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How important is the ICU in the
trauma chain?

Fig. 1 The trauma chain of survival. First displayed at the TraumaCare2002 conference in Stavanger, Norway, and reproduced with
permission from Laerdal Medical, Stavanger, Norway. BLS, basic life support; ALS, advanced life support.

Anders Oldner, professor & consultant intensivist december 18



S 0-= Karolinska
A4 ¥ 5 Institutet

Causes of short-term death
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Contents lists available at ScienceDirect

Journal of Critical Care

journal homepage: www.jccjournal.org

Quadrimodal distribution of death after trauma suggests that critical @msm(
injury is a potentially terminal disease " "

Heena P. Santry, MD, MS #®*, Charles M. Psoinos, MD 2, Christopher J. Wilbert, MD ‘.gulie M. Flahive, MS 2,
Aimee R. Kroll-Desrosiers, MS °, Timothy A. Emhoff, MD 2, Catarina 1. Kiefe, MD, PHD

* Department of Surgery, University of Massachusetts Medical School, Worcester, MA, USA

® Department of Quantitative Health Sciences, University of Massachusetts Medical School, Worcester, MA, USA
© Department of Emergency Med icine, MedStar Harbor Haospital, Baltimore, MD, USA
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Trends in causes of trauma death % g@c Karolinska
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-effects of improved resuscitation
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Injury, Int. J. Care Injured 40 (2009) 907-911

Contents lists available at ScienceDirect

Injury

LL\L\I[R journal homepage: www.elsevier.com/locate/injury

Review

Patterns of mortality and causes of death in polytrauma patients—Has anything
changed?

Roman Pfeifer®*, Ivan S. Tarkin?, Brett Rocos®, Hans-Christoph Pape ?

2 Department of Orthopaedic Surgery, University of Pittsburgh Medical Center, Kaufmann Medical Building, Suite 1010, 3471 Fifth Avenue, Pittsburgh, PA 15213, USA
b Department of Trauma and Orthopaedics, Bristol Royal Infirmary University Hospitals, Bristol, UK
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Injury severity in the ICU - trends
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-Improved early trauma care leads to higher ISS in

the ICU
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Median ISS for trauma patients admitted to ICU 2006-2015
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Damage control surgery/resuscitation
« Conservative surgical management
* « Severely injured survive to ICU admittance

« Increased burden of age and comorbidity
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Traumapatienten pa IVA faser

* Ankomst

* Tidig fas 0-48 h
« Aggressiv behandling av storda vitalfunktioner
 Diagnostik och ev. behandling av dolda skador

« Kompletterande diagnostik och behandling av kanda skador
«Senfas >48 h

« Sedvanliga diagnoser
*Sepsis
*‘MOF
*ARDS
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Ankomst

- Uppritta en primar HANDLAGGNINGSPLAN med kir/ort/neurokir
« diskutera brytpunkter
- Bedom patientens status
» Etablera adekvat MONITORERING
* invasiv tryckmatning
» overvag eko/PAC/annan CO matning
* Temp
* Buktryck
*ICP

* Folj neurologi

- TA OVER OCH DRIV VIDARE HANDLAGGNING
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ORIGINAL ARTICLE

The conjoint effect of reduced crystalloid administration
and decreased damage-control laparotomy use in the
development of abdominal compartment syndrome

Bellal Joseph, MD, Bardiya Zangbar, MD, Viraj Pandit, MD, Gary Vercruysse, MD, Hassan Aziz, MD,
Narong Kulvatunyou, MD, Julie Wynne, MD, Terence O’Keeffe, MB, ChB, Andrew Tang, MD,
Randall S. Friese, MD, and Peter Rhee, MSD, Tucson, Arizona

TABLE 3. Multivariate and Univariate Analysis of Patients Who
Developed ACS

Univariate Multivariate

OR 95% CI p OR 95%CI p
Age 1.03 1.01-1.05 0.01 1.02 0.9-1.06 0.1
Sex, male 2.2 0.5-9.7 0.2 8.8 0.8-92  0.07
Systolic blood pressure 1.01  0.9-1.02 0.84 - — -
Heart rate 1.o1  09-1.03 0.16 1.008 0.9-1.03 0.5
Temperature 1.2 0.8-1.7 0.2 .11 0.7-1.7 0.6
Mechanism of injury, 8.19 1.8-35  0.005 5.7 0.6-55 0.1

blunt

ISS 1.06 1.03-1.09 0.001 1.03 0.9-1.09 0.2

Crystalloids . . . 1.07 1.01-1.1

J Trauma Acute Care Surg. 2014
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Lungsvikt i tidig fas efter trauma

RESPIRATIONSSVIKT
EFTER TRAUMA

BN

NIV — non-invasive ventilation, IV — invasive ventilation, TRALI — transfusion-related acute lung injury, TACO - transfusion-associated cardiac overload
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ORIGINAL ARTICLE

Acute kidney injury following severe trauma: Risk factors and

long-term outcome
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Figure 1. One-year postinjury survival. Kaplan-Meier curves
displaying 1-year postinjury survival for AKI (n = 103, red line)
and non-AKI patients (n = 310, blue line).

Mikael Eriksson, MD, Olof Brattstrom, MD, PhD, Johan Martensson, MD, PhD, Emma Larsson, MD, PhD,
and Anders Oldner, MD, PhD, Stockholm, Sweden
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Figure 2. Multivariable model for AKI risk. Odds ratio and 95%
confidence interval. Admission refers to the admission to the
trauma unit.
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Post injury CRRT
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» Ischemia/reperfusion
* Pro-inflammation

e (Oedema — fluid overload lrsm

Rhabdomyolysis

o
—T
—

Consider early CRRT in oliguric patients
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FAKTORFORLUST TRAUMA-INDUCERAD HYPOTERMI ’ DISSIMINERAD
SPADNING KOAGULOPATI - TIC ‘ INTRAVASAL
KOAGULATION - DIC
1 VARMNING ‘
KOAGULATIONSSTATUS
N ROTEM-ANALYS
KOAGULATIONISTKONTAKT
1 «  STABILISERING AV
TRANSFUSION 4:4:1 TPK > 100 VITALEUNKTIONER
FIBRINOGEN Hb >100 *  BALANSERAD PRO-
e TRANEXAMSYRA S-Ca?* >1.0 ANTIKOAGULATION
CALCIUM S-FIBRINOGEN >2.0 +  KOAGULATIONISTKONTAKT
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Traumapatienten pa IVA

Medicinskt panorama sen fas > 48 h
— "sedvanliga diagnoser”

* SEPSIS

* MOF

*« ARDS

* VAP/PNEUMONI
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High incidence of post—miury pneumoma
cate-treated trauma patients
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Organ failure, mortality and ISS over a decade
at CIVA Karolinska

10-year trends in CIVA trauma database
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-a significant challenge

- No reduction in incidence
(Wafaisade et al. Crit Care Med. 2011)

- Incidence of up to 40% reported in severely injured ICU patients

(Shalhub et al. J Trauma. 2009)

- > 10 fold increase in mortality
(Osborn et al. CCM. 2004)

2 Sepsis and MOF cause > 10% of trauma deaths
(Pfeifer et al. Injury 2009)

- A mean ICU LOS of 27 days for survivors with post-injury sepsis
(Bohmer et al. Crit Care. 2014)
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Post trauma sepsis at the Karolinska
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Traumarelaterad ARDS i gr: Karalinska

Mean ISS, APACHE and ARDS Incidence by Year
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FIGURE 3. ARDS case fatality in all four cohorts stratified by risk factor, showing significant decrease
in patients whose risk factor for ARDS is trauma or “other” (p = 0.255 for sepsis, p = 0.0002 for
trauma, p = 0.043 for other; Cochrane-Armitage test for trend).

Stapleton et al. Chest 2005

Post-traumatic ards
— a thing of the past?
Vogt et al. CCM. 2012

2010
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Eight-Year Trend of Acute Respiratory

Distress Syndrome

A Population-based Study in Olmsted County, Minnesota

Guangxi Li'2, Michael Malinchoc'-3, Rodrigo Cartin-Ceba', Chakradhar V. Venkata', Daryl ). Kor'4,
Steve G. Peters', Rolf D. Hubmayr!, and Ognjen Gajic'

"Division of Pulmonary and Critical Care Medicine, Mayo Epidemiology and Translational Research in Intensive Care, Division of Biomedical
Informatics and Biostatistics, and *Division of Critical Care Medicine, Department of Anesthesiology, Mayo Clinic, Rochester, Minnesota; and
2Division of Pulmonary Medicine, Guang An Men Hospital, China Academy of Chinese Medical Science, Beijing, China

Al Community-acquired Hospital-acquired

120
N,
/
/
s
-

30
.
e
100

100

25
80

80

60

80
15

Incidence of ALI per 100,000 person years
40

Incidence of ALI per 100,000 person years
20
Incidence of ALI per 100,000 person years

40

10

20

/
/

20

T

2001 2002 2003 2004 2005 2006 2007 2008 2001 2002 2003 2006 2005 2006 2007 2008 001 2002 203 2004 2005 2006 2007 2008

T T T T

Year Year

Li et al. Am J Respir Crit Care Med. 2011

Anders Oldner, professor & consultant intensivist december 18



S .
‘et Karolinska
5 3 Institutet

'1’\/)\70 1%\0

ARDS

Partly iatrogenic and thus avoidable
*’Less is more”
« Smaller tidal volumes
» Less fluids
« Targeted transfusion policies
» "alot to a few”

» Timing of surgical interventions
» Early control of fluid balance
« CRRT
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The solution of one problem unfolds a new

A chain 1s only as strong as i1ts weakest link. When links are
strengthened where the chain has broken previously, new weak
spots appear simply because the chain holds to test them. The ob-
vious weak link in the severely wounded wn this war (W.W. Il)
was the kidney.

EpwARrD D. CHURCHILL!

Early WW Il - cardiovascular collapse — shock
Late WW || & KOREAN WAR - transfusions — AKI
VIETNAM WAR - crystalloid treatment — ARDS

1970s — Multiple organ failure - MOF

IMPROVED OUTCOME

Anders Oldner, professor & consultant intensivist december 18
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Proportion of MOF/sepsis as cause of death
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Tissue injury
TRAUMA »

2 -

Ischemia-reperfusion

DAMPs

mitochondrial DNA
HMGB-1

Toll-like e
receptors ' Heat shock proteins
Cytokines
PMN activation
Endothelial « « RAGE
permeability

Pro-inflammation
Immunomodulation I
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DAMPs cause of post trauma infections

Mitochondrial damage-associated molecular patterns released by
abdominal trauma suppress pulmonary immune responses

Cong Zhao, MD, Kiyoshi Itagaki, PhD, Alok Gupta, MD, Stephen Odom, MD, Nicola Sandler, MBBS,
and Carl J. Hauser, MD, Boston, Massachusetts
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What is ORDIT?
ORDIT Study Sites

England & Wales: Study Protocol and
Procedures

England & Wales: REC Information
England & Wales: Consent

England & Wales: Data Collection for
CCUs

Scotland: Study Protocol and Procedures
Scotland: REC Information

Scotland: Data Collection for CCUs
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PUBLIC & PATIENT INVOLVEMENT STAFF LONDON TRAUMA SYSTEM

ORDIT: Organ Dysfunction in Trauma - A
national point prevalence study

Background

Multiple organ dysfunction syndrome (MODS) is an exaggerated systemic inflammatory response
following major tissue trauma. Recent reports suggest that the incidence of MODS has reduced, yet it
remains a resource-intensive, morbid sequelae following serious injury. Despite advances in initial
trauma management early fulminant MODS has the greatest association with mortality. Previous
evidence suggests that the onset of MODS has a multimodal distribution with a peak incidence present
within the first 24-72 hours following injury. However a phenotype of persistent inflammation-
immunosuppression catabolism syndrome (PICS) has recently been described, characterised by a
prolonged, late resolving MODS lasting more than seven days post injury. In the era of haemostatic
resuscitation, damage control surgery and trauma networks the incidence, pattern and severity of
MODS following major trauma in the UK have not been evaluated. The national trauma system is
perfectly positioned to prospectively capture the current epidemiology and outcomes of MODS for
injured patients admitted to UK Major Trauma Centres.

ORDIT Aims

o |dentify the prevalence of MODS in patients admitted to UK critical care units following major
traumatic injury.

e Investigate the severity and temporal variation of MODS in this cohort of patients.

e Examine the incidence and mode of mortality associated with MODS following major traumatic
injury.

e Evaluate the relationship between MODS and other clinical outcomes, length of stay and longer-
term quality of life.

Anders Oldner, professor & consultant intensivist december 18



TRAUMA ORGAN PROTECTION USING ARTESUNATE (TOP-
ART)

Trial registration number: ISRCTN15731357

Artesunate is a drug that has been in use for many years as the treatment of choice for severe malaria.
It has very few adverse effects and can even be used safely by patients with kidney failure or liver
dysfunction.

Using experimental (rat) models of severe bleeding, we have discovered that the intravenous injection
of small doses of Artesunate (1 to 4.8 mg/kg) upon resuscitation reduces organ failure after trauma

haemorrhage. The drug appears to enhance the protection of organs by reducing the body’s excessive
inflammatory response to injury and blood loss, and by activating well-known cell-survival pathways.

Having made this exciting discovery in the laboratory, C4TS now want to translate these findings to
patients by conducting a Phase 2a clinical trial.

The aim of this trial, ‘Trauma Organ Protection using ARTesunate’ (TOP-ART), is to compare safety and
benefit of Artesunate administration in addition to standard treatment in severely-injured bleeding
trauma patients.

Study Design

TOP-ART will be conducted as a single centre study at the Royal London Hospital Major Trauma
Centre. We will recruit 105 adult trauma patients who will be randomised to receive either:

e Low dose intravenous Artesunate (35 patients)

e High dose intravenous Artesunate (35 patients)

e Placebo (35 patients)

The trial will enrol eligible patients over a 24-month period (starting early 2016) and determine patient
outcomes in-hospital for up to 28 days and mortality at 90 days.

A therapeutic agent that reduces the incidence and severity of multiple organ failure could have a
major global impact on trauma patient outcomes and their requirements for healthcare utilisation.

S .= Karolinska
T2 Institutet
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Shock induced endotheliopathy (SHINE) @
in acute critical illness - a unifying
pathophysiologic mechanism

Paringemar Johansson'**", Jakob Stensballe'* and SisseRye Ostrowski'

e
o
o

Shock Induced Endotheliopathy

Injurious hit Injurious hit Injurious hit Injurious hit >
Minor + Moderate ++ Major ¢4+ Extromo +++4+
. " holaminos +++ e

Endothelial activation Endothelial damage

Capillary leakage
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Traumatic Endotheliopathy: A Prospective Observational
Study of 424 Severely Injured Patients
Fdr I. Johansson, MD, DMSc, MPA,*t Hanne H. Henriksen, BSc,* Jakob Stensballe, MD, PhD,*1

Mikkel Gybel-Brask, MD,* Jessica C. Cardenas, PhD,} Lisa A. Baer, BSc,t Bryan A. Cotton, MD, MPH,
John B. Holcomb, MD,{ Charles E. Wade, PhD,t and Sisse R. Ostrowski, MD, PhD, DMSc*

E E
Copenhagen 2 2 107
426 trauma patients § 1o0] .r 5
- Endothelial damage . rII.II —— :
(syndecan-1) and adrenaline (A) S e NS
more associated with mortality
than ISS or BE
« Beta blockers? = =
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Pre-admission beta blockade in multiple trauma
- A cohort study

= Al
S o b 8 ckr oy s

o The st racong, -

= Fragestallning

- Ar pre-traumatisk B-blockad skyddande vid allvarligt
multitrauma?

= Design
- Kohortstudie

Eriksson M, von Oelreich E, Brattstrém O, Eriksson J, Larsson E, Oldner A. Br J Surgery Open 2018; in press.
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= Patienter fran Traumaregister Karolinska 2006-2015
- Alder 2 50 ar, ISS 16-74

= Via personnummer kopplade till nationella register
- LISA (utbildning)
- Patientregistret (komorbiditet)
- Lakemedelsregistret

= Justering for confounders med logistisk regression

Mikael Eriksson december 19, 2018 40



Resultat

B-blockerade

> Aldre, mer somatisk
komorbiditet

- Samma skadegrad

- Ingen skillnad i
blodtryck eller chock

S )
o8 lst Karolinska
P~ .
n
3 < Institutet
1 o
B-blocker (1)  B-blocker (+) p-value VNo 18
Count (%) 1038 (75.4) 338 (24.6)
Age, median (IQR) 63.5 (56-73)  71.5(63-82)  <0.001
Male, count (%) 733 (70.6) 223 (66.0) 0.108
Education level, count (%)
Low 240 (25.1) 88 (30.6) 0.175
Medium 444 (46.3) 125 (43.4) :
High 274 (28.6) 75 (26.0)

CCI categories, count (%)
CCIo
CCI1
CCI>1

Ischemic heart disease, count
Congestive heart failure, coun{ (%)
Hypertension, count (%)
Diabetes mellitus
Anticoagulation therapy
Psychiatric comorbidity, count (%)
Substance abuse, count (%)

ISS, median (IQR)

Blunt trauma, count (%)

Severe head injury, count (%)
Severe thoracic injury, count (%)

Severe abdominal injury, count (%)

SAP* median (IQR)
SAP* < 90 mm Hg, count (%)

ICU admittance, count (%)

63 (66.8)
168 (16.2)
177 (17.1)

118 (34.9)
88 (26.0)
32 (39.1)

27 (2.6) 96 (28.4)

28 (2.7) 60 (17.8)
118 (11.4) 141 (41.7)
69 (6.6) 62 (18.3)

65 (19.2)

142 (13.7) 39 (11.5) 0.312
172 (16.6) 48 (14.2) 0.302
24 (17-27) 25 (17-26) 0.911
1020 (98.3) 331 (97.9) 0.689
651 (62.7) 216 (63.9) 0.694
400 (38.5) 132 (39.1) 0.865
89 (8.6) 28 (8.3) 0.868

150 (120-170) 0.07

32(9.5)

602 (58.0)

190 (56.2) 0.565

Mikael Eriksson
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0 10 20 30
Time after trauma (days)

Number at risk

B-blocker (-) 1038 872 844 834
B-blocker (+) 338 249 231 227
B-blocker (-) B-blocker (+)

Mikael Eriksson december 19, 2018 42
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Table 3. Associations between pre-injury B-blocker use and 30-day mortality, unadjusted and adjusted OR (95 % ClI).

OR (95 % Cl) p-value z coefficient
Unadjusted 1.99 (1.51-2.61) <0.001  4.92 0.687
Restricted model* 1.35(0.96-1.90) 0.085 1.72 0.300
Full model** 0.703 0.38 0.086
Full model, missing data analysed with MI*** 1.09 (0.73-1.61) 0.675 0.42 0.084

= *Justerad for alder, kon, skadegrad, svar skallskada och chock

= ** Aven justerad for utbildning, ischemisk hjart-sjd, hjartsvikt, HT,
DM och antikoagulantia

= *** Som modell 2, multiple imputations av saknade data

Mikael Eriksson december 19, 2018 43
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= [3-blockad kan ses som en markor for okad risk for dod hos den
svart skadade patienten

= Ingen skyddande, eller skadlig, effekt av 3-blockad per se verkar
foreligga

Mikael Eriksson december 19, 2018 44
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Sammanfattning

« Intensivvarden en viktigt del i traumavardkedjan
» En gradvis forskjutning av den medicinska utmaningen till [VA

« Posttraumatisk organdysfunktion star for en betydande del av
traumarelaterad mortalitet och morbiditet

« Sannolikt foreligger en del “preventable death” i
intensivvardsfasen

« Forbattring av framtidens utfall vid trauma kommer sannolikt att
ske i intensivvardsfasen

Anders Oldner, professor & consultant intensivist december 18
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Ongoing trials on fluid therapy

The CLASSIC trial

Conservative vs. Liberal Approach to Fluid Therapy
of Septic Shock in Intensive Care (CLASSIC)

By the Scandinavian Critical Care Trials Group

SR

ClinicalTrials.gov Identifier:
NCT02079402

Anders Oldner, professor & consultant intensivist



Fluids might be bad, S
but....

Fluid resuscitation in septic shock: A positive fluid balance and -~
elevated central venous pressure are associated with increased

mortality*

5 ska
d cx\’&\d‘)\%g - t
e

John H. Boyd, MD, FRCP(C); Jason Forbes, MD; Taka-aki Nakada, MD, PhD; Keith R. Walley, MD, FRCP(C); Z

James A. Russell, MD, FRCP(C)

Crit Care Med 2011 Vol. 39, No. 2

1.0 A

0.9 1

Survival

Adjusted Survival Curves

Fluid Balance Quartiles Day 4

— 15t quartile
wes 2nd quartile
wee 3rd quartile
e 41h quartile

Anders Oldner, professor & consultant intensivist

Retrospective studies

Sometimes with huge
fluid loads

december 18
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The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

The National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network*

The FACTT trial

* Shorter time on mechanical ventilation with
conservative fluid management

* No difference in mortality at 60 days

S IN,

(@r Trc Karolinska
e Anlﬂﬁﬂutet professor & consultant intensivist december 18

Wiedemann et al. N Engel J




The ACOS
study

The Adult Respiratory Distress Syndrome Cognitive
Outcomes Study

Long-Term Neuropsychological Function in Survivors of Acute Lung Injury

Mark E. Mikkelsen'2*, Jason D. Christie®?*, Paul N. Lanken', Rosette C. Biester3#, B. Taylor Thompson3,
Scarlett L. Bellamy?, A. Russell Localio?, Ejigayehu Demissie’2, Ramona O. Hopkinsé7,
and Derek C. Angus®

1Pulmonary, Allergy, and Critical Care Division, Department of Medicine, 2Center for Clinical Epidemiology and Biostatistics, and 3Department of
Physical Medicine and Rehabilitation, Perelman School of Medicine at the University of Pennsylvania, Philadelphia, Pennsylvania; “Philadelphia
Veterans Affairs Medical Center, Philadelphia, Pennsylvania; *Pulmonary and Critical Care Unit, Department of Medicine, Massachusetts General
Hospital, Boston, Massachusetts; 6Department of Medicine, Pulmonary and Critical Care Medicine Division, Intermountain Medical Center, Murray,
Utah; 7Psycho|ogy Department and Neuroscience Center, Brigham Young University, Provo, Utah; and 8CRISMA Center, Department of Critical
Care Medicine and Department of Health Policy and Management, University of Pittsburgh, Pittsburgh, Pennsylvania

Am ) Respir Crit Care Med Vol 185, Iss. 12, pp 1307-1315, Jun 15, 2012

* Conservative fluid therapy in ALI resulted

in increased cognitive impairment

Impairment, %

90
80
70
60

40
30
20
10

Karolinska

p=0.004
p=0.001
5O Fooveeesseeresneisnens
p=0.77 p=0.22
Lib Cons Lib Cons Lib Cons Lib Cons
5/42 7/50 548 1060 11737 26139 14B7 27138
Memory Verbal Executive Neurocognitive
Fluency Function Impairment

Anders Oldner, professor & consultant intensivist
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,Oh Baby,
Du hast die Haare schon ...«

Anders Oldner, professor & consultant intensivist december 18



