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Context




Doig GS, Simpson F, Finfer S, Delaney A, Davies AR, Mitchell | and Dobb G for the Nutrition Guidelines Investigators of
the ANZICS Clinical Trials Group. Effect of evidence-based feeding guidelines on mortality of critically ill patients: a
cluster randomized controlled trial. JAMA 2008 Dec 17;300(23):2731-41.



Acceptable conditions:

* tolerating adequate oral intake
* <24 hours to oral intake

» palliative care

At ICU admission:
Should this patient be fed?

Can EN be started

within 24 hotrs? Acceptable conditions:

* acufe pancrearitis®
® enteric anastomosis®
* ischemic bowel
enteric fistula
GASTRIC CHALLENGE imminent bowel resection
* use full strength concentration imminent endoscopy
» Consider prokinetic with challenge * bowel obstruction
* GOAL: art least 80% of requirements * high nasogastric losses on admission
at 72h * severe exacerbation of IBD
assess q12h

“may still opt for elemental feeds

Will ar least 80% of l

requirements be met i
by 72h? Begin TPN:

- * consider TPN with glutamine

* NO Reassess q12h for EN eligibility

Is Goal met? Use prokinetic and/or
Use post-pyloric tube

{ YES !

) Continue EN to Max. tolerated
Increase rate ES NO Supplement with PN

to 100% 4 | Is Goal met? . Continue EN challenges q12h

Evidence updated by the ANZICS CTG Feeding Investigators Group Oct 28th, 2003,
Chiet Investigator: Dr. Gordon 5. Doig, University of Sydney. Contact: gdoig@med.usyd.edu.au




Can EN be started
within 24 hours?
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the ANZICS Clinical Trials Group. Effect of evidence-based feeding guidelines on mortality of critically ill patients: a
cluster randomized controlled trial. JAMA 2008 Dec 17;300(23):2731-41.
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Simpson F and Doig GS. Parenteral vs. enteral nutrition in the critically ill patient: A meta-analysis of high-quality
trials. Intensive Care Med 2005;31(1):12-23
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Simpson F and Doig GS. Parenteral vs. enteral nutrition in the critically ill patient: A meta-analysis of high-quality
trials. Intensive Care Med 2005;31(1):12-23



Equipoise for a large-scale clinical trial

Hypothesis:

In patients who have a short-term relative contraindication to early
enteral nutrition, the provision of early parenteral nutrition (within
24 hours of ICU admission) reduces 60-day landmark mortality, and
associated measures of morbidity, compared to pragmatic standard

care.

www.evidencebased.net/EarlyPN



A large-scale multi-centre trial

e National Health and Medical Research Council Funded RCT
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A large-scale multi-centre trial

* National Health and Medical Research Council Funded RCT
» 31 participating hospitals throughout Australia and New Zealand.
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A large-scale multi-centre trial

» National Health and Medical Research Council Funded RCT
« 31 participating hospitals throughout Australia and New Zealand.
e Recruitment ran from 19t October 2006 to 30" June 2011.
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A large-scale multi-centre trial

 National Health and Medical Research Council Funded RCT
« 31 participating hospitals throughout Australia and New Zealand.
 Recruitment ran from 19" October 2006 to 30™ June 2011.
1,363 patients were enrolled and randomised
682 received pragmatic standard care
681 received early parenteral nutrition

© 2017, University of Sydney, Not for reproduction or distribution.



Eligibility Criteria

Complete inclusion criteria:
e Adult patients admitted to ICU for less than 24 h.
e Expected to remain in ICU today and tomorrow.

e Not expected to receive enteral, parenteral or oral intake today or
tomorrow.

e Has a central venous access line through which parenteral nutrition could
be delivered.

www.evidencebased.net/EarlyPN
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Early PN: Study Intervention

e Patients received standard PN
e ready-to-mix 3-chamber bag containing 34g amino acids, 100g glucose (Glucose
19%), 409 lipid/ 1026mls, 0.9kcal/ml, and electrolytes
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Early PN: Study Intervention

e Patients received standard PN
e ready-to-mix 3-chamber bag containing 34g amino acids, 100g glucose (Glucose
19%), 409 lipid/ 1026mls, 0.9kcal/ml, and electrolytes

e Starting rates and daily rate increases were defined by study protocols
designed to reflect normal care in Australia and New Zealand.

www.evidencebased.net/EarlyPN



Study PN Protocol A: ALL PATIENTS EXCEPT MALNOURISHED PATIENTS
Feeding Day 1 (first 24 hours of PN)

e Commence TPN at 60ml/hr (or goal rate, whichever is lower).

e Consider trace element, mineral and vitamin needs as clinically appropriate.

Feeding Day 2 (second 24 hours of PN)
¢ Increase TPN to 80ml/hr (or goal rate, whichever is lower).
e Consider trace element, mineral and vitamin needs as clinically appropriate.

Feeding Day 3 (next 24 hours)

¢ Increase TPN to goal rate, as appropriate.

e Consider trace element, mineral and vitamin needs, as clinically appropriate.

e Recommend trialing enteral/oral nutrition, if clinically appropriate.

e Once the patient tolerates > 475 kcal/day EN, complete remainder of 24 hour TPN

infusion and do not hang another bag.

If patient tolerates any oral caloric intake from food, complete remainder of 24 hour
TPN infusion and do not hang another bag.

Feeding Day 4 (next 24 hours) plus all additional days after Day 4
May switch to parenteral nutrition solution tailored to patient’s specific clinical needs.
Goals not to exceed 25-35 kcal/kg and 1.0-1.5 g protein/kg.
Consider long term needs regarding trace element, mineral and vitamins as clinically
appropriate.
Recommend trialing enteral/oral nutrition, if clinically appropriate.
Once the patient tolerates > 475 kcal/day EN, complete remainder of 24 hour TPN
infusion and do not hang another bag.
If patient tolerates any oral caloric intake from food, complete remainder of 24 hour
TPN infusion and do not hang another bag.
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Study PN Protocol B: MALNOURISHED PATIENTS (Ex. BMI < 17 or clinical diagnosis):

Feeding Day 1 (first 24 h of PN)

e Commence TPN at 40ml/hr (or goal rate, whichever lower).

e Strongly recommend administering 100mg thiamine, commencing at least 30 minutes prior
to initiation of TPN infusion, as clinically indicated as per product licensing indications.
Recommend daily administration of other vitamins, minerals and trace elements, as clinically
appropriate.

Feeding Day 2 (second 24 hours of PN)

e Increase TPN to 60ml/hr (or goal rate, whichever is lower).

e Recommend daily administration of vitamins, minerals and trace elements, as clinically
appropriate.

Feeding Day 3 (next 24 hours)
Increase TPN to goal rate, as appropriate.
Recommend daily administration of vitamins, minerals and trace elements, as clinically
appropriate.
Recommend trialing enteral/oral nutrition, if clinically appropriate.
Once the patient tolerates = 475 kcal/day EN, complete remainder of 24 hour TPN infusion
and do not hang another bag.
If patient tolerates any oral caloric intake from food, complete remainder of 24 hour TPN
infusion and do not hang another bag.
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May switch to parenteral nutrition solution tailored to patient’'s specific clinical needs. Goals
not to exceed 25-35 kcal/kg and 1.0-1.5 g protein/kg.
Strongly recommend addressing long term needs regarding trace elements, minerals and
vitamins as clinically appropriate.
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Early PN: Study Intervention

e Patients received standard PN

ready-to-mix 3-chamber bag containing 34g amino acids, 100g glucose (Glucose
19%), 40g lipid/ 1026mis, 0.9kcal/ml, and electrolytes

e Starting rates and daily rate increases were defined by study protocols
designed to reflect normal care in Australia and New Zealand.
e Target metabolic needs were calculated using the Harris-Benedict equation.

Used total caloric content (including protein calories) of the study PN to
calculate PN infusion rates.

Metabolic needs for obese patients, defined as a BMI > 30, were calculated
based on ideal body weight (BMI = 21).

Capped to an upper limit of 35 kcal/kg/day.
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e ready-to-mix 3-chamber bag containing 34g amino acids, 100g glucose (Glucose
19%), 409 lipid/ 1026mls, 0.9kcal/ml, and electrolytes
Starting rates and daily rate increases were defined by study protocols
designed to reflect normal care in Australia and New Zealand.
Target metabolic needs were calculated using the Harris-Benedict equation.
e Used total caloric content (including protein calories) of the study PN to
calculate PN infusion rates.
e Metabolic needs for obese patients, defined as a BMI > 30, were calculated
based on ideal body weight (BMI = 21).
e (Capped to an upper limit of 35 kcal/kg/day.
Calculated target metabolic needs were usually achieved on study Day 3.
We did not specify the method to be used to re-estimate targets from Day 4
on, however we did recommend that reasonable ranges should be achieved.
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Pragmatic Standard Care

e The attending clinician selected the route, starting rate, metabolic targets,
measures of tolerance and composition of feeds to be used in standard
care patients based on current practice in their ICU.

www.evidencebased.net/EarlyPN
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Who got into the trial:

Main types of patients enrolled:
e 234 (17%) Gl perforation (surgical),
e 140 (10%) Gl obstruction (surgical or medical management),
e 98 (7%) ruptured aorta (surgical),
e 91 (7%) Gl neoplasm (surgical),
e 91 (7%) other Gl (surgical),
e 87 (6%) Sepsis other than urinary (med),
e 62 (5%) Gl bleeding (med/surg).
Overall 65% of patients were surgical and 35% of patients were medical.

Mortality at Day 60: 301/1358 (22.2%)
Average ICU stay: 8.9 days
Average hospital stay: 25.0 days

This is a critically ill patient population.
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Early parenteral nutrition (681 patients):
e 679/681 patients (99.7%) commenced PN 44 minutes after enrolment
o 405/679 (59.6%) progressed to EN 3.83 days after PN start

Pragmatic standard care (682 patients):
» 199/682 patients (29.2%) commenced EN 1.98 days after enrolment,

o 48/199 (24.1%) received supplemental PN 5.58 days after EN start
» 186/682 patients (27.3%) commenced PN 1.99 days after enrolment,

e 80 /186 (43.0%) progressed to EN 5.08 days after PN start

e 278/682 patients (40.8%) never received EN or PN during their 3.72 day
ICU stay
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Pre-specified algorithm was used to identify baseline characteristics for inclusion in a
multivariate model to control for confounding.

Final multivariate model controlled for strong predictors and baseline imbalance: Age, gender,
BMI, APACHE 2 score, Chronic Liver, Chronic Respiratory and Source of Admission.
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T ——

a5 patients (2 Standard Care, 3 Early PN) could not be contacted on study Day 60 to determine vital status.
Considered ‘missing at random’ for ITT Primary and Adjusted primary outcome analysis.

b Multivariate model controlled for confounding due to baseline imbalance and strong predictors: Age, gender,
BMI, APACHE 2 score, Chronic Liver, Chronic Respiratory and Source of Admission.

#Bender R, Vervolgyi V. Estimating adjusted NNTs in randomised controlled trials with binary outcomes: A simulation
study. Contemporary Clinical Trials 2010;31:498-505.
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endotracheal or bronchoscopic aspirate, or quantitatively cultured bronchoscopic BAL fluid or brush catheter specimen), or the
presence of a negative lower respiratory tract culture if collected within 72hrs after starting a new antibiotic regimen.

fCPIS > 6 (using a Gram stain of a lower respiratory tract sample) plus a definite cause established by the recovery of a probable
etiologic agent from a) an uncontaminated specimen (blood, pleural fluid, transtracheal aspirate, or transthoracic aspirate); b) the
recovery from respiratory secretions of a likely pathogen that does not colonize the upper airways (e.g., Mycobacterium tuberculosis,
Legionella species, influenza virus, or Pneumocystis jiroveci (carinii); c) recovery of a likely/possible respiratory pathogen in cultures
of a lower respiratory tract sample (endotracheal aspirate, BAL, or protected specimen brush); or d) positive serology.
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Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item
selection. Med Care 1992;30:473-483.
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Minimally Important Difference = %SD = 135

Juniper EF, Guyatt GH, Willan A, Griffith LE. Determining a minimal important change in a disease-specific Quality of Life
Questionnaire. J Clin Epidemiol 1994,47:81-87.

Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related quality of life: The remarkable universality
of a half a standard deviation. Medical Care 2004;41:582-592.

Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item
selection. Med Care 1992;30:473-483.
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Discussion

The Early PN Trial randomised patients with a short-term relative
contraindication to early EN to receive:

1) Pragmatic standard care or 2) PN provided within 24 h of ICU admission.
We did not find a difference in our primary outcome, mortality:
e 0.0%, 95% Cl -4.2% to 4.3%
We did not find a difference in any type of infectious complications.

Early PN patients required significantly fewer ventilator days (1.1 days, p =
0.009) and there was a trend towards a shorter ICU stay (0.75 days, p=0.06).




$1,000,000 question:

HOW could early nutrition reduce duration of ventilation and ICU stay?



Body composition

ICU admission:
* Enrolment within 24 h of admit

w

Body composition measures obtained at enrolment and
every Monday and Thursday while in study ICU:

MAMC, SGA muscle wasting, SGA fat store loss



Subjective Global Assessment: Muscle wasting

Standard
care

3
Weeks in study ICU

Fully factorial repeated measures ANOVA:
p <0.0001 change over time
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Subjective Global Assessment: Muscle wasting

Standard
care

E Early PN 3
Weeks in study ICU

Fully factorial repeated measures ANOVA:
p <0.0001 change over time, p =0.014 difference between groups (0.16 grade per week)
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Subjective Global Assessment: Fat loss

Standard
care

3
Weeks in study ICU

Fully factorial repeated measures ANOVA:
p < 0.0001 change over time
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Subjective Global Assessment: Fat loss

Standard
care

E Early PN 3
Weeks in study ICU

Fully factorial repeated measures ANOVA:
p < 0.0001 change over time, p =0.045 difference between groups (0.13 grade per week)
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Autophagy

A catabolic process that delivers intracellular constituents sequesterd in double-
membrane vesicles to lysosomes for degradation.
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complementing the ubiquitin-proteasome system.

Plays a crucial role in development, differentiation, aging,
Infection, cancer, neurodegeneration, insulin resistance,
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First described to be induced during nutrient starvation
approximately 50 years ago.

“In nutrient deprivation, autophagy activates bulk protein degradation to harvest amino
acids as a fuel for ATP production through the tricarboxylic acid (TCA) cycle.”
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Body composition: Changes over time

< Mild to Moderate evidence of muscle (and fat) sparing with Early PN use
= Diaphragmatic thinning evident on ultrasound after 48 h of mechanical ventilation.
e Disuse atrophy evident on biopsy after as little as 18 h of mechanical ventilation

e Consistent with increased proteolysis

“we speculate that blocking or attenuating diaphragm proteolytic pathways in patients on
mechanical ventilation might mitigate the weaning problems that occur in some patients.”

« Significant increase In presence of autophagosomes (autophagy) by electron
micrograph of diaphragmatic biopsies after as little as 15 h of mechanical ventilation

Grosu HB, Lee YI, Lee J, Eden E, Eikermann M, Rose KM. Diaphragm muscle thinning in patients who are mechanically ventilated.
Chest 2012 Dec;142(6):1455-60.

Levine S, Nguyen T, Taylor N, et al. Rapid disuse atrophy of diaphragm fibers in mechanically ventilated humans. N Engl J Med.
2008 Mar 27;358(13):1327-35.

Hussain SN, Mofarrahi M, Sigala I, et al. Mechanical ventilation-induced diaphragm disuse in humans triggers autophagy. Am J
Respir Crit Care Med. 2010 Dec 1;182(11):1377-86.
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Discussion

The Early PN Trial randomised patients with a short-term relative
contraindication to early EN to receive:

1) Pragmatic standard care or 2) PN provided within 24 h of ICU admission.
We did not find a difference in our primary outcome, mortality:
e 0.0%, 95% Cl -4.2% to 4.3%
We did not find a difference in any type of infectious complications.

Early PN patients required significantly fewer ventilator days (1.1 days, p =
0.009) and there was a trend towards a shorter ICU stay (0.75 days, p=0.06).
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But what about costs?
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Early parenteral nutrition in critically ill patients
with short-term relative contraindications

to early enteral nutrition: a full economic

analysis of a multicenter randomized

controlled trial based on US costs

This ardcle was published in the following Dove Press journal:
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20 july 2013

Gordon S Doig Purpose: The provision of early enteral (gut) nuirition to critically ill patients, started within
Fiona Simpson 24 hours of injury or intensive care unit admission, is accepted to improve health outcomes.

However, not all patients are able to receive early enteral nutrition. The purpose of the economic
On behalf of the Early PN analysis presented here was to estimate the cost implications of providing early parenteral
Trial Investigators Gl'oup (intravenous) nutrition to critically ill patients with short-term relative contraindications to
early enteral nutrition.

Northern Clinical School Intensive ; 1 i " . :
Materials and methods: From the perspective of the US acute care hospital system, a

Care Research Unit, University of : )
Sydney. Sydney, NSW, Australia cost-minimization analysis was undertaken based on large-scale Monte Carlo simulation

Doig GS and Simpson F. Early parenteral nutrition in critically ill patients with short-term contraindications to early enteral
nutrition: a full economic analysis of a multicenter randomized controlled trial based on US costs. ClinicoEconomics
and Outcomes Research 2013;5:369-379.




Economic analysis: US costs

Marginal differences in patient outcomes from Early PN Trial:

Doig GS, Simpson F, Sweetman EA et al. Early parenteral nutrition in critically ill patients with short-term relative
contraindications to early enteral nutrition: a randomized controlled trial. JAMA. 2013 May 22;309(20):2130-8



Economic analysis: US costs

Marginal differences in patient outcomes from Early PN Trial:

Costs of ICU care in the US healthcare system:

« Database of 51,009 ICU patients from 253 US hospitals (NDCHealth).
» Costs estimated using hospital specific cost-to-charge ratios
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contraindications to early enteral nutrition: a randomized controlled trial. JAMA. 2013 May 22;309(20):2130-8
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Marginal differences in patient outcomes from Early PN Trial:
Costs of ICU care in the US healthcare system:

Table | Matrix of the distributions of daily costs of care whilst admitted to the intensive care

Medical patients Surgical patients Trauma patients
Received MY Mo MY received Received MY MNo MY received Received MY MNo MY received
Day | $8,141 ($5,584) $5,357 ($5,584) $20,582 ($14,319) $9916 ($14,319) $15,625 ($11,955) $9.062 ($11,955)

Day 2 $6,535 ($4,678) $4,783 ($4,678) $7,726 ($6,977) $5,050 ($6,977) $7.414 ($6,683) $4,968 ($6,683)
Day 3 plus $5,703 ($4,666) $4,261 ($4,666) $6,627 ($5,624) $4,765 ($5,624) $5,880 ($5,750) $4,641 ($5,750)

Motes: Mean costs (standard deviation); indexed to 2012 US dollars. Costs of care whilst admitted to the intensive care unit were abstracted from Dasta |F et al."s
Abbreviation: MV, mechanical ventilation.
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contraindications to early enteral nutrition: a randomized controlled trial. JAMA. 2013 May 22;309(20):2130-8
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Abbreviation: MV, mechanical ventilation.

US costs of PN delivered in the ICU:

« Using the Premier Healthcare Alliance database, Turpin et al identified 44,358
hospital patients from 194 hospitals who had at least one transaction level
cost recorded for PN.

Doig GS, Simpson F, Sweetman EA et al. Early parenteral nutrition in critically ill patients with short-term relative
contraindications to early enteral nutrition: a randomized controlled trial. JAMA. 2013 May 22;309(20):2130-8

Dasta JF, McLaughlin TP, Mody SH, Piech CT. Daily cost of an intensive care unit day: the contribution of mechanical
ventilation. Crit Care Med. 2005;33(6):1266-1271.

Turpin RS, Canada T, Liu FX, Mercaldi CJ, Pontes-Arruda A, Wischmeyer P. Nutrition therapy cost analysis in the US: pre-
mixed multi-chamber bag vs compounded parenteral nutrition. Appl Health Econ Health Policy. 2011;9(5):281-292.
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US costs of PN delivered in the ICU:

* For the purposes of our study, the costs for providing ready to hang PN were
blended with the costs of pharmacy compounded PN to give an estimated
cost of US$229.66, with a standard deviation of US$60.44.

Doig GS, Simpson F, Sweetman EA et al. Early parenteral nutrition in critically ill patients with short-term relative
contraindications to early enteral nutrition: a randomized controlled trial. JAMA. 2013 May 22;309(20):2130-8
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ventilation. Crit Care Med. 2005;33(6):1266-1271.

Turpin RS, Canada T, Liu FX, Mercaldi CJ, Pontes-Arruda A, Wischmeyer P. Nutrition therapy cost analysis in the US: pre-
mixed multi-chamber bag vs compounded parenteral nutrition. Appl Health Econ Health Policy. 2011;9(5):281-292.




Economic analysis: US costs

Costs were calculated for each of the 1,363 Early PN Trial patient’s ICU stay,
mechanical ventilation days and PN usage accounting for variability by
considering the published standard deviations of costs using a Stochastic
model with Gamma distributed costs.

Doig GS, Simpson F; Early PN Trial Investigators Group. Early parenteral nutrition in critically ill patients with short-term
relative contraindications to early enteral nutrition: a full economic analysis of a multicenter randomized controlled
trial based on US costs. ClinicoEcon Outcomes Res 2013;5:369-79.
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e For every $1 spent on PN, $5 are saved in subsequent healthcare costs
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Discussion

The Early PN Trial randomised patients with a short-term relative
contraindication to early EN to receive:

1) Pragmatic standard care or 2) PN provided within 24 h of ICU admission.
We did not find a difference in our primary outcome, mortality:
e 0.0%, 95% CI -4.2% to 4.3%
We did not find a difference in any type of infectious complications.

Early PN patients required significantly fewer ventilator days (1.1 days, p =
0.009) and there was a trend towards a shorter ICU stay (0.75 days, p=0.06).

e Preservation of muscle mass may help explain earlier weaning.

We found no significant harmful effects attributable to the use of Early PN in
this patient population.
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