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Figure: Temporal distribution of in-hospital trauma deaths in a multicenter cohort at risk for massive transfusion
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GUIDELINES

Open Access

. . )
The European guideline on management =
of major bleeding and coagulopathy

following trauma: sixth edition
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Il. Diagnosis and monitoring of bleeding

Initial assessment

Recommendation 5 We recommend that the physician
clinically assess the extent of traumatic haemorrhage
using a combination of patient physiology, anatomi-
cal injury pattern, mechanism of injury and the patient
response to initial resuscitation (Grade 1C).

We recommend that the shock index (SI) and/or pulse
pressure (PP) be used to assess the degree of hypovolae-
\  mic shock and transfusion requirements (Grade 1C).
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‘/ lll. Tissue oxygenation, volume, fluids and temperature \
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Volume replacement and target blood pressure
Recommendation 13 In the initial phase following
trauma, we recommend the use of a restricted volume
replacement strategy with a target systolic blood pressure
of 80-90 mmHg (mean arterial pressure 50-60 mmHg)
until major bleeding has been stopped without clinical
evidence of brain injury (Grade 1B).

In patients with severe TBI (GCS < 8), we recommend
| that a mean arterial pressure >80 mmHg be maintained |
\_(Grade 1C). ya
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[ Vasopressors and inotropic agents
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Recommendation 14 If a restricted volume replacement
strategy does not achieve the target blood pressure, we
recommend the administration of noradrenaline in addi-
tion to fluids to maintain target arterial pressure (Grade

1C).

We recommend infusion of dobutamine in the pres-

‘\\ence of myocardial dysfunction (Grade 1C).
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LE ROLE CENTRAL DE LA COAGULOPATHIE

Pq = plaquettes
V-C = vasoconstriction
PSL= Produits Sanguins Labiles.

e LE DIAMANTLETAL i

la ie (dilution)

I'hy

Aggrave I ACIDOSE

Aggrave I'hypothermie (HYPOVOLEMIE)
Corrige partiellement
I'nypovolémie

HYPOTHERMIE

TRANSFUSION
&PSL \&
Aggrave |'hypocalcémie (citrate)
Aggrave I'hypothermie (frigo)
Corrige partiellement la coagulopathie
Corrige partiellement l'ischémie
Corrige partiellement I'hypovolémie

Infographie : Dr Pierre BALAZ

BMPM, Dr Pierre BALAZ



ET LE VAISSEAU ?

latrogenic Factors

Cold crystalloid infusion
Hemodilution
Hypothermia
Non-anion gap acidosis

Environmental exposure

Blood Loss

Depletion of red cells, clotting factors, and platelets
Decreased platelet margination (anemia)

Decreased clotting-factor activity (heat loss and acidosis)
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Genetic Response [ Tissue Injury and Hypoperfusion
Up-regulated innate immunity Release of formyl peptides and
genes mitochondrial DNA (DAMPS or alarmins)
Down-regulated adaptive immunity Activated protein C
genes Inactivated factors V and VIII
Increased plasmin
Release of tPA
Increased soluble thrombomodulin

Dan L. Longo, NEJM 2018



L’ATTEINTE MICROVASCULAIRE

Pathophysiology

TIC results from the complex

interplay and balance Hypoperfusion ) Tissue injury ) Haemorrhagic shock (leading to hypoperfusion and

of several mechanisms / duced oxygen delivery) and tissue injury (activating the

iy g lly trigger the
involving both procoagulant development of TIC.

and anticoagulant factors as
well as cellular components.
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LE SYSTEME MICROCIRCULATOIRE
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COHERENCE MACRO - MICRO
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AUTO-REGULATION DU DEBIT MICROVASCULAIRE
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Endothelium

Glycocalyx
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ENDOTHELIOPATHIE TRAUMATIQUE

Inflammation
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ALORS QUEL MONITORAGE ?

‘
COHERENCE MACRO-MICRO NON COHERENCE
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MONITORER LA PAM... PAS UNE FIN EN SOI

Table 1. Hemodynamic variables in the first four days of ICU admission for the two groups of patients (SOFA* score at D4<6.5 and SOFA score at D4>6.5).

SOFA<6.5 at D4 [ SOFA>6.5 at D4 p value
15 (53.6%) | 13 (46.4%)
MAP®, mmHg
D1 86 [75-99] 85 [77-95] 0964
D2 82(71-99] 89 [71-95] 0.648
D3 89 [84-102] 88 [79-97) 0413
D4 91[74-106] 88 [84-89] 0932
HR', bpm
D1 63 [57-83] 83 [74-102) 0.142
D2 77 [64-100] 8460-101] 0717
D3 71 [62-88] 78 (63-92] 0,964
D4 75 [64-87] 74 [70-85] 0843
DI 0.00 (0.00-0.22] 0.23(0.026-0.48] 0.033
D2 0.00 [0.00-0.182] 0.22[0.02-0.28] 0.085
D3 0.00 [0.00-0.00] 0.09 [0.04-0.33] 0.001
D4 0.00 [0.00-0.00] 0.1(0.04-0.17] 0.001
Arterial pH, AU
D1 7.43 [7.4-7.58] 7.45 (7.38-7.49] 0329
D2 7.48 (7.44-7.49) 7.45 [7.42-7.49] 0.892
D3 7.47 [7.43-7.52) 7.48(7.43-7.53] 0.440
D4 7.48 [7.44-7.49) 7.47 [7.45-7.51] 0936
BE', mmol/L
D1 06 [(-)09,-2.3] 0.6[(-)2.7-3.8] 0.880
D2 45[22-85) 44[17-62] 0751
D3 5.5[3.7-9.4] 64[2.1-7.6] 0892
D4 52[37-9.7] 7.7[42-11.8] 0538
Lactate, mmol/L
D1 13[09-2.0] 17[11-22] 0235
D2 1.0[0.7-2.0] 11[0.7-2.0] 0217
D3 091[07-1.2] 0413
D4 0.7[0.7-1.1] 09[0.6-1.4] 059
Sev02, %
D1 79.4[75.6-81.7) 74.3 (59.2-84.4] 0.161
D2 74.8 [67.1-80.8] 79.3 (70.7-85.2] 0347
D3 75 [67.5-78.6] 72 [71.6-90.6] 0219
D4 72.1[68.6-74.4] 78.6(73.3-81.0] 0.148
HY', g/dl
D1 10.8 [9.0-12.4] 104 [102-11.2] 0.751
D2 103 [9.2-11.5) 9.3[8.4-9.9] 0170
D3 9.3 [89-11.4] 9.8[9.5-10.9] 0316
D4 9.4[8.2-11.3] 9.8[9.3-10.8] 0.630
Het, %
DI 302 [27.1-3.8] 307 [29.2-32] 0.856
D2 309 [26.0-34.3] 27.4[24.4-29.7] 0.170
D3 27.727.0-34.8) 29.5(28.6-31.4] 0.440
D4 29.0[25.8-33.9] 29.6[27.8-31.9] 079
Patients transfused, n° (%)

mm/mm2

1/mm

Fig 1. Changes in the
SOFA score at D4>6.5). * p<0.05; ** p<0.01. TVDs: total small vessel density; PVDs: perfused small vessel density; MFI: microvascular flow index; PPV: percentage
of perfused vessels.
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Table 1 Techniques used to evaluate the microcirculation at the bedside

Variable measured

Main limitations

Techniques measuring microvascular perfusion

Laser Doppler

Nailfold videomicroscopy

OPS and SDF

Techniques measuring tissue oxygenation
SvO,
0, electrodes

NIRS

Reflectance spectroscopy

Gastric tonometry

Sublingual capnometry

Microdialysis and equilibrium dialysis

Flow (relative), hemoglobin content/
microvascular reactivity test

Vascular density, heterogeneity, flow
Vascular density, perfusion

heterogeneity, flow

Adequacy of perfusion to flow
Tissue PO,

Tissue O, saturation

O, saturation/microvascular reactivity test

Tissue CO, (reflects inadequate perfusion
and/or anaerobic metabolism)

Tissue CO, (reflects inadequate perfusion
and/or anaerobic metabolism)

Lactate/pyruvate

Global flow to relatively large sampling
volume (mixture of arterioles,
capillaries, and venules)

Restricted to fingers/sensitivity to
temperature and vasoconstriction

Mostly restricted to semiquantitative
scoring/limited sites to investigate/
movement and pressure artifacts

Global measurement

Global measurement in sampled volume
(mixture of arterioles, capillaries, and
venules)

Global measurement in sampled volume
(mixture of arterioles, capillaries, and
venules)

Global measurement in sampled volume
(mixture of arterioles, capillaries, and
venules) unless SO, histograms are
provided

Interference (feeding/reflux)/difficult
discrimination between low flow and
anaerobic metabolism

Availability limited/difficult
discrimination between low flow and
anaerobic metabolism

Time lag/limited sites to investigate

OPS orthogonal polarization spectral i

5 SDF sid

dark field i

technique; SvO, mixed-venous oxygen

saturation; NIRS near-infrared spectroscopy, EMPHO Erlangen MicroPHOtometer

Intensive Care Med (2010) 36:1813-1825
DOI 10.1007/500134-010-2005-3

Daniel De Backer
Gustavo Ospina-Tascon
Diamantino Salgado
Raphaél Favory
Jacques Creteur
Jean-Louis Vincent

REVIEW

Monitoring the microcirculation in the critically
ill patient: current methods and future

approaches



Table 5 Characteristics of microvascular variables

Proportion of perfused vessels PPV

De Backer score NA
Microvascular flow index MFI
Total vessel density TVD
Perfused vessel density PVD
Space-time diagram STD
Heterogeneity index HI

Grid-based score (3 horizontal and vertical
equidistant lines). Percentage of perfused
vessels per total number of vessel cross-
ings

Grid-based score (3 horizontal and vertical
equidistant lines). Total number of vessel
crossings per grid length

Grid-based score per quadrant. 0 = stop
flow, 1 = intermittent flow, 2 = sluggish
flow, 3 = normal flow

Software supported measurement of total
vessel area per surface area

Percentage of perfused vessels x TVD

Measurement of exact red blood cell
velocity

Coefficient of variation, expressed as (high-
est — lowest value)/mean

Intensive Care Med
https://doi.org/10.1007/500134-018-5070-7

CONFERENCE REPORTS AND EXPERT PANEL

Second consensus on the assessment

of sublingual microcirculation in critically
ill patients: results from a task force of the
European Society of Intensive Care Medicine

Binominal determinant of red blood cell
velocity: flow or no-flow

Proxy of total vessel density. Applicable to
different vessel types (capillary density)

Semi-quantitative assessment of the aver-
age red blood cell velocity per quadrant

Determinant of capillary distance (diffusive
capacity)

Determinant of capillary distance (diffusive
capacity) and red blood cell velocity
(convective capacity)

Determinant of red blood cell velocity
(convective capacity)

Determinant of heterogeneity of blood
flow, characteristic of distributive abnor-
malities

%

n/mm

mm?/mm?

mm?/mm?

mm/s

Good reproducibility. Based upon tradition
of preclinical research. Score is sensitive to
isotropy (change in image size during opti-
cal magnification)

Together with the percentage of perfused
capillaries proxy of functional capillary
density

Good reproducibility. Quick and possible by
“eyeballing”. Non-continuous separation
between categories of flow. Potential loss of
detail, overcome by similar score per vessel

Absolute number, continuous data. Time
consuming because of necessary manual
correction of software-supported vessel
tracing of vessels. Exact measurements of
vessel diameter

Equal to functional capillary density = gold
standard in preclinical research. Time
consuming

Absolute number, continuous data. Time
consuming, applicability limited to non-
tortuous vessels of sufficient length

Provides additional information, missed by
absolute numbers. Calculation may be
based upon MFI or PPV

NA not applicable, AU arbitrary unit



LE LASER DOPPLER

Optical fiber
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IMAGERIE SUBLINGUALE

Gonzélez et al. BMC Pediatrics (2017) 17:75

DOI 10.1186/512887-017-0837-5 BMC Ped| atrics
RESEARCH ARTICLE Open Access

Evaluation of sublingual microcirculation in L
a paediatric intensive care unit: prospective
observational study about its feasibility and

utility

Rafael Gonzélez"*, Jorge Lépez'*, Javier Urbano ', Maria José Solana'??, Sarah Nicole Fernandez'”?,

Maria José Santiago®* and Jesus Lopez-Herce'>*#*




Continuous Noninvasive Tissue Oximetry in the Early Evaluation
of the Combat Casualty: A Prospective Study

Alec C. Beekley, MD, Matthew J. Martin, MD, Teresa Nelson, MS, Kurt W. Grathwohl, MD,
Matthew Griffith, MD, Gregory Beilman, MD, and John B. Holcomb, MD

TABLE 3. Multivariate Logistic Regression Modeling to Predict Life-Saving Intervention (LSI), Blood Transfusion, and Massive
Transfusion in the Whole Group

Blood Transfusion, Odds Massive Transfusion, Odds
Parameters (Units)* LSI, Odds Ratio (95% CI)} Ratio (95% CI)} Ratio (95% CI)t
SBP [—10 mm Hg)] Not retained 1.40 (1.1-1.8) Not retained
DBP (5 mm Hg) 1.17 (1.0-1.4) Not retained Not retained
INR (0.50) 15.11 (3.7-61.3) 5.91 (1.6-21.9) 10.24 (2.5-41.9)
Hgb (—1.0 g/dL) Not retained Not retained 1.7 (1.1-2.6)
HCT (—5.0%) 2.39 (1.5-3.8) 3.01 (1.8-4.9) Not retained
BD (—2 mEq/L) 1.54 (1.1-2.2) Not retained Not retained
THI (—1) | Not retained 1.18 (1.0-1.4) Not retained |
Logistic regression equation Log [p/(1 — p)] = 1.55 + 543 X Log [p/(1 — p)] = 9.88 — 0.03 X Log [p/(1 — p)] = 1.94 — 0.53 X
INR — 0.22 X BD + 0.03 X SBP + 3.55 X INR — 0.16 X Hgb + 4.65 X INR
DBP — 0.17 X HCT THI —0.22 X HCT
AUC (95% CI) 0.85 (0.79-0.91) 0.90 (0.84-0.96) 0.91 (0.79-1.0)

AUC, area under the receiver operating characteristic curve; SBP, systolic blood pressure; DBP, diastolic blood pressure; INR, international normalized ratio; Hgb, hemoglobin;
HCT, hematocrit; BD, base deficit; THI, tissue hemoglobin index.

* Parameters entered into a model but not retained in any outcome equation include tissue oxygenation (StO,), radial pulse character, heart rate, platelets, and pH.

¥ The odds ratio provided in the table is associated with the change in the units specified.
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Defining Normal Capillary Refill: E:,Vry s §° :
Variation With Age, Sex, and Temperature | s Angeles, Calitornia g .o .
o
Annals of Emergency Medicine 3
An International Journal ©

4 : - T : T .

0 20 40 60 80 100
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Solid line = regression equation, capillary refil (secs) = 0.013 age (yr) + 0.901

Dashed line = previously advocated two-second upper limit of normal

Adverse Lighting Condition Effects on the
Assessment of Capillary Refill

LAWRENCE H. BROWN, EMT-P,* N. HERAMBA PRASAD, MD,*
THEODORE W. WHITLEY, PHDt

SHORT REPORT

Are bedside features of shock reproducible between
different observers?

H Otieno, E Were, | Ahmed, E Charo, A Brent, K Maitland

Arch Dis Child 2004;89:977-979. doi: 10.1136/adc.2003.043901
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LE BASE EXCESS

Metabolic acidosis

Buildup of acids, i.e:
Lactic acid (trauma,
hypotenstlon), ketoacids Metabolic alkalosis
(diabetes), sulfates and
phosphates (renal failure), Acids are removed, i.e:
hyperchloremia/dysnatremia . .
(excessive crystalloid Emesis, nasogastric tube,
resuscitation) volume contraction from
diuretics
— _
Normal
range
N A I A B

1209 6 -3 0 43 46 49 +12

BE (mmol/L)

Figure 1. BE represented on a number line with common
causes for metabolic acidosis and alkalosis.

Juern etal. 2012
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Fig. 3 ROC curves of BE, lactate and pH for 72 h in-hospital mortality

Table 2 Logistic regression analyses

Variables Univariate Multivariate

OR 95%Cl P OR 95%Cl P
BE 0866 0.849-0884 <0001 0872 0.854-0.890 <0.001
Lactate 1353 1299-1410 <0.001 1353 1.296-1413 <0001
pH 0005 0002-0011 <0001 0007 0003-0016 <0.001

Variables in multivariate logistic models were adjusted for gender, age and

ISS category.

Qi etal. 2021



LE LACTATE

Odds Ratio 0Odds Ratio
Study or Subgroup _ log[Odds Ratio] SE_Weight IV, 95% CI v, 95% CI
1.2.1 Mortalidad
Richards 2021 0.27 00533 135% 1.31[1.18,1.45] -
Safari 2020 0.2311 00882 11.4% 1.26 [1.06, 1.50] ==
Ustyantseva 2017 1.335 01558 7.5% 3.80(2.80,5.16) —_—
Subtotal (95% CI) 32.4% 1.80[1.11,2.91] <
Heterogeneity: Tau®= 0.17; Chi*= 44.02, df= 2 (P < 0.00001); F= 95%
Test for overall effect: Z=2.40 (P = 0.02)
1.2.2 Mortalidad en 72 horas
Qi 2021 0.3001 0.0193 14.9% 1.35(1.30,1.40] -
Xie 2020 03075 0.027 146% 1.36[1.29,1.43] s
Yuce 2018 0.0392 0.0149 14.9% 1.04[1.01,1.07] r
Subtotal (95% CI) 44.4% 1.24[1.02,1.50] &
Heterogeneity: Tau®= 0.03; Chi*= 148.13, df= 2 (P < 0.00001); = 99%
Test for overall effect. Z= 219 (P =0.03)
1.2.3 Mortalidad en 28 dias
Adiyaman 2019 01989 01552 7.6% 1.22[0.90, 1.65] T
Cortes 2018 1.0919 07319 07%  2.98[0.71,12.51] —
Da Costa 2017 0.0583 0.0146 14.9% 1.061.03, 1.09] "
Subtotal (95% CI) 23.1% 1.11[0.94,1.31] »>
Heterogeneity: Tau®= 0.01; Chi*= 2.80, df= 2 (P = 0.25), F= 29%
Test for overall effect: Z=1.20 (P = 0.23)
Total (95% CI) 100.0% 1.34[1.19, 1.50] ¢
Heterogeneity: Tau®= 0.02; Chi*= 251.74, df= 8 (P < 0.00001), = 97% 051 052 045 i é 140
Test for overall effect: Z= 4.80 (P < 0.00001) . Nbrmal Iéctate Elevated lactate

Test for subgroup differences: Chi*=3.71, df=2 (P = 0.16), F= 46.1%

Figure 2: Forest plot of random effects of elevated lactate on mortality, 72-hour mortality, and 28-day mortality.
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LE LACTATE

¢
Lactate (mmol/l) Tﬂ"@

m
_N;

MT Non-MT Mean Difference Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Tetsuya Yumoto, 2014 33 37 9 | 226 2 7 —R— 1.70[1.38, 2.02] 3252
Takayuki Ogura, 2016 84 31 7 | 216 19 7 - 1.20[1.02, 1.38] 33.58
Young Tark Lee, 2020 117 5 5 (1510 26 9 i 2.40(2.30, 2.50) 33.90
Overall 1 77 [ 0.91, 2.63]
Heterogeneity: 1’ = 0.57, I = 98.56%, H’ = 69.64
Test of 6, = 6: Q(2) = 139.28, p = 0.00
Testof 8=0:2=4.03,p=0.00

Non-MT MT

Ueamsaranworakul T et al. 2024
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Lactate Clearance
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Capillary blood lactate in fingertip vs arterial blood lactate
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