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Abstract

Background: Hyperglycemia is a frequent occurrence in adult hospitalized patients who receive nutrition support. Both hyperglycemia
and hypoglycemia (resulting from attempts to correct hyperglycemia) are associated with adverse outcomes in diabetic as well zs
nondiabetic patients. This American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.) Clinical Guideline summarizes the most
cumrent evidence and provides guidelines for the desired blood glucose goal range in hospitalized patients receiving nutrition support, the
definition of hypoglyceniia, and the rationale for use of diabetes-specific enteral formulas in hospitalized patients. Method: A systematic
review of the best available evidence to answer a series of questions regarding glucose control in adults receiving parenteral or enteral
nutrition was undertaken and evaluated using concepts adopted from the Grading of Recommendations, Assessment, Development znd
Evaluation working group. A consensus process was used to develop the clinical guideline recommendations prier to external and internal
review and approval by the A.S.PEN. Board of Directors. Results/Conclusions: |, What is the desired blood glucose goal range in adult
hospitalized patients receiving nutrition support? We recommend a target blood glucose goal range of 140180 mg/dL (7.8-10 mmol/L).
(Strong) 2. How is hypoglycemia defined in adult hospitalized patients receiving nutrition support? We recommend that hypoglycemia
be defined as 2 blood glucose concentration of <70 mg/dL (<3.9 mmol/L}. (Strong) 3. Should diabates-specific enteral formulas be used
for adult hospitalized patients with hyperglycemia? We cannot make a recommendation at this time. (Further research needed) (JPEN J

Parenter Enteral Nutr. 2013;37:23-36)
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Background

Hyperglycemia is a frequent occurrence in hospitalized patients
who receive mutrition support. A survey of 126 TS, hospitals
found that the prevalence of hyperglycemia (blood glucose
>180 mg/dL [10 mummol/L]) was 46% in the intensive care unit
(ICU) and 32% in non-ICU areas.' Both hyperglycemia and
hypoglycemia are associated with adverse outcomes in patients
with diabetes mellitus as well as nondiabetic patients.'”
Numerous trials have been conducted to investigate whether
tight control of blood glucose affects outcomes, and the results
have been inconsistent. Differences among studies may relate in
part to timing of initiating nutrition, route of nutrition adminis-
tration, caloric provision, glycemic target, and methods of blood
glucose testing. This American Society for Parenteral and
Enteral Nutrition (A.S.P.EN.) Clinical Guideline summarizes
the most current evidence and provides guidelines for the
desived blood glucose goal range in hospitalized patients receiv-
ing nutrition support, the definition of hypoglycemia, and the
rationale for use of diabetes-gpecific enteral forrmulas in hospi-
talized patients. This guideline does not address other specific
strategies for managing hyperglycemia in patients receiving
nutrition support, as there are little to no data to support clinical
practice recommendations in this area.

Methodology

The American Society for Parenteral and Enteral Numition
(A.5.PE.N.) is an organization composed of healthcare profes-
sionals representing the disciplines of medicine, nursing, phar-
macy, dietetics, and nutrition science. The mission of A.S.PE.N.
is to improve patient care by advancing the science and practice
of clinical nutrition and metabolism. A.S.PEN. vigerously
works to support quality patient care, education, and research
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in the fields of nutrition and metabolic support in all healthcare
settings. These Clinical Guidelines were developed under the
guidance of the A.3.P.EN. Board of Directors. Promotion of
safe and effective patient care by nutrition support practitioners
is a critical role of the A.S.P.E.N. organization. The A.S.P.E.N.
Board of Directors has been publishing Clinical Guidelines
since 1986 A.SPEN. evaluates in an ongoing process
when individual Clinical Guidelines should be updated.

These A.S.P.E.N. Clinical Guidelines are based on general
conclusions of health professionals who, in developing such
guidelines, have balanced potential benefits to be derived from
a particular mode of medical therapy against certain risks
inherent with such therapy. However, the professional judg-
ment of the attending health professional is the primary com-
ponent of quality medical care. Because guidelines cannot
account for every variation in circumstances, the practitioner
must always exercise professional judgment in their applica-
tion. These Clinical Guidelines are intended to supplement, but
not replace, professional training and judgment.

A.S.PEN. Clinical Guidelines have adopted concepts of
the Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) working group.”™"" A full descrip-
tion of the methodology has been published.'® Briefly, specific
clinical questions where nutrition support is a relevant mode of
therapy are developed and key clinical outcomes are identi-
fied. A rigorous search of the published literature is conducted,
each included study assessed for research quality, tables of
findings developed, the body of evidence for the question eval-
uated, and a recommendation for clinical practice that is based
on both the best available evidence and the risks and benefits
to patients developed by consensus. Recommendations are
graded as strong when the evidence is strong and/or net bene-
fits outweigh harms. Weak recommendations may be based on
weaker evidence and/or important trade-offs to the patient.
When limited research is available to answer a question, no
recommendation can be made.

uestio

What is the desired blood glucose goal
range in adult hospitalized patients
ivi triti 7

- nutrition

Shouid diabetes-
be used for adult hospitalized patients
with hyperglycemia®?

time.

Table 1. Nuerition Support Clinical Guideline Recommendations in Adult Hospitalized Patients With Hyperglycemia.

Results

For the current Clinical Guideline, inclusion criteria of adult
subjects, complication of hyperglycemia, and hospital setting
were used. The questions are summarized in Table i. Search
terms of diabetes mellitus, hyperglycemia, hypoglycemia,
clinical outcomes. parenteral nutrition, and enteral nutrition
were applied in various combinations to CENTRAL (The
Cochrane Library), MEDLINE, EMBASE, Science Citation
Index Expanded, LILACS, and CINAHL (until December
2011).

Question 1. What is the desired blood glucose goal range in
adult hospitalized patients receiving nutrition support (Tables
2 and 3)?

Recommendation: We recommend a target blood glucose
goal range of 140-180 mg/dL (7.8-10 mmol/L).

Grade: Strong

Rationale: Hyperglycemia is associated with increased mor-
tality in hospitalized patients, both in the ICU'" and the non-
ICU setting.™ No clinical trials have been specifically designed
to determine the effect of different blood glucose targets in
adult hospitalized patients receiving nutrition support on ¢lini-
cal outcomes.

Earlier studies showed that management of hyperglyce-
mia with an insulin infusion in the ICU was associated with a
reduction in mortality, leading a consensus conference 1o recom-
mend that blood glucose concentrations in hospitalized patients
be maintained below 110 mg/dL (6.1 mmol/L).** However, more
recent large clinical trials failed to show benefit when such an
aggressive target was achieved. ™% *"** The Jargest randomized
controlled trial that used primarily enteral nutrition at levels of
energy intake that were appropriate actually found a higher mor-
tality in patients treated with intensive treatrnent compared with
those treated to a target blood glucose range of 140—-180 mg/dL
(7.83-10 mmol/L).>' The explanation for these disparate results is
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not entirely clear, but hypoglycemia associated with aggressive
treatment in the more recent studies is one likely explanation. It
is apparent that mild to moderate hypoglycemia (40-70 mg/dL;
2.2-3.9 mmol/L) is not imnocuous but rather is associated with
adverse outcomes. No trials have compared 2 broader target
glycemic range with a lower lirnit, for example, 110180 mg/dL
(6.1-10.0 mmol/L), to intensive treatment. Because of these
findings, we recommend thar the target blood glucose concentra-
tion in the critically il adult should be 140-180 mg/dL (7.8-10
mmol/L). No randomized controlled trials have been conducted
in non-ICU patients. This recommendation is consistent with
those of the American Association of Clinical Endocrinologists,
the American Diabetes Association,” and the Endocrine
Society.”’

Question 2. How is hypoglycemia defined in adult hospital-
ized patients receiving nutrition: suppaort (Tables 4 and 5)?

Recommendation: We recommend that hypoglycemia be
defined as a blood glucose concentration of <70 mg/dL (<3.9
mmol/L).

Grade: Strong

Rationale: Hypoglycemia is associated with adverse out-
comes in hospitalized patients.****%* Hypoglycemia could
be partly responsible for the adverse effects noted with intensive
insulin therapy, including mortality.” A large retrospective analy-
sis of hypoglycemia in ICUs showed a stepwise and significant
increase in mortality with increasingly severe hypoglycernia ®
This recommendation carries a strong recommendation grade
based on our assessment of the significant risk to the patient of
hypoglycemia it the context of tight glucose control.

Symptoms of hypoglycemia can be missed in hospitalized
patients who are sedated or ventilated, or with impaired senso-
rium. The American Diabetes Association Workgroup on
Hypoglycemia and the American Association of Clinical
Endocrinologists and American Diabetes Association Consensus
Statement on Inpatient Glycemic Control define hypoglycemia
as any blood glucose <70 mg/dL (<3.9 mrmol/L).*® This value is
the accepted definition in ambulatory patients and is a level at
which counterregulatory hormone release (including sympatho-
adrenal activation) oceurs. It is reasonable to apply the definition

of hypoglycemia in ambulatory patients to hospitalized patients.
Amntecedent hypoglycemia of this level can reduce the secretion
of counterregulatory hormones resulting in impaired respon-
siveness to subsequent hypoglycermia.”™*’ While some studies
have defined hypoglycernia in critically ill patients as <40 mg/
dL (<2.2 mmol/L.), that threshold is lower than the level at which
cognitive impairmment can occur and is therefore not safe. In
addition, a variety of point-of-care testing methods for blood
glucose are used in hospitalized patients. The accuracy and pre-
cision of blood glucose monitoring devices is relatively poor,
especially at low glucose concentrations.'*** Using a blood glu-
cose threshold of 70 mg/dL (3.9 mmol/1.) instead of a lower
value offers the additional benefit of a safety buffer to accom-
modate such testing errors. Regardless of the definition thresh-
old of hypoglycemia, patients with symptoms of hypoglycemia
at a higher level than 70 mg/dL (3.9 mmol/L) may require treat-
ment for symptoms of hypoglycemia.

Question 3. Should diabetes-specific enteral formulas be
used for hospitalized patients with hyperglycemia (Tables 6
and 7)?

Recommendation: We cannot make a recommendation at
this time.

Grade: Further research needed

Rationale: The availability of enteral formulas with [ower
carbohydrate and higher monounsaturated fat content (com-
pared with standard formulas commonly used in clinical set-
tings) and with or without added fiber has prompted studies
examining the effects on glycemic control. Additionally,
most trials are short-term or single-meal studics. use oral
nutrition supplements, or were conducted in long-term care
facilities. rehabilitation, or other outpatient settings, limit-
ing their application to hospitalized patients requiring enteral
nutrition.

The trials that evaluated disease-specific formulas in
patients requiring long-term nutrition support used glycemic
or lipid control as their primary outcomes, as they were not
sufficiently powered to detect differences in morbidity and/or
mortality.***® The impact on glycemic and lipid control was
inconclusive. Additional research is required.




(paniuad}

{,@1e3 [ensn,,

SIUAUEINSEIL 100u0D JusduLys 553
3800N[E 21B0-JO (200" = J) oo o {I/jouar g7 1P
-yutod easiun o418 WS s J3W ([ S 19818))
A]2173U0 1S0WR Ajipeyrow jendson-u 10U o1kl 0091 =N) J33ua0 918u1s
sum Uipaa) Jo SpoI ol UOTONP3S %467 KLeprouwr [irdsoy-uj W8y poredwoy D] [BOIFINS-[EIPIW S| 00D [BILIO)SEH £zF00T “Aofsuiry]

PAIBA0 UG

avi} ARUL pue Ng

paareoar Liofew
SSIUOUIBINS B (/o 1°1 101
280003 10} ‘S90IASP “Ap/Bur 0pz08 1)
axed-jo-usod agio 1011003 JuafuLys s3]

o} uoisroexd pus (70" > J) 100D 0] {y/[oun ‘g TP :
Aoenoor tonadns a1wa0A 3 WA ys /8w g1 198
S8y [OIYM ‘BURDRLL Kynenow jendsoy-ul JORH0D O1UI30ATE (gp51 = N) 197U 21007

sed poojq pasry 1 HOUANPaE U4bE Ayppenroun fepdsoy-ug W8y patediwoy  swened )] (#ASING  o)Fuls ‘papurigun SN ‘aljdiag usp usp

o jinsoy

m..tona:m no._:.czz w.:_a.uouz mﬁuzmm comxﬁm%or NnpY uL aFusy jRo0) 250N]L) PAUSI] AY) 5] JEUM 1T :omuwu:O uiﬁ( .oocuv?m ‘7 mEuH

O
[}



(paninos)

sisffaue

350214 I0J $a01AD

arex-jo-qurod pue

Burduies asoong

[eLISE SN PoA1R00l
siuated Jo Ajuofepy

SuSLISINSEAT
asoong jeirelle
10 aued-jo-juad
‘saynol [wropuaind
pug jrEu
UDDMID0 POIBYS SEM
Bupaey Jo apow
‘eruooA|dodAy Jo
Kouanbaxy yin o
oanp AJ1e3 PojeIITLI)
wue Aderat;

UL[NSUT 9AISEA]

sisAjeue asoon|f
J0J $201A2P 3182-]O
-pnod pue Furjdues
asoon[S [eL}e
Somor feree
pue jeraIed

21A DO sjusrjeq

UINSUT [BUOTHISALIOD
SA DAISUIIUT THIM
poiean sdnosd
UM AfRLIOUL

U 92URIIIP ON

L ISKI] [EUOHUSAUOD
SA DAISUDHIL LA
paean sdnosd
F22M)2Q SBHUNS
DI3M SOI008 YOS
ueaw pue Ay1epHour
Ul 90URIBHIP ON

WHHSUE [BUOHUIAUOD
SA DAISUDIUT T3lM
pateas) sdnord
uaamieq AlIjeHOW

(vi0s
ueau) A)Iprgrous

pue Apejsour Aup-g7

Anpeptow )

(T/loun 1107
“IP/3W 00C—081)
[oauea JaduLLs sso|
0 (/10w | g TP
/A TS yoliey)
0B DA

wsy paiedwo)y 1) [eo1BIns-TRoIpay

(oW 111001
“pAw 00E-081)
Toued JuaBulns $59|
o} (JAetuw g p
/3L 911> yodrey)
1010 o1k

1p/3u1 007081)
JOIUOD JUSTULIS §83]
0] ("I/[OU |9 “Fp
/Aur g115 10818))
1ea1U0d D1tUa0A;E

{£25 =N)

(LS = N) yoous
ondes 1o sisdos

210A0S Yjem suugiped

W3y paredwiony o7 estdns-[ropapy

(00z1 =N)

afBuls ‘papuyqun ‘1Y

[e110308} 7-4G-7 ‘LY

U0
£500T TqeIY

Iausonnw
‘papunjqun ‘uSisap
(£300 1s10yuRIg

BETHER) 9002

H1 02UQIDLJIP ON

Ayieyions fendsoy-u]

N-Bumag ‘woney

WSEn pamdwoy  swaned 0] [EYPIN SIS ‘papurqun ‘Y

eng)

‘ayEIag] uap usp




(patinfieo)

SDUIOOIND DIESY] oY

uo wrwaak[FiodAy
(zs0' =o JO UBLId0SSE 281
678801 ‘1D %S6 Apenow pue put {"[/]OURE (]
(eruaodpdrodAy 2T L 0) Aneliow ‘s1sdes ‘uoissiIpe “p/auw R1<)
pey syuaned QO 1741 PasBRI] YjIM Q01 “Arys Jo g15us) B1020K1319dAY
Aquo) uoneindod PoIRIO0SsE SEM N [endsol ‘uenasym YIs 35t NJ {001 = N) Nd
Aptys gews ‘udisop Sura1a00k sjuapud DINERJ [ ‘SIURAD JO uonjRId0sse [y pay syuanedur MOIADT

aanoodsonay ur eruooA[drad g Aleupioo snoy 2N} pAUIIENAG 1L Aj[Banio—uoN HetD aanpadsonoy 0107 ‘uesheg
e o e

sishjeue
2509N[T 10] SIIASP /B 0R1—OF )
21e9-Jo-yod pue (z0' = jopues Juaduis §8a]
sisijeue sed poolq J) Apmis oy Jo uue o} (10w (g FIp
yJog Pash pajisac UINSUT 0AISUSIH /8w g0 1S wimy)
10U 2am puB N oty w1 1sydy Aot [ORI00 QUIDIALE (p019 = N) swuoned uIDpMu 16002

pantaoar Apofe %101 sem AufeHON asned-[fe ATp-06 W3y paredwio) D] [OIBMs-EALPaY ‘paputjqui LY “AYHNS-TOIN




*[B11) PA[0U0S PIZIIOPURI ] 7}y ‘ucninnu [ewyuated ‘NJ

enanA|SiodAy pajeisosse-NJ

LE'CE'9EPT
WILA ULIRY 1898818 Smo1aar aanj0adsoos ¢ cereurrSPlAR
‘el 1808E] 1) Ul ss10M puR oe-rsr Sl oapoadsonal
< U1 JUSIYIP OU . ‘S{BH1 [OTUCO [RILIOISH] 7 § ¢pge SIEMD [OHB0D Jonuos asoon|3
PUB LD 1 U] 1933q SBM [03U0D S1Ua0A1E 81T [eouosiy 7 . AlHeHION paepueys sa JySi,
o —

Juoddng wonny FulAreony sjusned PAZIENdSOf] NPy u1 08Uy [ROD 9500N]0) PANSIC] AU ST IRYAL || UOYSANG) 9Jq8L. TCIVYD € JIGEL

sisdag 213a0¢ m
Ade1at], uppnsu] pue HONTIRSQNS SWNOA JO K0UDIET FISIA SGUANSSISSY aInie, usdie) (muanbag ‘Y408 R PA[[01U0D Pazrropurl ‘Y Mol [riojusted N J ‘OUBI SPRO ‘YO TUoHBMESY WL
-0B}y as0an[0) SIS [BAIAING UONEN[EAY SIB]) 9AISUSIUE L BRUSOAISOWION “YYOS-TN LN IR JAISUIIUL '} TUOHLGNL [BI3J08 N3 SRAUL 23u2pYU0 T ‘Prif ssedhy Ldvue Arevoms ‘Ogvo

(pomnuoo) *z 3jqey,

29




{panupnod)

SOII0NO [ROMN]D
uo (/oI ¢'¢} 1p
/3w g asoonjd
poo[q) eruaoA]FodAy
pue (Tp/A pg 1<

(TO0 =4 *6921-6'C asoon|d poojq) 965 =N

10 %86 002 ek SradAy ‘sypaned L8ms MIADL
Q) eruaad|FodAg AMJRHOTA Jo 1ordun suuexy DBIPIED SATHIO0SUO) pIcaar aAnedsonay 71107 BUGOUY (]

10 %56 90| ‘U
ejuraoA[FodAy
Paotpul-IH|NSUE
yna syuaped up
juenpiudis sa8u0]
ou diysuoneya
“SANIPLGIOLIOD J0]
ususnlpe 1y

(100" > d ¥ EL6'T

‘1D %86 TL'T UH) suorssuupe
enuaoA dedAy 19903 (L6 1€ 4O 61EE
snopugjuods =N {yowwu ¢
{Jeop Jo AsnuD WA spuaped ug ~p/Au > 9soon[g
JOOII © URY] IDYIBE (1600 >d 60T prwanAyBodAy poOJq | 18BI] 18
JSLASIP JO ISR B —£¢°] ‘T %66 L9 A POIRIIOSSE ST (IR Te L B DL MIIADT
Anpeaow ojenjeayy  ‘sjuoned pazieidsoy paodal aanoadsonay

aq Aewr ejwak|dodAy “yH) eruedA[FodAg o1 10T 'FEON0g

(#J51) Jogn;




(panunuo2)

e1usaL[BodAy
JO [9A3] SA YsH
AjnjelIouw [|m
digsuoieol
asuodsor-osoQy

[e18ims ul (€0° =of
91T 1D %56

6 MO) TIow
6'9> 950303 upapy ("1/[ous
syuatjed L) IPAW STI—0L

Jo 1081 onuoo)8
242108 0) Adesoy)
BIINSIE DAISUSINT

featpa uf (700" =
d'v¥E 1D %S6

$'T MO) /101w
§'9> 250013 URAJA

Ljenow

Jooudwl sutwexy (1] [eNSins ‘esipay

2785 = N ‘syuoned AMDIADL

pa022X oandadsonay o 0107 ‘mejadalg

(1000

>d 0FT9F 1D

%656 1481 UY)
Ip/SW O 9501D)

(rioo

=d ‘IS 1111 ID

%56 621 ) 1P
/AUl g9—0F 9s0on])

(1000

>d "LTT6ET D

%56 8L 1 W)

(710w g'g) TP
/3w > osoonny

(V10w 6'¢) Tp/Bur
0/ 95001 poojq Jo

Apepop

AS1 AH[ELIOW S5058Y

0FZ9 = N ‘spendsor
9 woxy sjuened N0

mMotaar
plodas aanoadsonay w1 10T HArsury

(ponunuoo) 'y orquy,

3]




(panuiiuon}

OrT-L0

‘10 %56 F1€°1 “4H)
AN R1I0W PIseRINT]
UHA PRIRIDOSSE
Ayueoay s jou
erwaskjdodAy
‘SI2PUNOJEOD

sisAjene amod
ou ‘az1s ojduies
Jews Afpaney

pauonuaw
JOU GOHRZELIOPURL
‘g)dumes [jpwg

(v 121

10 %S6 6T
“0) vrweakZodLpy

Angenonr wo pedun
ssasse {(TRoww
) Tp/Aw Oy
2s00n|3 poojq s
riumaoAydodAy
I0] $1010T] €26 = N 'swuaned
Agmuow )] Funotpard smUISIRQA (1)) {ROISINS-[EMPalN

Lo myim aoqod
PASTU JO MILART

piooas aanoadsoroy &000¢ ‘qery

“/jouuy
£'¢ 250008 poojq
se erueok]SodAy
0el =
N “1/1oun §—'f
suawda SA T/[OUTHE 'O}
|onu0d 2500133 250013 poojq
T M PalLIoosse 1efle) 0] poudmsse MAADS
A[epiow s3eTeAT] suoIssIwpe (0] pI02al aandadsonay

Ayerop 010 ‘oring

Gonwc:o& ..v M.E.a .w

o
(an]



“HSH OARR[R Y FEIN PO[[0NU0T PIZKUOPURT ‘[ ‘wonLnnu [e1amaed ‘NJ ‘OneT SpRo W0 “HONAIBFL [RIPIBIDAT ‘[3 50N DXL SAISLAT ‘1] (OHR pIezey “dH ‘[RAISRN SMISPLUOD ‘[

Anpepow
uo Joedw pug
zamod ("1Aowmn §) Ip/Stu
sytu] (eruaaA[Fod 4y ' =d %Ll'pl sa TL> 3800014 pooq Fell =N
ynm sponed g7 = Ytz ‘1oL SodAy se enuaAFodAy ‘FIDT ©) SUCISSIUEPR MIEADI
) ozis sduies [[RUUg ou sa eiuApdodL{g AIEpow  Jo 20UIPIUL SUIRXg 3ANNI3SUC)) Pi0231 sAnzadsonsy 5600 ‘UsuonEy

BpATHOL

pieas [eouag

parordun aiy) ur pazyendsoy
10U 18K | 1B AJBHOJ sianed onoaqelp
(8500 , ur Ajfenow 1oySy
= J) wonezi eudsoy 1M POJBRID0SSR Q4B
Suunp asooni {Towmur ') Ip sjuaiyed
poo|q 150M07 313 W /8w gg= asoanid 7867 JO suoIssnupe
SISA|BUR asealoap p/Bur-gr poo[q se saposida 0tH = N ‘eore
W0 PapnXs Nd AIDAD 10] P[O]-€ 9501 AJHRHIOUE arasi[FodAy [IDI-Uou 0] pajupe MOIABI
YKM Pjead) SJudled  yieop juanedul Jo sppo) k-1 pur juayeduy JAtayM SURIISO(]  SeJBqeIp Yilm sjuaned pi0oa1 aalpadsonay <6007 ‘Ui,

(parunuos)  apqeg,

33




‘[R133 P2[OBUOD PAZIUOPLET T R

PIZJHIRIS SA BIIULIOY S212GRIC

108

%Emub@b%& £.§.> SjaIeq POZI{ENCASOL] JNPY 40§ POS[) OF SENULID [BIE] 00305dg-5a5q8Ic] PINOYS 1 UGNSANE 2QEL FAY YD "L IGEL

‘[EL} PAIORNOS POZILIOPUBI “1 7)Y ‘PIoB AN} PIREIURSUN-OUOU ‘WA (RO {EIa)Ua *N ‘oeIpAtjoqies ‘OQHD

(pazrmiopael syuoned
#0110 TE) Jawzan

JO syaom g pajajduod o1 =
pus [eod oyejm ASru0 (VAN Uy ) SHIjjaw sagaqeIp
pafuiny oym sjuaned ul ‘ juswannbal JOHD) A0] SA 9501008 7 2d& yim pue
Ao payanpuod sishjeae sjudtrannba wnsur W NS AJTep pue yoels woy OHD Iapiosip oiojolnat
‘uostredwon epILIof 10 ‘sap11aoA[3u ‘asponyd “1aA3] op1Ia2AIEiY ys1y) senuaag aj10ads 10 J20URD Dau/pralf papuljqun 5S00T

[EI2JU2 PLBPURIS ON Ut 99USISPIP 1eedy1ud1s o ‘[aa0] asoamyd poolg -sajaqe1p g paaecuo)) yum peziendsoyg oY ‘Zueg-ues

Jeruo0&(310dAT] YA Sluaned pezijeydsof] NPy 10J Pas) o SENULIO] [BI2)UT 91j106dS-80)0qel(] PINOYS ‘£ HONSING S[qET, 9IUIPIAH 9 AqEL

"ApIys [BUOKBAIISAO ‘SHQ

g POURIBIp OU T rIuadA [FodAy
pezencgpp JSM PESERINUT H reoraeSFO 01 Amaopg sa B0 A|SOULION




McMakhon et al

Acknowledgments
AS.FEN. Board of Directors Providing Final Approval

Jay Mirtallo, MS, RPh, BCNSP, FASHP; Tom Jaksic, MD,

PhD; Ainsley Malone, M3, RD, CNSC; Lawrence A. Robinson,
BS, MS, PharmD; Charles W. Van Way III, MD, FASPEN; Phil
Ayers, PharmD, BCNSP; Praveen S. Goday, MBBS, CNSC;
Carol Ireton-Jones, PhD, RD, LD, CNSD; Elizabeth M. Lyman,
MSN, RN; and Daniel Teitelbaum, MD.

ASBEN. Clinical Guidelines Editorial Board

Charlene Compher, PhD, RD, CNSC, LDN, FADA: Joseph L.

Boullata, PharmD, RPh, BCNSP; Carol L. Braunschweig, PhD,
RD; Mary Ellen Druyan, PhD, MPH, RD, CNS, FACN; Donald
E. George, MD; Edwin Simpser, MD; and Patricia A. Worthington,
MSN, RN, CNSN.

References

1.

1

Cook CB. Kongable GL, Potter DJ, Abad VJ, Leija DE, Anderson M. Inpa-
tient glucose control: a glycernic survey of 126 U.S. hospitals. J Hosp Med.
2009:4:E7-E14.

. Pasquel FJ, Spicgelman R, McCauley M, ct al. Hyperglycemia during total

parenteral nutrition: an important marker of peor outeome and mortality in
hospitalized patients. Diabetes Care. 2010;33(4):739-741.

- AS.PEN. Board of Directors. Guidelines for use of total parenteral

nutrition in the hospitalized adult patient. JPEN J Parenter Enteral Nutr.
1986;10(5):441-445.

. AS.P.EN., Board of Directors. Guidelines for the use of parcnteral and

enteral nutrition in adult and pediatric patients. JPEN J Parenter Enteral
Nugr, 1993:17(suppl 4):15SA-528A.

- AS.REN. Board of Directors. Guidelines for the use of parenteral and

enteral nufrition in aduit and pediztric patients [published correction
appears in JPEN J Parenter Enteral Nutr. 2002;26:114]. JPEN J Parenter
Enteral Nutr. 2002:26:18A-138SA.

. Mehta NM, Compher C; American Society for Parenteral and Enteral Nutri-

tion (A.S.PEN.) Board of Disectors. A.5.PEN. ¢linical guidefines: nutrition
support of the critically ill child. JPEN J Parenter Enteral Num. 2009:33:
260-276.

. McClave SA, Martindale RG, Vanck VW, et al.; A.S.PEN, Board of

Directors; American College of Critical Carc Medicine. Guidelines for the
provision and assessment of nuirition support therapy in the adult criti-
cally ill patient: Society of Critical Carc Medicine (SCCM) and American
Sccicty for Parenteral and Enteral Nutrition (A.S.P.EN.). JPEN J Parenter
Enteral Nutr. 2009;33:277-316.

. August DA, Huhmann MB; American Society for Parentera] and Enteral

Nutrition (A.S.P.EN.) Board of Directors. A.S.PEN. clinical guide-
lines: nuirition support therapy during adult anticancer treatment and
in hematopoietic cell transplantation. JPEN J Parenter Enteral Nutr.
2009;33(5):472-500.

. Sabery N, Duggan C; American Society for Parenteral and Enteral Nuiri-

tion Board of Directors. A.S PEN. clinical guidelines: nutrition support
of children with buman immunedeficicney virus infection, JPEN J Par-
enter Enteral Nurr. 2009:33(6):588-606. No abstract available. PMID:
19892900

. Jesuit C, Dillon C, Compher C. Le¢nders CM; American Socicty for Par-

enteral and Enteral Nutrition (A.S.P.EN.) Board of Directors. A.S.PEN.
clinical guidelines: nutrition support of hospitalized pediatric patients with
obesity. JPEN J Parenter Enteral Nutr, 2010:34(1):13-20.

- Jaksic T, Hull MA, Madi BP, Ching YA, George D, Compher C; American

Socicty for Parenteral and Enteral Nutrition (A.8.P.EM.) Board of Dirce-
tors. A.S,P.E.N. clinical guidelines: nutrition support of neonates supported
with extracorporcal membrane oxygenation. JPEN J Parenier Enteral
Nutr, 2010;34(3):247-253.

14

13.

18.

20.

23.

24,

25,

26.

27,

30,

3.

32

. Brown RO, Compher C; American Socicty for Parenteral and FEnteral

Nutrition Board of Directors. A.S.P.EN. clinical guidelines: nutrition sup-
port in aduit acute and chronic renal failure, JPEN J Parenter Enteral Nutr.
2010:34(4):366-377.

. Mueller C. Compher C, Druyan ME: American Socicty for Parenteral

and Enteral Nutrition (A.S.P.EN.} Board of Directors. A.S.P.EN. clini-
cal guidelines: nutrition screening, assessment, and intervention in adults.
JPEN J Parenter Enteral Nutr. 2011:35(1):16-24.

Arsenault I, Brenn M, Kim §, et al: American Society for Parenteral
and Enteral Nutrition (A.S.P.EN.) Board of Dircctors, A.S.P.EN. clini-
cal guidelines; hyperglycemia and hypoglycemia in the necnate receiving
parenteral nutrition. JPEN J Parenter Enteral Nutr. 2012:36{1):81-85.
Guyatt GH, COxman AD, Akl EA, et al, GRADE guidelines: 1. Tntroduc-
tion—GRADE evidence profiles and summary of findings tables. J Clin
Epidemiol. 2011;64:383.394,

. Guyatt GH, Oxman AD, Kunz R ot al. GRADE guidelines; 2. Fram-

ing the question and deciding on important outcomes. .J Clin Epidentiol.
2011:64:395-400.

. Balshem H, Helfand M. Schunemann H. et al. GRADE guidelines: 3. Rat-

ing the quality of evidence. J Clin Epidemiol. 2011;64:401.406,

Druyan ME, Compher C, Boullata JI. ct al; American Society for Paren-
teral and Enteral Nutrition (A.S.P.E.N.) Board of Dircctors, Clinical guide-
lines for the use of perenteral and enteral nutrition in adult and pediatric
paticnts: applying the GRADE system to development of A.S.PEN. Clini-
cal Guidelines JPEN J Parenter Enteral Nutr. 2012:36(13:77-80.

. Krinsley J8. Association between hyperglycemia and increased hospital

mortelity in a heterogeneous population of critically ill patients. Mayo Clin
Proc, 2003:78:1471-1478.

MeAlister FA, Majurndar SR, Blitz 8, Rowe BH, Romney J, Marrie TJ.
The relation between hyperglycemia and ocutcomes in 2,471 patients
admitted to the hospital with community-acquired pneumonia. Digbetes
Care. 2005;28:810-815.

. Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin therapy in

critically ill patients. N Eng! J Med. 2001:345;1359-1367.

. Fumary AP, Gao G. Grunkemeicr GL, et al. Continuous insulin infusion

reduces mortality in patients with diabetes undergoing coronary artery
bypass grafting. J Thorac Cardiovase Surg. 2003:125:1007-1021.
Krinsley JS. Effect of an intensive glucose management protocol on the
mottality of eritically ill adult patients. Mayo Clin Proc, 2004;79:992-1000.
Cheong N'W, Napier B, Zaccaria C, et al. Hyperglycemia is associated with
adverse outcomes in paticnts receiving total parenteral nutrition. Diabetes
Care. 2005;28:2367-2371.

Van den Berghe G, Wilmer A, Hermans G, et al. Intensive insulin therapy
in the medical ICU. N Engl J Med. 2006;354(5):449-461.

Lin LY, Lin HC, Lee PC, et al. Hyperglycemia corrclates with outcomes in
patients receiving total parenteral nutrition. Am J Med Sci, 2007:333:261-265.
Brunikhorst FM. Engel C, Bloos F, et al. [ntensive insulin therapy and pen-
iastarch resuscitation in severe sepsis. N Eng! S Med, 2008;358:125-139.

. DeLaRosa GDC, Donado JH, Restrepo AH, et al. Strict glycacmic control

in patients hospitalized in a mixed medical and surgical intensive care unit:
a randomized clinical trial. Crit Care. 2008;12:R120.

. Arabi YM, Dabbagh OC, Tamim HM, ct al. Intensive versus conventional

insulin therapy: a randorized controlled trial in medical and surgical criti-
cally ill patients. Crit Care Med. 2008;36:3190-3197.

Preiser JC, Devos P, Ruiz-Santana 8, et al. A prospective randomized
multi-centre controlled trial on tight glucose control by intensive insulin
therapy in adult intensive care units: the Glucontrol study. Intensive Care
Med. 2009;35:1738.1748,

NICE-SUGAR Study Investigators. Intensive versus conventional glucose
control o critically ill paticnts. N Engl J Med. 2009;360;1283-1297.
Sarkisian S, Fenton TR. Shaheen AA, Raman M. Parenteral nutrition—
agsociated hyperglycemia in non-critically ill patients associated with
higher mortality. Can J Gastroenterol. 2010;24:453-457.




36

Journal of Parenteral and Enteral Nutrition 37(1)

34.

35,

36

3

38,

39,

43,

44.

45.

46,

. Lee H, Koh SO, Park MS. Higher destrose delivery via TPN related to

development of hypergiycemia in non~disbetic critically ill patients. Nt
Research and Pract. 2011;5:430-454.

Garber AJ, Moghissi ES, Bransome ED, et al. ACE position statement.
Endocrine Pract. 2004;10:5-9.

Marik PE, Preiser JC. Toward understanding tight glycemic control in the
ICU. Chest. 2010;137:344-551.

Moghissi ES, Korytkowski MT, DiNarde M, ct al; American Assaciation of
Clinical Endocrinologists; American Diabeles Association. American Asso-
ciation of Clinical Endocrinologists and American Diabetes Association
consensus statement on inpatient glycemic control. Diaberes Care. 2009:32:
1119-1131.

Umpierrez GE. Hellman R, Korytkowski MT, st al, Management of hyper-
glycemia in hospitalized patients in non-eritical care setting: an Endocrine
Socicty clinical practice guideline. J Clin Endocrinol Metab. 2012;97:
16-38.

Egi M, Bellome R, Stachowski E, et al. Hypoglycemia and outcome in
critically ill patients. Maye Clin Proc, 2010:85:217-224,

Cryer PE. Davis SN, Shamoon H. Hypoglycemia in diabetes. Diabetes
Care. 2603;26:1902-1912.

. Boucai L., Southern WN. Zonszein J. Hypoglycemia-associated mortality is not

drug-associated bur linked to comorbidities, AmJ Med. 2011:71:1108-1114.

. ChiA, Lissauer ME, Kirchoffner J, Scalea TM, Johnson SB. Effect ot gly-

cemic state on hospital mortality in critically ill surgical patients. 4m Surg.
2011;77(11):1483-1489.

. D’Ancone G, Bertuzzi F, Sacchi L, et al. Iatrogenic hypoglycemia second-

ary to tight glucose control is an independent determinant for mortality and
cardiac morbidity. Eur J Cardiothorac Surg. 2011;40:360-366.
Hermanides J, Bosman RJ, Vricsendorp TM, ot al. Hypoglycemia is
associated with intensive care unit mortality, Crir Care Med. 2010,38:
1430-1434.

Krinsley J8. Schultz MJ, Spronk PE, et al. Mild hypoglycemia is indepen-
dently associated with increesed mortality in the critically ill. Crit Care.
2011:13(4):R173.

Mortensen BM, Garcia S, Leykum L, Nakashima B, Restrepe M1, Anzucto
A. Association of hypoglycemia with mortality for subjects hospitalized
with pncumonia. Am J Med Sci, 2010;339:239-243.

Sicgelaar SE, Hermanides I, Oudemans-van Straaten HM, et al. Mean glu-
cose during ICU admission is related to mortality by a U-shaped curve
in surgical and medical patients: a retrospective cohort study. Criz Care.
2010:14:R224.

47.

48,

49,

50.

51,

52.

53.

54.

55,

56.

57.

58.

59.

60.

Stamou SC, Nussbaum M, Carew ID, et al. Hypoglycemia with intensive
insulin therapy after cardiac surgety: predisposing factors and association
with mortality. J Thorac Cardiovase Surg. 2011:142:166-173.

Durao MS, Marra AR. Moura DF, ct al, Tight giucose control versus inter-
mediate giucose conwel: a quasi-experimenial study. Anaesth Intensive
Care, 2010;38(3):467-473.

Arabi YM. Tamim HM, Rishu AH. Hypoglycernia with intensive insulin
therapy in critically iil patients: predisposing factors and association with
mortality. Crit Care Med. 2009;37(9):2336-2544.

Kosiborod M, Inzucchi SE. Goyal A, et al. Relationship between sponta-
neous and jatrogenic hypogltycemia and mortality in patients hospitalized
with acute myocardial infarction. J4ad4. 2009:301(15):1556-1564.
Turchin A, Matheny ME, Shubina M, Scanlon JV, Greenwood B, Pender-
grass ML. Hypoglycemia and clinical outeomes in patients with diabetes
hospitalized in the general ward. Diaberes Care, 2009;32(7):1153-1157.
Bagshew SM, Bellomo R, Jacka MJ, Egi M, Hart GK, George C; ANZICS
CORE Management Committee. The impact of carly hypoglycemia
and blood glucose varability on outcome in critical illness. Crit Care.
2009 13(3nR91.

Kaukoner KM, Rantala M, Petild V, Hynninen M. Severe hypoglycemia
during intensive insulin therapy. Aciz Anaesthesiol Scand. 2009,33(1):61-65.
Krinsley IS, Grover A. Severe hypoglycemia in critically ill patients: risk
factors and outcomes. Crit Care Med. 2007;35(10):2262-2267.

Cryer PE. Mechanisms of hypoglycemia-associated autonomic fzilure and
the componcnt syndromes in diabetes. Diabetes. 2005;54:3592-3601.
Davis SN, Shavers C, Mosqueda-Gareia R, ot al. Effects of difforing ante-
cedent hypoglycemia on subscquent counterregulation in normal humans.
Diabetes. 1997;46:1328-1335.

Adler GK, Bonyhay I, Failing IL et al. Antecedent hypoglycemia impairs
autonomic cardiovascular function: implications for rigorous glycemia
control. Diabetes. 2009:58:360-366.

Kanji 8, Buffie J, Hutton B, et al. Reliability of point-of-care testing for
glucose measurement in critically ili adulis, Criz Care Med. 200533
2778-2785.

Leon-Sanz M, Garcia-Luna PP, Sanz-Paris A, ct al. Glycemic and lipid
control in hospitalized type 2 diabetic paticnts: cvaluation of 2 entcral
nutrition formulas (fow carbohydrate—high moncunsaturated fat vs high
carbohydrate). JPEN J Paremter Enteral Nurr, 2005:29(1):21-29.

Mesejo A, Acosta JA, Ortega C, et al. Comparison of a high-protein
disease-specific enteral formula with a high-protein enteral formula in
hyperglycemic critically ill patients, Clin Nugr. 2003:22(3):295-305.



