Management of Inpatient
Hyperglycemia in Special Populations



OVERVIEW



Patient Population Significant Hyperglycemia-Related Outcomes

Pasquel et al, 2010 Total parenteral nutrition T Mortality risk, pneumonia risk, ARF
Frisch et al, 2009 Noncardiac surgery ) Mortality risk, surgery-specific risk
Schlenk et al, 2009 Aneurysmal SAH T Mortality risk; impaired prognosis

All admitted patients,

children’s hospital T ICU length of stay (LOS), ICU admissions

Palacio et al, 2008

Bochicchio et al, 2007 Critically injured/trauma T LOS, mortality risk, ventilator time, infection

Chronic obstructi _
Baker et al, 2006 ronic obs r.uc Ve T LOS, mortality risk, adverse outcomes
pulmonary disease

Community-acquired

pneumonia T LOS, mortality risk, complications

McAlister et al, 2005
All admitted patients T LOoS, mortality risk, ICU admissions

Umpi t al, 2002
mpierrez et al, (87% non-ICU) { Home discharges



Current Recommendations for
Hospitalized Patients



PATIENTS RECEIVING
ENTERAL NUTRITION



/ Enteral \

* For patients with intact gastrointestinal
(Gl) absorption

Short term
* Nasogastric (NG)
* Nasoduodenal
* Nasojejunal

Long term: (PEG)

/ Parenteral \

» For patients with or at risk for deranged
Gl absorption (intestinal obstruction,
ileus, peritonitis, bowel ischemia,
intractable vomiting, diarrhea)

Short term: peripheral access (PPN)

Long term: central access (TPN)

» Gastrostomy
\ « Jejunostomy
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Nutrition Support + Metabolic Control = Metabolic Support




Enteral Nutrition and Hyperglycemia



27%

65%

No hyperglycemia



Enteral Nutrition: Insulin Therapy
Options



Variable Insulin Regimens Based on Different
Types of Enteral Feeding Schedules
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PATIENTS RECEIVING
PARENTERAL NUTRITION






Cheung (2005) Lin (2007) Sarkisian (2009) Pasquel (2010)

Hyperglycemia

£ 3 % 3k > %k 3k 3k %k k ok
Definition (mg/dL) >164 >180 2180 >180
Mortality 10.90 5.0 7.22 2.80
OR(95%Cl) (2.0-60.5)A (2.4-10.6)” (1.08-48.3)7 (1.20-6.80)7
Any Infection 3.9 31 0.9 NA
OR(95%Cl) (1.2-12.0)A (1.5-6.5)A (0.3-2.5)
Cardiac 6.2 1.6 1.3 NA
OR(95%Cl) (0.7-57.8) (0.3-7.2) (0.1-12.5)

Acute Renal Failure 10.9 3.0 1.9 2.2
OR(95%Cl) (1.2-98.1)» (1.2-7.7)n (0.4-8.6) (1.0-4.8)
Septicemia 2.5
OR(95%Cl) (0.7-9.3) NA NA NA

Any Complication 4.3 5.5 NA NA
OR(95%Cl) (1.4-13.1)A (2.5-12.4)A

A Significant at P<0.05.

* ORs are expressed using blood glucose <124 mg/dL as a reference category.
** ORs are expressed using blood glucose <110 mg/dL as a reference category.
*** ORs are expressed using blood glucose <180 mg/dL as a reference category.

**%* ORs are expressed using blood glucose <120 mg/dL as a reference category as measured within 24 h of PN initiation.



Parenteral Nutrition



Parenteral Nutrition: Insulin Therapy
Options



Should You Stop Insulin Infusion
and Put Insulin in the TPN?

Pros Cons



PATIENTS ON STEROIDS






Steroid Therapy and Inpatient Glycemic
Control



TES Guidelines for Glucose Control and
Glucocorticoid Therapy



Adjust insulin as needed to maintain glycemic control
(with caution during steroid tapers)




PATIENTS TAKING U-500
INSULIN



U-500 Insulin






Glycemic Control After Switching From
U-500 to U-100

Retrospective Analysis




PATIENTS ON INSULIN PUMP
THERAPY



Insulin Pump Therapy



The Challenge of Insulin Pump Use
in the Hospital



Insulin Pump Policy:
Main Elements



A formal inpatient insulin pump protocol reduces confusion and
treatment variability




Inpatient Insulin Pump Therapy:
A Single Hospital Experience



A Validated Inpatient
Insulin Pump Protocol



12 am
1am
2am
3am
4 am
5am
6am

7 am

1am
2am
3am
4 am
5am
6am
7 am

8 am

Basal Rate

Units/h

0.7
0.7
0.7
0.7
1.0
1.0
1.0
1.0

Start

Time

8 am
9am
10 am
11 am
12 pm
1pm
2 pm
3pm

Stop
Time
9 am
10 am
11 am
12 pm
1pm
2 pm
3pm
4 pm

Basal Rate
Units/h

1.0
1.0
0.9
0.9
0.9
0.9
0.9
0.7

4 pm
5pm
6pm
7 pm
8 pm
9 pm
10 pm
11 pm

5pm
6pm
7 pm
8 pm
9 pm
10 pm
11 pm
12 am

Basal Rate

Units/h

0.7
0.9
0.9
0.9
0.9
0.9
0.7
0.7

Patient to self-administer insulin via SC insulin pump and document all basal rates




c

arbohydrate count

Breakfast _ u/per
Lunch ____ulper
Supper _ ulper
\Snacks ____ulper

gram
gram

gram

______gram /

~

('

____u at Breakfast

ixed doses

___uatLunch

____uat Supper

\_ u with Snacks

~

4

Correction boluses:

unit(s) for every mg/dL over
mg/dL (target glucose)




S ean o6 meja) | vaiue

Group 1 - [IPP+DM consult (n=34) 173 +43
Group 2 - lIPP alone (n=12) 187 62 NS
Group 3 - Usual care (n=4) 218 +46



Inpatient mortality

Hyperglycemia
Hypoglycemia
Length of stay

Average blood
glucose

None reported (only 1 study assessed mortality in 253
patients over 1000 patient-days)

Trend toward less hyperglycemia with CSlI
Trend toward more hypoglycemia with CSl|

Shorter stay with continued CSlI (4.5 days) vs suspended CSI|
or IV infusion (7 days)

CSll continued: 175 mg/dL; suspended CSll or IV infusion:
178 mg/dL






4 (75)

N (% female) 34 (32) 12 (50)
Age 48+15 51+16 3612
LOS (days) 9.8+154 5.2*6.2 3X+15
CSll use (days) 54%7.1 3.2%29 3x1.5
Mean CBG (mg/dL) 173443 187+62 21846

Patient days with

>1 CBG <70 21 10 20
All CBG 70-180 25 24 24
>1 CBG 181-300 56 55 73

>1 CBG >300 22 7 60



Inpatient CSIl Therapy in Patients Treated
With Insulin as Outpatients



Inpatient CSIl Therapy



Hyperglycemic Events in Patients
Continuing or Stopping CSll Therapy
During Their Hospital Stays



Hypoglycemic Events in Patients
Continuing or Stopping CSll Therapy
During Their Hospital Stays






Inpatient Management of Hyperglycemia:
Managing Safety Concerns



PERIOPERATIVE
RECOMMENDATIONS



Pre-Op Recommendations for Patients
Admitted Day of Surgery: Patients on
Noninsulin Agents



Pre-op Recommendations for Insulin
Treated Patients



Pre-op Recommendations:
Patients Using Insulin Pump



Oral agents Detemir or NPH or Short or rapid- | Noninsulin

glargine premixed acting insulin injectable
insulin agents

Day before surgery

AM: usual dose @ AM: usual dose @ AM: usual dose  AM: usual dose = AM: usual dose

PM: usual dose PM: 80% of PM: 80% of PM: usual dose  PM: usual dose
usual dose usual dose

Day of surgery

Hold 80% of usual 50% of usual Hold if nothing Hold
dose dose if BG >120 by mouth

mg/dL



‘ BMI >25 kg/m? or age >45 years \

BGinORq2h
BGinPACUQq2h



If unable to check
dipstick, proceed




| Is Eatient usina cslI? |

Did patient take either Continue CSIlI + DS, 40 mL/h
detemir or glargine in past Or




BG (mg/dL) Regular insulin IV push (units)

<180
181-230
231-280
281-330
331-499

>499

. Be3t4® | BG2500

Consult with
primary team on
whether to

conduct surgem

A W N O

5
Call physician




PATIENTS RECEIVING AN
ORGAN TRANSPLANT



Risk Factors for Post—Organ Transplant
Hyperglycemia

Risk Factors Unique to Organ
Traditional Risk Factors Transplantation



Post-Transplantation Glucose Control
Challenges



Immunosuppressive
therapy

Post-transplantation
organ function

Nutritional status

Corticosteroids
* Increase hepatic gluconeogenesis and peripheral insulin resistance
e Reduce insulin secretion from -cells
Calcineurin inhibitors
* Inhibit insulin secretion from B-cells
* Promote B-cell apoptosis
mTOR inhibitors: decrease insulin secretion and [3-cell mass, particularly
in the hyperglycemic state

Altered medication pharmacokinetics after renal transplantation
Increased gluconeogenesis and glycogenolysis after liver transplant
Altered metabolic control due to delays or changes in allograft function

Inconsistent calorie absorption due to Gl side effects of
immunosuppressive drugs



Glucose targets

Initial blood glucose target: <180 mg/dL, avoid blood glucose
<70 mg/dL

IV regular insulin during immediate post-transplantation period
(48-96 h after heart, lung, or liver transplant)
Transition to subcutaneous insulin when postoperative progress
and nutrition are stable and steroids are decreased
* NPH preferred basal insulin because its pharmacodynamics
mimic effect of prednisone and methylprednisone on
glucose
* Peak effect 4-8 h after administration, 12-16 h
duration of action
* Use rapid acting insulin analog for prandial glucose control



Summary



