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Abstract

Purpose Intranasal insulin administration may improve
cognitive  function in  patients with dementia
and may prevent  cognitive  problems  after surgery.
Although the metabolic effects of intranasal insulin in
non-surgical patients have been studied, its influence on
glucose concentration during surgery is unknown.
Methods We conducted a randomized, double-blind,
placebo-contolled trial in patients scheduled for elective
cardiac surgery. Patients with type 2 diabetes mellitus
(T2DM) and non-T2DM patients  were  randomly
allocated to one of three groups (normal saline, 40
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international units [IU] of intranasal insulin, and 80 IU
intranasal insulin). Insulin was given after the induction of
general  anesthesia.  Glucose and  plasma  insulin
concentrations were measured in ten-minute intervals
during the first hour and every 30 min thereafter. The
primary outcome was the change in glucose concentration
30 min after intranasal insulin administration.

Results A rotal of 115 patients were studied, 43 of whom
had T2DM. In non-T2DM patients, 40 1U intranasal insulin
did not affect glucose concentration, while 80 IU
intranasal insulin led to a statistically significant but not
clinically important decrease in blood glucose levels (mean
difference, 0.4 mMol-L™'; 95% confidence interval, 0.1 to
0.7). In T2DM patients, neither 40 IU nor 80 1U of insulin
affected glucose concentration. No hypoglycemia (< 4.0
mMol-L™')  was after
administration in any patients. In non-T2DM patients,
changes in plasma insulin were similar in the three groups.
In T2DM patients, there was an increase in plasma insulin
concentrations ten minutes after administration of 80 IU of
intranasal insulin compared with saline.

Conclusions In patients with and without T2DM
undergoing elective cardiac surgery, intranasal insulin
administration at doses as high as 80 IU did not cause
clinically important hypoglycemia.

Trial registration www.ClinicalTrials.gov
(NCT02729064); registered 5 April 2016.

observed intranasal  insulin

Résumé
Objectif L’administration intranasale d’insuline pourrait
ameliorer la fonction cognitive des patients souffrant de
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demence et pourrait prevenir les problemes cognitifs apres
une chirurgie. Bien que les effets metaboliques de
Uinsuline intranasale chez les patients non chirurgicaux
aient ete etudies, son influence sur la glycemie pendant une
chirurgie est inconnue.

Méthode Nous avons realise’ une etude randomisee, a
double insu, contrdlee par placebo aupres de patients
devant subir une chirurgie cardiaque non urgente. Des
patients atteints de diabete de type 2 et des patients non
diabetiques ont ete’ randomises dans 'un de trois groupes
(solution physiologique salee, 40 unites internationales
[UI] d’insuline 80 Ul d’insuline
intranasale). La solution intranasale a ete” administree
apres  Uinduction de [D’'anesthesie  generale. Les
concentrations de glucose et d’insuline plasmatique ont
ete’ mesurees d des intervalles de dix minutes pendant la
premiere heure et toutes les 30 minutes par la suite. Le
critere d’évaluation principal etait le changement de
glycemie 30 min apres [’administration
d’insuline.

Résultats Un total de 115 patients ont ete etudies, dont 43
souffraient de diabete de type 2. Chez les patients non
diabetiques, 40 Ul d’insuline intranasale n’ont pas affecte’
la glycemie, alors que 80 Ul d’insuline intranasale ont
entraine une reduction statistiquement significative mais
non cliniqguement importante de la glycemie (difference
moyenne, 0,4 mMol-L™"; intervalle de confiance de 95 %,
0,1 d 0,7). Chez les patients diabetiques, ni 40 Ul ni 80 Ul
d’insuline n’ont affecte’ la glycemie. Aucune hypoglycemie
(< 4,0 mMol-L™") n’a ete observee aprés administration
intranasale d’insuline chez les patients diabetiques ou non
diabetiques. Chez les patients non diabetiques, les
changements de 'insuline plasmatique etaient semblables
dans les trois groupes. Chez les patients diabetiques, une
augmentation des concentrations d’insuline plasmatique a
ete observee dix minutes apres I’administration de 80 Ul
d’insuline intranasale comparee d la solution saline.
Conclusion Chez les patients diabetiques et non
diabetiques une chirurgie cardiaque non
urgente, [’administration intranasale d’insuline d des
doses allant jusqu’a 80 Ul n’a pas cause d’hypoglycemie
cliniquement importante.

Enregistrement de 1’étude www.ClinicalTrials.gov
(NCT02729064); enregistree le 5 avril 2016.

intranasale et

intranasale

subissant

Keywords intranasal insulin - cardiac surgery -
glycemia - delirium

Postoperative cognitive disturbances including
postoperative delirium (POD) and postoperative cognitive
dysfunction (POCD) are a common problem after cardiac
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surgery, particularly in the elderly population.’ So far, no
effective therapy is available to treat or prevent these
conditions, which have a significant impact on hospital
resource utilization and quality of life.

We previously reported that insulin administration
aimed at normoglycemia during cardiac surgery may
prevent short- and long-term memory function
postoperatively.” While high-dose intravenous insulin
therapy is labour intensive and possibly detrimental in
surgical patients, recent data indicate that insulin can also
be effectively and safely administered via the nasal
route.*” Intranasal insulin administration has been shown
to improve both memory performance and brain integrity
in patients with Alzheimer’s disease (AD) or mild to
moderate cognitive impairment.®® Furthermore, intranasal
insulin may overcome compromised insulin sensitivity in
the brain and decrease Tau protein and amyloid beta
neurotoxicity.®®

Because POCD and AD may share similar mechanisms
and certain biomarkers,” intranasal insulin may be a
potential therapeutic option for POD or POCD.

Although the metabolic effects of intranasal insulin in
non-surgical patients have been studied,*' its influence on
glucose concentration in the context of the surgical stress
response is unknown. Hence, this study was designed to
examine the effect of intranasal insulin administered at 40
and 80 international units (IU) on circulating glucose and
insulin concentrations during and after elective cardiac
surgery.

Methods
Ethical consideration

This study was approved by the MUHC research ethics
board (16-012-MUHC / 2017-2477, eReviews_5381) on
September 1, 2016, Health Canada (# 215336) on August
24, 2016, and the Health Canada amendment (#1319430)
on May 4, 2018. Written informed consent was obtained
from all patients participating in the trial. The trial was
registered prior to first patient enrollment at
ClinicalTrials.gov (NCT02729064). The project registered
at ClinicalTrials.gov consisted of two distinct studies in
two different patient populations. The first study is reported
here. The other study (not reported here) is in patients
undergoing endovascular thoracic aneurysm repair and
receiving cerebrospinal fluid (CSF) drains. It was designed
to test the hypothesis that 40 and 80 IU intranasal insulin
would increase the CSF level of insulin 30 min after
administration. This study is still ongoing and results will
be published separately.
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Setting

This was a randomized, double-blind, placebo-controlled
trial in patients undergoing elective cardiac procedures
requiring cardiopulmonary bypass (CPB) at the Royal
Victoria Hospital, a teaching hospital affiliated with McGill
University and the McGill University Health Centre
(MUHC), Montreal, Québec, Canada. This manuscript
adheres to the Consolidated Standards of Reporting Trials
(CONSORT) guidelines.

Study population

We approached patients scheduled for elective cardiac
surgery between September 2016 and March 2018. The
inclusion criteria were age 18 yr and older and the ability to
give written informed consent. We excluded patients
scheduled for off-pump coronary artery bypass grafting
and requiring deep hypothermic circulatory arrest'''? as
well as patients with insulin allergy, preoperative blood
glucose levels < 3.9 mMol-L™", type-1 diabetes mellitus
(TIDM), acromegaly, Cushing’s syndrome, uncontrolled
hyperthyroidism, pheochromocytoma, and  renal
impairment. Use of insulin, glucagon like peptide-1
agonists, steroids, epinephrine, norepinephrine, and
intravenous fluids containing glucose during the pre-CPB
period was also an exclusion criterion.

Random allocation

Patients were classified as having or not having type 2
diabetes mellitus (T2DM) and then randomly allocated in
blocks of nine to one of three groups: intranasal normal
saline; 40 IU intranasal insulin; and 80 IU intranasal
insulin. We executed and implemented the random
allocation by labelling within each block three cards with
“saline”, three with “40”, and three with “80”. We then
put all cards into an envelope. Before surgery, a researcher
who did not participate in patient care took out a card from
the envelope, prepared the respective study drug in an
unlabelled spray bottle, and administered it. Another
research assistant collected the blood samples. The
attending anesthesiologists and the patient were blinded
to the insulin dose. The first 45 non-diabetic patients were
randomized separately to allow for subsequent power
calculation as described in the statistical analysis section.

In patients with T2DM, the administration of oral
hypoglycemic drugs was discontinued 12 hr before
surgery.

Anesthetic care and perioperative glucose management

Standard monitors'®> were applied in addition to the
insertion of an intra-arterial catheter, a pulmonary artery
catheter and transesophageal echocardiography probe.

Patients received standardized general anesthesia using
intravenous sufentanil, midazolam, and sevoflurane (end-
expiratory concentration 1-2%). Muscle paralysis was
established and maintained with intravenous rocuronium.

Normal saline solution was infused at a rate of 1.5
mL-kg™"-hr™'. Artificial colloid was also used to treat low
filling pressures. Before CPB, heparin 400 IU-kg™' was
administered intravenously followed by additional doses, if
necessary, to maintain an activating clotting time > 480
sec. Protamine was administered on a 1:1 ratio after
complete separation from CPB.

Cardiopulmonary bypass was conducted with a roller
pump and membrane oxygenator. During CPB, pump flow
was set at 2.4 L-min~'-m~? and mean arterial pressure
maintained at 50-70 mmHg. Body temperature was kept at
32-36°C during CPB. Cardioplegia solution was free of
glucose and consisted of high dose (100 mMol-L™")
potassium, which was administered for the induction and
maintenance of the cardiac arrest.

Epinephrine or norepinephrine (both at 1-10
mg-kg~"-hr™') were used as inotropes and vasopressors
to maintain a systolic blood pressure at 100 mmHg before
and after CPB as needed. Packed red blood cells were
administered to maintain a hematocrit > 25%.

Hypoglycemia, i.e., blood glucose < 4.0 mMol-L™", was
treated with 20%  glucose intravenously  until
normoglycemia was established. For hyperglycemia, i.e.,
a blood glucose >10.0 mMol-L ™!, insulin was infused
intravenously to maintain glycemia between 4.0 and 10.0
mMol-L™".

Glycemic control in the intensive care unit (ICU) was as
follows. Blood glucose was measured every one to two
hours until the target range 4.0-10.0 mMol-L™' was
achieved, and then every four to six hours thereafter. If
the blood glucose was > 10.0 mMol-L™!, an insulin
infusion of 2 U-hr~! was started and titrated according to a
sliding scale based on the measured blood glucose as
follows:

>10.0 mMol-L_l, increase insulin infusion by 2 U-hr_l;

8.1-10.0 mMo-Lfl, maintain current insulin infusion
rate;

4.0-8.0 mM01~L71, stop insulin infusion;

< 4.0 mMol-L™", stop insulin infusion and administer 10
mL of 20% dextrose.

@ Springer
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Sample collection and measurement

All samples were drawn from arterial blood. Baseline
blood glucose and plasma insulin were measured.
Subsequently, patients received either intranasal placebo
(0.8 mL normal saline), 40 IU insulin (0.4 mL undiluted
insulin and 0.4 mL saline), or 80 IU insulin (0.8 mL
undiluted insulin) (Humulin R 100 IU-mL ") via a metered
nasal dispenser (Pharmasystems, Markham, ON, Canada).
Arterial blood samples (2 mL) were collected at ten-minute
intervals during the first 60 min following drug
administration and then at 30-min intervals until the end
of the surgery.

Glucose levels were measured using the StatStrip
Xpress® glucose meter (Nova Biomedical, Waltham,
MA, USA) immediately after blood sampling. Plasma
insulin was measured using a luminescence enzyme
immunoassay (Ultrasensitive Insulin Elisa, Alpco, Salem
NH, USA).

In the ICU, plasma glucose concentrations were
measured by the insitution’s clinical chemistry department.

Assessment of postoperative delirium and length
of ICU stay

We retrospectively, by chart review, obtained data on
whether or not postoperative delirium (POD) occurred in
the ICU. The data abstractor was not blinded. At our
institution, POD is routinely assessed and recorded by the
clinical care team using the Confusion Assessment Method
for the ICU (CAM-ICU)'* every eight hours (except if
deeply sedated or comatose). The incidence of delirium
was defined as the proportion of patients with at least one
recorded episode of delirium during their ICU stay. We
also obtained data on length of ICU stay.

Outcomes

The primary outcome of the study was change in blood
glucose level 30 min following insulin administration in
patients without T2DM, as 30 min was the previously
reported time of the peak effect of intranasal insulin.'*"?

Secondary  outcomes were the incidence of
hypoglycemia (< 4.0 mMol-L™") during surgery and
within the first 24 hr after surgery, change in plasma
insulin concentration during surgery, and incidence of POD
in the ICU.

Severe hyperglycemia was defined as a blood glucose
level > 10.0 mMol-L™", mild hyperglycemia was defined
as a blood glucose Ilevel 6.1-10.0 mMol-L ™!,
normoglycemia was defined as a blood glucose level 4.0-
6.0 mMol-L™", mild hypoglycemia was defined as a blood
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glucose level 2.2-3.9 mMol-L™", and severe hypoglycemia
was defined as a blood glucose level < 2.2 mMol-L™".

Sample size

Power calculation determined that 22 patients without
T2DM were required per group to detect a blood glucose
difference of 0.5 mMol-L ™" between groups at 30 min after
intranasal insulin administration, assuming a standard
deviation (SD) of 0.5 mMol-L ™" in each group, an alpha
level of 0.05, and a power of 0.8 (one-way analysis of
variance).

Power calculation was based on previous studies
showing small (0.2-0.5 mMol-L™', SD 0.5 mMol-L™")
but significant decreases in blood glucose 30 min following
intranasal insulin (40 IU and 80 IU) in non-surgical
subjects'®'” and on data obtained in the first 45 non-
diabetic patients of this study showing similar mean (SD)
and changes in glycemia (saline: 0.0 [0.5] mMol-L™"; 40
IU insulin: 0.2 [0.5] mMol-L™"; 80 TU insulin: 0.5 [0.5]
mMol-L™h.

Considering a block size of nine, we had planned to
recruit 24 patients per group.

Statistical analysis

Patient characteristics are presented as mean (SD) or
median [interquartile range (IQR)] for continuous
variables, and counts (percentages) for categorical
variables. A pre-specified two-way analysis of variance
detected a statistically significant difference between
diabetics and non-diabetics; therefore, the changes in
blood glucose were analyzed by strata of diabetes/non-
diabetes. Changes in blood glucose and insulin levels
between groups were then analyzed by Student’s t tests and
adjusted using the Bonferroni method. Length of ICU stay
was analyzed by the Kruskal-Wallis test. The Chi square
test was used to analyze POD incidence. We performed all
statistical analyses using SAS version 9.4 (SAS Institute,
Cary, NC, USA). All reported P values were two-sided,
and P < 0.05 was considered significant.

Results
Study population

We analyzed 115 patients, 43 (36%) of whom had T2DM
(Fig. 1). Patients’ characteristics are presented in Table 1.
A total of 1,106 blood glucose measurements (average 9.6
per patient) during surgery were recorded. We also
collected results of 548 measurements in the ICU during
the first 24 postoperative hours.
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Assessed for eligibility

Fig. 1 Consolidated Standards of Reporting Trials flow diagram
Primary and secondary endpoints

While 40 IU of insulin did not affect glycemia in non-
diabetic patients 30 min after insulin administration (mean
difference, 0.3 mMol-L™'; 95% confidence interval [CI], -
0.1 to 0.6; P = 0.07), 80 IU of insulin slightly, but
significantly, decreased glucose concentration 30, 50, and
60 min after insulin administration (mean difference 30
min after insulin administration, 0.4 mM01~L71; 95% (I,
0.1 to 0.7; P < 0.001, Fig. 2A).

In patients with T2DM, neither 40 IU nor 80 IU of
insulin had a significant effect on blood glucose 30 min
after administration (saline vs 40 IU: mean difference, 0.5
mMol-L_l; 95% CI, -0.3 to 1.3; P = 0.18; saline vs 80 IU:
mean difference, 0.3 mMol-L_l; 95% CI, -0.4 to 1.0; P =
0.38). Patients with T2DM receiving 40 IU insulin showed
significantly lower glucose levels 180 min after insulin
administration than patients receiving saline did (saline vs
40 TU: mean difference, 2.1 mMol-L~'; 95% CI, 0.9 to 3.4;
P = 0.004; saline vs 80 IU: 0.0 mMol-L™'; 95% CI, 2.7 to -
2.6; P = 0.99). At 180 min after insulin administration,
some patients were excluded because intravenous insulin
was administered to treat hyperglycemia.

No patient receiving insulin experienced hypoglycemia.
One patient in the saline group experienced one episode of
mild hypoglycemia in the ICU (Table 2).

Exploratory linear mixed-effect models showed that
T2DM affected the change in blood glucose (F = 6.0, P <
0.001) without any impact on plasma insulin changes (F =
1.3, P =0.22).

(n=178) Excluded (n=48)
F—— - 28 Not meeting inclusion criteria
Consented - 20 Declined to participate
(n=130) Withdrawn (n=5)
’—
- 5 Reschedul
Enrolled 5 Rescheduled surgery
(n=125)
Non-Diabetic Diabetic
(n=78) (n=47)
\ \
Control Insulin 401U Insulin 801U Allocation Control Insulin 401U Insulin 801U
(n=26) (n=26) (n=26) (n=15) (n=16) (n=16)
| \ \ [ \ \
(n=24) (n=24) (n=24) Analysis (n=13) (n=15) (n=15)
2 patients 2 patient 2 patients 2 patients 1 patient 1 patient
excluded excluded excluded excluded excluded excluded
-1 Dextrose -1 Steroid - 1 Canceled -2 Dextrose -1 Type1 -1 Type1
administration | | administration | | surgery after administration | | diabetes diabetes
-1 off pump -1 off pump anesthesia
CABG CABG -1 Dextrose
administration

In non-diabetic patients, changes in plasma insulin were
similar in the three groups (P = 0.08, Fig. 3A). Patients
with T2DM who received 80 IU insulin showed increased
plasma insulin concentrations ten minutes after
administration compared with patients who received
saline (P < 0.001, Fig. 3B).

Eleven patients (30%) in the saline group, seven patients
(18%) in the low-dose insulin group, and six patients (15%)
in the high-dose insulin group had a least one episode of
POD in the ICU (P = 0.69). Median [IQR] length of ICU
stay was similar between the three groups (saline group: 49
[45-69] hr, 40 IU insulin group: 46 [44-68] hr, and 80 IU
insulin group: 49 [43-92] hr; P = 0.57). Length of ICU stay
was longer in patients with POD (77 [45-69] hr) than in
those without POD (46 [44 to 69] hr) (P < 0.001).

Discussion

The results of the present study show that intranasal insulin
administration, even at larger doses (80 IU), in non-
diabetic and diabetic patients did not cause clinically
important hypoglycemia during and after open heart
surgery.

Cognitive problems in patients after cardiac surgery
can be detected in up to 50% of elderly patients and are
associated with poor long-term outcomes.'®>' We have
previously shown that intravenous administration of large
doses of insulin together with glucose to maintain
normoglycemia intraoperatively is associated with
improved short- and long-term memory function after

18,19
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TABLE 1 Patients characteristics

Patients without type 2 diabetes Patients with type 2 diabetes

Group Saline Insulin 40 TU Insulin 80 TU Saline Insulin 40 IU Insulin 80 TU
N 24 24 24 13 15 15
Age (yr) 70 9 68  (8) 66 (12) 68 (8) 67 (8) 66  (10)
Male/Female 22/2 19/5 1717 8/5 12/3 10/5
Height (cm) 172 (8) 171 (9) 170 (8) 166 (6) 170 (9) 168 (10)
Weight (kg) 80 (14) 80 (17) 78 (19) 78 (16) 91  (18%) 82 (17)
BMI (kg-m~?) 27 (5) 27 (5 27 (6) 29 (5 32 () 29 (4
Hct (%) 40 @ 42 3 42 @ 41 (5 40 @ 41 (5)
Cr (mmol-L™") 85 (19) 77 (A7) 81 (18) 82 (23) 84  (18) 81 (20)
HbAlc (%) 57 [55-60] 56 [55-60] 56 [54-58] 7.2 [5.5-8.6] 73 [6.8-7.7] 82 [6.6-8.7]
LVEEF (%) 60  [46-65] 60  [55-65] 60  [50-65] 50  [25-60] 50  [30-60] 50  [40-60]
Euroscore 2 (%) 14 [1.1-20] 1 [0.8-1.6] 1.2 [0.9-2.0] 1.6 [1.1-3.0] 1.9 [0.7-5.6] 1.5 [0.9-1.9]
Procedure

CABG 13 (54%) 10 (42%) 15 (63%) 11 (84%) 9 (60%) 12 (80%)

Valve 2 8%) 7 (29%) 5 (21%) 1 (8%) 2 (13%) 2 (13%)

CABG + valve 5 (20%) 6 (25%) 2 (8%) 1 (8%) 4 (27%) 1 (7%)

Other 2 (8%) 1 (4%) 2 (8%) 0 (0%) 0 (0%) 0 (0%)
HT 20 (83%) 21 (88%) 19  (79%) 11 (84%) 14 (93%) 15 (100%)
Af 1 (4%) 1 (4%) 2 (8%) 2 (15%) 1 (7%) 1 (7%)
DLP 18  (75%) 16 (67%) 14 (58%) 11 (84%) 15 (100%) 13 (87%)
Smoker 5 (20%) 3 (12%) 5 (20%) 1 (8%) 2 (13%) 1 (7%)
COPD 3 (12%) 5 (20%) 3 (12%) 1 (8%) 5 (33%) 5 (33%)
Hypothyroidism 3 (12%) 4 (16%) 1 (4%) 4 (31%) 2 (13%) 2 (13%)
OSAS 2 (8%) 1 (4%) 0 (0%) 2 (15%) 1 (7%) 3 (20%)
Stroke 1 (4%) 0 (0%) 0 (0%) 0 (0%) 1 (7%) 0 (0%)
Second cardiac operation 2 (8%) 0 (0%) 0 (0%) 0 (0%) 1 (7%) 0 (0%)
PVD 3 (12%) 3 -12 5 -20 2 (15%) 2 (13%) 2 (13%)
Anesthetic time (min) 282 (55) 262 (55) 263 (55) 278 (59) 269 (41) 277 (58)
Surgical time (min) 202 (52) 177 (57) 179 (54) 192 (56) 186 (38) 188 (57)
CPB time (min) 95 (31 91  (40) 87 (35 89 (34) 85 (3D 91 (38)
Cross clamp time (min) 78 (29) 74 (33) 72 (32) 75 (31 71 (25) 76  (32)
Bleeding (mL) 600 [450-875] 625 [337-900] 500 [325-650] 750 [700-1300] 600 [400-700] 670 [500-900]
Transfusion

RBC (unit) 1 [0-2] 0 [0-2] 0 [0-2] 0 [0-3] 1 [0-2] 0 [0-4]

FFP (unit) 0 [0-2] 0 [0-0.5] 0 [0-2] 0 [0-2] 0 [0-0] 0 [0-2]

PLT (unit) 0 [0-2.5] 0 [0-5] 0 [0-0] 0 [0-5] 0 [0-5] 0 [0-5]
Epinephrine (mg-kg™'hr™") 0 [0-2] 0 [0-2] 0 [0-3] 2 [0-4] 0 [0-6] 0 [0-2]
Norepinephrine (rng~kg7'hr7]) 5 [3-8] 8 [4-14] 7 [4-10] 6 [4-13] 4 [4-18] 5 [2-8]

Data are expressed as mean (standard deviation), median [interquartile range], or number of patients (%).

Af = atrial fibrillation; BMI = body mass index; CABG = coronary artery bypass graft; COPD = chronic obstructive pulmonary disease; CPB =
cardiopulmonary bypass; Cr = creatinine; DLP = dyslipidemia; Epinephrine = epinephrine infusion rate at the end of surgery; FFP = fresh frozen
plasma; HbAlc = hemoglobin Alc; Hct = hematocrit; HT = hypertension, LVEF = left ventricle ejection fraction; Norepinephrine =
norepinephrine infusion rate at the end of surgery; OSAS = obstructive sleep apnea syndrome; PLT = platelet; PVD = peripheral vascular disease;
RBC = red blood cell.

cardiac surgery.” However, this protocol (called Glucose ~ Normoglycemia) is labour intensive and bears the
and  Insulin  administration  while  maintaining  potential risk of hypoglycemia.>”

@ Springer
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Fig. 2 A Blood glucose concentrations in patients without type 2
diabetes. Error bars represent standard deviation of the delta blood
glucose concentration. *P < 0.05 vs saline group. B Blood glucose
concentrations in patients with type 2 diabetes. Error bars represent

TABLE 2 Distribution of blood glucose in the ICU
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standard deviation of the delta blood glucose concentration. *P < 0.05
vs saline group

Patients without type 2 diabetes

Patients with type 2 diabetes

Saline Insulin 40 IU Insulin 80 IU Saline Insulin 40 IU Insulin 80 IU
<2.2 mMol-L™! 0 0) 0 0) 0 0) 0 0) 0 0) 0 0)
2.2-3.8 mMol L™ 1 1) 0 0) 0) 0 0) 0 0) 0 0)
3.9-6.0 mMol L™ 6 (6) 2 2) 5 “4) 2 3) 0 0) 5 (@)
6.1-10.0 mMol-L ™" 79 (72) 89 79) 91 (73) 30 (44) 18 (28) 16 (24)
>10.0 mMol - L™ 23 (21) 22 19) 29 (23) 36 (53) 47 (72) 47 (69)
Data are expressed as number of patients (% in each group).
ICU = intensive care unit; OR = operating room.
A 20 B 20—
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Fig. 3 A Plasma insulin concentrations in patients without type 2
diabetes. Error bars represent standard deviation of the delta plasma
insulin concentration. B Plasma insulin concentrations in patients

Spraying insulin into the nasal cavity is a relatively
novel alternative approach to administering insulin in
humans. Studies in normal subjects showed that
intranasally administered insulin, bypassing the blood-
brain barrier (BBB), leads to sustained elevation of insulin

with type 2 diabetes. Error bars represent standard deviation of the
delta plasma insulin concentration. *P < 0.05 vs saline group

concentrations in the CSF without spilling over into the
circulation and exerting metabolic effects systemically.’
Patients with AD or cognitive impairment repeatedly
receiving 40 IU of intranasal insulin showed significant
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improvement and brain
integrity.®*****

While the mechanisms underlying POCD are not fully
understood, some of its pathophysiologic features are
similar to those observed in subjects  with
neurodegenerative disorders.””> Patients with AD are
known to have decreased CSF insulin levels and
impaired brain insulin sensitivity,”?**® which has been
identified as an important pathogenetic factor and a target
for pharmacologic interventions.”> More recently, insulin
resistance has been shown to contribute to POCD after
cardiac valve surgery.”’

Studies in normal subjects indicate that CSF insulin
levels increase within seven minutes of intranasal insulin
administration reaching a peak after 30 min and remaining
elevated for more than 80 min.’> A small spillover of
1-2%'% into the peripheral circulation was observed.
Intranasal administration of 25 IU insulin was
accompanied by an increase in plasma insulin
concentrations up to 25 pIU-mL™' after 10-20 min.
Furthermore, the circulating blood glucose concentration
decreased by 0.5 mMol-L ™" after 40 min, which returned to
baseline after 90-210 min.'>'>*' In the present study in
cardiac surgery patients, intranasal administration of
insulin at doses of 40 IU and 80 IU did not cause
hypoglycemia intraoperatively whereas 80 IU insulin,
similar to observations in normal subjects, slightly
decreased blood glucose levels 30-60 min after
administration. Insulin spillover into the systemic
circulation still appeared to occur, particularly in diabetic
patients receiving 80 IU (~5 pU-mL ™" increase), but to a
much smaller extent than in the non-surgical setting. This
discrepancy may be explained by increased BBB
permeability and cerebral insulin uptake during general
anesthesia as seen in older animals.*>

In the ICU, during the first postoperative 24 hr, only one
non-diabetic patient in the saline group experienced a
hypoglycemic episode. Taking into account that up to 11%
of surgical patients have been reported to develop
hypoglycemia (< 3.3 or 3.9 mMol-L™") when treated
with sliding scales aimed at maintaining glucose
concentration between 6.1 and 10.0 mMol-L_1,33'36 we
conclude that intranasal administration of 40 IU and 80 IU
insulin does not cause hypoglycemia perioperatively. In
fact, in 21% of the samples drawn in the present study,
glucose levels exceeded 10.0 mMol-L™" even in the
absence of T2DM.

Patients receiving intranasal insulin did not show a
statistically significantly lower POD incidence than
patients in the saline group did. Larger, prospective
studies are needed to demonstrate whether this potential
effect is clinically important.

of memory performance

@ Springer

We acknowledge several limitations of the present
study. Firstly, because CSF insulin levels could not be
measured in our patients, it remains unknown whether
insulin was actually taken up by the brain. Nevertheless,
intranasal insulin dispensers similar to the ones used in the
present protocol were shown to be effective in previous
studies.’

Secondly, no attempts have been made to quantify the
magnitude of the stress response to surgery. It is therefore
unknown if the plasma concentrations of counterregulatory
hormones such as cortisol and catecholamines were
comparable in the three study groups. Nevertheless,
anesthesia care was standardized for all patients and
catecholamine use as well as hemodynamics were similar
in all groups, making any significant influence of endocrine
alterations unlikely.

Thirdly, POD data were obtained retrospectively in a
small number of patients. In addition, POD was only
assessed in the ICU, and ICU stay in patients with POD
was longer than in patients without POD. Hence, the true
incidence of POD during the entire postoperative course
may have been underestimated. A much larger study
population (at least 280 patients in each group) would be
needed to detect a statistically significant impact of 40 IU
intranasal insulin on POD (alpha = 0.05, power = 0.9).

In summary, insulin intranasally administered before
cardiac surgery, even at large doses up to 80 IU, was not
associated with significant hypoglycemia. It therefore
appears to be metabolically safe to study the potentially
neuroprotective effects of intranasal insulin in cardiac
surgery patients.
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