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           Introduction 

 The presence or development of dysfunction and 
failure of organs and systems negatively impacts 
the outcome among severely ill surgical patients. 
This unfavorable course is the clinical manifesta-
tion of an imbalance between an excessive pro- 
infl ammatory action, the systemic infl ammatory 
response syndrome (SIRS), and an excess in 
the mechanisms of anti-infl ammatory regulation, 
the compensatory anti-infl ammatory response 
syndrome (CARS), leading to an immunoparetic 
state. 

 Multiple-organ dysfunction syndrome or 
multiple- organ failure syndrome (MODS/MOF) 
becomes a very interesting clinical entity because it 
raises many questions, a lot of them without defi ni-
tive answers. In this chapter, we will demonstrate 
the state of the art of this entity regarding its epide-
miology, different physiopathology hypothesis, 
scoring, clinical manifestations current approach, 
and treatment with special attention to metabolic 
and nutritional management.  

    The Concept of MODS/MOF 

 Even though concept of MODS/MOF seems easy 
to understand and identify, current reality is not 
so conclusive. Despite the fact that this entity is 
easily and well known, the origin has been sub-
jected to different theories and presumed mecha-
nisms. In a recent review from Baue identifi es 
more than two dozen types of organ failure. The 
common framework used to detect MODS/MOF 
is based on the presence of symptoms, abnormal 
biochemical and/or hematologic tests, and the 
perturbations in mean arterial pressure and hourly 
urine output. Recent Surviving Sepsis Campaign 
guidelines describes organ failure as a state 
where organ function is acutely altered, such that 
homeostasis cannot be maintained without phar-
macologic or mechanical interventions; and in 
its last review [ 1 ] describes the criteria to con-
sider organ dysfunction or failure (Table  13.1 ). 
However, a conceptual dilemma remains: fi rst, 
whether organ failure is a consequence of micro-
circulatory disturbances leading to an imbalance 
in organ metabolism and oxygen utilization, with 
severe damage, even death, in cellular structures, 
as it was initially described [ 2 ]; or secondly, if 
organ failure is due to an adaptive mechanism 
that allows cells protect organ function by dimin-
ishing their metabolism, and allowing a presum-
able recovery [ 3 ] (Fig.  13.1 ).

    This dualism regarding the origin or  primus 
movens  in the development of MODS/MOF may 
be partially the result of the chronology and the 
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clinical profi le of this entity. Moore et al. [ 4 ] 
were the fi rst authors to refer a biphasic course in 
the presentation of MOF among trauma patients. 
They described an early-onset MOF on days 0–3 
after the initial trauma, and a late-onset MOF 
appearing on day 4. Moreover, others authors 
supported the hypothesis that affected organs in 
early MOF were lung, heart, and kidney, while on 
late MOF, liver, nervous system or gastrointesti-
nal tract (GIT) were involved. This resulted in the 
concept of two-hit theory of MOF, considering 
GIT as an engine of the second “hit” resulting in 
the successive failure of organs [ 5 ]; according to 

other authors, the motor would be a nosocomial 
infection [ 6 ]. This theory is now under revision 
due to observations of different host responses 
after injury and the universal application of resus-
citation protocols to prevent the potential failure 
of organs and systems. 

 Another issue to consider is the role of MODS 
concept as a precursor to MOF, allowing the cli-
nician to apply therapies that would minimize 
organ damage and potentially restore function. 
Different prognosis scores around MODS 
 concept have been created, as we will develop 
later in this review.  

   Table 13.1    Defi nition of organ dysfunctions (Surviving Sepsis Campaign [ 2 ])   

 Organ dysfunction  Variables  Criteria 

 Pulmonary  Arterial hypoxemia  PaO 2 /FiO 2  < 300 
 Renal  Acute oliguria  Output <0.5 mL/kg/h for at least 2 h despite 

adequate fl uid resuscitation 
 Creatinine increase >0.5 mg/dL or 44.2 μmol/L 

 Hematological/coagulation  Coagulation abnormalities  INR >1.5 or aPTT > 60 s 
 Platelet count <100,000 μL −1  

 Gastrointestinal  Ileus  Absent bowel sounds 
 Hepatic  Hyperbilirubinemia  Plasma total bilirubin >4 mg/dL or 70 μmol/L 
 Tissue perfusion 

 Hyperlactatemia  >1 mmol/L 
 Decreased capillary refi ll or mottling 

   PaO   2   /FiO   2   partial pressure arterial oxygen/fraction of inspired oxygen,  INR  international normalized ratio,  aPTT  
 activated partial thromboplastin time  

  Fig. 13.1    Current organ failure development hypothesis       
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    Epidemiology and Outcome 

 Controversy exists around the epidemiology of 
MOF. Its incidence ranges between 15 and 61 %. 
Reasons for this variation include differences in 
patient populations, scoring systems [ 7 ], and the 
clinical period where observations were made. 
Early observations demonstrated a very high inci-
dence [ 8 ], but the latest studies exhibit a trend to a 
better outlook. Trauma patients have the lowest 
incidence of MOF ranging from 15 [ 9 ] to 25 % 
[ 10 ], in contrast to burn patients where the inci-
dence can reach 40 % [ 11 ]. A recent observational, 
multicenter study performed in 79 ICUs in Spain, 
and in Latin America, on 7,615 trauma, medical, 
surgical, and cardiac critically ill patients over a 
2-month period noted an incidence of 17.6 % [ 12 ]. 

 MOF associated mortality among trauma 
patients is six- to eightfold higher than in trauma 
patients without MOF [ 9 ,  13 ]. Morbidity closely 
parallels mortality as patients with MODS/MOF 
have more days of mechanical ventilation, longer 
ICU and hospital lengths of stay and a higher 
number of nosocomial infections. Mortality is 
closely related to the number of organs systems 
that fail, hence a patient with four or more 
affected organs has a predicted mortality of 
100 % [ 14 ,  15 ]. 

 Patients who survive MODS/MOF exhibit 
greater mortality over time, even after been dis-
charged. In a cohort study of 545 medical- 
surgical ICU patients with MODS followed for 1 

year, global mortality was 52.9 %, 29.5 % in 
ICU, and 14.8 % at the hospital. Variables associ-
ated with delayed mortality include decreased 
functional condition and the need for readmis-
sion at the hospital [ 16 ]. In a recent multicenter 
Scottish study on 872 patients from ten ICUs, 
authors described a 5-year mortality of 58.2 %, 
34.4 % of which were within 28 days. They con-
cluded that cardiovascular, respiratory, and liver 
failure during their stay were potent independent 
factors associated with this adverse prognosis 
[ 17 ]. This data supports previous reports demon-
strating that patients who suffered MOF had 3.9 
times greater odds for assistance in daily activi-
ties than those without MOF.  

    Scoring Systems 

 As there is no concise defi nition for MOF differ-
ent MOF scores systems have been developed to 
stratify grades of organ dysfunction, and to pre-
dict outcome. 

 The four commonly accepted and applied scor-
ing systems are: the Denver postinjury multiple- 
organ failure score; the Marshall score, the logistic 
organ dysfunction system (LODS) score (more 
commonly utilized in Europe) [ 18 ], and the 
sequential organ failure assessment (SOFA) score [ 19 ]. 
Differences exist among them regarding number 
of organs and systems to be checked and the 
grades of severity and limits for each step in each 
organ system (Table  13.2 ). The Denver score 

   Table 13.2    Main differences among    organ dysfunction scores   

 Denver 5   Marshall 8   SOFA 23   LODS 22  

 Grades  0–3  0–4  1–4  Not applicable 
 Points  0–12  0–24  0–24  0–22 
 Pulmonary  PaO 2 /FiO 2   PaO 2 /FiO 2   PaO 2 /FiO 2   PaO 2 /FiO 2  
 Renal  Creatinine  Creatinine  Creatinine/urine output  Blood urea nitrogen/

creatinine/urine output 
 Hepatic  Bilirubin  Bilirubin  Bilirubin  Bilirubin/prothrombin time 
 Cardiac/cardiovascular  Inotrope dose  PHR  MAP/vasopressor/

inotrope doses 
 Heart rate/SAP 

 Coagulation/hematology  No  Platelets  Platelets  Leucocytes/platelets 
 CNS  No  GCS  GCS  GCS 

   PaO   2   /FiO   2   partial pressure arterial oxygen/fraction of inspired oxygen,  PHR  pressure adjusted rate (Heart rate × Central 
venous pressure/Mean arterial pressure),  MAP  mean arterial pressure,  SAP  systolic arterial pressure,  CNS  central nervous 
system,  GCS  Glasgow Coma Scale  
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considers four organs and four grades; meanwhile 
LODS, Marshall, and SOFA scores accept six 
organs or systems and fi ve grades. The defi nition 
of grade varies among the former three, moreover 
the weight of each dysfunction is different. 
A parameter very useful in these scores is the 
value  delta , which means the maximum differ-
ence between the initial value and the highest 
score obtained during the patient’s stay; thus it is 
common to use  delta  SOFA or  delta  MODS.

   The Marshall score was validated on surgical 
ICU patients, and has been found to be a predic-
tive of mortality using both raw score and a delta 
MODS [ 8 ]. These fi ndings were confi rmed in a 
prospective observational cohort study on 1,200 
mechanically ventilated patients performed in 
Canada [ 20 ]. The SOFA score has been validated 
in medical-surgical ICU patients and multiple 
patient populations (sepsis, cardiovascular, 
trauma, peritonitis, burns) [ 21 ,  22 ]. Although not 
designed for prognosis, a SOFA greater than 15 
has been correlated with a mortality rate of 100 % 
according to a multicenter prospective study in 
1,449 ICU patients. Furthermore, among the 
patients who remained in ICU more than 1 week, 
an increase of the SOFA score was associated 
with worse outcome [ 23 ]. In another multicenter 
prospective observational study on 1,340 ICU 
patients with MODS, those with SOFA score 10 
or higher for 5 or more and an age greater than 
60, had a mortality rate of 100 %. 

 The LODS score has been developed through 
a multiple logistic regression on 13,152 ICU 
patients in 12 countries [ 18 ]. The LODS allows 
the determination of the degree of organ dysfunc-
tion, as well as the prediction of mortality. In one 
French multicenter prospective study on 1,685 
ICU patients comparing daily LODS vs. SOFA 
scores during the fi rst 7 days of stay, both scores 
displayed good accuracy for both prognosis and 
the prediction of mortality. 

 Sauaia et al. [ 24 ], in a validation of the Denver 
and Marshall scores, concluded that both were 
useful tools but that the Denver score showed a 
greater specifi city for mortality and ventilator 
free days (higher than 70 %). However, the sensi-
tivity and specifi city for days of mechanical ven-
tilation and ICU length of stay in the intensive 
care unit were under 70 %. 

 Peres-Bota et al. [ 25 ] compared LODS and 
SOFA scores, and concluded that both were 
accurate predictors of outcome; nevertheless, 
patients in shock or with cardiovascular dysfunc-
tion, the SOFA score was a better predictor. This 
difference has also been found in patients with 
severe traumatic brain injury. In a prospective 
cohort study, the SOFA scoring system better dis-
criminates both mortality and neurologic out-
come [ 26 ]. 

 Since MODS/MOF scores have been devel-
oped using different modalities (literature 
reviews, panel of experts, logistic regression), 
and on varied patient populations (trauma, sur-
gery, mixed ICU, medical), it seems evident that 
their strength is their stratifi cation of organ dys-
function in general, but their weakness there is a 
loss of accuracy in specifi c populations [ 27 ]. This 
is the reason for the development of disease- 
specifi c scoring systems. 

 Disease-specifi c scoring systems include the 
Glasgow Coma Scale (GCS) for evaluation of 
central nervous system dysfunction; risk injury 
failure end stage renal disease (RIFLE) [ 28 ] and 
acute kidney injury network (AKIN) [ 29 ] classi-
fi cation of renal involvement; Child-Pugh score 
for liver failure [ 30 ,  31 ]; and lung injury score 
(LIS) for patients with acute respiratory distress 
syndrome (ARDS) [ 32 ]. 

 At this point it should be clear that organ dys-
function scores are not designed for outcome pre-
diction. The Acute Physiology and Chronic 
Health Evaluation (APACHE) scale, the simpli-
fi ed acute physiology score (SAPS), or mortality 
probability model (MPM) are better able to pre-
dict outcome.  

    Pathophysiology 

    General Mechanisms 

 Dysfunction and/or failure of organs and systems 
are following multiple different types of injury. 
Despite this, a detailed and defi nite knowledge 
about the pathophysiology remains incomplete, 
even in the bimodal model proposed by Moore. 

 However, general mechanisms that uncouple 
in the presence of MODS/MOF after any of these 
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entities are quite well known. The inciting event 
could either be septic or non-septic; nevertheless, 
both trigger a common infl ammatory response 
through activator molecules, coming from micro-
organisms or their products, damaged tissues, 
denatured proteins from dying cells, or even for-
eign bodies. Those activators, known as PAMP 
(pathogen-associated molecular patterns), accom-
plish their activity either directly or through the 
activation of cytokines and other infl ammatory 
mediators, generating biologic and metabolic 
effects resulting in the clinical syndrome of MOF. 

 PAMPs may be divided into microbial origin 
and non-microbial origins. The best known micro-
biologic PAMPs are lipopolysaccharide (LPS), 
lipoteichoic acid, peptidoglycan, phenol- soluble 
modulin. Non-microbiologic PAMPs include 
allergens, toxic compounds, and lipoproteins. 

 Immunologic identifi cation of damaged tis-
sues is mediated by intracellular proteins or by 
other mediators coming from damaged cells 
called alarmins. For some authors alarmins and 
PAMPs together are called damage-associated 
molecular patterns (DAMP), although for some 
others DAMP are synonymous with alarmins. 
Characteristics of alarmins include release from 
necrotic cells (not apoptotic), or release from 
 living immune cells by means of endoplasmic 
reticulum or Golgi apparatus. The ability to 
recruit and activate of other immune cells where 
receptors are expressed and the capacity to 
restore lost hemostasis to injured tissues are also 
characteristics of DAMPs. 

 DAMPs such as alarmins are recognized by 
immune cells receptors identifi ed as pattern- 
recognition receptors (PRR) resulting in 
 activation of innate immunity and a generalized 
infl ammatory response. Many receptors have 
been described, including triggering receptor 
expressed on myeloid cells (TREM 1), receptor 
of advanced glycation end products (RAGE), 
macrophage scavenger receptor (MSR), K+ 
channels, CD11/CD18 receptors, CD55, CXCR4 
chemokine receptor, CD180, heat shock protein 
70/90 Receptor (Hsp70/Hsp90), but the best 
known are TOLL-like receptors (TLR) and 
nucleotide-binding oligomerization domain 
(NOD)-like receptors (NLR), formerly named 
NOD. PRRs trigger changes in transcription 

 factors; the best known of which is NF-κB 
(nuclear factor kappa-light-chain-enhancer of 
activated B cells), the control of transcription of 
nuclear DNA, and resulting in altered regulation 
of genes responsible for both innate and adaptive 
immune responses. 

 Activation of host response to injury is inde-
pendent of the type of stimulus. Adaptive immu-
nity occurs concurrently, once B-cell receptors 
are activated. Activation and ultimate cellular 
recruitment are performed by cytokines and some 
of the alarmins. Cytokine production tends to be 
brief and time-limited in response to a stimulus. 
Cytokines can be divided in two big groups, pro- 
infl ammatory (e.g., TNF-a, IL-1b, IL-6, IL-12, 
IL-17, INF-c) and anti-infl ammatory (e.g., 
IL-1ra, IL-4, IL-6, IL-10, IP10, IL-13, TGF-b, 
sTNFR p55, p75, sIL-6R), though some of them 
(e.g., IL-6) can share both characteristics accord-
ing the infl ammatory milieu. In addition to the 
large constellation of cytokines involved in the 
infl ammatory response, different alarmins have 
been recognized as active clinical agents [ 33 ], 
including S100 proteins, calcium pyrophosphate 
dihydrate (CPPD); spliceosome-associated pro-
tein 130 (SAP130), uric acid and monosodium 
urate crystals, DNA, mitochondrial DNA, RNA, 
ATP, hyaluronan, biglycan, heparin sulfate, for-
mylpeptides, and cholesterol crystals. Among 
alarmins, it is also worth highlighting heat shock 
proteins (HSP), high mobility group box 1 
(HMGB1), and macrophage migration inhibitory 
factor (MIF). 

 Some members of the HSP family, HSP60 and 
HSP70, can be detected in serum. As signal mol-
ecules, they have a global pro-infl ammatory activ-
ity, but may also attenuate ischemia- reperfusion 
injury (oxidative injury) and protect endothelial 
cells from neutrophil mediated necrosis. 

 HMGB1 is a nuclear protein that binds DNA 
and modulates transcription and chromatin 
remodeling, and facilitates the binding of tran-
scription factors and nucleosomes. It is produced 
by injured, dying, or stressed cells, as well as by 
macrophages and other immune cells. It is 
involved in the stabilization of nucleosomes and 
the facilitation of gene transcription through the 
modulation of the activity of steroid hormone 
receptors. MHBGN1 also induces maturation of 
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dendritic cells and has activity as chemokine, 
since its effects are also exerted in the endothe-
lium. It binds to TLR4, increasing the release of 
pro-infl ammatory mediators, and interacts with 
RAGE receptors. It mediates fever and anorexia, 
and is considered a late mediator of sepsis 
(8–32 h). High concentrations have been associ-
ated with clinical deterioration. HMGB1 can also 
be considered a trigger in the stimuli which acti-
vate innate immunity [ 34 ]. In experimental stud-
ies, blocking HMGB1 with polyclonal antibodies 
protects from lethal entodoxinemia and from 
acute lung injury (ALI). HMBG1 blocking agents 
may be considered as a therapeutic target. 

 MIF protein is constitutively expressed in 
large quantities by epithelial cells of the lung and 
kidney, immune cells (macrophages, eosino-
phils), and endocrine cells (pituitary), and is 
released by following exposure to infl ammatory 
cytokines or bacterial products. It modulates the 
immune response through TLR4, allowing quick 
response of macrophages [ 35 ]. In situations of 
severe sepsis and septic shock, high levels of MIF 
have been detected, activating a pro- infl ammatory 
response and increasing the secretion of cyto-
kines by the upregulation TLR4 expression. MIF 
represents a putative biomarker and potential 
molecular target in ALI [ 36 ] and is detectable in 
the alveolar airspaces of patients with sepsis- 
induced ARDS [ 37 ]. 

 MODS/MOF presentation is also related to 
imbalance in humoral responses. Complement 
system is clearly involved in this process [ 38 ]. 
Complement may be activated in three different 
pathways: the classic, mannose-binding lectin, 
and alternative pathways. All converge at the 
crossroads C3 to continue the cascade activation. 
The process releases large amounts of anaphyla-
toxin C5a. This is a central molecule in the 
infl ammatory response, and exerts its effects 
through interactions with the C5AR and C5a-like 
receptor 2 (C5L2) receptors, which are upregu-
lated during sepsis. The synergistic action of C5a 
and its receptors contributes, at an early state, to 
the infl ammatory activity that turns into expres-
sion of tissue factor, and triggers the release of 
MIF and HMGB1. On the other hand, it facili-
tates an immunosuppression reaction through an 

induction of neutrophil dysfunction, and apopto-
sis of thymocytes and medullary adrenal cells. In 
animal model of sepsis, the blockade of C5a 
improved outcome and prevented MOF [ 39 ]. In a 
baboon model of sepsis, the use of the C5a inhib-
itor compstatin decreased the coagulopathic 
response by down-regulating tissue factor and 
PAI-1, reduced fi brinogen, fi brin-degradation 
products, and APTT, and preserved the endothe-
lial anticoagulant properties [ 40 ]. Those fi ndings 
might have implications on future complement- 
blocking approach in the clinical treatment of 
MODS/MOF.  

    Neural Regulation 

 The active participation of autonomic nervous 
system (ANS) in the control of infl ammatory 
response opens new fi elds and perspectives for 
the understanding of MODS/MOF physiopathol-
ogy. Stimulation of the adrenergic system leads 
to an amplifi cation in pro-infl ammatory behavior, 
particularly during the fi rst steps of injury and 
organ dysfunction, whereas the activation of cho-
linergic system prompts an anti-infl ammatory 
trend. Catecholamines released in adrenal glands 
and in neurons of the sympathetic system act 
through α and β-adrenergic receptors expressed 
on different types of cells. In the other hand, anti- 
infl ammatory effects of cholinergic pathway are 
mediated through α7 nicotinic acetylcholine 
(ACh) receptors (α7nAChRs) [ 41 ]. Vagal nerve 
stimulation releases acetylcholine that inhibits 
pro-infl ammatory molecules such as HMGB1 
and TNF. Activation of the α-7 receptors with 
nicotine in an animal model of sepsis has shown 
an improvement of infl ammation and an increase 
on survival [ 42 ].  

    Microvascular Milieu 

 The molecular storm triggered by host response 
to injury occurs in the microvascular environ-
ment. Normal endothelium performs two essen-
tial roles. It regulates blood vessel tone and it 
actively participates in leucocytes recruitment, 
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directing them to sites where the cellular damage 
and infl ammation occur. This process is mediated 
through the expression of adhesion molecules 
(ICAM, VCAM, ELAM) that are able to bind to 
leucocyte integrins CD11/CD18 and initiate leu-
kocyte diapedesis and migration through endo-
thelial wall. This process results in high levels of 
nitric oxide (NO) by monocytes inducible NO 
synthase (iNOS), which converts  L -arginine to 
 L -citrulline. NO acts as free radical and is a mod-
ulator of the vascular tone, causing vasodilata-
tion, increased vascular permeability and organ 
dysfunction. Free radical formation is a result of 
inhibition of mitochondrial function, leading to a 
decrease in TPA synthesis and an increase of 
reactive oxygen species (ROS), generating 
 peroxynitrite. Action of ROS on cells contributes 
to important changes in release of lipid sub-
strates such as series 2 prostaglandins (PG2) and 
series 4 leukotrienes (LT4) with additional pro- 
infl ammatory and pro-aggregate activities. 

 Alterations in the coagulation and fi brinolytic 
cascades also occur at the level of the endothe-
lium. Pro-coagulant activity is upregulated, 
mediated by thromboxan A2, plasminogen acti-
vator inhibitor (PAI), platelet activating factor 
(PAF), and von Willebrand factor. There is also 
an associated downregulation of anticoagulant 
activity factors, including thrombomodulin, pro-
tein C receptor, and tissue plasminogen activator 
(t-PA). 

 Metabolic changes at the level of the endothe-
lium, combined with hypoxia leads to  intravascular 
platelet aggregations and microvascular thrombo-
sis, manifesting clinically as fever, chills, tachy-
cardia, tachypnea, agitation, and a subsequently 
organ dysfunction if homeostasis cannot be 
restored [ 43 ]. The association between organ fail-
ure and endothelial cell damage has been estab-
lished by Shapiro et al. [ 44 ] in septic patients, 
who measured levels of vascular endothelial 
growth factor (VEGF), a stimulator of permeabil-
ity, and its receptor sFLT. They concluded that 
sFLT levels correlated with measured initial 
SOFA and SOFA at 24 h; VEGF and sFLT levels 
also correlated with infl ammatory cascade activa-
tion. A second study by the same investigators, 
performed in patients with sepsis further supports 

the strong role of the  microcirculation in the gen-
esis to MODS/MOF. They measured a broad 
panel of endothelial activation markers including 
sVCAM-1, sICAM-1, sE- selectin, PAI, VEGF 
and sFLT-1, and found an association between 
endothelial activation and subsequent organ dys-
function and mortality. sFLT-1 was the marker 
with the strongest association with SOFA score 
[ 45 ]. Animal models also demonstrate a relation-
ship between high levels of angiopoietin-2 
(Angpt-2), an endothelial protein released upon 
infl ammatory stimulation, and SOFA measure-
ments [ 46 ]. Sakr et al. [ 47 ] measured microcircu-
latory perfusion on 46 patients with septic shock 
and noted that decreased microcirculatory fl ow 
was associated with the development of multior-
gan failure and death. With the same methods, 
Trzeciak et al. [ 48 ] stated that an increase of 
microcirculatory fl ow during resuscitation was 
associated with reduced organ failure. 

 Consequently, derangement of microcircula-
tion seems to play a very important role, as the 
fi rst hit in the presence of multiple-organ failure, 
while late multiple-organ dysfunction may be 
associated with mitochondrial failure [ 49 ].  

    Mitochondrial Role 

 Mitochondrial function has emerged as one of 
the cornerstones of MODS/MOF genesis. Release 
of pro-infl ammatory cytokines and other media-
tors, together the release of great amounts of NO 
and ROS, and a maldistribution of macrovascular 
and microvascular blood fl ow, affects the mito-
chondrial function and energy production. If the 
inciting stimulus continues, mitochondrial energy 
is severely compromised, a situation which may 
be reversed by regeneration of new mitochondria 
as the patient enters in a recovery state [ 50 ]. 

 The classic interpretation of decreased mito-
chondrial function is that cells die and organs 
fail due to a lack of energy, but an alternative 
hypothesis has been postulated by Singer [ 51 ] ,  
based in the observation that cell necrosis is not 
a key feature of the response to sepsis. Singer 
proposed that the decline in mitochondrial func-
tion is a protective response, with cells entering 
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a hibernation- like state, and MODS/MOF would 
be a manifestation of the “physiologic shut-
down.” This process could be reversed with the 
generation of new functional mitochondria and a 
recovery of energy, subsequent metabolic resto-
ration, and clinical improvement. This regenera-
tion, called biogenesis, seems to be triggered by 
NO production and mitochondrial DNA oxida-
tive damage [ 52 ]. In the other hand, if sepsis per-
sists, hibernation stops being playing an adaptive 
and potentially protective role, and shifts to a 
pathologic and harmful situation. 

 Others have supported this hypothesis. Haden 
et al. [ 53 ], in a murine model of peritonitis, found 
during recovery an increase in the mitochondrial 
biogenesis with restoration of oxidative metabo-
lism. Brealey et al. [ 54 ], in a study based on skel-
etal muscle biopsies on 28 septic ICU patients, 
reported an association between NO overproduc-
tion, antioxidant depletion, mitochondrial dys-
function, and decreased ATP concentrations 
related to organ failure and outcome. 

 Carré et al. [ 55 ] studied biogenesis responses 
in muscle biopsies on 16 critically ill patients 
with MOF, at their admission to ICU, vs. 10 
patients submitted to elective hip surgery as con-
trol group. Their study showed that muscle mito-
chondrial capacity was decreased soon after ICU 
admission, especially among non-survivors. 
However in the group of ICU survivors, early 
mitochondrial biogenesis and antioxidant defense 
responses were found. These authors conclude 
that an over-exuberant response to sepsis could 
increase susceptibility to mitochondrial damage, 
cellular energetic dysfunction, and would prevent 
the recovery of normal function. 

 However, criticism has arisen due to the het-
erogeneity of the body of evidence. Diversion 
among the methodology of different studies on 
mitochondrial dysfunction has prompted criti-
cism of the proposed theories and interpretation 
of the conclusions. As has been pointed out by 
Jeger et al. [ 56 ], a consensus defi nition for “mito-
chondrial dysfunction” seems to be missing. 
Even in human studies, only the musculoskeletal 
and circulatory systems have been studied, 
although MOF affects numerous other organ sys-
tems. Answers to these questions need new tools 

for mitochondrial function assessment such as 
dynamic and biological tests providing new and 
complementary information.  

    Genomics 

 Recent genomic studies have contributed to a 
new understanding to physiopathology and tim-
ing of MOF. The generally accepted biphasic 
“two hit” model, fueled by gastrointestinal tract 
dysfunction (GITD), by nosocomial infection, or 
by new surgery, must be revisited due to new 
insights related to the expression of pro and anti- 
infl ammatory genes. 

 Xiao et al. [ 57 ] studied a cohort of 167 adult 
severe blunt trauma patients who presented in 
shock requiring transfusion and evaluated the 
leukocyte transcriptome at several time points 
over 28 days. The authors found the expression 
of more than 80 % of leucocyte transcriptome 
was signifi cantly altered in a way described as 
“genomic storm,” changes that occurred rapidly 
(4–12 h) and continued for days and weeks. The 
“genomic storm” included both infl ammatory 
and anti- infl ammatory gene upregulation and 
was independent of inciting stimulus (trauma, 
burns, low dose of endotoxin). Moreover, the 
gene profi le showed similar behavior despite 
patient outcome (complicated and uncomplicated 
recovery). These authors propose a new para-
digm for the infl ammatory response where 
changes in the expression of systemic infl amma-
tory genes, and anti-infl ammatory and adaptive 
genes, occur early and concurrently, not sequen-
tially. Interestingly, complicated recovery is not 
related to a different leucocyte transcriptome pat-
tern, but with a prolongation in this gene expres-
sion profi le [ 58 ]. This paradigm reappraises the 
 classical diagram of two curves explaining 
SIRS, CARS, MOF and outcome, and substitutes 
it by a new model. Partially based in this concept, 
Gentile et al. [ 59 ] have coined a new clinical 
entity they called “persistent infl ammation- 
immunosuppression catabolism syndrome” 
(PICS), encompassing those ICU patients who 
remain with manageable organ dysfunctions but 
usually do not meet established criteria for late 
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MOF (Fig.  13.2 ). Poor nutritional status, poor 
wound healing, immunosuppression, and recur-
rent infections characterize their clinical course.

        Clinical Presentation 

    Lung 

 The lung is one of the most frequently affected 
organs in the course of MODS/MOF. Pulmonary 
dysfunction has been well studied since the study 
of Asbaugh et al. in 1967 [ 60 ]. Its incidence has 
reached approximately 190,000 cases per year in 
the United States [ 61 ], and mortality in the more 
severe forms is 40–60 %. Its clinical presenta-
tion was formerly classifi ed by the American- 
European Consensus Conference Committee [ 62 ] 
as ALI if PaO 2 /FiO 2  < 300, and ARDS if PaO 2 /
FiO 2  < 200. Nevertheless, this defi nition has been 
very recently changed. However these defi nitions 
have been revised by the European Society of 
Intensive Care Medicine, the American Thoracic 
Society, and the Society of Critical Care Medicine 
[ 32 ] in order to improve case recognition and bet-
ter match treatment options to severity, in both 

research trials and clinical practice [ 63 ]. In the 
new classifi cation ALI concept disappears and 
ARDS is classifi ed as: mild (200 < PaO 2 /
FiO 2  ≤ 300 with positive end expiratory pressure 
(PEEP) or continuous positive airway pressure 
(CPAP) ≥ 5 cm H 2 O); moderate (100 <  PaO 2 /
FiO 2    ≤ 200 with PEEP ≥5 cm H 2 O); and severe 
(PaO 2 /FiO 2  ≤ 100 with PEEP ≥5 cm H 2 O). 

 The infl ammatory response and resultant 
increase in lung vascular permeability promote 
an alveolar invasion of activated neutrophils, red 
blood cells, and fi brin-rich fl uid, resulting in 
damage to alveolar epithelium and a denuded 
alveolar basement membrane with loss of type I 
cells [ 64 ]. This drives the formation of hyaline 
membranes, inactivation of surfactant, and fi nally 
collapse of the alveoli [ 65 ]. 

 Clinically, ARDS is manifested as a rapid 
onset of respiratory failure due to arterial hypox-
emia that is refractory to treatment with supple-
mental oxygen. Radiological fi ndings include 
bilateral infi ltrates described as patchy or asym-
metric, with or without including pleural effu-
sions, consolidation, and atelectasis. If ARDS 
progresses, an increased alveolar dead space and 
a decrease in pulmonary compliance result.  

  Fig. 13.2    Proposed timeline in organ failure outcomes. Abbreviations in the text.       
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    Kidney 

 The kidney is a commonly affected organ in 
MODS/MOF. The prevalence of acute kidney 
injury/failure is approximately 60 % in patients 
with MODS/MOF [ 28 ], with associated  mortality 
rates between 26    and 64 % [ 66 ]. 

 A previous defi nition for acute renal failure 
(ARF) was developed following RIFLE criteria 
[ 67 ]. Recently, a newer defi nition of AKI has 
been coined [ 68 ], and fi nally, a new consensus 
from the kidney disease: improving global out-
comes (K-DIGO) group [ 69 ] has been issued to 
address the entire spectrum of ARF. Diagnostic 
criteria for AKI are a reduction (within 48 h) in 
kidney function currently defi ned as an absolute 
increase in serum creatinine of greater than or 
equal to 0.3 mg/dL (≥26.4 μmol/L), an increase 
in serum creatinine of greater than 50 % (1.5-fold 
from baseline), or documented oliguria of less 
than 0.5 mL/kg/h for more than 6 h. The 
Consensus Conference has also proposed a three 
grade staging system based on quantitative 
changes in serum creatinine and urine output 
(based on RIFLE criteria). 

 The pathophysiology of AKI is uncertain and 
factors such as hypovolemia, infl ammatory 
response, neuronal mechanisms, coagulopathies, 
renal arterial vasoconstriction have been impli-
cated. Sepsis, major surgery (especially open 
heart surgery), and acute decompensated heart 
failure are also common triggers of acute kidney 
injury [ 70 ]. 

 As AKI is often a result of renal  hypoperfusion, 
rapid resuscitation is best fi rst step in the treat-
ment of AKI. Ideally, one or more biomarkers 
would    exist to aid in the early identifi cation of 
AKI Biomarkers under study include urinary 
neutrophil gelatinase-associated lipocalin 
(uNGAL), urinary hepatocyte growth factor 
(uHGF), urinary cystatin C (uCystatin C), kidney 
injury molecule-1 (KIM-1),  N -acetyl-β- D -
glucosaminidase (NAG), monocyte chemotactic 
peptide (MCP-1), Il-18, liver-type fatty acid- 
binding protein (L-FABP), and netrin-1. 
According to early results, these markers can 
identify patients with a renal dysfunction prior to 
the development of a high creatinine level [ 71 ] 

and they may increase the possibility for recov-
ery [ 72 ]. Moreover, it has been suggested that 
they could refl ect different etiologies of 
AKI. Cystatin C can predict changes in glomeru-
lar fi ltration rate, whereas neutrophil gelatinase- 
associated lipocalin is related to tubular stress or 
injury [ 73 ]. At present, it is necessary to better 
understand these biomarkers before adopting 
them in current clinical practice [ 73 ].  

    Cardiovascular System 

 The cardiovascular system can be affected via 
myocardial dysfunction, refractory peripheral 
vasodilatation, or a combination of the two. 

 Septic injury often results in cardiovascular 
derangement, and neural mechanisms may be 
implicated as cardiac autonomic dysfunction, 
clinically displayed as rhythm disturbances. 
Cardiac myocytes may be also directly damaged 
by PAMP such as endotoxin [ 74 ] and by NO and 
its substrate peroxynitrite which induce mito-
chondrial impairment and a diminished cardiac 
contractility. This septic cardiomyopathy is char-
acterized by a global cardiac enlargement with 
biventricular contractility impairment, and a 
striking reduction in left ventricular (LV) ejection 
fraction and stroke work index [ 75 ]. A good bio-
marker for diagnosis and for assess the degree of 
ventricular dysfunction are troponins. 

 Vascular dysfunction is characterized by 
microvascular and endothelial impairment, 
decreased vasoconstrictor tone and a vascular 
hyporesponsiveness to vasopressor agents [ 76 ] 
resulting in resistant hypotension. Involved 
mechanisms seem to be the same as in cardiac 
dysfunction, with a preponderant role for NO and 
its metabolites. However, adrenal insuffi ciency, 
anomalous catecholamine signaling, damaged 
potassium channels, even hyperglycemia are fac-
tors that could be also implicated [ 77 ].  

    Nervous System 

 Neurological dysfunction in MODS/MOF is rep-
resented by two different entities, residing each 
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one in different zones in the nervous system. 
Disturbances in mental status, confusion, delir-
ium, even coma are very frequent in severe sepsis 
and septic shock [ 78 ]. Sepsis-associated enceph-
alopathy (SAE) occurs in up to 87 % of septic 
patients, and is of unknown pathophysiology. 
Putative etiologies include aromatic amino acids 
and cytokines crossing blood–brain barrier, oxi-
dative stress, or decrease of cerebral blood fl ow. 
Electroencephalogram is a sensitive test for the 
diagnosis of SAE when the patient is sedated and 
mechanically ventilated, while biomarkers such 
as S100B protein could be also useful but need 
more study prior to widespread clinical use. SAE 
is potentially reversible, but its presence is a poor 
prognostic indicator [ 79 ]. 

 The other great complication in neural dys-
function axonal polyneuropathy named critical 
illness polyneuropathy (CIP), resulting in gener-
alized weakness and diffi culty weaning from 
mechanical ventilation. As in the case of SAE, its 
origin and pathophysiology remain unknown, 
although hyperosmolality, parenteral nutrition, 
non-depolarizing neuromuscular blockers, and 
neurologic failure are associated with its devel-
opment. CIP is signifi cantly associated with an 
increase in the mortality [ 80 ], duration of 
mechanical ventilation and in the lengths of 
intensive care unit and hospital stays [ 81 ].  

    Gastrointestinal Tract 

 The gastrointestinal tract (GIT) is a commonly 
affected organ in MODS/MOF, caused variably 
by compromised blood fl ow, structure damage, 
inappropriate cell function, alteration of meta-
bolic activity, and impairment of the gastrointesti-
nal barrier itself [ 82 ]. The effects of MODS/MOF 
on intestinal absorption are not fully understood. 

 Intestinal absorption of amino acids is regu-
lated by three mechanisms: quantity of intralumi-
nal substrate, capacity of the transport systems, 
and ability of the enterocyte to metabolize the 
substrates. This absorption is impaired as demon-
strated by Gardiner & Barbull [ 83 ] in a model of 
septic rats, where a decrease in the intraluminal 
concentration of amino acids (arginine, leucine, 

and proline) occurred. Intestinal transport of 
amino acids has been studied in septic patients by 
analyzing the vesicles on the edge of the intesti-
nal lining [ 84 ], and the release of glutamine, ala-
nine, and leucine were considerably decreased 
with respect to the control group. The transport of 
substrates through intestinal wall is also inhibited 
as a result of the decrease of mesenteric blood 
fl ow and subsequently, owing to an increase of 
anaerobic metabolism, there may be decreased 
stores of ATP and reduced active transport of 
intraluminal substrates. 

 Both mechanisms reduce the ability of the 
intestinal lumen to absorb nutrients, and this 
event can limit the availability of intracellular 
substrates for the maintenance of metabolic 
functions and the enterocyte barrier [ 85 ]. 
Consequently, the reduced intestinal absorption 
in MODS/MOF may limit the use of enteral feed-
ing. If we also consider the fact that malnutrition 
is common in these patients and that there is 
often a gastrointestinal paresis or dysfunction, it 
is clear that nutritional requirements often cannot 
be met and it is necessary to resort to total or 
supplementary parenteral feeding [ 86 ], even 
though this type of mixed feeding has been criti-
cized by some researchers [ 87 ]. 

 A very interesting controversy is to consider 
gastrointestinal failure (GIF) as a motor for 
development of secondary MOF since GIT lumen 
is loaded with a great number of bacteria and an 
increase of permeability would allow a massive 
translocation of bacterial products. This hypoth-
esis, raised by Marshall et al. [ 5 ], considered gut 
as an “undrained abscess” and bacterial translo-
cation is supported by different experimental 
studies [ 88 ]. Although infl ammatory GIT dam-
age, bacterial translocation, and development of 
subsequent failure of other organs become a fre-
quent clinically found association, causality has 
not been proven. It is possible that the increase of 
the GIT permeability and translocation are epi-
phenomenons that occur alongside to other organ 
dysfunctions and not its motor. In a recent 
study, aiming to develop a GIF score for 28-day 
mortality prediction of ventilated patients [ 89 ], 
authors concluded GIF is often secondary and 
not the primary cause of other organ failure. 
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 This conclusion leads to another important 
issue in GIF, the need of a defi nition and the 
development of a specifi c score for stratifying 
and, if possible, predicting this organ dysfunction. 
The search for accurate markers has not yielded 
satisfactory results, although plasma citrulline, an 
amino acid mainly synthesized from glutamine by 
enterocytes, has been studied as possible marker 
for small bowel function [ 90 ]. Their clinical util-
ity in diagnosis and management of GI dysfunc-
tion (GITD) remains to be verifi ed. Currently, two 
types of GITD are seen in MOF, intra-abdominal 
hypertension (IAH) [ 91 ] defi ned by a sustained 
increase in intra- abdominal pressure equal to or 
above 12 mmHg as measured by bladder pres-
sures; and the presence enteral feeding (EF) intol-
erance. Malbrain and De Laet [ 92 ] coined the 
term Acute Intestinal Distress Syndrome based on 
IAH measurements. Reintam et al. [ 93 ] elabo-
rated a GIF score based upon the occurrence of 
feeding intolerance and IAH, ranging from level 0 
(normal gastrointestinal function) to level 4 
(abdominal compartment syndrome) based on a 
prospective, single-center, study on 264 mechani-
cally ventilated. They concluded that mean GIF 
score during the fi rst 3 days had a prognostic 
value for ICU mortality. Nevertheless, since feed-
ing intolerance is a subjective measurement, an 
expert panel published of the results of a 
Conference Report defi ning terminology, defi ni-
tions, and management of GI function in ICU set-
ting [ 94 ]. In this consensus of the ESICM Working 
Group on Abdominal Problems, acute gastroin-
testinal injury (AGI) has been scored with four 
grades of severity: grade I = increased risk of 
developing GI dysfunction or failure (a self-limit-
ing condition); AGI grade II = GI dysfunction (a 
condition that requires interventions); AGI grade 
III = GI failure (GI function cannot be restored 
with interventions); and AGI grade IV = dramati-
cally manifesting GI failure (a condition that is 
immediately life- threatening). They also defi ned 
Primary AGI as associated with primary disease 
or direct injury to organs of the GI system, 
and Secondary AGI when developed as the 
 consequence of a host response in critical illness 

without primary pathology in the GI system. 
Feeding Intolerance syndrome (FI) defi ned as a 
failure to tolerate at least 20 kcal/kg BW/day via 
enteral route within 72 h of feeding attempt or if 
enteral feeding had to be stopped for whatever 
clinical reason. Finally defi nitions for GI symp-
toms, and their respective managements, have 
been delineated: vomiting, gastric residual vol-
ume, GI bleeding, diarrhea, lower GIT paralysis, 
abnormal bowel sounds, and bowel dilatation. 

 An attempt to test the hypothesis that symp-
toms of GI dysfunction could be used as predic-
tors separately and/or as part of SOFA was 
unsuccessful [ 69 ] as a valid GI dysfunction score 
does not improve its accuracy.  

    Liver 

 Liver dysfunction in MODS    is less frequent than 
pulmonary, cardiovascular, or renal dysfunction. 
This is in some way surprising because crucial 
metabolic and immunological pathways occur 
in the liver. Moreover, it produces and releases 
high amounts of infl ammatory substrates such 
as cytokines, bioactive lipids, and acute phase 
proteins [ 95 ]. 

 Early dysfunction occurs within hours after 
injury and, produced by hepatosplanchnic hypo-
perfusion, resulting in acute increases in trans-
aminases, lactate dehydrogenase, and bilirubin, 
and is often reversible with adequate resuscita-
tion. Late dysfunction is caused by infl ammatory 
molecules and/or sterile DAMP, and character-
ized by structural and functional injury [ 96 ]. The 
liver is an organ with large populations of Kupffer 
cells and natural killer (NK) cells that are able to 
induce a high rate of expression of endothelial 
adhesion molecules [ 97 ]. It is remarkable that 
late hepatic failure has increased production of 
infl ammatory cytokines in the hepatosplanchnic 
area, despite increased hepatic blood fl ow [ 98 ]. 
Dysfunction in the GI tract is also a putative 
mechanism of liver dysfunction. Contributing 
agents    for this gut-liver axis [ 99 ] would be intes-
tinally induced cytokines.  
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    Hematological System 

 Imbalance in the pro-coagulant and anti- 
fi brinolytic states may lead to the development of 
disseminated intravascular coagulation (DIC), 
resulting in increased mortality due to microvas-
cular thrombosis and resultant end-organ isch-
emia. Fortunately, DIC is much less frequent than 
isolated thrombopenia or abnormal clotting 
times, but its diagnosis may be infl uenced by the 
different scores used by clinicians (JMHW DIC 
[ 100 ], ISTH overt DIC (ISTH DIC) [ 101 ], and 
JAAM DIC [ 102 ]). The three scoring systems 
have been evaluated [ 103 ] in a prospective study 
on 413 patients with different underlying dis-
eases of DIC, and results displayed a high sensi-
tivity with JAAM score, and high specifi city 
ISTH overt-DIC diagnostic criteria. The three 
DIC scores may prognosticate poor patient out-
come depending on the studied population [ 104 ].  

    Metabolic Disturbances 

 Metabolic disturbances in MODS/MOF are 
highly dependent on timing, the infl ammatory 
status, and organs affected. The ebb and fl ow pro-
posed by Cuthbertson [ 105 ] may not be relevant 
to the early resuscitation of patients. Metabolic 
derangements are characterized by the hypermet-
abolic response defi ned by Cerra [ 106 ] composed 
of hyperglycemia, increased protein catabolism, 
hyperlactacidemia, increased lipolysis, and 
hypertriglyceridemia. Hyperglycemia requires 
careful management and has gained signifi cant 
attention due to its recognized association with 
increased mortality and morbidity [ 107 ]. 
Hypoglycemia, associated with hepatic failure, is 
a poor prognostic indicator. 

 Protein catabolism is fueled by the needs for 
gluconeogenesis, substrates for wound repair, 
acute phase reactants production, and substrates 
for enterocytes and immune cells. Urinary urea 
nitrogen excretion is greatly augmented in the 
fi rst days of injury, especially in burns and trauma 
where catabolic daily losses higher than 25 g. are 
not uncommon. 

 Increased pro-infl ammatory cytokines, mainly 
TNF, block some enzymes such as lipoprotein- 
lipase and contribute to a decrease of free fatty 
acids and a hypertriglyceridemia in a direct pro-
portion to the severity of injury. 

 Resting energy expenditure (REE) is strik-
ingly elevated at the initial phases of MODS/
MOF [ 108 ], but as dysfunction progress, REE 
requirements decline [ 109 ]. In the same manner, 
albumin and hepatic protein synthesis are down-
regulated. These observations determine nutri-
tional support, as we shall detail below.   

    Treatment 

    General Management 

 Treatment of MODS/MOF is based on three 
arms: prevention of its appearance, adequate 
resuscitation to avoid progression if present, and 
selective organ support. 

 For prevention, an adequate fl uid and oxygen 
support optimize oxygen delivery to tissues are 
mandatory. At the same time, any potential or real 
source of injury has to be addressed in a rapid 
fashion. According to Surviving Sepsis Campaign    2  
intervention has to be undertaken within the fi rst 
12 h after the diagnosis, if feasible, including, 
necrotizing soft tissue infection debridement, any 
emergency surgical procedure, burn wound exci-
sion, removal of suspected intravascular access 
devices, etc. If severe sepsis is present, appropri-
ate empiric antibiotic treatment needs to be 
administered within the fi rst hour of the recogni-
tion. Moreover, selective decontamination of the 
digestive tract (SDD) reduces the number of 
patients with multiple-organ dysfunction syn-
drome [ 110 ], although this treatment is controver-
sial and no consistent improvement in mortality 
has been demonstrated. Blood transfusions should 
be avoided and a restrictive transfusion policy 
established [ 111 ]; even among critically ill non-
bleeding patients with moderate anemia, red 
blood cell transfusion has no demonstrable bene-
fi ts [ 112 ]. Glucose control is imperative since 
hyperglycemia has been associated to MODS/
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MOF through a mechanism of mitochondrial 
damage [ 113 ]. 

 Once organ dysfunction is present, adequate 
resuscitation to preserve microcirculation and 
cellular metabolism is necessary. Careful hemo-
dynamic monitoring, judicious use of vasopres-
sors and fl uids, and an approach minimizing the 
initial metabolic derailment are cornerstones in 
the management in this phase. The use of algo-
rithms and criteria for early identifi cation in 
organ disorder may be useful [ 114 ]. 

 There have been several recent criticisms 
about routine interventions in the setting of 
MOD/MOF. A meta-analysis of Marik & 
Cavallazzi [ 115 ] has categorically disqualifi ed 
the use of central venous pressure (CVP) as a 
guide for fl uid therapy. The European Medicines 
Agency’s (EMA’s) Pharmacovigilance Risk 
Assessment Committee concluded that solutions 
containing hydroxyethyl starch (HES) are associ-
ated to a greater risk of kidney injury requiring 
dialysis and had a greater risk of mortality and 
recommended suspension of marketing authori-
zations for these solutions [ 116 ]. Norepinephrine 
is preferred over dopamine as the fi rst-choice 
vasopressor, based on evidence that dopamine in 
septic shock is associated with an increased risk 
development of arrhythmias and death compared 
to norepinephrine [ 117 ]. β-2 agonist treatment in 
patients with ARDS should be limited to the 
treatment of important reversible airway obstruc-
tion but not in routine therapy; a multicentre, 
placebo-controlled, parallel-group, randomized 
trial on ARDS patients treated with intravenous 
salbutamol vs. a control group (BALTI-2 study), 
was stopped after the second interim analysis 
because an increased 28-day mortality. These 
results were concordant with previous where 
aerosolized albuterol in ALI was used [ 118 ]. 

 Individual organ support is important and is 
restricted to pulmonary, cardiovascular, and renal 
support. Hematological failure can be restored 
with blood product administration. Recent rec-
ommendations about mechanical ventilation of 
ARDS have been issued regarding recommended 
tidal volume, plateau pressure, PEEP, recruitment 
manoeuvres, and patient positioning [ 2 ]. Renal 

replacements therapy can be instituted either by 
continuous renal replacement therapies or by con-
ventional hemodialysis but the fi rst issue is pre-
ferred in hemodynamically unstable patients [ 2 ]. 
Extracorporeal Membrane Oxygenation (ECMO) 
is only suggested for children with refractory 
respiratory failure of septic origin but it is not rec-
ommended for adults. Intra-aortic balloon pump 
(IABP) counterpulsation and left ventricular 
assist devices (LVAD) have rare indications in 
cardiac support for patients with secondary 
MODS/MOF and are reserved for primary and 
isolated refractory cardiac failure.  

    Nutritional and Tailored Substrates 
Support 

 Metabolic and nutritional support of these patients 
is one most complex challenge in the fi eld of criti-
cal care. Strategies must take in account at least 
two considerations, the current infl ammatory 
state and how many organs and at what extent are 
at failure or dysfunction. These considerations 
discourage the use of so-called “nutrients soup” 
formulations commercially labeled for injury or 
sepsis or MODS/MOF, and they justify the ratio-
nale for tailored substrates support. 

 The clinician’s approach nutritional repletion 
needs to consider if patient is in a pro- 
infl ammatory state or in an immunoparetic 
period. At the fi rst situation, substrates and for-
mulations that are associated with a decrease of 
the infl ammation have to be used; in the other 
hand, if patient is under CARS, immunostimulat-
ing formulas are appropriated (Table  13.3 ) as 
substrates can act as pharmaconutrients instead 
of simple nutrients [ 119 ]. For example, arginine 
may be appropriate early in the course of infl am-
mation, inappropriate at the peak of systemic 
infl ammation, and again appropriate in the recov-
ery phase [ 120 ].

   There is however a lack of studies on this topic 
of isolated substrates, as the great majority has 
been performed with commercially mixed for-
mulations, and to extrapolate those results for the 
behavior of one particular substrate is diffi cult. 
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Other challenges include directing nutritional 
support to address single vs. multiple-organ sys-
tems in failure. 

 Finally, and as an added problem for this 
issue, the presence of hyperglycemia requires 
careful control and may sometimes impact 
caloric support.  

    Arginine 

 Data regarding arginine repletion is confl icting. 
Some authors proposed that arginine should be 
avoided in infected critically ill patients, based on 
a meta-analysis [ 121 ] which concluded in 
infected critically ill patients immunonutrition 
may be harmful. The theory was based on the 
hypothesis of an overproduction of NO through 
arginine negatively impacts outcome. Other stud-
ies have demonstrated that plasma concentrations 
of arginine are clearly decreased in patients with 
sepsis in the absence of trauma or surgery [ 122 ].  

    Glutamine 

 Glutamine has long been well regarded in the 
nutritional support of injury, not only because it 
is an essential amino acid, but because its use has 
been associated with good outcomes in critical 
illness. Low plasma glutamine concentration is 
an independent predictor of poor. Wernerman 
et al. [ 123 ] in a multicenter, controlled, 
 randomized, double-blind placebo-controlled 
study of intravenous glutamine administration 
tested the hypothesis that this support could 
improve SOFA scores and mortality. This study 
demonstrated lower mortality in the treatment 
arm, without signifi cance when they were studied 

by intention to treat. Glutamine administration 
did not alter serial SOFA scores. 

 In another randomized, controlled, and 
double- blind study, glutamine supplementation 
did not reduce appearance of new infections, 6 
months mortality, length of stay, SOFA score, nor 
the use of antibiotics [ 124 ]. 

 However, a recent study demonstrated that 
glutamine repletion was associated with a 
reduced rate of infectious complications and a 
better glycemic control than the control group. 
However, there were no changes in SOFA, ICU 
and hospital length of stay, or mortality [ 125 ]. 

 A recent multicenter, randomized, 2-by-2 fac-
torial trial was performed on multiple-organ fail-
ure patients receiving mechanical ventilation 
who received nutrition supplemented with gluta-
mine, antioxidants, both, or placebo (REDOXS) 
[ 126 ]. The primary outcome was 28-day mortal-
ity. Results were striking in that there was a trend 
toward increased mortality at 28 days among 
patients in the study group vs. control group 
(32.4 % vs. 27.2 %; adjusted odds ratio, 1.28; 
95 % confi dence interval [CI], 1.00–1.64; 
 P  = 0.05). Hospital morbidity and mortality at 6 
months were signifi cantly higher among those 
who received glutamine. They did not fi nd any 
effect of glutamine on rates of organ failure or 
infectious complications. This study has aroused 
great controversy among scientifi c community. 
Criticism is mainly directed at the potential tox-
icity of the amount in glutamine support (60 % of 
total dietary protein), and in a presumed bias in 
allocation of patients according to the number of 
failing organs at baseline. According to REDOXS 
study, recommendations about glutamine support 
are maintained in EN in burn and trauma patients 
but a caution in patients with shock and MOF, 
given the possibility of increasing mortality.  

   Table 13.3    Conditioning factors in the administration of nutritional support in organ dysfunction   

 Limitations  Consequences 

 Phase of infl ammatory response  Immunoregulators/immunostimulants 
 Available commercial formulations  Lack of studies with isolated nutrients 
 Prominence in organ dysfunction  Tailored pharmaconutrition according to clinical situation 
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    Lipids 

 Omega-6 polyunsaturated fatty acids    (ω-6 PUFA) 
are essential and required in the infl ammatory 
response. In a recent study on patients with sepsis 
compared to healthy controls, arachidonic acid 
(AA) concentrations were more reduced among 
septic patients [ 127 ]. Gene expression studies 
confi rmed a reduction of the induction of the 
expression of messenger RNA of cyclo- 
oxygenase 2 (COX-2). Likewise, authors con-
cluded that reduction in the release of AA, and its 
metabolites, 11-HETE, PGE2, and TXB2 was 
associated with worse outcome. 

 Monounsaturated fatty acids (ω-9MUFA) and 
oleic acid metabolites are generally considered as 
less active than ω-6 PUFA in the setting of injury 
and organ failure. In a study of 100 critically ill 
mostly surgical patients receiving PN, and were 
randomly assigned to receive emulsions of soy-
bean oil (ω-6) or olive oil-based fat emulsion 
(ω-9), did not demonstrate signifi cant effects on 
mortality, length of stay, rates of infectious and 
noninfectious complications, glycemic control, 
oxidative stress markers, immune function and 
infl ammatory markers [ 128 ]. 

 These results confi rm a previous, observational 
and prospective study [ 129 ], on a smaller number 
of critically ill patients receiving to PN, without 
differences between the control group (soybean 
oil) and the study group (olive oil-based fat emul-
sion), with regard to infection rate, variations on 
the protein levels of acute phase, clinical variables 
(stay, mortality), and leukocytosis. In fact, the 
study group had a trend toward greater leukocytes, 
challenging the assumptions that ω-9 have either a 
presumed anti-infl ammatory or neutral effect. 

 Polyunsaturated fatty acids (ω-3 PUFA) have 
been studied in patients in MOF with ALI or 
ARDS. In a recent multicenter, controlled and 
randomized phase II trial patients received either 
enteral fi sh oil (9.75 g Eicosapentaenoic 
acid + 6.75 g Docosahexaenoic acid) or saline in 
EN. Outcome measures were the quantifi cation 
of interleukin-8 levels in bronchoalveolar lavage. 
Authors concluded that fi sh oil did not reduce 
biomarkers of pulmonary or systemic infl amma-
tion in patients with ALI. 

 Rice et al. performed a randomized, double- 
blind, and multicenter placebo-controlled 
OMEGA study on patients with respiratory fail-
ure [ 130 ], to determine if the supplementation of 
the diet with ω-3 PUFA, γ-linolenic acid, and 
antioxidants would increase mechanical 
ventilation- free days. The study was stopped for 
futility and the authors concluded that supple-
mentation did not improve the clinical outcomes 
of patients with ALI and may be harmful. 

 Another randomized, multicenter study exam-
ined the effects of an enteral diet enriched with 
Eicosapentaenoic acid, γ-linolenic acid, and anti-
oxidants on the incidence of organ dysfunction 
and nosocomial infections in patients with respi-
ratory, against a control group with standard 
enteral nutrition [ 131 ]. Results showed that there 
were not differences in PO 2 /FiO 2  ratio, mechani-
cal ventilation days or nosocomial infection rate.  

    Future Options 

 After more than a decade searching a magic bul-
let to block the infl ammatory process has gener-
ated plenty of confl icting results, research is 
being directed to new approaches and new 
targets. 

 Inhibition of C5a in MODS/MOF of septic 
origin is promising, with preliminary results in 
rheumatoid diseases [ 132 ]. Mesenchymal stem 
cells may have an application due to the large 
number of studies supporting an immunosup-
pressive function of these cells [ 133 ] through 
production of activated molecules that enhance 
repair [ 134 ,  135 ]. 

 Regulation of neural pathways is other prom-
ising strategy. ACE-inhibitors [ACEI] are known 
to ameliorate depressed autonomic function 
(heart rate variability [HRV]) and improve endo-
thelial function; in an retrospective study on 178 
MODS patients, ACEI treatment was associated 
with lower short- and longer-term mortality com-
pared with patients without ACEI [ 136 ]. 

 On the side of mitochondrial therapies, differ-
ent therapies have been proposed targeting 
membrane stabilization, mitochondrial ROS 
scavenger, mitochondrial antioxidants, substrate 
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and/or cofactor provision, with promising results 
in different [ 137 ] experimental studies. 

 The horizon for MODS/MOF therapy could 
be altered by advances in gene therapy [ 138 ], tis-
sue regeneration and molecular reprogramming, 
in the term health engineering proposed by Cobb 
[ 139 ], where a joint approach of critical care, sys-
tems sciences, molecular engineering, computa-
tional biology, and applied mathematics would 
work for improving prognosis issues.   

    Conclusion 

 The appearance of MODS/MOF in the outcome 
of surgical patients is always a concern for clini-
cian. Its presence is clearly associated with a 
worse prognosis and a heavy burden for hospital 
costs, although frequency and mortality are fortu-
nately decreasing. MODS/MOF has been always 
contemplated to be initiated by an infl ammatory 
response, but a different approach considering it 
as an adaptive mechanism mediated by mito-
chondrial switch off against the initial injury is 
gaining ground. Both may be present in the time-
line of the process, and it could explain, together 
with the recent advances in genomic response, 
the revisited concept of late MOF and a new con-
sideration for PICS. All the scoring systems lack 
sensitivity and specifi city and are poor tools for 
prognosis. Several studies have produced an 
important advance in the knowledge of pro and 
anti-infl ammatory pathways and their  modulation. 
Potential therapeutic implications have been 
demonstrated, such as neural regulation or mito-
chondrial role, and new attempts have been made 
to evaluate the behavior of the microcirculation 
and tissue perfusion. In the clinical setting, a 
renewed interest in the validation of diagnosis 
criteria is taking place with new defi nition for 
ARDS, GIT failure, and AKI; and a searching for 
biomarkers that may detect dysfunction at early 
phase is underway. Regarding to treatment, 
search for a magic bullet has been abandoned and 
the efforts are directed to prevention and resusci-
tation. Several therapeutic postulates have been 
challenged, affecting not only resuscitative fl uids 
but also metabolic and nutritional support. 

Fortunately, new targets for future therapies are 
emerging, as is the case for gene modulation, 
mesenchymal stem cells application, or different 
lines on mitochondrial therapies.     
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