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ABSTRACT

Introduction: Stress hyperglycemia is a com-
mon symptom in critically ill patients, and is
not only a marker indicating the severity of ill-
ness but is also related to worsening outcomes.
Managing stress hyperglycemia without
increasing the likelihood of hypoglycemia is
one of the most pressing challenges to be
urgently addressed in clinics. The Plan–Do–-
Check–Act (PDCA) cycle management has been
put forward in various surgical management
scenarios, and has proven to be effective in the
diagnosis and treatment of different diseases. It

possesses dynamic characteristics and can be
updated according to the results of glycemic
control and feedback. This study focused on the
use of PDCA to manage glucose levels in criti-
cally ill patients.
Methods: Based on the glucose level of 1003
critically ill patients admitted to the emergency
intensive care unit (EICU) from 1 October 2019
to 31 December 2020, we collected and mat-
ched the prevalence of hyperglycemia, hypo-
glycemia, and glucose variability on a quarterly
basis. According to the PDCA management
method, we analyzed the possible causes,
supervised the implementation of measures,
summarized the feedback on improvements,
and then proposed new improvement measures
for implementation in the next quarter.
Results: Three measures were proposed and
applied to enhance the management of hyper-
glycemia: (I) Updating and formulating three
editions of the insulin infusion protocol and
increasing the initial and maintenance doses of
insulin on a case-by-case basis; (II) reducing the
use of parenteral nutrition and ensuring that
enteral nutrition is consumed at a uniform and
slow rate; and (III) forming a training method
during the COVID-19 pandemic and improving
implementation of the insulin infusion proto-
col. Following PDCA management, the preva-
lence of hyperglycemia fell from 43.18% to
32.61%, the incidence of hypoglycemia was
below 1.00%, and there was no significant
fluctuation in blood glucose variability.
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Conclusion: The PDCA method is helpful in
developing a superior insulin infusion protocol
for critically ill patients and lowering the
prevalence of hyperglycemia in critically ill
patients.
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Key Summary Points

Stress hyperglycemia is not only a
common symptom in critically ill patients
but also the difficulty of treatment

Quarterly summarizing of the proportion
of hyperglycemia, hypoglycemia, and
glucose variability, leading to
improvement and summary according to
PDCA management methods

Updating and formulating three editions
of the insulin infusion protocol,
improving the use of enteral and
parenteral nutrient solution, and adapting
the training methods during the COVID-
19 pandemic

The PDCA method is helpful in
developing a superior insulin infusion
protocol for critically ill patients and
reducing the proportion of hyperglycemia
in critically ill patients

INTRODUCTION

The American Diabetes Association (ADA) rec-
ommends a target glucose range of
140–180 mg/dL (7.8–10.0 mmol/L) for the
majority of critically ill patients [1]. It is well
documented that hyperglycemia, hypo-
glycemia, and glucose variability are indepen-
dent risk factors for mortality of dysglycemic
patients in the intensive care unit [2]. Stress
hyperglycemia and diabetes are common con-
ditions in the inpatient setting, with an

estimated combined prevalence of 40% and an
even higher prevalence in the critically ill. Stress
hyperglycemia develops in up to 50% of
patients during the first 48 h following admis-
sion [3, 4]. In 2011, a survey conducted in 575
intensive care units (ICU) in the USA reported
that the prevalence of hyperglycemia
([180 mg/dL) was 32.2% of patient-days for
ICU patients, while that of hypoglycemia
(\70 mg/dL) was 6.3% of patient-days, and the
prevalence of severe hypoglycemia (\ 40 mg/
dL) was 1.1% of patient-days [5]. In 2017, results
from nine sites showed the percent of patient-
days with severe hyperglycemia [any blood
glucose (BG)[ 299 mg/dL] was 7.2%, while the
percent of patient- days with hypoglycemia
(any BG\ 70 mg/dL) was 4.1% [3].

Current research suggests that hyper-
glycemia is not only a marker for the severity of
illness but also for adverse outcomes; even
marginal increases in mean glucose levels in
ICU patients are associated with an increased
risk of in-hospital mortality. Hyperglycemia
increases the risk of further complications, such
as severe infection, myocardial infarction,
polyneuropathy, and multiple-organ failure
[6, 7]. It can result from multiple factors,
including increased levels of cortisol, cate-
cholamines, glucagon, growth hormone, tumor
necrosis factor-alpha (TNF-a), interleukin (IL) 1,
and IL-6. These factors promote glucogenesis,
glycogenolysis, and insulin resistance, espe-
cially hepatic insulin resistance [8]. Earlier
studies have signaled that strict glycemic con-
trol lowered both morbidity and mortality in
ICU patients, but recent studies have suggested
potential harm related to the development of
hypoglycemia [7]. Therefore, regulating stress
hyperglycemia without increasing the risk of
hypoglycemia is the crux of the problem that
needs to be promptly resolved in clinics.

In intensive care units, continuous intra-
venous short-acting insulin for management of
dysglycemia is recommend by guidelines.
Intravenous insulin protocols should be
administered based on human calculation or
computerized protocols [1]. Automated com-
puter insulin calculators have demonstrated
tighter glycemic control than achieved by paper
protocols, which could reach the glucose target
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faster and improve the ability of nursing staff to
adjust insulin doses. However, computer-based
insulin infusions are not widely available
because of commercial licensing fees, and the
algorithms do not typically move beyond the
pilot phase [9].

The Plan–Do–Check–Act (PDCA) cycle, also
known as the Daiming cycle, is a repetitive four-
phase model for continuous improvement in
quality management such as surgical or stan-
dardized nursing management. In recent years,
many studies have suggested that PDCA cycle
management plays an effective role in the
diagnosis and management of numerous dis-
eases [10].

Given the high prevalence of hyperglycemia
and the lack of standardized insulin infusion
protocols, this study aimed to establish a project
to address glycemic control in critically ill
patients to formulate an insulin infusion pro-
tocol to lower the prevalence of hyperglycemia
without increasing the incidence of hypo-
glycemia. The use of PDCA to manage glucose
levels in critically ill patients has dynamic
characteristics that could be adjusted based on
the results of glycemic control and feedback.
Furthermore, it can take into account
improvements in other aspects, such as raising
the protocol execution rate or adjusting the
nutritional approach. It would be more com-
prehensive and continuous to improve glucose
management in critically ill patients by PDCA.

METHODS

With 30 beds, roughly 850 patients admitted
annually, and a nurse to bed ratio of 2.8:1, the
emergency intensive care unit (EICU) of Ruian
People’s Hospital chiefly admits patients with
cerebral injuries and severe infections. The for-
mal glucose management working group com-
prises two doctors and four nurses. This study
was approved by the ethics committee of Ruian
People’s Hospital.

Based on the glucose level of all patients
admitted to the EICU from 1 October 2019 to 31
December 2019, the prevalence of hyper-
glycemia was 43.18%, far above what has been
reported in the literature [5], and the objective

was to lower it to 35.00%. The Pareto principle
was utilized to identify and analyze the causes
of hyperglycemia. Then, a fishbone diagram of
the primary causes was constructed. Lastly, we
followed the PDCA management approach for
glycemic control based on the three main
causes.

Plan

(I) Insufficient insulin dosage in infusion pro-
tocol: increasing the loading and mainte-
nance doses of insulin can lower the
prevalence of hyperglycemia, but it is nec-
essary to ensure that the incidence of
hypoglycemia does not increase, which is
the most challenging point of this tech-
nique. The countermeasure was to under-
stand the insulin infusion protocol from
the literature, increase the insulin dose,
examine the cause of hypoglycemia in each
case, and comprehensively consider
adjustments in insulin doses.

(II) Inadequate nutritional support: hyper-
glycemia can be caused by parenteral
nutrition, excessive carbohydrate content,
or rapid enteral nutrition. The counter-
measure was to cooperate with the nutri-
tion management team, draw on the
nutrition guidelines, limit parenteral
nutrition, control excessive enteral nutri-
tion intake, and evenly and slowly infuse
enteral nutrition.

(III) Low implementation rate of the insulin
infusion protocol: after the insulin infu-
sion protocol was updated, the training of
medical staff was incomplete. Thus, the
working group members were unaware of
the real causes for the implementation
errors, which contributed to the low
implementation rate, particularly after
the outbreak of COVID-19 in November
2019 when personnel training was
restricted. The countermeasure was to
revise the training mode of insulin infu-
sion protocol from centralized training
mode to online ? offline combination
training. The updates were to read the
protocol online, and the new protocol
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was delivered to each nurse’s workstation.
The working group members were
accountable for responding to daily
doubts, and the group leader was in
charge of summarizing common ques-
tions and answering them online. The
working group members had one-on-one
meetings with those who implemented
the incorrect procedures, summarized the
common causes, and abdicated from pub-
licly penalizing those who implemented
the wrong procedures to avoid
resentment.

Do

(I) The working group collected data on the
prevalence of hyperglycemia, hypo-
glycemia, and glucose variability on a
monthly basis, identified the causes of
hyperglycemia, analyzed the reasons
behind each case of hypoglycemia, formu-
lated corresponding measures, and imple-
mented them the following month.

(II) The working group was in charge of train-
ing, interpretation, and response following
the protocol update, as well as talking to
the individuals who executed the incorrect
procedures.

(III) The working group assisted the nutrition
working group in implementing the
nutrition protocol.

(IV) The working group reviewed the data
every quarter, compiled the effect of the
measures, and further proposed solutions
based on the problems. They identified
and solved problems using a step-by-step
approach to reach the target.

Check

(I) Quarterly data summary and correspond-
ing countermeasures were reported to the
EICU quality management team.

(II) Monthly spot checks of measure imple-
mentation were conducted by the director
and head nurse.

Act

(I) Updated and formulated three editions of
the insulin infusion protocol.

(II) Formulated the training method under
COVID-19 restrictions.

(III) Promoted the implementation of auxil-
iary nutrition.

Statistical Methods

All statistical analyses were performed using
SPSS 25.0 (IBM Corporation, Armonk, NY, USA).
The measurement data were analyzed by vari-
ance analysis. P\ 0.05 was considered statisti-
cally significant, and Dunnett’s t-test was used
to compare the means between the different
groups. The chi-square test was used to compare
enumeration data. If P\0.05, the Bonferroni
partition of the chi-square method was used for
pairwise comparison with the basic control
group, with an adjusted P\0.00625 indicating
statistical significance. Hypoglycemia was sum-
marized as the percent of patient days with at
least one blood glucose value less than
4.0 mmol/L.

Compliance with Ethics Guidelines

The study protocol was approved by the insti-
tutional review board of Third Affiliated
Hospital, Wenzhou Medical University. A copy
of the written consent is available for review by
the Editor of this journal.

RESULTS

The research time was divided into five stages
from 1 October 2019 to 31 December 2020 on a
quarterly basis. The control stage lasted from 1
October 2019 to 31 December 2019, and the
subsequent stages were the first to the fourth
stage in turn. During these stages, 1003 patients
were included in the study, leading to 10,610
patient days and 102,392 blood glucose time
points. There were no significant differences in
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the baseline demographics of patients, includ-
ing basic information, disease severity, and
important interventional measures, as pre-
sented in Table 1.

Using the PDCA cycle, the prevalence of
hyperglycemia gradually decreased from
43.18% to 32.61% (Table 2). However, with an
increase in insulin dose, the prevalence of
hypoglycemia significantly progressively
increased in the first three stages and reached
1.76%. It was lowered to 0.78% in the fourth
stage, which was similar to the control stage
(Table 3). In the last stage, the occurrence of
hypoglycemia did not increase: the prevalence
of hyperglycemia declined.

Our protocol had no significant impact on
the variability of glucose levels; in each stage,
there was no significant alteration in the con-
centration trend (median and quartile values of
mean blood glucose levels in individual
patients) and dispersion of glucose (calculate
the standard deviation for each patient, and
then report the median and interquartile range
of standard deviations for the population), as
outlined in Table 4.

DISCUSSION

The Plan–Do–Check–Act (PDCA) Cycle, also
referred to as the ‘‘Quality Cycle,’’ is a general

Table 1 Baseline information and characteristics of patients

Control stage Stage 1 Stage 2 Stage 3 Stage 4 Statistics

Number of patients 244 169 192 194 204

Men/women 162/82 110/59 127/65 124/70 140/64 NS

Age (years) 59.70 ± 16.41 61.60 ± 17.45 60.80 ± 16.70 60.10 ± 17.20 60.77 ± 17.34 NS

BMI (kg/m2) 23.28 ± 3.92 23.63 ± 4.42 23.08 ± 3.64 22.93 ± 3.72 23.69 ± 3.78 NS

Diabetes(yes/no) 59/185 39/130 40/152 45/149 47/157 NS

HbA1c (%) 6.18 ± 1.47 6.23 ± 1.80 6.62 ± 3.27 6.31 ± 1.58 6.20 ± 1.31 NS

APACHE-II score 18.84 ± 7.44 19.25 ± 7.44 17.59 ± 7.16 18.78 ± 7.33 18.68 ± 7.22 NS

No/enteral feeding/total

parenteral

81/157/6 58/107/4 65/119/8 61/126/7 81/115/8 NS

Mechanical ventilation 212 137 153 158 173 NS

Vasopressor therapy 112 90 98 102 90 NS

Hemodialysis 10 10 8 8 10 NS

Data are presented as numbers as mean ± SD
BMI body mass index, APACHE-II acute physiology and chronic health evaluation II

Table 2 Prevalence of hyperglycemia ([ 10.0 mmol/L)

Control stage Stage 1 Stage 2 Stage 3 Stage 4

C 10.0 (mmol/L) 8751 (43.18%) 9367 (42.48%) 7206 (35.54%) 6913 (33.96%) 6342 (32.61%)

\10.0 (mmol/L) 11,515 12,682 13,068 13,442 13,106

Statistics NS P\ 0.001 P\ 0.001 P\ 0.001
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management model dating back to the 1920s. It
was initially used in total quality management,
and then expanded to various areas of work in
many industries. It has been extensively
employed in clinical practice as a pivotal
approach to improving the quality of clinical
nursing. The management system of the entire
organization constitutes a large cycle, and each
phase of PDCA has its own smaller cycle,
resulting in a large-scale, small-ring, interre-
lated, and mutually restricted scientific cyclic
system [11, 12].

According to guidelines, insulin intravenous
injection is the gold standard for managing
hyperglycemia in critically ill patients. [1].
Therefore, the main measure to lower the
prevalence of hyperglycemia is the rational and
accurate use of intravenous insulin doses.
Although there are multiple international
insulin protocols for glycemic control, there is
no recognized standard recommendation for
insulin dose selection. The most widely used
protocol is the Yale protocol. A study compar-
ing the Yale protocol to the one used in the
Leuven studies revealed that patients treated

under the Yale protocol had superior glycemic
control with fewer hypoglycemic events [7].
Hence, our starting dose was modified accord-
ing to the Yale protocol [13]. Compared with
the insulin doses in the literature, we found that
it was instrumental to increase the insulin dose
in our study. There are many approaches to
increasing insulin doses: (1) increasing the ini-
tial dose: if the patient’s blood glucose is
10.1–12.0 mmol/L, the patient can be initiated
on a 2.0 mg/h or 3.0 mg/h dose following a
2.0 mg loading dose; (2) increasing the main-
tenance dose: if the patient’s glucose level
reaches the recommended target of 7.8–-
10.0 mmol/L, the insulin dose is halved rather
than discontinued; and (3) delaying the timing
of insulin withdrawal: if the glucose level is
lower than 7.8 mmol/L, insulin will not be
continued until it drops to 4.4 mmol/L. After
repeatedly summarizing and validating the
PDCA cycle, the following changes were made
to increase the insulin dose compared with the
original protocol: (I) pre-load insulin was used
when initiating insulin therapy in patients with
nutritional support and (II) when the glucose

Table 3 Prevalence of hypoglycemia (\ 4.0 mmol/L)

Control stage Stage 1 Stage 2 Stage 3 Stage 4

\ 4.0 (mmol/L) 16 (0.75%) 21 (0.91%) 23 (1.12%) 36 (1.76%) 16 (0.78%)

C 4.0 (mmol/L) 2128 2283 2032 2009 2046

Statistics NS NS P = 0.0032 NS

Table 4 Blood glucose variability, central tendency, and measures of dispersion

Control stage Stage 1 Stage 2 Stage 3 Stage 4 Statistics

Glucose

variability (%)

21.67

(16.37–26.93)

21.42

(17.33–26.71)

20.55

(16.63–27.17)

21.93

(16.77–26.50)

22.00

(17.46–27.00)

NS

IQR (mmol/L) 8.97

(7.82–10.75)

8.98

(7.75–10.70)

8.62

(7.71–10.31)

8.53

(7.61–9.85)

8.74

(7.61–10.25)

NS

SD (mmoL/L) 1.94

(1.31–2.84)

1.88

(1.39–2.81)

1.84

(1.31–2.63)

1.85

(1.27–2.62)

1.90

(1.34–2.71)

NS

Data are presented as median (25th–75th percentile)
IQR interquartile range, SD standard deviation
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level dropped\1.5 mmol/L, the maintenance
dose of insulin was increased. To avoid an
increase in the incidence of hypoglycemia, the
following improvement measures were applied:
(I) insulin bolus was exclusively administered to
patients on nutritional support; (II) when the
glucose level reached 7.8–10.0 mmol/L, insulin
was withdrawn if there was no nutritional sup-
port; (III) when parenteral nutrition support
was discontinued, insulin was withdrawn
regardless of the glucose level; and (IV) the
insulin dose was halved when the glucose level
reached 4.0 mmol/L rather 5.5 mmol/L.

Moderate and uniform intake of carbohy-
drates is also essential for glycemic control.
According to the recommendations of the 2019
ESPEN guidelines, we chose to attain the target
energy calories within 3–7 days without
exceeding 70.00% in the early stage (48 h) to
avoid early use of parenteral nutrition and
minimize the excess supplementation of par-
enteral nutrition [14]. The incidence of hyper-
glycemia during parenteral nutrition infusion
was observed to be high, and the glucose level
fluctuated considerably. Discontinuing par-
enteral nutrition could easily lead to hypo-
glycemia using the initial insulin regimen.
Therefore, we proposed that insulin be with-
drawn when discontinuing parenteral nutri-
tion. In addition, the infusion speed of the
nutrient solution is an important factor. Herein,
the enteral nutrient solution infusion pump was
employed to control the infusion speed, allow-
ing for improved insulin dose adjustment.

The insulin infusion protocol formulated by
our working group still requires timely and
correct implementation by the medical per-
sonnel, given that a high implementation rate
is a crucial factor. Previous studies have reported
the benefits of electronic protocols, but they are
also related to the increased workload associ-
ated with more frequent measurements and a
lower implementation rate [8]. We adopted a
simple paper-based approach without relying
on special measurement devices, which facili-
tated the implementation of the protocol.
Through the sampling survey, we found that
the correct implementation rate during the
control stage was 92.32%. However, the out-
break of COVID-19 at the end of 2019 has

limited centralized training, discussion, and
feedback, resulting in a temporary drop to
91.99%. Through recording videos, training the
nursing director, individual conversations, etc.,
as well as the use of online and offline approa-
ches to encourage the correct implementation
process by medical staff, the implementation
rate increased to 97.82%.

CONCLUSIONS

In summary, the adjustment in insulin dose,
the uniform and reasonable intake of carbohy-
drates, and the high implementation rate of the
insulin infusion protocol have achieved the
goal of reducing the prevalence of hyper-
glycemia without increasing the incidence of
hypoglycemia. To the best of our knowledge,
this is the first report on using the PDCA cycle
to manage and control glucose levels in criti-
cally ill patients. The application of effective
management methods will aid in standardizing
the glycemic control of critically ill patients. We
further posit that if the PDCA cycle is adhered
to, for example, the insulin regimen is updated
according to the amount of carbohydrates in
the nutrient solution and the infusion rate, the
prevalence of hyperglycemia will keep
declining.
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