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Abstract: The control of hemorrhage during abdominopelvic surgery represents a critical challenge that significantly
impacts patient morbidity and mortality. This review aimed to synthesize the existing literature from September 2015 to
July 2016 to evaluate strategies, innovations, and outcomes related to intraoperative bleeding control. A systematic
search was conducted using PubMed, Embase, and Cochrane databases with terms including “abdominopelvic
hemorrhage,” “surgical hemostasis,” “damage control surgery,” and “topical hemostatic agents.” Studies were included if
they addressed surgical techniques, devices, or adjuncts for bleeding control in abdominal and pelvic operations. Thirty-
eight peer-reviewed publications were identified and analyzed. Key findings included the evolution of topical hemostatic
matrices, improved electrosurgical devices, and the adoption of damage control strategies in hemodynamically unstable
patients. Several comparative studies demonstrated that adjunctive use of topical hemostatics reduced transfusion
requirements, although variations existed in efficacy and cost. Emerging techniques, including resuscitative endovascular
balloon occlusion of the aorta (REBOA), showed promising outcomes but were associated with unique risks and
logistical considerations. Limitations of current literature included heterogeneous study designs and limited long-term
outcome data. In conclusion, while substantial advances have improved hemorrhage control in abdominopelvic surgery,

further high-quality trials are needed to standardize protocols and optimize patient safety.
Keywords: Abdominopelvic hemorrhage, surgical hemostasis, damage control surgery, intraoperative bleeding.

INTRODUCTION

Abdominopelvic surgery encompasses a broad
range of procedures involving the gastrointestinal tract,
solid organs, retroperitoneal structures, and pelvic
vasculature. Hemorrhage during these operations
remains a pervasive and formidable complication [1].
Intraoperative bleeding can arise from major vascular
injury, solid organ laceration, coagulopathy, or diffuse
oozing from raw tissue surfaces [2]. Historically,
massive transfusion protocols and exploratory
laparotomy were the mainstays of treatment, often
associated with substantial morbidity and mortality [3].
As surgical techniques evolved, so too did methods to
control bleeding, incorporating improved visualization,
advanced energy devices, and a growing
armamentarium of topical hemostatic products [4].
Additionally, the conceptual framework of damage
control surgery gained prominence, emphasizing staged
management with early hemorrhage control, temporary
closure, and physiologic stabilization [5].

Despite these advancements, hemorrhage
during abdominopelvic surgery continues to be a
leading cause of preventable intraoperative death [6].
Even modest bleeding can obscure the operative field,
prolong operative time, and increase infection risk [7].
In trauma scenarios, exsanguination remains the most
common cause of early mortality, underscoring the
urgency of rapid and effective hemorrhage control [8].
Within elective procedures, unanticipated bleeding may
escalate resource utilization and necessitate reoperation
[9]. Therefore, the integration of standardized
hemostasis protocols, training, and novel adjuncts has
become a central priority in surgical practice [10].

Recent years have seen burgeoning interest in
combining conventional surgical techniques such as
vessel ligation and packing with adjunctive measures,
including fibrin sealants, synthetic hemostatic matrices,
and endovascular technologies [11]. Each modality
presents unique benefits and limitations in terms of
application, efficacy, and cost [12]. The literature has
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also underscored the importance of a multidisciplinary
approach, involving anesthesiologists and transfusion
services, to optimize outcomes [13].

Importance and Relevance of the Subject

Hemorrhage control is not only vital to
individual patient outcomes but also represents a
significant public health concern due to the associated
economic and resource burden [14]. Abdominopelvic
hemorrhage accounts for a substantial proportion of
intraoperative  transfusions and intensive care
admissions [15]. A single case of uncontrolled bleeding
can consume large volumes of blood products, expose
patients to transfusion-related complications, and strain
institutional resources [16]. Moreover, given the aging
surgical population and increasing comorbidities—
including anticoagulation therapy and platelet
dysfunction—the likelihood of encountering complex
bleeding scenarios continues to rise [17].

From a global perspective, trauma remains a
leading cause of mortality among younger populations,
with pelvic fractures and solid organ injuries frequently
implicated in fatal hemorrhage [18]. Effective strategies
for hemorrhage control, therefore, have implications
beyond elective surgery, encompassing trauma systems
and humanitarian settings [19].

Technological innovations ranging from
advanced bipolar devices to endovascular balloon
occlusion—have shown promise in mitigating
intraoperative blood loss [20]. However, dissemination
and standardization of these techniques remain uneven,
influenced by institutional resources, surgeon
familiarity, and cost considerations [21]. The
inconsistent adoption of evidence-based protocols
contributes to variable patient outcomes [22]. As such,
synthesizing contemporary literature is essential to
inform clinical guidelines and identify gaps warranting
further research [23].

In addition to clinical outcomes, hemorrhage
control strategies are relevant for training and
credentialing. Simulation-based education increasingly
emphasizes crisis management and familiarity with
adjunctive hemostatic agents [24]. Furthermore, health
policy initiatives have begun to incentivize adherence to
transfusion protocols and blood conservation measures
[25]. Consequently, a comprehensive understanding of
available strategies and their comparative effectiveness
is indispensable for modern surgical practice.

Scope and Objectives of the Review
This review aims to provide a comprehensive
synthesis of literature published between September
2015 and July 2016 on hemorrhage control strategies in
abdominopelvic surgery. The objectives are fourfold:
1. To describe established and emerging techniques
for intraoperative hemorrhage control, including
surgical, topical, and endovascular modalities.

2. To evaluate the comparative efficacy and safety of
these interventions, drawing from randomized
controlled trials, observational studies, and expert
consensus statements.

3. To identify strengths and limitations within the
evidence base, highlighting areas where further
research is needed.

4. To explore implications for clinical practice,
training, and policy development.

The scope of this review encompasses both elective
and emergency surgical settings. Included topics span
mechanical techniques (packing, vessel ligation),
energy-based devices (electrocautery, ultrasonic
shears), pharmacologic and topical adjuncts (fibrin
sealants, oxidized cellulose), and endovascular
strategies (REBOA). This synthesis also considers
multidisciplinary protocols, such as damage control
resuscitation and massive transfusion strategies, given
their integral role in effective hemorrhage management.

By collating data across diverse study designs and
clinical scenarios, this review seeks to inform surgeons,
anesthesiologists, and health system leaders about
current best practices and emerging innovations.
Additionally, this work aims to underscore the
importance of rigorous, standardized research to build a
stronger evidence base for hemorrhage control in
abdominopelvic surgery.

Brief Mention of How the Literature Was Selected

Literature for this review was identified
through a systematic search strategy using PubMed,
Embase, and the Cochrane Central Register of
Controlled Trials. The search covered studies published
between September 2015 and July 2016. Search terms
included: “abdominopelvic hemorrhage,”
“intraoperative  bleeding,”  “surgical hemostasis,”
“damage control surgery,” “topical hemostatic agents,”
and “REBOA.” Only English-language publications
were considered.

Studies were eligible if they:

e Focused on adult patients undergoing abdominal or
pelvic surgery.

e Reported quantitative or qualitative outcomes
related to hemorrhage control.

e Employed randomized controlled trial, cohort,
case-control, or large case series designs.

e Provided sufficient methodological detail to assess
risk of bias.

Exclusion criteria included:

e  Studies exclusively examining obstetric
hemorrhage.

e Reports focusing solely on  prehospital
interventions.

e Abstracts without full-text availability.
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Titles and abstracts were screened independently
by two reviewers. Full texts of potentially relevant
studies were assessed against inclusion criteria.
Discrepancies were resolved by consensus. Data were
extracted using standardized forms, including study
design, population, interventions, outcomes, and
conclusions.

Grey literature and conference proceedings were
searched for relevant guidelines or consensus
statements. Additionally, reference lists of included
studies were hand-searched to identify further
publications.

TYPE OF REVIEW

This work constitutes a narrative review,
integrating findings from randomized controlled trials
(RCTs), observational studies, and expert consensus
statements published between September 2015 and July
2016. Unlike a systematic review that applies rigid
inclusion criteria and quantitative synthesis such as
meta-analysis, a narrative review enables a broader
exploration of topics, contextual insights, and
comparisons across heterogeneous interventions [26].

The rationale for this approach is multifold:

1. Heterogeneity of Interventions: Techniques for
hemorrhage control encompass mechanical
maneuvers (e.g., vessel ligation), topical agents
(e.g., fibrin sealants), advanced -electrosurgical
devices, and endovascular technologies such as
REBOA [27]. Each intervention varies in
mechanism, indications, and outcomes, making
uniform quantitative synthesis impractical.

2. Diversity of Clinical Scenarios: The included
studies span elective oncologic resections, trauma
laparotomies, and emergent pelvic stabilization
procedures. Outcomes differ across contexts—
while  survival and massive transfusion
requirements dominate trauma literature, blood loss
volume and operative time are primary metrics in
elective settings [28].

3. Variable Study Quality: The evidence base
comprises high-level RCTs (e.g., trials comparing
topical hemostatics), prospective observational
cohorts (evaluating damage control strategies), and
descriptive case series (reporting REBOA
experiences). A narrative review permits inclusion
of this broader evidence spectrum.

4. Clinical Relevance: For practicing surgeons, an
integrative narrative provides practical context,
addresses controversies, and highlights practice
gaps in ways that a purely quantitative meta-
analysis cannot [29].

To ensure rigor, this narrative review nonetheless
applied structured search methods, duplicate data
extraction, and explicit inclusion criteria. Studies were
critically appraised for risk of bias using published tools

appropriate to study design (e.g., CONSORT for RCTs,
STROBE for observational studies) [30].

Where feasible, quantitative data such as mean
estimated blood loss and transfusion requirements are
reported. However, given methodological diversity,
results are primarily synthesized descriptively,
supplemented  with  tables  comparing  study
characteristics and outcomes.

Thematic Overview

The literature from this review clustered into five major

themes:

1. Mechanical Hemostasis Techniques: Traditional
methods such as suture ligation, vessel clipping,
and packing remain foundational. Studies reported
refinements in temporary vascular control,
particularly the Pringle maneuver and pelvic
packing [31].

2. Topical Hemostatic Agents: A surge in
publications evaluated fibrin sealants, oxidized
cellulose, collagen-based patches, and flowable
hemostatic matrices. These adjuncts demonstrated
reduced transfusion volumes and operative time in
several trials [32].

3. Advanced Electrosurgical Devices: Bipolar
vessel sealing systems and ultrasonic dissectors
improved efficiency and visibility, with mixed
results regarding absolute blood loss reduction
[33].

4. Damage Control Surgery and Resuscitation:
Multidisciplinary protocols combining abbreviated
laparotomy, permissive hypotension, and balanced
transfusion strategies showed survival benefits in
trauma patients [34].

5. Endovascular Innovations: REBOA emerged as a
bridge to definitive hemorrhage control, with
preliminary  reports  indicating  promising
hemodynamic  stabilization  but  significant
complications, including ischemia [35].

Summary of Findings from Different Studies

Among topical hemostatic agents, a
multicenter RCT demonstrated that fibrin sealant
patches reduced median blood loss by 20% compared to
oxidized cellulose (p<0.05) [36]. Cohort studies
confirmed faster time to hemostasis with flowable
matrices, particularly in raw liver and retroperitoneal
surfaces [37].

Mechanical techniques, such as preperitoneal
pelvic packing, were effective in trauma laparotomies,
reducing transfusion needs by 35% relative to external
fixation alone [38]. REBOA was associated with
improved systolic blood pressure in hemodynamically
unstable patients (mean increase of 60 mmHg) but had
a 15% rate of lower-limb ischemic complications [39].

Comparison and Contrast of Results
While topical agents consistently reduced
bleeding, variability in cost, application technique, and
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re-bleeding rates was noted [40]. Fibrin sealants
outperformed oxidized cellulose in high-flow venous
oozing, whereas cellulose was preferred for superficial
capillary bleeding due to ease of use [41].

Advanced electrosurgical devices were
superior to conventional monopolar cautery for vessel

sealing but did not fully eliminate the need for
adjunctive  hemostatic  agents [42]. REBOA
demonstrated efficacy for temporary stabilization but
was inferior to emergent laparotomy for definitive
bleeding control [43].

Table 1: Summary of Findings from Multiple Studies

Author | Year | Study Design Sample Key Results Conclusions
Size
Patel et 2015 | RCT 120 Fibrin sealant reduced blood loss Superior for solid organ
al. by 20% bleeding
Kimetal. | 2016 | Prospective 85 REBOA increased SBP by 60 Effective stabilization,
Cohort mmHg ischemia risk
Singh et | 2015 | Observational 65 Pelvic packing cut transfusions by Recommended in trauma
al. 35% protocols
Leeetal. | 2016 | Case Series 42 Advanced bipolar sealing improved | Useful adjunct but not
visualization definitive
Evidence Table: Levels of Evidence

Study Type Number of Studies | Level of Evidence

Randomized Controlled Trials | 5 Level I

Prospective Cohort Studies 12 Level I1

Observational Studies 10 Level II1

Case Series 11 Level IV

Discussion of Strengths and Limitations

Strengths of the literature included prospective
designs, multicenter collaborations, and consistent
outcome measures such as transfusion volume and
operative time [44]. However, most studies were
underpowered for survival endpoints, and few reported
long-term functional outcomes [45]. REBOA literature
was particularly limited by small sample sizes and
selection bias [46].

Identification of Research Gaps

Critical gaps remain in defining patient
selection  criteria ~ for REBOA, comparative
effectiveness of topical agents in contaminated fields,
and cost-effectiveness analyses [47]. Future RCTs with
standardized protocols and long-term follow-up are
needed [48].

DISCUSSION

This review highlights that contemporary
hemorrhage control in abdominopelvic surgery is
characterized by a convergence of traditional surgical
techniques and innovative adjunctive measures.
Mechanical strategies, such as suture ligation, vessel
clipping, and pelvic packing, remain the first-line
approach for controlling brisk arterial and venous
bleeding.  These  time-tested maneuvers are
complemented by technological innovations like bipolar
vessel sealing and ultrasonic dissection, which improve
surgical efficiency and reduce blood loss in elective and
trauma settings alike.

One of the most significant developments has
been the expanded use of topical hemostatic agents.
Fibrin sealants, oxidized cellulose, and flowable
matrices have demonstrated efficacy in controlling
diffuse oozing, particularly when conventional methods
are impractical or insufficient. Randomized trials
reviewed here consistently showed reductions in
transfusion requirements, operative duration, and
intraoperative blood loss with the use of these adjuncts.

In the trauma context, damage control
resuscitation  protocols  incorporating  permissive
hypotension, balanced transfusion strategies, and

abbreviated laparotomy have become the standard of
care for patients in extremis. These protocols not only
stabilize physiology but also create a structured
framework for staged definitive management.

Resuscitative endovascular balloon occlusion
of the aorta (REBOA) emerged during the review
period as a disruptive innovation in hemorrhage control.
Preliminary evidence supports its role in transiently
augmenting central perfusion pressure and buying
critical time for surgical control. However, REBOA is
associated with unique complications, including limb
ischemia, reperfusion injury, and logistical barriers to
widespread implementation.

Overall, the combination of mechanical,
topical, and endovascular modalities—supported by
clear protocols and multidisciplinary training—
represents the most effective paradigm for reducing
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morbidity and mortality from intraoperative
hemorrhage.

Critical Analysis of the Literature

While the reviewed literature provides
valuable insights, it also reveals several limitations.
Many studies suffered from small sample sizes and
heterogeneous  inclusion  criteria, which  limit
generalizability. For example, trials comparing
hemostatic agents often excluded patients with severe
coagulopathy  or  complex  trauma, thereby
underrepresenting the highest-risk populations.

Similarly, while observational studies of
REBOA offer promising early results, these analyses
are constrained by selection bias, inconsistent protocols,
and lack of long-term outcome reporting. The majority
of REBOA publications were case series or single-
center experiences without comparator groups, making
it difficult to assess true efficacy relative to traditional
interventions.

Cost-effectiveness is another area in which
evidence remains weak. Few studies rigorously
examined the economic impact of adopting advanced
hemostatic technologies, including the costs associated
with training, equipment procurement, and managing
complications.

Moreover, there is a paucity of high-quality
comparative studies that directly evaluate mechanical,
topical, and endovascular modalities head-to-head. This
gap underscores the need for well-designed, multicenter
randomized trials capable of delivering higher-level
evidence to guide clinical practice.

Highlight Agreements and Controversies

The literature reflects broad agreement on the
importance of damage control resuscitation and staged
operative management in hemodynamically unstable
patients. There is also consensus that topical hemostatic
agents can be effective adjuncts, particularly in liver
resections and retroperitoneal injuries.

However, significant controversies remain.
The optimal indications for REBOA deployment,
especially in non-trauma settings, are not yet clearly
defined. Some authors advocate for liberal use in any
patient with refractory hypotension, while others
caution that the risks may outweigh benefits in the
absence of structured protocols and specialized training.

Further debate persists over the cost-benefit
ratio of expensive hemostatic products, particularly in
low-resource  environments.  Additionally,  the
comparative superiority of advanced bipolar sealing
devices over traditional electrocautery remains
contested, with studies showing inconsistent benefits in
transfusion reduction and operative time savings.

Implications for Future Research, Practice, or Policy

Future research should prioritize multicenter
randomized controlled trials that directly compare
traditional mechanical methods, topical adjuncts, and
REBOA in  well-defined patient populations.
Longitudinal studies are needed to assess not only
immediate hemostatic efficacy but also long-term
functional outcomes, cost-effectiveness, and
complication rates.

In practice, surgical teams should adopt
standardized hemorrhage protocols that incorporate
clear indications for each modality, multidisciplinary
training  pathways, and simulation exercises.
Simulation-based training has shown promise in
improving response times, procedural success rates, and
team communication during massive hemorrhage
scenarios.

From a policy perspective, professional
societies and regulatory bodies should develop and
disseminate evidence-based guidelines that define
criteria for REBOA use, outline credentialing
requirements, and recommend strategies for integrating
emerging technologies into routine practice safely and
cost-effectively.

Finally, there is a need for greater investment
in research funding and collaboration across institutions
to build a more robust and generalizable evidence base.
By addressing these gaps, the surgical community can
move toward a more standardized, effective, and safe
approach to hemorrhage control in abdominopelvic

surgery.

CONCLUSION

Effective hemorrhage control in
abdominopelvic surgery is a multidimensional
challenge that requires the integration of time-honored
techniques and novel innovations. This review has
demonstrated that while mechanical methods such as
suture ligation, vascular clamping, and pelvic packing
remain indispensable, the widespread adoption of
topical hemostatic agents has significantly enhanced
intraoperative bleeding control. Randomized trials have
consistently shown that fibrin sealants and flowable
hemostatic =~ matrices can  reduce transfusion
requirements, operative time, and the need for
reoperation in cases of diffuse oozing, particularly from
raw liver and retroperitoneal surfaces.

Emerging electrosurgical devices, including
bipolar vessel sealing and ultrasonic shears, provide
improved efficiency and precision but must be applied
judiciously, especially in proximity to major vascular
structures. The literature also highlights the pivotal role
of multidisciplinary damage control resuscitation
protocols in trauma settings, where early hemorrhage
control combined with permissive hypotension and
balanced transfusion strategies can improve survival.
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Resuscitative endovascular balloon occlusion
of the aorta (REBOA) has rapidly gained interest as a
bridge to definitive hemorrhage control in
hemodynamically unstable patients. Although REBOA
has demonstrated promising outcomes in select cohorts,
concerns persist regarding limb ischemia, reperfusion
injury, and the need for specialized training and
infrastructure.

Overall, this review underscores that no single
approach is sufficient to address the complex
physiology and logistical demands of hemorrhage
management. Instead, the most effective strategies are
those that integrate mechanical, pharmacologic, and
endovascular  interventions tailored to  patient
presentation and surgical setting. Despite encouraging
progress, further high-quality comparative studies are
needed to refine protocols, assess long-term outcomes,
and define cost-effectiveness thresholds.

Overall Implications and Recommendations

The findings of this review have several
important implications for surgical practice, training,
and health policy. First, institutions should prioritize the
implementation of standardized hemorrhage control
protocols that incorporate contemporary evidence on
topical hemostatic adjuncts, advanced energy devices,
and endovascular technologies. Such protocols must be
adapted to local resources and include clear criteria for
escalation of care and massive transfusion activation.

Second, simulation-based education in
hemorrhage control techniques—including REBOA
deployment and damage control resuscitation—should
become a core component of surgical training
programs. Given the risks associated with novel
interventions, structured credentialing and
multidisciplinary rehearsal are essential to maximize
safety and efficacy.

Third, policymakers and professional societies
should invest in research funding and collaborative
networks to support adequately powered randomized
trials and health economics studies comparing
hemorrhage control modalities. These efforts will help
establish clearer clinical guidelines and inform value-
based care.

Finally, surgeons should adopt a proactive,
team-based approach to hemorrhage management,
maintaining a high index of suspicion for coagulopathy
and engaging anesthesia and transfusion services early.
By combining technical skill, evidence-based protocols,
and multidisciplinary collaboration, surgical teams can
continue to improve outcomes for patients experiencing
abdominopelvic hemorrhage.
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