision of surgical planning. Early identification of candidates for staged
intervention contributed to improved outcomes and minimized unnecessary surgical burden.
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This study supports the broader adoption of damage control principles in trauma surgery
protocols, advocating for their integration into national treatment guidelines—particularly in
healthcare systems where infrastructure limitations demand cost-efficient and outcome-

oriented strategies.
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