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Estimated total blood loss based on admission hb, hb on 
day 4, transfusions and estimated blood volume

N=546

Screws Arthroplasty DHS IMHS

Observed blood loss (ml) 50 200 200 500

Total blood loss (ml) 612 1301 1480 1861

Foss, J Bone Joint Surg Br 2006
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50% of blood loss preop.



Postop.delirium Death (30 days)

Yes No Yes No

NIRS AUC S*<55% 306 0 0.08 2871 0 0.03

No differences in HR or MAP between groups

Perioperative time with 
NIRS < 55% associated 

with death



Preoperative hypoperfusion

Postop.delirium Death (30 days)
Yes No Yes No p
10 30 4 36

Preop.
NIRS 58 66 57 66 0.04
BP (MAP) 85 86 76 85 0.42

Intraop.
NIRS 52 56 43 56 0.31
BP (MAP) 78 74 73 77 0.49

Clemmensen, J Clin Monit Comp 2018

NIRS lower 
intraoperatively

”after resuscitation”

BP not associated 
with outcomne



Continuous Hb (SpHb) measurements 
in hip fracture patients

N=42

Perioperative anaemia: Admission – 24 hrs postop

Delirium
yes no p

SpHb minutes < 6.0 mmol/l 162 (30-819) 22 (4-137) 0.03

Death/complication
yes no

SpHb minutes < 6.0 mmol/l 119 (49-325) 22 (4-514) 0.1

Median (IQR)

Clemmensen J Clin Monit 2019



Perioperative RBC transfusion in 
hip fractures – RCT studies

Foss

Carson x 2

Parker

Gregersen

Favours liberal 10.0 g/dl trigger

Pre Intra Postoperative phase



Perioperative pain

Blood loss
From fracture

Potential 
dehydration

Blood loss from surgical site

Insufficent fluid intake

Perioperative haemodynamic 
challenges in hip fractures

Cardiac failure: inotropic / chronotropic incompetence

Hypovolaemia + anaemia + tissue ischaemia + 
fluid overload + cardiopulmonary failure + 

hypoxia = organ failure

= complications + delayed recovery + death



GDT by intraop. preload 
optimization with colloid
(dynamic uncalibrated)

Vs

A-line monitoring only



Optimizing tissue perfusion in 
the perioperative period

Macrocirculation

SV, SVV, HR, CO, MAP, Hb

Microcirculation

Lactate, ScVO2, ScO2, PI, SpHb



CO = Flow (Speed)

Recruitment = Distribution

Organ perfusion = Flow + Distribution





Association between PI and intravascular volume in 
preoperative hip fracture patients

SV response to fluid not associated with 
volume status



Significant association between low PI and poor outcome



Intraoperative perfusion index 
587 hip fracture patients

Time spend with low 
PI (<0.5 / <1.5) 

associated with poor 
outcome



Anaemic patients with 
low PI (< 1.5) vs high PI:

OR: 8.6 for mortality



PI

Sympathetic tone

Flow

Volume



Preoperative haemodynamic 
optimization 

in hip fracture patients

Start early Hb monitoring!?
Is GDT viable pre/peri-operatively?
How should we use inotropics/vasopressors?
Avoid hypotension – but how?
Should we use perfusion measures? 
Optimization is continuou?



Should preoperative optimization 
in hip fractures be done in the 

ortho ward or intermediary care?
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