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ITU in the Future



The Hospital Structure is Changing
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Figure. Forecast of Supply and Demand for Intensivists and Pulmonologists Through 2030 FTE 
indicates full-time equivalent.  

Angus, D. C. et al. JAMA 2000;284:2762-2770 

Copyright restrictions may apply. 

Current and Projected Workforce Requirements for	


Care of the Critically Ill

JAMA. 2000;284(21):2762-2770





Projected of Over 80s in UK 
UK Office of National Statistics

Population size in millions

86% increase over 20 years



BRUSSELS - 
A UNIQUE EDUCATIONAL EXPERIENCE



High dose Insulin



Research Hypothesis

❖ Insulin’s effects on haemodynamics continue into a dosing 

range far above that which achieves glucose homeostasis	



❖ Off-setting insulin’s depression of glucose and potassium 

levels may allow safe exploitation of insulin’s inotropy and 

vasodilatory properties into this high-dose range.





❖ Congestive Heart Failure	


❖ Post-Pump Cardiac Dysfunction	


❖ Cardio-toxic Overdosage/Poisoning	



❖ Beta blockers	


❖ Ca++ Channel Blockers	


❖ Bupivicaine	



❖ Other Na+ blockers

Insulin Cardiovascular Therapy
Uses :



Ranges of therapy and toxicity





❖ 65 yr old woman, o/d on:	


❖ Atenolol, Venlafaxine, Amitriptyline	



❖ Refractory to pressors and moderate dose insulin, 
glucagon, adrenaline, atropine and calcium

Clinical Translation of HDI

❖ “Terminal shock” 	


❖ Started Very high dose insulin	



❖ 1 U/kg/hr increments q 10 min until 10 U/kg/hr	


❖ Near immediate improvement in CV function	


❖ CO rose from 3.5 to 11 L/min	



❖ High functioning survival

Holger J Clin Tox 2009



❖ 12 patients treated with HDI	


❖ 5 Beta blocker o/d	


❖ 4 combined Ca++ channel/beta blocker o/d	


❖ 1 TCA	


❖ 2 polydrug o/d	



❖ 6 failed vasopressor/adrenaline therapy	


!

❖ An initial HDI bolus was used in all 12 patients	


❖ Mean maximum HDI infusion rate : 8.4 U/kg/hr	


❖ Mean duration of HDI 25.5 hrs	


❖ Mean duration of glucose infusion post-HDI : 21 hrs	


!
❖ 11 of 12 patients survived.

Consecutive HDI case series



Role of Heart Failure in Failure to Wean



New insights into weaning failure:	


Left ventricular diastolic dysfunction is a key player

Intensive Care Medicine 
2011;37:1976-1985

Weaning Failure
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Weaning in heart failure

❖ Weaning is an exercise: increased heart stress	


❖ Weaning failure related to cardiac failure is 

frequent (~ 50%)	


❖ Echocardiography may help intensivists to detect 

high risk patients	


❖ How it can change the evolution remains to be 

elucidated



B-type natriuretic peptide and weaning from 
mechanical ventilation

Intensive care medicine 2006;32:1529-1536



BNP plasma 1/2 life =	


 20 min	


!
NT-pro BNP plasma 1/2 life 
= 2 hrs

B-type natriuretic peptide



Receiver Operating Curve

or



BNP to predict weaning failure

Baseline NT-proBNP 	


>263 ng/L AUC-80

Baseline BNP >1343 ng/L	


AUC-66

ΔBNP >48 ng/L	


AUC-95

ΔNT-proBNP >21 ng/L	


AUC-81



Fluid Optimisation



Pinsky. J Appl Physiol 56:1237-45, 1984  

Spontaneous Ventilation Positive-Pressure 
Ventilation 

SVrv 
(ml/kg) 

Pratm 
(mm Hg) 

Ppl 
(mm Hg) 

CVP 
(mm Hg) 

Time (sec) 



Stroke 	


volume

Preload (= muscle stretch)



807 m

What does this bag of lettuce have to do with 	


Starling’s Law?



Illustration of transmural pressure

1424 m



Murugan et al. Crit Care Med 2009

Fluid responsiveness is associated with lower 
organ yield from brain-dead donors

Fluid NR Fluid R

Viable organs



Preload responsiveness and inflammation

IL-10

TNF

IL-6

response characteristics. The average
PPV among preload responsive and unre-
sponsive donors were 19.2% ! 5% and
8.1% ! 3.4%, respectively. Traditional
hemodynamic variables, such as heart
rate, blood pressure, central venous pres-
sure, cardiac index, lactate, and superior
vena caval oxygen saturation, were not
different between the two groups. Of the
entire cohort, 81% required vasopressors
to maintain mean arterial pressure of 65
mm Hg. However, preload responsive do-
nors required significantly higher vaso-
pressor doses to maintain mean arterial
pressure when compared with preload
unresponsive donors (p " .04).

Fourteen donors had central venous
pressure #12 mm Hg and were thought
by OPO coordinators to have been ade-
quately resuscitated; among these do-
nors the mean PPV was 14% ! 5.7%.
There were 14 donors in the entire cohort
who received corticosteroids, and no dif-
ference in mean PPV was found among
donors who received corticosteroids
(12.5% ! 7.4%) and donors who did not
(15.2% ! 6.2%) (p " 0.42). Twenty do-
nors received thyroxine supplementation,
and the mean PPV among the donors who
received thyroxine supplementation was
13% ! 6.6%.

Cytokine Response Between Preload
Responsive Versus Unresponsive Donors.
All donors exhibited increased plasma
concentrations of IL-6, IL-10, and TNF
following brain death, and these patterns
persisted until organ procurement (Fig.
1). At study enrollment, preload respon-
sive donors had significantly elevated
concentrations of plasma IL-6 when com-
pared with preload unresponsive donors
(5420 ! 9102 vs. 378 ! 631 pg/mL, p "
.009). Increased plasma concentrations of
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Figure 1. Cytokine response in brain-dead organ donors. Plasma cytokine concentrations in natural
logarithm scale between preload responsive (dashed lines with squares) and preload unresponsive
(solid line with diamonds) donors. Baseline represents the cytokine level at enrollment in the study,
and 4 hrs is the time following baseline. The cytokine level before organ procurement represents the
level just before the explantation of organs. Plasma concentrations of interleukin (IL)-6 and tumor
necrosis factor (TNF) were significantly (p " .0012 and p " .036, respectively) increased in preload
responsive donors compared with preload unresponsive donors over time. Log indicates the natural
logarithm of individual cytokine levels.

Table 3. Longitudinal analysis of cytokine concentrations over time

Characteristics
Interleukin-6 Slope Estimatea

(95% Confidence Interval) p Value
Tumor Necrosis Factor Slope

Estimatea (95% Confidence Interval) p Value

Donor age, per 5 yrs 0.06 ($0.08, 0.20) .44 $0.02 ($0.10, 0.06) .64
Female gender 0.92 ($0.06, 1.91) .067 0.56 ($0.25, 1.30) .19
Time after brain death, hrs $0.10 ($0.14, $0.06) %.0001 –0.008 ($0.019, 0.003) .14
Corticosteroid use $0.25 ($1.57, 1.08) .71 $0.37 (–1.05, 0.32) .29
Preload responsiveness 1.69 (0.36, 3.03) .013 0.78 (0.02, 1.53) .044

aCytokine concentrations are expressed as natural logarithms in pg/mL and modeled as a linear function of donor age, gender, corticosteroid use,
duration after brain death, and preload responsiveness over time. Log IL-6 levels over time are not significantly associated with donor age or corticosteroid
use. However, female donors have a trend of increased log IL-6 concentrations compared with male donors over time (p " .067). On average, preload
responsive donors have significantly higher log IL-6 concentrations compared with preload unresponsive donors (mean difference 1.7 log, p " .013).
Whereas log IL-6 concentrations decreased over time for all donors (overall rate of decline 1/10 of a log per hour, p % .0001), the rate of decline was not
different between preload responsive and unresponsive donors (data not shown). Similarly, log TNF concentrations were significantly higher for preload
responsive donors compared with preload unresponsive donors (p " .044); however, there were no differences in TNF concentrations by age, gender,
corticosteroid use, or duration after brain death.

2390 Crit Care Med 2009 Vol. 37, No. 8

Crit Care Med 2009 Vol. 37, No. 8



in subjects who developed WRF versus those with did not
(18 ! 7 mm Hg vs. 12 ! 6 mm Hg, p " 0.001). In addition,
a significant correlation between admission CVP and severity
of WRF was found (r # 0.4, p " 0.0001). Estimated renal
perfusion pressure on admission was similar among patients
who did and did not develop WRF (63 ! 15 mm Hg vs.
65 ! 12 mm Hg, p # 0.2).

The mean baseline CI was significantly greater (rather than
lower) in subjects who developed WRF versus those who did
not (2.0 ! 0.8 l/min/m2 vs. 1.8 ! 0.4 l/min/m2, p # 0.008).
However, the pattern of change in GFR during hospitalization
was similar between those with CI above and below the mean
admission CI, indicating that changes in GFR were not related
to baseline CI. In addition, using ROC curve analysis, we
observed that baseline CVP (0.734, p " 0.0001) but not
baseline CI (0.552, p # 0.6) predicted the development of
WRF (difference p # 0.012) (Fig. 2). In a separate ROC
analysis (not shown), baseline CVP remained a predictor of
WRF when patients were categorized according to the pres-
ence or absence of diabetes mellitus, hypertension, or signifi-
cant baseline renal dysfunction. Finally, another subanalysis
was performed in patients without severe renal insufficiency
(GFR $30 ml/min/1.73 m2). In this subset, patients who
developed WRF still had greater admission CVP (17 ! 4 mm
Hg vs. 12 ! 5 mm Hg, p # 0.007) but similar admission CI
(1.9 ! 0.4 l/min/m2 vs. 1.8 !0.5 l/min/m2, p # NS).
Impact of hemodynamic changes on incident WRF. Table 2
also compares the hemodynamic measurements from base-
line to follow-up, stratified by the presence or absence of
incident WRF. All hemodynamic alterations demonstrated

significant improvements after intensive medical therapy as
expected (all p " 0.001). Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
the time of PAC removal remained comparable (p # NS)
between the 2 cohorts.
Follow-up hemodynamic predictors of incident worsening
renal function. At follow-up, the mean CI remained signif-
icantly greater (2.7 ! 0.7 l/min/m2 vs. 2.4 ! 0.5 l/min/m2,
p # 0.01) and the CVP significantly greater (11 ! 8 mm
Hg vs. 8 ! 5 mm Hg, p # 0.04) in subjects who developed
WRF versus those who did not. In particular, a persistently
increased CVP $8 mm Hg at the time of PAC removal was
associated with a greater incidence of WRF (51% vs. 18%,
p # 0.01). Overall discharge CVP also correlated with the
severity of WRF (r # 0.3, p # 0.007). Finally, discharge
CVP rather than discharge CI was associated with renal
impairment (lower GFR), as illustrated in Figure 3.

The ability of CVP on admission (p # 0.01) or at time of
PAC removal (p # 0.03) to stratify risk to develop WRF
was apparent across the spectrum of heart rate, PCWP,
systolic blood pressure, systolic pulmonary artery pressure,
CI, serum creatinine, and hemoglobin in multivariable
analysis.

Discussion

There have been numerous contemporary reports describing
the natural history of the development of WRF in the
setting of decompensated heart failure. However, the ma-
jority lacked careful cardiac and hemodynamic profiling
during the clinical course of WRF. On the basis of early
work, WRF often is attributed to hypoperfusion of the
kidney due to progressive impairment of cardiac output or
intravascular volume depletion secondary to overzealous use
of diuretics (6). We observed in our patient population with
low-output decompensated HF that besides the presence of
intrinsic renal insufficiency, venous congestion (both with

Figure 2 ROC Curves for CVP and CI on
Admission for the Development of WRF

ROC # receiver-operating characteristic; WRF #
worsening renal function; other abbreviations as in Figure 1.

Figure 3 Relative Contributions of CVP
and CI to GFR at Time of PAC Removal

Error bars represent 95% confidence intervals. Cutoff values for CI # 2.4
l/min/m2 and CVP # 8 mm Hg. GFR # glomerular filtration rate; PAC # pulmo-
nary artery catheter; other abbreviations as in Figure 1.
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Importance of Venous Congestion for Worsening 
of Renal Function

JACC Vol. 53, No. 7, 2009 February 17, 2009:589–96



Contrast Induced Acute Kidney Injury	


in ITU



Contrast induce AKI
❖ 11% of hospital acquired AKI	


❖ Incidence 2% - 7% if CKD	


❖ 0.5-2% require RRT	


!

❖ Risk factors:	


❖ CKD	


❖ Diuretics	


❖ Vasopressors	


❖ Hypotension



findings in a study of more than 16,000 patients undergoing contrast-enhanced examinations (CT of the head
and body, cardiac angiography, and peripheral angiography). They showed that in the 1% of patients (n = 174)
who developed contrast-induced nephropathy (defined as an increase of serum creatinine levels of ≥ 25% above
baseline), there was a significantly higher mortality rate than in the patient group from the same population
matched for age and baseline creatinine levels who underwent similar contrast-enhanced procedures but did not
develop renal failure (34% vs 7%). The overall mortality rate for the cohort was 0.4%, with 0.1% requiring renal
replacement therapy. Contrast-induced nephropathy was thus found to result in excessive mortality rates,
independent of other risk factors. The authors also found that not only does the condition increase the risk of
death from preexisting nonrenal conditions, but it is also associated with major nonrenal morbidity rates from
acquired sepsis, bleeding, coma, or respiratory failure.

Pathogenesis

The exact underlying mechanisms of nephrotoxicity have yet to be fully elucidated but are likely to involve the
interplay of several pathogenic factors (Fig. 1). Intrinsic causes include the following: increased vasoconstrictive
forces, decreased local prostaglandin- and nitric oxide (NO)-mediated vasodilatation, a direct toxic effect on renal
tubular cells with damage caused by oxygen free radicals, increased oxygen consumption, and increased
intratubular pressure secondary to contrast-induced diuresis, increased urinary viscosity, and tubular obstruction,
all culminating in renal medulla ischemia.[33–35] Intrinsic causes act in concert with harmful extrinsic (prerenal)
causes such as dehydration and decreased effective intravascular volume.

Figure 1.  Diagram shows proposed pathophysiologic mechanisms of contrast-induced nephropathy. NO =
nitric oxide.

Laboratory animals have not been shown to have renal failure when given radiographic contrast agents unless
the systemic and renal circulation is compromised in some way. Brezis and Rosen[36] have speculated that such
renal failure occurs because of vulnerability of the renal medulla circulation to stimuli that disrupt the balance
between the high metabolic needs of the tubular segments of the renal medulla and their hypoxic environment.

Contrast-Induced Nephropathy (printer-friendly) http://www.medscape.com/viewarticle/494060_print

3 of 27 09/05/2012 22:43

Pathophysiology of CIN

Am J Roentgenol. 2004;183

Plasma and urine	


viscosity

Low / iso-osmolar	


contrast media

Volume 
expansion

Adenosine	


antagonists 

(aminophylline)

Renal vasodilators	


(fenoldepam)

Anti-oxidants	


Vitamin C, NAC,



Acetylcysteine for prevention of renal outcomes in 
patients undergoing coronary and vascular 

angiography: (ACT trial)

❖ Standard dose (600-1200 mg bid p.o.):	


❖ cheap	


❖ maybe harmless	


❖ ineffective	



❖ Adverse effects:	


❖ salivation	


❖ allergic reaction

Circulation 2011; 124:1250



BMC Medicine 2007, 5:32 http://www.biomedcentral.com/1741-7015/5/32
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Forest plot of twenty-two studies meeting inclusion criteria for meta-analysisFigure 2
Forest plot of twenty-two studies meeting inclusion criteria for meta-analysis. Studies are ordered by date of publi-
cation. Lines represent 95% CIs. Box sizes represent the weight (by inverse variance) of each trial. Note a trend over time 
towards no effect. No summary statistic is shown owing to excessive heterogeneity.

CIN* / Total Relative risk and 95% CI

Relative risk 
    (95% CI)NAC Control p-Value

Tepel et al., 2000 [10] 1 / 41 9 / 42 0.11 (0.02-0.86) 0.04
Diaz-Sandoval et al., 2002 [11] 2 / 25 13 / 29 0.18 (0.04-0.72) 0.02
Briguori et al., 2002 [12] 6 / 92 10 / 91 0.59 (0.23-1.57) 0.29
Vallero et al., 2002 [13] 4 / 47 4 / 53 1.13 (0.30-4.26) 0.86
Shyu et al., 2002 [14] 2 / 60 15 / 61 0.14 (0.03-0.57) 0.01
Allaqaband et al., 2002 [15] 8 / 45 6 / 40 1.19 (0.45-3.12) 0.73
Durham et al., 2002 [16] 10 / 38 9 / 41 1.20 (0.55-2.63) 0.65
Kay et al., 2003 [17] 4 / 102 12 / 98 0.32 (0.11-0.96) 0.04
Loutrianakis et al., 2003 [18] 6 / 24 3 / 23 1.92 (0.54-6.77) 0.31
Azmus et al., 2003 [19] 14 / 196 17 / 201 0.84 (0.43-1.67) 0.63
Gomes et al., 2003 [20] 8 / 77 8 / 79 1.03 (0.41-2.60) 0.96
Nguyen-Ho et al., 2003 [21] 8 / 83 16 / 72 0.43 (0.20-0.95) 0.04
Efrati et al., 2003 [22] 0 / 24 2 / 25 0.21 (0.01-4.12) 0.30
El Mahmoud et al., 2003 [23] 3 / 60 2 / 60 1.50 (0.26-8.66) 0.65
Kefer et al., 2003 [24] 2 / 53 3 / 51 0.64 (0.11-3.68) 0.62
MacNeill et al., 2003 [25] 1 / 21 7 / 22 0.15 (0.02-1.11) 0.06
Oldemeyer et al., 2003 [26] 4 / 49 3 / 47 1.28 (0.30-5.41) 0.74
Goldenberg et al., 2004 [27] 4 / 41 3 / 39 1.27 (0.30-5.31) 0.74
Agrawal et al., 2004 [28] 2 / 11 2 / 14 1.27 (0.21-7.65) 0.79
Fung et al., 2004 [29] 8 / 46 6 / 45 1.30 (0.49-3.46) 0.59
Ochoa et al., 2004 [30] 3 / 36 11 / 44 0.33 (0.10-1.10) 0.07
Webb et al., 2004 [31] 14 / 194 12 / 204 1.23 (0.58-2.59) 0.59

0.01 0.1 1 10 100

Favors NAC Favors Control

Author, Year (Reference)

* CIN; Contrast-Induced Nephrotoxicity
NAC; N-acetylcysteine

Agrawal et al. 
[28]

04/04 63 68% 1.7 47.8 178 2 0.5 mg/dl 
or 25% 48 
h

LHC and/or 
PCI

800/600/
600 mg 
liquid in 
soda 12/2 
h pre/6 h 
post

0.45% 1 ml/kg 
12 h ± 250 ml 
bolus before, 12 
h after

Fung et al. 
[29]

05/04 68 70% 2.3 52.8 128 3 0.5 mg/dl 
or 25% 
decrease in 
GFR 48 h

LHC or PCI 
± PA

400 mg 
powder 
tid × 6

0.9% 100 ml/h 
12 h before, 12 
h after

Ochoa et al. 
[30]

06/04 71 43% 2.0 55.5 144 4 0.5 mg/dl 
or 25% 48 
h

LHC and/or 
PCI

1000 mg 
liquid in 
diet cola 
bid × 2

0.9% 150 ml/h, 
t 500 ml 12 h 
before, t 1000 
24 h after

Webb et al. 
[31]

09/04 70 NA 1.7 34.9 120 5 0.5 mg/dl 
48–192 h

LHC or PCI 
± PA

500 mg in 
D5NS IV 
for 15 
min, 1 h 
pre

0.9% 200 ml 
before, 1.5 ml/
kg/h 6 h or 
discharge (<6 h) 
after

SCr, serum creatinine; BSCr, baseline serum creatinine; CT, computed tomography; LHC, left heart catheterization; PCI, percutaneous coronary 
intervention; PA, peripheral angiography; Jadad score, measure of study design quality (0 is the weakest, 5 is the strongest); NAC, N-acetylcysteine; NA, 
not applicable; bid, twice daily; tid, three times daily; IV, intravenous; h, hour; D5NS, 5% dextrose plus normal saline; 0.9%, normal saline; 0.45%, half-
normal saline.

Table 1: Study Patient Characteristics (Continued)

A meta-analysis of N-acetylcysteine in contrast-
induced nephrotoxicity

BMC Medicine 2007, 5:32 doi:10.1186/1741-7015

Sorry folks........
.. NAC doesn’t work!



Prevention of CI-AKI	


Summary

❖ Control risk factors (avoid nephrotoxins-metformin, 

aminoglycosides, etc)	



❖ Correct and avoid hypovolaemia (esp. care with diuretics)	



❖ Apply preemptive IV volume expansion, if tolerated	



❖ Preemptive RRT does NOT work







Winner of the “Not My Job” Award



Chronic Effects of Acute Inflammation



Chronic Effects of Acute Inflammation

❖ Chronic disease after life-threatening sepsis	


❖ Long-term Consequences of Severe Sepsis	



❖ 80% of “recovered” severe septic patients dead in 8 years	


❖ 40% of severe septic patients “leaving hospital” dead in 4 years

JAMA 1997;277:1058	


JAMA 1995;274:338



Long term outcome of CAP



Long term outcome of CAP



Iron in the Critically Ill







N Engl J Med 1999; 341:1986-1995



Blood 2003;102:783-788

Hepcidin-regulator of iron intestinal 
absorption



Controversial data have been obtained
with other cytokines (29) and IL-6 is con-
sidered as the principal mediator of hep-
cidin over expression. However, most
studies addressing the regulation of hep-
cidin expression during inflammation are
based on models of acute inflammation
induced by a single injection of lipopoly-
saccharide (30) or of turpentine followed
by short-term analysis. Only one study
showed onset of anemia after repeated
injections of turpentine associated with
increased hepcidin mRNA (20). There-
fore, we chose to use the ZIGI model
described by Volman et al. (22), which
induces sepsis and prolonged multiple or-
gan dysfunction.

As expected, we found a parallel in-
crease in IL-6 and hepcidin mRNAs in the
liver after zymosan injection. Interest-
ingly, we found that in mice undergoing
phlebotomy after the zymosan injection,
the inflammation-mediated increase in
hepcidin mRNA was completely blunted,
despite elevated IL-6 mRNA levels. All
stimuli inducing the growth of ery-
throid progenitors have been shown to
repress hepcidin expression, including
phlebotomies, hypoxia, or EPO injec-
tion (20, 21, 31). It was initially

thought that EPO is directly regulating
hepcidin expression but more recent
studies have led to proposal that an
“erythroid factor” is involved in the re-
pression of hepcidin. When erythropoi-
esis was blunted by either body irradi-
ation (31) or doxorubicin injection
(21), the anemia-induced repression of
hepcidin disappeared. In our study, we
reported a complex situation with two
potent regulators of hepcidin: a positive
one (inflammation) and a negative one
(erythropoiesis stimulation by phlebot-
omies or EPO). Interestingly, we found
that the erythroid factor dominates
over the IL-6-mediated hepcidin stimu-
lation.

A decrease in hepcidin is a prerequi-
site to the mobilization of iron stores
required to meet the demand of the acti-
vated erythropoiesis but this mobilization
will only be possible if the amount of
ferroportin present at the macrophage
cell surface is increased. Indeed, in zymo-
san-treated mice, we found a decrease in
liver ferroportin at the protein level,
whereas stimulation of erythropoiesis, ei-
ther by phlebotomy or by EPO injections,
moderately increased the amount of fer-
roportin, even in the presence of inflam-

mation. In spleen, we found a significant
decrease in macrophage iron content in
all the conditions where erythropoiesis is
stimulated, suggesting that reduced hep-
cidin expression allows mobilization of
iron stores. Furthermore, phlebotomies
led to decreased ferritin contents in the
spleen even in Zymosan-treated mice,
thereby confirming mobilization of iron
stores. It is interesting to note that serum
iron indices were in accordance with an
inflammatory profile and were not pre-
dictive of reduced iron stores. There is a
need for new biological markers of iron
status that could better correlate with the
actual level of iron stores (10). Hepcidin
could be one of these markers.

Our observations may have clinical
implications for the treatment of critical
care patients or of patients with anemia
of chronic disease. In that context EPO
therapy has been proposed but had little
effect on hemoglobin levels (32, 33). In-
deed, EPO is rarely proposed in associa-
tion with intravenous iron for critically ill
patients, on the assumption that the in-
flammatory condition will prevent mobi-
lization of iron stores and by fear of ag-
gravating the sepsis. Intravenous iron is
rapidly taken up by spleen and liver mac-
rophages, within !60 mins (34). Subse-
quent use of iron by the bone marrow
requires mobilization of iron from these
stores and is not influenced by serum
iron concentration (34). Thus, reduced
hepcidin levels are a prerequisite to the
efficacy of intravenous iron treatment.
Although we cannot predict from our
study the erythroid response itself, our
data suggest that iron may be proposed to
improve the response to increased EPO
production or to EPO injections, even in
case of systemic inflammation as ob-
served in intensive care or cancer ane-
mia. In fact, intravenous iron has been
recently shown to improve the EPO re-
sponse in cancer patients with anemia
(35–37). Further studies using this model
are needed to assess the effectiveness of
intravenous iron in that context, alone or
in association with EPO and to evaluate
the risk of infection and/or oxidative
stress induction thought to be associated
with intravenous iron.

In conclusion, we report that erythro-
poiesis stimulation dominates over in-
flammation for hepcidin regulation and is
associated with mobilization of macro-
phage iron (Fig. 4). This could have im-
plications in the management of the ane-
mia of chronic disease: iron may be used
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Figure 4. Opposite effects of inflammation and stimulation of erythropoeisis on iron metabolism.
Inflammation increases hepcidin synthesis in the liver, in an interleukin (IL)-6 dependant manner.
Hepcidin induces ferroportin internalization in macrophages. In the absence of this membrane iron
transporter, iron is stored in the macrophage cytosol. Stimulation of erythropoeisis, either by blood
withdrawals or erythropoietin injections, represses hepcidin expression, through an as-yet-unknown
pathway. Ferroportin allows the export of iron from macrophage cytosol for its use during erythro-
poeisis. In our model, stimulation of erythropoeisis appears to overcome inflammation, leading to
decreased hepcidin expression and iron mobilization.
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Pathophysiology of Iron metabolism

❖ Role of proinflammatory cytokines	


❖ TNF-α, IL-1β, IL6 increase iron storage by reticuloendothelial 

system	


❖ Induces the transcription of ferritin	


❖ Limits availability for erythrocytes	



!

Hypoferraemia and hyperferritinaemia in inflammatory states	


Decrease serum Iron levels

Eur J Clin Invest. 1998;28:520-527

Blood 1996;87:2525-2537



Pathophysiology of Iron Metabolism

Aim
Deprive bacteria of iron



Iron-conclusions
❖ Iron status rapidly altered in critically ill	


❖ These alterations persist during course of disease	



❖ Associated with decreased erythropoiesis	


❖ Iron is an essential component of bacterial growth	


❖ Iron sequestration during inflammation could represent a defense 

mechanism	


❖ Iron administration could therefore, in theory, increase the host 

susceptibility for bacterial infections	


❖ Animal models show that injection of iron leads to increased 

susceptibility to bacterial infection	


❖ Further studies are needed before treating with iron supplements 

in critically ill



IRON

We need it They also need it













Reversal of  Vitamin K antagonists in the 
bleeding patient



Vitamin K antagonists 	


an epidemiological problem

❖ 2% of population prescribed VKA	


❖ UK : haemorrhage while taking VKA is one of principle reasons of 

drug related admission to hospital	


❖ Under-estimation of hemorrhagic events	



❖ Risk is 4-13%	


❖ Anticoagulant-associated ICH is X5 in the 90s

Pirmochamed BMJ 2004	


Budnitz D et al NEJM 2011	


Flaherty M Neurology 2007



Vitamin K antagonists 	


decreases thrombotic risks

❖ Cardiac valves- Stroke	


❖ nothing: 4% / patient-year	


❖ aspirin: 2.2% / patient-year	


❖ VKA: 1% / patient-year	



❖ Atrial fibrillation - Stroke	


❖ nothing: 4% / patient-year	



❖ DVT and pulmonary embolism



Guidelines for Reversal
❖ Rapid reversal only if severe haemorrhage	



❖ Antidote - as soon as diagnosis confirmed	


➞ restore the missing factors (II, VII, IX, X) by using 
prothrombin complex concentrates (PCC) 	



PCC (4 factors) is superior to FFP	


❖ Early correction	



❖ Time to normalise	


❖ 60 ml of PPC = 2000 mL of FFP	


❖ TRALI (antibodies)	


❖ But factor VII 1/2 life = 5-6 hrs	



❖ Delayed correction: Vit K	


❖ 6-8 hrs to be effective	



❖ Essential to measure INR after 6 hrs





Guidelines for Reversal

Guideline Country Year Reference

PCC 50 IU/kg 
+ Vit K 5-10 

mg IV
UK 2006

BJH	


2006 

132;277-85
PCC 40 IU/kg 
+ Vit K 5-10 

mg IV
France 2008 AFSSAPS

PCC 20-50 IU/kg + Vit K 5-10 mg






























