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Fibrinolytic shutdown



❖ Fibrinolysis shutdown is the most common phenotype and 
associated with increased mortality 

❖ These findings may help explain the 2 recent retrospective studies 
that do not identify a survival benefit in using tranexamic acid as 
proposed by the CRASH II trial

❖ The optimal use of antifibrinolytics is likely in a targeted population.

❖ Reconsideration of the empiric use of antifibrinolytics in trauma 

Tranexamic Acid for all?
SOUTHERN SURGICAL ASSOCIATION ARTICLE

Acute Fibrinolysis Shutdown after Injury Occurs
Frequently and Increases Mortality: A Multicenter
Evaluation of 2,540 Severely Injured Patients

Hunter B Moore, MD, Ernest E Moore, MD, FACS, Ioannis N Liras, MD, Eduardo Gonzalez, MD,
John A Harvin, FACS, MD, John B Holcomb, MD, FACS, Angela Sauaia, MD, PhD,
Bryan A Cotton, MD, MPH, FACS

BACKGROUND: Fibrinolysis is a physiologic process that maintains microvascular patency by breaking down
excessive fibrin clot. Hyperfibrinolysis is associated with a doubling of mortality. Fibrinolysis
shutdown, an acute impairment of fibrinolysis, has been recognized as a risk factor for
increased mortality. The purpose of this study was to assess the incidence and outcomes of
fibrinolysis phenotypes in 2 urban trauma centers.

STUDY DESIGN: Injured patients included in the analysis were admitted between 2010 and 2013, were 18 years of age or
older, and had an Injury Severity Score (ISS)> 15. Admission fibrinolysis phenotypes were determined
by the clot lysis at 30minutes (LY30): shutdown! 0.8%,physiologic 0.9%to2.9%, andhyperfibrinolysis
" 3%. Logistic regression was used to adjust for age, arrival blood pressure, ISS, mechanism, and facility.

RESULTS: There were 2,540 patients who met inclusion criteria. Median age was 39 years (interquartile
range [IQR] 26 to 55 years) and median ISS was 25 (IQR 20 to 33), with a mortality rate of
21%. Fibrinolysis shutdown was the most common phenotype (46%) followed by physio-
logic (36%) and hyperfibrinolysis (18%). Hyperfibrinolysis was associated with the highest
death rate (34%), followed by shutdown (22%), and physiologic (14%, p < 0.001). The
risk of mortality remained increased for hyperfibrinolysis (odds ratio [OR] 3.3, 95% CI
2.4 to 4.6, p < 0.0001) and shutdown (OR 1.6, 95% CI 1.3 to 2.1, p ¼ 0.0003) compared
with physiologic when adjusting for age, ISS, mechanism, head injury, and blood pressure
(area under the receiver operating characteristics curve 0.82, 95% CI 0.80 to 0.84).

CONCLUSIONS: Fibrinolysis shutdown is themost commonphenotype on admission and is associatedwith increased
mortality. These data provide additional evidence of distinct phenotypes of coagulation impairment
and that individualized hemostatic therapymay be required. (J AmColl Surg 2016;-:1e9.! 2016
by the American College of Surgeons. Published by Elsevier Inc. All rights reserved.)

One in 3 severely injured trauma patients will have early
evidence of impaired coagulation, which is associated
with a 4-fold increase in mortality.1 However, the majority
of injured patients who present to the emergency depart-
ment (ED) have hypercoagulability.2 Studies analyzing pat-
terns of behavior of both coagulation factors and
viscoelastic variables in severely injured patients suggest
that clot formation and clot degradation (fibrinolysis) are
mediated by uniquemechanisms.3,4 Excessive clot degrada-
tion (hyperfibrinolysis) is associated with mortality rates
that range from 40% to 90%,5-7 but is relatively infre-
quent.5-8 Recently, it has been found that the majority of
severely injured trauma patients have impairment of fibri-
nolysis within 12 hours of injury, which is associated
with an increased risk of death from organ failure.9 This
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Tranexamic Acid for all?
70 mmHg, AIS-head (area under the receiver operating
characteristic curve 0.82, 95% CI 0.80 to 0.84).
Kaplan-Meier curves for the 3 phenotypes are shown in

Figure 2. The difference between strata was significant
(log-rank test p < 0.0001; Wilcoxon test p < 0.0001).
Survival analysis of the different phenotypes

demonstrated a survival advantage of physiologic
compared with hyperfibrinolysis (hazard ratio [HR]
1.27, 95% CI 1.13 to 1.42, p < 0.0001) and shutdown
(HR 1.10, 95% CI 1.01 to 1.20). Adjustment for mech-
anism, systolic blood pressure, and severe head injury did
not alter this relationship. However, when adjusting for

Table 2. Laboratory Variables Contrasted Between Fibrinolysis Phenotypes and Associated Resuscitation over the First 6
Hours after Injury

Variable

Fibrinolysis phenotypes

p Value*Shutdown Physiologic Hyper

Hgb, g/dL 13 (12e14) 13 (12e15) 13 (11e14) <0.001

Plt count, 103/mL 215 (165e261) 240 (194e288) 223 (173e277) <0.001

INR 1.15 (1.05e1.33) 1.10 (1.03e1.24) 1.16 (1.05e1.4) <0.001

ACT, seconds 121 (105e128) 113 (105e128) 121 (113e136) <0.001

Angle, degrees 72 (68e76) 73 (69e76) 72 (66e75) <0.001

MA, mm 63 (58e67) 64 (60e68) 61 (54e66) <0.001

LY30, % 0.1 (0e0.4) 1.6 (1.1e2.2) 4.9 (3.6e10.8) <0.001

Crystalloid, mL 500 (0e1,800) 700 (0e2,000) 500 (0e2,000) 0.208

RBC, U 0 (0e3) 0 (0e2) 1 (0e5) <0.001

FFP, U 0 (0e0) 0 (0e3) 1 (0e5) <0.001

PLT, U 0 (0e0) 0 (0e0) 0 (0e1) <0.001

Cryo, U 0 (0e0) 0 (0e0) 0 (0e0) <0.001

Each variable is displayed as the group median with brackets surrounding the 25th and 75th percentiles.
*p Values represent Kruskal-Wallis overall comparison between groups.
ACT, thromboelastography activated clotting time; Cryo, units of cryoprecipitate transfused in first 6 hours; Crystalloid, amount of crystalloid resuscitation in
milliliters in first 6 hours; FFP, units of fresh frozen plasma transfused in first 6 hours; Hgb, hemoglobin; INR, international normalized ratio; LY30, the
percent lysis at 30 minutes after the clot has reached maximum strength; MA, maximum amplitude; PLT, units of platelet transfused in first 6 hours; Plt
count, platelet count in 100,000; RBC, units of red blood cells transfused in first 6 hours.

Figure 1. Incidence and mortality of severely injured trauma patients stratified by fibrinolysis
phenotype.
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Sepsis 3 - but…

❖ “Big data” retrospective from a single US source

❖ Needs validation in other settings

❖ “qSOFA should not replace NEWS” 

❖ Not really a definition of sepsis

❖ Not all agree with “dropping” SIRS



Urine output in AKI



J Am Soc Nephrol 26: 2231–2238, 2015 

8179 ITU patients Mortality

No AKI by UO nor SCreat 6%

AKI -stage III
S Creat only 12%

AKI -stage III
UO only 18%

AKI -stage III
S Creat + UO 51%

Even adding minor (stage 1) UO or S Creat criteria, to a stage 3 AKI based on only one criteria 
increased mortality by a factor of 2-3 !

CLINICAL RESEARCH www.jasn.org

Classifying AKI by Urine Output versus Serum
Creatinine Level

John A. Kellum,*† Florentina E. Sileanu,*†‡ Raghavan Murugan,*† Nicole Lucko,*†

Andrew D. Shaw,*§ and Gilles Clermont*†

*Center for Critical Care Nephrology and †Clinical Research, Investigation, and Systems Modeling of Acute Illness
Center, Department of Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania;
‡Department of Biostatistics, University of Pittsburgh Graduate School of Public Health, Pittsburgh, Pennsylvania; and
§Department of Anesthesiology, Vanderbilt University Medical Center, Nashville, Tennessee

ABSTRACT
Severity of AKI is determined by the magnitude of increase in serum creatinine level or decrease in
urine output. However, patients manifesting both oliguria and azotemia and those in which these
impairments are persistent are more likely to have worse disease. Thus, we investigated the
relationship of AKI severity and duration across creatinine and urine output domains with the risk
for RRT and likelihood of renal recovery and survival using a large, academic medical center database
of critically ill patients. We analyzed electronic records from 32,045 patients treated between 2000
and 2008, of which 23,866 (74.5%) developed AKI. We classified patients by levels of serum creatinine
and/or urine output according to Kidney Disease Improving Global Outcomes staging criteria for
AKI. In-hospital mortality and RRT rates increased from 4.3% and 0%, respectively, for no AKI to 51.1%
and 55.3%, respectively, when serum creatinine level and urine output both indicated stage 3 AKI.
Both short- and long-term outcomes were worse when patients had any stage of AKI defined by
both criteria. Duration of AKI was also a significant predictor of long-term outcomes irrespective
of severity. We conclude that short- and long-term risk of death or RRT is greatest when patients
meet both the serum creatinine level and urine output criteria for AKI and when these abnormalities
persist.

J Am Soc Nephrol 26: 2231–2238, 2015. doi: 10.1681/ASN.2014070724

Clinical trials of diagnostics and therapeutics for
AKI can be challenging for several reasons.1–3 The
selection of short-term AKI end points requires an
understanding of the relationship between AKI se-
verity and duration and long-term outcomes. Se-
verity of AKI is determined by relative azotemia,
defined by an increase in serum creatinine (SC), or
oliguria defined by a decrease in urine output (UO).
However, patients manifesting both oliguria and
azotemia and those in which these impairments
are persistent are more likely to have worse disease
and therefore worse outcomes.

AKI is very common in the critically ill. Upward
of 75% of patients manifest the syndrome when
defined by the full KidneyDisease Improving Global
Outcomes (KDIGO) criteria.4 However, spontane-
ous resolution (or rapid response to treatment)

occurs in some patients. Such patients may be
less appropriate for enrollment in clinical trials
of novel therapeutics. Similarly, for various clinical
trial applications, it may be important to select
end points that are more closely tied to clinical
outcomes.

Thus, we sought to investigate the relationship
between maximum AKI severity and duration across
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Timing of source control and mortality



Survivor Non survivor Survivors %

“A delay in source control beyond 6 hours 
may have a major impact on patient 

mortality ” 

“The target time for a favorable outcome … 
within 6 hours… do not delay in initiating 
EGDT assisted surgery” 



Should “Goal Directed Therapy” be abandoned?



PROCESS / ARISE / PROMISE
Angus D et al
NEJM 2014

Peake S et al
NEJM 2014

Mouncey P et al
NEJM 2015

Excellent trials but ….

Imagine a trial on penicillin
80% of the patients do not receive penicillin
Some patients in control group receive penicillin
Most patients “cured” before receiving penicillin

Limited power
lower than expected mortality

Limited external validity
low inclusion rate
mostly office hours inclusions

Most of the screened patients were included in the Rivers trial but only 20–30 % included in the 
subsequent studies. 


The patients enrolled in the recent multicenter trials were less severely ill than those in the Rivers study, 
being less often treated with mechanical ventilation and having a lower mortality rate.


 Even patients with lactate levels between 3 and 4 mEq/l had higher mortality rates (30 %). There may 
be a bias towards including less severe patients in clinical trials.


. The rate of admission of patients to the intensive care unit (ICU) was also remarkably low in the three 
large- scale randomized trials: Close to one patient in five (422/2324 = 18 %) in the control groups of 
these three trials was not even admitted to the ICU [14]. 


A final point suggesting a marked degree of patient selection in these trials is their inclusion primarily 
during office hours.In the ProMISe study 90 % of patients were included between 8 am and 8 pm on 
weekdays and less than 10 % during the night and at the weekend. 


This may have been due to the restricted working hours of research assistants, but protocolized care 
may, in fact, be more useful when less experienced physicians are in charge, which is often during the 
night and at the weekend. 


EGDT may still be beneficial in the most severely ill 

patients, especially when less experienced staff who may appreciate using simple protocols are in 
charge. 




Preload

> 10 % increase in 
stroke volume curve

Cardiac
output

> 10 % increase in 
stroke volume curve

< 10 % increase in 
stroke volume curve

Protocol recommended by 
NICE

Stop !

250 mls of fluid in 10 minutes
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edema in the CG suggest that consequent maximization of 
SVI leads to more severe glycocalyx degradation. These aspects 
also might have contributed to the development of higher lev-
els of IL-6 in the CG as a surrogate of the severity of systemic 
inflammation, although we found no differences in blood leu-
kocyte count, or a higher level of acinar necrosis. This might 

be explained by a higher sensitivity for IL-6 for detection of 
inflammation and/or by the significant higher glycocalyx dam-
age in the CG inducing a higher IL-6 production.

Statistically significant more edema of the pancreatic head 
and corpus for CG indicating that volume application in situ-
ations of an altered endothelial tissue with capillary leakage 
leads to extravasation of this fluid.

Although there was significantly more pancreatic tissue 
edema in the CG, statistically significant differences in extra-
vascular lung water index (EVLWI) could not be detected. 
Recent studies suggest that EVLWI is a valuable variable 
for evaluation of pulmonary edema, enabling realization 
of “overinfusion” and allowing a statement on prognosis 
in particular in acute respiratory distress syndrome (44, 
45). Probably the overall amount of administered fluid in 
this study has not been enough to highlight differences in 
EVLWI and to induce pulmonary edema, as it was demon-
strated recently by our group (7). Central venous pressure 
at M8, where the abdominal cavity was again closed, was 
moderately, but significantly, higher in the CG. This might 
also point toward higher intra-abdominal edema in the CG 
although intra-abdominal pressures could not be measured 
postoperatively.

TABLE 3.  Systemic and Pancreatic Tissue Oxygenation
Variable Group M0 M1 M2 M3 M4 M5 M6 M7 M8

Tissue oxygenation of the pancreas (mm Hg) CG 54.1 ± 20.9 14.2 ± 12.6 12.7 ± 12.2 16.4 ± 13.3 17.7 ± 13.1 16.9 ± 12.6 16.0 ± 12.3 16.5 ± 13.7 15.6 ± 11.9

SG 49.4 ± 17.9 17.5 ± 12.3 12.3 ± 8.3 13.2 ± 10.0 13.0 ± 11.0 14.3 ± 10.5 13.0 ± 9.1 15.6 ± 10.9 13.8 ± 9.2

PaO2 (mm Hg) CG 217 ± 52 195 ± 18 190 ± 18 171 ± 28 168 ± 25 156 ± 28 152 ± 36 157 ± 28 147 ± 30

SG 197 ± 26 193 ± 18 194 ± 18 188 ± 20 183 ± 20 178 ± 25a 172 ± 23 174 ± 30 166 ± 23

Central venous oxygen saturation (%) CG 77.1 ± 9.5 75.2 ± 5.4 78.4 ± 6.4 87.5 ± 5.4 85.1 ± 6.2 85.5 ± 6 85.5 ± 7.8 86.6 ± 8.5 86 ± 9.7

SG 75.9 ± 9 74.1 ± 10.4 75.1 ± 10.9 77.2 ± 9.5a 78.0 ± 9.7a 81.3 ± 7.6 77.3 ± 9.3a 77.1 ± 9.7 78.2 ± 10a

CG = control group, SG = study group.
aStatistically significant difference between the groups (p < 0.05) at the time of measurement.
Data presented as mean ± SD.
M0: baseline measurement, before induction of acute pancreatitis; M1, M2: after induction of acute pancreatitis; M3–M8: during treatment interval.

Figure 5. Serum concentrations of heparan sulfate. M0: baseline 
measurement, before induction of acute pancreatitis. M8: after treatment 
interval. *Statistically significant difference between the groups (p < 0.05) 
at the time of measurement (data presented as mean ± SD).

Figure 6. Serum concentrations of interleukin (IL)-6 measured on the 
first postoperative day (M9). *Statistically significant difference between 
the groups (p < 0.05) at the time of measurement (data presented as 
mean ± SD).

Figure 4. Variation of flow-mediated vasodilation (FMD). FMD at baseline 
(M0) and 6 hr after severe acute pancreatitis induction (M8). M0: baseline 
measurement, before induction of acute pancreatitis. M8: after treatment 
interval. *Statistically significant difference within the groups (p < 0.05) 
at the time of measurement (data presented as mean ± SD). **Statistically 
significant difference between the groups (p < 0.05) at the time of 
measurement (data presented as mean ± SD).
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Maximizing SV leads to more severe glycocalyx degradation and inflammatory response 
and led to more pancreatic edema compared to maintaining individual, “normal” values of 

SVI in SAP. 
Critical Care Medicine www.ccmjournal.org e741
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Objectives: In severe acute pancreatitis, the administration of 
fluids in the presence of positive fluid responsiveness is associ-
ated with better outcome when compared to guiding therapy on 
central venous pressure. We compared the effects of such con-
sequent maximization of stroke volume index with a regime using 
individual values of stroke volume index assessed prior to severe 
acute pancreatitis induction as therapeutic hemodynamic goals.
Design: Prospective, randomized animal study.
Setting: University animal research laboratory.
Subjects: Thirty domestic pigs.
Interventions: After randomization, fluid resuscitation was started 
2 hours after severe acute pancreatitis induction and continued 
for 6 hours according to the respective treatment algorithms. 
In the control group, fluid therapy was directed by maximizing 
stroke volume index, and in the study group, stroke volume index 
assessed prior to severe acute pancreatitis served as primary 
hemodynamic goal.
Measurements and Main Results: Within the first 6 hours of 
severe acute pancreatitis, the study group received a total of 
1,935.8 ± 540.7 mL of fluids compared with 3,462.8 ± 828.2 mL in 
the control group (p < 0.001). Pancreatic tissue oxygenation did not 
differ significantly between both groups. Vascular endothelial func-
tion, measured by flow-mediated vasodilation before and 6 hours 
after severe acute pancreatitis induction, revealed less impairment in 
the study group after treatment interval (–90.76% [study group] vs 
–130.89% [control group]; p = 0.046). Further, lower levels of hepa-
ran sulfate (3.41 ± 5.6 pg/mL [study group] vs 43.67 ± 46.61 pg/mL 
[control group]; p = 0.032) and interleukin 6 (32.18 ± 8.81 pg/mL 
[study group] vs 77.76 ± 56.86 pg/mL [control group]; p = 0.021) 
were found in the study group compared with control group. Histo-
pathological examination of the pancreatic head and corpus at day 
7 revealed less edema for the study group compared with the con-
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Healthy endothelial glycocalyx

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507
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Glycocalyx - components

Pries et al Eur J Physiol; 440:653-666, 2000
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Electron microscopy - glycocalyx

Rehm et al Anesthesiology 2004;100:1211
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The True Picture ?



¾  Should we abandon Early Goal directed therapy ? 

CONCLUSIONS 

¾  No but it should be adapted using more 
physiologic variables and endpoints. 

¾  Individualisation of therapy is probably 
preferred than standardization to common 

minimal endpoints 



Microbiota



“transferred gut microbes from the treated humans to mice, they found 
that mice with higher amounts of transplanted Bacteroides fragilis 

responded better to ipilimumab”

“the gut microbiome could play an important role in facilitating 
immunotherapy for cancer”

5 November 2015 issue of Science 



“…even a few days of imipenem exposure can promote collateral damage by 
altering intestinal flora in favor of colonization with MDR bacteria”

Clinical Infectious Diseases February 9, 2016 

[http://www.cran.r-project.org]). Bivariate analysis of discrete vari-
ables was performed using the two-sided Pearson’s chi-squared test and
Fisher’s exact test (! " 0.05). Student’s t test, and Wilcoxon test were used
for continuous variables (! " 0.05). Variables with univariate P values of
#0.15 were included in the multivariate analysis, which was performed
using descending stepwise logistic regression.

RESULTS
Study population and prevalence of IR-GNB carriage. There
were 523 first admissions to the 2 ICUs during the study period
(363 to the medical and 160 to the surgical ICU).

The male-to-female ratio was 1.80, the median age was 58 years
(range, 17 to 95 years), and the median SAPS II score was 37
(range, 6 to 120). The median length of ICU stay was 6 days (2 to
136 days). Two hundred fifty-four patients (48.6%) were screened
only once (upon admission), while 269 (51.4%) patients had at
least 2 swabs (range, 2 to 19 swabs). IR-GNB prevalence at admis-
sion was 2.1% (11/523), 1.9% in M-ICU versus 2.5% in S-ICU
(not statistically significant [NS]). The acquisition rate was 14.5%
(39/269), 14.4% (24/167) in M-ICU versus 14.7% (15/102) in S-
ICU (NS). Thirty-four patients acquired a single IR-GNB, 5 ac-
quired 2 IR-GNB, and a single patient who was already a carrier

upon admission acquired a second IR-GNB during the hospital
stay. The median time between admission in ICU and acquisition
of carriage was 15 days (range, 3 to 135 days). At the first weekly
screening after admission, the prevalence of IR-GNB carriers was
5.6% (15/269). This value increased to 15.1% (19/126), 29.7%
(22/74), 36.8% (21/57), 44.7% (17/38), and 58.6% (17/29) after 2,
3, 4, 5, and 6 weeks of hospitalization, respectively (Fig. 1).

Strain characteristics. In all, 56 IR-GNB strains were isolated
from 50 patients. Nine P. aeruginosa strains and 2 Stenotrophomo-
nas maltophilia strains were isolated upon admission, while 27 P.
aeruginosa strains, 10 S. maltophilia strains, 3 K. pneumoniae
strains, 2 A. baumannii strains, 1 Enterobacter aerogenes strain, 1
Enterobacter cloacae strain, and 1 Hafnia alvei strain were acquired
later. The acquisition rates of IR P. aeruginosa, S. maltophilia, En-
terobacteriaceae, and A. baumannii carriage were 10.0% (27/269),
3.7% (10/269), 2.2% (6/269), and 0.7% (2/269), respectively (P #
0.001). The median times between admission and acquisition of
colonization were 13 (12 to 19) days, 15 (4 to 135) days, 21 (3 to
101) days, and 58.5 (52 to 65) days for Enterobacteriaceae, P.
aeruginosa, S. maltophilia, and A. baumannii strains, respectively
(NS).

For P. aeruginosa strains, imipenem resistance was due to the
association of chromosomally encoded resistance mechanisms
(inactivation of the OprD gene alone [n " 19] with hyperexpres-
sion of AmpC [n " 6], overproduction of the MexAB efflux sys-
tem [n " 4], or both [n " 2]) except for 4 strains (11%) producing
a VIM-2 carbapenemase and 1 strain producing a GES-9 ESBL
(Table 1).

No carbapenemase was found in any Enterobacteriaceae
strains. Among IR Enterobacteriaceae strains, 2 K. pneumoniae
strains produced a plasmid-encoded cephalosporinase DHA-1
and 1 K. pneumoniae strain produced an ESBL CTX-M-15, 2 En-
terobacter spp. overproduced natural AmpC and carried ESBL
SHV-12 (in E. cloacae) or TEM-24 (E. aerogenes), and 1 Hafnia
alvei strain overproduced AmpC only (Table 1). The MICs for
ertapenem and imipenem are presented in Table 1, according to

FIG 1 Rates of intestinal colonization by imipenem-resistant gram-negative
bacilli in intensive care patients. Bars indicate observed rates $ standard de-
viation (SD) (error bars).

TABLE 1 Mechanisms of resistance and MICs for imipenem and ertapenem of 56 isolated imipenem-resistant Gram-negative bacilli

Species
No. of
strains

Resistance mechanismsa MIC (mg/liter)b

Enzymes Other Imipenem Ertapenem

P. aeruginosa 19 OprD% 6–&32 ND
6 AmpC'' OprD% 16–&32 ND
4 OprD% MexAB efflux '' 24–&32 ND
2 AmpC'' OprD% MexAB efflux '' 24–32 ND
1 GES-9 OprD% &32 ND
4 VIM-2 &32 ND

Enterobacteriaceae
K. pneumoniae 2 DHA-1 OMP% 24–32 &32

1 TEM-1 CTX-M15 NP 3 &32
E. aerogenes 1 TEM-24 AmpC'' OMP% 16 &32
E. cloacae 1 SHV-12 AmpC'' OMP% 32 &32
H. alvei 1 AmpC'' NP 4 32

A. baumannii 2 6–12 ND

S. maltophilia 12 Wild type ND ND
a OprD%, loss of OprD porin; AmpC'', hyperexpression of AmpC chromosomal cephalosporinase; MexAB efflux '', hyperexpression of MexAB-OprM system efflux; OMP%,
loss or reduced expression of outer membrane protein; NP, OMP analysis not performed.
b ND, not determined.
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Measuring VAP rates as a quality measure



Incidence of VAP according to the diagnostic criteria



ECCO2R



Professors Gattinoni and Brochard

“We do not know indications or when to use ECCO2R” 

“It is still an experimental technique”

“Do not underestimate the dangers of anticoagulation in this 
vascular population” 

“Beware”



Do we really understand the physiology?
COMMENTARY Open Access

Ultra-protective ventilation and hypoxemia
Luciano Gattinoni

See related research by Fanelli et al., http://ccforum.biomedcentral.com/articles/10.1186/s13054-016-1211-y

Abstract

Partial extracorporeal CO2 removal allows a decreasing
tidal volume without respiratory acidosis in patients
with acute respiratory distress syndrome. This,
however, may be associated with worsening
hypoxemia, due to several mechanisms, such as
gravitational and reabsorption atelectasis, due to a
decrease in mean airway pressure and a critically
low ventilation-perfusion ratio, respectively. In
addition, an imbalance between alveolar and
artificial lung partial pressures of nitrogen may
accelerate the process. Finally, the decrease in the
respiratory quotient, leading to unrecognized
alveolar hypoxia and monotonous low plateau
pressures preventing critical opening, may
contribute to hypoxemia.

The capability to remove some of the metabolically pro-
duced CO2 with artificial lungs using a low extracorpor-
eal blood flow (<1 l/min) and a high extracorporeal gas
flow provides a key to significantly reduce mechanical
ventilation (the ultra-protective strategy) [1]. This, and
the easily established vascular access, make the method
attractive for acute respiratory distress syndrome
(ARDS) patients, in whom even the standard 6 ml/kg
tidal volume (TV) may still produce unacceptable stress
and strain [2]. In a recent multicenter study, Fanelli et
al. [1] tested the feasibility of the ultra-protective strat-
egy in combination with extracorporeal carbon dioxide
removal (ECCO2R) in 15 patients with moderate ARDS.
The authors concluded that one could use ultra-
protective ventilation with a TV of 4 ml/kg without
resulting relevant respiratory acidosis. The price of
attaining this goal, however, appears quite high. Six of

the 15 patients (40 %) with initially moderate ARDS
experienced life-threatening hypoxemia and required ei-
ther extracorporeal membrane oxygenation (ECMO) or
the prone position. The authors concluded that the
impact of the ultra-protective strategy, ECCO2R, on hyp-
oxemia is not clear. We believe, however, that the ob-
served hypoxemia is due to well-defined mechanisms
acting simultaneously, which may be summarized as
follows:

1) Gravitational atelectasis: Whenever ventilation
decreases (reduction of TV and/or respiratory rate)
the mean airway pressure decreases, and the lungs
tend to collapse. The greater the decrease in
ventilation and the greater the lung weight, the
greater will be the collapse. This phenomenon, albeit
to a lesser extent, occurs in normal lungs on
induction of anesthesia [3]. This has been observed
experimentally during ECCO2R and mechanical
ventilation [4]. Positive end-expiratory pressure
(PEEP) must be increased by an amount sufficient to
maintain the same mean airway pressure in order to
preserve the open lung volume [5] otherwise some
amount of gravitational collapse is unavoidable. In
the study of Fanelli et al., the PEEP increase was so
low as to be non-significant.

2) Absorption atelectasis: At least two conditions favor
the appearance of absorption atelectasis. Firstly,
when ventilation is very low the amount of oxygen
provided to some pulmonary units may be lower
than the amount removed by the blood perfusing
those units. This produces a collapse of the
pulmonary unit when its ventilation (VA)/perfusion
(Q) ratio reaches a critical level [6]. Secondly, if the
artificial lung is ventilated with a fraction of inspired
oxygen (FiO2) greater than that used for the natural
lung, the partial pressure of nitrogen in the blood
perfusing the natural lung is lower than that in the
alveoli [7]. Under these conditions the critical VA/Q
is reached more rapidly, since not only oxygen but
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also nitrogen leaves the alveoli. In the study by
Fanelli et al., the artificial lungs were ventilated with
an FiO2 of 1.0 in some of the centers, while the
natural lungs were ventilated with an FiO2 of 0.5.

3) Opening pressures: Sufficient pressure must be
applied to reopen the atelectatic areas. Studies show
that at least one normal TV every 2 min was
mandatory in order to correct or prevent atelectasis,
otherwise a consistent reduction in lung volume was
observed [4]. This low frequency has an effect similar
to sighing [8]. In ARDS patients with a plateau
pressure of 25 cmH2O, as employed in the study by
Fanelli et al., we may estimate that 30 to 40 % of the
recruitable lung always remains closed [9, 10]. This
implies that oxygenation cannot take place even
during inspiration [11], and that newly formed
atelectasis cannot be reopened.

4) Alveolar PaO2 and respiratory quotient: During
ECCO2R, the respiratory quotient (R) decreases when
the CO2 eliminated by the natural lungs decreases. To
maintain the same alveolar partial pressure of oxygen
(PaO2), the FiO2 must be increased. This has been
proved experimentally [12] and can be easily derived
from the alveolar gas equation [13]. The lower the
FiO2, the greater the impact of R on alveolar PaO2. For
example, with FiO2 = 0.3, partial pressure of CO2 =
50 mmHg, and R = 1.0, PaO2 is approximately
164 mmHg. With FiO2 kept constant at 0.3, alveolar
PaO2 decreases to 113 mmHg when R is reduced to
0.5 and to as low as 48 mmHg when R is decreased to
0.3. The risk of unrecognized alveolar hypoxia as the
cause of hypoxemia must be kept in mind during
ECCO2R, particularly if a FiO2 below 0.4 is being used.

All discussed causes of hypoxemia may be prevented
or corrected with the proper use of PEEP, FiO2 and
recruitment maneuvers, e.g., intermittent sighs.

Abbreviations
ARDS: acute respiratory distress syndrome; ECCO2R: extracorporeal carbon
dioxide removal; FiO2: fraction of inspired oxygen; PaO2: alveolar partial
pressure of oxygen; PEEP: positive end-expiratory pressure; Q: perfusion;
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“The price of attaining this goal, however, appears quite high ~ 40 % with 
initially moderate ARDS  experienced life-threatening hypoxemia and required 
extracorporeal membrane oxygenation (ECMO)….”

❖ Gravitational atelectasis
❖ Whenever ventilation decreases (reduction of TV and/or respiratory rate) the mean airway pressure decreases, 

and the lungs tend to collapse

❖ Absorption atelectasis
❖ when ventilation is very low the amount of oxygen provided to some pulmonary units may be lower than the 

amount removed by the blood perfusing those units

❖ Opening pressures
❖ Sufficient pressure must be applied to reopen the atelectatic areas. Studies show that at least one normal TV every 

2 min is needed

❖ Alveolar PaO2 and respiratory quotient (RQ)

RESEARCH Open Access

Feasibility and safety of low-flow
extracorporeal carbon dioxide removal to
facilitate ultra-protective ventilation in
patients with moderate acute respiratory
distress syndrome
Vito Fanelli1*, Marco V. Ranieri2, Jordi Mancebo3, Onnen Moerer4, Michael Quintel4, Scott Morley5,
Indalecio Moran3, Francisco Parrilla3, Andrea Costamagna1, Marco Gaudiosi1 and Alain Combes6

Abstract

Background: Mechanical ventilation with a tidal volume (VT) of 6 mL/kg/predicted body weight (PBW), to maintain
plateau pressure (Pplat) lower than 30 cmH2O, does not completely avoid the risk of ventilator induced lung injury
(VILI). The aim of this study was to evaluate safety and feasibility of a ventilation strategy consisting of very low VT
combined with extracorporeal carbon dioxide removal (ECCO2R).

Methods: In fifteen patients with moderate ARDS, VT was reduced from baseline to 4 mL/kg PBW while PEEP was
increased to target a plateau pressure – (Pplat) between 23 and 25 cmH2O. Low-flow ECCO2R was initiated when
respiratory acidosis developed (pH < 7.25, PaCO2 > 60 mmHg). Ventilation parameters (VT, respiratory rate, PEEP),
respiratory compliance (CRS), driving pressure (DeltaP = VT/CRS), arterial blood gases, and ECCO2R system operational
characteristics were collected during the period of ultra-protective ventilation. Patients were weaned from ECCO2R
when PaO2/FiO2 was higher than 200 and could tolerate conventional ventilation settings. Complications, mortality
at day 28, need for prone positioning and extracorporeal membrane oxygenation, and data on weaning from both
MV and ECCO2R were also collected.

Results: During the 2 h run in phase, VT reduction from baseline (6.2 mL/kg PBW) to approximately 4 mL/kg PBW
caused respiratory acidosis (pH < 7.25) in all fifteen patients. At steady state, ECCO2R with an average blood flow of
435 mL/min and sweep gas flow of 10 L/min was effective at correcting pH and PaCO2 to within 10 % of baseline
values. PEEP values tended to increase at VT of 4 mL/kg from 12.2 to 14.5 cmH2O, but this change was not
statistically significant. Driving pressure was significantly reduced during the first two days compared to baseline
(from 13.9 to 11.6 cmH2O; p < 0.05) and there were no significant differences in the values of respiratory system
compliance. Rescue therapies for life threatening hypoxemia such as prone position and ECMO were necessary in
four and two patients, respectively. Only two study-related adverse events were observed (intravascular hemolysis
and femoral catheter kinking).

Conclusions: The low-flow ECCO2R system safely facilitates a low volume, low pressure ultra-protective mechanical
ventilation strategy in patients with moderate ARDS.

(Continued on next page)
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Alveolar air equation

PAO2 = PiO2-PACO2/RQ (=CO2/O2)

164 mm Hg = 214 - 40 / 0.8

FiO2 = 0.3

114 mm Hg = 214 - 40 / 0.4
FiO2 = 0.3

14 mm Hg = 214 - 40 / 0.2
FiO2 = 0.3

Do we really understand the physiology?



Haematological malignancy and ITU outcomes



Hospital mortality

REVIEW

Managing critically Ill hematology patients: Time to think differently
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The number of patients living with hematological malignancies (HMs) has increased steadily over time. This is
the result of intensive and effective treatments that also increase the probability of infiltrative, infectious or
toxic life threatening event. Over the last two decades, the number of patients with HMs admitted to the ICU in-
creased and their mortality has dropped sharply. ICU patients with HMs require an extensive diagnostic workup
and the optimal use of ICU treatments to identify the reason for ICU admission and the nature of the complication
that explains organ dysfunctions. Mortality of ARDS or septic shock is up to 50%, respectively. In this review, the
authors share their experience with managing critically ill patients with HMs. They discuss the main aspects of
the diagnostic and therapeutic management of critically ill patients with HMs and argue that outcomes have im-
proved over time and that many classic determinants of mortality have become irrelevant.

© 2015 Elsevier Ltd. All rights reserved.

1. Background

In most industrialized countries, the number of patients living with
hematological malignancies (HMs) has increased steadily over the last
two decades, for several reasons [1]. The diagnosis is made earlier,
when treatments are more effective, and molecular biology advances
help to recognize low-grade malignancies consistent with normal life
formany years [2]. Effective high-dose treatment regimens and targeted
treatments have been introduced. These changes have considerably
increased survival with good quality of life [3–5].

Patients with HMs increasingly require admission to the intensive
care unit (ICU) for life-threatening events related to the malignancy
and/or treatments, with immunosuppression being a major contributor
[6,7]. Also, the aging of the population and development of specific

treatment strategies for elderly patients [5,8,9] have increased the pro-
portion of ICU admissions for comorbidity decompensation to about
20% among patients with HMs [10].

ICU patients with HMs require an extensive diagnostic workup [11]
and the optimal use of available treatments [12]. Only close collabora-
tion among hematologists, intensivists, and other specialists can meet
these requirements [12]. The diagnosis and treatment of acute respira-
tory failure has been the most controversial issue over the past two
decades [13–15]. Research fueled by this controversy has resulted in a
sharp drop in mortality, from nearly 100% to about 40% [16]. Lung biop-
sies are now rarely needed, and bronchoscopy with bronchoalveolar
lavage (BAL) is deemed useful only in selected patients [11]. In patients
receiving mechanical ventilation (MV), mortality ranges from 35% to
70% depending on the associated organ dysfunctions and presence of
graft versus host disease (GVHD) [17]. Mortality in patients with HMs
and septic shockhas fallen by 30% [18,19]. Non-bonemarrow transplant
(BMT) recipients with HMs requiring renal replacement therapy (RRT)
have the same long-termoutcomes as do patientswithoutmalignancies
[20,21]. However, these data come from high-volume centers [22].
Moreover, they are probably influenced by selection bias, as up to 50%
of patients referred for ICU admission are not admitted [10,23]. Al-
though the current literature strongly suggests improved survival of

Blood Reviews 29 (2015) 359–367
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Coagulopathy in Liver disease



Hemostasis and thrombosis in patients with liver disease: The
ups and downs
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Abstract
Patients with chronic or acute liver failure frequently show profound

abnormalities in their hemostatic system. Whereas routine laboratory
tests of hemostasis suggest these hemostatic alterations result in a
bleeding diathesis, accumulating evidence from both clinical and labora-
tory studies suggest that the situation is more complex. The average
patient with liver failure may be in hemostatic balance despite pro-
longed routine coagulation tests, since both pro- and antihemostatic fac-
tors are affected, the latter of which are not well reflected in routine
coagulation testing. However, this balance may easily tip towards a
hypo- or hypercoagulable situation. Indeed, patients with liver disease
may encounter both hemostasis-related bleeding episodes as well as
thrombotic events. During the 3rd International Symposium on Coagu-
lopathy and Liver disease, held in Groningen, The Netherlands (18–19
September 2009), a multidisciplinary panel of experts critically reviewed
the current data concerning pathophysiology and clinical consequences
of hemostatic disorders in patients with liver disease. Highlights of this
symposium are summarized in this review.
! 2010. Published by Elsevier B.V. All rights reserved.

Introduction

In patients with liver disease, substantial changes in the hemo-
static system are frequently found [1]. These changes include
thrombocytopenia and platelet function defects, decreased circu-
lating levels of coagulation factors and inhibitors, and decreased
levels of proteins involved in fibrinolysis. Consequently, routine
diagnostic tests of hemostasis, such as the platelet count, the pro-
thrombin time (PT), and the activated partial thromboplastin
time (APTT) are frequently abnormal. In patients with isolated
hemostatic defects, such abnormalities in these laboratory tests
often indicate a true bleeding tendency. However, interpretation
of these tests is much less straightforward in the patient with a
complex hemostatic disorder as can be found in patients with
liver disease. In recent years, traditional concepts on the clinical
consequences of the hemostatic disorder in patients with liver
disease have dramatically changed. In particular, it is now estab-
lished that patients with liver disease and abnormal routine coag-
ulation tests do not necessarily have an increased bleeding
tendency [2,3], and that even thrombotic complications may
occur in these patients [4]. During the 3rd International Sympo-
sium on Coagulopathy and Liver disease, held in Groningen, The
Netherlands (18–19 September 2009), a multidisciplinary panel
of experts critically reviewed the current data concerning patho-
physiology and clinical consequences of hemostatic disorders in
patients with liver disease. Highlights of this symposium will
be summarized in this review.

Hemostatic abnormalities in liver disease: the concept of
rebalanced hemostasis

Chronic liver disease – rebalanced hemostasis?

Thrombocytopenia, platelet function defects, and decreased lev-
els of pro- and anticoagulant proteins are frequently observed
in patients with cirrhosis [5]. Although routine hemostatic tests
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Neuro-imaging in ITU survivors



Neuro-imaging in ITU survivors

Neuro Rehabilitation. 2012 ; 31(3): 311–318 

Figure 1.
Figure 2 shows an axial magnetic resonance (MR) scans through the body of the lateral
ventricles in a patient with acute respiratory distress syndromes at three different time
points. The arrows point to the body of the lateral ventricles. Figure A shows a baseline
axial MR scan obtained just prior to hospital discharge showing normal lateral ventricles.
Figure B shows an axial MR scan at one year post-hospital discharge showing significant
enlargement of the lateral ventricles in the same patient. Figure C shows a mid-sagittal MR
scan at two years showing enlargement of the lateral ventricles which have increased in size
from one to two years, indicating some additional atrophy.
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Normal baseline axial 
MR scan just prior to 

hospital discharge Figure 1.
Figure 2 shows an axial magnetic resonance (MR) scans through the body of the lateral
ventricles in a patient with acute respiratory distress syndromes at three different time
points. The arrows point to the body of the lateral ventricles. Figure A shows a baseline
axial MR scan obtained just prior to hospital discharge showing normal lateral ventricles.
Figure B shows an axial MR scan at one year post-hospital discharge showing significant
enlargement of the lateral ventricles in the same patient. Figure C shows a mid-sagittal MR
scan at two years showing enlargement of the lateral ventricles which have increased in size
from one to two years, indicating some additional atrophy.

Hopkins and Jackson Page 10

NeuroRehabilitation. Author manuscript; available in PMC 2013 July 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Enlargement of the lateral ventricles which 
have increased in size from one to two 

years, indicating some additional atrophy. 

Post ITU 
survivors 

have cognitive 
impairment 

equivalent to 
mild to 

moderate 
Alzheimers or 
moderate TBI



Best use of ICU beds



Ratio of ICU beds to hospital beds 

Wunsch et al CCM 2008 Wunsch et al CCM 2008 



(relative) overprovision 
Is there a ‘starling curve’ for ICU beds? 
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Odds and Sods



Hayes et al  
N Engl J Med, 2009 

Less complications 

More Implementation 

‘Outcome’  vs. ‘Implementation’ 

More Implementation & Less Complications 

Checklists- really that good?



Informed consent



N Engl J Med 2013; 368:2159-2168



Beware the dangers of proning

Unwary 
 house officer



Welcome to Ealing

???




