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ARTICLE INFO ABSTRACT
Keywords: Background: We present the case of a patient who presents with a high velocity thoracoabdominal
Trauma gunshot wound requiring ultramassive transfusion who exhausted the county blood bank
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requiring adjunctive therapies to balanced blood product transfusion while additional blood
products could be obtained.

Summary: Thoracoabdominal gunshot wounds carry a high mortality of 14-37 % because of the
risk to produce cardiopulmonary, solid organ as well as major vascular injuries (Mandal and
Oparah (1989) [1]). Ultramassive transfusion (>20 units of blood product transfusion) also
carries high morbidity and mortality and management has generally centered on balanced
transfusion (Matthay et al. (2021) [2]).

Conclusion: Balanced blood product transfusion reduces mortality for patients requiring ultra-
massive transfusion but when this is not possible utilization of adjuncts to blood products may
temporize resuscitation until additional blood products can be obtained.

Case report

Patient is a 52 year old male with history of depression not on anticoagulation who presented after high caliber assault rifle gunshot
wounds to the right lower chest and back. He became hypotensive in the trauma bay. Chest radiograph demonstrated hemopneu-
mothorax. Central venous and arterial access were obtained. A chest tube was placed with over 1 L return of bloody output. Massive
transfusion protocol was initiated. Patient was brought to the OR and underwent right sided thoracotomy which demonstrated a large
defect to the right hemidiaphragm with blood pooling from the abdomen. A laparotomy was performed and demonstrated damage
consistent with a military weapon, a grade 5 liver injury to segments 6-8 and the retrohepatic inferior vena cava. The patient un-
derwent partial hepatectomy of segments 6 and 7, diaphragm repair, IVC repair, liver packing and temporary chest and abdominal
closure. At this point he had received 28 pRBC, 20 FFP, 2 cryo, 5 platelets and 1 Kcentra. He proceeded to the ICU for thromboe-
lastography guided resuscitation but was taken back to the OR shortly after once his acidosis was corrected. He underwent relook
thoracotomy and laparotomy with evacuation of hematoma, control of liver hemorrhage, exchange of packing and temporary chest
and abdominal closure. During the takeback, our county's blood bank ran out of products. Intraoperatively at this point he had received
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Fig. 1. Patient timeline.
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a total of 58 units pRBCs, 41 units FFP, 5 units cryoprecipitate, 7 units platelets when the blood bank was exhausted. He subsequently
received TXA, Prothrombin complex concentrate, Fibrinogen complex and CRRT was initiated. Approximately 8 h later additional
blood products were able to be obtained. He had improvement of his acidosis at this time. He would return to the OR 2 days later after
improvement of his acidosis for removal of the packing and closure of his chest and abdomen. He had a prolonged hospitalizations
requiring tracheostomy with eventual decannulization and return to OR on several occasions for serial debridements of his chest wall
wound. He was discharged home with family care after a 3 month hospital course (Fig. 1).

Discussion

Thoracoabdominal gunshot wounds carry high mortality due to their association with cardiopulmonary and major vascular injury
[1]. Multiple studies have demonstrated that balanced blood product resuscitation decreases mortality and increases the chance of
hemostasis within 24 h of traumatic injury, most notably the PROPPR and PROMMTT studies [3,4]. Ultramassive transfusion is defined
as patient requiring >20 units of blood product and in these patients mortality still remains high at 60-70 % [5-7]. One recent study
demonstrated the importance of balanced transfusion in this patient subset, but also demonstrated a majority of patients (52 %) still
receive an unbalanced blood product ratio of RBC: PLT or RBC: FFP > 1.5:1 [2]. Some may point to the continued use of lab-guided
blood product resuscitation as the source for this large percentage of patients not receiving balanced blood products whether that be
utilizing hematology labs, coagulation profiles or thromboelastography. However a contribution to this percentage may relate to blood
product availability and that unbalanced transfusion ratios in these patients are in part due to the lack of availability as local blood
banks are depleted, as seen in our case study.

Matthay et al., discussed the difficulty in maintaining balanced transfusion in their manuscript on ultramassive transfusion and how
as blood banks become depleted by rapid hemorrhage, there is a hindrance in providers ability to track and adjust transfusion in real
time as a transition to goal-directed resuscitation can occur even at large centers with established research protocols for balanced
ultramassive transfusion [2]. Another study examined the ratios of blood product transfusion for patients receiving massive transfusion
protocol versus “super” massive transfusion protocol (>30 blood product units) at a single center over a 7 year period and found that as
blood product requirements increased there was a propensity towards unbalanced blood product transfusion [8]. With this in mind, it
is important that we continue to evaluate current methods and fine-tune transfusion ratios to allow for the best outcomes in the subset
of patients undergoing ultramassive transfusion. Additionally, it is vital to include anesthesia, emergency medicine and non-surgical
ICU personnel involved in creation of massive transfusion protocols in order to optimize adherence to these protocols when those
outside of the trauma surgeon are primarily responsible for the resuscitation of the patient.

Even with the implementation of balanced transfusion studies and protocols being established in the recent decade, little to no
research has been done on decreasing mortality when blood becomes unavailable in an ultramassive transfusion situation. In our case,
we used the aid of thromboelastography to guide our adjunct blood product decisions. The EAST multicenter trial did note that patients
receiving cryoprecipitate had improved mortality, however when controlled for other factors this tendency did not have statistical
significance [2]. In our patient, CRRT was used to further aid in fluid balance and electrolyte management. Along with the use of these
agents, we chose to administer products that contain clotting factors, reduce overall blood loss, or aid in overall hemostasis such as
Tranexamic acid (TXA), Prothrombin Complex Concentrates, and Fibrinogen complex which have been shown to decrease mortality
and decrease transfusion requirements [9-12]. In patients such as ours requiring ultramassive transfusion, it is important to consider
these adjuncts especially as blood products become depleted in one's institution. Blood salvage therapies (such as Cell Saver©), are
alternative therapies that can be useful in hemorrhagic shock and in institutions with extracorporeal membrane oxygenation capa-
bilities, this is another option to assist in patients with severe hemorrhagic shock requiring ultramassive transfusion [13].

Several studies have sought to evaluate futility in trauma resuscitation for patient's arriving in hemorrhagic shock by using
transfusion volumes as well as arrival physiologic parameters [14,15]. We report an example of a survivor of >100 units of transfused
blood products who would fall outside of the parameters of continued resuscitation in many of these studies.

This case is a great example of survival in an ultramassive transfusion patient, even when our county was depleted of blood
products for >6 h. While systemic needs must be considered, hard cutoffs for transfusion volumes may obstruct trauma surgeons from
saving potential lives. Data on this topic is limited and further studies are needed to evaluate best adjuncts to use in cases when
balanced transfusion is not available.

Conclusion

Balanced blood product transfusion reduces mortality for patients requiring ultramassive transfusion but when this is not possible
utilization of adjuncts to blood products may temporize resuscitation until additional blood products can be obtained.
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