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Purpose: This study evaluated the pre-procedural attributes of trauma patients to determine their suitability to undergo Percutaneous 
Endovascular Arterial Embolization (PEAE), and the current state of endovascular repair as an option for trauma-related injuries in 
traumatic abdominopelvic arterial injuries was explored.
Patients and Methods: We retrospectively evaluated the charts of 638 adults with traumatic abdominopelvic injuries treated from 
March 2011 to February 2021, extensively reviewing their pre-operative indices, pre-operative optimization requirements, and multi- 
modality imaging records.
Results: In total, 235 patients (30.63%) were “hemodynamically unstable” on admission, mainly due to hypotension (n=437 [68.5%]). 
Additionally, laboratory-defined acquired coagulopathies and inherited bleeding disorders were found in 268 patients (42.01%). The 
computerized tomography bleeding protocol was performed on 408 (63.94%) patients. Percutaneous endovascular therapy by arterial 
embolization was performed on 146 patients. The mean number of requested pre-intervention blood units for trauma patients 
significantly exceeded the number of units transfused post-intervention (P<0.0005). Apart from hemodynamics (ie heart rate, mean 
blood pressure); hemoglobin, and lactic acid levels were independently associated indices of PEAE outcomes (p <0.01).
Conclusion: Despite the recommendations from the Society of Interventional Radiology on endovascular intervention for trauma and 
bleeding risk, 36.84% of study patients had hemodynamic instability and other unfeasible parameters that would limit the option of 
minimally invasive procedures. Early recognition and consideration of suitable treatment options is essential for optimizing patient 
outcomes. It is imperative that standardized algorithms and management protocols based on available resources be developed.
Keywords: interventional radiology, injury, embolization, surgery, emergency medicine

Plain Language Summary
Diagnostic and interventional radiology play a major role in the diagnoses and management of patients who have sustained 
abdominopelvic trauma. Motor vehicle collisions are a significant cause of morbidity and mortality worldwide. This study assessed 
the pre-operative characteristics of patients associated with suitability for percutaneous endovascular embolization as an option to 
manage bleeding. Also, this study identified the underlying barriers to using this minimally invasive option in emergency trauma 
victims. These findings will aid physicians dealing with trauma patients in their triage planning and strategic implementation of best 
processes at point-of-care.

Introduction
Trauma is a leading cause of mortality and morbidity worldwide.1 In 2004, deaths from motor vehicle collisions (MVCs) 
were ranked second globally after deaths from ischemic heart diseases.1,2 According to the World Health Organization, in 
2018, there were 28.8 fatalities from MVCs per 100,000 population in Saudi Arabia, which exceeded the fatality rates in 
the United States of America, United Kingdom, and Australia.3 Continuous assessment and triaging of injuries according 
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to the severity of the damage and the extent of vital organ involvement enables proper medical care.4 Furthermore, 
a multidisciplinary trauma team can efficiently manage trauma patients by implementing a standardized workflow 
algorithm.5

Diagnostic and interventional radiology (IR) play a major role in the diagnosis, management, and follow-up of 
patients injured in MVCs.6 Since their revolutionary introduction in the 1970s, percutaneous endovascular techniques 
have contributed to important developments in medical equipment, damage-control strategies, and procedures,7 and IR 
has become an integral part of the medical care provided by the trauma team.8 The Society of Interventional 
Radiology (SIR) recommends that Percutaneous Endovascular Arterial Embolization (PEAE) in trauma patients 
requires the availability of an IR-ready team in the hospital within 60 minutes of the decision to proceed with 
angiography or transfer of the patient to another center where timely PEAE can be performed.9,10 Nonetheless, 
performing PEAE in the traumatized unstable patients is more challenging than comparable elective situations with 
stable patients.9

This study was conducted with a primary aim of bridging the gap in the literature with regard to determining the 
predictors of effective PEAE as a minimally invasive management option for arterial repair in patients who have 
sustained traumatic abdominopelvic injuries, based on their pre-intervention characteristics. Second, it aimed to for-
mulate a graphical pre-operative algorithm based on pre-operative indices from our academic unicentral data, to improve 
patient selection at point of care when PEAE is clinically indicated. Also, it reflects the implementation of recommended 
evidence from SIR Consensus Guidelines for the periprocedural management of thrombotic and bleeding risk in patients 
undergoing image-guided procedures,11 to minimize risk and maximize benefit.

Materials and Methods
Setting
The study was conducted at King Fahd Hospital of the University (KFHU), a tertiary-care, 650-bed, university teaching 
hospital located in the Eastern Province of Saudi Arabia. This academic hospital is accredited by the Joint Commission 
International and The Saudi Central Board for Accreditation of Healthcare Institutions. According to its 2018 annual 
report, the hospital received approximately 270,000 annual outpatient (21,767 outpatients department and 247,331 
emergency room [ER]) visits. The radiology department has been operational since 1981, and the IR division, comprising 
four modern angiography suites operated by seven trained interventional radiologists, was established in 2010. In 2017, 
approximately 800 patients benefited from the IR unit, compared to 700 patients in 2016.

Study Design and Study Population
This STROBE-compliant retrospective chart review study included trauma patients treated between March 2011 and 
February 2021, identified from the Electronic Medical Record System, and confirmed based on a review of pre-operative 
indices, pre-operative optimization requirements, and multi-modality imaging records. The sample size was determined 
(1 – β= 0.80) using G*Power version 3.1.9.7. software (RRID:SCR_013726, available at: http://www.gpower.hhu.de/) to 
ensure sufficient statistical power.

Data Collection and Inclusion and Exclusion Criteria
“Trauma victims” were defined as adult patients (> 14-years-old) with traumatic abdominopelvic injuries quantified using 
the Injury Severity Score (ISS).12

Data were retrospectively obtained through multistage collection using the keyword “trauma” in the International 
Classification of Diseases 10th Edition (ICD-10) coding system, as well as the codes S30–S39, for injuries to the 
abdomen and pelvis, to identify relevant patient charts from the electronic medical record archival system at KFHU. We 
excluded pediatric patients <14 years old (94 patients) and patients with missing demographics, laboratory results, or 
multi-modality imaging data (58 patients).

The hospital radiology department database was then reviewed using the picture archiving and communication system to 
screen the data collected from March 2011 to February 2021, including pertinent radiography, sonography, digital subtracted 
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angiography, and computerized tomography (CT) imaging studies. The absence of missing data or duplication was audited 
and confirmed. The list obtained was used to identify cases that met the inclusion criteria of this study (Figure 1).

An extensive chart review of each case was performed using both digital and paper-based data to collect the study- 
related variables over an 8-month period. Patients were divided into three groups according to management options: 
those treated non-operatively (ie conservative management); those treated in angio suites (ie PEAE); and those treated 
with open laparotomy (ie in the surgical theater).

Hemodynamic “(in) stability” was defined based on available objective criteria (blood pressure, cardiac output, rate of 
vasopressor, or inotrope).13 Trauma-Induced Coagulopathy (TIC) is a known reason for coagulation derangement defined 
as imbalance between clotting, fibrinolysis, and anti-coagulation.14

Statistical Analysis
Statistical analyses were conducted using R v 3.6.3 Counts (R Core Team, Vienna, Austria) and Minitab version 17.0 
(Minitab, LLC, 2021. Minitab, available at: https://www.minitab.com). Categorical and continuous variables are 
expressed as percentages and mean ± standard deviation (SD), respectively. Unpaired t-test and an independent analysis 
of variance (ANOVA) tests were used to compare continuous and categorial variables, respectively. Hypothesis were 
investigated at a significance level of 5%. Non-parametric data were analyzed using the Kruskal–Wallis test. Univariate 
logistic regression analysis was used to independently examine multiple variables checked by interventionalists pre- 
operatively. Non-significant predictive variables of poor outcome were excluded from the multivariate analysis. 
Significant variables were entered into multivariate binary forward stepwise logistic regression models to identify the 
most parsimonious model of independent preoperative predictors of poor outcomes. The final model was the basis for the 
suggested algorithm.

Ethical Approval
This study was performed in accordance with the Helsinki Declaration of 1975 (revised in 1983). The Imam 
Abdulrahman Bin Faisal University Institutional Review Board considered the descriptive and retrospective nature of 
this study and granted approval for the study to be conducted at KFHU (IRB-2022-01-183). Anonymized data were 
collected, analyzed, and reported only in aggregate form, and no identifiable participant information was revealed in the 
study.

Figure 1 Flowchart of patient selection showing inclusion and exclusion criteria and final sample size.
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Results
Demographics
After applying the inclusion (n=790) and exclusion (n=152) criteria, the charts of 638 patients were selected for review 
and analysis (Figure 1). Among these 638 participants (age, mean ± SD [range] = 28 ± 10 [14–57] years), 504 (78.9%) 
were Saudis, 302 (59.92%) were men, and 202 (40.08%) were women.

Injury Type
Participants were categorized as MVC victims (n=505, [79.74%]) or non-MVC victims (n=133, [20.26%]). Iatrogenic 
injuries (91/133 [68,42%]) represented the majority of non-MVC patients, followed by stab wounds (61/133, [45,86%]). 
Liver injuries were the most frequent acute solid-organ injury (n=139 [21.78%]), and hemoperitoneum (n=244 [38.25%]) 
was the most commonly associated finding (Figure 2).

Circulation Stability
In this cohort, 235 (36.84%) participants were “hemodynamically unstable” on arrival at ER. Hypotension (n=437 
[68.5%]) was the most common vital sign in patients with altered stability.

Laboratory results
Less than half of the patients (n=268 [42.01%]) had acquired coagulopathies or inherited bleeding disorders (Table 1). 
Despite TIC, anticoagulant uptake was found in 109 patients (17.08%) and sepsis in 43 (6.74%) (P=0.21); other cardiac 
hepatic disorders contributed to coagulopathic status. Baseline hemoglobin and reticulocyte levels were obtained for all 
patients.

Independent Pre-Operative PEAE Indices
Heart rate, mean blood pressure, hemoglobin level, and lactic acid level were significant for independent pre-operative 
indices (p <0.01) (Table 2).

Figure 2 Prevalence of abdominopelvic injuries of enrolled trauma patients, according to organ.
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Fluid Resuscitation and Allergy Testing
Crystalloid intravenous fluids (normal saline or Ringer’s lactate) were administered for initial volume correction in 
patients (n=530 [83.07%]; P=<0.005, one-sided t-test). Aggregated data on packed red blood cell transfusions, fresh- 
frozen plasma, and platelets concentrate were collected (n=189 [29.62%]; P=0.1, one-sided t-test). Paired t-test 

Table 1 Laboratory Characteristics of Patients According to Treatment Option

Predictors PEAE  
(n = 146)

Surgical Management  
(n = 198)

Conservative Management  
(n = 294)

All 
Patientsa  

(n = 638)

Mean (±SD) p-valueb Mean (±SD) Mean (±SD) p-valueb

HR (beats per minute) 107.55 (21.9) <0.01c 116.35 (31.9) 106.35 (18.2) <0.01c

RR (breaths per minute) 23.34 (10.0) 0.729 26.34 (13.0) 19.25 (8.0) 0.283

Temp (°C) 37.44 (3.2) <0.01c 37.9 (4.2) 36.79 (3) <0.01c

MAP 82.6 (4.2) <0.01c 79.7 (7.6) 81.6 (5.6) <0.01c

Hemoglobin (g/dL) 8.4 (3.7) <0.01c 7.9 (5.2) 9.4 (4.9) <0.01c

Reticulocyte 11.8 (24) 0.974 13.8 (30) 14.5 (27) 0.521

Leukocyte (109 cells/L) 19.5 (20) 0.826 22.6 (28) 17.9 (25) 0.263

Platelet (109 cells/L) 211 (140) 0.638 248 (126) 170 (123) 0.071

Bilirubin (mg/dL) 3.4 (24) 0.629 4.2 (27) 3.2 (18) 0.929

PT (seconds) 16 (21) <0.01c 19 (25) 14 (22) <0.01c

PTT (seconds) 33.5 (51) <0.01c 38.5 (63) 34.6 (55) <0.01c

Creatinine (mg/dL) 1 (4.7) 0.523 1.7 (6.2) 0.8 (5.9) 0.345

Lactate (mmol/L) 2.50 (4.5) <0.01c 2.6 (5.3) 1.9 (5.8) 0.529

Notes: aAll patients include mixed management found in N=70 patients (ie, PEAE + surgical management). bPre-selection by univariate logistic regression 
analysis to identify predictors amenable for binary logistic analysis. cStatistical significance was set at p-value < 0.05. Significant values are in bold. Reticulocyte 
count (%) expressed as a percentage of the total number of RBCs. 
Abbreviations: PEAE, Percutaneous Endovascular Arterial Embolization; n, sample size; SD, standard deviation; HR, heart rate; RR, respiratory rate; Temp, 
temperature; MAP, mean blood pressure; PT, prothrombin time; PTT, partial thromboplastin time.

Table 2 Multivariate Logistic Regression for Independent Predictors 
Associated with Better Survival and Favorable Outcomes for Percutaneous 
Endovascular Arterial Embolization (n=146)

Predictors Odds Ratio (95% Confidence Interval) p-valuea

HR (beats per minute) 1.87 (0.9–3.4) <0.001

Temp (°C) 1.12 (0.7–2.4) 0.081

MAP 2.45 (0.5–4.4) <0.001

Hemoglobin (g/dL) 3.91 (0.4–6.3) <0.001

PT (seconds) 2.53 (0.4–3.7) 0.062

PTT (seconds) 2.49 (0.2–4.5) 0.079

Lactate (mmol/L) 4.77 (1.0–7.3) <0.001

Notes: aStatistical significance was set at p-value < 0.05. Significant values are in bold. 
Abbreviations: HR, heart rate; Temp, temperature; MAP, mean blood pressure; PT, prothrombin 
time; PTT, partial thromboplastin time.
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comparisons showed significantly higher mean pre-intervention with PEAE than post-intervention packed blood products 
transfusions (4.1 units vs 0.5 units; P<0.0005). Allergic status and related premedication were sub optimally investigated 
prior to performing PEAE (n=71/146 [48.63%]).

Diagnostic Imaging
The majority of plain radiographs (n=601 [94.20%]) and CT scans (n=408 [63.94%], [89% with intravenous contrast]) 
were interpreted by a certified radiologists (n=765 [96.8%]). The initial Focused Assessment with Sonography for 
Trauma (FAST) scans (n=570 [89.34%]) were performed and interpreted by non-radiologists (ie certified emergency 
physicians) (Figure 3). Tc-99m red blood cell (RBC) scans were not performed at our institution. CT was the most 
advantageous diagnostic modality for identifying hemorrhage (P=<0.005, one-way ANOVA) and was superior to 
sonography and fluoroscopy (Figure 4).

Outcomes
No intra-procedural mortality occurred in the interventional suites; however, post-PEAE 90 day mortality was 6.16%. 
The mean length of hospital stay (LOS), post-PEAE, was 11 days. There were no significant differences among treatment 
option groups for hospital and intensive care unit LOS or 90 day mortality (Table 3) (Figure 5).

Figure 3 Thirty-year-old man underwent emergency surgery to treat Klatskin liver tumor (cholangiocarcinoma), complicated by iatrogenic injury to surrounding vessels. 
Notes: His hemoglobin level decreased gradually over time, and clinical suspicion of internal bleeding increased. (A) Greyscale and (B) color Doppler ultrasound of the right 
upper quadrant of abdomen depicted a hematoma at the surgical bed (asterisk). Abdominal computerized tomography scan revealed active intra-hepatic hemorrhage with 
potential pseudoaneurysm (not shown). (C) Conventional angiography using a selective catheter in the celiac trunk confirmed that there was an active extravasation in the 
liver (arrowhead). (D) A super-selective microcatheter contrast analysis further characterized the origin of bleeding from a segment (VIl) (arrowhead). (E) Selective 
embolization was performed with the help of thrombogenic coils (arrow), with an immediate resolution of active extravasation in the final contrast run.
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Discussion
Worldwide, trauma is a leading cause of millions of deaths per year. This study was conducted at a university center in 
Saudi Arabia, which experiences a high trauma-related patient population. Globally, MVCs ranked 23rd in mortality 
rates, and among Saudi nationals, young adults (25% younger than 15 years; 3% older than 65 years) are the most 
affected group in trauma-related events.15 Similar to the findings of this study, Alharbi et al reported that MVCs were the 

Figure 4 Sixty-five-year-old female victim of motor vehicle collision with anterior abdomen query mass. 
Notes: (A) Greyscale and (B) color Doppler ultrasound of the right lower quadrant of abdomen suspected a hematoma. (C) Enhanced CT confirmed a rapidly growing 
anterior abdominal wall hematoma (arrow). Despite initial resuscitation with two rescuing red blood cell units, hemoglobin level dropped to 6 g/dL. Conventional selective 
iliac angiography did not show any visible extravasation (not shown). (D and E) Multi-projection super selection contrast runs of the right inferior epigastric artery, using 
microwire and microcatheter combination, show hypertrophied right inferior epigastric artery with abnormal venous blush (arrow). “Empirical embolization” was performed 
using a 0.5 mL (300–500 microns) particulate vial. (F) Post-embolization angiogram revealed complete resolution of hemorrhage.

Table 3 Patient Outcomes and Survival According to Different Treatment Options

Outcome PEAE  
(n = 146)

Surgical Management  
(n = 198)

Conservative Management  
(n = 294)

All Patients  
(n = 638)

Mean (±SD) Mean (±SD) Mean (±SD) p-value a

In-hospital LOS 11 (17.1) 21 (20.5) 9 (18.7) 0.342

ICU LOS 7 (6.7) 13 (8) 4 (9) 0.442

90-day mortality 9 (4.5) 34 (11.6) 26 (7.6) 0.642

Notes: aStatistical significance by Kruskal–Wallis test was set at p-value < 0.05. 
Abbreviations: PEAE, Percutaneous Endovascular Arterial Embolization; LOS, length of stay; ICU, intensive care unit; n, sample size; SD, standard 
deviation.
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most prevalent trauma type in Saudi Arabia, and iatrogenic injuries, followed by stab wounds, were the main causes of 
non-MVC trauma.15

In trauma settings, PEAE therapy constitutes either the sole definitive management or a preoperative adjunct,16 

whereby injured vessels can be accessed remotely through the zones of anatomic transition, thus avoiding further 
injuries/exacerbations secondary to open surgeries.4 Emergent laparotomies are indicated in hemodynamically unstable 
patients or those who respond transiently to initial resuscitation.4 In this study, a considerable proportion of patients were 
hemodynamically unstable, with hypotension as the main underlying cause, hemostasis to optimize the vital signs of 
these patients should be prioritized before PEAE.9,11,13

Selecting endovascular therapy or surgery for trauma management depends upon initial presentation, availability 
of facilities, hemodynamic status, trauma grade, response to initial therapy, imaging findings, and the interventional 
radiologists or surgeon’s judgment.4 Currently, feasible PEAE are prioritized over surgery due to lower morbidity and 
mortality risks and the risk of large blood volume loss and uncontrolled vessel bleeding in surgery (Table 3).4,16

This study presents a thematic algorithm derived from analysis of our aggregated institutional data and the SIR 
recommendations9,11 to assess trauma patients for their pre-intervention suitability to ensure better survival and favorable 
procedural outcomes (Figure 5).

In acute trauma, PEAE is a common IR procedure4 for intentional temporary or permanent vascular occlusion using 
variable embolic materials (eg metallic coils, microvascular plugs, liquid embolic materials, or particles) or by stenting to 
achieve hemostasis.9 The choice of embolic agent varies based on the target bleeding organ/vessel.4 It is imperative while 
performing PEAE to prevent the embolic material from traveling to non-target organ tissue, thereby avoiding organ 
dysfunction due to non-targeted embolization.4,16 Embolization should be done as close as possible to the site of vascular 
injury (Figures 3 and 4),16 because too proximal embolization may lead to re-bleeding, whereas a distal embolization 

Figure 5 Suggested algorithm based on our unicentral data analysis derived from the updated society of interventional radiology guidelines,9,11 which aids pre-operative 
selection of traumatic abdominopelvic patients amenable for percutaneous endovascular arterial embolization to maximize the likelihood of a favorable outcome.
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may cause an infarct.15 Additionally, balloon occlusion may be used in trauma cases for rapid control of exsanguinating 
hemorrhage where the priority is saving lives.16

Imaging has an important role in the early identification of life-threatening injuries,17 and is critical for patient 
triaging for operative vs non-operative management. Imaging is recommended before PEAE for localization of injury 
sites and delineation of arterial anatomy.4 Our results showed that the majority of traumatized victims were imaged with 
FAST (89.34%) and/or enhanced CT scan (63.94%) at their presentation, which reflects an adequate implementation of 
the updated SIR9,11 and the American Association for the Surgery of Trauma–World Society of Emergency Surgery18 

recommendations on the suitable pre-intervention imaging for traumatized patients.
In the last two years at our center, we have started obtaining Tc-99m RBC scans for trauma victims for limited 

indications. Tc-99m RBC scans can result in incorrect bleeding localization, which may mislead the subsequent 
angiographic intervention. Contrast-enhanced CT is preferred as a realistic predictor of positive arteriograms and active 
hemorrhage. It is superior to Tc-99m RBC scanning for localization of bleeding; and specifically identifies the bleeding 
pathology, thus facilitating better triage and prognosis prediction of PEAE.19 CT is one of the most effective diagnostic 
tools for evaluating trauma,17 with a sensitivity of 98% in identifying contrast extravasation and a negative predictive 
value of 99.6% in diagnosing these injuries.16,20

Another major parameter to determine pre-intervention suitability for traumatized patients is their coagulation profile 
at presentation.11 Laboratory-defined acquired coagulopathies and inherited bleeding disorders were found in approxi-
mately 42% of the study population, which may hinder their suitability for PEAE as a management option (Table 1). 
Although TIC is a known reason for coagulation derangement,14 anticoagulant medications, sepsis, and cardiac hepatic 
disorders were other contributors in this study population. It is worth mentioning that target-specific oral anticoagulants 
which directly inhibit coagulation factor Xa (such as rivaroxaban, edoxaban, apixaban, betrixaban, and darexaban) or 
thrombin (dabigatran) have been found to be suitable and at least as effective as Vitamin K antagonists with regard to 
efficacy, but with a lower risk of bleeding.11,21 While oral anticoagulant correction should be based on algorithmic 
practice, plasma transfusion is the preferred option by anesthesiologists to reverse oral anticoagulants in emergencies 
compared to commercial prothrombin complex concentrates.22

Pre-selection univariable logistic regression analysis models with a criterion of one explanatory variable at a time 
revealed that heart rate, temperature, mean blood pressure, hemoglobin level, coagulation indices, and lactic acid level 
met the selection criterion for multivariable analysis (Table 1). Multivariate analyses, undertaken to account for 
associated confounders, found that only heart rate, mean blood pressure, hemoglobin level, and lactic acid level were 
significantly associated with PEAE outcomes based on patient characteristics (p <0.01).

The results of this study are consistent with growing evidence of the predictive ability of serial lactic acid 
measurement as an independent predictor of poor outcomes in critically ill and traumatized patients. Multiple observa-
tional studies, systematic reviews, and meta-analyses in severely ill patients have found hyperlactatemia to be a poor 
predictor of post-procedural mortality.23–25 This study’s findings add support to the prognostic role of lactic acid in 
abdominopelvic trauma patients in assessing their suitability for PEAE.

A limited number of papers have considered the effectiveness of PEAE versus other management options in patients 
with abdominal traumas. A recent retrospective observational study with only 12 patients found imaging confirmed 
lesions of the internal breast artery (IMA). PEAE was evaluated for efficacy in these patients and a 100% technical 
success rate was reported. Only 17% of patients were hemodynamically stable, while the remainder required a blood 
transfusion. We concluded that PEAE is an effective, safe, and efficient management option in comparison to open 
surgery, avoiding general anesthesia and allowing immediate recovery of the patient. Other studies were recommended 
with a larger sample of patients to validate their method. This study fills this gap by considerably expanding the sample 
size and is not restricted to just one vessel.26

It is important to use PEAE appropriately. First, immediate 24-hour access to an interventional angiography suite is 
necessary. In hospitals without angiography suites, management protocols should involve the postponement of elective 
procedures if trauma interventions are necessary or transfer the patient to another facility where timely intervention can 
be performed.9 Second, despite monitored PEAE, anesthetic support should be considered.9 Third, interventional 
radiologists should be ready to intervene within 60 minutes when a decision to proceed with angiography is made.9 
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Fourth, assuring the administration of blood products and performing rapid infusions is crucial for active resuscitation.9 

Last, PEAE is based on the precise detection of the hemorrhage using contrast-enhanced CT angiography.27

This distinguished study adds to the scanty evidence on pre-procedural characteristics and the suitability of 
abdominopelvic trauma patients to endure PEAE with favorable outcomes. However, the present study was limited by 
the retrospective nature of an observational study and possible observer bias due to data derived from medical charts. 
Descriptive analysis was selected for its usefulness in estimating the morbidity burden with respect to the overall 
outcomes. Second, intraoperative technical factors were not considered as independent factors because the aim of the 
study was to determine the influence of preoperative patient characteristics and appropriateness of outcomes, and there 
was limited availability of intraoperative data in the archival system. Third, despite the gaps that this study bridges in the 
related literature, only domestic data were used, and the generalizability of the findings is uncertain. Therefore, 
international studies are required. Finally, the univariate and multivariate logistic regression analysis were performed 
primarily using a conventional method because the main objective was to identify potentially predictive associations, 
rather than to test a hypothesis. In addition, we considered the scientific plausibility and clinical meaningfulness of the 
associated variables.

Conclusion
Despite the recommendations by SIR, 36.84% of trauma patients with imaging detection of hemorrhages suffer from 
hemodynamic instability at their presentation, and other parameters such as coagulopathy, that would limit the appro-
priateness of minimally invasive procedures. Apart from hemodynamic stability, blood indices such as hemoglobin and 
lactic acid levels were independent predictors associated with PEAE outcome. PEAE should only be considered when 
technically feasible and clinically suitable to improve outcomes. Early recognition and consideration of the most suitable 
treatment option are essential for optimizing patient outcomes.
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