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OBIECTIVES

* To highlight new concepts in the
management of shock in adults

* To discuss application to pediatric patients
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TRAUMATIC SHOCK:
NEW CONCEPTS

- COAGULOPATHY & TRANEXAMIC ACID
- DAMAGE CONTROL RESUSCITATION
* MASSIVE TRANSFUSION PROTOCOL




Trauma is the leading cause of death in pediatrics

Advanced trauma life support guidelines

— 1980 (1%t edition), 1982, 1984, 1993, 1997,2004, 2008, 2012
(9t edition) >> 2018 (10t edition)

In adults there are recent advancements
— Understanding of pathophysiology of traumatic shock

* Systemic response (proinflammatory activation
& multiorgan failure)

— New medications and protocols to improve survival

Lack of evidence to reduce mortality in pediatric
trauma

Advanced Trauma Life Support’




PATHOPHYSIOLOGY OF ADULT TRAUMA

* Hemorrhage is the |t cause of death after arrival to

hospital

* Acute coagulopathy of trauma (25%) exacerbates

situation s Gl el p— :
— Acute traumatic coagulopathy (ATC) ‘,r';\;el . VY
* Hyperfibrinolysis (TEG, ROTEM) S 0 i
‘_“4"1 w

* Anticoagulation, consumption, platelet dysf.
Figure 4-6. llustration of a tromboelastosram (TEG) tracng. §

— latrogenic coagulopathy (IC)
* acidosis & hypothermia (vicious cycle)
* hemodilution (overly aggressive crystalloid)

* Transfusion PRBC without other component




COAGULOPATHY IN PEDIATRIC TRAUMA

nd . Coagulopathy and shock on admission Is associated
* Hemorrhage 2 leadmg cause of death (afterTBI) with mortality for children with traumatic injuries at

combat support hospitals.

* Coagulant maturity lags behind anticoagulant

ied 2012 in Pediatric critical core medicing : 3 journal of.

* Coagulopathy prevalent in pediatric trauma, but
role of hyperfibrinolysis not well established

CONCLUSIONS

In children with traumatic injuries treated at combat support hospitals, coagulopathy and shock on admission are
common and independently associated with a high incidence of inhospital mortality. Future studies are needed to
determine whether more rapid and accurate methods of measuring coagulopathy and shock as well as if early goal-
directed treatment of these states can improve outcomes in children. (Less




EARLY USE OF TRANEXAMIC ACID IN
ADULT TRAUMA

* Antifibrinolytic (stabilize clot)
* Cheap (~I | Canadian dollars)

* Reduced mortality in both military and civilian trials
(saves | in 67 lives)

**Available in TASH in anesthesia & ortho departments
* CRASH-2 (RCT)

— Adult (>16 yr)
— Suspected trauma hemorrhage

- Mortality benefit in It 3hr Clinical Randomisation of an Antifibrinolytic
in Significant Haemorrhage

— lg over 10 min then Ig over 8hr

— Thrombotic comp. very rare




CAN WE USE TKA IN PEDIATRIC TRAUMAS

* Use in non traumatic perioperative setting Ea C crmencare
reduces transfusion requirement

Tranexamic acid in pediatric trauma: why not?
* Denying injured children TXA due to the lack
of pediatric trauma trial evidence ?

Immediate need for transfusion, with any one of the following Age Loading dose adminiger within 3 houn) Subsequent dose
indicating severe shock® 217 o zackit 1 g intvencusly cver 10 minas 1 g intravencus infuson ovar B hows
Systolic blood pressuee low (<80 mmHg <5 years and <90 mmHg
5 " <17 yhars 15 mGhg nfenoudy o Ll ! ey iranesnous fuSon over B hows of unill Deed
doe 1 g ~Ir s |

Poor biood pressure response to oaystalloid 20-40 ml'kg

The Maspial for Sk Childen Mzzw Femorthiasge Poiomd for the tne of eneamic aoed = pedptar toyra. Apsi 2014 Adspted Som Royal Coliege of
"th.-'l.'l..', -l:irl-l'_=.'.:f'|T bleading Prodatecy pod [l Mealh byvcleno satemen - NMowr frauma and the uw af rneagmne sod o chidren (1L




RESUSCITATION IN ADULT HEMORRHAGE

Damage control resuscitation

I. Controlled resuscitation / Permissive hypotension

(avoid disruption of thrombus)
2. Limit crystalloids (avoid hemodilution)
3. More blood products
4. Rapid surgical control of bleeding

5. Prevent acidosis, hypothermia, coagulopathy

(lethal triad)




EVIDENGE IN PEDIATRIC TRAUMA

. . . . Eun 1 Tramma Emerg Sorg f .
* No appropriate physiologic triggers of DO 10.10T/500068.015-0614-9 @Lmﬁ*“**‘

ORIGINAL ARTICLE

resuscitation strategies based on age

e Children decompensate very quickly Paediatric trauma resuscitation: an update

T. H. Tosounidis'= - P V. Glannoudis'®

* Principles may be applied to children but
!permissive hypotension

Permissive or low volume resuscitation is a concept that
has evolved over the last years in the management of adult
trauma patient and has gained considerable attention both
in clinical setting and the related basic research [16-19],
This practice has not gained wide acceplance in the man-
agement of paediatric patients and some authors advocate
extreme vigilance, questioning the non-validated theoreti-
cal benefits of such an approach in children [20].




MASSIVE TRANSFUSION PROTOCGOL
IN ADULT TRAUMA

e How much is massive?
e use of > 10 U of PRBC in 24hr or >4-6 units in 4-6hr
* |oss of one blood volume in 24 hours or 50% in 3 hours

* ongoing loss of 150 mL/h.

* In which patients should we anticipate MT?
— Patients who are unstable or

— Do not respond after |-2 RBCs

* How do we transfuse after initiating MT protocol?
— Fixed ratio component therapy (PRBC:FFP:platlet = I:1:I)
*benefits of fresh whole blood in military population
— 6 units should be available (may add cryoprecipitate after)
— Obtain labs (CBC, INR, fibrinogen, PH, TEG)

— Terminate when patient active bleeding stops




PROTOCOLS FOR PEDIATRIC TRAUMA

* Guidelines are vague or nonexistent o et ey G410 0,265 —
iy S PEDIATRIC
R SURGERY

* time to transition from crystalloid to blood?

ELSEVIER

* what blood products should be given?
Massive transfusion and blood product use in the

pediatric trauma patient

Jeffrey J. Dehmer, MD,” William T. Adamson, MD*®

INIURY c&\ —— ONGOING HEMORRHAGE

I. Initiation of MT protocol in traumatic hemorrhagic Clinicnl signs Stable ——* Tachycardia =+ Homodynamic instbility———————————— =
shock with persistent hemodynamic instability or ongo- Estimated blood loss 0 ———+20mlhy  40mblkg Afler | BV®lost  Afler2 BV lost Altgr cach BV lost
ing bleeding after 40 mlL/kg of crystalloid infusion '

2. Blood components delivered to larger pediatric patients Crronilodo. infision (2046 mia] l |
(=30 Kg) at a ratio of 1:1:1 units of PRBCs/FFP/platelets Hiood companent transfusion PRIC (0 ml kg1 |
with cryoprecipitate given for low fibrinogen levels (< 1- PRAEDOMLED +
1.5 g/L) or ongoing bleeding after the administration of ey
| round of all 3 blood components. For pediatric trauma Pieices (el ) R0 s
patients less than 30 kg, a weight-based protocol at a - chk ey

!
v mLg)
Contider rFV s’

ratio of 30:20:20, such as seen in Figure 1,** would be
initiated.




SUMMARY: PEDIATRIC TRAUMA

* Too vigorous fluid might be harmful for children

* Permissive resuscitation is not well accepted in
pediatric population

 MTP is gaining popularity in severe shock

* Trauma-related coagulopathy in children
constitutes a major factor contributing to mortality

* TXA use is not supported by robust evidence but
expert opinion suggests its use



SEPTIC SHOCK:
NEW CONCEPTS

DEFINITION OF SEPSIS
ASSESSMENT OF ORGAN DYSFUNCTION
TREATMENT GUIDELINE

Fluid management
Monitoring

Antimicrobials
ionotropic/vasoactive agents
Corticosteroids

Other aspects



* Sepsis is among one of the leading cause of mortality
among children

Surviving Sepsis .

: P
* It is a medical emergency (early identification and Campalgn B
management improves outcomes)

* Morality seems to be gradually declining for the past
decade with the implementation of SCC guidelines

_ 2004 (It guideline) >> 2008 (It revision) >> 2012 (2n¢
revision) >> 2016 (3")

* Unlike previous versions, the pediatric considerations
are not included in the latest guideline




NEW DEFINITION OF SEPSIS & SEPTIC

Sepsis (definition)
* life-threatening organ dysfunction caused by a

dysregulated host response to infection (formerly
severe sepsis)

Septic shock (definition)

 Subset of sepsis profound circulatory, cellular, and
metabolic abnormalities are associated with a
greater risk of mortality than with sepsis alone
(formerly sepsis induced hypotension persisting
despite adequate resuscitation)

_

Special Communication | CARING FOR THE CRITICALLY ILL PATIENT
The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)

Weryyn Singer, MD. FRCP, Chfford 5. Dewtschman, MD, WS Chrindophes Warnmen Seymoor, M0, M5 B Shankr. M, MSc, MO, FROM
yillal Arvune. MO, PO Michae! Bacer, MD; Sl Bellome MO Gondon i Bemard MD: bean Darsel Chichs, MO, 50
Srasg ML Congmvumith, MD: Richaed 5. Hodchici, M0 Metchedl M, Ly, MD; John € Mol MD. Greg 5. Martin, MDD, M5
FrevenM. Opsl, MD: Gordon [, Rubsnisld, MO, W5 To vaen der Pof, MI: PhD: Jeae Lok Vieceni, MO, PhD; Derwelc ©, Arggun, MID MIPH




NEW ASSESSMENT OF SEPSIS & SEPTIC
SHOCK

Assessment of organ dysfunction q‘SOF A
* Increase in SOFA (sequential organ failure
. Hypotension Altered il
assessment) score by 2 points (formerly SIRS) s it R 2 Min

» *qSOFA (quick SOFA) for screening

Score of 22 Criteria Sugqests a Greaker Risk of a Poor Qubtcome

Assessment of septic shock
* Vasopressor requirement to maintain MAP >65
* Serum lactate >2 in absence of hypovolemia

(formerly hypotension persisting after infusion of
30ml/kg fluid)




NEW TREATMENT GUIDELINE

3hr bundle (to be completed in 3 hours)

I. Measure lactate

2. Obtain blood culture (aerobic & anerobic) before antimicrobial

3. Administer antimicrobials (at least 2 |V broad spectrum antibiotics)

4. Administer 30ml/kg crystalloid (for hypotension or lactate>4mmol/L)
(formerly 4 target Goals in first 6 hrs)

* Add albumin if require substantial amount of crystalloids (weak recom.)

6h bundle (to be completed in 6 hours)

5. Apply vasopressor (for fluid unresponsive shock)
*NE is first line but may add vasopressin & epi. to achieve target MAP of >65

6. Remeasure lactate (if initial elevated)

?Corticosteroids
* Low dose hydrocortisone for vasopressor unresponsive (weak recom.)

it e M (2017 43 B04-377
DOR 10, 1007500 8 3400 P 4480 4

CONFERENCE REPORTS AND EXPERT PANEL

Surviving Sepsis Campaign:
International Guidelines for Management
of Sepsis and Septic Shock: 2016




UPDATES TO THE NEW GUIDELINE

e Covn Med

Hour-1 bundle (to be completed in | hour) R,
e 3-h and 6-h bundles have been combined to a SPECIAL EDITORIAL -~
single bundle The Surviving Sepsis Campaign Bundle:
2018 update

Table 1 Bundle elements with strength of recommendations and under-pinning quality of evidence [12, 13]

Measure lactate level, Re-measure if initial lactate is > 2 mmol/l Weak recommendation, low quality of evidence
Obtain blood cultures prior to administration of antibiotics Best practice statement

Administer broad-spectrum antibiotics Strong recommendation, moderate quality of evidence
Rapidly administer 30 ml/kg crystalloid for hypotension or lactate > 4 mmol/L Strong recommendation, low quality of evidence
Apply vasopressors if patient is hypotensive during or after fluid resuscitation to maintain Strong recommendation, moderate quality of evidence

MAP =65 mm Ha




fMcy Department

0 min

5 min

15 min

Surviving Sepsis -

Campaign e

Recommendations: Special Considerations in Pediatrics*®

Recognize decreased mental status and perfusion,
Begin high flow 02. Establish IV/10 access.

Initial resuscitation: Push boluses of 20 ec/kg isotonic
saline or colloid up to & over 60 cc/kg until perfusion improves or

[ Monitor CVP in PICU,

attain normal MAP-CVP & Scv0, > 70% |

unless rales or hepatomegaly develop.
Comect hypoglycemia & hypocalcemia. Begin antibiolics.

et
Fluid refractory shock: Begin inotrope IV/10.

usc atropine/ketamine 1V/AIOAM
1o obtain central access & airway if needed.

Reverse cold shock by titrating central dopamine

Cold shock with Cold shock with Warm shock with
normal blood pressure: low blood pressure: low blood pressure:
1. Titrate fluid & epinephrine, 1. Titrmte Nuid & epinephrine, |1, Titrate Nuid & norepinephrine,
ScvOr> T0%, Hghbe 10g/dL Sev0y> 70%, Hgb > 10 gL SevOy> T0%,
2. If SevOy still< 70% 2. 11 still hypotensive 2. I still hypotensive
Add vasodilstor with volurme consider norepinephrine consider vasopressin,

loading (nitrosovasodilators,
milrininone, imrinone. & others)
Consider levosimendan

3. If ScvOy still < T0% consider
dobutamine, milrinone,

enoximone or levosimendan

terlipressin or angiotensin
3,11 SevOs still < 70%

consider low dose epinephrine

of, if resistant, titrate central epinephrine
Reverse warm shock by titrating central norepinephrine.

Catecholamine resistant dmk Begin hydrocontisone
if at risk for absolute adrenal insufficiency

_‘v""

| Monitor CVP in PICU, attain normal MAP-CVP & Sev0, > 70% |

sheck gerrorsed?

Persistent calecholamine resistant shock: Rule out and correct pericardial effusion, preumothorax,
& intra-abdominal pressure >12 mm/Hg.
Consider pulmonary arery, PICCO, or FATD catheter. &/or doppler ultrasound 1o guide
Muid, inotrope, vasopressor, vasodilator and hormonal therapies.

Goal C.1.>33& <60 L/min/m2

?

Refractory shock: ECMO

The American Callege of Critical Care Medidne-Pediatric Advanced Life Suppornt (ACCM-PALS) algorithm,




DO WE NEED A NEW DEFINITION IN
PEDIATRICS?

SePSiS (deﬁnition) Ee e Journal of Intensive Care
* Face same problem with SIRS as adults (doesn’t identify

clinically hazardous patients) Update on pediatric sepsis: a review e

Assessment of organ dysfunction

* The standardized criteria for organ dysfunction & SIRS
thresholds are not based on evidence related to clinical
outcome




NEW EVIDENGES ON TREATMENT OF
SEPSIS IN PEDIATRICS

Initial resuscitation & monitoring

Considering recent trends in adults, an original form of early goal
directed therapy will not be applied to pediatric sepsis

- Patients given bolus fluid as initial intervention had a higher 48-h
mortality rate (FEAST trial, 201 1)

- Albumin use is a significant risk factor of PICU mortality (SPROUT
study, 2015)

- *if lactate was normalized (<2 mmol/L) within 2—4 h of initial
measurement, patients had a significantly lower risk of persistent
organ dysfunction over 48 h (Scott et al,2016)

Antimicrobial

3-h delay of antibiotic was associated with a significant increase in
PICU mortality (Weiss et al,2014)

SPROUT

sepsis prevalence outcomes and therapies




TREATMENT OF SEPSIS IN PEDIATRICS

Vasopressor

* - Comparative studies are lacking to recommend first
line agent Kavasaki Jcamet of tenive Care. Q0173547

D01 10,1 1BA/5a0560-01 702601 Journal of Intensive Care

* - Comparison b/n dopamine & adrenalin revealed 28-day
mortality lower in the adrenaline group (ventura et al,
2015) and higher rate of shock resolution in Ist hr
(Narayanan et al, 2015)

Update on pediatric sepsis: a review W s

SPROUT

Corticosteroid

sepsis prevalence outcomes and therapies

* Use of corticosteroids was significantly associated with
mortality (SPROUT study, 2015)

Other
» ? ECMO (for refractory with resp failure)
* ! diuretics & dialysis (for fluid overload),

* ?!plasma exchange




SUMMARY: PEDIATRIC SEPSIS

Definition of sepsis should be reconsidered on the basis of
organ dysfunction scoring in accordance with adult Sepsis-3

Optimal dose & type of fluid is very difficult to recommend b/c
negative finding in children are in contrast to adults

 Early antibiotic (within 3hours) is essential in the initial
management

* Lactate clearance might be a non inferior method of
monitoring reversal of tissue hypoxia in septic children

» Vasopressin/terlipressin use for children with fluid-refractory
septic shock should be more cautious

e Adrenaline would be more preferable to dopamine for the first
line catecholamine in children with fluid-refractory septic shock

Corticosteroid use should be more “conservative” than ever




CONCLUSION

* There is emerging evidence but high quality studies
in pediatrics are still sparse

* Some guiding principles may be applied to children
according to best possible recommendation from
adults and best available evidence in pediatrics

* If these protocols/therapeutics are implemented,
dedicated multicenter research will be needed to
evaluate outcomes
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