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Abstract
Background  Most previous insulin infusion protocols are titrated for Westerners and are not simple to follow. In this study, 
we tested the efficacy and safety of our simple insulin infusion protocol utilizing lower insulin doses for Asians.
Methods  A total of 152 patients with type 2 diabetes undergoing cardiothoracic surgery were included. After surgery, blood 
glucose (BG) was initially managed according to our algorithm protocol, and subsequently by the post-algorithm protocol. 
Insulin infusion rates in the algorithm protocol were titrated in two steps according to (1) current BG levels and (2) the dif-
ference between current and previous BG levels. In the post-algorithm protocol, insulin lispro was injected subcutaneously in 
addition to intravenous insulin infusion according to BG levels. The efficacy was assessed as achievement rates of two target 
BG ranges (140–199 and 80–199 mg/dL), and safety was assessed as hypoglycemia (< 70 mg/dL) and protocol error rates.
Results  With the use of the algorithm protocol, 58.7% of 1749 BG measurements achieved a range of 140–199 mg/dL, 
and 95.9% achieved levels within the 80–199 mg/dL range. Hypoglycemia and protocol error rates were 0.47 and 0.51%, 
respectively. With the post-algorithm protocol, 48.7 and 98.3% of 898 BG measurements achieved each target range. Hypo-
glycemia and protocol error rates were 0.78 and 0.22%, respectively. Severe hypoglycemia (< 40 mg/dL) was not observed.
Conclusions  Our insulin infusion protocol seems to be efficacious, safe, and widely feasible for Asian patients because of 
its simplicity and lower insulin dose.
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Introduction

Postoperative acute hyperglycemia following cardiac surgery 
is associated with an increased risk of infection and mortal-
ity [1–5]. In 2001, the Leuven I Study first revealed that 
intensive insulin therapy to maintain blood glucose (BG) 
levels between 80 and 110 mg/dL in surgically ill patients 

reduced mortality rates [6], suggesting that tight glycemic 
control to near normoglycemia during surgical stress was 
effective in reduction of postoperative mortality. However, 
the NICE-SUGAR Study in 2009 reported that tight gly-
cemic control to a BG range of 81–108 mg/dL in critically 
ill patients apparently increased mortality compared to 
more conservative control to levels below 180 mg/dL [7]. 
Although the reason for this is still unknown, severe hypo-
glycemia (< 40 mg/dL) was more often observed in the tight 
glycemic control group, suggesting that severe hypoglycemia 
adversely affects prognosis in ill patients. In that study, to 
tightly control BG, a manual 3-step protocol for insulin titra-
tion was applied. However, the frequency of severe hypo-
glycemia was still high, occurring in 6.8% of the patients 
(206/3016), and average BG levels were 118 ± 25 mg/dL, 
which was higher than the target range (81–108 mg/dL). 
This result reveals that it is very difficult to achieve tight 
glycemic control without hypoglycemia with the use of a 
manual insulin infusion protocol. Based on this point, some 
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societies recommend moderate glycemic control following 
surgery to avoid harmful hyperglycemia and hypoglycemia. 
The 2018 American Diabetes Association (ADA) guide-
line has recommended a perioperative target BG range of 
80–180 mg/dL [8]. Although this target is clinically accept-
able, it lacks a robust evidence base for the setting of this 
target BG range [8].

However, even moderate glycemic control carries the 
potential risk of inducing hypoglycemia, because high insu-
lin doses are often needed in surgical patients to achieve 
target BG levels. On the other hand, the use of lower insulin 
doses to avoid hypoglycemia induces harmful hyperglyce-
mia. To resolve this paradox, computerized insulin infusion 
protocols or artificial endocrine pancreas have been shown 
to be more effective tools for safely achieving the target 
BG levels [9], although the utilization of these systems is 
restricted to a few well-equipped facilities. Therefore, the 
manual insulin infusion protocol, which is feasible for use 
in any facility, needs to be made easier and safer. Although 
many insulin infusion protocols, including the Yale insulin 
infusion protocol (Yale protocol) [10], which is thought to be 
one of the most known and most widely used protocols, have 
been reported so far, there is no standardized manual insulin 
infusion protocol because most protocols have some dis-
advantages, such as complicated procedures or inappropri-
ate insulin doses for patients. In particular, most previously 
reported insulin infusion protocols have been established for 
Westerners whose body mass index (BMI) and insulin resist-
ance tend to be higher than that of Asians [11]. Hence, when 
these protocols are utilized for Asians, they need to be modi-
fied by decreasing the insulin dose to avoid hypoglycemia, 
because Western insulin doses are thought to be excessive 
for Asians, considering the difference in insulin sensitivity.

We developed a new insulin infusion protocol that is sim-
ple to use, effective, and safe, and which can be applied to 
Asians. Our protocol consists of two parts: one is a 2-step 
algorithm protocol for the acute postoperative phase and the 
other is a post-algorithm protocol for the subsequent phase. 
We, herein, describe the performance of our insulin infusion 
protocol for Japanese patients with type 2 diabetes mellitus 
undergoing cardiothoracic surgery at our institute.

Methods

Patients

This was a retrospective observational study. Patients 
with type 2 diabetes undergoing cardiothoracic surgery 
at Kagoshima Medical Center who were treated with the 
current insulin infusion protocol in the intensive care unit 
(ICU) between January 2013 and December 2016 were 
included in this study. Here, type 2 diabetes was defined 

as HbA1c ≥ 6.5% or oral antidiabetic drug therapy before 
hospitalization even if HbA1c was < 6.5%. The observation 
period extended from initiation of application of the insulin 
infusion protocol in the ICU until initiation of oral feeding. 
The exclusion criteria in this study were patients: (1) with 
an established diagnosis of type 1 diabetes and (2) without 
a diagnosis of type 2 diabetes. This study was approved by 
the Ethics Committee of National Hospital Organization 
Kagoshima Medical Center (date of approval, 6 February 
2017; approval no. 28-71), and it received ethical approval 
for the use of an opt-out methodology based on the low 
risk to the patient and the potential benefit for the patient in 
terms of receiving adequate management. Participants had 
the opportunity to opt out to this study by visiting the web-
site of Kagoshima Medical Center (http://kagom​c.jp/medic​
al/secti​on/rinsy​okenk​yu/rinri​/).

Insulin infusion protocol

The flow of our protocol is shown in Fig. 1. Our insulin 
infusion protocol consisted of two parts. The algorithm 
protocol was applied in the acute postoperative phase, and 
subsequently, once the criteria mentioned below were met, 
the insulin infusion was switched to the post-algorithm 
protocol. The post-algorithm protocol was continued until 
initiation of oral feeding in accordance with the cardiovas-
cular surgeon’s decision. The insulin used for continuous 
intravenous infusion consisted of 50 units of regular insulin 
(Humulin R®, Eli Lilly Inc., Indianapolis, USA) in 50 mL 
saline. Regular insulin was also mixed to intravenous drips 
including glucose at a proportion of 1 unit insulin to 10 g 
glucose. Blood samples for BG measurements were obtained 
using finger pricks and BG was measured using Medisafe 
FIT® (Terumo Inc., Tokyo, Japan). Blood potassium levels 
were also monitored every one to four hours as a part of 
arterial blood gas analysis using a blood gas analyzer (Stat 
Profile pHOx Ultra, Nova Biochemical Inc., Waltham, MA, 
USA) and were maintained between 3.5 and 4.5 mEq/L by 
administering potassium chloride (KCL injection 10 mEq 
Kit, Terumo Inc., Tokyo, Japan) continuously if potassium 
levels were less than 3.5 mEq/L.

Algorithm protocol

The algorithm protocol for insulin infusion is shown in 
Fig. 2. The target range of BG levels was 140–199 mg/dL. 
We determined the initial rate of insulin infusion according 
to BG levels first measured within 30 min when the patients 
were transferred to the ICU after cardiothoracic surgery. 
Insulin infusion rates were titrated by a one-step or two-
step procedure according to the magnitude and direction of 
the change in BG levels from previous BG levels. If BG 
levels increased, the insulin infusion rate was increased as a 

http://kagomc.jp/medical/section/rinsyokenkyu/rinri/
http://kagomc.jp/medical/section/rinsyokenkyu/rinri/
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1-step procedure according to current BG levels. In case of 
a decrease in BG levels, a 2-step procedure was utilized for 
titrating the insulin infusion rate by checking: (1) current BG 
levels and (2) the decrement in BG levels from previous BG 
levels. We determined that the maximum allowable insulin 
infusion rate to prevent hypoglycemia was 4.0 U/h based 
on the results of our preliminary study (data not shown). 
BG levels were checked hourly until insulin infusion rates 
were stable. If the infusion rate was unchanged after three 
consecutive measurements, the frequency of BG measure-
ments was reduced to every 2 h and then to every 4 h if it 
remained unchanged for two measurements. If the insulin 
infusion rate needed to be changed when checking BG every 
4 h, the measurement interval was reduced back to every 
2 h. If the insulin infusion was continued at the maximum 
allowed rate (4.0 U/h), BG levels were checked hourly. In 
case of hypoglycemia (< 70 mg/dL), the infusion was dis-
continued and 20 g of glucose (40 mL of 50% glucose) was 
administered intravenously. BG levels were rechecked after 
20 min, and if the levels recovered to 80 mg/dL or more, 
the insulin infusion was restarted and its rate was decreased 
by 0.5 U/h from the previous insulin infusion rate. Once all 
the following criteria were fulfilled, the algorithm protocol 
was switched to the post-algorithm protocol: (1) algorithm 
protocol was applied for more than 12 h; (2) insulin infu-
sion rate was 2.0 U/h or less; and (3) the difference between 
current and previous insulin infusion rates was within plus 
or minus 0.3 U/h. If any one of these criteria was unsatis-
fied, the algorithm protocol was continued until all criteria 
were fulfilled.

Post‑algorithm protocol

The post-algorithm protocol is shown in Fig. 2. The insu-
lin infusion rate was changed from the algorithm proto-
col when the protocol switching criteria mentioned above 
were fulfilled. According to this protocol, insulin was 
administered as a combination of intravenous infusion of 
regular insulin and subcutaneous injection of the rapid-
acting insulin analog lispro (Humalog®, Eli Lilly Inc., 
Indianapolis, IN, USA). In the post-algorithm protocol, 
the insulin infusion rate was reduced by 20% of the final 
algorithm protocol rate. BG levels were checked every 4 h 
and insulin lispro was injected subcutaneously accord-
ing to BG levels as “corrective insulin”. The hourly dose 
of insulin lispro was described by dividing the number 
of units injected by 4 (h) on the assumption that lispro 
remains active for 4 h. If BG levels were less than 100 mg/
dL, the insulin infusion rate was decreased by 0.2 U/h. If 
BG levels were less than 70 mg/dL, insulin infusion was 
discontinued and 20 g of glucose (40 mL of 50% glucose) 
was administered intravenously. BG levels were rechecked 
after 20 min, and if BG levels recovered to 100 mg/dL 
or more, the insulin infusion was restarted and its rate 
was decreased by 0.3 U/h from the previous insulin infu-
sion rate. The post-algorithm protocol was continued until 
initiation of oral feeding. After initiation of oral feeding, 
intravenous insulin infusion was switched to subcutane-
ous injection of the long-acting insulin analog glargine 
(Glargine®, Eli Lilly Inc., Indianapolis, IN, USA) at an 
equivalent dose of total daily intravenous insulin, and the 
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1) Algorithm protocol duration time ≥ 12 hr
2) Insulin infusion rate ≤ 2.0 U/hr 
3) Difference between current and previous insulin dose ≤ ± 0.3 U/hr

Fig. 1   Schema of our insulin infusion protocol flow. After patients 
were transferred to the ICU, the algorithm protocol was applied and 
maintained until they fulfilled the three criteria shown in the figure. 
Once the criteria were fulfilled, the post-algorithm protocol was 
applied instead of the algorithm protocol and was maintained until 
initiation of oral intake. In the algorithm protocol, insulin adminis-
tration consisted only of an intravenous infusion of regular insulin, 
while under the post-algorithm protocol, subcutaneous injection of a 

rapid-acting insulin analog was given as required, in addition to the 
intravenous insulin infusion. The graph shows an example course of 
insulin doses. When we switched to the post-algorithm protocol from 
the algorithm protocol, the insulin infusion rate was reduced by 20% 
and a rapid-acting insulin analog was subcutaneously given along 
with the intravenous insulin infusion as “corrective insulin”. CVII 
continuous intravenous insulin infusion, s.c. subcutaneous injection, 
ICU intensive care unit
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Standard insulin drip: 50 U of regular insulin in 50 mL saline

Mixture of insulin: Regular insulin is added to intravenous drips including glucose at a proportion of 1 U insulin to 10 g glucose.

<Algorithm protocol>

Target blood glucose (BG) levels: 140 -199 mg/dL

1. Initiating insulin infusion

Determine the initial insulin infusion rate according to glucose levels as below

BG (mg/dL) Insulin infusion rate (U/hr)

150 - 199 0.5

200 - 249 2.0

250 - 299 2.5

300 - 349 3.0

350 - 399 3.5

400 - 4.0

2. Titrating insulin infusion rate

1) Check the current BG

Check BG levels hourly and adjust the infusion rate as described below. If insulin infusion rate is unchanged with three

consecutive BG measurements, measurement frequency is reduced to every 2 hours and then to every 4 hours if the 

infusion rate remains unchanged twice. If the insulin infusion rate is changed when monitoring BG every 4 hours, the 

interval is changed back to every 2 hours.

2) Calculate the difference between current and previous BG levels

A. If current BG levels are unchanged or increase from previous BG levels, the insulin infusion rate is titrated as below.

Current BG (mg/dL)

70 – 99 100 – 139 140 – 199 200 – 249 250 – 299 300 – 349 350 -

-0.3 U/hr -0.1 U/hr Unchanged +0.3 U/hr +0.6 U/hr +0.9 U/hr +1.2 U/hr

Maximum allowable insulin infusion rate is 4.0 U/hr. Do not increase the rate further. If the insulin infusion rate needs to be 

increased above 4.0 U/hr, maintain it at 4.0 U/hr and check BG levels hourly.

B. If current BG levels decrease from previous BG levels, the insulin infusion rate is titrated as below.

Current BG (mg/dL)

�BG 70 – 99 100 – 139 140 – 199 200 – 249 250 – 299 300 – 349 350 -

< 20 -0.3 U/hr -0.1 U/hr Unchanged +0.3 U/hr +0.6 U/hr +0.9 U/hr +1.2 U/hr

20 - 39 -0.6 U/hr -0.3 U/hr Unchanged Unchanged +0.3 U/hr +0.6 U/hr +0.9 U/hr

40 - 59 -0.9 U/hr -0.6 U/hr -0.3 U/hr Unchanged Unchanged +0.3 U/hr +0.6 U/hr

≥ 60 -1.2 U/hr -0.9 U/hr -0.6 U/hr -0.3 U/hr Unchanged Unchanged +0.3 U/hr

�BG (mg/dL): difference between current and previous BG levels. 

3. Hypoglycemia

If BG is < 70 mg/dL: disconnect insulin infusion. Give 20 g glucose intravenously (40 mL of 50% glucose); recheck BG 

after 20 minutes. When BG is ≥ 80 mg/dL, restart infusion at -0.5 U/hr less than the most recent rate; otherwise, repeat 

the administration of glucose. 

Fig. 2   Insulin infusion protocol
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insulin lispro was injected subcutaneously after each meal 
according to food intake.

Data collection

Data on patient profiles and clinical parameters, such as 
age, gender, duration of diabetes, BMI, hemoglobin A1c 
(HbA1c), estimated glomerular filtration rate (eGFR), 
C-peptide index (CPI), diabetic treatment, type of surgery, 
BG levels, insulin infusion rate, and insulin dose, were col-
lected retrospectively from the patients’ clinical records 
and charts. The clinical endpoints assessed were the time to 
achieve the target BG levels, subsequent achievement rate of 
target BG levels, mean BG levels, standard deviation (SD) 
of BG levels as an indicator of variation, BG measurement 

interval, hypoglycemia rate, severe hypoglycemic rate, and 
protocol error rate during application of the algorithm pro-
tocol. The target BG levels assessed were: (1) 140–199 mg/
dL for the algorithm protocol and (2) 80–199 mg/dL as clini-
cally acceptable levels. Hypoglycemia and severe hypogly-
cemia were BG levels less than 70 and 40 mg/dL, respec-
tively. Hypoglycemia rate and severe hypoglycemia rate was 
the number of times hypoglycemia and severe hypoglycemia 
occurred relative to the total number of BG measurements. 
Protocol error was defined as a failure of insulin titration 
because of miscalculation of BG levels or misreading the 
reference table, and an inappropriate interval of BG level 
measurements. The protocol error rate was the incidence 
of protocol error occurrence relative to the total number of 
BG measurements.

4. Protocol switching criteria

When all the following criteria are fulfilled, switch to the post-algorithm protocol.

1) Algorithm protocol is applied for more than 12 hours.

2) Insulin infusion rate is 2.0 U/hr or less.

3) The difference between current and previous insulin infusion rates is within plus or minus 0.3 U/hr.

<Post-algorithm protocol>

1. Titrating the insulin infusion rate

The insulin infusion rate is reduced by 20% of the final rate according to the algorithm protocol and is maintained at this 

rate. 

Check BG levels every 4 hours.

If BG is < 100 mg/dL: decrease insulin infusion by 0.2 U/hr. 

If BG is < 70 mg/dL: disconnect insulin infusion. Give 20 g glucose intravenously (40 mL of 50% glucose); recheck BG 

after 20 minutes. When BG is ≥ 80 mg/dL, restart the infusion at -0.3 U/hr less than the most recent rate; otherwise, 

repeat the administration of glucose.

2. Administration of corrective insulin

Check BG levels every 4 hours and inject a rapid-acting insulin analog subcutaneously according to BG as below.

BG (mg/dL) Rapid-acting insulin dose (U)

150 - 199 2

200 - 249 4

250 - 299 6

300 - 350 8

350 - 399 11

400 - 14

Fig. 2   (continued)
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During application of the post-algorithm protocol, the 
achievement rate of target BG levels, mean BG levels, SD 
of BG levels as an indicator of variation, hypoglycemia rate, 
severe hypoglycemia rate, and protocol error rate were also 
evaluated.

When hourly BG levels and insulin infusion rates from 
the algorithm protocol period through the post-algorithm 
protocol period in each patient were tabulated, missing BG 
values and insulin infusion rates because of skipping BG 
measurements according to each protocol were calculated 
from the hours before and after the missing BG values and 
insulin infusion rates. During application of the post-algo-
rithm protocol, the calculated hourly doses of insulin lispro, 
as above, were added to the insulin infusion rates.

Statistical analysis

All clinical data are expressed as mean ± SD.

Results

Patient characteristics

The patients’ baseline characteristics are shown in Table 1. 
Of the 161 patients undergoing cardiothoracic surgery, nine 
were excluded, six because they did not fulfill our criteria 
of type 2 diabetes as above, and three of whom were diag-
nosed as type 1 diabetes. Of the 152 patients with type 2 dia-
betes, 111 patients (73.0%) received antidiabetic treatment 
and 41 patients (27.0%) were not treated for diabetes before 
surgery. Mean patient age was 67.5 ± 8.9 years, BMI was 
24.0 ± 3.4 kg/m2, duration of diabetes was 7.2 ± 2.1 years, 

and HbA1c was 7.4 ± 2.2%. In all, 77 of 152 patients (50.7%) 
underwent coronary artery bypass grafting (CABG), 51 
patients (33.6%) underwent valve surgery, and 24 patients 
(15.8%) underwent thoracic artery surgery.

Protocol performance

Algorithm protocol

Serial mean BG levels during application of the algorithm 
protocol are shown in Fig. 3, and the data are summarized 
in Table 2. The duration of the algorithm protocol was 
18.2 ± 5.0 h, initial BG levels were 245.6 ± 51.5 mg/dL, and 
the initial rate of insulin infusion was 1.9 ± 0.9 U/h. Insulin 
infusion rates increased and achieved peak rates (2.3 ± 1.3 
U/h) at 4 h, subsequently decreasing according to the dec-
rement in BG levels. The time required to achieve target 
BG levels (140–199 mg/dL) was 4.0 ± 2.6 h. Thereafter, BG 
levels decreased to a minimum value of 137.9 ± 36.4 mg/
dL despite a reduction in insulin rates, and increased gradu-
ally again to around 150 mg/dL. The mean BG level after 
achievement of the target was 156.7 ± 38.8 mg/dL, and the 
SD of BG levels was 26.2 mg/dL. Once BG levels decreased 
below 200 mg/dL, 58.7% (1026 of 1749 BG measurements) 
achieved the target range of 140–199 mg/dL, and 95.9% 
(1678 of 1749 BG measurements) were within the range of 

Table 1   Characteristics of patients with type 2 diabetes undergoing 
cardiothoracic surgery

Number of patients 152
Age (years) 67.5 ± 8.9
Gender (male/female) 115/37
Duration of diabetes (years) 7.2 ± 2.1
BMI (kg/m2) 24.0 ± 3.4
HbA1c (%) 7.4 ± 2.2
eGFR (ml/min/1.73 m2) 57.6 ± 16.2
CPI 1.4 ± 0.8
Diabetes treatment
 Oral antidiabetic drugs, n (%) 66 (43.4)
 Insulin, n (%) 45 (29.6)
 None, n (%) 41 (27.0)

Cardiothoracic surgery
 CABG, n (%) 77 (50.7)
 Valve, n (%) 51 (33.6)
 Thoracic artery, n (%) 24 (15.8)
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Fig. 3   Performance of the algorithm protocol. The upper graph repre-
sents BG levels and the lower graph insulin infusion rates for the first 
18  h. Data are shown as mean ± SD. The numbers below the graph 
represent the number of patients applying the algorithm protocol at 
each time point. Time zero represents the start of applying algorithm 
protocol. The algorithm protocol was continued until switching to the 
post-algorithm protocol on condition of fulfilling the protocol switch-
ing criteria
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80–199 mg/dL. The mean rate of insulin infusions accord-
ing to the algorithm protocol was 1.6 ± 1.1 U/h. Mean BG 
measurement intervals were 1.2 ± 0.4 h.

Among 2339 total BG measurements, 11 hypoglycemic 
episodes (0.47%) with BG levels below 70 mg/dL were 
observed in 8 patients. The minimum BG level was 54 mg/
dL, and severe hypoglycemia below 40 mg/dL was not 
observed in this study.

Throughout application of the algorithm protocol, 12 pro-
tocol errors (0.51%) that were assessed using the patients’ 
medical records and charts were recognized in 12 patients. 
Eight protocol errors were due to incorrect BG measure-
ment intervals and four were due to errors in calculations. 
These protocol errors did not, however, cause severe adverse 
effects, such as hypoglycemia.

Post‑algorithm protocol

Serial mean BG levels during application of the post-
algorithm protocol following the algorithm protocol are 
shown in Fig. 4, and the data are summarized in Table 2. 
The mean duration of application of the post-algorithm 
protocol was 24.6 ± 5.5 h. The mean initial BG levels were 
145.7 ± 33.8 mg/dL, the initial rate of insulin infusion was 
0.8 ± 0.7 U/h, and initial dose of insulin lispro was 0.2 ± 0.3 
U/h. Subsequently, the post-algorithm protocol resulted in 
stable maintenance of BG levels. The mean BG levels were 
136.7 ± 30.9 mg/dL, and SD was 19.5 mg/dL. Although 
target BG levels were not set in this protocol, we evalu-
ated the achievement rate of the same target BG levels as in 
the algorithm protocol. As a result, 48.7% (437 of 898 BG 
measurements) achieved the range of 140–199 mg/dL and 
98.3% (883 of 898 BG measurements) were within the range 
of 80–199 mg/dL. The mean insulin infusion rate during 

Table 2   Results of application 
of our insulin infusion protocol 
in patients with type 2 diabetes 
undergoing cardiothoracic 
surgery

Algorithm protocol Post-algorithm protocol Total protocol 
period (each 
patient)c

Duration (h) 18.2 ± 5.0 24.6 ± 5.5 42.8 ± 10.4
BG measurement interval (h) 1.2 ± 0.4 4.1 ± 0.2 2.0 ± 0.3
Time to target BG (h) 4.0 ± 2.6 – –
BG (mg/dL) 156.7 ± 38.8a 136.7 ± 30.9 143.2 ± 33.8
SD of BG (mg/dL) 26.2 ± 11.9a 19.5 ± 7.4 22.8 ± 9.6
Achievement rate of target BG (%)
 Within 140–199 mg/dL 58.7 48.7 –
 Within 80–199 mg/dL 95.9 98.3 –
 Insulin infusion rate (U/h) 1.6 ± 1.1 0.7 ± 0.6 1.2 ± 0.9
 Corrective insulin dose (U/h) – 0.2 ± 0.1b –
 Hypoglycemia rate, n (%) 11/2339 (0.47) 7/898 (0.78) 18/3227 (0.56)
 Severe hypoglycemia rate, n (%) 0/2339 (0) 0/898 (0) 0/3227 (0)
 Protocol error, n (%) 12/2339 (0.51) 2/898 (0.22) 14/3227 (0.43)
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Fig. 4   Performance of the post-algorithm protocol. BG was measured 
and insulin infusion rates were titrated every 4  h. The upper graph 
represents BG levels and the lower graph represents total insulin infu-
sion rates after switching from the algorithm to the post-algorithm 
protocol. In the lower graph, the black column represents intravenous 
insulin infusion rates and the oblique line column represents subcu-
taneous insulin infusion rates, which were calculated by dividing the 
number of units of the rapid-acting insulin analog lispro injected by 
4. Data are shown as mean ± SD. The numbers below the graph rep-
resent the number of patients applying the post-algorithm protocol 
at each time point. Time zero represents the start of applying post-
algorithm protocol. The post-algorithm protocol was continued until 
initiation of oral feeding in accordance with the cardiovascular sur-
geon’s decision



19Performance of a 2-step insulin infusion protocol with adjustment of insulin doses for Asians…

1 3

this period was 0.7 ± 0.6 U/h, and the mean dose of insulin 
lispro was 0.2 ± 0.1 U/h. Mean BG measurement intervals 
were 4.1 ± 0.2 h.

Among the 898 BG measurements, 7 hypoglycemic 
episodes (0.78%) with BG levels below 70 mg/dL were 
observed in 4 patients. The minimum BG level was 54 mg/
dL and severe hypoglycemia below 40  mg/dL was not 
observed.

During application of the post-algorithm protocol, two 
protocol errors (0.22%) were recognized in two patients. 
Both of these were due to failure of reduction in the insulin 
infusion rate despite BG levels decreasing below 100 mg/dL. 
These protocol errors did not, however, cause severe adverse 
effects such as hypoglycemia.

Total insulin infusion protocol performance

Hourly BG levels and insulin infusion rates from application 
of the algorithm protocol through the post-algorithm proto-
col period in each patient are shown in Fig. 5, and the data 
are summarized in Table 2. The total duration of applica-
tion of our insulin infusion protocol was 42.8 ± 10.4 h, mean 
BG levels were 143.2 ± 33.8 mg/dL, and SD was 22.8 mg/
dL. Mean BG measurement intervals were 2.0 ± 0.3  h. 
Among the total of 3237 BG measurements, 18 hypoglyce-
mic episodes (0.56%) with BG levels below 70 mg/dL were 

observed in 10 patients. Two patients experienced hypo-
glycemia during application of both the algorithm protocol 
and the post-algorithm protocol. The minimum glucose level 
was 54 mg/dL and severe hypoglycemia of below 40 mg/dL 
was not observed. In total, protocol errors occurred 14 times 
(0.43%) in 14 patients.

Discussion

In this study, we developed an original manual insulin infu-
sion protocol for Asians. Our algorithm protocol, which is 
characterized by a simple 2-step procedure and adjustment 
of insulin doses for Asians, demonstrated suitable efficacy 
and safety following cardiothoracic surgery. The subsequent 
post-algorithm protocol also demonstrated maintenance of 
the efficacy and safety of the algorithm protocol without the 
need for frequent BG measurements.

Many insulin infusion protocols, including computerized 
protocols, have so far been reported for the perioperative 
control of BG levels. In the case of cardiothoracic surgery, 
seven protocols have been reported including Yale protocol, 
which is thought to be one of the most popular protocols for 
use in critically ill patients (Table 3) [12–18]. Despite the 
diversities of the protocols, all of them achieved target BG 
levels better than did conventional protocols. However, these 
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protocols had two problems: (1) each protocol needed multi-
step calculations and continuous hourly measurements of 
BG levels, which is not simple; and (2) insulin infusion rates 
tended to be high because they are based on the insulin doses 
for Westerners’. In particular, if these protocols are directly 
applied for Asians, they often result in hypoglycemia due to 
excessive insulin doses. To solve these problems, we focused 
on fewer insulin doses and simplicity of procedures.

First, to avoid excessive insulin doses, we characterized 
our algorithm protocol as the following two features for 
insulin titration: (1) the magnitude of BG changes were not 
reflected in case of an increasing BG trend and (2) maxi-
mum insulin dose was set. The reflection of magnitude of 
BG changes for insulin titration could cause a large change 
in insulin infusion rates, especially if BG levels largely 
changed. In Yale protocol, insulin doses are likely to be high 
when BG levels largely elevate, because the magnitude of 
BG changes is reflected even in case of an increasing BG 
trend. Although this is effective for decreasing BG levels 
in Westerners who are more insulin resistant than Asians, it 
has the potential risk of occurring hypoglycemia for Asians 
because of high insulin doses. On the other hand, if BG lev-
els show a downward trend, the reflection of magnitude of 
BG change is very important because insulin doses should 
be rapidly reduced to prevent hypoglycemia. That is why 
we adopted the different way of the insulin titration depend-
ing on BG trend in our algorithm protocol. Moreover, in 
our preliminary study, insulin rates of more than 4.0 U/mL 
sometimes induced hypoglycemia, because the reduction of 
insulin doses did not catch up with decreasing BG levels 
(data not shown). Therefore, we limited the maximum insu-
lin infusion rate to 4.0 U/mL for the prevention of excessive 
insulin doses in our algorithm protocol. As a result of con-
sidering those two points as above, insulin infusion rates in 
our cohort were obviously lower than in the participants in 
previous report (mean insulin infusion rate; 1.6 vs. 3.0–4.1 
U/h [17, 18]), and our algorithm protocol resulted in low 
hypoglycemia rates of 0.47% and severe hypoglycemia rates 
of 0%, which was comparable to the results in other reports 
[12–18] (Table 3). Even though insulin doses were fewer in 
our algorithm protocol, its efficacy was not impaired such as 
the time to achievement of target BG levels and the achieve-
ment rate of target BG levels, which were also comparable 
to the results in other reports [12–18] (Table 3). Possible 
reason for this was that Asians were higher insulin sensi-
tivity due to low BMI than Westerners’. Actually, BMI in 
our cohort were obviously lower than in the participants in 
these protocols (mean BMI; 23.9 vs. 27.2–30.4 kg/m2 [12, 
13, 15–18]) except for that in Tamaki’s [14] study, in which 
modified Yale protocols were applied for Japanese (Table 3).

Secondary, we reduced the number of steps required for 
our algorithm protocol as possible to simplify its procedure. 
As described above, insulin doses were titrated by 1-step 

(confirming current BG levels) in case of an increase in 
BG levels, and by 2-step (confirming current BG levels and 
the difference between current and previous BG levels) in 
case of a decrease in BG levels. In the Yale protocol, insulin 
doses are titrated by 3-step because current insulin infusion 
rate is also a factor considered in the insulin dose titration, 
in addition to current BG levels and the magnitude of BG 
changes. This protocol is very effective in the large reduc-
tion of insulin doses when BG levels decrease on condition 
that high insulin doses were administrated. However, in our 
algorithm protocol, insulin doses were titrated safely with-
out considering the factor of current insulin infusion rate 
even in case of decreasing BG levels because of setting the 
limitation of max insulin doses as above. As a consequence 
of reducing the number of steps, our algorithm protocol had 
a low protocol error rate (0.51%) compared with previous 
reports (Lecomte et al., 0.7% [17], Watts et al., 4% [19]), 
suggesting that it is easy to operate due to its simplicity.

Our algorithm protocol, characterized by low insulin 
doses and its simplicity of procedures, also led to a good 
result in glucose variability in addition to the achievement 
rate, the hypoglycemia rate, and the protocol error rate. Peri-
operative glucose variability, including both acute hyper-
glycemia and severe hypoglycemia, reportedly increases 
postoperative complications, such as infections [20, 21]. Egi 
et al. reported that the SD of BG levels is significantly dif-
ferent between survivors and non-survivors among critically 
ill patients (30.6 ± 23.4 and 41.4 ± 28.8 mg/dL, respectively) 
[22]. In our algorithm, the SD of BG levels after achieving 
target BG levels was 26.2 ± 11.9 mg/dL, which is thought to 
be clinically acceptable compared to other protocols; Magii 
et al. reported SDs of BG levels of 27.9 mg/dL [18], Chant 
et al., 32 mg/dL [23], Furnary et al., 30 mg/dL [24], Kanji 
et al., 75.6 mg/dL [25], and Krinsley et al., 55.1 mg/dL [26].

Although our algorithm protocol is simplified as possible, 
the ICU nurses would be bothered because BG levels often 
needed measuring hourly. Therefore, we did not continue 
the algorithm protocol and instead, switched to the post-
algorithm protocol in which the BG measurement interval 
was extended to every 4 h. As a result, despite less frequent 
BG measurements, achievement rates of BG levels between 
140–199 and 80–199 mg/dL were 48.7 and 98.3% in our 
post-algorithm protocol, respectively. The SD of BG levels 
was 19.5 mg/dL, hypoglycemia rate was 0.78%, and severe 
hypoglycemia rate was 0%. These results were comparable 
to other protocols [12–18] (Table 3) and implied that even 
our simple conventional protocol enabled stable mainte-
nance of BG levels once the acute phase of surgical hyper-
glycemia had passed with application of the algorithm pro-
tocol. In addition, during the entire algorithm protocol and 
post-algorithm protocol application period in each patient, 
BG measurement intervals were particularly wider than the 
intervals in Tamaki’s report (2.0 ± 0.3 vs. 1.6 ± 0.4 h [14]), 
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suggesting that post-algorithm protocol was useful in reduc-
ing the nurses’ work load.

The present study includes several limitations. First, our 
target BG levels might have been slightly higher than those 
of the other reported protocols. Although the target BG 
range in the perioperative period is still controversial, sev-
eral societies have recommended the range of 80–180 mg/
dL [8, 27, 28]. Only the Centers for Disease Control and 
Prevention recommended a target BG range of < 200 mg/dL 
for prevention of surgical site infections [29]. Considering 
these background, we set the target BG range from 140 to 
199 mg/dL so that the subsequent titration would begin with 
BG levels of 200 mg/dL, since it is visually and instinctively 
easier to identify which BG range the hyperglycemia falls 
into if ranges are in multiples of 50, thus decreasing proto-
col errors. Second, the present study was designed to be a 
retrospective uncontrolled study. A prospective compara-
tive study is needed to strongly demonstrate the superiority 
of our algorithm protocol relative to conventional protocols 
from the point of view of efficacy and safety; furthermore, 
the primary endpoint should not be protocol performance, 
but clinical endpoints such as survival rate, duration of hos-
pitalization, and postoperative complication rate. Third, the 
performance of our algorithm protocol in subjects with type 
1 diabetes is unknown, because we limited the subjects to 
those with type 2 diabetes. Further studies are needed to 
evaluate the efficacy and safety of our protocol in patients 
with type 1 diabetes. Fourth, we did not take insulin resist-
ance into consideration in our insulin infusion protocol, 
because the insulin-resistance-guided infusion protocol 
needed complicated procedure [30]. Although it is thought to 
be not necessary for Asians with the lower insulin resistance, 
if some Asian patients might exhibit marked insulin resist-
ance in the perioperative period, there is a possibility that 
insulin doses might be not enough to decrease BG levels in 
our algorithm protocol. In this case, additional insulin infu-
sions may be temporally considered as the deviation of our 
algorithm protocol. Fifth, we analyzed our insulin infusion 
protocols only for Japanese patients with type 2 diabetes. To 
evaluate our insulin protocols for Asians, further studies are 
needed in other Asian country. Recently, ethnic differences 
in the relationship between insulin sensitivity and insulin 
response were reported, and East Asians (including Japan, 
China and Korean) tended to be higher insulin sensitivity 
and lower insulin response compared to other ethnic such as 
Africans and Caucasians [31]. This result implied our insulin 
infusion protocols are expected to be good performance for 
at least East Asians because of their similar characteristics of 
insulin sensitivity. Finally, we started applying our algorithm 
protocol when patients were transferred to the ICU because 
we could not apply it intraoperatively due to an understaffing 
situation at our institute. If possible, the algorithm protocol 
should be applied intraoperatively.

In conclusion, the present study found that our 2-step 
algorithm protocol involving adjustment of insulin doses 
for Asians showed comparable efficacy and safety as other 
protocols, including the 3-step Yale protocol, in Japanese 
patients with type 2 diabetes undergoing cardiothoracic sur-
gery. Both the algorithm and post-algorithm insulin infu-
sion protocols evaluated in this study do not need dedicated 
software or clinical instruments, such as artificial endocrine 
pancreas, and seem to be widely feasible for Asian patients 
with type 2 diabetes.
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