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Hôpital Nord, Marseille, France

M. Peters
Great Ormond St Hospital, London, UK

P. Singer
Beilinson Hospital, Tel Aviv, Israel

M. Smith
University College London Hospitals,
London, UK

M. Soares
D’Or Institute for Research and Education,
Rio de Janeiro, Brazil

A. Torres
Hospital Clinic, University of Barcelona,
Ciberes, IDIBAPS, Barcelona, Spain

A. Vieillard-Baron
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Acute kidney injury

Despite significant advance of knowledge in the field,
acute kidney injury (AKI) still remains a syndrome with
significant morbidity and mortality. The commonness of
this syndrome in critically ill patients has been

highlighted by the prospective FINNAKI study [1]
including 2,901 patients from 17 Finnish ICUs, which
found an AKI incidence of nearly 40 %. Hypovolemia,
diuretics, artificial colloids, and chronic kidney disease
were identified as major independent risk facts for
developing AKI in the ICU. The study also confirmed that

Intensive Care Med (2014) 40:147–159
DOI 10.1007/s00134-013-3184-5 YEAR IN REVIEW 2013



reversibility of AKI highly depends on the AKI stage at
presentation with a 30 % resolution on the following day
for AKI stage 1 and 87 % AKI persistence in patients
with stage 3. Severity of hypotension and postoperative
ventricular function appeared to be the major determining
factors for developing renal damage in children under-
going cardiac surgery [2].

The long-lasting quest for a generally accepted defini-
tion and classification of AKI appears to have finally
reached its mission with the publication of the KDIGO
Clinical Practice Guidelines AKI [3]. The widely accepted
criteria based on small changes of serum creatinine of at
least 0.3 mg/dl or a reduced urinary output of less than
0.5 ml/kg/h for at least 6 h were evaluated in a complete
dataset of more than 17,000 critically ill patients treated at a
tertiary hospital in Boston, USA [4]. Both mortality and
requirement of renal replacement therapies (RRT) corre-
lated with the magnitude of relative increase in serum
creatinine serum as well as the duration of oliguria sup-
porting the current conceptual approach to AKI. However,
for better risk estimation and for the development and
validation of preventive measures against AKI, more sen-
sitive biomarkers are urgently needed [5]. Serum neutrophil
gelatinase-associated lipocalin (NGAL) is one of the bio-
markers which had been investigated in several settings and
was found to predict occurrence of AKI up to 48 h before a
significant increase in serum creatinine and also indicated
requirement of RRT in critically ill patients [6]. However,
its major limitation is the influence by systemic inflam-
mation and its resulting increase in serum levels even in the
absence of AKI [7]. Another setting where NGAL appar-
ently failed to perform as an early predictor was contrast-
induced AKI in critically ill patients as shown in a French
study performed in an ICU of a university hospital [8].
Urinary NGAL was hoped to be a more reliable parameter
for AKI in the setting of sepsis [9]. However, a prospective
observational study by Glassford et al. [10] compared
several commercial assays as well as specific ELISAs
detecting various isoforms of urinary NGAL in 100 patients
with systemic inflammation and lowest stage of AKI. The
authors found a lack of specificity for AKI prediction and a
very poor association with further RRT requirement. It
turned out that urinary NGAL comprised monomeric forms
(deriving from neutrophils and renal tubular cells),
homodimeric NGAL (produced by neutrophils only), and
heterodimeric NGAL (produced by renal tubular cells
only). Heterodimeric NGAL cannot be assessed by cur-
rently available tests. Even more disappointing was the
finding that correlation of any determination of urinary
NGAL with serum NGAL was weak at best.

Transient limb ischemia as a strategy to protect against
contrast-induced AKI drew attention but definitely
requires more studies [11]. Probably the most important
measure a practicing clinician can take to prevent AKI is
to avoid any additional harm, especially application of

nephrotoxic agents. In this context the use of hydroxy-
ethyl starch (HES) has raised attention due to two large
randomized controlled trials (RCT) showing increased
requirement of RRT after the use of 6 % tetrastarch [12,
13]. A systematic review investigating the effect on 6 %
tetrastarch showed a clearly increased risk of requiring
treatment with RRT as well as increased mortality in
critically ill patients [14]. The effect was even more
pronounced in another meta-analysis concentrating on
patients with severe sepsis and showing a relative risk
(RR) of 1.42 (95 % CI 1.09–1.85) for RRT requirement
and an RR of 1.13 (95 % CI 1.02–1.25) for 90-day
mortality independent from HES origin (maize- vs.
potato-derived tetrastarch) [15]. The fact that intrave-
nously applied HES is eliminated primarily by the kidney
and predominantly stored in this organ provides a sound
pathophysiological rationale for potential renal toxicity of
HES. Osmotic nephrosis characterized by pinocytosis and
lysosomal storage of starch molecules histologically
proven in the context of renal transplantation may be the
presumed pathomechanism of AKI. These findings may
contribute to substantially change fluid management in
critically ill patients [16].

HES effects were also analyzed in a post hoc, sub-
group analysis of all 798 patients with severe sepsis
randomized to fluid resuscitation with HES 130/0.42 vs.
Ringer’s acetate. Intervention effects estimated as risk
ratios were analyzed between the HES vs. Ringer’s ace-
tate groups to detect subgroup heterogeneity of the effects
on 90-day mortality [17] and, in another paper, the degree
and clinical importance of bleeding [18].

The increased 90-day mortality observed in patients
with severe sepsis resuscitated with HES was independent
of other variables and HES increased the risk of bleeding
which was associated with increased risk of death. As the
analyses were planned post hoc and their power is
reduced, the results should be interpreted with caution.

Renal replacement therapies

Several studies have addressed important issues about
RRT in 2013. Continuous renal replacement therapy
(CRRT) remains the predominant treatment modality for
AKI in critically ill patients throughout Europe as
emerged from an international survey performed in 2010,
which was answered by 273 intensivists from 50 countries
[19]. Although this choice may be mainly driven by local
availability of various modalities, as well as the profes-
sion in charge of providing RRT (i.e., intensivists or
nephrologists), this may also have significant implications
for patient outcome in terms of renal recovery. A
sophisticated systematic review investigating intermittent
and continuous modalities of RRT found higher rates of
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dialysis dependency in patients who were initially treated
with intermittent forms of RRT [5]. However, the finding
of a twofold increased risk of requiring dialysis for AKI
survivors was mainly derived from observational studies
and not substantiated by RCTs. Consequently al lot of
research is still warranted to address this important
question which has a significant impact on a patient’s
quality of life as well as health-care costs. The latter
aspect was addressed in a Finnish study performing a
5-year cost utility analysis (CU) of RRT in AKI based on
410 patients treated in a mixed ICU [20]. Calculating an
overall 5-year median CU of 271,116€/quality adjusted
life year (QALY), the authors found significant variations
in CU depending on age, survival time, and severity of
disease. CU was significantly better for survivors with
renal recovery (28,684€/QALY) than for those requiring
chronic RRT afterwards (98,606 €/QALY). As known
from many other interventions costs significantly increase
with higher age because of a drastically decreasing gain
of QALYs by RRT above the age of 75.

In 2010 the CRRT standard with regard to treatment
dose appeared to be around 35 ml/kg/h with a tendency to
higher doses in septic patients according to the survey
mentioned above [19]. Of note the two large trials [21, 22]
showing no benefit by applying higher doses than 25 ml/
kg/h had already been published at that time. However, a
nested cohort substudy including 115 patients of the
RENAL trial indicated that continuous venovenous he-
modiafiltration (CVVHDF) at higher intensities of 40 ml/
kg/h may confer more rapid hemodynamic stabilization
and weaning from vasopressors as compared to 25 ml/kg/h
[23]. Consequently, higher intensity CRRT continued to
be regarded as having some potential in certain situations,
especially with the intention to achieve some blood puri-
fication from inflammatory mediators. At last, the question
whether higher doses are of benefit in patients with septic
shock was addressed by the IVOIRE study [24], a multi-
center RCT comparing a dose of 70 ml/kg/h over 96 h to a
‘‘standard dose’’ of 35 ml/kg/h in patients with septic
shock. The lack of any difference with regard to either the
primary endpoint, i.e., 28-day mortality, or the secondary
endpoints like change in hemodynamic profile, improve-
ment in severity scores, ventilation days, duration of RRT,
renal recovery, ICU or hospital stay, and 90-day mortality
lead to the conclusion that HVHF cannot be recommended
for treatment of AKI in septic shock. Despite its limitation
of a premature study termination at 140 patients, the study
still has an important impact as the largest RCT having
addressed this important question.

Dynatremias in ICU

Recently several publications reported increased mortality
with dysnatremias in critically ill patients. The study by

Lindner et al. [25] concentrated on the question of whe-
ther hypernatremia affects the acid–base status of
critically ill patients. A rise in serum sodium was found to
be paralleled by metabolic alkalosis characterized by
increased base excess due to sodium. The exact mecha-
nism of this finding has to be further elucidated but the
‘‘old’’ contraction alkalosis due to free water deficit
appears an attractive explanation.

Critical care ultrasonography

Volpicelli et al. [26] prospectively analyzed the diag-
nostic value and efficacy of point-of-care ultrasonography
(POCUS) in the emergency department. POCUS is a basic
and fast ultrasonic examination of the heart, lungs,
abdomen, and peripheral veins. In a study of 108 hypo-
tensive non-trauma patients, the authors suggested that
such an approach could guide physicians in the diagnostic
process and then in therapeutic management.

Baldi et al. [27] proposed another interesting appli-
cation of ultrasonography in a pilot study. In 20 critically
ill patients, they prospectively reported that lung ultra-
sonography could be used semiquantitatively to evaluate
extravascular lung water (EVLW), using the ‘‘B-line
score’’, i.e., briefly the number of B-lines detectable in an
anteroposterior examination. There was an acceptable
correlation with CT evaluation of EVLW. This suggests
that intensivists can assess EVLW noninvasively at the
bedside.

In 94 patients admitted to the ICU for shock or
respiratory failure, Vieillard-Baron et al. [28] tested the
hemodynamic monitoring capability and safety of a new
single-use miniaturized transesophageal probe that can be
left in place in patients for 72 h. In this multicenter and
prospective study, they reported an acceptable image
quality and the value of the recorded hemodynamic
information in guiding treatment.

Echographic left ventricular function, stroke volume,
and fluid responsiveness evaluation

Petzoldt et al. [29] studied the accuracy of the determi-
nation of stroke volume using transpulmonary
thermodilution (TPTD) and calibrated (C) and uncali-
brated (UC) arterial pulse contour (PC) methods in 18
patients undergoing transcatheter aortic valve implanta-
tion. The reference method used was transesophageal
echocardiography (TEE). They found that TPTD remained
accurate even in severe aortic stenosis, as did C-PC. In
UC-PC, the trend was more accurate than a single mea-
surement. Aortic insufficiency following the procedure is a
significant limitation to the PC method, whether there is
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calibration or not. Scolletta et al. [30] reported that indices
of left ventricular function derived from pulse wave ana-
lysis, compared with echocardiography, could be used to
monitor cardiac function. They tested a new device called
‘‘most care’’, based on a high-frequency analysis of the
arterial signal. It could allow intensivists to record dP/
dt and a surrogate of left ventricular ejection fraction, as
well as the arterial–ventricular coupling.

Finally, considering that patients with severe pre-
eclampsia are often oliguric and at severe risk of acute
pulmonary edema, Brun et al. [31] reported that passive
leg raising (PLR) in this indication is useful in detecting
fluid responsiveness. They found that PLR predicted fluid
responsiveness well in this specific setting of pregnant
patients, whereas only 52 % of the oliguric patients were
actually responders to fluids.

Echography: training and quality

In a multicenter prospective study, Charron et al. [32]
used a previously validated scoring system to determine
how many TEE examinations trainees have to perform in
order to be competent in evaluating hemodynamics in
mechanically ventilated patients. Forty-one intensivists
were included. The authors found that 25 TEE examina-
tions in 6 months was the best compromise between
sensitivity and specificity for competency, whereas 31
TEE examinations in 6 months had a specificity of
100 %.

Acute respiratory distress syndrome (ARDS)
and right ventricular (RV) function: echographic
evaluation

Several papers published in 2013 reiterated the impor-
tance of RV function evaluation by echocardiography in
patients ventilated for ARDS. Lhéritier et al. [33] reported
a multicenter prospective study including 200 patients
with early moderate to severe ARDS, all submitted to
protective ventilation. They reported three important
results. First, the incidence of acute cor pulmonale (ACP)
was 22.5 %. Second, a PaCO2 greater than 60 mmHg was
strongly and independently associated with ACP. Finally,
TEE appeared much more efficient than transthoracic
echocardiography. In the same issue of the journal,
Boissier et al. [34] reported a prospective and observa-
tional study in 226 patients with moderate to severe
ARDS using the Berlin definition, all submitted to pro-
tective ventilation. They also found three important
results. First, the incidence of ACP was 22 %. Second, the
driving pressure and the infectious cause of lung injury
were strongly associated with the occurrence of ACP.

And finally, ACP was an independent factor associated
with ICU and hospital mortality (67 % in the group with
ACP vs. 49 % in the group without ACP). On the basis of
these two papers and previous ones published in the same
field, Vieillard-Baron et al. [35] wrote a summary in the
new section of the journal, ‘‘What’s new’’, about ACP in
ARDS. They proposed a new approach to ventilatory
strategy called the ‘‘RV protective approach’’.

Management of hemodynamically unstable patients
and monitoring cardiovascular physiology at bedside

The management of hemodynamically unstable patients
requires a robust understanding of physiology in order to
make decisions that can change therapy and improve
patients’ outcome. One of the seminal publications of a
randomized trial of goal-directed perioperative therapy
(GDT) was a study published in 1993 [36]; this study was
revaluated critically and with an historical perspective by
Boyd in the series ‘‘My paper 20 years later’’ [37]. In
2013, the new Surviving Sepsis Guidelines [38] have been
published. A lot of importance is given to the time of
interventions; for instance administration of antibiotics
has to occur within 1 h of the recognition of septic shock
and severe sepsis. Different targets are also set within the
first 6 h and within 12 h of recognition of sepsis. For what
concerns fluid managements, the guidelines still recom-
mend targeting a central venous pressure (CVP) of
8–12 mmHg (or 12–15 mmHg in ventilated patients). The
guidelines recognize the role of dynamic measures of
fluid responsiveness. Crystalloids are the recommended
fluid for initial resuscitation, while the guidelines rec-
ommend the avoidance of HES. An ScVO2 of greater than
70 % and/or SvO2 of greater than 65 % can be used to
target resuscitation. Resuscitation can also be targeted to
normalize lactate.

Further evidence that dynamic indices of fluid
responsiveness may be better than static parameters such
as CVP comes from an elegant animal study on pigs by
Trepte et al. [39]. In a model of severe acute pancreatitis
they compared two resuscitation strategies, one in which
hemodynamic management was guided by CVP
([12 mmHg) and mean arterial pressure (MAP) and one
by stroke volume variation (SVV \10 %), MAP, and
cardiac output (CO). Pigs managed with SVV and CO had
a better survival (29.4 vs. 11.8 %, p \ 0.05). Microcir-
culation was also improved in this group.

While noradrenaline is the recommended vasopressor
in septic shock, vasopressin is currently being studied as a
possible alternative. Vasopressin levels are known to be
low in adult patients with septic shock. In pediatric
patients, vasopressin levels have been shown to be ele-
vated and to remain elevated for up to 72 h. Vasopressin
levels may provide important information at the bedside;
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however, measurement of vasopressin is problematic
because of its short half-life and instability. Copeptin (a
vasopressin precursor) has been recently investigated as a
possible surrogate for vasopressin levels. Lee et al. [40]
compared copeptin and vasopressin levels in a pediatric
population with sepsis and septic shock and in a group of
healthy children. While they found a difference in median
vasopressin levels at baseline between the three groups,
copeptin showed no differences between groups.

Often the physiology is monitored in front of our eyes
and we do not see it. An elegant study by Monnet et al.
[41] reminded us that the end tidal CO2 can be used as a
hemodynamic monitoring surrogate. The authors found
that changes in end tidal CO2 (EtCO2) during a PLR test
can give more information than arterial blood pressure in
order to predict which patient can increase CO with
subsequent fluid administration. In this study an increase
in EtCO2 of more than 5 % during a fluid challenge
predicts an increase in CO of more than 15 % with fluid
administration.

The study of venous return according to Guytonian
theory has not been possible until recently. The under-
standing of venous return is important for the correct use
of fluids and vasoactive drugs. Cecconi et al. [42] studied
the effect of a fluid challenge on the venous return by
looking at changes in mean systemic filling pressure
analogue (Pmsa), CVP, and the gradient between the two.
Patients were classified as responders or nonresponders
depending on whether they had an increase in CO after
fluid administration. The authors demonstrated that in
postsurgical intensive care patients the Pmsa is increased
in similar ways in responders and nonresponders, but the
gradient between Pms and the CVP is increased only in
responders.

Lakhal et al. [43] assessed whether invasive and
noninvasive blood pressure (BP) monitoring (CO and the
mean of four intra-arterial and oscillometric brachial cuff
BP measurements) allows the identification of fluid
challenge responders, i.e., patients that increased their
CO. In 130 patients, the correlation between a fluid-
induced increase in pulse pressure and fluid-induced
increase in CO was weak and was similar for invasive and
noninvasive measurements of BP. In deeply sedated
population, a large increase in invasive pulse pressure
(23 %) or even in noninvasive pulse pressure (35 %)
reliably detected a response to fluid. In the absence of a
marked increase in pulse pressure, a response to fluid was
unlikely.

The ultimate goal of any hemodynamic intervention is
the improvement of tissue perfusion. The carbon dioxide
difference between the arterial and venous blood (pCO2-

gap) has been proposed as a marker of tissue perfusion.
Van Beest et al. [44] showed that pCO2gap could be
reliably measured by taking central venous blood samples
instead of mixed venous blood samples. They also found
that a persistent high pCO2gap at 24 h is associated with

poor outcome. This study highlights even more the
importance of this often forgotten parameter at the
bedside.

Ruiz-Rodriguez et al. [45] used a very innovative
approach in order to see if artificial neural networks can
be used to monitor BP noninvasively and continuously
using pulse oximeter data. They analyzed 7,715 time
periods in 707 patients. They found that, when comparing
the new method with invasive arterial measurements, the
mean bias and SD values were -2.98 ± 19.35 mmHg
for systolic BP, -3.38 ± 10.35 mmHg for mean, and
-3.65 ± 8.69 mmHg for diastolic BP. Despite the limi-
tations of this study in terms of clinical applications
owing to the high SD, this study represents a starting
point for the use of artificial neural networks in the ana-
lysis of available physiological data at the bedside.

Cardiac biomarkers

The search for an optimal biomarker in critical care is still
open. Legrand et al. [46] summarized what has been
discovered in terms of new biomarkers and in terms of
new use of known biomarkers. That review highlights the
fact that treating complex syndromes represents an
important limit when using biomarkers in the ICU, and it
also presents the latest discoveries in the field. The
authors show very clearly the different aspects that one
has to keep in mind when looking at this issue such as
predefined endpoints, patient populations, positive and
negative predictive values etc. Troponins have been
shown to be a prognostic biomarker not only after coro-
nary events but also in the context of critical illness.
Several studies have investigated the prognostic value of
troponins in sepsis. Bessiere et al. [47] presented a meta-
analysis studying the relation between troponin elevation
in sepsis and mortality. They found that troponin was
elevated in 61 % of the cases (58–64 %). Elevated tro-
ponin was significantly associated with all-cause
mortality. The area under the curve was 0.68. In practice
elevated troponins identify septic patients at higher risk of
mortality.

Transfusions and coagulation management

Transfusion of blood components is common after cardiac
surgery; little data is available about the contribution of
different blood products to survival. In a large study on
5,216 coronary artery bypass graft patients, Bjursten et al.
[48] investigated the relationship between red blood cells,
plasma, and platelets administration and long-term mor-
tality (7.5 years follow-up). Red blood cell transfusion
was not associated with increased mortality while plasma
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transfusion was associated with decreased long-term
survival and platelet transfusion was associated with
increased long-term survival.

Coagulation management is also still a matter of
debate. Verheyden et al. [49] investigated the effect of the
withdrawal of aprotinin in 2008 on cardiac surgery
patients in the UK. The authors performed a propensity
analysis of two large cohort of patients pre and post
withdrawal. In total they studied 6,608 patients in whom
they found that aprotinin withdrawal was associated with
an increased risk of bleeding, a higher rate of emergency
re-sternotomy, and a higher incidence of AKI. In a higher-
risk group of patients (n = 1,002) they also found an
increased risk of mortality at 30 days. Interestingly these
findings are in contrast with previously published studies
that led to the withdrawal of aprotinin.

There is great controversy surrounding red blood cell
transfusion. Leal-Noval et al. [50] studied whether red
blood cell transfusion in non-bleeding patients was asso-
ciated with improved outcome in a retrospective, pair-
matched cohort study. They found that non-transfused
patients had lower hospital mortality, lower rate of ICU
readmissions, lower rate of nosocomial infection, and a
lower incidence of AKI in a matched cohort of 428
patients. Despite the limitation of a retrospective obser-
vational study, these results support the use of restrictive
transfusion policies and highlight the need for RCTs in
order to study transfusion strategies in ICU patients.

Lauzier et al. [51] explored the predictors of major
bleeding and the association between bleeding and mor-
tality in medical–surgical critically ill patients receiving
heparin thromboprophylaxis in a large trial dataset.
Patients with trauma, orthopedic surgery, or neurosurgery
were excluded. Among 3,746 patients, bleeding occurred
in 5.6 %. Time-dependent predictors were prolonged
activated partial thromboplastin time, lower platelet
count, therapeutic antiplatelet agents, renal replacement
therapy, and recent surgery. The type of pharmacologic
thromboprophylaxis was not associated with bleeding.
Patients with bleeding had a higher risk of in-hospital
death.

As major bleeding has modifiable risk factors and is
associated with in-hospital mortality, strategies to miti-
gate these factors should be evaluated in critically ill
patients.

Cardiac arrest

Nolan [52] presented the most recent advances in the
management of out of hospital cardiac arrest (OOHCA).
Data shows that outcomes have improved over the last
10 years, probably as a result of better pre-hospital and
in-hospital care for these patients. In this elegant review
different topics are discussed such as CPR, advanced life

support, and post-resuscitation care. An important point
about the management of OOHCA is that with the advent
of therapeutic hypothermia prognostication has to be
delayed at least to 72 h after rewarming.

Therapeutic hypothermia (TH) has been established
for many years as the standard post-resuscitation man-
agement method in OOHCA. External cooling is often
used to achieve TH; however, often external cooling is
not sufficient to achieve effective temperature manage-
ment. Ricome et al. [53] investigated the incidence of
external cooling failure and the factors associated with it.
In a restrospective analysis on 594 patients, they found
that failure was common, with 191 patients not able to
achieve the target temperature within 12 h after cardiac
arrest. Independent risk factors for external cooling fail-
ure were early coronary angiography intervention, a high
body weight, a high temperature on ICU admission, and a
long delay between collapse and the start of cooling.
Hemodialysis and male gender were associated with
cooling success. Vaahersalo et al. [54] evaluated post-
resuscitation care, implementation of TH, and outcomes
of ICU-treated OOHCA patients admitted to 21 ICUs.
Among 548 patients included in the study, 311 had a
shockable rhythm and 237 had a non-shockable rhythm.
Compared to patients not receiving TH, the overall out-
come was better in shockable rhythm patients, while non-
shockable rhythms did not seem to benefit from TH.

Prognostication after cardiac arrest (CA) remains a
key challenge for intensivists and has been complicated
by the use of TH. The four recommended methods for
predicting poor prognosis, i.e., clinical neurological
examination (including pupillary response, corneal reflex,
and motor response), myoclonic status epilepticus,
somatosensory evoked potentials (SSEP), and serum
levels of neuron-specific enolase, are based on studies
conducted before the introduction of TH. Kamps et al.
[55] conducted a meta-analysis designed to assess the
sensitivity and false positive rate of clinical neurological
examination and SSEPs to predict poor neurological
outcome in adult patients treated with TH after cardio-
pulmonary resuscitation. The prognostic reliability of
SSEPs and the pupillary response to light was maintained
after treatment with TH, but this meta-analysis was
unable to determine with certainty the true prognostic
value of either. Absent motor responses and corneal
reflexes at 72 h post-resuscitation were not sufficiently
reliable to predict poor outcome after the use of TH.

Brain injury is well established as a cause of early
mortality after OOHCA, but post-resuscitation shock also
contributes to death. A large retrospective study by
Lemiale et al. [56] described the incidence, risk factors,
and relation to mortality of post-CA shock and brain
injury. Post-CA shock occurred in 68 % of the patients.
Death was caused in the ICU in 34.8 % from post-CA
shock and in 65.2 % from neurological injury. Brain
injury accounts for the majority of deaths, but post-CA
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shock affects more than two-thirds of OHCA patients.
Age, raised blood lactate and creatinine values, and time
before restoration of spontaneous circulation increased
the risk of ICU mortality from both shock and brain
injury.

Immediate treatment of arterial hypotension to main-
tain adequate tissue perfusion is therefore a cornerstone of
CA victims. Along these lines, Beylin et al. [57] explored
the relationship between early hemodynamic goals and
outcomes in CA victims undergoing TH. In a cohort of
168 CA patients (45 % survivors, 35 % with good neu-
rological outcome), survivors had higher MAPs at
different time points than non-survivors. Increased
requirement for vasoactive agents was associated with
mortality at all time points.

Further prospective studies on hemodynamic optimi-
zation after CA need to be performed.

Couper et al. [58] conducted a systematic review and
meta-analysis to evaluate whether debriefing improves the
outcome of critical illness. Of 2,720 studies identified, 27
were finally considered. Debriefing was found to be
efficient, especially in CA where meta-analysis found
evidence that debriefing improved the outcome of the
resuscitation process and the return of spontaneous cir-
culation, but not survival or hospital discharge.

Neurocritical care

Neurocritical care has evolved substantially over the last
two decades. Improved understanding of the pathophysi-
ology of neurological injury and parallel advances in
monitoring and imaging techniques have led to the
implementation of evidence and consensus-based guide-
lines for a range of neurological conditions, and the
introduction of individualized treatment strategies that
have translated into improved outcomes. The evidence
base for the treatment of acute brain injury (ABI) in
particular continues to grow. Stocchetti [59] conducted a
PubMed search of human studies of ABI published in
2012 and identified 2,058 references relating to acute
ischemic stroke (AIS), 1,869 to traumatic brain injury
(TBI), 1,072 to intracerebral hemorrhage (ICH), and 534
to subarachnoid hemorrhage (SAH).

Studies evaluating the effectiveness of care in spe-
cialist neurocritical care units are often confounded by
secular trends because of the use of historical control
periods. Large database research may help in identifying
and quantifying these effects. Damian et al. [60] and
colleagues used the large UK Intensive Care National
Audit and Research Centre (ICNARC) database to assess
mortality changes over time for patients with primary
ICH, myasthenia gravis (MG), and Guillain–Barré syn-
drome (GBS) treated in an ICU, and also investigated
whether the type of ICU in which the patients were

treated affected mortality. An overall decline in mortality
was observed between 1996 and 2009, and this was most
marked (and statistically significant) for ICH. Hospital
mortality for ICH was lower in patients treated in a
neurocritical care unit compared to a general ICU, and
this advantage persisted after adjustment for potential
confounders including surgical intervention. Although the
smaller reductions in MG and GBS mortality rates over
time were not statistically significant, they were sub-
stantially higher than those previously reported. The high
proportion of MG and GBS patients requiring ventilatory
support in this study suggests that a high threshold for
ICU admission compared to other studies might account
for the higher reported mortality rates and also that earlier
referral to ICU might improve outcome. Of concern is
that a large proportion of the MG and GBS in-hospital
deaths occurred after ICU discharge. Although premature
ICU discharge might be a factor, the authors argue that
this cannot fully explain their findings and question
whether the quality of step-down facilities in the UK,
where the vast majority of such patients are discharged to
general medical wards rather than to rehabilitation facil-
ities, is implicated.

Intracranial pressure control

Acute brain dysfunction, either related to a primary injury
such as TBI, ICH, SAH, and AIS, or because of the
secondary cerebral effects of systemic illness such as
septic encephalopathy, is frequently encountered in ICU
patients. One of the key challenges in all ABI types is the
management of raised intracranial pressure (ICP). A
higher burden of intracranial hypertension, both in degree
and duration, is associated with worse outcome after TBI,
and consensus guidelines recommend treatment of ICP of
20 mmHg or higher [61]. Osmotic therapy has been a
cornerstone of the management of intracranial hyperten-
sion for decades but its use remains controversial.
Mannitol is recommended by consensus guidelines [61],
but has never been subject to a large randomized com-
parison and has well-known side effects. Hypertonic
saline (HS) has many beneficial effects on the injured
brain in addition to its osmotic action. Unlike mannitol it
increases serum osmolality directly rather than by
inducing an osmotic diuresis, thereby expanding intra-
vascular volume and potentially augmenting cerebral
blood flow. There are no large, randomized comparisons
of HS with mannitol, or long-term functional outcome
studies of HS. Against this background there remains an
urgent need to clarify the optimal agent and osmolar load
to lower elevated ICP and the role (if any) of hyperos-
molar solutions in the routine fluid management after
ABI. Whilst it is accepted that serum hypo-osmolality
must be avoided, the routine maintenance of a
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hyperosmolar state as a means of preventing brain
swelling remains controversial and its physiological
rationale unclear. Two studies published in Intensive Care
Medicine in 2013 address these issues. Following evi-
dence that a hyperosmolar sodium lactate (SL) solution is
effective in treating intracranial hypertension [62], Ichai
et al. [63] conducted a double-blind RCT comparing the
ICP effects of a continuous infusion of SL (Na?

504 mmol/l, K? 4.0 mmol/l, Ca2? 1.36 mmol/l, Cl-

6.74 mmol/l, and lactate 504.1 mmol/l) with isotonic
saline in 60 patients with severe TBI. The infusions were
begun within 12 h after the injury and continued at a rate
of 0.5 ml/kg/h for 48 h. SL decreased the number of
episodes of raised ICP by more than 50 % compared to
controls (23 vs. 53 episodes respectively, p \ 0.05), and
the number of patients with at least one episode of ICP
greater than 20 mmHg was also smaller in the SL group
(36 vs. 66 %, p \ 0.05). Fewer interventions were
required to treat intracranial hypertension in the SL group
(31 vs. 53, p \ 0.05), although the nature of the inter-
ventions was similar in the two groups. The hyperosmolar
solution used in this study contained HS and the authors
accept that this might have been responsible for the
observed effects on ICP. However, they also discussed
two other possible explanations for their findings. Whilst
glucose remains the primary energy source for the brain,
lactate can also be an energy source during aerobic
metabolism, especially during periods of increased energy
requirements [64]. Under these circumstances, the
administration of lactate might improve cerebral cellular
bioenergetics and thereby reduce cellular swelling and
ICP. This study did not measure metabolic variables so
was unable to address this issue. Secondly, the lactate in
the SL solution is rapidly metabolized in the cell but the
high sodium concentration of SL (504 mmol/l) results in
extracellular sodium accumulation. This leads to an efflux
of negatively charged ions from the cell, primarily chlo-
ride, to maintain extracellular electrical neutrality.
Chloride plays a key role in cell volume regulation and
this chloride movement might be accompanied by water
to maintain the osmotic equilibrium, in turn reducing or
limiting cellular edema and ICP. Studies incorporating
diffusion-weighted MRI should be conducted to test the
hypothesis further.

Ketones may also act as an energy source for the
injured brain [65] and exogenous ketone supplementation
has been shown to have beneficial effects on ATP levels
and cerebral blood flow in animal models of TBI and
stroke. Ketone supplementation is complicated by
hyperosmolality and acid–base disturbance, and a for-
mulation that allows a rapid increase in brain ketone
levels whilst maintaining a target serum osmolality and
minimizing acid–base disturbance is sought. White et al.
recently investigated the effects of a novel, balanced
sodium ketone solution, sodium D-3-hydroxybutyrate
(BHB), on metabolic variables in a non-starved and non-

brain injury rodent model [66]. Two formulations of BHB
[40 mmol/l (BHB40) and 120 mmol/l (BHB120) in 3 %
NaCl] were compared with a 3 % saline solution (con-
trol). All solutions contained equimolar concentrations of
sodium (514 mmol/l), and the chloride concentration was
514, 474, and 394 mmol/l in the control, BHB40, and
BHB120 groups, respectively. Infusion of the hyperos-
molar BHB solution resulted in a progressive increase in
cerebrospinal fluid (CSF) BHB levels at 1 and 6 h com-
pared to baseline, related to the concentration of the BHB
solution administered. CSF levels of BHB did not change
in the control group. There were also significantly higher
levels of BHB in brain tissue in the treatment compared to
the control group, and this was also related to the amount
of BHB administered. In this study, addition of BHB to
HS did not lead to changes in acid–base balance or
adversely affect the steady maintenance of a hyperos-
molar state. Replication of these findings in animal
models of brain injury is required prior to further inves-
tigate any potential neuroprotective effects of BHB in
humans.

Pediatric traumatic brain injury

International consensus and evidence-based guidelines for
the management of adult TBI are available [61], but
evidence in pediatric TBI is relatively scarce. All major
studies have excluded patients younger than 14–16 years,
so there remains uncertainty about the optimal manage-
ment of ICP and cerebral perfusion pressure in pediatric
TBI. A retrospective review [67] of a prospectively col-
lected database described the clinical characteristics,
current practice of ICP monitoring and management, and
the relationship between clinical and radiological vari-
ables and 6-month outcome in a cohort of 199 patients
under the age of 19 years admitted to three Italian ICUs
with TBI. ICP was monitored in 117 (59 %) cases overall
and in 90 (70 %) of those with severe TBI. Data were
available for detailed analysis of ICP in 104 patients. ICP
exceeded 20 mmHg for more than 5 min in 87 (84 %),
with a similar proportion of intracranial hypertension
(86 %) in patients with severe TBI. Standard therapy was
provided for intracranial hypertension, and 6-month out-
come data were available for 196 cases. Overall, 21 % of
patients died, 72 % had a favorable outcome (good
recovery 63 %, moderate disability 9 %), 6 % severe
disability, and one patient remained in a persistent veg-
etative state. Mortality was 21 %. In a multivariable
logistic regression model, only the motor component of
the Glasgow Coma Scale (GCS) at admission, pupil
responses, and highest average 24-h ICP were indepen-
dent predictors of outcome. Although pediatric TBI
appears to be associated with a high incidence of intra-
cranial hypertension, aggressive management on the ICU
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(applying both surgical and medical measures) may
achieve a favorable outcome in many patients.

Nervous system infections

Bacterial meningitis is the most common form of men-
ingitis, and associated with delayed cerebrovascular
complications. Analysis of a nationwide prospective
Dutch cohort study of 1,032 cases of CSF culture-positive
community-acquired bacterial meningitis demonstrated a
1.1 % incidence (11 cases) of delayed cerebral thrombo-
sis [68]. All of the 11 patients had an initial response to
treatment but deteriorated after 7–42 days, and the final
outcome was poor in all but one of them. Streptococcus
pneumoniae was the causative organism in 10 of the 11
cases and dexamethasone was administered before or with
the first dose of antibiotic in nine. Patients who developed
cerebral thrombosis had higher complement C5a CSF
concentrations on the initial diagnostic lumbar puncture
compared to those without delayed thrombosis, suggest-
ing a role of complement-mediated thrombosis through
C5a. The overall beneficial effects of dexamethasone on
mortality persist despite the devastating outcome of
patients who develop delayed cerebral thrombosis, and
the authors of this study therefore recommend no change
in practice on the basis of their findings.

Intensive care unit-acquired weakness and delirium:
increase your awareness

Intensive care unit-acquired weakness (ICU-AW) is a
frequent and debilitating complication of critical illness
that has a substantial impact on outcome. Therefore, it is
important to be aware of it, promptly identify it, and
utilize strategies that help to prevent muscle weakness in
the ICU. A review of the possibility of prevention of ICU-
AW has been recently published [69].

Autonomic dysfunction is another frequent neurolog-
ical complication in the critically ill, and associated with
increasing severity of critical illness and mortality. In an
observational cohort study, Wieske investigated auto-
nomic dysfunction in critically ill patients with and
without ICU-AW [70]. Heart rate variability (HRV),
measured daily for a maximum of 15 days, was used to
identify autonomic dysfunction in 83 patients of whom 15
(18 %) had ICU-AW. Abnormal HRV was observed in all
patients irrespective of the presence of ICU-AW but this
study identified multiple confounders of HRV, including
sedation, mechanical ventilation, norepinephrine, and
heart rate, suggesting that HRV may not be a reliable
indicator of autonomic dysfunction in the critically ill.

Delirium among critically ill patients has been
described over the last decade, particularly its diagnostic
criteria, risk factors, prevention and treatment strategies,
and outcomes. The ICU environment and sedation add
complexity to delirium identification in the ICU. Haenggi
et al. [71] described how sedation per se can result in
positive items of the more common delirium scales, and
therefore in a diagnosis of delirium. Apparent prevalence
of delirium is dependent on how a depressed level of
consciousness after sedation stop is interpreted (delirium
vs. persisting sedation). Moreover, the paper ‘‘The accu-
rate recognition of delirium in the ICU: the emperor’s
new clothes?’’ [72] elegantly and critically revised the
reasons for our inability to accurately identify delirium in
the ICU, including sedation, and suggests a more inclu-
sive definition of ICU delirium.

Seizures

Clinical seizures, non-convulsive seizures, convulsive and
non-convulsive status, and cortical spreading depolariza-
tions are more common in all brain injury types than
previously believed, and independently associated with
mortality and poor outcome. In 2013, the Neurointensive
Care Section of the European Society of Intensive Care
Medicine published recommendations for the use of
electroencephalography (EEG) monitoring in critical ill
patients [73, 74]. These were developed by a multidisci-
plinary group of experts following a systematic review of
relevant literature, and classification of the evidence using
the GRADE system. The group recommended that EEG
monitoring should be used in generalized convulsive sta-
tus epilepticus, and to rule out non-convulsive seizures in
brain-injured and comatose patients with unexpected or
unexplained altered consciousness. They also recom-
mended that EEG be considered in comatose SAH patients
to detect ischemia, and to improve prognostication after
CA. EEG and continuous EEG (cEEG) monitoring is
limited by its attenuation by sedative agents and is a
resource-intense technology, requiring skilled personnel
for interpretation. Its widespread rollout has therefore been
limited. Telemedicine may increase the adoption of cEEG
by allowing interpretation away from the bedside and
there is also a drive towards the development of automated
seizure detection software. RCTs investigating the effects
of cEEG-guided treatment are urgently required.

Nutrition and intestinal failure

Clinical symptoms of intestinal failure include gastropa-
resis, vomiting, diarrhea, and constipation as well as intra-
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abdominal hypertension (IAH) and abdominal compart-
ment syndrome (ACS). Several papers have recently
attempted to better characterize them. In a large pro-
spective, multicenter, worldwide study, Blaser et al. [75]
showed that severely ill mechanically ventilated ICU
patients frequently have GI symptoms and IAH. Absent
bowel sounds, GI bleeding, bowel distension, and an
increasing number of coincident GI symptoms were
associated with 28-day mortality. However, an attempt by
the authors to improve the accuracy of the SOFA score
with a valid GI dysfunction score was not successful and
other parameters linked to intestinal failure need therefore
to be explored. One of the symptoms, gastric emptying, is
difficult to assess using gastric volume residue. Nguyen
et al. [76] compared the measurement of gastric emptying
after liquid nutrients using scintigraphy with the
[13C]octanoate breath test. The study showed that delayed
gastric emptying was present in 27/33 patients. Gastric
emptying curves were determined and showed that the
best correlation between breath test and scintigraphy was
at 120 min after meal absorption. The test was shown to
be very useful but mainly for research purposes. The
modest accuracy in predicting gastric emptying in an
individual coupled with relatively wide confidence inter-
vals makes the test less useful in the clinical setting.

IAH and ACS are common in the ICU and frequently
associated with poor outcomes. The World Society of the
Abdominal Compartment Syndrome updated the defini-
tion and clinical practice guidelines [77] on these
syndromes using the GRADE approach. Consensus
management statements included intra-abdominal pres-
sure (IAP) measurements in patients at risk, protocolized
IAP monitoring and management, decompressive lapa-
rotomy for overt abdominal compartment syndrome, and
negative pressure wound therapy. The article is rich of
supplementary material and useful practical flow charts.

Sim et al. [78] assessed the superior mesenteric artery
(SMA) blood flow and glucose absorption in critically ill
elderly patients. Using Doppler ultrasonography before
and after a glucose meal, the authors found that in SMA
flow was stimulated less by nutrients in elderly patients
compared to healthy elderly volunteers and glucose
absorption was reduced in the critically ill patients. This
suggests that in elderly ICU patients, the SMA blood flow
is less increased by glucose administration.

Another reason for a decreased intake in nutrients was
investigated in 41 patients who had 121 planned proce-
dures over a mean ICU stay of 18.7 days [79]. Enteral
nutrition (EN) was stopped prior to 89 % of the 121
procedures. The cumulative duration for stopping of EN
was 30.8 h or 7.9 % of the mean total ICU stay. In 31 %
of the cessation episodes, EN was stopped without an
order and in 23 % of episodes it was not necessary
according to the institutional guidelines. On the basis of
these findings, the study showed how EN delivery could
be improved. When enteral feeding is not achievable,

parenteral nutrition is indicated. Manzanares et al. [80]
systematically compared the use of alternative intrave-
nous lipid emulsions to the use of soya-based lipid
emulsions. Twelve RCTs were analyzed and statistically
aggregated. No significant advantage was found in terms
of length of stay or infection rate when lipid emulsions
enriched in medium chain fatty acids, omega-3 fatty acids
or omega-3 fatty acids were compared to n-6 fatty acid
lipid emulsions. However, more studies are needed to
define the best lipid mixture to administer to ICU patients.

Glucose control, electrolytes, and vitamins

In an excellent ‘‘What’s new in glucose control’’, Van den
Berghe [81] summarized more than 500 papers published
in 2012. Tight or looser control remains the heart of the
debate and various points were stressed including the
many confounders, which may lead to pitfalls. These
include the type and accuracy of the instrument used to
measure blood glucose concentrations, level of experi-
ence of the nurses, and the method in which insulin is
infused. Hypoglycemia is of main concern in the tight
glucose control approach but several recent studies in
newborns, children, and neurosurgical patients did not
detect any harm and even improved certain areas of
cognition. Nevertheless, the Surviving Sepsis Guidelines
[38] recommend maintaining glucose levels below
180 mg/dl and these recommendations appear to be well
implemented. In a retrospective, observational study of
1,763 children in a large pediatric ICU in Birmingham, a
survival advantage was found in children who showed a
reduction in blood glucose on day 1 relative to the
admission blood glucose value [82]. This result remained
statistically significant after adjusting for severity of
illness.

Osmolality is a measure of solute concentration
defined as the number of osmotically active particles per
kilogram of water. Numerous formulae are used to cal-
culate osmolality using sodium, chloride, glucose, and
urea serum/plasma osmotically active constituents. In a
study comparing the 36 available formulae including the
recent Zander formula, Fazekas et al. [83] compared
measured osmolality from 236 patients with calculated
osmolality. Mean differences of up to 35 mOsmol/
kg H2O were observed in most of the equations. How-
ever, the Zander formula had a negligible mean difference
of 0.5 mOsmol/kg H2O and the closest limits of agree-
ment ranging from -6.5 to 7.5 mOsmol/kg H2O. This
formula could replace separate measurements of osmo-
lality in many cases according to the authors. Another
important study [84] explored the incidence of renal
phosphate loss in ICU-related hypophosphatemia. Hypo-
phosphatemia (below 0.6 mmol/l) occurred in 24 % of all
the 290 patients in the first week of admission in a general
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ICU, mainly in the first 3 days. In most of the cases
(80 %), it was associated with increased renal phosphate
loss and hypocalcemia due to a shift into the intracellular
compartment. The most commonly known phosphaturic
factors such as PTH, PTH-rP, FGF-23, and calcitonin did
not play a major role. Another prospective cohort study
[85] determined the prevalence of hypoviatminoses D in

adult ICU patients and found that insufficiency was
present in 54 % and deficiency (25-OH–D \ 25 nmol/l)
in 24 %. This low vitamin D status persisted during the
ICU stay and was associated with worse disease severity
and fewer hospital-free days.
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