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Patofyziológia sepsy
• Sepsa je vysoko letálny urgentný stav, ktorý je výsledkom súhry 

závažných patologických stavov - zápalu, aktivácie imunitného 
sys tému, hypoxie a r eprogramovania zák ladných 
metabolických dráh 

• Z tohto pohľadu je súčasný menežment liečby sepsy skôr 
podporný ako kuratívny - eradikácia infekcie, tekutinová 
resuscitácia na udržanie tkanivovej perfúzie, vazopresorická 
podpora na udržanie adekvátneho krvného tlaku a mechanická 
podpora zlyhávajúcich orgánov 

•Napriek pokrokom v monitorovaní a liečbe sepsy a septického 
šoku pretrváva jej vysoká mortalita (18,2 - 30,5 %)



Patofyziológia sepsy

• Sepsa je oveľa viac než len zápalové ochorenie; súčasný 
výskum predpokladá závažný vplyv koagulácie, aktivácie 
komplementu, mikrobiomovej skladby, termoregulácie, 
cirkadiáneho rytmu a metabolizmu 

• Patogenéza sepsy je jednoznačne ovplyvnená zmenami v 
metabolickej homeostáze vedúcej k závažnému energetickému 
deficitu 

•Vzhľadom na nové poznatky, limitácie súčasnej liečby, 
zvyšujúcu sa antimikrobiálnu rezistenciu a stárnutie populácie 
sa zvyšuje potreba inovatívnych terapeutických stratégii



ARDS a „Baby lung“ koncept

•ARDS bol prvý krát popísaný Ashbaughom v roku 1967 
  
• 12 pacientov z rôznou príčinou ARDS rozdelených do dvoch 

skupín s ZEEP (7/2 prežili) a PEEP (5/3 prežili) 
  
• Pitevný nález – ťažké pľúca (cca 2110 g) s množstvom 

alveolárnych atelektáz, intersticiálne a alveolárne hemrágie, 
edém, dilatované pľúcne kapiláry s kongesciou 

  
•Ako sem zapadá koncept „Baby lung“ zavedený Gattinonim v 

2. polovici 1980 rokov ?
Ashbaugh et al., Lancet 1967 

Gattinoni et al., Crit Care Dig  1987



ARDS a „Baby lung“ koncept

• 70. – 80. roky predstavovali dôležité obdobie v skúmaní ARDS 
zameranom na terapeutické stratégie na dosahovanie 
normálneho PCO2  

•Normalizácia PCO2 pritom nebola braná ako problém, avšak 
bola dosahovaná UVP s použitím vysokých tlakov a objemov 
počas ventilácie 

•Aktuálne odporúčaným štandardom bol Vt = 12 – 15 ml/kg 

•Najčastejšími komplikáciami ventilácie sa stali pneumotorax a 
pľúcna hyperinflácia označované ako  barotrauma 



ARDS a „Baby lung“ koncept

•Na zlepšenie PaO2 v zmysle práce Ashbaughoma sa začalo používať 
PEEP  

• Falke testoval PEEP v rozsahu 0 – 15 cmH2O u 10 pacientov 

• PEEP pri lineárnom zvyšovaní zlepšoval PaO2 a predpokladaným 
mechanizmom bola prevencia end-expiračného kolapsu a/alebo 
uzatvárania dýchacích ciest 

•Nárast PEEP viedol k zvyšovaniu pľúcnej poddajnosti a negatívnym 
vplyvom na hemodynamiku 

•Najznepokojúcejším bol hemodynamický vplyv PEEP spôsobený 
nárastom intratorakálneho tlaku

Falke et al., j Clin Invest 1972



ARDS a „Baby lung“ koncept

•V 1975 Suter publikoval svoj výskum pri hľadaní „optimálneho 
PEEP“ 

• „Optimálny PEEP“ nebol definovaný na dosiahnutie najlepšieho 
PaO2, ale najlepší transpot O2 (kardiak output x obsah kyslíka)  

• Zistil spojitosť tohto javu s dosiahnutím najvyššej pľúcnej 
poddajnosti 

•Úspešným otestovaním svojej hypotézy dokázal prevahu 
účinnosti rekruitmentu pľúc nad alveolárnou overdistenziou

Suter et al., j Clin Invest 1975



ARDS a „Baby lung“ koncept

• Boli definovaný „minimal PEEP“ na udržanie otvorených pľúc, ktorý 
bol o 2 cmH2O vyšší ako dolný inflečný bod (Lemaire et al 1981) 

• „Super PEEP“ ako tlak, ktorý maximálne redukuje pľúcny skrat 
(Kirby et al. 1975) 

•ARDS pľúca boli vnímané ako homogénne, ťažké, tuhé a na 
dosiahnutie normálneho PCO2 je potrebná ventilácia s vysokými 
tlakmi a objemami a na normalizáciu oxygenácie PEEP, avšak 
odporučenia pre jeho nastavenie boli veľmi vyhýbavé 

• Bol potvrdený vplyv takejto ventilácie na nežiadúce účinky v zmysle 
barotraumy a vplyv PEEP a vysokého FiO2 na hemodynamiku



ARDS a „Baby lung“ koncept

• Prekvapivo sa prvé správy o CT nálezoch pri ARDS objavujú až v 
polovici 80. rokov a dramaticky menia pohľad na ARDS 

• Čo bolo predtým popisované na AP snímke ako „homogénne 
postihnuté pľúca“, sa na CT zmenilo na nehomogénne poškodenie 
s denzitami primárne koncentrovanými v dependentných oblastich  

• Pri kvantitatívnom vyhodnotení CT skenov na normáne vzdušné, 
slabo vzdušné, nevzdušné a overdistendované oblasti sa zistilo, že 
normálne vzdušného pľúcneho parenchýmu pri ťažkom ARDS je 
vo fáze end-expiračného merania 200 – 500 g čo je ekvivalent 
normálne vzdušného pľúcneho parenchýmu u 5 – 6 ročného 
dieťaťa





ARDS a „Baby lung“ koncept

•Ako sa očakávalo, rozsah nevzdušného tkaniva koreloval so 
stupňom hypoxémie, podielom pľúcneho skratu a pľúcnej 
hypertenzie 

•Absolútne novým bolo zistenie, že dobre koreluje iba s 
normálne vzdušnými časťami pľúc 

• Pľúca teda nie sú ani tak „tuhé“, ale proste len „malé“ so 
zachovaním takmer normálnej elasticity v zvyšku vzdušných 
častí pľúc 

• „Baby lung“ boli zdravou anatomickou štruktúrou uloženou v 
nondependentných častich pôvodných pľúc



ARDS a „Baby lung“ koncept

• Tento „detský“ koncept dokázal veľmi ľahko vysvetliť 
komplikácie pozorované v predchádzajúcich prácach 

•Vzťah medzi veľkosťou „baby lung“ a poddajnosťou pľúc sa 
stal aj indikáciou na ECMO podporu; iba pacienti s 
poddajnosťou ≤ 20 ml/cmH2O, čo približne znamená, že 
pacientovi zostalo na ventiláciu asi ≤ 20% z pôvodného 
parenchýmu  

• Pacienti s rovnakou výmenou plynov, ale lepšou poddajnosťou, 
by mohli byť liečený použitím alternatívnych metód

Gattinoni et al., JAMA 1986



„Baby lung“ a pronácia

• Po pochopení faktu, že „baby lung“ sú lokalizované primárne v 
nondependentných častiach pľúc, sa začala používať aj pronácia 

• Cieľom bolo zlepšiť perfúziu tejto časti pľúc v pronačnej polohe

Gattinoni et al., Am J Respir Crit Care Med 2001



„Baby lung“ cesta k protektívnej ventilácií

•VILI - komplexný proces iniciovaný opakovanou aplikáciou 
nadmerného stresu na fibrózny skelet pľúc, kapiláry, terminálne 
dýchacie cesty a jemné juxta-alveolárne tkanivo  



„Baby lung“ cesta k protektívnej ventilácií

• Recruitment - odstraňovanie atelektáz; ak sú prevzdušnené 
všetky potencionálne otvoriteľné časti pľúc, dochádza k redukcii 
počtu junkčných plôch a ventilácia sa stáva protektívnou  

•Optimalizácia PEEP – dosiahnuť dostatočne vysokú hodnotu, aby 
pľúca po „otvorení“ zostali otvorené a čo najmenej negatívne 
ovplyvňovali hemodynamiku 

• Zachovanie SDA pacienta – využívanie takých UVP režimov, 
ktoré umožňujú spontánnu ventiláciu pacienta, môže zlepšiť      
V/Q preferenčným ventilovaním peridiafragmatických oblasti 
pľúc



„Baby lung“ cesta k protektívnej ventilácií

• Pronačná poloha – ovplyvňuje distribúciu ventilácie, redukuje 
transpulmonálny tlak a  tým uľahčuje kombináciu PEEP 
a  inspiračného objemu v  záujme dosiahnuť protektívnu 
ventiláciu pre celé pľúca 

• Pronačná poloha, môže poskytnúť protekciu ako u  zdravých, 
tak aj poškodených pľúc 

• Parametre UVP – ventilačné parametre nastavuj empiricky, nie 
podľa vzorcov, prioritou je bezpečnosť pacienta



„Baby lung“ cesta k protektívnej ventilácií

• FiO2 – používať čo najnižšie možné FiO2; vysoké hodnoty  
ohrozujú obzvlášť rizikom absorbčných atelektáz a  toxicitou 
obzvlášť detského pacienta 

•Monitorovanie hemodynamiky – sledovať hemodynamické 
parametre a ScvO2 pri otimalizácií ventilácie 

• Permisívna hyperkapnia – nesnažiť sa o normokapniu za každú 
cenu



Protektívna ventilácia pľúc a bránice
•Ventilátorom spôsobené poškodenie (VILI) súvisí s 

overdistenziou (volumotrauma/barotrauma), opakovaným 
rázovým otváraním a kolapsom (atelektrauma), ktoré vedú k 
heterogénnemu poškodeniu alveolov 

  
•Avšak rovnako závažné poškodenie si môže spôsobiť aj pacient 

(P-SILI) vlastným neprimeraným dychovým úsilím 

• Poškodiť pľúca pacienta teda môže ventilátor, pacient resp. 
kombinácia oboch týchto aspektov 

•Ak však vyradíme SDA pacienta má to extrémne nepriaznivý 
účinok na jeho bránicu a ostatné dýchacie svaly

Coligher et al. Int Care Med 2020



Zachovanie SDA pacienta – synchrónna UVP

Coligher et al. Int Care Med 2020



Protektívna ventilácia pľúc a bránice

• Bránica je primárnym dýchacím svalom zabezpečujúcim 
inspírium a svaly laterálnej abdominálnej steny najdôležitejšími 
expiračnými svalmi 

  
• Riadená ventilácia preberá dominantnú časť pacientovej 

dychovej práce, čo môže viesť k atrofii bránice a jej poškodeniu 

•Klinické štúdie preukázali, že už po 24 hodinách UVP môže mať 
až 64% pacientov známky slabosti bránice 

• Práve slabosť bránice je dôvodom zlyhania odpájania od UVP u 
viac ako 80% pacientov

Coligher et al. Int Care Med 2020



Protektívna ventilácia pľúc a bránice

•Nízka aktivita respiračných svalov, navodená sedáciou alebo zle 
nastavenou podpornou ventiláciou, môže viesť k ich atrofii a 
naopak zvýšené úsilie dychových svalov môže viesť k 
poškodeniu pľúc 

  
•Aktivitu bránice je pritom možné jednoducho vyšetriť USG 

•Optimálne je teda titrovanie UVP, sedácie a podpora synchrónnej 
asistovanej ventilácie na zachovanie diafragmatickej aktivity

Coligher et al. Int Care Med 2020



Protektívna ventilácia pľúc a bránice
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cortical input to the respiratory centres [33] (Table 2). 
Propofol and benzodiazepines are gamma-aminobu-
tyric acid (GABA) agonists known to cause respiratory 
depression, primarily by reducing the amplitude of res-
piratory effort [61–63]. Because benzodiazepines are 
associated with a high risk of delirium and prolonged 
mechanical ventilation [64], propofol is the preferred 
sedative of choice for controlling high respiratory drive. 
Because propofol or benzodiazepines reduce the ampli-
tude of inspiratory effort, ineffective triggering may 
develop as sedation depth increases [61]. Inhalational 
sedation offers a potential alternative for controlling 
respiratory effort though clinical experience is limited 
to date [65]. To avoid excessive sedation, strategies 
aimed at active titration of sedatives or daily interrup-
tion of sedation should be employed and respiratory 
drive and effort should be monitored closely.

For patients without excessive breathing effort 
(Table  2), a multimodal analgesia approach that mini-
mizes opiate use is recommended to avoid diaphragm 
inactivity. Dexmedetomidine is a selective alpha-2 
agonist which, in contrast to propofol and benzodi-
azepines, provides sedation, anxiolysis, and analge-
sia without respiratory depression [66]. #is property 
makes it an interesting drug of choice to preserve 
awareness and diaphragm contractility and at the same 
time limiting excess delirium risk in agitated patients 
without elevated respiratory drive.

Prone positioning
#e prone position has been used for decades in early 
ARDS to improve oxygenation and over time an appreci-
ation for the lung-protective benefit of prone positioning 
has emerged [67]. As the amount of lung tissue is larger 
in dorsal lung regions, gravitational forces generate more 
dependent atelectasis in the supine position compared to 
prone position. #erefore, ventilation-perfusion match-
ing is improved in the prone position and, more impor-
tantly, the energy applied to the lung by mechanical 
ventilation is distributed among more (non-atelectatic) 

alveoli, reducing lung stress. #is is the putative basis 
for the observed mortality benefit of prone positioning 
in patients with ARDS [68]. #e mechanistic benefits 
of prone positioning may also apply under assisted ven-
tilation with spontaneous breathing, because the lung 
recruitment accrued by prone positioning may attenuate 
‘solid-like’ lung behaviour and reduce effort-dependent 
regional lung stress. Prone positioning improves oxygen-
ation in spontaneously breathing patients with COVID-
19 pneumonia [69]; it is possible that prone positioning 
could also reduce the risk of patient self-inflicted lung 
injury [70]. #us, prone positioning might facilitate safe 
spontaneous breathing and diaphragm-protective venti-
lation as well as lung protection.

Future approaches to lung and respiratory 
muscle-protective ventilation
Extracorporeal carbon dioxide removal
Eliminating  CO2 is the primary purpose of alveolar 
ventilation.  ECCO2R reduces the ventilatory demands, 
decreasing the respiratory effort, and thus may ame-
liorate dynamic lung stress.  ECCO2R is feasible and 
effective in reducing tidal volume, driving pressure, and 
mechanical power in patients with ARDS [71]. In spon-
taneously breathing patients,  ECCO2R can dampen res-
piratory drive and effort [72], theoretically reducing the 
requirement for ventilatory support or sedation to con-
trol respiratory effort. Karagiannidis et al. showed that 
increasing sweep gas flow, increasing  CO2 elimination, 
in ARDS patients undergoing extracorporeal mem-
brane oxygenation (ECMO) reduced respiratory drive, 
estimated by EAdi [73]. Mauri et  al. [7] also showed 
that higher  ECCO2R support reduced  P0.1, respiratory 
muscle effort, and transpulmonary pressure in spon-
taneously breathing patients recovering from severe 
ARDS [74]. Pilot clinical studies have explored the 
extreme possibility of extubating severe ARDS patients 
early after intubation by means of  ECCO2R: prelimi-
nary results were encouraging but they also recognized 

Table 2 E"ect of sedation on respiratory drive, e"ort and breathing pattern

Drug class Inspiratory e!ort 
and tidal volume

Respiratory rate Ventilatory response 
to hypercapnia and hypox-
emia

E!ect on diaphragm function and patient-ventilator 
interaction

Benzodiazepines ↓ ⟷ or ↑
↓ at high doses

↓ Delay restoration of diaphragm activity

Propofol ↓ ⟷ or ↑
↓ at high doses

↓ May ↑ dyssynchrony (i.e., ineffective efforts because of 
lower respiratory effort)

Opioids ⟷ or ↑ ↓ ↓ May ↓ dyssynchrony (i.e., fewer ineffective efforts 
because of slower, deeper respiratory efforts)

Dexmedetomidine ⟷ ⟷ ⟷ ↓ dyssynchrony by decreasing agitation/delirium

Coligher et al. Int Care Med 2020
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from these more costly and invasive interventions. For 
the present, we encourage clinicians to incorporate rou-
tine monitoring of respiratory drive and effort in their 
clinical practice and to adjust the ventilator to achieve a 
physiological level of effort where possible while carefully 
attending to the effect on lung stress.
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Fig. 3 Clinical-physiological pathway for achieving lung and diaphragm-protective ventilation targets. It should be stressed that at each step clini-
cal evaluation of the patient, including signs of high breathing effort, agitation, and over-sedation is of major importance and should be interpreted 
together with clinical-physiological measurements as outlined in this pathway. ∆P: change in airway pressure during inspiration; P0.1: decrease in 
airway pressure during the first 100 ms of inspiratory effort against an occluded airway;  PaCO2: arterial carbon dioxide tension; PEEP: positive end-
expiratory pressure; Pes: esophageal pressure;  PL: transpulmonary pressure; Pocc: airway pressure deflection during a whole breath occlusion; RR: 
respiratory rate;  VT: tidal volume

Coligher et al. Int Care Med 2020



Neinvazívna ventilácia

• Je spôsob ventilácie, ktorý som vždy považoval za „skutočný“ 
prínos pediatrickej resp. neonatologickej komunity pre 
„dospelácku“ medicínu
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Non-invasive ventilation

The setup for non-invasive ventilation using a
mechanical ventilator. Modern devices are often

much smaller.

Other
names

Non-invasive positive pressure ventilation
(NIPPV), NIV, NPPV

[edit on Wikidata]

Medicine portal

From Wikipedia, the free encyclopedia

Non-invasive ventilation (NIV) is the use of breathing support administered through a face mask, nasal mask, or a helmet. Air,
usually with added oxygen, is given through the mask under positive pressure; generally the amount of pressure is alternated
depending on whether someone is breathing in or out. It is termed "non-invasive" because it is delivered with a mask that is tightly
fitted to the face or around the head, but without a need for tracheal intubation (a tube through the mouth into the windpipe). While
there are similarities with regard to the interface, NIV is not the same as continuous positive airway pressure (CPAP), which applies
a single level of positive airway pressure throughout the whole respiratory cycle;[1] CPAP does not deliver ventilation but is
occasionally used in conditions also treated with NIV.[2]

Non-invasive ventilation is used in acute respiratory failure caused by a number of medical conditions, most prominently chronic
obstructive pulmonary disease (COPD); numerous studies have shown that appropriate use of NIV reduces the need for invasive
ventilation and its complications. Furthermore, it may be used on a long-term basis in people who cannot breathe independently as
a result of a chronic condition.
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2 Terminology
3 History
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Medical uses [ edit ]

NIV for acute respiratory failure is used particularly for severe exacerbations of chronic obstructive pulmonary disease (COPD) but also for acute decompensated heart failure and
other acute conditions.[3] NIV can be used acutely and long-term. In some people who have presented with acute respiratory failure, there is an ongoing need for long-term use of
NIV at home.[2]

Non-invasive ventilation has been suggested in the treatment for coronavirus disease 2019 (COVID-19) where shortages of invasive ventilation equipment and facilities may arise.[4]

The risk of poorly fitting masks emitting aerosols can require full protection gear for caregivers.[5]

COPD [ edit ]

The most common indication for acute non-invasive ventilation is for acute exacerbation of chronic obstructive pulmonary disease. The decision to commence NIV, usually in the
emergency department, depends on the initial response to medication (bronchodilators given by nebulizer) and the results of arterial blood gas tests. If after medical therapy the
lungs remain unable to clear carbon dioxide from the bloodstream (respiratory acidosis), NIV may be indicated. Many people with COPD have chronically elevated CO2 levels with
metabolic compensation, but NIV is only indicated if the CO2 is acutely increased to the point that the acidity levels of the blood are increased (pH<7.35).[6] There is no level of acidity
above which NIV cannot be started, but more severe acidosis carries a higher risk that NIV alone is not effective and that mechanical ventilation will be required instead.[6]

Other causes of AHRF [ edit ]

Bronchiectasis may lead to acute hypercapnic respiratory failure (AHRF), and NIV may be used similarly as for COPD.[2] This is particularly the case where the underlying cause is
cystic fibrosis.[2] Cystic fibrosis also causes high volumes of sputum (phlegm) which may require specialised physiotherapy assistance and sometimes the insertion of a mini-
tracheostomy to clear this.[2]

In people with chest wall deformity or neuromuscular disease, NIV may be commenced if the CO2 level is elevated even if it has not yet caused acidosis.[2] In neuromuscular
disease, a breathing measurement known as the vital capacity is used to determine a need for breathing support.[2]

Obesity hypoventilation syndrome (OHS) may cause acute hypercapnic respiratory failure. When this is the case, the criteria for commencing acute NIV are similar to those for
COPD (decreased pH, elevated CO2), although there are some scenarios where NIV may be initiated in hospitalized people despite a normal pH; these include people with daytime
somnolence, sleep-disordered breathing and/or evidence of right ventricle heart failure.[2]

In acute cardiogenic pulmonary oedema caused by decompensated heart failure, the quality of evidence is poor but studies have shown a reduced risk of death and a decreased
need for tracheal intubation for both NIV and CPAP.[6][7] Both CPAP and NIV may be used in the prehospital care setting.[6]

Acute severe asthma may cause AHRF, when it is labelled "near-fatal asthma".[8] There is limited evidence on whether NIV is effective in this situation, which carries a high risk of
requiring mechanical ventilation. Professional guidelines therefore do not give a clear recommendation,[6][8] and it is suggested that NIV is only used in an intensive care unit setting
where further deterioration can be managed immediately,[8] or not at all.[2] Some people with chronic asthma develop fixed airways disease that resembles COPD, and NIV may be
used in that setting.[2][6]

Respiratory failure may develop after major surgery. NIV may be used in this setting during the recovery period.[6] In those who have undergone mechanical ventilation on the
intensive care unit and are considered at high risk of recurrence, NIV may be used to prevent this. However, if respiratory failure does develop, recommencement of mechanical
ventilation is recommended over NIV to treat this.[6] In those who were ventilated for hypercapnic respiratory failure, NIV may be used to facilitate the weaning process.[6]

Chronic/home use [ edit ]

Chronic use of NIV ("home NIV") may be indicated for severe COPD.[9] A review from 2021 demonstrated that the chronic use of non-invasive ventilation improves daytime
hypercapnia, In addition, in stable chronic obstructive pulmonary disease, survival seems to be improved and there might be a short term benefit of health-related quality of life.[10]

Home NIV may also be indicated in people with neuromuscular disease and chest wall deformity.[2]

People with obesity hypoventilation syndrome often require NIV initially in their care, but many can be switched to CPAP.[2] American Thoracic Society (ATS) clinical practice
guidelines recommend that NIV is provided on discharge with a further sleep study assessment as an outpatient.[11] With regards to initiation of positive pressure treatment, the ATS
guidelines recommend that in people being investigated for possible obstructive sleep apnea (OSA, a related condition), measurement of arterial carbon dioxide (in high probability)
or venous bicarbonate (in moderate probability) is performed to identify OHS and to determine an indication for treatment. In those with both severe OSA and OHS, initial treatment
with CPAP is recommended although the quality of research supporting this over NIV is poor.[11] In the 30% of people with OHS who do not also have severe OSA, NIV may be more
effective but is also more cost- and resource-intensive.[11] In those who have both OSA and OHS, poor response to CPAP despite good adherence may be an indication to switch to
NIV.[12]

People with motor neuron disease (MND) may require home NIV in the course of their illness. Guidelines in the United Kingdom stipulate that assessment of respiratory function is
part of the multidisciplinary management of MND.[13]

Terminology [ edit ]

A number of terms have been used in the medical literature to describe NIV. The more formal name "non-invasive positive pressure ventilation" (NPPV or NIPPV) has been used to
distinguish it from the use of the now very rare negative pressure ventilator ("iron lung"). The brand name BiPAP/BIPAP (for Bilevel Positive Airway Pressure) has also enjoyed a
degree of popularity, after an early NIV machine produced by Respironics, but its use is now discouraged.[14]

History [ edit ]

Non-invasive ventilation has been used since the 1940s for various indications, but its present-day use for chronic breathing problems arose in the 1980s for people with chronic
respiratory muscle weakness, and in the 1990s on intensive care units and other acute care settings for acute respiratory failure.[14]

Since 2000 acute NIV has been used widely in the treatment of acute respiratory failure, particularly in people with COPD, including on general wards rather than the intensive care
unit setting. In the United Kingdom, a 2017 report by NCEPOD found that there were widespread problems in the delivery of high-quality care to patients.[15]
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The setup for non-invasive ventilation using a
mechanical ventilator. Modern devices are often

much smaller.
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Non-invasive positive pressure ventilation
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Non-invasive ventilation (NIV) is the use of breathing support administered through a face mask, nasal mask, or a helmet. Air,
usually with added oxygen, is given through the mask under positive pressure; generally the amount of pressure is alternated
depending on whether someone is breathing in or out. It is termed "non-invasive" because it is delivered with a mask that is tightly
fitted to the face or around the head, but without a need for tracheal intubation (a tube through the mouth into the windpipe). While
there are similarities with regard to the interface, NIV is not the same as continuous positive airway pressure (CPAP), which applies
a single level of positive airway pressure throughout the whole respiratory cycle;[1] CPAP does not deliver ventilation but is
occasionally used in conditions also treated with NIV.[2]

Non-invasive ventilation is used in acute respiratory failure caused by a number of medical conditions, most prominently chronic
obstructive pulmonary disease (COPD); numerous studies have shown that appropriate use of NIV reduces the need for invasive
ventilation and its complications. Furthermore, it may be used on a long-term basis in people who cannot breathe independently as
a result of a chronic condition.
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Medical uses [ edit ]

NIV for acute respiratory failure is used particularly for severe exacerbations of chronic obstructive pulmonary disease (COPD) but also for acute decompensated heart failure and
other acute conditions.[3] NIV can be used acutely and long-term. In some people who have presented with acute respiratory failure, there is an ongoing need for long-term use of
NIV at home.[2]

Non-invasive ventilation has been suggested in the treatment for coronavirus disease 2019 (COVID-19) where shortages of invasive ventilation equipment and facilities may arise.[4]

The risk of poorly fitting masks emitting aerosols can require full protection gear for caregivers.[5]

COPD [ edit ]

The most common indication for acute non-invasive ventilation is for acute exacerbation of chronic obstructive pulmonary disease. The decision to commence NIV, usually in the
emergency department, depends on the initial response to medication (bronchodilators given by nebulizer) and the results of arterial blood gas tests. If after medical therapy the
lungs remain unable to clear carbon dioxide from the bloodstream (respiratory acidosis), NIV may be indicated. Many people with COPD have chronically elevated CO2 levels with
metabolic compensation, but NIV is only indicated if the CO2 is acutely increased to the point that the acidity levels of the blood are increased (pH<7.35).[6] There is no level of acidity
above which NIV cannot be started, but more severe acidosis carries a higher risk that NIV alone is not effective and that mechanical ventilation will be required instead.[6]

Other causes of AHRF [ edit ]

Bronchiectasis may lead to acute hypercapnic respiratory failure (AHRF), and NIV may be used similarly as for COPD.[2] This is particularly the case where the underlying cause is
cystic fibrosis.[2] Cystic fibrosis also causes high volumes of sputum (phlegm) which may require specialised physiotherapy assistance and sometimes the insertion of a mini-
tracheostomy to clear this.[2]

In people with chest wall deformity or neuromuscular disease, NIV may be commenced if the CO2 level is elevated even if it has not yet caused acidosis.[2] In neuromuscular
disease, a breathing measurement known as the vital capacity is used to determine a need for breathing support.[2]

Obesity hypoventilation syndrome (OHS) may cause acute hypercapnic respiratory failure. When this is the case, the criteria for commencing acute NIV are similar to those for
COPD (decreased pH, elevated CO2), although there are some scenarios where NIV may be initiated in hospitalized people despite a normal pH; these include people with daytime
somnolence, sleep-disordered breathing and/or evidence of right ventricle heart failure.[2]

In acute cardiogenic pulmonary oedema caused by decompensated heart failure, the quality of evidence is poor but studies have shown a reduced risk of death and a decreased
need for tracheal intubation for both NIV and CPAP.[6][7] Both CPAP and NIV may be used in the prehospital care setting.[6]

Acute severe asthma may cause AHRF, when it is labelled "near-fatal asthma".[8] There is limited evidence on whether NIV is effective in this situation, which carries a high risk of
requiring mechanical ventilation. Professional guidelines therefore do not give a clear recommendation,[6][8] and it is suggested that NIV is only used in an intensive care unit setting
where further deterioration can be managed immediately,[8] or not at all.[2] Some people with chronic asthma develop fixed airways disease that resembles COPD, and NIV may be
used in that setting.[2][6]

Respiratory failure may develop after major surgery. NIV may be used in this setting during the recovery period.[6] In those who have undergone mechanical ventilation on the
intensive care unit and are considered at high risk of recurrence, NIV may be used to prevent this. However, if respiratory failure does develop, recommencement of mechanical
ventilation is recommended over NIV to treat this.[6] In those who were ventilated for hypercapnic respiratory failure, NIV may be used to facilitate the weaning process.[6]

Chronic/home use [ edit ]

Chronic use of NIV ("home NIV") may be indicated for severe COPD.[9] A review from 2021 demonstrated that the chronic use of non-invasive ventilation improves daytime
hypercapnia, In addition, in stable chronic obstructive pulmonary disease, survival seems to be improved and there might be a short term benefit of health-related quality of life.[10]

Home NIV may also be indicated in people with neuromuscular disease and chest wall deformity.[2]

People with obesity hypoventilation syndrome often require NIV initially in their care, but many can be switched to CPAP.[2] American Thoracic Society (ATS) clinical practice
guidelines recommend that NIV is provided on discharge with a further sleep study assessment as an outpatient.[11] With regards to initiation of positive pressure treatment, the ATS
guidelines recommend that in people being investigated for possible obstructive sleep apnea (OSA, a related condition), measurement of arterial carbon dioxide (in high probability)
or venous bicarbonate (in moderate probability) is performed to identify OHS and to determine an indication for treatment. In those with both severe OSA and OHS, initial treatment
with CPAP is recommended although the quality of research supporting this over NIV is poor.[11] In the 30% of people with OHS who do not also have severe OSA, NIV may be more
effective but is also more cost- and resource-intensive.[11] In those who have both OSA and OHS, poor response to CPAP despite good adherence may be an indication to switch to
NIV.[12]

People with motor neuron disease (MND) may require home NIV in the course of their illness. Guidelines in the United Kingdom stipulate that assessment of respiratory function is
part of the multidisciplinary management of MND.[13]

Terminology [ edit ]

A number of terms have been used in the medical literature to describe NIV. The more formal name "non-invasive positive pressure ventilation" (NPPV or NIPPV) has been used to
distinguish it from the use of the now very rare negative pressure ventilator ("iron lung"). The brand name BiPAP/BIPAP (for Bilevel Positive Airway Pressure) has also enjoyed a
degree of popularity, after an early NIV machine produced by Respironics, but its use is now discouraged.[14]

History [ edit ]

Non-invasive ventilation has been used since the 1940s for various indications, but its present-day use for chronic breathing problems arose in the 1980s for people with chronic
respiratory muscle weakness, and in the 1990s on intensive care units and other acute care settings for acute respiratory failure.[14]

Since 2000 acute NIV has been used widely in the treatment of acute respiratory failure, particularly in people with COPD, including on general wards rather than the intensive care
unit setting. In the United Kingdom, a 2017 report by NCEPOD found that there were widespread problems in the delivery of high-quality care to patients.[15]
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Non-invasive ventilation (NIV) is the use of breathing support administered through a face mask, nasal mask, or a helmet. Air,
usually with added oxygen, is given through the mask under positive pressure; generally the amount of pressure is alternated
depending on whether someone is breathing in or out. It is termed "non-invasive" because it is delivered with a mask that is tightly
fitted to the face or around the head, but without a need for tracheal intubation (a tube through the mouth into the windpipe). While
there are similarities with regard to the interface, NIV is not the same as continuous positive airway pressure (CPAP), which applies
a single level of positive airway pressure throughout the whole respiratory cycle;[1] CPAP does not deliver ventilation but is
occasionally used in conditions also treated with NIV.[2]

Non-invasive ventilation is used in acute respiratory failure caused by a number of medical conditions, most prominently chronic
obstructive pulmonary disease (COPD); numerous studies have shown that appropriate use of NIV reduces the need for invasive
ventilation and its complications. Furthermore, it may be used on a long-term basis in people who cannot breathe independently as
a result of a chronic condition.
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Medical uses [ edit ]

NIV for acute respiratory failure is used particularly for severe exacerbations of chronic obstructive pulmonary disease (COPD) but also for acute decompensated heart failure and
other acute conditions.[3] NIV can be used acutely and long-term. In some people who have presented with acute respiratory failure, there is an ongoing need for long-term use of
NIV at home.[2]

Non-invasive ventilation has been suggested in the treatment for coronavirus disease 2019 (COVID-19) where shortages of invasive ventilation equipment and facilities may arise.[4]

The risk of poorly fitting masks emitting aerosols can require full protection gear for caregivers.[5]

COPD [ edit ]

The most common indication for acute non-invasive ventilation is for acute exacerbation of chronic obstructive pulmonary disease. The decision to commence NIV, usually in the
emergency department, depends on the initial response to medication (bronchodilators given by nebulizer) and the results of arterial blood gas tests. If after medical therapy the
lungs remain unable to clear carbon dioxide from the bloodstream (respiratory acidosis), NIV may be indicated. Many people with COPD have chronically elevated CO2 levels with
metabolic compensation, but NIV is only indicated if the CO2 is acutely increased to the point that the acidity levels of the blood are increased (pH<7.35).[6] There is no level of acidity
above which NIV cannot be started, but more severe acidosis carries a higher risk that NIV alone is not effective and that mechanical ventilation will be required instead.[6]

Other causes of AHRF [ edit ]

Bronchiectasis may lead to acute hypercapnic respiratory failure (AHRF), and NIV may be used similarly as for COPD.[2] This is particularly the case where the underlying cause is
cystic fibrosis.[2] Cystic fibrosis also causes high volumes of sputum (phlegm) which may require specialised physiotherapy assistance and sometimes the insertion of a mini-
tracheostomy to clear this.[2]

In people with chest wall deformity or neuromuscular disease, NIV may be commenced if the CO2 level is elevated even if it has not yet caused acidosis.[2] In neuromuscular
disease, a breathing measurement known as the vital capacity is used to determine a need for breathing support.[2]

Obesity hypoventilation syndrome (OHS) may cause acute hypercapnic respiratory failure. When this is the case, the criteria for commencing acute NIV are similar to those for
COPD (decreased pH, elevated CO2), although there are some scenarios where NIV may be initiated in hospitalized people despite a normal pH; these include people with daytime
somnolence, sleep-disordered breathing and/or evidence of right ventricle heart failure.[2]

In acute cardiogenic pulmonary oedema caused by decompensated heart failure, the quality of evidence is poor but studies have shown a reduced risk of death and a decreased
need for tracheal intubation for both NIV and CPAP.[6][7] Both CPAP and NIV may be used in the prehospital care setting.[6]

Acute severe asthma may cause AHRF, when it is labelled "near-fatal asthma".[8] There is limited evidence on whether NIV is effective in this situation, which carries a high risk of
requiring mechanical ventilation. Professional guidelines therefore do not give a clear recommendation,[6][8] and it is suggested that NIV is only used in an intensive care unit setting
where further deterioration can be managed immediately,[8] or not at all.[2] Some people with chronic asthma develop fixed airways disease that resembles COPD, and NIV may be
used in that setting.[2][6]

Respiratory failure may develop after major surgery. NIV may be used in this setting during the recovery period.[6] In those who have undergone mechanical ventilation on the
intensive care unit and are considered at high risk of recurrence, NIV may be used to prevent this. However, if respiratory failure does develop, recommencement of mechanical
ventilation is recommended over NIV to treat this.[6] In those who were ventilated for hypercapnic respiratory failure, NIV may be used to facilitate the weaning process.[6]

Chronic/home use [ edit ]

Chronic use of NIV ("home NIV") may be indicated for severe COPD.[9] A review from 2021 demonstrated that the chronic use of non-invasive ventilation improves daytime
hypercapnia, In addition, in stable chronic obstructive pulmonary disease, survival seems to be improved and there might be a short term benefit of health-related quality of life.[10]

Home NIV may also be indicated in people with neuromuscular disease and chest wall deformity.[2]

People with obesity hypoventilation syndrome often require NIV initially in their care, but many can be switched to CPAP.[2] American Thoracic Society (ATS) clinical practice
guidelines recommend that NIV is provided on discharge with a further sleep study assessment as an outpatient.[11] With regards to initiation of positive pressure treatment, the ATS
guidelines recommend that in people being investigated for possible obstructive sleep apnea (OSA, a related condition), measurement of arterial carbon dioxide (in high probability)
or venous bicarbonate (in moderate probability) is performed to identify OHS and to determine an indication for treatment. In those with both severe OSA and OHS, initial treatment
with CPAP is recommended although the quality of research supporting this over NIV is poor.[11] In the 30% of people with OHS who do not also have severe OSA, NIV may be more
effective but is also more cost- and resource-intensive.[11] In those who have both OSA and OHS, poor response to CPAP despite good adherence may be an indication to switch to
NIV.[12]

People with motor neuron disease (MND) may require home NIV in the course of their illness. Guidelines in the United Kingdom stipulate that assessment of respiratory function is
part of the multidisciplinary management of MND.[13]

Terminology [ edit ]

A number of terms have been used in the medical literature to describe NIV. The more formal name "non-invasive positive pressure ventilation" (NPPV or NIPPV) has been used to
distinguish it from the use of the now very rare negative pressure ventilator ("iron lung"). The brand name BiPAP/BIPAP (for Bilevel Positive Airway Pressure) has also enjoyed a
degree of popularity, after an early NIV machine produced by Respironics, but its use is now discouraged.[14]

History [ edit ]

Non-invasive ventilation has been used since the 1940s for various indications, but its present-day use for chronic breathing problems arose in the 1980s for people with chronic
respiratory muscle weakness, and in the 1990s on intensive care units and other acute care settings for acute respiratory failure.[14]

Since 2000 acute NIV has been used widely in the treatment of acute respiratory failure, particularly in people with COPD, including on general wards rather than the intensive care
unit setting. In the United Kingdom, a 2017 report by NCEPOD found that there were widespread problems in the delivery of high-quality care to patients.[15]

References [ edit ]

Mechanical ventilation
Fundamentals Modes of mechanical ventilation · Mechanical ventilation in emergencies · Nomenclature of mechanical ventilation

Modes IMV/SIMV · CMV · ACV · CSV · PAP · BPAP/NIV · CPAP · APRV · MMV · PAV · ASV · HFV

Related illness ARDS · Atelectotrauma · Biotrauma · Pulmonary barotrauma · Pulmonary volutrauma · Rheotrauma · Ventilator-associated pneumonia · Oxygen toxicity · Ventilator-associated lung injury

Pressure PEEP · FiO2 · ΔP · PIP · PS · PAW · Pplat

Volumes VT · VE · Vf

Other Cdyn · Cstatic · PAO2 · VD/VT · OI · A-a gradient · Mechanical power

Categories: Modes of mechanical ventilation

1. ^ Hörmann C, Baum M, Putensen C, Mutz NJ, Benzer H (January 1994). "Biphasic
positive airway pressure (BIPAP)--a new mode of ventilatory support". European Journal
of Anaesthesiology. 11 (1): 37–42. PMID 8143712 .

2. ^ a b c d e f g h i j k l Davidson AC, Banham S, Elliott M, Kennedy D, Gelder C, Glossop A,
et al. (April 2016). "BTS/ICS guideline for the ventilatory management of acute
hypercapnic respiratory failure in adults" . Thorax. 71 (Suppl 2): ii1–i35.
doi:10.1136/thoraxjnl-2015-208209 . PMID 26976648 .

3. ^ Nava S, Hill N (July 2009). "Non-invasive ventilation in acute respiratory failure" .
Lancet. 374 (9685): 250–259. doi:10.1016/S0140-6736(09)60496-7 . PMC 7138083 .
PMID 19616722 .

4. ^ Forrest IS, Jaladanki SK, Paranjpe I, Glicksberg BS, Nadkarni GN, Do R (October
2021). "Non-invasive ventilation versus mechanical ventilation in hypoxemic patients with
COVID-19" . Infection. 49 (5): 989–997. doi:10.1007/s15010-021-01633-6 .
PMC 8179090 . PMID 34089483 .

5. ^ Murthy S, Gomersall CD, Fowler RA (April 2020). "Care for Critically Ill Patients With
COVID-19" . JAMA. 323 (15): 1499–1500. doi:10.1001/jama.2020.3633 .
PMID 32159735 .

6. ^ a b c d e f g h i Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S, et al.
(August 2017). "Official ERS/ATS clinical practice guidelines: noninvasive ventilation for
acute respiratory failure" . The European Respiratory Journal. 50 (2): 1602426.
doi:10.1183/13993003.02426-2016 . PMID 28860265 .

7. ^ Berbenetz N, Wang Y, Brown J, Godfrey C, Ahmad M, Vital FM, Lambiase P, Banerjee
A, Bakhai A, Chong M (April 2019). "Non-invasive positive pressure ventilation (CPAP or
bilevel NPPV) for cardiogenic pulmonary oedema". The Cochrane Database of
Systematic Reviews. doi:10.1002/14651858.CD005351.pub4 . PMID 30950507 .
^ a b c "SIGN guideline 158: British guideline on the management of asthma" . Scottish

8. ^ a b c "SIGN guideline 158: British guideline on the management of asthma" . Scottish
Intercollegiate Guideline Network (SIGN). BTS/SIGN. Retrieved 15 August 2019.

9. ^ Arnal JM, Texereau J, Garnero A (August 2017). "Practical Insight to Monitor Home NIV
in COPD Patients". Copd. 14 (4): 401–410. doi:10.1080/15412555.2017.1298583 .
PMID 28339316 . S2CID 205888171 .

10. ^ Raveling T, Vonk J, Struik FM, Goldstein R, Kerstjens HA, Wijkstra PJ, Duiverman ML
(August 2021). "Chronic non-invasive ventilation for chronic obstructive pulmonary
disease" . The Cochrane Database of Systematic Reviews. 8 (8): CD002878.
doi:10.1002/14651858.cd002878.pub3 . PMC 8407093 . PMID 34368950 .

11. ^ a b c Mokhlesi B, Masa JF, Brozek JL, Gurubhagavatula I, Murphy PB, Piper AJ, et al.
(August 2019). "Evaluation and Management of Obesity Hypoventilation Syndrome. An
Official American Thoracic Society Clinical Practice Guideline" . American Journal of
Respiratory and Critical Care Medicine. 200 (3): e6–e24. doi:10.1164/rccm.201905-
1071ST . PMC 6680300 . PMID 31368798 .

12. ^ Masa JF, Pépin JL, Borel JC, Mokhlesi B, Murphy PB, Sánchez-Quiroga MÁ (March
2019). "Obesity hypoventilation syndrome" . European Respiratory Review. 28 (151):
180097. doi:10.1183/16000617.0097-2018 . PMID 30872398 .

13. ^ Guideline Development Group (February 2016). "Motor neurone disease: assessment
and management" . National Institute for Health and Clinical Excellence. NICE.
Retrieved 19 July 2017.

14. ^ a b Pierson DJ (January 2009). "History and epidemiology of noninvasive ventilation in
the acute-care setting". Respiratory Care. 54 (1): 40–52. PMID 19111105 .

15. ^ Juniper MC, Ellis G, Protopapa KL, Smith N (September 2017). "Inspiring Change: a
report on acute non-invasive ventilation" . British Journal of Hospital Medicine. London,
England. 78 (9): 497–502. doi:10.12968/hmed.2017.78.9.497 . PMID 28898156 .

Article Talk Read Edit View history Search Wikipedia

Edit links

Main page
Contents
Current events
Random article
About Wikipedia
Contact us
Donate

Contribute

Help
Learn to edit
Community portal
Recent changes
Upload file

Tools

What links here
Related changes
Special pages
Permanent link
Page information
Cite this page
Wikidata item

Print/export

Download as PDF
Printable version

Languages

العربية
!"#$"
Deutsch
Español
Français
Português

!"#$
4 more

Not logged in Talk Contributions Create account Log in



Neinvazívna ventilácia

•Až tretina ventilovaných pacientov na ICU trpí akútnym 
hypoxemickým respiračným zlyhaním (AHRF)  

• Práve títo pacienti najčastejšie profitujú z niektorej z foriem NIV 

• Rovnako asi 20 - 30% pacientov s ARDS je iniciálne 
manažovaných neinvazívne - masková NIV, HFNC, Helma, 
CPAP 

•V poslednom období sa do popredia foriem neinvazívnej 
ventilácie dostáva HFNC vďaka schopnosti aplikovať zohriaty a 
zvlhčený kyslík vysokám prietokom

Griecoet al. Ed Minerva Medica 2019



Neinvazívna ventilácia
• Prietokom nad 60 l/min. dokáže pokryť „peak flow“ inspíria a 

zabrániť tak dilúcii aplikovanej FiO2 

•Vysokým prietokom generuje vymývanie CO2 z horných 
dýchacích ciest a rovnako zlepšuje elimináciu CO2 z anatomického 
mŕtveho priestoru, redukuje dychovú prácu a zmierňuje inspiračné 
dychové úsilie 

• Tento efekt sa dostavuje pri minimálnom prietoku 30 l/min. 

•Uvedené klinické fakty podporujú HFNC ako optimálnu stratégiu 
aplikácie kyslíka hypoxemickému kriticky chorému pacientovi so 
závažnou dychovou tiesňou

Griecoet al. Ed Minerva Medica 2019



Neinvazívna ventilácia
•Výber spôsobu, načasovanie a nastavenie neinvazívnej 

ventilácie by mal starostlivo prispôsobený pacientovym 
špecifickým požiadavkám a stavu 

• Pri AHRF a/alebo ARDS môže byť optimálnou voľbou ako sa 
vyhnúť intubácii a invazívnej UVP



Výživa a „Baby stomach“ koncept

•V súčastnosti sa v svetle nových faktov mení náše chápanie 
nutričnej potreby u kriticky chorých pacientov 

  
• Prevládajúcim konceptom bol prístup „more is better“ 
  
• Podobne ako bol pred dvoma dekádami zavrhnutý vo ventilácii 

odporučený Vt 10 - 20 ml/kg, zdá sa, že výsledky štúdie EPaNIC  
(Early vs late parenteral nutrition in critically ill), podčiarkli riziká 
skorého excesívneho kalorického príjmu

Casaer et al., N Eng J Med 2011 
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Background
Controversy exists about the timing of the initiation of parenteral nutrition in criti-
cally ill adults in whom caloric targets cannot be met by enteral nutrition alone.

Methods
In this randomized, multicenter trial, we compared early initiation of parenteral nu-
trition (European guidelines) with late initiation (American and Canadian guidelines) 
in adults in the intensive care unit (ICU) to supplement insufficient enteral nutrition. 
In 2312 patients, parenteral nutrition was initiated within 48 hours after ICU admis-
sion (early-initiation group), whereas in 2328 patients, parenteral nutrition was not 
initiated before day 8 (late-initiation group). A protocol for the early initiation of 
enteral nutrition was applied to both groups, and insulin was infused to achieve 
normoglycemia.

Results
Patients in the late-initiation group had a relative increase of 6.3% in the likelihood 
of being discharged alive earlier from the ICU (hazard ratio, 1.06; 95% confidence 
interval [CI], 1.00 to 1.13; P = 0.04) and from the hospital (hazard ratio, 1.06; 95% CI, 
1.00 to 1.13; P = 0.04), without evidence of decreased functional status at hospital 
discharge. Rates of death in the ICU and in the hospital and rates of survival at 90 days 
were similar in the two groups. Patients in the late-initiation group, as compared 
with the early-initiation group, had fewer ICU infections (22.8% vs. 26.2%, P = 0.008) 
and a lower incidence of cholestasis (P<0.001). The late-initiation group had a relative 
reduction of 9.7% in the proportion of patients requiring more than 2 days of me-
chanical ventilation (P = 0.006), a median reduction of 3 days in the duration of renal-
replacement therapy (P = 0.008), and a mean reduction in health care costs of €1,110 
(about $1,600) (P = 0.04).

Conclusions
Late initiation of parenteral nutrition was associated with faster recovery and fewer 
complications, as compared with early initiation. (Funded by the Methusalem pro-
gram of the Flemish government and others; EPaNIC ClinicalTrials.gov number, 
NCT00512122.)

The New England Journal of Medicine 
Downloaded from nejm.org on April 24, 2022. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 

original article

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;6 nejm.org august 11, 2011506

Early versus Late Parenteral Nutrition  
in Critically Ill Adults

Michael P. Casaer, M.D., Dieter Mesotten, M.D., Ph.D.,  
Greet Hermans, M.D., Ph.D., Pieter J. Wouters, R.N., M.Sc.,  

Miet Schetz, M.D., Ph.D., Geert Meyfroidt, M.D., Ph.D.,  
Sophie Van Cromphaut, M.D., Ph.D., Catherine Ingels, M.D.,  

Philippe Meersseman, M.D., Jan Muller, M.D., Dirk Vlasselaers, M.D., Ph.D., 
Yves Debaveye, M.D., Ph.D., Lars Desmet, M.D., Jasperina Dubois, M.D.,  

Aime Van Assche, M.D., Simon Vanderheyden, B.Sc.,  
Alexander Wilmer, M.D., Ph.D., and Greet Van den Berghe, M.D., Ph.D.

From the Department of Intensive Care 
Medicine (M.P.C., D.M., P.J.W., M.S., G.M., 
S.V.C., C.I., J.M., D.V., Y.D., L.D., S.V., 
G.V.B.) and the Medical Intensive Care 
Unit, Department of Internal Medicine 
(G.H., P.M., A.W.), University Hospitals of 
the Catholic University of Leuven, Leuven; 
and the Departments of Anesthesia and 
Intensive Care, Jessa Hospitals, Hasselt 
( J.D., A.V.A.) — all in Belgium. Address 
reprint requests to Dr. Van den Berghe at 
the Department of Intensive Care Medi-
cine, University Hospital Leuven, Univer-
sity of Leuven, B-3000 Leuven, Belgium, or 
at greet.vandenberghe@med.kuleuven.be.

This article (10.1056/NEJMoa1102662) was 
published on June 29, 2011, at NEJM.org.

N Engl J Med 2011;365:506-17.
Copyright © 2011 Massachusetts Medical Society.

A bs tr ac t

Background
Controversy exists about the timing of the initiation of parenteral nutrition in criti-
cally ill adults in whom caloric targets cannot be met by enteral nutrition alone.

Methods
In this randomized, multicenter trial, we compared early initiation of parenteral nu-
trition (European guidelines) with late initiation (American and Canadian guidelines) 
in adults in the intensive care unit (ICU) to supplement insufficient enteral nutrition. 
In 2312 patients, parenteral nutrition was initiated within 48 hours after ICU admis-
sion (early-initiation group), whereas in 2328 patients, parenteral nutrition was not 
initiated before day 8 (late-initiation group). A protocol for the early initiation of 
enteral nutrition was applied to both groups, and insulin was infused to achieve 
normoglycemia.

Results
Patients in the late-initiation group had a relative increase of 6.3% in the likelihood 
of being discharged alive earlier from the ICU (hazard ratio, 1.06; 95% confidence 
interval [CI], 1.00 to 1.13; P = 0.04) and from the hospital (hazard ratio, 1.06; 95% CI, 
1.00 to 1.13; P = 0.04), without evidence of decreased functional status at hospital 
discharge. Rates of death in the ICU and in the hospital and rates of survival at 90 days 
were similar in the two groups. Patients in the late-initiation group, as compared 
with the early-initiation group, had fewer ICU infections (22.8% vs. 26.2%, P = 0.008) 
and a lower incidence of cholestasis (P<0.001). The late-initiation group had a relative 
reduction of 9.7% in the proportion of patients requiring more than 2 days of me-
chanical ventilation (P = 0.006), a median reduction of 3 days in the duration of renal-
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NRS score (≥5), those who had undergone cardiac 
surgery, and those with sepsis on admission. These 
subgroup analyses were performed for the pri-
mary outcome and one safety end point. Inter-
actions in the fully adjusted models were tested 
at a significance level of less than 0.10. For all 
end points, a two-sided P value of less than 0.05 
was considered to indicate statistical significance, 
without correction for multiple testing. All anal-
yses were performed with the use of JMP soft-
ware, version 8.0.1 (SAS Institute).

R esult s

Study Intervention
A total of 4640 patients underwent randomization 
and were included in the analysis (Fig. 1). Details 
regarding the patients’ nutrition, which was ad-
ministered according to the study protocol, are 
shown in Figure 2 (also Fig. 1 in the Supplemen-
tary Appendix). Patients in the late-initiation group 
required a median of 31 IU of insulin (interquartile 
range, 19 to 48) per day to reach the target blood 

Table 2. Outcomes.*

Variable
Late-Initiation Group

(N = 2328)
Early-Initiation Group

(N = 2312) P Value

Safety outcome

Vital status — no. (%)

Discharged live from ICU within 8 days 1750 (75.2) 1658 (71.7) 0.007

Death

In ICU 141 (6.1) 146 (6.3) 0.76

In hospital 242 (10.4) 251 (10.9) 0.63

Within 90 days after enrollment† 257 (11.2) 255 (11.2) 1.00

Nutrition-related complication — no. (%) 423 (18.2) 434 (18.8) 0.62

Hypoglycemia during intervention — no. (%)‡ 81 (3.5) 45 (1.9) 0.001

Primary outcome

Duration of stay in ICU§

Median (interquartile range) — days 3 (2–7) 4 (2–9) 0.02

Duration >3 days — no. (%) 1117 (48.0) 1185 (51.3) 0.02

Hazard ratio (95% CI) for time to discharge alive 
from ICU

1.06 (1.00–1.13) 0.04

Secondary outcome

New infection — no. (%)

Any 531 (22.8) 605 (26.2) 0.008

Airway or lung 381 (16.4) 447 (19.3) 0.009

Bloodstream 142 (6.1) 174 (7.5) 0.05

Wound 64 (2.7) 98 (4.2) 0.006

Urinary tract 60 (2.6) 72 (3.1) 0.28

Inflammation

Median peak C-reactive protein level  during ICU stay 
(interquartile range) — mg/liter

190.6 (100.8–263.2) 159.7 (84.3–243.5) <0.001

Mechanical ventilation

Median duration (interquartile range) — days 2 (1–5) 2 (1–5) 0.02

Duration >2 days — no. (%) 846 (36.3) 930 (40.2) 0.006

Hazard ratio (95% CI) for time to definitive weaning 
from ventilation

1.06 (0.99–1.12) 0.07

Tracheostomy — no. (%) 134 (5.8) 162 (7.0) 0.08
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Table 2. (Continued.)

Variable
Late-Initiation Group

(N = 2328)
Early-Initiation Group

(N = 2312) P Value

Kidney failure

Modified RIFLE category — no. (%)¶ 104 (4.6) 131 (5.8) 0.06

Renal-replacement therapy — no. (%) 201 (8.6) 205 (8.9) 0.77

Median duration of renal-replacement therapy  
(interquartile range) — days

7 (3 –16) 10 (5–23) 0.008

Duration of hospital stay

Median (interquartile range) — days 14 (9–27) 16 (9–29) 0.004

Duration >15 days — no. (%) 1060 (45.5) 1159 (50.1) 0.001

Hazard ratio (95% CI) for time to discharge alive 
from hospital

1.06 (1.00–1.13) 0.04

Functional status at hospital discharge

Distance on 6-min walk test

No. of patients evaluated 624 603

Distance (interquartile range) — m 277 (210–345) 283 (205–336) 0.57

Activities of daily living

No. of patients evaluated 1060 996

Independent in all activities — no. (%) 779 (73.5) 752 (75.5) 0.31

Mean total incremental health care cost  
(interquartile range) — €∥

16,863 (8,793–17,774) 17,973 (8,749–18,677) 0.04

* All hazard ratios and 95% confidence intervals (CI) were calculated with the use of Cox proportional-hazards analysis of 
the effect of late initiation of parenteral nutrition, with adjustment for risk factors. ICU denotes intensive care unit.

† Data on vital status at 90 days were available for 2289 patients in the late-initiation group and 2268 in the early-initiation 
group. 

‡ Hypoglycemia was defined as a glucose level of less than 40 mg per deciliter (2.2 mmol per liter).
§ The duration of time in the ICU was defined as the time from admission of patients until they were ready for discharge. 

Patients were considered ready for discharge as soon as all clinical conditions for ICU discharge were fulfilled (i.e., no 
more need for vital-organ support and receipt of at least two thirds of caloric requirements as oral feedings) even if 
they were not actually discharged that day. The “ready for discharge” day coincided with the actual day of discharge for 
all patients except for 104 patients in the late-initiation group and 95 patients in the early-initiation group.

¶ The Modified RIFLE classification (risk of renal dysfunction, injury to the kidney, failure or loss of kidney function, and 
end-stage kidney disease) was used to define new kidney injury or failure as at least a doubling of the creatinine level at 
admission. Values were available for 2264 patients in the late-initiation group and 2248 patients in the early-initiation group. 

∥ Total incremental health care costs included costs billed to either the government or the patient. Since the Belgian re-
imbursement system provides a daily flat compensation for the administration of intravenous fluids (including parenteral 
nutrition), the reported values do not include a deduction of the cost of parenteral nutrition in the late-initiation group. 

glucose level, with a mean (±SD) blood glucose 
level of 102±14 mg per deciliter (5.7±0.8 mmol per 
liter), as compared with a median of 58 IU of insu-
lin (interquartile range, 40 to 85) for a mean blood 
glucose level of 107±18 mg per deciliter (5.9±1.0 
mmol per liter) in the early-initiation group (P<0.001 
for both comparisons). Levels of serum potassi-
um, phosphorus, and magnesium were similar in 
the two study groups (data not shown).

Safety Outcomes
The two study groups had similar rates of death 
in the ICU and the hospital and at 90 days (Table 

2, and Fig. 2 in the Supplementary Appendix). 
However, the proportion of patients who were 
discharged alive from the ICU within 8 days was 
higher in the late-initiation group, even though 
hypoglycemia developed in more patients in this 
group. The rates of nutrition-related complica-
tions were similar in the two groups, and there 
were no serious adverse events that could be at-
tributed to the study interventions.

Primary Outcome
The median stay in the ICU was 1 day shorter in 
the late-initiation group than in the early-initia-
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• Rovnaké riziká skorého parenterálneho príjmu sa dokázali aj v 
štúdií u detí PEPaNIC (Early vs late parenteral nutrition in 
Critically ill children) 

  
•Naviac sa post hoc analýzou tejto štúdie zistilo, že v príčine 

horšieho outcome v skupine skorej parenterálnej výživy hrajú 
hlavnú úlohu aminokyseliny 

  
• Z klinického aspektu tohto zistenia je iluzórne prepokladať v 

akútnej katabolickej fáze syntézu proteínov, navyše s rizikom 
negatívneho ovplyvnenia dusíkovej bilancie

Fivez et al., N Eng J Med 2016 
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BACKGROUND
Recent trials have questioned the benefit of early parenteral nutrition in adults. The effect 
of early parenteral nutrition on clinical outcomes in critically ill children is unclear.

METHODS
We conducted a multicenter, randomized, controlled trial involving 1440 critically ill 
children to investigate whether withholding parenteral nutrition for 1 week (i.e., provid-
ing late parenteral nutrition) in the pediatric intensive care unit (ICU) is clinically supe-
rior to providing early parenteral nutrition. Fluid loading was similar in the two groups. 
The two primary end points were new infection acquired during the ICU stay and the 
adjusted duration of ICU dependency, as assessed by the number of days in the ICU and 
as time to discharge alive from ICU. For the 723 patients receiving early parenteral nutri-
tion, parenteral nutrition was initiated within 24 hours after ICU admission, whereas for 
the 717 patients receiving late parenteral nutrition, parenteral nutrition was not provided 
until the morning of the 8th day in the ICU. In both groups, enteral nutrition was at-
tempted early and intravenous micronutrients were provided.

RESULTS
Although mortality was similar in the two groups, the percentage of patients with a new 
infection was 10.7% in the group receiving late parenteral nutrition, as compared with 
18.5% in the group receiving early parenteral nutrition (adjusted odds ratio, 0.48; 95% 
confidence interval [CI], 0.35 to 0.66). The mean (±SE) duration of ICU stay was 6.5±0.4 
days in the group receiving late parenteral nutrition, as compared with 9.2±0.8 days in 
the group receiving early parenteral nutrition; there was also a higher likelihood of an 
earlier live discharge from the ICU at any time in the late-parenteral-nutrition group 
(adjusted hazard ratio, 1.23; 95% CI, 1.11 to 1.37). Late parenteral nutrition was associ-
ated with a shorter duration of mechanical ventilatory support than was early parenteral 
nutrition (P = 0.001), as well as a smaller proportion of patients receiving renal-replace-
ment therapy (P = 0.04) and a shorter duration of hospital stay (P = 0.001). Late parenteral 
nutrition was also associated with lower plasma levels of γ-glutamyltransferase and alka-
line phosphatase than was early parenteral nutrition (P = 0.001 and P = 0.04, respectively), 
as well as higher levels of bilirubin (P = 0.004) and C-reactive protein (P = 0.006).

CONCLUSIONS
In critically ill children, withholding parenteral nutrition for 1 week in the ICU was clinically 
superior to providing early parenteral nutrition. (Funded by the Flemish Agency for Innova-
tion through Science and Technology and others; ClinicalTrials.gov number, NCT01536275.)
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Table 2. Outcomes.*

Outcome

Early Parenteral  
Nutrition 
(N = 723)

Late Parenteral  
Nutrition 
(N = 717) P Value

Adjusted Odds Ratio or 
Hazard Ratio (95% CI)† P Value

Primary

New infections — no. (%) 134 (18.5) 77 (10.7) <0.001 0.48 (0.35–0.66)‡ <0.001

Airway 59 (8.2) 30 (4.2) 0.002

Bloodstream 23 (3.2) 10 (1.4) 0.03

Urinary tract 7 (1.0) 2 (0.3) 0.17

Central nervous system 3 (0.4) 2 (0.3) 1.00

Soft tissue 7 (1.0) 4 (0.6) 0.54

Other focus 5 (0.7) 8 (1.1) 0.42

No focus identified 30 (4.1) 21 (2.9) 0.25

Total duration of antibiotic treatment for patients with new infection — days 21.3±3.1 17.4±1.9 0.77

Total duration of stay in pediatric ICU — days§ 9.2±0.8 6.5±0.4 0.002 1.23 (1.11–1.37) <0.001

Patients requiring ≥8 days in pediatric ICU — no. (%) 216 (29.9) 159 (22.2) <0.001

Secondary

Safety

Death — no. (%)

Within 8 days of admission to pediatric ICU 21 (2.9) 19 (2.6) 0.87 0.73 (0.34–1.51)‡ 0.39

During stay in pediatric ICU 36 (5.0) 32 (4.5) 0.70 0.73 (0.42–1.28)‡ 0.27

During hospital stay 44 (6.1) 37 (5.2) 0.49 0.72 (0.43–1.19)‡ 0.20

Within 90 days after enrollment 49 (6.8) 38 (5.3) 0.26 0.64 (0.39–1.05)‡ 0.08

Hypoglycemia: glucose <40 mg/dl during first 7 days in pediatric ICU — no. (%) 35 (4.8) 65 (9.1) 0.001

Hypoglycemia refractory to treatment for ≥2 hr — no. (%) 0 1 (0.1) 1.00

Readmission to pediatric ICU within 48 hr after discharge — no. (%) 9 (1.2) 13 (1.8) 0.39

Efficacy

Duration of mechanical ventilatory support — days 6.4±0.7 4.4±0.3 0.01 1.19 (1.07–1.32) 0.001

Duration of hemodynamic support — days 3.0±0.3 2.4±0.2 0.35

Kidney failure with renal-replacement therapy — no. (%) 26 (3.6) 18 (2.5) 0.28 0.49 (0.24–0.96)‡ 0.04

Liver dysfunction during first 7 days in pediatric ICU¶

Highest plasma level of total bilirubin — mg/dl 1.5±0.1 1.7±0.1 0.003

Highest plasma level of alkaline phosphatase — IU/liter 171±3 171±5 0.04

Highest plasma level of γ-glutamyltransferase — IU/liter 58±6 45±3 0.001
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ith late parenteral nutrition during the 

first 7 days in the pediatric IC
U

 (Table 2).
The m

ean duration of stay in the index hos-
pital w

as 4.1 days shorter (95%
 C

I, 1.4 to 6.6), 
and the likelihood of an earlier discharge alive 
from

 the hospital w
as higher (adjusted hazard 

ratio, 1.19; 95%
 C

I, 1.07 to 1.33) in the late-
parenteral-nutrition 

group 
than 

in 
the 

early-
parenteral-nutrition group (Table 2 and Fig. 3, 
and Table S5 and Fig. S3 in the Supplem

entary 
Appendix). This effect of late parenteral nutrition 
rem

ained 
significant 

w
hen 

any 
eventual 

addi-
tional stay in a transfer hospital w

as taken into 
account (Table 2 and Fig. 3, and Table S5 and 
Fig. S3 in the Supplem

entary A
ppendix). A

djust-
m

ents for hypoglycem
ia or for the am

ount of 
enterally adm

inistered nutrition did not alter the 
effect of late parenteral nutrition on any of the 
secondary outcom

es (Table S7 in the Supplem
en-

tary A
ppendix).

D
isc

u
ssio

n

The results of our trial show
ed that w

ithholding 
parenteral nutrition for 1 w

eek in the pediatric 
IC

U
 w

as clinically superior to providing early 
parenteral 

nutrition; 
late 

parenteral 
nutrition 

resulted in few
er new

 infections, a shorter dura-
tion of dependency on intensive care, and a 
shorter hospital stay. The clinical superiority of 
late parenteral nutrition w

as show
n irrespective 

of diagnosis, severity of illness, risk of m
alnutri-

tion, or age of the child. The observation that 
critically ill children at the highest risk of m

al-
nutrition benefited the m

ost from
 the w

ithhold-
ing of early parenteral nutrition w

as unexpected. 
H

ow
ever, this finding w

as reinforced by the ap-
parently greater benefit of this strategy for criti-
cally ill term

 neonates than for older children. 
Indeed, im

m
ediate initiation of nutrition is cur-

rently advised for neonates because they are con-
sidered to have low

er m
etabolic reserves. 7

The benefits of late parenteral nutrition w
ere 

evident irrespective of the variability in nutri-
tional care and blood-glucose m

anagem
ent across 

participating centers. Late parenteral nutrition 
resulted in m

ore instances of hypoglycem
ia than 

w
ere seen w

ith early parenteral nutrition, but 
this higher rate did not affect the overall effect 
of the intervention on the outcom

e. In addition, 
in earlier studies, such brief episodes of hypogly-
cem

ia in critically ill children or in prem
ature or 

Outcome

Early Parenteral  
Nutrition 
(N = 723)

Late Parenteral  
Nutrition 
(N = 717) P Value

Adjusted Odds Ratio or 
Hazard Ratio (95% CI)† P Value

Highest plasma level of alanine aminotransferase — IU/liter 72±8 113±20 0.64

Highest plasma level of aspartate aminotransferase — IU/liter 179±26 262±48 0.76

Highest plasma level of C-reactive protein during first 7 days in pediatric ICU, as  
measure of inflammation — mg/liter

79±4 90±4 0.007

Duration of hospital stay — days

Index hospital 21.3±1.3 17.2±1.0 0.005 1.19 (1.07–1.33) 0.001

Index and transfer hospital 22.6±1.3 18.6±1.0 0.01 1.21 (1.08–1.34) <0.001

*  Plus–minus values are means ±SE. No censoring was applied for the unadjusted comparisons of outcomes regarding duration of care. Data for all adjusted outcomes for duration of 
care were censored at 90 days, and data for nonsurvivors were censored at 91 days. To convert the values for total bilirubin to micromoles per liter, multiply by 17.1.

†  Odds ratios and hazard ratios were adjusted for the following risk factors: treatment center, age group, diagnosis group, PELOD score within the first 24 hours after admission, and 
STRONGkids category.

‡  These values are adjusted odds ratios. All other values in this column are hazard ratios.
§  The duration of stay in the pediatric ICU was defined as the time from admission until the patient was ready for discharge. A patient was considered to be ready for discharge as soon 

as all clinical conditions for discharge were fulfilled (i.e., the patient no longer required or was no longer at risk for requiring vital-organ support).
¶  Total bilirubin levels were available for 1256 patients, alkaline phosphatase levels for 1234 patients, γ-glutamyltransferase levels for 1222 patients, alanine aminotransferase levels for 

1265 patients, aspartate aminotransferase levels for 1264 patients, and C-reactive protein levels for 1301 patients.
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Výživa a „Baby stomach“ koncept

•V úvodnej akútnej katabolickej fáze je teda potrebné sa vyhnúť 
zvýšenému príjmu AK a naopak, v neskorom štádiu zotavenia 
zvýšiť ich príjem v kombinácii s fyzickou aktivitou a 
rehabilitáciou 

  
•Dávkou, ktorá nealterovala oxidáciu aminokyselín v akútnom 
štádiu bol 1 g/kg/deň parenterálne podaných AK 

  
• Tieto zistenia podporujú koncept nízkych nutričných nárokov v 

akútnej fáze a podporujú nový koncept „Baby stomach“ ako 
analógiu k „Baby lung“ konceptu 



„Baby stomach“ v Surviving Sepsis Campaign

!e strongest clinical predictors of GI bleeding risk in 
critically ill patients are mechanical ventilation for >48 h 
and coagulopathy [532]. A recent international cohort 
study showed that preexisting liver disease, need for RRT, 
and higher organ failure scores were independent predic-
tors of GI bleeding risk [533]. A multicenter prospective 
cohort study found the incidence of clinically important 
GI bleeding to be 2.6% (95% CI 1.6–3.6%) in critically 
ill patients [533]; however, other observational studies 
showed lower rates of GI bleeding [534–537].

A recent systematic review and meta-analysis of 20 RCTs 
examined the efficacy and safety of stress ulcer prophylaxis 
[538]. Moderate quality of evidence showed that prophylaxis 
with either H2RAs or PPIs reduced the risk of GI bleeding 
compared to no prophylaxis (RR 0.44; 95% CI 0.28–0.68; 
low quality of evidence showed a nonsignificant increase in 
pneumonia risk (RR 1.23; 95% CI 0.86–1.78) [538]. Recently, 
a large, retrospective cohort study examined the effect of 
stress ulcer prophylaxis in patients with sepsis and found no 
significant difference in the risk of C difficile infection com-
pared to no prophylaxis [539] (ESM 13). !e choice of pro-
phylactic agent should depend on patients’ characteristics, 
patients’ values and preferences, and the local incidence of 
C. difficile infections and pneumonia.

Although published RCTs did not exclusively include 
septic patients, risk factors for GI bleeding are frequently 
present in patients with sepsis and septic shock [532]; 
therefore, using the results to inform our recommenda-
tions is acceptable. Based on the available evidence, the 
desirable consequences of stress ulcer prophylaxis out-
weigh the undesirable consequences; therefore, we made 
a strong recommendation in favor of using stress ulcer 
prophylaxis in patients with risk factors. Patients without 
risk factors are unlikely to develop clinically important 
GI bleeding during their ICU stay [532]; therefore, stress 
ulcer prophylaxis should only be used when risk factors 
are present, and patients should be periodically evaluated 
for the continued need for prophylaxis.

While there is variation in practice worldwide, several 
surveys showed that PPIs are the most frequently used 
agents in North America, Australia, and Europe, followed 
by H2RAs [540–544]. A recent meta-analysis including 
19 RCTs (n = 2177) showed that PPIs were more effec-
tive than H2RAs in preventing clinically important GI 
bleeding (RR 0.39; 95% CI 0.21–0.71; p = 0.002; moder-
ate quality), but led to a nonsignificant increase in pneu-
monia risk (RR 1.17; 95% CI 0.88–1.56; p  =  0.28; low 
quality) [544] prior meta-analyses reached a similar con-
clusion [545, 546]. None of the RCTs reported the risk of 
C. difficile infection; nonetheless, a large retrospective 
cohort study demonstrated a small increase in the risk of 
C. difficile infection with PPIs compared to H2RAs (2.2 
vs. 3.8%; p  <  0.001; very low-quality evidence). Studies 

reporting patients’ values and preferences concerning the 
efficacy and safety of these agents are essentially lacking. 
Furthermore, cost-effectiveness analyses reached differ-
ent conclusions [547, 548].

Consequently, the benefit of preventing GI bleeding 
(moderate-quality evidence) must be weighed against the 
potential increase in infectious complications (very low- 
to low-quality evidence). !e choice of prophylactic agent 
will largely depend on individual patients’ characteristics; 
patients’ values; and the local prevalence of GI bleed-
ing, pneumonia, and C. difficile infection. Because of the 
uncertainties, we did not recommend one agent over the 
other. Ongoing trials aim to investigate the benefit and 
harm of withholding stress ulcer prophylaxis (clinicaltri-
als.gov registration NCT02290327, NCT02467621). !e 
results of these trials will inform future recommendations.

T. NUTRITION

1. We recommend against the administration of 
early parenteral nutrition alone or parenteral 
nutrition in combination with enteral feedings 
(but rather initiate early enteral nutrition) in 
critically ill patients with sepsis or septic shock 
who can be fed enterally (strong recommenda-
tion, moderate quality of evidence).

Rationale Parenteral nutrition delivery can secure 
the intended amount of calories. !is may represent an 
advantage over enteral nutrition, especially when patients 
may be underfed due to GI intolerance, which may be 
pertinent over the first days of care in the ICU. However, 
parenteral delivery is more invasive and has been asso-
ciated with complications, including an increased risk of 
infections. Further, purported physiologic benefits are 
associated with enteral feeding, which make this strategy 
the mainstay of care [549]. To address the question of the 
superiority of parenteral nutrition for patients with sepsis 
and septic shock, we evaluated the evidence for patients 
who could be fed enterally early versus those for whom 
early enteral feeding was not feasible.

Our first systematic review examined the impact of an 
early parenteral feeding strategy alone or in combination 
with enteral feeding versus enteral feeding alone on mor-
tality in patients who could be fed enterally. We identified 
a total of 10 trials with 2888 patients that were conducted 
in heterogeneous critically ill and surgical patients, 
trauma and traumatic brain injury, and those with severe 
acute pancreatitis [550–559]. No evidence showed that 
early parenteral nutrition reduced mortality (RR 0.97; 
95% CI 0.87–1.08; n = 2745) or infection risk (RR 1.52; 
95% CI 0.88–2.62; n = 2526), but ICU LOS was increased 
(MD, 0.90; 95% CI 0.38–1.42; n = 46). !e quality of the 

evidence was graded as moderate to very low. In the larg-
est randomized trial that addressed this study question 
(CALORIES, n  =  2400), there were fewer episodes of 
hypoglycemia and vomiting in the early parenteral group, 
but no differences in death between the study groups 
[553, 560]. Due to the lack of mortality benefit, the added 
cost of parenteral nutrition in absence of clinical benefit 
[550, 551, 555, 560], and the potential physiologic ben-
efits of enteral feeding [549, 561, 562], we recommend 
early enteral nutrition as the preferred route of adminis-
tration in patients with sepsis or septic shock who can be 
fed enterally.

2. We recommend against the administration of par-
enteral nutrition alone or in combination with 
enteral feeds (but rather to initiate IV glucose and 
advance enteral feeds as tolerated) over the first 
7 days in critically ill patients with sepsis or septic 
shock for whom early enteral feeding is not feasi-
ble (strong recommendation, moderate quality of 
evidence).

Rationale In some patients with sepsis or septic shock, 
feeding enterally early may not be feasible because of con-
traindications related to surgery or feeding intolerance. 
#ese patients represent another subgroup of critically 
ill patients for whom the clinician may question whether 
to start parenteral nutrition early with or without some 
enteral feeding to meet nutritional goals, versus trophic/
hypocaloric enteral feeding alone, or nothing except the 
addition of IV glucose/dextrose for the provision of some 
calories. To address this question, we conducted a system-
atic review, which included a total of four trials and 6087 
patients [563–566]. Two of the included trials accounted 
for 98.5% of the patients included in the review and, of 
these trials, more than 65% of the patients were surgical 
critically ill patients [564, 567]. Seven (20%) of the patients 
from these two trials were considered septic and patients 
with malnourishment were either excluded or repre-
sented a very small fraction (n = 46, 3.3%) of the included 
patients. In three of the included trials, parenteral nutri-
tion was initiated if enteral feeding was not tolerated after 
the first 7 days of care [564, 566, 567]. Our review found 
that early parenteral nutrition with or without supple-
mentation of enteral nutrition was not associated with 
reduced mortality (RR 0.96; 95% CI 0.79–1.16; n = 6087; 
moderate-quality evidence), but was associated with 
increased risk of infection (RR 1.12; 95% CI 1.02–1.24; 3 
trials; n  =  6054; moderate-quality evidence) (ESM 14). 
Length of ventilation outcomes were reported divergently 
in the two large trials, with one suggesting an increase 
[567] and the other a decrease [564] in ventilation time 
associated with early parenteral nutrition. One trial also 

reported less muscle wasting and fat loss in the early par-
enteral nutrition group according to a Subjective Global 
Assessment Score [564]. In summary, due to the lack of 
mortality benefit, the increased risk of infection, and the 
extra cost for parenteral nutrition in the absence of clini-
cal benefit [568], current evidence does not support the 
initiation of early parenteral nutrition over the first 7 days 
of care for patients with contraindications or intolerance 
to enteral nutrition. Specific patient groups may benefit 
more or incur more harm with early initiation of par-
enteral nutrition in this context. We encourage future 
research according to individual patient level meta-anal-
yses to characterize these subgroups and plan for future 
randomized trials. It is important to note that patients 
who were malnourished were either excluded or rarely 
represented in the included trials from our systematic 
review. Since so few malnourished patients were enrolled, 
evidence to guide practice is lacking. Malnourished 
patients may represent a subgroup of critically ill patients 
for whom the clinician may consider initiating parenteral 
nutrition early when enteral feeding is not feasible.

3. We suggest the early initiation of enteral feeding 
rather than a complete fast or only IV glucose in 
critically ill patients with sepsis or septic shock 
who can be fed enterally (weak recommendation, 
low quality of evidence).

4. We suggest either early trophic/hypocaloric or 
early full enteral feeding in critically ill patients 
with sepsis or septic shock; if trophic/hypocaloric 
feeding is the initial strategy, then feeds should 
be advanced according to patient tolerance (weak 
recommendation, moderate quality of evidence).

Rationale #e early administration of enteral nutri-
tion in patients with sepsis and septic shock has potential 
physiologic advantages related to the maintenance of gut 
integrity and prevention of intestinal permeability, damp-
ening of the inflammatory response, and modulation of 
metabolic responses that may reduce insulin resistance 
[561, 562]. To examine evidence for this nutrition strat-
egy, we asked if early full feeding (started within the 
first 48 h and feeding goals to be met within 72 h of ICU 
admission or injury) as compared to a delayed strategy 
(feeds delayed for at least 48  h) improved the outcome 
of our critically ill patients. In our systematic review, we 
identified a total of 11 trials in heterogeneous critically ill 
patient populations (n =  412 patients) [569–579]. Only 
one trial was specifically conducted in patients with sep-
sis (n = 43 patients) [577]. #e risk of death was not sig-
nificantly different between the groups (RR 0.75; 95% CI 
0.43–1.31; n = 188 patients), and infections were not sig-
nificantly reduced (RR 0.60; 95% CI 0.34–12.07; n = 122 
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evidence was graded as moderate to very low. In the larg-
est randomized trial that addressed this study question 
(CALORIES, n  =  2400), there were fewer episodes of 
hypoglycemia and vomiting in the early parenteral group, 
but no differences in death between the study groups 
[553, 560]. Due to the lack of mortality benefit, the added 
cost of parenteral nutrition in absence of clinical benefit 
[550, 551, 555, 560], and the potential physiologic ben-
efits of enteral feeding [549, 561, 562], we recommend 
early enteral nutrition as the preferred route of adminis-
tration in patients with sepsis or septic shock who can be 
fed enterally.

2. We recommend against the administration of par-
enteral nutrition alone or in combination with 
enteral feeds (but rather to initiate IV glucose and 
advance enteral feeds as tolerated) over the first 
7 days in critically ill patients with sepsis or septic 
shock for whom early enteral feeding is not feasi-
ble (strong recommendation, moderate quality of 
evidence).

Rationale In some patients with sepsis or septic shock, 
feeding enterally early may not be feasible because of con-
traindications related to surgery or feeding intolerance. 
#ese patients represent another subgroup of critically 
ill patients for whom the clinician may question whether 
to start parenteral nutrition early with or without some 
enteral feeding to meet nutritional goals, versus trophic/
hypocaloric enteral feeding alone, or nothing except the 
addition of IV glucose/dextrose for the provision of some 
calories. To address this question, we conducted a system-
atic review, which included a total of four trials and 6087 
patients [563–566]. Two of the included trials accounted 
for 98.5% of the patients included in the review and, of 
these trials, more than 65% of the patients were surgical 
critically ill patients [564, 567]. Seven (20%) of the patients 
from these two trials were considered septic and patients 
with malnourishment were either excluded or repre-
sented a very small fraction (n = 46, 3.3%) of the included 
patients. In three of the included trials, parenteral nutri-
tion was initiated if enteral feeding was not tolerated after 
the first 7 days of care [564, 566, 567]. Our review found 
that early parenteral nutrition with or without supple-
mentation of enteral nutrition was not associated with 
reduced mortality (RR 0.96; 95% CI 0.79–1.16; n = 6087; 
moderate-quality evidence), but was associated with 
increased risk of infection (RR 1.12; 95% CI 1.02–1.24; 3 
trials; n  =  6054; moderate-quality evidence) (ESM 14). 
Length of ventilation outcomes were reported divergently 
in the two large trials, with one suggesting an increase 
[567] and the other a decrease [564] in ventilation time 
associated with early parenteral nutrition. One trial also 

reported less muscle wasting and fat loss in the early par-
enteral nutrition group according to a Subjective Global 
Assessment Score [564]. In summary, due to the lack of 
mortality benefit, the increased risk of infection, and the 
extra cost for parenteral nutrition in the absence of clini-
cal benefit [568], current evidence does not support the 
initiation of early parenteral nutrition over the first 7 days 
of care for patients with contraindications or intolerance 
to enteral nutrition. Specific patient groups may benefit 
more or incur more harm with early initiation of par-
enteral nutrition in this context. We encourage future 
research according to individual patient level meta-anal-
yses to characterize these subgroups and plan for future 
randomized trials. It is important to note that patients 
who were malnourished were either excluded or rarely 
represented in the included trials from our systematic 
review. Since so few malnourished patients were enrolled, 
evidence to guide practice is lacking. Malnourished 
patients may represent a subgroup of critically ill patients 
for whom the clinician may consider initiating parenteral 
nutrition early when enteral feeding is not feasible.

3. We suggest the early initiation of enteral feeding 
rather than a complete fast or only IV glucose in 
critically ill patients with sepsis or septic shock 
who can be fed enterally (weak recommendation, 
low quality of evidence).

4. We suggest either early trophic/hypocaloric or 
early full enteral feeding in critically ill patients 
with sepsis or septic shock; if trophic/hypocaloric 
feeding is the initial strategy, then feeds should 
be advanced according to patient tolerance (weak 
recommendation, moderate quality of evidence).

Rationale #e early administration of enteral nutri-
tion in patients with sepsis and septic shock has potential 
physiologic advantages related to the maintenance of gut 
integrity and prevention of intestinal permeability, damp-
ening of the inflammatory response, and modulation of 
metabolic responses that may reduce insulin resistance 
[561, 562]. To examine evidence for this nutrition strat-
egy, we asked if early full feeding (started within the 
first 48 h and feeding goals to be met within 72 h of ICU 
admission or injury) as compared to a delayed strategy 
(feeds delayed for at least 48  h) improved the outcome 
of our critically ill patients. In our systematic review, we 
identified a total of 11 trials in heterogeneous critically ill 
patient populations (n =  412 patients) [569–579]. Only 
one trial was specifically conducted in patients with sep-
sis (n = 43 patients) [577]. #e risk of death was not sig-
nificantly different between the groups (RR 0.75; 95% CI 
0.43–1.31; n = 188 patients), and infections were not sig-
nificantly reduced (RR 0.60; 95% CI 0.34–12.07; n = 122 
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Our literature search identified one new RCT [528]. In 
this multicentre trial, 400 patients with severe metabolic 
acidemia (pH ≤ 7.20) were randomly allocated to receive 
IV 4.2% sodium bicarbonate with the aim of achieving 
an arterial pH of 7.3, or control (no bicarbonate). No 
between-group difference was observed in the primary 
outcome of a composite of 28-day mortality and organ 
failure at day 7. However, hypernatremia, hypocalcaemia, 
and metabolic alkalosis were observed more frequently 
in those randomised to bicarbonate. In the subgroup of 
patients with AKI defined as AKI Network (AKIN) stage 
2 or 3 at randomisation (182/389–47%), lower mortality 
was observed with bicarbonate therapy: control 57/90 
(63%), bicarbonate (42/92–46%), absolute risk reduc-
tion (ARR) −17.7% (−33.0 to −2.3), p = 0.016. "ere was 
a significant differential effect between patients with an 
AKIN score of 2 or 3 compared with those with a score of 
0–1 (p value for heterogeneity = 0.023).

Sepsis was present in 61% (238/389) of patients at 
the time of randomisation. No differential effect was 
observed between patients with vs without sepsis. "e 
outcomes of patients with both sepsis and AKI were not 
reported.

Overall, the quality of evidence is low (Supplementary 
Appendix  5). "e summary of judgements supported 
a weak recommendation against the intervention. "e 
2016 recommendation is essentially unchanged. How-
ever, when considering the subset of patients with septic 
shock, severe metabolic acidosis and AKI, the balance of 
effects probably favours IV bicarbonate. A weak recom-
mendation for the use of IV bicarbonate in this popula-
tion was made.

Nutrition
Recommendation

73. For adult patients with sepsis or septic shock who can be fed enter-
ally, we suggest early (within 72 h) initiation of enteral nutrition

Weak recommendation; very low quality of evidence

Rationale
"e early administration of enteral nutrition in patients 
with sepsis and septic shock has potential physiologic 
advantages related to the maintenance of gut integrity 
and prevention of intestinal permeability, dampening of 
the inflammatory response, and modulation of metabolic 
responses that may reduce insulin resistance [529, 530]. 
Our literature search defined early enteral nutrition as 
enteral nutrition commenced within 72 h of ICU admis-
sion. "e comparator was enteral nutrition commenced 
after 72 h.

"e literature search identified one new RCT [531]. "is 
multicentre trial conducted in 44 French ICUs randomised 

2410 invasively mechanically ventilated patients with 
shock to early enteral nutrition vs early parenteral nutri-
tion. 1504 (62%) of the participants had sepsis. "e results 
of this trial were included in a meta-analysis with four rel-
evant trials from the 2016 guidelines [532–535]. No signif-
icant effect favouring early enteral nutrition was observed 
for all outcomes evaluated. "e quality of evidence was 
assessed low or very low: downgrades were for risk of bias, 
inconsistency, and imprecision.

"e overall balance of effects did not favour either 
early enteral feeding (within 72 h) compared with enteral 
feeding commenced after that time. Although the avail-
able evidence is of low quality, it does not suggest harm 
following the institution of early enteral feeding. Nei-
ther intervention was considered more beneficial when 
considering resources utilisation, cost effectiveness, and 
equity issues. "e institution of early enteral nutrition 
was also considered feasible in low- and middle-income 
economies.

Given the plausible possibility of benefit when consid-
ering the available physiological data, and the absence 
of any apparent harm, a weak recommendation to start 
feeding early in patients with sepsis and septic shock 
was made. Further research addressing this question in 
patients with sepsis and septic shock is required.

Long-term outcomes and goals of care
Patients who survive a protracted period of ICU care 
for sepsis typically face a long and complicated road to 
recovery. "ere will not only be physical rehabilitation 
challenges to overcome but also great uncertainty about 
the way to organize and coordinate care, both to promote 
recovery/avoid complications/recurrence and to ensure 
care is matched to patient and family goals of care.

"ere is broad consensus that the current healthcare 
system is likely falling short of what optimal care during 
the recovery period might look like for this patient popu-
lation. However, generating a robust evidence base upon 
which to make concrete recommendations about changes 
in the care paradigm has proven to be extraordinarily dif-
ficult. Some of the difficulties relate to:

  • not all patients are the same, and understanding 
which patients ought to receive which interventions 
is very poor;

  • not all healthcare delivery systems are the same—
even within one system, some patients may be very 
well-supported while others may not—really compli-
cating what ‘control’ care looks like;

  • lack of understanding about dosing and intensity of 
many of the proposed interventions, and when and 
whether they should be combined in packages is gen-
erally missing.
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Rationale Use of omega-3 fatty acids in the con-
text of clinical trials in the critically ill has been a sub-
ject of interest during the past several years because of 
the immunomodulatory potential [593]. However, sys-
tematic reviews of parenteral or enteral omega-3 sup-
plementation in critically ill and ARDS patients have not 
confirmed their therapeutic benefit [594, 595]. Further, a 
recent randomized trial of 272 patients with acute lung 
injury found excess harm related to mortality as well as 
fewer ventilator- and ICU-free days in the omega-3 arm 
as compared to the control arm [596]. A limitation of 
this trial as well as several other omega-3 trials is that the 
intervention arm also contained vitamins and trace min-
eral supplementation, making omega-3 fatty acids alone 
difficult to isolate as the cause for harm or benefit. For 
these reasons, we conducted a systematic review of clini-
cal trials in the critically ill that administered omega-3 
alone in the intervention arm. In a total of 16 trials 
(n  =  1216 patients), there were no significant reduc-
tions in death (RR 0.86; 95% CI 0.71–1.03; low quality 
evidence); however, ICU LOS was significantly reduced 
in the omega-3 group (MD, –3.84 days; 95% CI –5.57 to 
–2.12, very low-quality evidence). #e overall quality of 
the evidence was graded as low. Due to the uncertainty 
of benefit, the potential for harm, and the excess cost 
and varied availability of omega-3 fatty acids, we make a 
strong recommendation against the use of omega-3 fatty 
acids for patients with sepsis and septic shock outside the 
conduct of RCTs.

6. We suggest against routinely monitoring gastric 
residual volumes (GRVs) in critically ill patients 
with sepsis or septic shock (weak recommenda-
tion, low quality of evidence). However, we sug-
gest measurement of gastric residuals in patients 
with feeding intolerance or who are considered to 
be at high risk of aspiration (weak recommenda-
tion, very low quality of evidence).
Remarks #is recommendation refers to nonsurgical 
critically ill patients with sepsis or septic shock.

Rationale Critically ill patients are at significant risk 
for GI dysmotility, which may then predispose them to 
regurgitation or vomiting, aspiration, and the develop-
ment of aspiration pneumonia. #e rationale for meas-
urement of GRVs is to reduce the risk for aspiration 
pneumonia by either ceasing or modifying the enteral 
feeding strategy based on the detection of excess gas-
tric residuals. #e inherent controversy is that observa-
tional and interventional studies have not consistently 
confirmed a relationship between the measurement of 
GRVs (with thresholds ranging from 200 mL to no moni-
toring of GRVs) and outcomes of vomiting, aspiration, 

or pneumonia [597–603]. In our systematic review, we 
identified one multicenter non-inferiority trial of 452 
critically ill patients who were randomized to not moni-
toring GRVs versus monitoring GRVs at 6-h intervals 
[602]. Intolerance to feeds was defined as vomiting in 
the intervention group versus a GRV of >250 mL, vomit-
ing, or both in the control group. Although vomiting was 
more frequent (39.6 versus 27%; median difference, 12.6; 
95% CI 5.4–19.9) in the group in which GRVs were not 
monitored, a strategy of not monitoring GRVs was found 
to be non-inferior compared to monitoring at 6-h inter-
vals with regard to the primary outcome of VAP (16.7 
versus 15.8% respectively; difference, 0.9%; 95% CI −4.8 
to 6.7%). No detectable differences in death were shown 
between the study groups at 28 and 90 days. Patients who 
had surgery up to one month prior to study eligibility 
were not included in this study, so these results should 
not be applied to surgical critically ill patients. How-
ever, the results of this trial question the need to meas-
ure GRVs as a method to reduce aspiration pneumonia 
in all critically ill patients. Due to the absence of harm 
and the potential reduction in nursing resources needed 
to monitor patients, we suggest against routine monitor-
ing of GRVs in all patients with sepsis unless the patient 
has demonstrated feeding intolerance (e.g., vomiting, 
reflux of feeds into the oral cavity) or for patients who 
are considered to be at high risk for aspiration (e.g., sur-
gery, hemodynamic instability). We recommend the gen-
eration of further evidence through the conduct of future 
randomized controlled trials targeted to higher-risk 
patient groups such as the surgical population or those 
in shock to determine the threshold and frequency with 
which GRVs should be monitored.

7. We suggest the use of prokinetic agents in criti-
cally ill patients with sepsis or septic shock and 
feeding intolerance (weak recommendation, low 
quality of evidence).

Rationale Feeding intolerance is defined as vomiting, 
aspiration of gastric contents, or high GRVs. For multi-
ple reasons, feeding intolerance commonly develops in 
critically ill patients. Patients with preexisting gastro-
paresis or diabetes or those who are receiving sedatives 
and vasopressors are at risk. Prokinetic agents, includ-
ing metoclopramide, domperidone, and erythromycin, 
are frequently used in the ICU. Each of these agents has 
different pharmacodynamics and pharmacokinetic prop-
erties; however, these agents may be associated with pro-
longation of QT interval and ventricular arrhythmias. A 
large case–control study in non-ICU patients showed a 
threefold increase in risk of sudden cardiac death with 
domperidone use at doses >30  mg/day [604]. Another 

retrospective cohort study showed that outpatient use of 
erythromycin is associated with a twofold increase in the 
risk of sudden cardiac death, especially if concomitantly 
used with other CYP3A inhibitors [605]. !e impact on 
ventricular arrhythmias in ICU patients is less clear.

A recent systematic review and meta-analysis included 
13 RCTs enrolling 1341 critically ill patients showed that 
prokinetic agent use was associated with lower risk of 
feeding intolerance (RR 0.73; 95% CI 0.55–0.97; mod-
erate-quality evidence). !is was equivalent to an abso-
lute risk reduction of 17%. !e use of prokinetic agents 
did not significantly increase mortality (RR 0.97; 95% 
CI 0.81–1.1; low-quality evidence); however, the inci-
dence of fatal or nonfatal cardiac arrhythmias was not 
consistently reported across studies. !ere was no sig-
nificant effect on the risk of pneumonia or vomiting. !e 
majority of trials examined the effect of metoclopramide 
or erythromycin; subgroup analysis by drug class was 
underpowered to detect important subgroup differences 
[606]. We considered the desirable consequences (lower 
risk of feeding intolerance) and the low quality of evi-
dence showing no difference in mortality or pneumonia, 
and issued a weak recommendation for using proki-
netic agents (metoclopramide or erythromycin) to treat 
feeding intolerance in patients with sepsis. Future large 
comparative trials are needed to determine the relative 
efficacy and safety of different agents.

Monitoring the QT interval with serial electrocardio-
grams is required when these agents are used in the ICU, 
especially if concomitantly used with other agents that 
could prolong the QT interval [607]. !e need for proki-
netic agents should be assessed daily, and they should be 
stopped when clinically not indicated.

8. We suggest placement of post-pyloric feeding 
tubes in critically ill patients with sepsis or septic 
shock with feeding intolerance or who are consid-
ered to be at high risk of aspiration (weak recom-
mendation, low quality of evidence).

Rationale Feeding intolerance is defined as vomiting, 
abdominal distention, or high GRVs that result in inter-
ruption of enteral nutrition. Critically ill patients are at 
risk of gastroparesis and feeding intolerance; evidence of 
delayed gastric emptying can be found in approximately 
50% of critically ill patients [608]. !e proportion of 
patients who will progress to develop clinical symptoms 
is less clear. Feeding intolerance can result in interrup-
tion of nutritional support, vomiting, aspiration of gas-
tric contents, or pneumonia [609]. !e pathophysiology 
is not completely understood and is likely to be multi-
factorial. Gastroparesis can be caused by pharmacologic 
agents that are frequently used in the ICU (e.g., sedatives, 

opioids, or NMBAs), gastric hypoperfusion in the context 
of shock, hyperglycemia, or vasopressor use [610–612].

Post-pyloric tubes have the theoretical advantage of 
improving feeding intolerance in patients with gastropa-
resis, consequently improving the delivery of nutrition 
into the gut. Post-pyloric feeding tubes, although safe, 
are not always available, and require technical skill for 
successful insertion. Gastric air insufflation and proki-
netic agents are both effective strategies to facilitate the 
insertion of post-pyloric tubes in critically ill patients 
[613]. Endoscopy and an external magnet device can also 
be used to guide post-pyloric tube insertion, but are not 
always available, are expensive, and require a higher level 
of expertise.

We conducted a systematic review and meta-anal-
ysis of randomized trials to examine the effect of 
post-pyloric (compared to gastric) feeding on patient-
important outcomes. We identified 21 eligible RCTs 
enrolling 1579 patients. Feeding via post-pyloric tube 
reduced the risk of pneumonia compared to gastric 
tube feeding (RR 0.75; 95% CI 0.59–0.94; low-quality 
evidence). !is translates into a 2.5% (95% CI 0.6–4.1%) 
absolute reduction in pneumonia risk. However, there 
was no significant effect on the risk of death, aspiration, 
or vomiting (ESM 16). !is is consistent with the results 
of older meta-analyses [614, 615]. Although the use of 
post-pyloric tubes reduced risk of pneumonia, the qual-
ity of evidence was low, the magnitude of benefit was 
small, and there was uncertainty about the effect on 
other patient-important outcomes. Cost-effectiveness 
studies that describe the economic consequences of 
using post-pyloric feeding tubes are lacking. !ere-
fore, we decided that the balance between desirable 
and undesirable consequences was unclear in low-risk 
patients; however, the use of post-pyloric feeding tubes 
may be justified in patients at high risk of aspiration 
(i.e., patients with history of recurrent aspiration, severe 
gastroparesis, feeding intolerance, or refractory medical 
treatment).

9. We recommend against the use of IV selenium to 
treat sepsis and septic shock (strong recommen-
dation, moderate quality of evidence).

Rationale Selenium was administered in the hope 
that it could correct the known reduction of selenium 
concentration in sepsis patients and provide a pharma-
cologic effect through an antioxidant defense. Although 
some RCTs are available, the evidence for the use of IV 
selenium is not convincing. Two recent meta-analyses 
suggest, with weak findings, a potential benefit of sele-
nium supplementation in sepsis [616, 617]. However, a 
recent large RCT also examined the effect on mortality 



Enterálna výživa

• Prirodzený spôsob príjmu potravy a energie pre organizmus, 
zabezpečí trofiku a integritu čreva 

  
•Hlavne v úvodných fázach sepsy a sptického šoku problémová pre 

zabezpečenie prívodu energie vzhľadom na paralýzu a 
nefunkčnosť GITu 

  
•Nie je ale nevyhnutné pokryť celkovú potrebu, ale najmä 

zabezpečiť trofiku čreva a predísť tak komplikáciám zo strany GITu 

•Minimálne invazívna, s nízkym rizikom komplikácií a klinicky 
dokázaným benefitom pre kriticky chorých pacientov



 Krátkodobá kalorická reštrikcia

• Redukcia pr í jmu pot ravy bez rozvoja malnut r íc ie ; 
experimentálne práce, ale aj humánne štúdie naznačujú rýchly 
nástup účinkov a potenciál klinického významu 

  
• Zlepšuje metabolickú odolnosť zahrňujúcu glukózovú 

homeostázu, inzulínovú senzitivitu, profil sérových lipidov, tlak 
krvi a zvyšuje odolnosť voči rôznym akútnym oxidatívnym 
stresorom 

  
• Tento vplyv sa dokázal aj pri krátkodobej reštrikcii 

charakterizovanou redukcia kalorického príjmu a posledné údaje 
ukazujú podobný benefit aj ak nastane bezprostredne po inzulte



 Krátkodobá kalorická reštrikcia

•Ochrana pred ischemicko-reperfúznym poškodením a inými 
stresormi vyplývajúcimi napríklad z chirurgickej intervencie 

• poškodenie periférnych nervov a mozgu  s redukciou edému a 
neuronálnej nekrózy 

• zníženie poškodenia myokardu, zlepšenie kardiálnych funkcií  

• redukcia expresie prozápalových cytokínov a chemokínov, expresie 
adhezívnych molekúl cerebrovaskulárnych endoteliálnych bunkách 

• redukcia poškodenia obličiek a pečene - zlepšením inzulínovej 
senzitivity, redukciou expresie IGF-1 a zvýšením expresie 
cytoprotektívnych génov hemeoxygenázy 1 a komponentov 
glutationového detoxifikačného systému



 Krátkodobá kalorická reštrikcia

•Modulácia zápalovej odpovede vyvolanej infekciou alebo 
endotoxínovým šokom 

• zníženie schopnosti makrofágov a neutrofilou zvýšiť  
proinflamatórnu odpoveď a zvýšenie aktivity cytoprotektívnych 
antioxidačných mechanizmou okolitých buniek 

• zníženie neadekvátnej aktivácie imunitného systému ako 
odpovede na prítomnosť infekčného agens, endotoxínu a LPS 

•Ovplyvnenie rastu tumoróznych tkanív redukciou angiogenézy 
a stimuláciou apoptózy tumoróznych buniek 

• Redukcia nežiadúcich účinkov chemoterapie na somatické 
bunky



Hypokalorická vs eukalorická podpora

• 83 kriticky chorých pacientov náhodne rozdelených do 
eukalorickej (25 - 30 kcal/kg/deň) a hypokalorickej skupiny 
(50% redukcia kalorického príjmu), rovnaká dodávka proteínov 
(1,5 g/kg/deň)

Hypocaloric compared with eucaloric nutritional support and its effect
on infection rates in a surgical intensive care unit: a randomized
controlled trial1–5

Eric J Charles, Robin T Petroze, Rosemarie Metzger, Tjasa Hranjec, Laura H Rosenberger, Lin M Riccio,
Matthew D McLeod, Christopher A Guidry, George J Stukenborg, Brian R Swenson, Kate F Willcutts, Kelly B O’Donnell,
and Robert G Sawyer

ABSTRACT
Background: Proper caloric intake goals in critically ill surgical
patients are unclear. It is possible that overnutrition can lead to
hyperglycemia and an increased risk of infection.
Objective: This study was conducted to determine whether surgical
infection outcomes in the intensive care unit (ICU) could be im-
proved with the use of hypocaloric nutritional support.
Design: Eighty-three critically ill patients were randomly allocated
to receive either the standard calculated daily caloric requirement of
25–30 kcal $ kg–1 $ d–1 (eucaloric) or 50% of that value (hypo-
caloric) via enteral tube feeds or parenteral nutrition, with an equal
protein allocation in each group (1.5 g $ kg–1 $ d–1).
Results: There were 82 infections in the hypocaloric group and 66
in the eucaloric group, with no significant difference in the mean
(6SE) number of infections per patient (2.0 6 0.6 and 1.6 6 0.2,
respectively; P = 0.50), percentage of patients acquiring infection
[70.7% (29 of 41) and 76.2% (32 of 42), respectively; P = 0.57],
mean ICU length of stay (16.76 2.7 and 13.56 1.1 d, respectively;
P = 0.28), mean hospital length of stay (35.2 6 4.9 and 31.0 6 2.5
d, respectively; P = 0.45), mean 0600 glucose concentration (132 6
2.9 and 135 6 3.1 mg/dL, respectively; P = 0.63), or number of
mortalities [3 (7.3%) and 4 (9.5%), respectively; P = 0.72]. Further
analyses revealed no differences when analyzed by sex, admission
diagnosis, site of infection, or causative organism.
Conclusions: Among critically ill surgical patients, caloric provi-
sion across a wide acceptable range does not appear to be associated
with major outcomes, including infectious complications. The op-
timum target for caloric provision remains elusive. Am J
Clin Nutr 2014;100:1337–43.

INTRODUCTION

Appropriate nutrition intake in critically ill surgical patients is
a crucial aspect of care. Nutritional support is needed to over-
come stress-induced metabolic responses, prevent oxidative cel-
lular injury, and favorably modulate the immune response (1–3).
Malnutrition is associated with impaired immune function,
reduced ventilatory drive, weakened respiratory muscles, pro-
longed ventilator dependence, and increased infectious compli-
cations in critically ill patients (4, 5). Nutritional support is
believed to improve wound healing and gastrointestinal structure
and function, as well as reduce catabolism, complication rates,
and length of stay (1).

Despite its attributes, nutritional support does have adverse
effects, suggesting a delicate balance between overfeeding and
underfeeding. Feeding intolerance is a less frequent occurrence
when patients receive trophic enteral feedings (6). However,
when goal enteral feeding is attempted and leads to high gastric
residual volumes, patients are at an increased risk of hospital-
acquired pneumonia, longer intensive care unit (ICU) stays, and
increased ICU mortality (7). When enteral nutrition is not pos-
sible, patients may receive supplemental parenteral nutrition,
although the appropriate timing of initiation and its role continue
to be debated (8–10). Parenteral nutrition is known to be asso-
ciated with increased infections, gut mucosal atrophy, hyper-
glycemia, and overall increased mortality in critically ill patients
(9, 11).

Current guidelines detail the optimal delivery of nutritional
support and recommend providing 25–30 kcal $ kg–1 $ d–1 with
1.2–2 g protein $ kg–1 $ d–1. Yet, no published data have vali-
dated these standard daily caloric intake targets (2, 12, 13).
Although there is general consensus that excessive hypocaloric
(#25% recommended daily caloric intake) or hypercaloric
($125%) feeding should be avoided, controversy still exists
over what feeding targets should be (14). Particularly in patients
with a high severity of illness, attempting to provide full nutri-
tional support may correlate with adverse outcomes (15, 16).
New evidence suggests that outcomes may be improved in
patients who are “underfed.” Nevertheless, to our knowledge,
no study has yet randomly allocated critically ill patients to
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support might have on glucose control and infectious outcomes,
particularly during critical illness. To address this issue, we
conducted a single-institution pilot study to evaluate the differ-
ences in infectious outcomes between critically ill patients
randomly allocated to receive either the standard daily recom-
mendation of 25–30 kcal $ kg–1 $ d–1 or 50% of that amount.
These results failed to identify any difference in outcomes be-
tween critically ill surgical patients enrolled to each group.

Current literature supports the following recommendations for
providing nutritional support to critically ill adults: the enteral
route is preferred; nutrition should be initiated as soon as pos-
sible, ideally within 24–48 h of ICU admission; and postpyloric
feeding should be considered (2, 12, 13). Patients should be in
the semirecumbent position, have their tube feeds titrated up to
80% of goal rate within 72 h, and have gastric residuals moni-
tored (19). Motility agents should be used and enteral nutrition

should be continued unless residuals .500 mL are encountered
(2, 13). There is also literature that supports providing increased
protein for patients receiving continuous renal replacement
therapy or hemodialysis, as well as monitoring and controlling
glucose levels closely (2, 20).

Of those that have addressed the issue of proper dosing of
nutritional support in the recent past, results are inconclusive, but
a push toward less is more has garnered some recent attention.
Arabi et al (21) published their results of a cohort study to de-
termine whether morbidity and mortality are affected by caloric
intake and concluded that increased hospital mortality, ICU and
hospital lengths of stay, infection rates, and mechanical venti-
lation duration were associated with near-target caloric intake
(.64.6% of goal). These findings are consistent with a study
published by Krishnan et al (16), which found that caloric intake
between 33% and 66% of recommended was beneficial to

TABLE 3
Primary infection results1

Variable Hypocaloric (n = 41) Eucaloric (n = 42) P value OR (95% CI)

Total no. of infections 82 66 0.72 —
Infections per patient (n) 2.0 6 0.62 1.6 6 0.2 0.50 —
Any infection [% (n)]3,4 70.7 (29) 76.2 (32) 0.57 0.76 (0.28, 2.01)
ICU-acquired infection [% (n)]3,5 56.1 (23) 57.1 (24) 0.92 0.96 (0.40, 2.28)
Infection site [% (n)]
Pneumonia 43.9 (18) 47.6 (20) 0.73 0.86 (0.36, 2.04)
Central line 4.9 (2) 4.8 (2) 0.98 1.03 (0.14, 7.65)
Bloodstream 24.4 (10) 19.1 (8) 0.56 1.37 (0.48, 3.92)
Urinary tract 14.6 (6) 14.3 (6) 0.96 1.03 (0.30, 3.50)
Wound 12.2 (5) 7.1 (3) 0.44 1.81 (0.40, 8.10)

Causative organism [% (n)]
Gram negative 53.7 (22) 42.9 (18) 0.33 1.54 (0.65, 3.67)
MRSA 2.4 (1) 4.8 (2) 0.58 0.50 (0.04, 5.74)
Escherichia coli 7.3 (3) 7.1 (3) 0.98 1.03 (0.20, 5.41)
Anaerobe 12.2 (5) 9.5 (4) 0.7 1.32 (0.33, 5.31)
Fungus 14.6 (6) 14.3 (6) 0.96 1.03 (0.30, 3.50)

1Continuous variables were compared by using Student’s t test and the Wilcoxon rank-sum test. Categorical variables
were compared by using the Wald x2 test and Fisher exact test. Bivariable logistic regression and the Wald x2 test were used
to estimate the relative odds of hospital-acquired infection and associated 95% CIs. ICU, intensive care unit; MRSA,
methicillin-resistant Staphylococcus aureus.

2Mean 6 SE (all such values).
3Adjusted ORs for the primary outcome were calculated by using multivariate logistic regression to control for risk of

refeeding and the percentage of goal calories received.
4Adjusted P = 0.41; OR: 0.82; 95% CI: 0.28, 2.39.
5Adjusted P = 0.61; OR: 0.78; 95% CI: 0.31, 2.00.

TABLE 4
Secondary outcomes1

Variable Hypocaloric (n = 41) Eucaloric (n = 42) P value OR (95% CI)

ICU2 length of stay (d) 16.7 6 2.73 13.5 6 1.1 0.28 —
Hospital length of stay (d) 35.2 6 4.9 31.0 6 2.5 0.45 —
Mortality [% (n)] 7.3 (3) 9.5 (4) 0.72 0.75 (0.16, 3.58)
Glucose control variables
Mean overall glucose (mg/dL) 133 6 2.8 138 6 2.7 0.22 —
Mean 0600 glucose (mg/dL) 132 6 2.9 135 6 3.1 0.63 —
Mean insulin (units/d) 36.9 6 8.3 39.3 6 12.2 0.87 —

1Bivariable linear regression was used to compare differences in mean values. Relative odds of in-hospital mortality
was assessed by using bivariable linear regression and the Wald x2 test.

2 ICU, intensive care unit.
3Mean 6 SE (all such values).
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Effect of initial calorie intake via enteral nutrition
in critical illness: a meta-analysis of randomised
controlled trials
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Abstract

Introduction: Guidelines support the use of enteral nutrition to improve clinical outcomes in critical illness; however,
the optimal calorie and protein intake remains unclear. The purpose of this meta-analysis was to quantitatively analyze
randomised controlled trials with regard to clinical outcomes related to varying calorie and protein administration in
critically ill adult patients.

Method: We searched Medline, EMBASE, and Cochrane databases to identify randomised controlled trials that
compared the effects of initially different calorie and protein intake in critical illness. The risk ratio (RR) and weighted
mean difference with 95% confidence intervals (CI) were calculated using random-effects models. The primary
endpoint was mortality; secondary endpoints included infection, pneumonia, gastrointestinal intolerance, hospital and
intensive care unit lengths of stay, and mechanical ventilation days.

Results: In the eight randomised controlled trials that enrolled 1,895 patients there was no statistical difference
between the low-energy and high-energy groups in mortality (RR, 0.90; 95% CI, 0.71 to 1.15; P = 0.40), infection
(RR, 1.09; 95% CI, 0.92 to 1.29; P = 0.32), or the risk of gastrointestinal intolerance (RR, 0.84; 95% CI, 0.59 to 1.19; P = 0.33).
In subgroup analysis, the low-energy subgroup, fed 33.3 to 66.6% of goal energy, showed a lower mortality than the
high-energy group (RR, 0.68; 95% CI, 0.51 to 0.92; P = 0.01). The improvements in mortality and gastrointestinal
intolerance were absent when calorie intake was >66.6% of goal energy in the low-energy group. High-energy intake
combined with high-protein intake reduced the infections (RR, 1.25; 95% CI, 1.04 to 1.52; P = 0.02); however, when the
daily protein intake was similar in both groups, a high-energy intake did not decrease the infections. No statistical
differences were observed in other secondary outcomes.

Conclusion: This meta-analysis indicates that high-energy intake does not improve outcomes and may increase
complications in critically ill patients who are not malnourished. Initial moderate nutrient intake (33.3 to 66.6% of goal
energy), compared to high energy, may reduce mortality, and a higher protein intake combined with high energy
(≥0.85 g/kg per day) may decrease the infection rate. However, the contribution of energy versus protein intake to
outcomes remains unknown.

Introduction
Enteral nutrition (EN) may not only supply nutrition to
patients but also protect intestinal epithelial cells, im-
prove intestinal tight junctions, support intestinal struc-
ture and function, and prevent bacterial translocation
[1-5]. However, no such beneficial clinical effect of EN

has been observed in the first large randomised con-
trolled trial (RCT) comparing isocaloric EN to parenteral
nutrition (PN) [5]. Critically ill patients are often in a
catabolic state because of the influence of inflammatory
cytokines and stress hormones [6]. As a result, patients
in the ICU may be at an increased risk of progressive
underfeeding, which can result in malnutrition. To avoid
malnutrition, the guidelines of several health organisa-
tions advocate early EN [7-10]. Unfortunately, critically
ill patients may not receive sufficient calories and protein
via EN because of gastrointestinal dysmotility, particularly
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 Záver alebo čo sme sa teda naučili
• Terapeutické stratégie, či už pre sepsu alebo čokoľvek iné, 

pochádzajú takmer vždy z dospelej medicíny 
  
• S deťmi sa však veľmi často spája patofyziologický podklad alebo 

nápad na vyriešenie nejakého problému u dospelých pacientov 
  
•Nie je to nič zvláštne, lebo možnosti klinických štúdií u detí sú 

veľmi limitované (našťastie !!!) 

•Navyše obrovské množstvo liekov a terapeutických postupov je u 
detí „OFF LABEL“ 

• Preto je len prirodzené, že preberáme stratégie a postupy od 
dospelých až po ich odskúšaní v klinickej praxi a s ohľadom na 
fyziologické a patofyziologické aspekty detského veku
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