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· Use of crystalloids containing supraphysiologic chloride concentrations has been associated with hyperchloremia, acidosis, and more frequent complications when compared to resuscitation with balanced crystalloids
· Hyperchloremia independently associated with increased mortality in ICU and post-surgical patients
· Cl restriction was associated with a significant reduction in the occurrence of AKI and the use of renal replacement therapy 

· Large volume resuscitation defined as 60 mL/kg in 24hr, kidney disease patients were excluded

· Total Cl load was determined for each patient as follows: (C1 xV1) + (C2 xV2) + (C3xV3) + (CnxVn) = Cl load (mEq), where Cn indicates chloride concentration (mEq) per liter of fluid n, and Vn is the volume of that fluid administered in the 24 hours beginning with the start of LVR. For example, if a patient received 3 L of 0.9% saline and 2 L of lactated Ringer’s solution, total chloride load would be (154 × 3 = 462) + (109 × 2 = 218) = 680 mEq

· Each 100 mEq increase in Cl load was associated with 5.5% increase in mortality over 1 year
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· Chronic critical illness (CCI): patients remaining in the ICU > 8 days suffering from one or more of five eligible conditions (prolonged mechanical ventilation [> 96 continuous hours], tracheostomy, sepsis/severe infections, severe wounds, and multiple organ dysfunction)

· Persistent inflammation-immunosuppression and catabolism syndrome (PICS): ongoing inflammation, manageable organ failure, ongoing protein catabolism, and poor nutrition, leading to cachexia, poor wound healing, and immunosuppression with increased susceptibility to secondary infections
· explains the immunologic dyscrasia that now defines sepsis and pervades CCI
· granulocytes in the bone marrow rapidly demarginate and follow chemokine gradients to the site of infection/injury creating niches in the bone marrow for the expansion of hematopoietic stem cells (HSCs)
· HSCs preferentially differentiate down myeloid pathways toward mature granulocytes, macrophages, and dendritic cells > Emergency granulopoiesis/myelopoiesis
· this process occurs at the expense of both lymphopoiesis and erythropoiesis that are suppressed
· these immature myeloid cells are predominantly granulocytic, have profound suppressive properties, and at the transcriptional level, are proinflammatory and poor antigen presenters
· patients who had the greatest elevation in MDSCs had either early mortality or prolonged hospitalizations; rapid resolution of MDSC numbers was associated with early discharge from the ICU

· Anergy, reductions in absolute lymphocyte counts, and reactivation of latent viral infections
are all indicative of this suppressed protective immunity. With this suppression of protective immunity and protein malnutrition, changes in the microbiota and increased loss of barrier
functions, increased incidence of nosocomial infections, and reactivation of latent viral and bacterial infections all lead to reinfection and frequently readmission

· Pharmacologic interventions meant to interrupt the cycle of inflammation, immunosuppression, and protein catabolism leading to reinfection, induced frailty, and indolent outcomes become critically important
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Figure 2. Role of myeloid-derived suppressor cells (MDSC) in severe sepsis/septic shock patients. A, Under normal physiclogic conditions, immature:
myekid cells (IMC) diferentiate nfo granulocytes, monocytes/macrophages, and dendric cel; however, n the seplic patient the inflammatory mieu i
alfered, and maturation is impaired. B, Severe sepsis/septic shock results in a cascade of signaling molecuies, including but not limited to interleukin (IL}-6,
1L-10,IL-12, double-siranded RNA (dsRNA), inteferon (INF)-, vascular endothalil growh factor (VEG), granulocyte-colony stimulating factor (6-CSF),
granulocyte macrophage colony-stimulating factor (GM-CSF), lipopolysaccharide (LPS), stem cell factor (SCF) IL-1, IL-13, IL-17, S100A8/8, prosta-
‘glandins, serum amyloid A (SAA), and C-C maif chemokine ligand 2 (CCL2) (49, 50, 101, 102). As a resu, IMCs remain as MDSCs at the expense of
ifrentition into mature myelid cel population. Altough this causes a decreased number of mature myelid cels,  more importanty leads o e pro-
duction o large numbers of MDSCs, hch act fhrough several mechanisms f promte nflammafion and global suppression of adapfive immune function.
€, MDSCs deplete 1-arginine via ARG1 and inducible nitric oxide (NO) synthase (iNOS) (56, 57). In the absence of adequate L-arginine, T-cell function is
atered,intracellulr signaling is impaired, and T cell undergo apoptosis (57). D, MDSC produce increased reactive oxygen species (ROS), which combine
with the byproduct of iNOS, NO, to produce peroxynitrites (49). The resiing peroxynitite nitrosylates several cell surface proteins, including the z-chain of
Tcell receptors, resulting in decreased T-cell responsiveness (103). Nitrosylation of cysteine residues results in altered IL-2 signaling (104). Addtionally,
IL-2 mRNA stabiliy is affected by NO (104). E, Monocytic MDSCs cause polarization of macrophages toward a type Il phenotype via IL-10 and frans-
forming growth facior (TGF-§) production (53), Additonally natura kler (WK cell suppression s rediated by ROS (105). F Birect contact of monocytic
MDSCs via CDAO receptors resulfs in induction of T,_ cels (106). Production of IL-10 by MDSCs has been associated with inducton of T, cels that pro-
duce IL-10 (68). G, Upregulation of ant-programmed death ligand-1 (PD-L1) and other checkpoint inhibitors in MDSC leads to T-cell apoptosis (100).
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Figure 3. Sepsis, amergency myelopoiesis, myeloid-derived suppressor call (MDSC) expansion, and the development of chronic crical ilness (CC) and persistent.
nflammaborrmmuncstppression nd caabalim syndfome (PICS). Seps esuls nasefsimuling cycke. il sepss eads o amergency myelopoiss and
'MDSC axpansion (52). Afhough MDSC expansin has proventobe o eary bnefi, proonged MDSC expansion lads o fmmunostuppresson, Gric infarmma-
ton,and feauresof CCl (1. Theso paierts atvance to ICS sufering rom rgan e, ongong proi catabolsm,poor nutson cacheca, and
poor wound heaing in aditon i persstent nfammation and immune suppresson (2 Patentswith CC and PICS have increased suscepbity o seconcary or
nosocomalnectns,whic restabish nfammaton, 2 th Gyl repea. ADL — aciidies ofday hing, AT —argrine, EFO —ytopoiein I inareckin,
INOS =it aide synthase, MIP-1— macophage nhbiryprtain-1, NO = i e, RANTES — regulted o aciiabon,normal T collexpressed and seceled,
'ROS = reactive owygen species, TGF-f — tansiorming growth factor-, TNF — tumor necrosis factor, VEGF — vascuiar endotheial growh factor
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Obiective: We sough to investigate if the chioride content of fu-
ids used in resuscitation was associated with short- and long term
outcomes.

Design: We identiicd patiens who received large-volume i esus-
itaton, defined as greater than G0mLkg over a 24-hour period.
Chioride load was determined for cach patient based on the chloride.
fon concentration of th flds they rceived during arge-volume fluid
resuscitation mltplied by the volume of flids. We compared the
development of yperchloremic acidosis, acute kidheyinury, and sur-
vival among those with higher and lower chloide loads.

Seting: University Medical Cener

Patients: Patients admitted to ICUs from 2000 to 2008
Interventions: None.

Measurements and Main Resalts: Among 4710 patints receiv-
ing large-volume fluid resuscitation, hyperchloremic acidosis was.
documented in 523 (119). Crude rates of hyperchioremic acido-
sis, acute Kicney injury, and hospital mortaiy allncreased signif-
canly as chioride load increased (p < 0.001). However, chioride.

load was o longer associated with hyperchloremic. acidosis
or acute kidney injry after controling for total fids, age, and
basoline severtty. Conversely, ach 100 mEq increase in chlorde
load was associated with a 5 5% increase in the hazard of death
even afte controling fortotal flid volume, age, and severty (p
0.0015) over 1 year

Conclusions: Ghioride load is associated with significant adverse
effects on survval ot to 1 year even afer controling for toal flid
load, age, and baseline severy of ilness. However, the reaton
ship between chlorde load and development of hyperchoremic
acidosis or acute kidney injry isless cear,and further rescarch i
needed to clucidate the mechanisms underhing the adverse cffects
of chlrideload on survval. (Crit Care Med 2017; 45:e146-0158)
Key Wonds: acuto Kidney injuy; chiorde; metabolic acidosis;
salno; survival
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Sepsis Pathophysiology, Chronic Critical lliness,
and Persistent Inflammation-Immunosuppression
and Catabolism Syndrome
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Scott C. Brakenridge, MD; Alicia M. Mohr, MD; Frederick A. Moore, MD, FCCM; Lyle L. Moldawer, PhD

Obiectives: To provide an appraisal o the evolving paradigms in
the pathophysiology of sepsis and propose the evoluton of a new
phenoltype of criicaly il patients, ts potential underlying mecha-
nism, and its implcations for the future of sepsis management
and rescarch.

Desiga: Literature search using PubMed, MEDLINE, EMBASE,
and Google Schoar,

Measurements and Main Results:Scpsis remains one of the
most debiltating and expensive illvesses, and its prevalence is
not declining. What is changing is our definiion(s), ts ciinical
Gourse, and how we manage the septic patient. Once thought
to be predominantly a syndrome of over exuberant inflammation,
sepsis is now recognized as a syndrome of aberrant host pro-
tecive immuniy. Earlier recognition and compliance with reat-
ment bundes has fortunately led to a decline in multple organ
fallure and in-hospital mortalty. Unfortunately, more and more
sepsis patients, especially the aged, are sufering chronic crtical
ilness, rarely ullyrecover, and often experience an indolent death.
Patients with chronic criical ilness often exhibit “a persistent
inflammation-immunosuppression and caabolism  syndrome,”
and it is proposed here that this state of persisting inflamma-
tion, immunosuppression and catabolism contributes to many of
these adverse dlinical outcomes. The nderlying cause of inflam:
mationimmunosuppression and catabolism syndrome s curently

unknown, but there i increasing evidence that altered myelopoi-
esis, reduced effector T-cell function, and expansion of immature:
myeloc derived suppressor cels are all contributory.
Conclusions: Although newer therapeutic interventions are tar
geling the inflammatory,the immunosuppressive, and the protein
catabolc responses indvicually, successfultreatment o the sep-
tic ptient with chronic ciical lness and persstent inflammeion-
immunosuppression and catabolism syndrome may require a more.
‘complementary approach. (Crit Care Med 2017; 45:253-26)
ey Words: chionic ciiical ilness; immunosuppression;
inflammation;  mycloic-derived  suppressor  cell;  persistent
inflammation-immunosuppression and catabolism syndrome; shock
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TABLE 1. Terminology and Definitions

Term Defintion

Infection Interaction between host and pathogen that promulgates a local or systemic host response®

Sepsis Life-threatening organ dysfunction secondary to a dysregulated host response to infection

Sepsis onset Evidence of new organ dysfunction remote from the site of infection

Organ dysfunction Acute change in total SOFA score > 2 points remote from the infection site®

Septic shock Profound metabolic, cellular, and circulatory derangements in a subset of sepsis associated
with an increased risk of mortality*

Rapid bedside organ Altered mental status—Glasgow Coma Scale score, < 14

dysfunction score—quick Systolic blood pressure, < 100mm Hg
SOFA‘—atleasttwo of the  pocpiatory rate > 20 breaths/min
following

Persistent inflammation- Crifcally il paient Admission to the ICU > 14 d

s Persistent inflammation  C-reactive protein > 50 pg/dL

catabolism syndrome
Retinol binding protein < 1 mg/dL
Immunosuppression Total lymphocyte count <080 10%/L
Catabolic state Serum albumin <30g/dL
Creatinine height index < 80%

Weight loss > 10% *or” body mass index < 18 during hospitalization

SOFA = Sepserlted Organ Faure Assossment.
“Conventonal defiton,not recafned by the Sepsi-3 Task Forc.

*hssociated ith> 103 i hospitalmoraiy.

Assocated i > 40% i hospital mortaly

“uic assessment o prompt furher il nvesigatonof g chshncton

Now consansuscrteia fo dfring sopisand sepic shoc:(18). Athough he Sepsis-elated Organ Fdro Assessmont (SOFA) scor provides the most
robust precite vl o outcomes, paricuar  the [OU, he auick SOFA provides a i bodsca sssassment wih realy avaabl varabes it promote
rher ivatgaton nd chicl e vion. Persite: pmmatan-mmunos.pression i cataboiem yneroma (FICS)crtaiaare s daned hrs by
Surogats mrtersof lammatin, mmnosuppression and calablam that ar gadly avaisblenmost clicl settngs (26) Tha usa of thsa variabies can sid
e aniication of pationts 2 risk of PICS, Bemroducod with pormission from Sngir otai (18]
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Abbreviations: MOF — multiple organ failure; SIRS — systemic inflammatory response
syndrome; CARS - compensatory anti-inflammatory response syndrome; PICS —
persistent immune suppression inflammation and catabolism syndrome; LTAC — Long

term acute care facilty.

Figure 1. Modelof persisent nflammation-mmunosuppression and calabolsm syndrome (PICS) Ealy deaths
rom acuto multpe organ failuro (MOF) econdary o the acula yperinfammalory phasa of sopsis have
docined wil imlamoniationof bt ciical practco guiolnes,pimarly ey dolection, an rapid o of
Supporive care (0-12). Following e simuanoous nflanaory nd imunosuppresie rosponses, patet

may return 0 a homostatic immuno state, leading t a apid rcovery, o dovelop chronic crical inoss and
'PICS, rosuling ffom proloin catabolism, cachexia, and secondary infactions. Folowing a prolonged hospaliza-
ton, 35% of patients are sent o skiled nursing and long-torm acuto ca facilfes (14, 16). A multudo of
thesa pation faifs 0 ever racover and suffr an indolent death with 397 morially of 71% (20, 26) CARS =
‘compensalory ant:inflammatory response syndroma, LTAC = long-erm acute car, SIRS — systemic inflamma-
ory responsa syndrome. Reproduced with parmission rom Gentie et 2 (28).
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