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Parenteral Nutrition!
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Frequency and Severity of Harm of Medication Errors Related to
the Parenteral Nutrition Process in a Large University Teaching
Hospital. Pharmacotherapy 2009, 29, 966-974

Gordon S Sacks L, Steve Rough, Kenneth A Kudsk

 Study objective: To determine the frequency of medication errors, as
well as the severity of harm resulting from these errors, related to the
prescription, transcription, preparation, and administration of
parenteral nutrition formulations.

* Design: Prospective, observational study.
 Setting: 471-bed, academic teaching hospital.

* Patients: All adult and pediatric inpatients receiving parenteral
nutrition between November 1, 2002 and May 31, 2004.


https://pubmed.ncbi.nlm.nih.gov/?term=Sacks+GS&cauthor_id=19637950
https://pubmed.ncbi.nlm.nih.gov/19637950/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Rough+S&cauthor_id=19637950
https://pubmed.ncbi.nlm.nih.gov/?term=Kudsk+KA&cauthor_id=19637950

4730 prescriptions of parenteral nutrition

74 errors = 1,56% error rate

1 calculation error
29 copy errors

18 production errors
26 application erors

6 errors were dangerous ones
66% concerning electrolites



Observational Study of Accuracy in Compounding i.v.
Admixtures at Five Hospitals. Am J Health-Syt. Pharm
1997, 54,904-912 E A FlynnL, R E Pearson, K N Barker

1679 preparations—179 TPN

* Most common failures — additions of components
* Automatic production — 22% error Rate

* Manual production — 37% error rate


https://pubmed.ncbi.nlm.nih.gov/?term=Flynn+EA&cauthor_id=9114922
https://pubmed.ncbi.nlm.nih.gov/9114922/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Pearson+RE&cauthor_id=9114922
https://pubmed.ncbi.nlm.nih.gov/?term=Barker+KN&cauthor_id=9114922

Frequency and Severity of Parenteral Nutrition Medication
Errors at a Large Children's Hospital After Implementation of
Electronic Ordering and Compounding J Nutr Clin Prac 2016
Mark MacKay L, Collin Anderson -4, Sabrina Boehme <4, Jared
Cash £, Jeffery Zobell 3

* Error rate before Implemetation 1,56%
* Error rate after implementation 0,27%



https://pubmed.ncbi.nlm.nih.gov/?term=MacKay+M&cauthor_id=26214511
https://pubmed.ncbi.nlm.nih.gov/26214511/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Anderson+C&cauthor_id=26214511
https://pubmed.ncbi.nlm.nih.gov/26214511/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Boehme+S&cauthor_id=26214511
https://pubmed.ncbi.nlm.nih.gov/26214511/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Cash+J&cauthor_id=26214511
https://pubmed.ncbi.nlm.nih.gov/26214511/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Zobell+J&cauthor_id=26214511
https://pubmed.ncbi.nlm.nih.gov/26214511/#affiliation-3

Evaluation of Microbial Contamination Associated With Different
Preparation Methods for Neonatal Intravenous Fat Emulsion
Infusion Am J Health-Syst Pharm 2010

Catherine M Crill X, Emily B Hak, Lawrence A Robinson, Richard

A Helms

Sterility test of Intralipid

* In original package — n=60 — no contamination
* |[n syringe — n=90 - 3 contaminations
* 3,3% contamination rate!


https://pubmed.ncbi.nlm.nih.gov/?term=Crill+CM&cauthor_id=20484215
https://pubmed.ncbi.nlm.nih.gov/20484215/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Hak+EB&cauthor_id=20484215
https://pubmed.ncbi.nlm.nih.gov/?term=Robinson+LA&cauthor_id=20484215
https://pubmed.ncbi.nlm.nih.gov/?term=Helms+RA&cauthor_id=20484215

Sterility of Pediatric Lipid Emulsions Repackaged by an
Automated Compounding Device JEPN 2010

Joseph V YbarraL, Warren E Rose, Caitlin S

Curtis, Gordon S Sacks

Sterility test of Intalipid

* In original package — n=40 — no contamination
* |n syringe —n=152 - 12 contaminations
* 7,9% contamination rate!


https://pubmed.ncbi.nlm.nih.gov/?term=Ybarra+JV&cauthor_id=21527602
https://pubmed.ncbi.nlm.nih.gov/21527602/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Rose+WE&cauthor_id=21527602
https://pubmed.ncbi.nlm.nih.gov/?term=Curtis+CS&cauthor_id=21527602
https://pubmed.ncbi.nlm.nih.gov/?term=Sacks+GS&cauthor_id=21527602

Association of Intravenous Lipid Emulsion and Coagulase-
Negative Staphylococcal Bacteremia in Neonatal
Intensive Care Units NEJM 1990

J FreemanZ, D A Goldmann, N E Smith, D G
Sidebottom, M F Epstein, R Platt

e 882 neonates

* |V Lipid and risk of coag-negative sepsis — 580% !


https://pubmed.ncbi.nlm.nih.gov/?term=Freeman+J&cauthor_id=2082952
https://pubmed.ncbi.nlm.nih.gov/2082952/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Goldmann+DA&cauthor_id=2082952
https://pubmed.ncbi.nlm.nih.gov/?term=Smith+NE&cauthor_id=2082952
https://pubmed.ncbi.nlm.nih.gov/?term=Sidebottom+DG&cauthor_id=2082952
https://pubmed.ncbi.nlm.nih.gov/?term=Epstein+MF&cauthor_id=2082952
https://pubmed.ncbi.nlm.nih.gov/?term=Platt+R&cauthor_id=2082952

How frequently do you change your Lipid IV
delivery system?

*Every 72 hours — 2,43% contamination rate
*Every 24 hours — 0,86% contamination rate

* Matlow A et al Infect Contr Hosp Epid 1999



Instability and Compatability

* Do you know what you mix?
*|s it safe to mix?

versus




Some points to think about....

* Lipid — emulsion stability

* Lipid peroxidation — free radicals

* Vitmains stabilty — light? Temprature? time?

* Electrolytes stability — Calcium and Phospahte?
* Trace elements stability

* Amino acids stability — AA 1-1,5% - unstable



Malnutrition

* latrogenic Malnutrition in Neonatal Intensive Care Units: Urgent
Need to Modify Practice JPEN 2008 Anuj Grover-+, Minesh
Khashu, Anindyalal Mukherjee, Venkatesh Kairamkonda

* Parenteral Nutrition Objectives for Very Low Birth Weight Infants:
Results of a National Survey JPGN 2009 Alexandre Lapillonne X
, Laure Fellous, M Mokthari, Elsa Kermorvant-Duchemin



https://pubmed.ncbi.nlm.nih.gov/?term=Grover+A&cauthor_id=18407906
https://pubmed.ncbi.nlm.nih.gov/18407906/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Khashu+M&cauthor_id=18407906
https://pubmed.ncbi.nlm.nih.gov/?term=Mukherjee+A&cauthor_id=18407906
https://pubmed.ncbi.nlm.nih.gov/?term=Kairamkonda+V&cauthor_id=18407906
https://pubmed.ncbi.nlm.nih.gov/?term=Lapillonne+A&cauthor_id=19367179
https://pubmed.ncbi.nlm.nih.gov/19367179/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Fellous+L&cauthor_id=19367179
https://pubmed.ncbi.nlm.nih.gov/?term=Mokthari+M&cauthor_id=19367179
https://pubmed.ncbi.nlm.nih.gov/?term=Kermorvant-Duchemin+E&cauthor_id=19367179

e Conclusions: In comparison with recent guidelines for parenteral
nutrition for VLBW infants, the results indicate that the majority of
the departments are familiar with target macronutrient and energy
intakes, but the time of introduction and the rate of progression of
macronutrients, particularly proteins and lipids, are frequently lower
than those defined by the guidelines. The large-scale publication of
new nutritional guidelines for the parenteral nutrition of neonates
and preterm infants as well as regular, specific training in the
parenteral nutrition of preterm infants are needed.
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Objectives

. The need for parenteral nutrition on the NICU is essential

. The way from individualised parenteral nutrition to the industrialised 3

@

namber bag

. The daily work and practice with the 3-chamber-bag (3CB)
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Objective 1

* It is essential to provide parenteral nutrition on the NICU




Extrauterine Growth
Restriction 1Is Common In
Preterm Infants

i .. Incidence of EUGR at Discharge by GA?
« Extrauterine growth restriction ey

(EUGR) has been observed o 50 N=24,371
in 28%! to 75%?2 of preterm ‘;% 70 4
Infants 2 60
2
« EUGR was associated with 5 50
gestational age (GA) and O
weight at birth? L 40
S 30
]
& 20
o
% 10
o
0

23 24 25 26 27 28 29 30 31 32 33 34
Estimated GA at Birth (Weeks)
Adapted from Clark RH, et al. Pediatrics. 2003;111:986-990.

IClark RH, et al. Pediatrics. 2003;111:986-990.
2Martin CR, et al. Pediatrics. 2009;124:649-657. 18



Failure to Achieve Nutritional Goals
Produces Nutritional Deficits

Energy Intake and Protein Intake and
Cumulative Energy Deficit Cumulative Protein Deficit
Energy (kcal/kg) Protein (g/kg)
o 1200 - © — -
X 1000 X 25
€ 800 — ¥ 9 € 204
> 600+ X1 = 154
= 2004 = 5
(O I [ s el e
o 200 -
S 4001 2
8 600 - 8 -10 4
O -800- o 1%
= >
£ 1000 £ 207
= 5 25
2 12001 @ <30 weeks 2 ® <30 weeks |
5 -1400- @ >31 weeks 5 304 @ =31 weeks
O 6004  *p< 001 O 354 +p< 001
-1800 T T T T T T T -40 T T T T T T T
Birth 1 2 3 4 5 6 7 Birth 1 2 3 4 5 6 7
Postnatal Age (weeks) Postnatal Age (weeks)
Energy goal = 120 kcal/kg/d Protein goal = 3 g/kg/d

N=105 preterm infants <34 weeks GA and a birth weight <1750 g

Embleton NE, et al. Pediatrics. 2001;107:270-273.



Increasing Nutrition During the First
Week of Life Improves Outcomes

Energy Intake and 18-Month MDI Scores

* Every 10 kcal/kg/d increase

In energy was associated Birth weight 0.03 (0.01) 0244

with a 4.6-point increase in Energy (1 kcallkg/d) ~ 0.46 (0.18)  .0134
MDI at 18 months

Protein Intake and 18-Month MDI Scores

* Every 1 g/kg/d increase in

protein was associated with Birth weight 0.03 (0.01) 0227

an 8.21-point increase Iin Protein (1 g/kg/d) 8.21 (3.67) 0274
MDI at 18 months

N=124 ELBW infants
MDI=mental developmental index; b (SE)=effect size (standard error)

Stephens BE, et al. Pediatrics. 2009;123:1337-1343. 20



Considerations for Choosing Individual or
Standard PN Solutions in the NICU

» Specific needs for each birth weight group?
Why @ qlele= =0 | * Nutritional needs vary every day
Individualized — Adaptation to extrauterine life2
PN? — Postnatal maturation and rapid growth velocity?
» Unstable metabolic control!

« Suitable for most preterm infants?
» Reduces chances for errors and contamination?

Why Choose

 Is immediately available?!

Standardized _ _ o
PN? « Can be adjusted according to individual needs!

« Advantages in efficiency, economy, and clinical
appropriateness in selected patient populations?

IRiskin A, et al. IMAJ. 2006;8:641-645.
2Fusch C, et al. German Med Sci. 2009;7:Chapter 13.
SKochevar M, et al. JPEN. 2007;31:441-448. 21



Industrially Prepared Standardized PN

* Convenient TPN treatment for most adult patients?

* Improved patient safety compared with PN
compounded in pharmacy or in ward?

* Multichamber bags for adults have an excellent
safety profile and are ergonomic?

* Industrially prepared multichamber bags
— Good Manufacturing Practice standards3
— Sterility3
— Long-term storage without Maillard reactions?

Could industrially prepared multichamber
bags also be useful in the NICU?

1Genton L, et al. Curr Opin Clin Nutr Metab Care. 2006;9:149-154.
2Miller SJ. Nutr Clin Prac. 2009;24:459-469.
3Muhlebach S, et al. German Med Sci. 2009;7:Chapter 10. 22



Use of Individualized and
Standardized PN in the NICU

* Standardized PN found to result in similar biochemical
responses and to be more cost-effective than
individualized PN*

» Standardized PN provided more optimized levels of
protein?3 and energy?

* Proportion of individualized and standardized solutions
in surveyed NICUs depends on level of care*

Individualized PN (%) Standardized PN (%)

Type llI* (n=37) 75.7 24.3

_ ~ Type Il (n=53) 31.7 68.3
*Highest acuity

All (N=90) 54.6 45.4

Yeung MY, et al. J Paediatr Child Health. 2003;39:613-617.
2Lenclen R, et al. Eur J Pediatr. 2006;165:512-518.
Slacobelli S, et al. Neonatology. 2010;98:84-90.

4Lapillonne A, et al. Arch Pediatr. 2009;16:1329-1336.

23



Standardized PN Iin the NICU Can
Meet Guidelines and Reduce EUGR

* Mean intakes at 1 week of o N=102
age in SGA group 0.3 i *P<.05 versus groups B and C
— 3.8 g/kg/d protein, 06y
118 kcal/k 0.9 11 AGA .. -E-B
8 kcal/kg/d ol : e | 3 .
* Mean intakes at 1 week of o 127 éi (B gk A A
age in AGA group 8 -1.54 c’t% & A& *
B : .
— 3.8 g/kg/d protein, N 18 !
113 kcal/kg/d S 214 |
o i ~
* Little cumulative S 247 SGA w- :z‘cu?f;
nutritional deficit 279 | S Moo
compared with earlier 304 B e A Group D
studies 33 W @ Group E
i 4 Group F
—36 1 X I I 1 I i I I 1 i i I
of1 2 3 4 5 6 7 8 9 10 1 12
Day 3 Postnatal Age (weeks)

P<.05 between AGA and SGA infants during the entire study
AGA=appropriate for gestational age; SGA=small for gestational age

Senterre T and Rigo J. J Pediatr Gastroenterol Nutr. 2011;53:536-542.



Standardized PN in the NICU Can Meet
Guidelines and Reduce Nutrition Deficits

Energy Intake and Protein Intake and
Cumulative Energy Deficit Cumulative Protein Deficit
1200 A 40
4 e W W 4] 30_
% 900 Y Q- ---=: , 3 2 4 % 1 . p - - e
£ 6007 gl £ 20
—~ = ~ 10 A
2§ oo 53
3 = ¥ 2 U] et x
< 01 N 2 10 A
> 5 300 Moo ) Tl L A= 953 S 201
S & _g00- S o 307
b 2 T2 o
T -900- Fi
5 > -50 A
E -12009 A <28 Weeks GA E 604 A <26 Weeks GA
O 28-30 Weeks GA © 8-30 Weeks GA
-1500 T T T T T T -70 =~ T T T T T T
1 2 3 4 5 \5\ / 1 2 3 4 5 6
Postnatal Age (weeks) Embleton 2001 Postnatal Age (weeks)
<30 weeks GA
Protein goal adapted to 3.8 g/kg/d
Energy goal = 120-130 kcal/kg/d Protein goal = 3.8-4.4 g/kg/d
N=84  at end of first week of life (PN + EN) at end of first week of life (PN + EN)

Senterre T and Rigo J. Acta Paediatrica. 2012;101:e64-e70. 25



Objective 2

* The way from individualised parenteral nutrition to the
industrialised 3 chamber bag

——— et o




Questions ??7?



