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Abstract

Purpose of Review Diabetes affects about a third of all hospitalized patients and up to 50% of inpatients go on to experience
hyperglycemia. Despite strong evidence supporting the importance of adequate glycemic control, as well detailed guidelines
from major national organizations, many patients continue to have hypo- and hyperglycemia during their hospital stay. While this
may be partially related to provider and patient-specific factors, system-based barriers continue to pose a major obstacle.
Therefore, there is a need to go beyond merely discussing specific insulin protocols and provide guidance for effective models
of care in the acute glycemic management of hospitalized patients.

Recent Findings To date, there is limited data evaluating the various models of care for inpatient diabetes management in terms of
efficacy or cost, and there is no summary on this topic guiding physicians and hospital administrators.

Summary In this paper, four common models of inpatient diabetes care will be presented including those models led
by the following: an endocrinologist(s), mid-level provider(s), pharmacist(s), and a virtual glucose management team.
The authors will outline the intrinsic benefits as well as limitations of each model of care as well as cite supporting
evidence, when available. Discussion pertaining to how a given model of care shapes and formulates a particular
organization’s structured glucose management program (GMP) will be examined. Furthermore, the authors describe
how the model of care chosen by an institution serves as the foundation for the creation of a GMP. Finally, the authors
examine the critical factors needed for GMP success within an institution and outline the nature of hospital admin-
istrative support and accompanying reporting structure, the function of a multidisciplinary diabetes steering committee,
and the role of the medical director.

Keywords Models of care - Diabetes - Hospitalized patients - Inpatient diabetes management - Glucose management program -
Hospital infrastructure

Introduction

Diabetes has been declared a pandemic by the Centers for
Disease Control (CDC) [1]. In the U.S., it affects about
10% of the total population [2] and is prevalent within a
third of all hospitalized patients [3, 4]. Inpatients with
diabetes or hyperglycemia have increased length of stay
(LOS), higher readmission rates, and higher rate of mor-
bidity and mortality compared to those not afflicted with
the aforementioned conditions [4, 5]. Given adverse out-
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comes associated with poor glycemic control, arguments
can be made for the necessity of appropriate glucose con-
trol as reflected in recommendations by major internation-
al organizations [5, 6]. Many barriers often exist within
healthcare systems serving as a hindrance to attainment of
optimal glycemic outcomes [7]. Some of these barriers are
inherent to the given disease process, while others are
connected to the sheer volume and diversity of patients
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with hyperglycemia. Oftentimes, the underlying metabolic
dysfunction is overshadowed or superimposed by the non-
diabetes ailment(s) invoking the patient’s hospitalization.
Consequently, the management of the patient’s blood glu-
cose is frequently low on a given provider’s priority list.
Furthermore, increasingly complex pharmacotherapeutic
outpatient regimens usually require transition to insulin-
based formulary alternative, a skill that is limited for
many providers. Complex hospital system design, where
patient care is often fragmented, creates additional chal-
lenges within organizations.

Hence, major national and international organizations (in-
cluding American Diabetes Association (ADA), Endocrine
Society, and many others)) have placed a significant amount
of effort providing protocols and crafting guidelines aimed at
helping healthcare providers (HCP) achieve optimal inpatient
glucose control [5, 6]. However, little is known about the way
these guidelines should be adopted and implemented within
healthcare organizations, creating effective models of care.
There is a need for high quality research to identify the most
effective glycemic management program characteristics, mod-
el components, and the information system required to main-
tain them [7]. The goal of this manuscript is to describe com-
mon models used for inpatient diabetes management, provide
evidence (when available) for their use, and offer recommen-
dations for an array of choices that hospitals can consider
when structuring their inpatient glucose management
program.

In order to develop an appropriate model of care, we need
to understand the three major factors that affect the creation of
such models:

I. Healthcare Providers
We will address the roles of physicians, trainees (resi-
dents and fellows), mid-level providers (physician assis-
tants (PA) and nurse practitioners (APRN)), pharmacists,
and address the specific roles and responsibilities of the
medical director.
II. Technology
We will address the role of technology and discuss
how electronic glycemic management software (eGMS)
systems may promote glucose management within a
given organization.
[II. Healthcare Infrastructure
We will discuss how regulatory agencies and local
hospital administrative factors impact and shape the
development of models of care.

Finally, the author’s will provide recommendations for
models of care that could be utilized or implemented across
institutions differing in size and scope, provided available re-
sources (e.g., from the more basic to the more comprehen-
sive), as outlined in Table 1.

@ Springer

Healthcare Providers
Physicians
Endocrinologist

Many, but not all models of inpatient diabetes care rely
heavily on services provided by an endocrinologist.
Endocrinologist participation in the diabetes care model
may be direct (individual consultants or as a part of multi-
disciplinary team) or indirect (leading system-wide model or
through remote monitoring). We will discuss how the nature
of the Endocrinologist’s involvement may be extrapolated to
four unique models of care:

Endocrinologist as a Consultant This is the most intuitive
model of care when considering the traditional consult ser-
vice. Upon receiving a consult, an endocrinologist provides
assessment, writes orders, follows patients daily, and commu-
nicates with the primary medical service. Despite the wide-
spread use of the traditional model, there are very few studies
evaluating the glycemic outcomes of this model. Levetan et al.
showed that consultation by an individual endocrinologist de-
creased the average LOS of hospitalized patients with a pri-
mary diagnosis of diabetes; the earlier the consultation, the
shorter the LOS, in a direct linear relationship [8]. The obvi-
ous advantage of this specific model is that the most expert
physician is in charge of direct patient care, which then gen-
erates billable services. The inherent disadvantage of this
model is related to limited number of board certified endocri-
nologists in the USA, even more prominently illustrated in
rural areas where typically endocrinology services are limited.

Endocrinologist as Part of a Diabetes Team In this model, the
endocrinologist leads a multidisciplinary team, typically
consisting of mid-level providers such as NP or APRN. The
mid-level providers are responsible for daily notes and orders,
and interaction with attending physicians and nurses, while
the endocrinologist oversees patient care and typically acts
as a medical director for the institution. Mid-level providers
also screen patients for hyperglycemia and work with medical
teams to improve glucose control [9].

A randomized controlled prospective feasibility study
of 179 hospitalized patients illustrated that a diabetes
team intervention (endocrinologist, diabetes nurse educa-
tor, and registered dietician) significantly decreased the
LOS for both patients with a primary as well as secondary
diagnosis of diabetes. One month after the team interven-
tion was initiated, 75% of patients in the intervention
group were in good glycemic control, compared with
46% in the control group. Readmissions rates at 3 months
were also significantly lower in the intervention group (15
vs. 32%, P=0.01) [10].



Page30of13 10

Curr Diab Rep (2018) 18: 10

(AAILDVOUd,,)
@obzde jou umoswou QOﬁmﬁsmﬁOQ

s3urpos [ent ur [eap|

syuoned xojdwoo
10} 3NSu0d AF0[0ULI0pUd pasu ABJA

syuoned xoidwos 103 uorsiazadns paou A SIOIAIAS J[qe[Ig

(AAILOVHY,,)  $99mM0sar AF0[0ULID0pUS PajruuT|
1sonbar uone)NSU0d 10§ J1eM ISN[  YHM SSUIOS [RUOMITSUL UT [BIP]

SOOIAIDS O[qe[[Ig
JUSWOTBUBW OTWAIA]S

juonedur Jo axmno oy suordwey)
$90IN0Sa1 AFO[OULIDOPUS PAJILUI]

amonnsequr [eydsoy woiy poddns spaoN  ym sSUINes [eUORMISUI UI [BIP]

"S[OAQ] [[& e JJEIS [eOIur[o
JO SIS pue 9Spajmour| seouanfyuy

uonmISUI ) SSOIdE [dpowt
JTWRIA[S pazipIepue)s SOpIAOI]
wexSoxd feuonmysuy

diysiopes] [euonezIue3Io WOIj
pauoddns pue pauordureyd 2q 03 SPOAN

ared juoned yPim
yoeoxdde weoy Areurjdrosipynu

s3umyos ® Jo o[dwexa ue se SoAIdg
oTwdpese-uou ur juowe[duir 03 JNOFI SIOpR9[ 2IMnj surel],
((FAILOVHY.,)  Surured] poroke] Jo siseq ) SULO]

jsonboI UoNE)NSU0D JOJ JeM JSIIA SUOTIMIISUI OTWIAPEOE UT [2dP]
suonmusul

jsowr Je 9[qe[rearun Apuanbay 9o1a108

sjuaned [[e Jo SPUBIAP AU 90U JoUUR))
uoneziuegIo oy unpIm siopraord

MJJ & 0) POJILI] OIE S[[I3S pue oFpajmous|
(HFALLOVHY.,)

jsonbar UoNE)NSUOD JOJ JTeM JSNIA

SIOIAIRS S[qe[[ig
119dx0 o) Aq PaIOPUI 9JIAIOG

“QUI] QOTAISS OIf10ads

ay 10J uoneanps jusned ‘ared juoned «(auore)

SJ0QIIP “IOPIAOId [9AS[-PIUI PAUTLI)-SSOI)) (S)Vd 10 (S)NIAV Jop1aoid [9AS[-PIA
*1SI30[OULIDOPUD
UE JO UOoISIAIadns oy Iapun YIomaurery 1SIS0[OULIOOPUD
QAIIRIOQR[[09 B Ul uoneonpa judned pue ue Jo uoisiazodns oy
doueping juswoSeurw sapraold NYJV (S)Vd 10 (S)NWUJVY  Iopun 1opraoid [9AS[-PIA

[(uxde) 1ouonnoeid asmu pue (ed) jueisisse uerorsAyd] jopowr paj-10p1aoid [9AJ[-PIA

‘wier3oid sajoqerp juonedur s9jeUIPIOOd
pue 311040 sapiaold ‘wea) ay)

Speo] Juswageurw SO)RqRIp Ul Sururern
pue jsaroyul [eroads ypim siendsoy

(sysoeurreyd
(s)103ONP3 O1AQRI(T
(s)uordwreyo uerdrsAyg
(sysiendsoy [opow paj-isieidsoy

[opowt paj-Isiendso]

‘eI [BOIUI[O JO UOHBONPI ‘Souloping
‘s305-10p10 ‘s[0o0jo1d [euonmnsur sdojoadq

werdoxd opim-reydsoy
SOISIOAO ISISO[OULIOOPU] [opouI oOpIM-W)SAS
-98reyosip
Je Spaau ssasse pue Jjeis Jursinu pue syuoned
0} poq uoneonpa apraoid s103eonps o1RqeI
"SJUOPMYS pue SHUSPISAI siazadns
pue syuoped xo[dwod a3euewr djay smofo{
‘ured) Ay} spedy ISISojouLopuy

(s)Joyeonpa dnqeI(]
(spuspms (e3P
(S)1U9pISAI [BIIPIIN
(s)mo04

(sys13ojouroopuyg [opowr wead) sajaqeI(]

‘Keys Tendsoy oy
ySno1yy Juened oy} SMO[[O] PUE ‘SIOPIO
JOQIIP SAILIM ‘PA)NSUOD JSISO[oULIOPUT

[opour
)nsuoo ASojourIoopud
JeuonIpery,,

[opowr pa[-A3ojouLoopuyg

(seauren —/+) isiSojourroopug

suo) so1q

so[0y [opow 2y Ul SIQUIDJA sadfiqng

a1ed Jo sjopow :sojeqerp jusnedur | 3jqe)

pringer

Qs



Curr Diab Rep (2018) 18: 10

10 Page 4 of 13

9)B)S-0}-0)E)S WOIJ SOLIBA UOIYM Uone[SISo] onyroads-ore)s uodn juspuadop st (uerorsAyd pasusor] e woij ayeredss) Ajsnowouoine aonoerd 03 AIIqY 4

*SUOTEPUAUIIIOd01 Juso[duur
pue 23pomouyor 0) PAPaU UI-Anq JOPIAOI]
papasu yoddns reuonmnsuy
SOOIAIOS O[qR[[Iq-UOU AMNSuU0d ABJA[
a1eo juanyed JOIIP UL PIAJOAUT ATJOIIP JON

SOOIAIQS O[qB[[Iq-UON.
weidoxd oy poddns o3 Teydes
uewiny oY) dAeY jsnu juouniedop Aoewreyd

((AAILDOVAY,,)
jsonbal uone)NSu0d 10§ Jrem ISnJA

(yuowoSeuewr
pasueApe op1aoid 0} pa[enuIPaId
asotp) oiy1oads UBIOIUI[O J0 JTUN oq ABJA
SOIIAIDS O[qR[[Iq-UON.
syuoned xodwos 103 uorsiazedns paou A
ur-Anq pue uordureyo
03 poddns drysiopes] uonezuegio
pue (s)1op1aoid uerdrsAyd spasu [opojN

rendeo uewny
[euonmsuI JunsIxo sa3eIoAd |
uoneziuesio
ue urym Juasaid ores sejoqerp
JO s[opow SunsIxd saoueyuy
s1op1ao1d Jo s1o1aBYaq
Surquosaid sadeys pue somodwyg
weidoxd opim-rendsoyq
(HAILLOVOYd.,)
paxmbar jou jsonbar uone)nsuo)

uoneziueSIo oy} SSoIoe [opowt
OIS PIZIpIEpuE)S SIPIAOI]
areo juaned YIM PIAJOAUT A[30dII(]

$901n0s21 AF0[OULIDOPUD
PN YiLm suonmnsut ul [espy

systoewreyd o3pajmouy| pue
A[1qIssaoe ) uodn pazruurxely
ared juaned YIm PIA[OAUT A[0dII(]
erJour [edrur uodn soaoxduy

((IALLOVOYUd,»)
paxnnbai jou 3sonbar uone)nsuo)

‘weo) Arewiid o) 03 SUOEPUSWIIOII JUIUIEAT)
Sunyew o[Iym s[ooojoid [euonmusul Sqe[reAt

JNOQE SUIEd) [EOIPAUL O} UOHEINPI SIPIAOI

‘BIwR0A130dAY pue -1odAy ypim syuoned a8ein

pue Ajuoprt 0 sireyo syuaned Jo maraar Afreq

‘suyyLIoge/sj000301d pasordde Ajreuonmusur

Surzin o[rym syuanedur Jo juowadeuewn

OTRIATS 0) Surureyrod saZueyo Aressooou

[[e 9yew 0} ALIOWNE [BUONNNSUT ) UIAIS
pue (s)zopraoxd £q pajnsuod (s)soeuireyJ

‘suyILIoge/sjoo0301d
paaoxdde Surzimn juowearde sonoeid

9ATJEIOQR[[0D [EUONMIISUI U. UIYJIM PIUI[INO JIED

S3)QEIP 0} PAje[aI SI3pI0 d0e[d pue 4oaIIp
2JeUIPI00d 0} AJLIOYINE SBY ISIOBULIRYJ

{uoneurquoo Aue}
(s)aad
(sysworuLreyq
(s)1op1a01d [AS[-PIA
(s)uerorsAyg
(snsyendsoy
(sys13ojouroopuyg

pa1oautp aurdiosip 1o
wed) pageurw A[[enud))

[opow JustoFeuBW 9S0N[3 [BNIIA

juounredop Aoeuwreyd jusneduy

(s)103eucwt
ASBI SAJQRIP “(S)[QA[-prua
‘(systendsoy —/+ (s)isroeuLIey

JINSu0d AoeurreyJ

[opour
2onoerd 9AlEIOqE[0)

[opow PaJ-ISIoeULIBYJ

Nilve)

so1g

so[oy

[opou Ay} Ul SIOQUISA

sadfigqng

(ponumuoo) 1 d[qeL,

pringer

Qs



Curr Diab Rep (2018) 18: 10

Page50f 13 10

Levetan et al. evaluated the effect of an endocrine (individ-
ual endocrinologist) and multidisciplinary diabetes team (en-
docrinologist, diabetes nurse educator, and registered dieti-
cian) consultation model had on hospital stay for patients with
the primary diagnosis of diabetes. The average LOS for dia-
betes team patients was 56% shorter than that of a non-
consultation group (P <0.0001), and 35% shorter in patients
who received a traditional individual endocrine consultation
(P <0.05). Endocrinologist-led inpatient diabetes teams have
been shown to be effective in decreasing the LOS and also
improving glycemic outcomes in various other studies [9—11].

As illustrated from the previous study, timely involvement
of a consultant model directly correlates to and improves upon
the outcome of care. However, endocrinologists are too often
consulted after days of hyperglycemia and frequently, not at
all. Currently, there are no set guidelines to identify which
patients might benefit from diabetes team consultation and it
is within the discretion of the primary team to make this deci-
sion. Rajendran et al. developed a scoring system to facilitate
timely consultation. The diabetes patient at risk (DPAR) score
incorporates a number of factors including the following: ad-
missions for DKA/HHS, new onset diabetes, insulin naive
patients, insulin pump users, severe hypoglycemia, recurrent
hypoglycemia, patients on steroids, specialized nutrition, and
foot ulcer. Higher DPAR score was found to be valuable in
successfully identifying appropriate patients and facilitated re-
ferrals in a timely manner to the diabetes team [12¢].

The endocrinology team model described above
strengthens multidisciplinary approach to patient care
allowing each professional within the team to share different
areas of expertise which also helps in improving the education
of team as a whole.

Endocrinologists Leading a System-Wide Model In this model,
an endocrinologist oversees hospital-wide program which in-
cludes devising and implementing protocols to identify pa-
tients with hyper/hypoglycemia, developing web-based
protocols/algorithms for management of these patients, edu-
cation and training of the staff involved in care of these pa-
tients. Work by McDonnell et al. and Korytkowski et al., in
particular, illustrates the powerful effect of endocrinologist
leading the development of an inpatient glucose management
program (GMP), fostering quality improvement of hospital
inpatient care, as well as standardization of inpatient glycemic
management [ 13—16]. The primary role of the endocrinologist
is to serve as a leader of quality improvement initiatives, while
also serving as a resource for complex cases. The success of
this model depends upon the support that the hospital organi-
zation provides.

Virtual Glucose Monitoring This is a novel approach in inpa-
tient glucose management that does not involve an official
consultation of the endocrine services; however, the physician

is not directly involved in patient care. Rather, the electronic
health record is used to generate a daily report of out-of-range
glucose values to be reviewed by a number of diabetes spe-
cialists, who then remotely chart review and make
pharmacotherapeutic recommendations via an electronic note.

Rushakoff et al. evaluated the association between a virtual
glucose management service (vVGMS) and glycemic control in
hospitalized adult patients. Based on daily glycemic reports,
patients with two or more glucoses over 225 mg/dl and/or a
glucose < 70 mg/dl in the past 24 h were identified by diabetes
specialists (an endocrinologist or pharmacist-diabetes educa-
tor or nurse-CDE). A vGMS note with management recom-
mendations was placed in electronic medical chart. Following
the introduction of the vGMS, the proportion of hyperglyce-
mic patients decreased 39% from a baseline of 6.5 per 100
patient-days to 4.0 per 100 patient-days. The hypoglycemia
proportion decreased by 36% [17¢].

Similar virtual monitoring named daily inpatient glycemic
survey (DINGS) was undertaken by Mendez et al. [18]. In this
study, using an electronic query hospitalized patients with glu-
cose values <70 or > 350 mg/dl were identified, their charts
were reviewed by the team of multidisciplinary diabetes spe-
cialist providers. When opportunities for improvement were
identified an electronic medical note was entered with recom-
mendations to the primary team. After implementing the
DINGS model, there was a significant decrease in patient-
day mean glucose, percentage of patient-days with any value
> 350 mg/dl, glycemic variability, and rates of hypoglycemia.

It is important to note that the “virtual” glucose manage-
ment services do not replace, but rather usually compliment
other models of care, via either the traditional consultant or the
team model.

The above presented data illustrate the benefit of a dedicated
inpatient diabetes consult service and virtual glucose monitor-
ing. However, in the inpatient setting where specialists are not
always present, one alternative model is the implementation of
tele-health services. Telemedicine has been shown to be effec-
tive in inpatient management of other disease conditions like
stroke [19] and has been utilized extensively for the outpatient
management of diabetes as well [20]; however, there is cur-
rently no data on inpatient teleconsulting service for diabetes.

Hospitalists

Hospitalists have been a significant part of healthcare system
and are now a mainstay of inpatient care. They are not only
involved in direct care of patients with diabetes admitted un-
der them but also frequently co-manage surgical patients with
diabetes. Hospitalists with special interests in diabetes form a
vital part of diabetes model of care through their involvement
in hospital quality assurance and protocol development. They
can work independently or in collaboration with an endocri-
nologist [21].

@ Springer
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Residents and Trainees

Resident physicians form an integral part of the medical care
team and are often the first contact with patients at academic
institutions. The existence of knowledge gaps pertaining to
insulin regimens, lack of awareness of existing hospital gly-
cemic protocols and policies, and fear of hypoglycemia
among resident physicians have been identified as most com-
mon barriers to glycemic care in various studies [22, 23]. It is
important to address these deficits by proper education, as we
know that education and experience during training years will
influence future practice patterns. Education in the form of
case-based study [24], computer training programs [25], dis-
semination of hospital guidelines, and protocols for inpatient
diabetes management using mobile-based tools [26] have all
been shown to be effective at improving healthcare profes-
sionals’ knowledge with inpatient diabetes management.

Endocrinology Fellows

Endocrinology fellows are a valuable part of the inpatient
diabetes care model. The intense training and experience they
receive in direct diabetes care fosters their ability to design
patient-tailored insulin regimens as well as manage hypergly-
cemia in patients with complex conditions (e.g., patients on
insulin pump therapy, concurrent steroid use, nutritional sup-
port). In turn, fellows can impart the knowledge they received
to the residents and medical students, thus forming a model for
layered learning [14, 15].

Mid-Level Providers: Nurse Practitioners
and Physician Assistants

Mid-level providers, when incorporated within a model of
diabetes care, have demonstrated the ability to effectively care
for broad population of patients with diabetes. Different
models are described in the literature:

Endocrine APRN Team: APRN-Led by a Clinical
Endocrinologist

Wallia et al. described inpatient endocrine glucose manage-
ment service (GMS), comprised of APRN overseen by an
attending endocrinologist [27]. This service developed and
implemented insulin protocols for management of heart trans-
plant patients and empowered ICU nurses to initiate consulta-
tion with the APRN team. The APRNs followed a clearly
outlined therapeutic protocol facilitating transition of patients
from intravenous insulin drip to subcutaneous insulin. Patients
achieved adequate glucose control, while the occurrence of
hypoglycemia during the insulin therapy of heart transplant
patient was very rare. The key elements assuring the success
of'this program were the fact that the APRN were given a clear

@ Springer

protocol outlining insulin adjustments, deviations were
allowed as clinically indicated, daily rounds were performed
by GMS, and APRNs were an integral part of the protocol
development and adjustment.

APRN’s Cross-Trained in Inpatient Diabetes Management

Mackey et al. described a model of diabetes care assisted by
an APRN(s)/PA(s) trained in inpatient diabetes management
[28¢]. Their involvement resulted in a greater use of recom-
mended basal-bolus insulin therapy which correlated with
lower mean glucose levels before discharge in a subset of
non-critically ill patients. In a similar model, described by
Apsey et al. [29], the APRN was recruited from a surgical
department and received further training on inpatient diabetes
management from an academic endocrine service.
Subsequently, the APRN monitored all glucose levels for pa-
tients on a surgery service and contacted the surgery service
with specific advice about starting and adjusting insulin ther-
apy. Compared to historical control, this model led to greater
utilization of a basal-bolus protocol and improved glucose
control without increasing hypoglycemia.

Given limited endocrinology resources that most hospitals
face, these models of care offer a potential to meet the needs of
the larger patient population. Adapting a APRN/PA model of
care for use outside an endocrinology consult service can be
further explored as a way to bring expertise to a broader inpa-
tient population with diabetes.

Remote Monitoring Led by APRNs

In a pilot study by Donihi et al., the authors developed a
Targeted Glycemic Management (TGM) service composed
of a diabetes nurse-educator, two nurse-practitioners, a phar-
macist, and a dietician [30]. Patients with a BG level >
300 mg/dL were identified using daily glycemic reports, and
their charts were then reviewed by the TGM service. If no
appropriate action was taken by the primary team to correct
the hyperglycemia, a templated note was placed in the pa-
tient’s chart reinforcing the availability of existing protocols
and order-sets for inpatient glycemic management. No specif-
ic insulin dosing change was recommended, rather, diabetes
team consultation was advised for challenging patients and
those on insulin pumps. The TGM pilot intervention lasted
for 12 weeks. Comparison was then made in glycemic out-
comes and provider’s response to hyperglycemia between
pre-, during, and post-TGM implementation. There was sig-
nificant improvement noted in the percentage of patients with
hyperglycemia during TGM period compared to pre- and
post-TGM periods. There was also a significant improvement
in provider response to severe hyperglycemia during the TGM
period (49 vs. 73 vs. 50%, before, during, and after TGM,
respectively; P=0.044).
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Pharmacists

Pharmacists have the potential to bridge the gap and enhance
models of inpatient diabetes care, as non-physician healthcare
providers, regardless of a given institution’s size or scope of
the patient population that is served. When provided with
organizational leadership and provider support, pharmacists
have demonstrated the propensity to not only improve specific
institutional glycemic outcome measures but also lower
healthcare costs associated with delivering enhanced patient
care. The aforementioned improvements have been captured
through the direct result of organizations implementing col-
laborative practice agreements, enhancing the scope of prac-
tice for their given pharmacists [31-33]. Expanded authoriza-
tion given to these pharmacists would include the ability to
make changes to the type, dosing, and frequency of insulin
utilized as well as to any accompanying laboratory monitoring
associated with the insulin regimen implemented.

Warrington et al. demonstrated that when a multidisciplin-
ary glucose management team (GMT) (comprised of
hospitalists, internists, nurses, and dieticians) led by a phar-
macist (Pharm.D.), were given the organizational authority to
direct inpatient glycemic management through a collaborative
practice agreement, an improvement in both glycemic and
clinical outcomes were noted in cardiac surgery patients
[31]. The pharmacist-led GMT was able to demonstrate a sta-
tistically significant improvement in post-op day 1 and day 2
blood glucose levels exceeding 200 mg/dL following cardiac
surgery versus a historical model of care. Improvement in the
occurrence of hypoglycemic events was noted, as well is im-
proved incidence of sternal wound infections (pharmacist-led
GMT 3.18% (2010) vs. historical model 6.57% (2008)).

Similarly, Mularski et al. analyzed the impact of collabora-
tive practice protocol, empowering a group of pharmacists
termed the glycemic control team (GCT), on post-operative
glycemic outcomes in surgical and medical patients [32¢]. The
GCT pharmacists had the ability to initiate, modify, change
insulin orders, as well as all associative laboratory orders (e.g.,
Alc, serum creatinine). The pharmacist managed GCT was
able to demonstrate a statistically significant improvement in
post-op blood glucose readings, within the defined target
range of 70-180 mg/dL, on day 1 (odds ratio [OR] 3.10,
95% Cl, 2.62-3.67, p<0.0001) and day 2 ([OR] 1.65, 95%
CI, 1.34-2.04, p<0.0001) versus a historical model of care
not managed by pharmacists. Moreover, the pharmacist man-
aged GCT had a statistically significant improvement in the
occurrence of hypoglycemia (defined as a blood glucose <
70 mg/dL) on post-operative days 1 through 3 versus that seen
with the existing model of care during a similar time period
(OR 0.34, 95% CI, 0.28-0.40, p < 0.0001).

Last, Hodges et al. demonstrated that when pharmacists were
utilized via a consultation model, they could improve institution-
al hyperglycemia outcomes (measured by mean blood glucose)

within a community hospital [33]. Utilizing a multimodal
weight-based insulin dosing protocol, over a 3-month duration,
patients that had their blood glucose treated via a pharmacist-
directed model were shown to attain mean blood glucose values
<80 mg/dL on day 3 of hospitalization versus patients that were
receiving physician-managed glycemic care.

In summary, pharmacists have demonstrated the ability to
safely and effectively positively impact clinical outcomes
pertaining to models of care related to glycemic management,
when empowered by institutional leadership.

Pharmacy Stewardship

Stewardship is a commonly referred term utilized within
healthcare today, usually in the context of antimicrobial stew-
ardship programs (ASP) for hospitals where pharmacists serve
as indispensable members of the antimicrobial team, working
within a multidisciplinary group of healthcare providers
[34-38]. Paterson et al. described the term stewardship in
2006 when describing ASP as “healthcare programs focusing
on ensuring the proper use of medications to provide the best
patient outcomes, lessen the risk of adverse effects, promote
cost-effectiveness, while reducing the levels of sentinel
events.” [39] Building upon the aforementioned description,
in the presence of an increasingly large proportion of inpa-
tients with a known comorbidity of diabetes, author’s institu-
tion initiated a unique model of care with the creation of the
diabetes stewardship pharmacist. The purpose of the Diabetes
Stewardship position was to facilitate further expansion, col-
laboration, as well as serve in a complimentary role within the
existing GMP to improve upon organizational glycemic out-
comes (Fig. 1). Collaborating with existing professional lines
within the organization (CDEs; inpatient pharmacy service
lines; nursing and medical staff; system analysts for the elec-
tronic record system) as well as serving as an extension to the
diabetes, endocrine, and metabolism (DEM) specialty service
line; the diabetes stewardship pharmacist constructed an insti-
tutional glycemic quality improvement model of care based
upon a “vertical” and “horizontal” approach [40].

In the author’s organization, a “vertical approach” was im-
plemented via an organizational virtual surveillance tool con-
structed within the electronic medical record (EMR) system,
termed “diabetes stewardship dashboard” (Fig. 2). The diabe-
tes stewardship pharmacist utilizes the EMR dashboard on a
daily basis to efficiently and effectively identify, triage, and
make therapeutic recommendations. Integration of the diabe-
tes dashboard within the existing framework of our organiza-
tion’s EMR, staffing model (i.e., team-based pharmacist in-
corporated within multidisciplinary rounds), electronic com-
munications systems (i.e., electronic messaging applications),
as well as documentation within the EMR has allowed the
diabetes stewardship pharmacist the capability to
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Fig. 1 Glucose Management
Program Structure

Glucose Management Program
(GMP)

[ Diabetes Services Medical Director ]

[ Inpatient Diabetes Education Lead ] [

Diabetes Stewardship Pharmacist ]

communicate evidence-based glycemic recommendations
throughout the organization while being centrally stationed.
It should be noted that the diabetes stewardship pharmacist
does not write direct orders within the EMR. Rather the phar-
macist provides electronic recommendations and works di-
rectly with the primary medical team’s pharmacist to convey
appropriate recommendations (Fig. 3) who in turn ensures
those are appropriately considered and tailored by the medical
team given the patient’s current clinical status. This approach

Fig. 2 Diabetes stewardship
pharmacist—EMR Dashboard
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. J
4 )
Diabetes
Resource Nurses
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has many similarities to the physician-led initiative described
by Rushakoff et al. [41].

In addition, enhancements to institutional glycemic man-
agement systems, based on a “horizontal approach,” which is
comprised of multiple layers that include institutional glyce-
mic education (references, pocket cards, discipline-specific
education); policy, procedure and protocol development as
well as amendment; formulary management; construction of
therapeutic interchanges; EMR system level enhancements to
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Fig. 3 Diabetes stewardship
pharmacist—active surveillance
system model
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improve all discipline prescribing and management of diabetic
patients; as well as others.

Our diabetes stewardship pharmacist serves as an extension
to the endocrine team, and offers a novel consideration to the
models of care outlined within this manuscript. Organizations
without an endocrinologist could adopt a similar model in
partnership with other disciplines including hospitalist(s) or
APRN/PA run inpatient diabetes program.

Technology

At the core of any given model of care is the safe and effective
delivery of care. Glycemic management of inpatients with
diabetes is inherently difficult in nature due to multiple vari-
ables related to physician, patient, and organizational factors,
complicating the medical decision-making process even for
the most experienced endocrinologist. Therefore, there is a
significant need to create tools which support and foster im-
proved selection of appropriate treatment strategies while
serving the model of care.

Computerized Protocols and Computerized Physician
Order Entry

The development of order sets by itself does not necessarily
ensure best care practices due to lack of complete standardi-
zation and a variable rate of adoption. Thus, the efficacy of
order set is difficult to evaluate in isolation of other quality
initiatives. A Schnipper et al. effectively evaluated this issue
and found that the addition of an order set built into a hospi-
tal’s computerized physician order entry (CPOE) system was
associated with improved glucose control in comparison with
physician and nurse education and a glycemic management
protocol alone [42]. From that perspective appropriate integra-
tion of CPOE into physician work flow as well as patient care

Bedside
Nurse

work flow is an important element assuring successes of any
particular model of care.

Electronic Glycemic Management Software System
(eGMS): EndoTool © and Glucommander ©

Currently, there are several commercially available, FDA ap-
proved, eGMS systems on the market. These computerized
software systems utilize evidence-based algorithms to provide
real-time insulin dosing recommendations (intravenous and
subcutaneous) to healthcare providers serving acutely ill pa-
tients. Utilizing patient-specific characteristics imputed from
healthcare staff or data that is directly pulled from an organi-
zation’s EMR (age, weight, height, renal function, home insu-
lin regimen), the eGMS system provides specific insulin dos-
ing guidance and recommendations (intravenous, subcutane-
ous, transition of care from IV to SubQ) to frontline staff in
real-time. The patient specific dosing recommendations con-
tinuously adapt to a given resultant blood glucose value, he-
moglobin A ¢ results, rate of blood glucose change over time,
as well as individualized insulin sensitivity factors computed
by the software. These eGMS systems have demonstrated the
ability to positively affect multiple glycemic outcomes (hyper-
glycemia and hypoglycemia occurrence, time within and time
to achieve glycemic target range), decrease institutional cost
expenditure for select patient populations, as well as increase
provider and nursing staff satisfaction scores relating to the
ease of use and perceived effectiveness of the software system
[43].

The advantages of incorporating an eGMS system within
an institution’s model of care include: standardizing insulin
prescribing, diminish clinical inertia, decrease human calcula-
tion errors, and improve glucometrics. The eGMS systems
offer a potential to address an endocrinologist or provider
gap present within their organization. Limitations to the use
of an eGMS system include the cost to acquire and maintain
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the software solution, ability to integrate the given software
within an existing EMR, IT support to address the initial build,
software updates, and down-time support, institutional educa-
tion and training that would need to be constructed, dissemi-
nated, and implemented across an entire organization, as well
as adaptations to discipline specific work-flows that would
need to follow to effectively implement and sustain the utility
of the eGMS system.

In summary, when utilized in the aforementioned manner,
technology serves as an active member of the models of care
for organizations large and small, influencing the approach,
cost, resource support, as well as the very infrastructure of an
organization.

Healthcare Infrastructure

Hospital infrastructure may very well be the most important
component facilitating effective models of care. An organiza-
tion’s infrastructure provides the framework for model integra-
tion of providers, processes, and technology, and allows a cre-
ation of inpatient diabetes program (IDP) also frequently called
glucose management program (GMP). Over a decade ago, the
American College of Endocrinology and American Diabetes
Association endorsed the need for formation of Inpatient
Diabetes Programs and published a consensus statement
recommending the resources warranted of the following: (a)
administrative support; (b) multidisciplinary steering commit-
tee; (c) regular assessment of processes, quality of care, and
barriers; (d) development of interventions such as protocols,
policies, and algorithms; and (e) metrics for programmatic eval-
uation [44]. While the clinical practice guidelines recommend
that hospital provide administrative support for GMPs, there are
no standards for the specific infrastructure requirement that
takes into the account the hospital size or patient case mix or
the minimum financial support for the execution of the pro-
gram. The literature has accumulated some data on the mini-
mum startup cost for the program [14] as well as the support for
the salary of the medical director, at minimum annual 15%
director full time equivalent [14]. The aforementioned ambigu-
ities surrounding hospital support for GMP may be related to
the fact that there is currently a lack of mandate by government
bodies including CMS and Joint Commission that have tradi-
tionally standardized the management of other disease process-
es including infections disease and heart failure. The Joint
Commission offers hospitals Advanced Certification in
Inpatient Diabetes, but participation is voluntary, and not tied
to direct financial reward for the institution. Furthermore, stan-
dardization of glucometrics and benchmarking among institu-
tions is still in development [7] with the most robust program
developed and described by Maynard et al. [21] enrolling
around 161 hospitals to date. Furthermore, it is not clear where
the best “home” for GMPs should reside, as some of them
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function within the domain of Patient Safety while others serve
as a disease-specific sector encapsulated within Risk
Management. Thus, incentives for hospitals to put effort and
resources into organizing highly effective GMPs are somewhat
limited.

The formal GMP is considered to be the “best practice
standard” for delivering inpatient glycemic care and forms
the backbone for any model of care. GMPs have been shown
to reduce: LOS [8, 9], wound infection rates, and hospital
readmission rates [16]. Defining and optimizing GMP’s oper-
ational structure for a particular institution is crucial to the
success of any model of care. Figure 1 illustrates the possible
approaches to the structure of GMP. The key stakeholders of
GMP are the following: diabetes nurse case managers, diabe-
tes resource nurses, pharmacists, program director or a pro-
gram lead, and a medical director.

Diabetes nurse case managers are certified diabetes ed-
ucators involved in day-to-day management of high-risk
hospitalized patients. In addition to providing care by con-
sultation, they screen all hospitalized patients for hypo- and
hyperglycemia, and in this manner, uncover hospital-wide
opportunities for improvement in glucose control. It is es-
timated that one case manager for ~150 hospitalized pa-
tients is needed for a typical organization [9]. Diabetes case
managers also support diabetes resource nurses—unit
nurses designated as local “Diabetes Champions” who re-
ceive an extra training in diabetes management and become
a resource to other floor nurses to assist with diabetes re-
lated questions [9, 45]. We are also proposing a crucial role
for the pharmacist (Figs. 1 and 3) either as medication
safety pharmacist for the organization or designated diabe-
tes stewardship pharmacist as discussed above. The pro-
gram typically has a program director or a program lead,
depending on institution size and reporting structure. This
operational role is usually given to a nurse (RN, CDE) that
works closely with the medical director in order to imple-
ment system wide initiatives recommended by Diabetes
Steering Committee. The Lead is responsible for implemen-
tation of educational initiatives, reporting of glucometrics,
Joint Commission accreditation (if applicable), as well as
provides education to Case Managers. Medical director is a
physician champion, responsible for implementation of pol-
icies decided on by the Diabetes Steering Committee who
provides direct oversight of glucose quality initiatives and
reports to executive-level leadership. In terms of
educational/training background, this role is typically given
to an endocrinologist (where one is present) or a hospitalist.
Perhaps more impactful than formal qualifications, it is
important to note that this physician should have a skill
set beyond the expertise in day to day glucose manage-
ment. This physician needs to understand glucometrics, be
able to perform data analysis in order to assess the impact
of quality initiative, have leadership skills needed to lead
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Fig. 4 Diabetes Steering
Committee (DSC) Organizational
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the program and communicate effectively with the C-suite.
Essentially, the medical director needs to have basic skill set of
a clinical researcher and an epidemiologist, a role that has been
dubbed the “Diabetes Healthcare Epidemiologist” by
Mathiouddakis et al. [46].

There are three critical factors contributing to the success of
a GMP:

1. Presence of hospital administrative support

2. Creation of multidisciplinary diabetes steering committee
(DSC)

3. Identification of healthcare provider champion, who typ-
ically serves as a medical director for GMP.

Institutional administrative support is necessary to assure
adequate support for the medical director, to empower DSC’s
executive function, as well as to ensure support for
glucometrics evaluation and to assure the effective reporting
system.

Diabetes steering committee is an overseeing committee that
facilitates the work of GMP. The structure is outlined in Fig. 4.
This centralized multidisciplinary group is charged with making
decisions and implementing the necessary changes related to
system-wide glycemic control. The role of the DSC is to work
on quality initiatives for an institution, including creating and
editing of order sets, review incident report errors, and use them
to target ongoing education of institutional healthcare providers,
provide safety recommendations, and define quality outcomes

for the organizations such as glucometrics. The chair of
Diabetes Steering Committee is usually the medical director of
the glucose management program or it can be co-chaired by the
inpatient program lead/director (RN) and the medical director
(MD) as is the case in the author’s institution. It is important to
get broad membership reflecting all stakeholders which include
but are not limited to endocrinologist/diabetologist, mid-level
providers, endocrine pharmacist, Hospitalist, Nurse Educators,
Dietician, Floor nurses, Laboratory, and IT personnel.

In order to be effective, the DSC must have an authoritative
rather than consultative nature and a clearly outlined reporting
structure. Ideally, the DSC serves an avenue of communica-
tion to other leadership groups including Pharmacy and
Therapeutics, Medication safety committees, and Quality
Improvement committee.

The optimal reporting structure is organization dependent,
and suggested approach is outlined in Fig. 4.

Models Summary

All the models of care presented so far confer the fundamental
quality of multidisciplinary approach as the integral part of the
diabetes care and include participation of physicians, mid-
level providers, and pharmacists as active members of the
team. There is no such thing as a “best model” or “one size
fits all” as all of them need to be adapted to fit a particular
institution’s need. As suggested by Pietras et al. [14], the op-
timal program structure should be tailored to reflect three
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major characteristics of the hospital environment: institutional
infrastructure, patient acuity and complexity, and available
provider expertise.

Table 1 summarizes multiple model examples that can be
considered for a broad spectrum of institutions, ranging from
community to academic, rural to urban. Irrespective of the pro-
gram structure, the multidisciplinary nature of the model is es-
sential to its success. Interaction between providers fosters the
mutual education and management support that are fundamental
to diabetes care. In teaching institutions, additional value of the
service is to provide training not only to fellows, residents, and
medical students but also pharmacy residents, APRN/PA stu-
dents whenever possible, as future champions for diabetes care.

Conclusions

Several successful models of inpatient diabetes care have been
published and have been illustrated within this manuscript.
Each given model of care described, confer the fundamental
quality of utilizing a multidisciplinary approach to serve as an
integral foundation for the successful model of diabetes care,
evidenced through incorporation of physicians, mid-level pro-
viders, and pharmacists. It should be noted that there is no
such thing as a “best model of care.” Each model needs to
be adapted to fit a particular institutional infrastructure, while
addressing patient complexity as well as draw upon the pro-
vider expertise readily available within a given institution.
Once a model has been chosen, it forms the backbone of
hospital’s GMP. The fundamental factors contributing to the
success of GMP are the choice of model of care, hospital
administrative support, and effective oversight provided by
multidisciplinary DSC.
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