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Oliim oranlar1 daha yiiksek.

 Viicut kitleler1 kiicik ve birim alana daha
fazla enerji 1letilir.

 Karin duvarmin; bag, yag dokusu ve kas
tabakasi ince, kostalar daha esnek.

* Batin i¢1 organlar daha biiyiik ve birbirine daha
yakin.



Koagulopati
* Kanama kaynakl1 faktor kayiplari,

* Endotel hasar1 kaynakli tiuketim kayiplari,

* Kristaloid trun kullanimi kaynakli hemodiliisyon.



Sokun Erken Tanis1 (ATLS-2025)

Kan hacminin %30-40‘1 kaybedilene kadar kan basinc1 normal sinirda
olabilir,

Tasikardi ve zayif periferik nabiz; sokun en erken bulgusudur.
Agri, korku veya psikolojik strese !!!!

Kapiller geri dolum siiresinin >2 saniye olmasi,

Soguk ve soluk ekstremiteler.

Tirnak yatagi renginin ve dudak renginin soluklasmasi,
Ajitasyon, letarji veya ¢evreye yamitsizlik.

Idrar Cikist <1-2 mL/kg/saat dikkatle izlenmelidir ancak genellikle daha gec
donemde ortaya ¢ikarlar.

Tasikardi ve zayif periferik nabiz ¢cocuklarda hipovoleminin erken
bulgularidir ve sivi resiisitasyonunun erken baslatilmasinin en iyi
gostergeleridir.



Kan Kaybinin Fizyolojik Etkileri
(ATLS-2025)

Sistem

Hafif Kan Kayb: (<
%30)

Orta Derecede Kan
Kayb: (%630-%45)

Siddetli Kan Kayb: (>
%45)

Kardiyovaskiiler

Merkezi Sinir Sistemi

Deri

idrar Cikis

Artrus kalp hiz; zanf,
periferik nabizlar;
normal sistolik kan
basinc (80 + 2 x yas );

normal nabiz basinci

Endiseli; huzursuz;

kafasi karisik

Soguk, benekli; uzamis

kapiller geri dolum

Diisiik normal*

Belirgin sekilde artmus
kalp hizi; zayif, ipliksi
merkezi nabizlar yok;

diisiik normal sistolik
kan basinc (65+ 2 x

yas); daralmis nabiz
basinci

Letarjik; agriya karsi
donuk tepki

Siyanotik; belirgin
sekilde uzamis kapiller

geri dolum

Minimal

Tasikardiyi takiben
bradikardi; cok zayf
nabizlar; hipotansiyon
(<65 + 2 % yas)
daralmis nabiz basinci
(veya saptanamayan

diyastolik kan basinci)

koma

Soluk ve soguk

Yok

*Diisiik normal 2 ml/kg/saat (bebek), 1,5 ml/kg/saat (kiiciik cocuk), 1 ml/kg/saat (biiyiik cocuk) ve 0,5 ml/hg/saattir (ergen)
*Sistolik KB {ist sinir=80 mm Hg+2XYas . Sistolik KB alt siniri=65 mm Hg+2XYas . Diyastolik Basing=2/3X Sistolik KB



MOTTLING SKORU Mottling score
s

A\ Nedir?
. Dokuya yeterli kan gitmediginin gostergesidir
1 Mikrosirkiilasyon bozuklugunu gosterir

2= Nerede Goriiliir?

@ Septik sok

@ Hipovolemik sok 3
@ Kardiyojenik sok

@ lleri perfiizyon bozuklugu

11l Skor Nasil Degerlendirilir?
) Mottling yok e
@ Diz Gizerinde kiiciik alan
© Diz kapa@ Gstiine kadar
©) Uyluk ortasina kadar
@ Kasik kivrimina kadar
© Kasik Stesine yayilmis

/\ Klinik OGnemi

4 Skor arttikga:

€3 Doku hipoksisi artar

&3 Organ yetmezligi riski artar i
€3 Mortalite artar

& Akilda Kalici Bilgi SCORE 2 SCORE 4
-» Mottling = Kitii perfiizyon = Agir sok R R G LR




Bu prospektif ¢alismada, birden fazla kristaloid bolusu; artan transfiizyon gereksinimi ve

uzamis mekanik ventilasyon ile hastanede yatis siireleri dahil olmak tizere daha kotii klinik

sonuclarla iliskilendirilmistir. Bu veriler, yaralanmis ¢ocuklarin resiisitasyonunda kristaloid
kullanimini sinirlayan ve erken transfiizyonu onceleyen bir yaklasimi desteklemektedir.

2020 EAST Pobium PAPER

Timing and volume of crystalloid and blood products in pediatric
trauma: An Eastern Association for the Surgery of Trauma
multicenter prospective observational study

Stephanie F. Polites, MDD, MPH, Suzanne Moody, MPA, Regan F. Williams, MD, MSE, Mark L. Kayton, MD,
Emily C. Alberto, MD, Randall S. Burd, MD, PhD, Thomas J. Schroeppel, MD, MS, Joanne E. Baerg, MD,
Amanda Munoz, MD, William B. Rothstein, MD, Laura A. Boomer, MD, Eric M. Campion, MD,

Caitlin Robinson, MPH, CRA, Rachel M. Nygaard, PhD, Chad J. Richardson, MD, Denise L. Garcia, MD, MEd,
Christian J. Streck, MD, Michaela Gaffley, MD, John K. Petty, MD, Cynthia Greenwell, BSN, RN,
Samir Pandya, MD, Alicia M. Waters, MD, Robert T. Russell, MD, MPH. Brian K. Yorkgitis, DO,

Jennifer Mull, RN, Jeffrey Pence, MD, Matthew T. Santore, MD, Taleen MacArthur, MD,
Denise B. Klinkner, MD, MEd, Shawn D. Safford, MD, MAS, Tanya Trevilian, MSN, RN, CCRN-K, CPN,

Adam M. Vogel, MD, Megan Cunningham, MD, Christa Black, MPH, Jessica Rea, MD, Ryan G. Spurrier, MD,

Aaron R. Jensen, MD, MEd, Bethany J. Farr, MD, David P. Mooney, MD, MPH, Bavana Ketha, MD,
Melvin S. Dassinger I1I, MD, Anna Goldenberg-Sandau, DO, Janika San Roman, MPH,
Todd M. Jenkins, PhD, MPH, and Richard A. Falcone, Jr., MD, MPH, Cincinnari, (hio

BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

LEVEL OF EVIDENCE:

KEY WORDS:

The purpese of this study was to determing the relationship between timing and volume of crystallowd betore blood products and nor-
tality, lypothesizing that carier transfusion and decreased crystalloid before transfusion would be associated with improved outcomes.
A multi-institutional prospective observational study of pediatne tmuma patients younger than 18 years, transported from the scenc
of injury with clevated age-adjusted shock index on arreal, was performed from Apnl 2018 o September 2009, Volume and
timing of prchospital, emergency depamment, and inftial admission resuscitation wene assessed  including caleulation of
20 + 10 mLkg crystalloid boluses overall and before transtusion. Multivanable Cox proportional hazards and bogistic regression
meodels identificd factors associated with monality and extended intensive care, ventilator, and hospital days.

In 712 children at 24 trauma centers, mean age was 7.6 years, median (interguartile range) Injury Severity Score was 9 (2—20), and
in-hospital mortality was 5.3% (n = 38). There were 311 patients(43.7%) who received at least one crystalloid bolus and 1449
(20.9%%) who received blood mcluding 65 (9.6%) with massive transfusion activation. Half (53 3%} of patients who received
greater than one crystalloid bolus required transtusion. Patients who received blood first (n = 41) had shorter median time to trans-
fusion (19.8 vs. T80 minutes, g = (LO05) and less total fluid volume (5004 vs. B0 mLskg, p = (L033) than these who received
crystalloid first despre similar Injury Severity Seore (median, 22 vs. 27, p = (0.40). On multivariable analysis, there was no asso-
ciation with mortality (p = (L5351 ) however, cach cryvstalloid bolus after the first was incrementally associated with increased odds of
extended ventilator, intensive care unit, and hospital days (all g < 0.05). Longer time to ransfusion was associated with extended
ventilator duration {odds ratio, 111 p = (L04).

Resuscitation with greater than one crystalloid bolus was associated with increased need for transfusion and worse outcomes in-
cluding extended duration of mechanical ventilation and hospitalization in this prospective study. These data support a erystalloid-
sparing, carly ransfision approach for resuscitation of injured children. (.7 Traumae Acute Care Surg. 2020;89: 3642 Copynight €
2020 Wolters Eluwer Health, Inc. All nghts reserved. )

Therapeutic, level [V

Pediatric trawmea; resusertation; crystalloid; transfusion; emorrhagie shock.




Pediatrik travma hastalarinda, component tedavisine ek olarak tam kan
kullanimi; azalmis transfiizyon gereksinimi ve daha az ventilasyon
giinii ile iliskilendirilmistir.

PTS 2020 Popium

Whole blood hemostatic resuscitation in pediatric trauma:
A nationwide propensity-matched analysis

Tanya Anand, MD, Omar Obaid, MD, Adam Nelson, MD, Mohamad Chehab, MD, Michael Ditillo, DO,
Ahmad Hammad, MD, Molly Douglas, MD, Letitia Bible, MD, and Bellal Joseph, MD, FACS, Tucson, Arizona

BACKGROUND: Whole blood (WB) has shown promisc in pediatric trauma resuscitation following its prominent role in the resuscitation of adult
trauma patients. Although WB in children has been shown to be feasible, its effectiveness has yet to be explored. The aim of this
study was to examine the outcomes of WB transfusion as an adjunct to component therapy (CT) compared with CT only as carly
resuscitation for pediatric trauma patients.

METHODS: Children aged 1 to 17 years, who were transfused within 4 hours of presentation, were identified in the Trauma Quality Improve-
ment Program 2017 database. Patients were stratified into those receiving WB-CT versus CT alone. Propensity score matching ina
1:2 ratio was performed based on patient demographics, injury characteristics, hemorrhage control interventions, and trauma center
level. The primary outcome measure was patient transfusion requirement. Secondary outcome measures were mortahity, hospital
length of stay, ventilation days, and major complications.

RESULTS: A total of 135 children receiving WB-CT were matched to 270 patients receiving CT only. Mean (SD) age was 12(5) years, 66% were
male, and the median Injury Seventy Score was 32 (range, 20-43). A total of 51% of patients were in shock, 34% had penctrating
injurics, and 41% required surgical intervention for hemorrhage control. Total blood products transfused were significantly decreased
in children receiving WB, both at 4 hours (35 [22-73] vs. 48 [33-95] ml/kg; p = 0.013) and 24 hours (39 [24-97] vs. 53 [36-119]
mbkg: p < 0.001). Mortality rate at 24 hours (19.3% vs. 21.9%; p = (.546) and m-hospital mortality (31.1% vs. 34.4%; p = 0.502)
were not different. Simalarly, no difference in hospital length of stay and rates of major complications was found. Patients in the WB

CONCLUSION: Using WB as an adjunct to CT was associated with decreased transfusion requirements and ventilation days in pediatric trauma
patients. (/ Truuma Acute Care Surg. 202191: 573-578. Copyright

LEVEL OF EVIDENCE: Therapeutic, level 111

KEY WORDS: Whole blood; component therapy; pediatrics; trauma; hemorrhage.




Acil servisteki ilk saatte 20 cc/kg'lik birden fazla intravenoz sivi bolusu uygulanmasi,
mortalite ile iliskilendirilmistir. (2021)

kristaloid

tercih
ancak  bu
stratejinin mortalitey1
artirdigZt  ve  sonugclan
kotilestirdigr bulundu ve
hasar kontrolii

restisitasyonu kavramiyla
degistirildi (DCR).

Daha  once
restlisitasyonu
ediliyordu,
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Higher Crystalloid Volume During Initial Pediatric

W) Cheek for updates

Trauma Resuscitation is Associated With

Mortality
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Cohort study

Background: Historically, aggressive fluid resuscitation has been a cornerstone of manage-
ment of hemorrhagic shock in pediatrics. Adult data suggest this strategy may be harmful.
We sought to determine whether aggressive fluid resuscitation within the first hour of
presentation to the emergency department in pediatric patients with trauma is associated
with worse clinical outcomes.
Materials and methods: We performed a retrospective cohort study from 2012 to 2017 at a
single pediatric level 1 trauma center. We defined three patient cohorts: <= 20 co'kg
({reference), 20-40 (20.01 to 38.99) co'kg, and >40 co'kg of intravenous fluid (IVF) given in the
first in-hospital hour. Covariates included age, injury severity score, shock index (adjusted
for age), and mechanism of injury and were adjusted for with multivariable regression. The
primary outcome was in-hospital mortality.
Results: A total of 1479 consecutive injured children were eligible for inclusion. One hun-
dred ninety-four patients were excluded for missing IVF data, aged =16 v, having primary
burns, or arriving pulseless. A total of 1285 patients met inclusion criteria (mean age
8.1 + 5.5y, male 64.5%). Higher rates of IVF administration were associated with mortality
for both the 20-20 co/kg (adjusted odds ratio [20OR) 2.96; 55% confidence interval (CI) 1.02-
8.55; P = 0.045) and >40 co'kg groups (a0R 6.26; 95% CI 1.79-21.83; P — 0.004). The =40 cc/kg
group was associated with increased pediatric intensive care unit length of stay (aOR 2.20;
95% CI: 1.05-4.61; F = 0.036) and increased need for mechanical ventilation (aOR 3.7%; 95% CI
1.62-8.87; P = 0.002).
Conclusions: Greater than one 20 oc/kg IVF bolus in the first emergency department hour
was associated with mortality with a dose-response relationship, even after adjusting for
injury severity and initial hemodynamics. These results encourage further investigation
into initial resuscitation strategies for injured children.

@ 2021 Elsevier Inc. All rights reserved.




Verilerimiz, taze tam kanin, ciddi kafa yaralanmasi olmayan ¢ocuklarda daha iy1
hayatta kalma ile iliskili olabilecegini gostermektedir. (2021)
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Abstract

Background: Whole blood therapy—which contains the ideal balance of com-
ponents, and particularly fresh whole blood—has been shown to be beneficial
in adult trauma. Tt remains unclear whether there is polential benefit in the
pediatric population.

Study Design and Methods: This is a secondary analysis of previously publi-
shed data analyzing pediatric casualties undergoing massive transfusion in the
Department of Defense Trauma Registry. Pediatric patients with traumatic
injury who were transfused at least one blood product were included in the
analysis. We compared children who received component therapy exclusively
to those who received any amount of warm fresh whole blood.

Results: Of the 3439 pediatric casualties within our dataset, 1244 were transfused
al least one blood product within the first 24 h. There were 848 patients without
severe head injury. Within this cohort, 23 children received warm fresh whole
blood overall, 20 of whom did not have severe head injury. In an adjusted analy-
sis, the odds ratio (95% confidence interval [CI]) for survival for warm fresh whole
blood recipients was 2.86 (0.40-20.45). After removing children with severe brain
injury, there was an independent association with improved survival for warm
fresh whole blood recipients with an odds ratio (95% CT) of 58.63 (2.70-1272.67).
Discussion: Our dala suggest that warm fresh whole blood may be associated
with improved survival in children without severe head injury. Larger prospec-
tive studies are needed Lo assess the efficacy and safety of whole blood in chil-
dren with severe traumatic bleeding.



Pediatrik travma hastalar1 i¢in olan yaklasimlar, uzman goriisiine veya yetiskin hastalar
lizerinde yapilan calismalara dayanmaktadir. Pediatrik hastalarda dengeli bir
transfiizyon yaklasimi 6nermek mantiklidir (2022).

Gecmisteki kanitlar, onceki on yillarda pediatrik alanda

resiisitasyon icin kristaloidlerin kullanimini
destekliyordu; ancak son zamanlarda...
Journal of Pediatric Surgery 57 (2022) 986-993
Contents lists available at ScienceDirect L o -
Pedlatric Surgery
Journal of Pediatric Surgery ﬂ
LAY =1 B
journal homepage: www.elsevier.com/locate/jpedsurg.org e
Balanced hemostatic resuscitation for bleeding pediatric trauma n
patients; A nationwide quantitative analysis of outcomes e
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Hamidreza Hosseinpour, Adam Nelson, Omar Obaid, Randall Friese, Bellal Joseph*

Division of Trauma, Critical Care, Emergency Surgery, and Burns, Department of Surgery, College of Medicine, University of Arizona, 1501 N. Campbell Ave,
Room 5411, PO. Box 245063, Tucson, AZ 85724, USA

ARTICLE INFO ABSTRACT

Article history:
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Background: The administration of balanced component therapy has been associated with improvements
in outcomes in adult trauma. There is little to no specific data to guide transfusion ratios in children.
The aim of our study is to compare outcomes among different transfusion strategies in pediatric trauma

Accepted 4 July 2022 .

patients.

Methods: We conducted a (2014-2016) retrospective analysis of the Trauma Quality Improvement Pro-
Keywords: gram. We selected all pediatric (age < 18) trauma patients who received at least one unit of packed red
Pediatrics

blood cells (PRBC) and fresh frozen plasma (FFP) within 4 h of admission. Patients were stratified based
Trauma on their FFP:PRBC transfusion ratio in the first 4 h into: 1:1, 1:2, 1:3, and 1:3+. Primary outcomes were
Hemorhage 24-mortality, in-hospital mortality. Secondary outcomes were complications and 24 h PRBC transfusion

(L J—

Calismalar, travma hastalarinin canlandirilmasinda
kristaloid soliisyonlardan kac¢imilmasimi ve tam kan
kullanilmasim tesvik etmektedir.

bidities (diabetes mellitus, prematurity, congenital disorders), and
ACS Pediatric Trauma Center Verification level (level I, level Il, and
others). In our analysis, alpha was set at 5% and a p-value of less
than 0.05 (p < 0.05) was considered statistically significant. We
used the Statistical Package for Social Services (SPSS, version 28;
SPSS Inc., Armonk, NY) to perform all of our statistical analyses.
We adhered to the Strengthening of the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines (please see supple-
mental digital content for the full STROBE guidelines checklist).

3. Results

We identified 123,835 pediatric trauma patients, of which 1233
patients received at least one unit of PRBC and at least one unit
of FFP within 4 h of presentation. A total of 44 patients (1.8%) had
missing data, and were excluded from the analysis. Fig. 1 illustrates
the flow diagram of patients included in the final analysis. Among
these patients, 637 (51.6%) received a FFP:PRBC transfusion ratio
of 1:1, 365 (29.6%) received a FFP:PRBC transfusion ratio of 1:2,
116 (9.4%) received a FFP:PRBC transfusion ratio of 1:3, and 115
(9.3%) received a FFP:PRBC transfusion ratio of less than 1:3. The
mean age of our study cohort was 11 & 6y, 70% of patients were
male, the median ISS was 27 [20-38], and 62% sustained penetrat-
ing injuries. Baseline characteristics between the four groups were
similar except for volumes of PRBC and FFP transfused within the
first 4 h (p < 0.01). Overall, 65% of patients met the definition of
pediatric massive transfusion, and patients in the lower FFP:PRBC
ratio groups were more likely to meet massive transfusion defi-
nition than those in the higher FFP:PRBC transfusion ratio groups
(p < 0.01). The baseline characteristics of the study cohort are de-
scribed in Table 1.

Overall in our study cohort, the 24 h mortality was 17%, and
the in-hospital mortality was 35%. Patients required a median of
4 [2-9] units of PRBC within 24 h of admission. The overall ma-
jor complication rate was 22%, and the most common complica-
tion was infectious (10%), followed by cardiac arrest (10%). Pa-
tients in the higher FFP:PRBC transfusion ratio groups had lower

vs. 1:3+, 44%; p < 0.01), and 24 h PRBC transfusion requirements
(1:1, 3 [2-7] vs. 1:2, 5 [2-10] vs. 1:3, 6 [3-8] vs. 1:34, 6 [4-10]
units; p < 0.01) as compared to patients in the lower FFP:PRBC
transfusion ratio groups. There were no differences between the
four groups in terms of the rates of overall major complications
(p = 0.96), unplanned return to the OR (p = 0.91), unplanned intu-
bation (p = 0.59), unplanned ICU admission (p = 0.20), and hospi-
tal LOS (p = 0.33) and ICU LOS (p = 0.66). The outcome measures
of the four study groups are described in Table 2.

On multivariate regression analysis, progressive increases in the
adjusted odds ratios for both 24 h and in-hospital mortality were
observed as the FFP:PRBC transfusion ratio decreased. There was
no independent association observed between the FFP;PRBC trans-
fusion ratio and in-hospital complications. The adjusted odds ra-
tios for the study outcomes are provided in Table 3. Fig. 2 illus-
trates the progressive decrease in the adjusted odds ratio for mor-
tality as FFP:PRBC transfusion ratio increases. Fig. 3 illustrates the
Kaplan-Meier survival analysis curves for the different FFP:PRBC
transfusion ratio groups. A distinct time of separation of the curves
was visually noted within the 24 h timepoint, and higher FFP;PRBC
transfusion ratio was consistently associated with higher survival
across the time period of observation.

4, Discussion

The results of our study indicate that resuscitation of pedi-
atric trauma patients with higher FFP:PRBC transfusion ratios, ap-
proximating the constituency of whole blood, is associated with
lower 24 h pRBC transfusion requirements and increased 24 h and
in-hospital survival. Our results also showed that there were no
differences in-hospital complications between the four different
transfusion ratio groups.

Past evidence supported the use of crystalloids for resuscita-
tion in the pediatric arena in previous decades; however, recent
studies encourage the avoidance of crystalloids and the employ-
ment of whole blood for trauma patients resuscitation, including
the pediatric population. Mbadiwe et al. concluded that the use of
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1.2: Hemorajik soka giren ¢ocuklarda, resiisitasyon i¢in mevcutsa,
kan bilesenleri (eritrosit, plazma ve trombositler) yerine
O grubu tam kan kullanimi diistintilebilir.

Author manuscript
J Trauma Acute Care Surg. Author manuscript; available in PMC 2024 January 01.

Published in final edited form as:
J Trauma Acute Care Surg. 2023 January 01; 94(1): $2-510. do1:10.1097/TA 0000000000003805.
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Pediatric Traumatic Hemorrhagic Shock Consensus Conferenc
Recommendations

Robert T. Russell, MD, MPH', Joseph R. Esparaz, MD, MPH!, Michael A. Beckwith, MDZ,
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volumes was niot assoctated with improved survival (OR 0.61; [ 0.28-1.29]). The authors
concluded that the high crystalloid volume negated the potential survival benefit of high
plasma:RBC ratios t children with severe traumatic bleeding.

A secondary analysis of the PAMPer trial showed similar findings. This study of mjured
adults compared four groups of patients based on prehospital resuscitation with PRBC and
plasma, plasma only, PRBC only, and crystalloid only. For patients with severe traumatic
bleeding, they found that the exclusive use of crystalloids worsened survival compared to
the partial use of blood products in the prehospital resuscitation phase.!” A second RCT in
adults with severe traumatic injury showed the vse of crystalloids in the prehospital phase of
resuscitation decreased the risk of survival compared to not using any crystalloids or blood
products. '8

Pediatric and adult data supports the association of crystalloids with worse outcomes and
the mncreased and early use of blood products (whole blood or balanced approach) with
mproved survival. These data support our recommendation suggestmg the prioritization of

blood products over crystalloids for the resuscitation of traumatic hemorrhagic shock m
children.

1.2: In traumatically injured children m hemorrhagic shock, the use of low titer (<200 Ig G)
group O whole blood might be considered if available over mdividual blood components
(RBC., plasma, and platelets) for resuscitation. Clinical Recommendation, conditional
recommendation, very low certatnty of evidence, 94% agreement (n=16), Median 8 5, IQR:
7.75-9



1.3: Travmatik yaralanma sonucu hemorajik sok  3.1: Travmatik yaralanma sonucu hemorajik sok geciren
geciren cocuklarda kan bilesenleri ile yapillan  cocyklarda, yaralanmadan sonraki 3  saat iginde
resiisitasyonda, plazma eksikligini en aza indirmek traneksamik  asidin  ampirik  olarak  kullamlmasi
icin  yiiksek plazma:eritrosit oranlarnom (1:1) R,

hedeflemeyi 6neriyoruz. diisiiniilebilir.

Russell etal.

Page§

Using LTOWB nstead of individual blood components in children more rapidly provides
RBCs, plasma and platelets to children with severe traumatic bleeding, more effectively
resolves shock and coagulopathy is associated with less total amount of lood products
administered and mechanical ventilaion days, * and is ndependently associated wih
increased 72 hour (OR 0.23; [0.08-0.70]), and 28 day mortality (OR 0.41; [ 0.23-0.98))
in a single centerretrospective study®

Adult data tndicates the use of LTOWB compared to tndividual blood components 1s

independently assoctated with improved 24 hour and 28 day survival and 1s also associated
with less (40-60%) total blood products administered >~ Data from studies performed on
children and adults suggest o increased risk of hemolysts i non-group O reciptents and no

inctease in any other adverse outcomes fo include organ failure 2

1.3 In traumatically njured children tn hemorthagtc shock. when utilizmg blood component
resuscitation, e suggest targeting bigh plasma:RBC ratios (1:1) to minimize the plasma
deficit. Consensus Panel Expertise, 100% agreement (1=16), median 9, IQR: §-9.

The transfusion of blood products by out-of-hospital EMS providers is feastble and

sate % Data show that the LTOWB*, red blood cels and plasma™ under pediatric
dosing protocols is feastble, acceptable to providers, and not assoctated with adverse
transfusion-elated events Only two studies have compated outcomes between matched
pediatric cohorts who received blood products prehospital versus n-hospital. These

studies are limted by sample size and moderate bias duz to outcome measurement and
confounding % Though the studies were not adequately powered to detect a difference in
mortality; authors did report that the prehospital transfusion groups did receive less in-flight
crystallotd, had hugher admission fibrinogen levels, and faster time to normalization of the
international normalized ratio (INR). ! This recommendation has to take into account the
ability of blood products and comfort level of the practice of regional Emergency Medical
Services. However, the above literature suggests that there 15 evidence that this can be
organized and safely utilized in pediatric trauma patients with hemorthagic shock.

3) Use of tranexamic acid and other hemostatic adjuncts in pediatric
traumatic hemorrhagic shock—3.1: In traumatically njured children with hemorrhagic
shock: the empiric use of tranexamic acid within 3 hours of tjury might be considered.
Clintcal Recommendation, conditional recommendation, very low certainty of evidence,
80% agreement (1=15), median 7, IQR: 7-8.
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Damage control resuscitation in pediatric trauma

Meghan Gilley and Suzanne Beno

Purpose of review

Damage control resuscitation is an overall management sralegy used in trauma patients fo rapidly restore

and acidosis. We review the evidence

physiologic stability, while mitigating hypothermia,

and current practice of damage control resuscitation in pedlnrrlc trauma patients with a specific focus on

fluid management.

Recent findings

There have been a number of studies over the last several years examining crystalloid fluid resuscitation,
balanced blood product transfusion practice and hemostatic agents in pediatric trauma. Excessive Ruid
resuscitation has been linked to increased number of ICU days, ventilator days and mortality. Balanced

massive transfusion (1: 1

1 product rafic) has not yet been demonstrated to have the same mortality

benefits in pediatric frauma patients as in adults. Similarly, ranexamic acid (TXA) has strong evidence o
support its use in adult frauma and some evidence in pediatric frauma.

Summary

Altenion to establishing rapid vascular access and correcting hypothermia and acidosis is essential. A
judicious approach to crystalloid resuscitation in the bleeding pediatric trauma patient with early use of
blood products in keeping with an organized approach to massive hemorrhage is recommended. The ideal
crystalloid volumes and/or blood product ratios in pediatric frauma patients have yet to be determined.

Keywords

damage control resuscitation, massive transfusion protocol, pediatric frauma

INTRODUCTION

Trauma is the leading cause of morbidity and mor-
tality in children [1,2]. Blunt craniocervical trauma
is the most common cause of death in pediatric
patients; however, hemorrhage remains a leading
cause of preventable death. Damage control resus-
citation (DCR) is a management strategy widely
used in adult trauma resuscitation to attempt to
avoid the lethal triad of hypothermia, acidosis
and coagulopathy [3,4"5,6]. This strategy has
evolved over the past decade, but dates back to
World War II when whole-blood transfusion was
recommended based on the concept that both shock
and coagulopathy needed to be addressed for opti-
mal patient outcomes [7]. DCR today consists of
immediate hemorrhage control, limited use of crys-
talloid fluids, early use of warmed blood products,

considerations in the application of these strategies,
as the adolescent patient has different anatomy,
physiology and mechanisms of trauma than the
young child.

CASE 1

A S-year-old girl was struck by a car traveling at
65km/h and thrown 10ft away. Upon paramedic
arrival, the child had a Glasgow ComaScale (GCS) of
14, heart rate (HR) of 150 and a blood pressure (BT)
of 85/60. She arrives to the emergency department
(ED) immobilized with a cervical spine collar
on a backboard with one intravenous line. You
note bruising on her abdomen and suspect intra-
abdominal injury as well as a pelvic fracture given

it o s ey e ey e amaaeeae as e
lished masswe hemorrhage protucol only eight of
13 patients received plasma and platelets in the
first 24 h.

In summary, MTPs expedite access to PRBCs and
other blood products, and have shown clear mortal-
ity benefit in adults [3,23,24]. Although this evi-
dence for mortality reduction is not yet present in
pediatric trauma, it is strongly recommended that
pediatric institutions have MTPs available to orga-
nize and expedite product delivery [29%,33,34]. In
addition, although it makes physiologic sense to
take a ‘balanced’ approach to the resuscitation of
a child in traumatic hemorrhagic shock, evidence
does not currently suggest that the 1:1:1 ratio is
ideal. Further research is necessary to clarify blood
product ratios in pediatric trauma.

TRANEXAMIC ACID

In adult trauma, tranexamic acid (TXA) is now a
cornerstone of hemostatic resuscitation with strong
supporting evidence in mortality reduction if used
early [35,36%]. TXA is an antifibrinolytic agent that
reversibly binds to plasminogen, preventing the
degradation of fibrinogen and promoting clot sta-
bility. TXA in trauma is estimated to save one in 67
lives [35]. Evidence regarding the use of TXA in TBI
is pending the results of the CRASH 3 trial and other
ongoing studies [37].

Data in pediatric trauma patients is more lim-
ited, with the majority of pediatric literature doc-
umenting the use and benefit of TXA in spinal,
craniofacial and cardiac surgeries [38—41]. Nishijima
et al. [427] reviewed TXA use across US Childrens’
Hospitals from 2009 to 2013 and found 0.31% use
in trauma. The PED-TRAX study retrospectively
reviewed pediatric patients injured in Afghanistan
from 2008 to 2012, in which 66 (9%) of 766 children
received TXA. When adjusted for demographics,
injury type, severity, vitals and laboratory parame-
ters, TXA was independently associated with
decreased mortality without significant increase
in thromboembolic events. In addition, patients
receiving large volume transfusion with TXA had
improved neurological outcomes [41]. Although
data to support widespread use in pediatric trauma
remains limited, widespread use in other clinical
situations and preliminary evidence in trauma is
suggestive of benefit with minimal harm or cost.
As of 2017, TXA requires further investigation in

10408703 Coovriaht © 2018 Wolters Kluwer Health. Inc. All riahts reserved.
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resuscitation. It is reasonable to consider TXA in
pediatric trauma, and to administer TXA within the
first 3h of presentation if actively bleeding and
requiring blood products [43].

PERMIS SIVE HYPOTENSION

Permissive hypotension is a resuscitation strategy
based upon observations that trauma patients
with uncontrolled hemorrhagic shock worsen with
intravenous fluid resuscitation, likely related to
coagulopathy and hemodilution, but also to desta-
bilization of the clot with increased hydrostatic
pressure [21]. Permissive hypotension as a resuscita-
tive strategy balances an acceptable amount of
hypotension with end-organ ischemia and hypoxia
until surgical or interventional control of the
bleeding can be established, essentially tolerating
a palpable pulse and mentation as opposed to resus-
citating to a normal BP. Permissive hypotension has
most benefit in specific scenarios, such as hemor-
rhage from an arterial source. It is controversial and
not recommended in patients with concomitant
head injuries [44"].

There is no evidence supporting the use of per-
missive hypotension in pediatrics. In addition, there
is significant concern for use of this strategy based
on the understood physiologic response pediatric
patients have to hypovolemia; children’s ability to
increase HR and utilize peripheral vasoconstriction
to maintain BP means that hypotension is a late sign
of shock and represents a critical and uncompen-
sated state [4%,21]. Permissive hypotension for
young children is therefore not currently recom-
mended due to lack of evidence, physiologic con-
siderations and high rates of concomitant TBL
Certain clinical scenarios may challenge this view
point: specifically the adolescent population is more
similar in physiology to adults, and therefore,
management strategies may include permissive
hypotension. There can be nuanced approaches to
utilizing this DCR strategy in pediatric trauma.

ROTATIONAL THROMBOELASTOMETRY/
THROMBOELASTOGRAPHY

Viscoelastic hemostatic assays (VHA) such as rota-
tional thromboelastometry (ROTEM) and throm-
boelastography (TEG) are functional assays that
provide rapid information regarding clot formation,
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Damage-Control Resuscitation

Hasar kontrol resiisitasyonu
(DCR); kanamanin  hizla
kontrol altina alinmasi;
hemodiliisyon, asidoz ve
hipotermiden kaginilmasi;
eritrosit, plazma ve
trombositler (veya mevcutsa
tam kan) ile erken donemde
ampirik ve dengeli
transflizyon yapilmasi ve
endike oldugunda intravenoz
ya da mekanik hemostatik

yardimci yontemlerin
kullanilmasi sureclerini
kapsar.

Wit You NEeD 10 KNow SERIES - REVIEWS

Damage-control resuscitation in pediatric trauma: What you
need to know

Robert T. Russell, D, MPH, Christine 1. Leeper, MD, and Philip C. Spinella, MD, Birmingham, Alabama

ABSTRACT: - Damage-control resusciation (DCR) consists of apid control of bleeding, avoidance of hemodilution, acidosis, and hypothermia; early emmpiric
balanced ransfusions with red blood cells, plasma and platelets, or whole blood when available, and the use of intravenous or mechanical he-
mostatic adjuncts when indicated. The principles used in pedtatric and adulttrauma patients are quite similar, There are very important recog-
nized physiologic differences i children with traumatic hemorthagic shock that wartant slight variations in DCR. In pediatric trauma patients
¢arty physiologic signs of shock may be cifferent from adults and the early recogmition of ths s cnical to enable prompt resusctation and uti-
lization of damage control principles. This review details the current principles of pediatric DCR based on the best available ierature, expert
consensts recommendations, and also describes a practical guide for implementation of DCR strategies for pediatric trauma patients. (/ Trauma
Acute Care Strg, 2025:95: 472-480. Copyright © 2023 Wolters Kluwer Health, Inc, Al rights reserved.)

KEY WORDS: Pediafric trauma; resuscitation; transfusion; whole blood; hemorrhagic shock.




Hasar Kontrol Resusitasyonu

* Hipotermi, koagiilopati ve asidozu hafifletmek
i¢cin kullanilan yontemler.

 Hasta kanimmin piht1i olusturma yetenegini
korumay1 amaclar.



Hasar Kontrol Resusitasyonu

Kristaloid sivilarin sinirli kullanima,

[zin verilen hipotansiyon,

Isitilmis kan Uriinlerinin erken kullanima,
Dengeli masif transfiizyon protokollert,
Hemostatik ajanlarin kullanimi ve,

Hasar kontrolii cerrahisinden olusmaktadar.



Dengeli Restisitasyon Stratejisi
(ATLS 2025)

Baslangicta 20 mL/kg’lik 1zotonik kristaloid
bolusu ve sonrasinda,

Nabiz hizi, kan basinci, mental durum ve cilt
perfiizyonu kontrol edilir.

Pediatrik masif transfiizyon protokolinin (MTP)
bir parcasi olarak 10-20 mL/kg paketlenmis
kirmizi kan hiucresi ve, 10-20 mL/kg taze
dondurulmus plazma ve trombosit ile

Kiloya dayali Tam Kan.



S1vi Resuisitasyonuna Dort Yanit

1.Cogu ¢ocugun durumu yalnizca kristaloid sivi kullanilarak
stabilize edilir ve kan gerekmez; “erken yanit verenler”

2.Baz1 cocuklar kristaloid ve kan resiisitasyonuna yanit
verirler; “yanit verenler”.

3.Baz1 c¢ocuklar kristaloid siviya ve kana ilk yaniti verir
ancak daha sonra kotiilesme meydana gelir; “gecici yanit
verenler”. Bu cocuklarda muhtelemen kanama hala
devam etmektedir.

4.Diger ¢ocuklar kristaloid siviya ve kan inflizyonuna yanit
vermez; “yanit vermeyenler”. Bu ¢ocuklar genellikle hizli
kanar.



S1vi Resuisitasyonuna Dort Yanit

* Gecic1 yamit verenler ve yanit vermeyenler
maling transfizyon protokolinin (MTP)
etkinlestirilmesi ve

* Erken operasyon 1¢in adaylardir.



Kan Replasmani

 Hasta kristaloide anlamli bir yamit vermez ve
hemodinamik stabilite saglanamazsa; ek kristaloid
yerine

* O- (veya erkek cocuklarda O+) taze kan tercih edilir.

* Kanamadan suipheleniliyorsa, kanamanin toplam
kanin 940’1 kadar oldugu disuniiliyorsa ve kan
halihazirda mevcutsa, replasmana kristaloid yerine,
10 mL/kg paketlenmis ES veya tam kanla
baslanilabilir.



ORAN ?

Pediatrik travmada kan tirtinii
oranlarini acikliga
kavusturmak i1¢cin daha fazla
arastirmaya ihtiyag vardir.

Ayrica, travmatik hemorajik
soktaki bir cocugun
restisitasyonunda 'dengeli’ bir
yaklasim benimsemek
mantiklt olsa da, mevcut
kanitlar 1:1:1 oraninin 1ideal
oldugunu gostermemektedir.

1dussnuey Joyiny 1duosnuepy Joyiny

1diosnue |y Joyiny
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Dusuk Titrelt Tam Kan (LTOWB)
Kullanimi

Pediatrik Travmatik Hemorajik Sok Konsensiis Konferansi Onerileri, hemorajik
soktaki travma magduru g¢ocuklarin resiisitasyonunda tam kanin mevcut olmasi
durumunda kullanimini desteklemektedir.

%33 daha az antikoagiilan ve koruyucu madde icermesi

Daha yiiksek hemoglobin ve trombosit konsantrasyonlar: ile pihtilasma faktorii
seviyelert,

Daha az diliisyonel koagiilopati, daha az hipokalsemi , daha az kan iiriini
kullanima.

Daha islevsel hamostatik Trombositler.

LTOWB'nin daha yaygin kullaniminin ontindeki bir kisitlilik, RhD-LTOWB"in
bulunabilirligidir. RhD-LTOWB kullanimi, RhD tipt heniiz bilinmeyen kiz
cocuklarinda, gelecekte ortaya c¢ikabilecek bir fetliis ve yenidogan hemolitik
hastaligi (HDFN) komplikasyonu riskini onlemek agisindan avantajlhidir.



Traneksamik Asit (TXA)

« TXA, plazminojenin plazmine donlismesini
onleyerek  fibrinolizi  vyavaslatir,  fibrin
pihtilarim1 stabilize eder ve kanamayi en aza
indirir.

 Traneksamik Asit (TXA): Erken donemde
(1lk 3 saatte) TXA kullanimi mortaliteyi
azaltmaktadir.



1995 -2025 tarihleri arasinda yayimlanmis, ¢ocuklarda (0-18 yas) TXA'nin etkinligi (9 ¢alisma)

Pediatrik travma vakalarinda, mortalitede 6nemli bir azalma ile iliskili

TXA, pediatrik hemorajik acil durumlarda hayatta kalma oranim ve oldugu gosterilmistir.

klinik sonuclan iyilestirmek i¢in kritik bir miidahale olmaya devam
etmektedir.

JPPT | Review

Tranexamic Acid in Pediatric Care: A Comprehensive
Overview

Mohammed Alsabri, MD, FAAP; Mayar M Aziz, MBBS; Karim Fahmy, MD; Alaa Zayed, MD; Mchamed Tawfik Elkefl, MBBS;
Ebraheem A. Ebraheem, MBBS; and Menna S. Nabawy, MBES

OBJECTIVE Tranexamic acid (TXA) is a vital hemostatic agent in pediatric medicine, demonstrating
substantial efficacy in managing both traumatic and nontraumatic hemorrhage. Although TXA has been
widely adopted in adult trauma and surgical care, reducing mortality, minimizing transfusion requirements,

and controlling perioperative and emergency-related bleeding, its pediatric use remains under researched,

with knowledge gaps in optimal dosing. long-term safety, and thromboembolic risks. Pediatric-specific
clinical guidelines remain incensistent, necessitating further research on their role in pediatric emergency
and perioperative care.

METHODS A targeted literature search using a combination of MeSH terms and keywords was conducted
using PubMed and Google Scholar, covering relevant studies focusing on the efficacy. pharmacokinetics,
dosing strategies, and safety profile of TXA in children (ages 0-18 years) published between 1995 and
February 2025.

RESULTS Evidence supports the efficacy of TXA in reducing blood loss, minimizing transfusion needs,
and improving survival outcomes in pediatric trauma, surgery, and emergency settings. Alternative
administration routes, such as nebulized TXA, show promise for post-tonsillectomy hemorrhage and
refractory epistaxis, potentially reducing the need for invasive interventions. However, gaps persist
regarding age-specific pharmacokinetics, long-term safety, and potential thromboembolic and seizure

risks. Inconsistent clinical practice, limited provider familiarity, and a lack of standardized pediatric protocols

further hinder the use of TXA in pediatric settings.

CONCLUSION TXA remains a critical intervention for improving survival and clinical outcomes in pediatric
hemorrhagic emergencies. However, its full potential depends on further interdisciplinary research, the
development of standardized pediatric-specific guidelines, and enhanced provider training. Addressing
knowledge gaps will be essential to ensuring safe implementation of TXA across diverse pediatric clinical
scenarios.

ABBREVIATIONS CPB, cardiopulmonary bypass; CRASH-2, The Clinical Randomization of an Antifibrinolytic
in a Significant Hemorrhage; EEG, electroencephalography; IV, intravenous; MATTERs, Military Application
of Tranexamic Acid in Trauma Emergency Resuscitation; TXA, tranexamic acid;

KEYWORDS tranexamic acid; pediatric care; hemostasis; trauma; hemorrhage; antifibrinolytic

J Pediatr Pharmacol Ther 2026:31{1):18-29

DOl 10.5863/JPPT-25-00027
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Tranexamic Acid in Pediatric Care

blood loss in cardiac and major orthopedic procedures,
while reducing the need for allogeneic blood transfusions
in elective surgeries in adults. **

TXA plays an increasingly vital role in pediatric
emergency medicine, particularly in the management
of traumatic and nontraumatic bleeding. It has
demonstrated a capacity to reduce hemorrhage, lower
transfusion requirements, and improve survival rates
in trauma patients.*® In pediatric trauma cases, TXA
administration has been independently associated with
a substantial reduction in mortality without an increased
incidence of thromboembolic complications.** A
multicenter study reported prehospital administration of
TXAto 36.6% of severely injured pediatric patients, with
a median single intravenous (IV) belus dose of 16 mg/kg
and no reporting on the maintenance doses. Only 51.8%
of patients met the criteria for receiving TXAF In the
United States, 35% of pediatric trauma centers reported
routine TXA use, primarily in cases of hemodynamic
instability or severe hemorrhage.” Additionally, in
perioperative settings, TXA has demonstrated efficacy
in reducing blood loss and transfusien requirements
in children undergoing major procedures such as
craniotomies and high-risk surgeries **

TXA exhibits an overall favorable safety profile in
pediatric populations; however, a few notable adverse
events warrant careful consideration. Seizures remain
a majer concern, with studies reporting an elevated
risk in pediatric trauma and cardiac surgery patients.™"
There has also been a fatal case of status epilepticus
linked to TXA administration in a noncardiac surgical
setting.'? Furthermore, a systematic review and
meta-analysis found ne evidence of an increased
risk of thromboembolic events such as deep venous
thrombesis or pulmenary embolism.® Renal impairment
is uncommen with TXA, with limited reports of adverse
renal events and no consistent findings in pediatric
populations.®

February 2025. The search focused on the role of TXA
in pediatric trauma, perioperative care, and emergency
medicine, emphasizing its efficacy, pharmacokinetics,
safety profile, and alternative routes of administration.

A literature search was conducted in PubMed us-
ing MeSH and free-text keywords related to TXA and
pediatric care. MeSH terms included tranexamic acid,
antifibrinolytic agents, hemorrhage, wounds and inju-
ries, blood transfusion, surgical procedures, operative,
pediatrics, infant, child, and adolescent. Keywords
included “tranexamic acid,” “TXA," “pediatric bleed-
ing,” “pediatric trauma,” “perioperative bleeding,” and
“postoperative hemorrhage.” Searches were limited to
English-language studies involving children and adoles-
cents (0-18 years) published in peer-reviewed journals.

Pharmacology of Tranexamic Acid. Pharmaco-
dynamics. TXA is a synthetic lysine derivative with
potent antifibrinolytic activity. Its pharmacodynamic
actions include stabilizing clots by preventing fibrinoly-
sis. It inhibits plasminogen activation in a competitive,
reversible manner by binding to multiple sites, includ-
ing 4 or 5 low-affinity sites and 1 high-affinity site critical
for fibrin interaction. TXA prevents plasminegen from
converting to plasmin, thereby slowing fibrinelysis,
stabilizing fibrin clots, and minimizing bleeding.**
At higher doses (=50 mg/kg), it noncompetitively
inhibits plasmin activity similarly to aminocaproic
acid, but with 10-fold greater potency, longer half-life,
and duration of action. It also exhibits lower risk for
myopathy, rhabdomyolysis, and gastrointestinal side
effects, making it associated with a more favorable
safety and tolerability profile than aminocaproic acid
and more suitable, especially in trauma patients.”=
However, TXA is widely distributed throughout the
bedy, including the central nervous system, where
off-target antagonism of y-aminobutyric acid type A
receptors may lead to neuronal hyperexcitability and
seizures, especially when given improperly or during



PED-TRAX (Pediatrik Travma ve Traneksamik Asit Calismasi)
retrospektif incelemesi, 18 yas ve altindaki hastalarda TXA'nmin etkisini

degerlendirmeyi amaclanistir

Dikkat c¢ekici olan, caliymanin tiim pediatrik yas gruplarinda standart

yetiskin TXA dozunu (10 dakikada 1 g, 8 saatte 1 g) kullanmasidir

Kraliyet Pediatri ve Cocuk Saghg Koleji, 12 yas ve iizeri hastalar ile
12 yasindan kiiciik hastalar arasinda ayrim yaparak, yasa dayalh TXA
dozlamasi 6nermektedir.

12 yas ve iizeri hastalar yetiskin dozlamasiyla tedavi edilir (10 dakika
boyunca 1 g, ardindan 8 saat boyunca 1 g infiizyon).

Daha kiiciik hastalar icin, agirhga dayal dozlama tercih edilir: 10
dakika boyunca uygulanan, 15 mg/kg'lik yiikleme dozu (maksimum 1
g). Daha sonra, kanama durana kadar veya en az 8 saat boyunca 2

Alsabri,. M et al

mg/kg/saatlik idame infiizyonuna devam edilir.

Tranexamic Acid in Pediatric Care

and MATTERSs trials, demonstrating reduced mortality
in pediatric trauma patients who received T>A. How-
ewer, the study also noted deaths from traumatic brain
imjury. raising guestions about whether TXA contrib-
uted to cerebral edema or seizures. Other reported
side effects included acute kidney injury and venous
thromboembolism.2® Despite these concerns, the role
of T in these complications remains unclear, given
the substantial burden of injury in trauma patients.
Of note, TXA use did not significantly reduce blood
product reguirements (p <0. 09), a finding warranting
further investigation.

In contrast to the extensive adult trauma data,
pediatric-specific TXA trials remain scarce. Howsewer,
perioperative studies hawve prowvided critical insights
imnto the pharmacokinetics and potential adverse ef-
fects of THA in pediatric populations. TXA has also
been inwvestigated in pediatric traumatic hyphemia
management, further demonstrating its hemostatic
benefits.?®

Pediatric-Specific Data: PED-TRAX and Beyond. Fol-
lowwing the CRASH-22925 and MAT TERs®™ trials, the PED-
TRAX (Pediatric Trauma and Tranexamic Acid study)
retrospective review sought to evaluate the impact of
T4 In patients aged 18 years and younger® OFf note,
the study wused the standard adult TXWO dose across
all pediatric age groups (1 g owver 10 minutes, 1g owver
8 hours).® PED-TRAX findings aligned with adult trauma
data, reporting significant improvements in neurclogical
status (p <= 0.01) and reduced ventilatory dependence (p

(age-adjusted), open/multiple fractures, and significant
s H i i A e |

The Rowyal College of Pediatrics and Child Health
recommends age-based TXA dosing., distinguish-
ing between patients 12 years and older and those
yvounger than 12 years. Patients 12 years of age and
older are treated with adult dosing (1 g owver 10 min-
utes, followed by a 1 g infusion owver B hours).
WOoUNger patlenis, welg ase osing Is prererred
as follows: a 15-mgfkg loading dose (maximurm 1 g)
diluted in sodium chloride 0.9% or glucose 5%, ad-
ministered ower 10 minutes. A maintenance infusion
of 2 mg/kg/hr is then continued for at least 8 hours
or until bleeding ceases.” The recommendsd dilu-
tion for maintenance infusion is 500 mg in 500 mL
of sodium chloride 0.9% or glucose 5%, deliveraed at
a rate of 2 mbL/kg/hr=°

The Role of Tranexamic Acid in Procedural
Hemostasis

T>A application in procedural hemostasis within
the emergency department for pediatric patients has
gained increasing attention, particularhy in trauma and
invasive procedures.3? In the emergency department,
T>xA is often employed to control acute hemorrhage
durimg procedures such as laceration repair, nasal
packing for epistaxis. and dental or oral injuries. Ad-
ministered topically (5% solution wvia scaked gauze or
rimse),293% or IV (15 mg/kg)®® as a single 1-time dose, T XN
has been shown to effectively reduce bleeding while



Termoregulasyon
ATLS 2025

* Hipotermi, bir ¢ocugun tedaviye verdigi yaniti
onemli oOl¢ude tehlikeye atabilir, pihtilasma
strelerini uzatabilir

o Aktif 1sitma ve 1sitilmis intravenoz sivilarin
uygulanmasi.



Non-Operatif Yonetim (NOM)

Diinya c¢apinda hemodinamik agidan stabil c¢ocuklarda
ameliyatsiz tedavi yontemlerine dogru paradigma degisimi
vardir.

Pediatrik kiint batin travmalarinda (dalak ve karaciger
yaralanmalar1 dahil) hemodinamik olarak stabil hastalarin
%90"1ndan fazlas1 ameliyatsiz (non-operatif) takip edilir.

Periton 1rritasyon bulgularinin (defans, rebound) olmamasi.

Hastanin hemodinamik olarak stabil olmasi veya minimal
resusitasyonla stabil kalmasi.

Cerrahi olmayan yontemlerle kanamanin kontrolti, DCR'nin
temel bir bilesenidir.



REBOA
(Aortanin Restsitatif Endovaskiiler Balon Okliizyonu)

* Erniskinlerde kullanim yayginlasti.

 Cocuk hastalarda anatomik smirlar ve klinik
kanmit yetersizligi nedeniyle kisith ! ve dikkatl
uygulanmalidir.

 Agir yaralanmis hastalarin yaklasik ytizde
yirmisi REBOA'dan potansiyel olarak fayda
gorebilir ve yetiskinlerle yapilan calismalara
benzerdir.



REBOA

Balon, yaralanmanin yerine bagli olarak Bolge I'de (inen

torasik aort) veya Bolge III'te (infrarenal aort) sisirilir. 4-7 Fr Kateter Caplarl A% Gruplar
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Kritik Kanama Protokolu

"Tirkiye'de Kan Transfiizyon Yo6netim Sisteminin Gelistirilmesi i¢in Teknik Yardim Projesi 2021

Bu proje Avrupa Birligi ve Torkiye Cumhuriyeti tarafindan finanse edilmektedir.

Turkiye'de Kan Transfuzyon Yonetim Sisteminin Gelisgtirilmesi igin Teknik Destek - EuropeAid/139230/IH/ISER/TR
Sozlesme Mo: TREESP3.1.IBTMST/P-01-01

Kurumlar, asagidaki hususlar dikkate alan yenidogan ve pediatrik hastalara 6zgi bir
kritik kanama protokoli gelistirmelidir:

. ne zaman etkinlestirilecegine iliskin rehberlik

. kiminle temasa gecgilecegi ve onlarla nasil temasa gecilecegi (ilgili telefon
numaralarr)

. roller ve sorumluluklar

. miUmkinse genis limenli kaniller kullanmak gibi giivenlik 6nlemleri

. yas veya agirhik ayarh:

O masif kanama protokollerinin igerigi
O kullanilan kan bilesenlerinin miktarlari veya dozlan

. ilk, ikinci ve sonraki basamaklara dahil edilecek bilesenlerin tanimi (6rnegin,
eritrosit konsantresi, TDP, trombosit konsantresi ve kriyopresipitat)

. kriyopresipitat kullaniminin zamanlamalari veya zamanlamasi

. Viskoelastik HBT (TEG / ROTEM) kullanildiginda, rolindn tanimi

. ilgili iletisim bilgileri ile masif kanama protokoliiniin devre disi birakilmas: icin

sorumluluklarin tanimlanmasi.

INSAN KAYMAKLARININ
GELISTIRILMESI
PROGRAM OTORITESI




iy = kanamanin devami bekleniyor.

* Major gastrointestinal veya cerrahi kanama

Hasar kontrol restisitasyonu

*+ Nedeni belirleyin ve kanamayi hizla kontrol altina alin
— Baski, bandaj ve turnike
— Erken cerrahi degerlendirme ve girisim
— Gerekirse anjiografi
* Normal koagiilasyonu saglayin ve idame edin
* Hipotermiden sakinin (aktif isitan onlemler kullanin)
+  Agir kristaloidden sakinin
* Kanama kontrol altina alinana kadar kontrollii hipotansiyon uygulayin
. Translf[,'lz‘,rc:-n esigi olarak sadece hemoglobin kullanmayin

Uygun oldugunda kan kurtarma tekniklerini kullanmay disiiniin

israfi en aza indirmek igin her tinitenin kullanimini optimize edin

- EK 20-25 ml/kg

»  Trombosit sayist <50 * 10°/L  Trombosit 10-15 mL/kg
» PZ/aPTZ>1.5 % normal TDP 15 mL/kg?

* Fibrinojen <2 g/L Kriyopresipitat 5 mL/kg®

* Traneksamik asit Yiikleme dozu 15 mg/fkg (maks. 1 g) 10 dak.
sonra 2 mg/fkg/saat inflzyon 8 veya daha

fazla saat veya kanama durana kadar

? mevcut preparatlarin dozunu tavsiye etmek icin lokal transfiizyon
merkezi

aPTT, aktive parsiyel tromboplastin zamani; EK, eritrosit konsantresi;
HBT, hasta basi testi; PCC, protrombin kompleks konsantresi; PZ,

protrombin zamani; rFVIla, aktive rekombinan fakétr VII;
TDP, taze donmus plazma

Kritik kanama protokolunun baslatilmasi i¢in onerilen kriterler

= 4 saatten az siire icinde olusmus veya beklenen >35-40 ml/kg kan kaybi1 + hemodinamik olarak stabil degil,

» Ciddi gogis, batin, pelvis veya multiple uzun kemik travmasi veya kafa travmasi

* Asin kanamada fibrinojen dizeyleri diger faktorlerden daha fazla
diser.

+ Diltisyon ve hiperfibrinoliz (Grn. travmada) dizeyi daha da
distrtr.

» Kritik kanamada, fibrinojeni >2 g/L dizeyinde tutmak onerilir.

* Protokole fibrinojen replasmaninin kullanimi ve zamanlamasi igin
rehberligi; bu rehberlik viskoelastometrik HBET icerebilir, ekleyin.

Ozel klinik durumlar

Warfarin:
= vitamin K, PCC/TDP ekleyin

Kafa travmasi:

= trombosit sayisi 100 X 10°/L hedefleyin
+ izin verilen hipotansiyon kontrendike

Eriskinlerde yapilan calismalardan elde edilen kanitlara dayanarak,

travma hastalarinda rFVila'nin rutin kullanimi onerilmemektedir.

Bununla birlikte, kurumlar asagidakilerin gecerli oldugu durumlarda

rFVlla kullamimi igin bir strec gelistirmeyi secebilir :

* kurtanlabilir hastalarda kontrolsiiz kanama ve

+ kanamay kontrol altina almada basansiz cerrahi veya radyolojik
onlemler ve

« yeterli kan bileseni replasmani ve pH >7.2, 151 >34°C. Ancak
kanama devam ediyor ise

Dozu Hematoloji veya transfiizyon uzmani ile tartisin.

arFvila bu durumda kullanim igin lisansh degildir.




Sonug

Pediatrik travmanin degerlendirilmesi ve yonetiminde cocuklarin
kendine 6zgl anatomik ve fizyolojik 6zelliklerinin dikkate alinmasi
gereklidir.

Cocuklarda hipotansiyon gelismeden oOnce soku tamimak hayat
kurtarir.

Tasikardi ve zayif nabiz, hipovoleminin erken taninmasinda ve
cocuklarda sivi reslisitasyonuna erken baslama ihtiyacinda en
onemli belirteclerdir.

[lk basamak 20 mL/kg kristaloittir; yanitsizlik durumunda
gecikmeden 10 mL/kg eritrosit slispansiyonuna ve MTP protokoliine
gecilmelidir.

Pediatrik batin travmalarinda temel hedef, hemodinamik
stabilizasyonu saglayarak hastayr ameliyatsiz (non-operatif)
yOontemlerle basariyla tedavi etmektir.
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