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Background: Guidelines offer varying recommendations for 
preoperative long-acting basal insulin dosing, despite mount-
ing evidence of the advantages of maintaining perioperative 
glucose levels between 80 and 180 mg/dL.
Observations: We iteratively adjusted health care practi-
tioner (HCP) instructions to intensify insulin dosing on the 
evening before surgery for 195 consecutive patients with di-
abetes mellitus treated with long-acting basal insulin with an 
evening dosage. Baseline data was collected in phase 1. In 
phase 2, the preoperative insulin dose on the evening be-
fore surgery was increased for patients with hemoglobin A1c  
(HbA1c) > 8%; in phase 3, it was increased for patients with 

HbA1c ≤ 8% while sustaining the phase 2 change. Increased 
preoperative insulin doses did not change the rates of day of 
surgery (DOS) hyperglycemia or hypoglycemia. Overall, HCP 
adherence to the modified protocols was high (89%). A de-
cline in HCP adherence after phase 2 protocol change was 
associated with a transient increase in DOS hyperglycemia. 
Patient adherence to preoperative medication instructions 
was high (86%) and was not affected by protocol changes.
Conclusions: Preoperative insulin intensification the evening 
before surgery did not change rates of DOS hyperglycemia or 
hypoglycemia. HCP adherence decreased transiently, which 
briefly increased DOS hyperglycemia rates in some patients.
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Perioperative hyperglycemia, defined as 
blood glucose levels ≥ 180 mg/dL in the 
immediate pre- and postoperative pe-

riod, is associated with increased postoperative 
morbidity, including infections, preoperative in-
terventions, and in-hospital mortality.1-3 Despite 
being identified as a barrier to optimal perioper-
ative glycemic control, limited evidence is avail-
able on patient or health care practitioner (HCP) 
adherence to preoperative insulin protocols.4-6 

BACKGROUND
Despite mounting evidence of the advantages 
of maintaining perioperative glucose levels be-
tween 80 and 180 mg/dL, available guidelines 
vary in their recommendations for long-acting 
basal insulin dosing.7-10 The Society of Ambu-
latory Anesthesia suggests using 100% of the 
prescribed evening dosage of long-acting basal 
insulin dose on the night before surgery in pa-
tients without a history of nocturnal or morn-
ing hypoglycemia (category 2A evidence).9 
However, the revised 2016 United Kingdom Na-
tional Health Service consensus guideline rec-
ommends using 80% to 100% of the prescribed 
evening dosage of long-acting basal insu-
lin dose on the night before surgery.7 The 2022 
American Diabetes Association references an 
observational study of patients with type 2 
DM (T2DM) treated with evening-only, long- 
acting glargine insulin, indicating that the optimal 
basal insulin dose on the evening before surgery 
is about 75% of the outpatient dose.5,10 How-
ever, in a randomized, prospective open trial of 

patients with DM treated with evening-only long-
acting basal insulin, no significant difference was 
noted in the target day of surgery (DOS) glucose 
levels among different dosing strategies on the 
evening before surgery.6 Presently, the optimal 
dose of long-acting insulin analogs on the eve-
ning before surgery is unknown.

Additionally, little is known about the other fac-
tors that influence perioperative glycemic control. 
Several barriers to optimal perioperative care of 
patients with DM have been identified, including 
lack of prioritization by HCPs, lack of knowledge 
about current evidence-based recommendations, 
and lack of patient information and involvement.4 
To determine the effect of patient adherence to 
preoperative medication instructions on post-
operative outcome, a cross-sectional study 
assessed surgical patients admitted to the post-
anesthetic care unit (PACU) and found that only 
70% of patients with insulin-treated DM took their 
medications preoperatively. Additionally, 23% of 
nonadherent patients who omitted their medi-
cations either did not understand or forgot pre-
operative medication management instructions. 
Preoperative DM medication omission was asso-
ciated with higher rates of hyperglycemia in the 
PACU (23.8% vs 3.6%; P = .02).11 Importantly, to 
our knowledge, the extent of HCP adherence to 
DM management protocols and the subsequent 
effect on DOS hyperglycemia has not been ex-
amined until now.

For patients with DM treated with an evening 
dose of long-acting basal insulin (ie, either once-
daily long-acting basal insulin in the evening or 
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twice-daily long-acting basal insulin, both morning 
and evening) presenting for elective noncardiac 
surgery, our aim was to decrease the rate of DOS 
hyperglycemia from 29% (our baseline) to 15% by 
intensifying the dose of insulin on the evening be-
fore surgery without increasing the rate of hypo-
glycemia. We also sought to determine the rates 
of HCP adherence to our insulin protocols as well 
as patients’ self-reported adherence to HCP in-
structions over the course of this quality improve-
ment (QI) initiative.

QUALITY IMPROVEMENT PROGRAM
Our surgical department consists of 11 surgi-
cal subspecialties that performed approximately 
4400 noncardiac surgeries in 2019. All patients 
undergoing elective surgery are evaluated in the 
preoperative clinic, which is staffed by an anes-
thesiology professional (attending and resident 
physicians, nurse practitioners, and physician 
assistants) and internal medicine attending phy-
sicians. At the preoperative visit, each patient is 
evaluated by anesthesiology; medically complex 
patients may also be referred to an internal med-
icine professional for further risk stratification 
and optimization before surgery. 

At the preoperative clinic visit, HCPs prepare 
written patient instructions for the preoperative 
management of medications, including glucose-
lowering medications, based on a DM manage-
ment protocol that was implemented in 2016 for 
the preoperative management of insulin, nonin-
sulin injectable agents, and oral hyperglycemic 
agents. According to this protocol, patients with 
DM treated with evening long-acting basal insulin 
(eg, glargine insulin) are instructed to take 50% of 
their usual evening dose the evening before sur-
gery. A preoperative clinic nurse reviews the final 
preoperative medication instructions with the pa-
tient at the end of the clinic visit. Patients are also 
instructed to avoid oral intake other than water 
and necessary medications after midnight before 
surgery regardless of the time of surgery. On the 
DOS, the patient’s blood glucose level is mea-
sured on arrival to the presurgical area. 

Our QI initiative focused only on the dose of 
self-administered, long-acting basal insulin on the 
evening before surgery. The effect of the morning 
of surgery long-acting insulin dose on the DOS 
glucose levels largely depends on the timing of 
surgery, which is variable; therefore, we did not 
target this dose for our initiative. Patients receiv-
ing intermediate-acting neutral protamine Hage-
dorn (NPH) insulin were excluded because our 

protocol does not recommend a dose reduction 
for NPH insulin on the evening before surgery.

We developed a comprehensive driver dia-
gram to help elucidate the different factors con-
tributing to DOS hyperglycemia and to guide 
specific QI interventions.12 Some of the identi-
fied contributors to DOS hyperglycemia, such as 
the length of preoperative fasting and timing of 
surgery, are unpredictable and were deemed dif-
ficult to address preoperatively. Other contribu-
tors to DOS hyperglycemia, such as outpatient 
DM management, often require interventions 
over several months, which is well beyond the 
time usually allotted for preoperative evaluation 
and optimization. On the other hand, immediate 
preoperative insulin dosing directly affects DOS 
glycemic control; therefore, improvement of the 
preoperative insulin management protocol to op-
timize the dosage on the evening before surgery 
was considered to be an achievable QI goal with 
the potential for decreasing the rate of DOS hy-
perglycemia in patients presenting for elective 
noncardiac surgery.

We used the Model for Understanding Suc-
cess in Quality (MUSIQ) as a framework to iden-
tify key contextual factors that may affect the 
success of our QI project.13 Limited resource 
availability and difficulty with dissemination of 
protocol changes in the preoperative clinic were 
determined to be potential barriers to the suc-
cessful implementation of our QI initiative. None-
theless, senior leadership support, microsystem 
QI culture, QI team skills, and physician involve-
ment supported the implementation. The revised 
Standards for Quality Improvement Reporting 
Excellence (SQUIRE 2.0) guidelines were fol-
lowed for this study.14

Interventions
With stakeholder input from anesthesiology, in-
ternal medicine, endocrinology, and nursing, we 
designed an intervention to iteratively change 
the HCP protocol instructions for long-acting 
insulin dosing on the evening before surgery. 
In phase 1 of the study (October 1, 2018, to 
March 11, 2019), we obtained baseline data on 
the rates of DOS hyperglycemia (blood glucose  
≥ 180 mg/dL) and hypoglycemia (blood glucose 
< 80 mg/dL), as well as patient and HCP adher-
ence rates to our existing preoperative DM pro-
tocol. For phase 2 (March 12, 2019, to July 22, 
2019), the preoperative DM management proto-
col was changed to increase the dose of long-
acting basal insulin on the evening before surgery 
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for patients with hemoglobin A1c (HbA1c) levels 
> 8% from 50% of the usual outpatient dose to 
100%. Finally, in phase 3 (July 23, 2019, to March 
12, 2020), the protocol was changed to increase 
the dose of long-acting basal insulin on the eve-
ning before surgery for patients with HbA1c lev-
els ≤ 8% from 50% of the usual outpatient dose 
to 75% while sustaining the phase 2 change. Pre-
operative HCPs were informed of the protocol 
changes in person and were provided with elec-
tronic and hard copies of each new protocol.

Protocol
We used a prospective cohort design of  
424 consecutive patients with DM who pre-
sented for preoperative evaluation for elective 
noncardiac surgery between October 1, 2018, 
and March 12, 2020. For the subset of 195 pa-
tients treated with an evening dose of long-
acting basal insulin, we examined the effect of 
intensification of this preoperative basal insu-
lin dose on DOS hyperglycemia and hypoglyce-
mia, HCP adherence to iterative changes of the 
protocol, and patient adherence to HCP instruc-
tions on preoperative medication dosing. The QI 
project was concluded when elective surgeries 
were paused due to the COVID-19 pandemic. 

We created a standardized preoperative data 
collection form that included information on 
the most recent HbA1c, time, dose, and type of  
patient-administered insulin on the evening be-
fore surgery, and DOS blood glucose level. A 
preoperative clinic nurse completed the stan-
dardized preoperative data collection form. The 
HCP’s preoperative medication instructions and 
the preoperative data collection forms were gath-
ered for review and data analysis. 

The primary outcome was DOS hyperglycemia 
(blood glucose levels ≥ 180 mg/dL). We monitored 
the rate of DOS hypoglycemia (blood glucose lev-
els < 80 mg/dL) as a balancing measure to ensure 
safety with long-acting basal insulin intensifica-
tion. Although hypoglycemia is defined as a blood 
glucose level < 70 mg/dL, a target glucose range 
of 80 mg/dL to 180 mg/dL is recommended dur-
ing the perioperative period.8 Therefore, we chose 
a more conservative definition of hypoglycemia 
(blood glucose levels < 80 mg/dL) to adhere to the 
recommended perioperative glucose target range. 

Process measures included HCP adher-
ence to each protocol change, which was as-
sessed by comparing written preoperative 
patient instructions to the current protocol. Sim-
ilarly, patient adherence to HCP-recommended 
long-acting basal insulin dosing was assessed 
by comparing written preoperative patient in-
structions to the patient’s self-reported time and 
dose of long-acting basal insulin on the evening 
before surgery. For any discrepancy between 
the HCP instructions and protocol or HCP- 
recommended dose and patient self-reported 
dose of long-acting basal insulin, a detailed chart 
review was performed to determine the etiology. 

Statistical Analysis
We used the statistical process p-control 
chart to assess the effect of iterative changes 
to the preoperative long-acting basal insulin 
protocol on DOS hyperglycemia. The propor-
tion defective (rate of DOS hyperglycemia) was 
plotted against time to determine whether the 
observed variations in the rate of DOS hyper-
glycemia over time were attributable to random 
common causes or special causes because of 
our intervention. The lower control limit (LCL) 
and upper control limit (UCL) define the limits of 
expected outcome measures in a stable process 
prior to introducing changes and were set at  
3 SDs from the mean to balance the likelihood of 
type I (false-positive) and type II (false-negative) 
errors. Because of the variable interval sample 
sizes, we used the CRITBINOM function of Mi-
crosoft Excel to calculate the exact UCL satis-
fying the 3 SD limits of 0.99865.15 The Shewhart 
rules (outliers, runs or shifts, trends, sawtooth) 
were used to analyze the p-control chart to  
identify special cause signals resulting from our 
interventions.16 We used the statistical process 
t-control chart to record the time (days) between 
the few occurrences of DOS hypoglycemia  
because cases of hypoglycemia were rare.

FIGURE 1 P-Control Chart of Proportion of Day of Surgery 
Hyperglycemia (n = 195)a

aHyperglycemia defined as blood glucose level ≥ 180 mg/dL.
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Ethical Consideration
The Human Research Protection Program, As-
sociate Chief of Staff for Research and Develop-
ment, and Quality, Safety, and Values department 
reviewed this project in accordance with the Vet-
erans Health Administration Program Guide 
1200.21 and determined that it was a nonre-
search operations activity; thus, approval by an 
institutional review board was not needed. The 
authors declare no competing interests.

Patient Outcomes
We prospectively followed 424 consecutive pa-
tients with DM undergoing elective noncardiac 
surgery from the time of the preoperative clinic 
evaluation until DOS; 195 patients were on eve-
ning long-acting basal insulin on an outpatient 
basis (eAppendix 1, available at doi:10.2788/
fp.0335). The preoperative HbA1c was measured 
a mean (SD) of 52 (61) days prior to surgery 
(range, 0-344). During phase 1, baseline informa-
tion on DOS glucose levels and adherence to the 
existing preoperative DM management proto-
col was obtained; 57 (29%) patients treated with 
evening, long-acting basal insulin were hypergly-
cemic. Of 106 patients with DM, 4 (3.7%) had 
hypoglycemia. Just 2 (3.5%) of 57 insulin-treated 
patients had hypoglycemia. In phases 2 and 3, it-
erative intensifications of the long-acting basal 
insulin dose on the evening before surgery were 
implemented. The statistical process p-control 
chart (Figure 1) shows that protocol changes had 
no special cause effect on the rate of DOS hy-
perglycemia in any phase. One outlier was iden-
tified (week 70), but careful review of data from 
weeks 68 through 72 did not reveal any special 
cause events or process changes that could ex-
plain this finding. In particular, HCP adherence to 
the protocol was stable during this period. Pa-
tient adherence to HCP instructions did not af-
fect glycemic control on the DOS. 

A subgroup analysis of DOS glucose levels in 
insulin-treated patients with preoperative HbA1c 
levels > 8% did not demonstrate a change in the 
rate of DOS hyperglycemia with intensification of 
the dose of long-acting basal insulin on the eve-
ning before surgery (Figure 2). However, analy-
sis of the statistical process p-control chart of 
this subgroup identified 2 outliers of DOS hyper-
glycemia in weeks 36 through 40 followed by a 
downward trend in the rate for weeks 40 through 
64. A 12% decrease (89% vs 77%) in HCP ad-
herence to the protocol after the phase 2 change 
(weeks 24-44) was observed immediately pre-

ceding the unusually high rate of DOS hypergly-
cemia in patients with HbA1c > 8%. With ongoing 
QI efforts and education, HCP adherence im-
proved to 88% after the phase 3 change, corre-
lating with the observed trend of improved DOS 
hyperglycemia rates.

Only 7 of 424 (1.7%) patients with DM and 
4 of 195 (2.1%) patients treated with evening, 
long-acting basal insulin had marked hypergly-
cemia (DOS glucose levels ≥ 300 mg/dL). Only 
1 patient who was not on outpatient insulin 
treatment had surgery canceled for hyperglyce-
mia. Clinically significant hypoglycemia (blood 
glucose level < 80 mg/dL) was rare (n = 6). The 
average time between hypoglycemic events 
was 52 days and was not affected by intensi-
fication of the evening, long-acting basal insu-
lin dose (eAppendix 2, available at doi:10.2788/
fp.0335). Variations in the measured time be-
tween rare events of hypoglycemia are ex-
plained by common cause or random variation, 
as the individual values did not approach or ex-
ceed the 3 SD limits set by the UCL and LCL.

Overall, 89% of the HCPs followed the pre-
operative insulin protocol. HCP adherence to 
the protocol decreased to 77% after the phase 2 
change, often related to deviations from the pro-
tocol or when a prior version was used. By the 
end of phase 3, HCP adherence returned to the 
baseline rate (88%). Patient adherence to medi-
cation instructions was not affected by protocol 
changes (86% throughout the study period). Pro-
spective data collection was briefly interrupted 
between January 18, 2019, and March 5, 2019, 
while designing our phase 2 intervention. We 
were unable to track the total number of eligible 

FIGURE 2 P-Control Chart of Proportion of Day of Surgery 
Hyperglycemia for Patients With HbA1c > 8% (n = 61)a,b

Abbreviation: HbA1c, glycated hemoglobin. 
aHyperglycemia defined as blood glucose level ≥ 180 mg/dL.
bForms not available for 4 evening insulin patients with HbA1c > 8% who were excluded from 
subgroup analysis
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patients during this time, but were able to identify 
8 insulin-treated patients with DM who under-
went elective noncardiac surgery and included 
their data in phase 1.

DISCUSSION
The management and prevention of immedi-
ate perioperative hyperglycemia and glycemic 
variability have attracted attention as evidence 
has mounted for their association with post-
operative morbidity and mortality.1,2,17 Available 
guidelines for preventing DOS hyperglycemia 
vary in their recommendations for preopera-
tive insulin management.7-10 Notably, concerns 
about iatrogenic hypoglycemia often hinder ef-
forts to lower rates of DOS hyperglycemia.4 We 
successfully implemented an iterative intensi-
fication protocol for preoperative long-acting 
basal insulin doses on the evening before sur-
gery but did not observe a lower rate of hyper-
glycemia. Importantly, we also did not observe 
a higher rate of hypoglycemia on the DOS, as 
observed in a previous study.5 

The observational study by Demma and col-
leagues found that patients receiving 75% of 
their evening, long-acting basal insulin dose 
were significantly more likely to achieve target 
blood glucose levels of 100 to 180 mg/dL than 
patients receiving no insulin at all (78% vs 0%; 
P = .001). However, no significant difference 
was noted when this group was compared with 
patients receiving 50% of their evening, long- 
acting basal insulin doses (78% vs 70%; P = 
.56). This is more clinically pertinent as it is gen-
erally accepted that the evening, long-acting in-
sulin dose should not be entirely withheld on the 
evening before surgery.5

These findings are consistent with our obser-
vation that the rate of DOS hyperglycemia did not 
decrease with intensification of the evening, long-
acting insulin dose from 50% to 100% of the pre-
scribed dose in patients with HbA1c levels > 8% 
(phase 2) and 50% to 75% of the prescribed 
dose in patients with HbA1c levels ≤ 8% (phase 3). 
In the study by Demma and colleagues, few pa-
tients presented with preoperative hypoglycemia 
(2.7%) but all had received 100% of their eve-
ning, long-acting basal insulin dose, suggesting 
a significant increase in the rate of hypoglycemia 
compared with patients receiving lower doses of 
insulin (P = .01).5 However, long-term DM con-
trol as assessed by HbA1c level was available for 
< 10% of the patients, making it difficult to evalu-
ate the effect of overall DM control on the results.5 

In our study, preoperative HbA1c levels were avail-
able for 99.5% of the patients and only those with 
HbA1c levels > 8% received 100% of their eve-
ning, long-acting insulin dose on the evening be-
fore surgery. Notably, we did not observe a higher 
rate of hypoglycemia in this patient population, 
indicating that preoperative insulin dose intensifi-
cation is safe for this subgroup.

Although HCP adherence to perioperative DM 
management protocols has been identified as 
a predominant barrier to the delivery of optimal 
perioperative DM care, prior studies of various 
preoperative insulin protocols to reduce periop-
erative hyperglycemia have not reported HCP 
adherence to their insulin protocols or its effect 
on DOS hyperglycemia.4-6 Additionally, patient 
adherence to HCP instructions is a key factor 
identified in our driver diagram that may influence 
DOS hyperglycemia, a hypothesis that is sup-
ported by a prior cross-sectional study showing 
an increased rate of hyperglycemia in the PACU 
with omission of preoperative DM medication.11 
In our study, patient adherence to preoperative 
medication management instructions was higher 
than reported previously and remained consis-
tently high regardless of protocol changes, which 
may explain why patient adherence did not affect 
the rate of DOS hyperglycemia. 

Although not part of our study protocol, our 
preoperative HCPs routinely prepare written pa-
tient instructions for the preoperative manage-
ment of medications for all patients, which likely 
explains higher patient adherence to instruc-
tions in our study than seen in the previous study 
where written instructions were only encour-
aged.11 However, HCP adherence to the protocol 
decreased after our phase 2 changes and was 
associated with a transient increase in DOS hy-
perglycemia rates. The DOS hyperglycemia rates 
returned to baseline levels with ongoing QI ef-
forts and education to improve HCP adherence 
to protocol. 

Limitations
Our QI initiative had several limitations. Nearly 
all patients were male veterans with T2DM, and 
most were older (range, 50-89 years). This lim-
its the generalizability to women, younger pa-
tients, and people with type 1 DM. Additionally, 
our data collection relied on completion and 
collection of the preoperative form by different 
HCPs, allowing for sampling bias if some pa-
tients with DM undergoing elective noncardiac 
surgery were missed. Furthermore, although we 
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could verify HCP adherence to the preoperative 
DM management protocols by reviewing their 
written instructions, we relied on patients’ self-
reported adherence to the preoperative instruc-
tions. Finally, we did not evaluate postoperative 
blood glucose levels because the effect of in-
traoperative factors such as fluid, insulin, and 
glucocorticoid administration on postoperative 
glucose levels are variable. To the best of our 
knowledge, no other major systematic changes 
occurred in the preoperative care of patients 
with DM during the study period.

CONCLUSIONS
The findings of our QI initiative suggest that HCP 
adherence to preoperative DM management pro-
tocols may be a key contributor to DOS hypergly-
cemia and that ensuring HCP adherence may be 
as important as preoperative insulin dose adjust-
ments. To our knowledge, this is the first study 
to report rates of HCP adherence to preoperative 
DM management protocols and its effect on DOS 
hyperglycemia. We will focus future QI efforts on 
optimizing HCP adherence to preoperative DM 
management protocols at our institution.
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eAPPENDIX 2 T-Control Chart of Day of Surgery Hypoglycemia (n=6)a

aHypoglycemia defined as blood glucose level < 80 mg/dL.

eAPPENDIX 1 Patient Demographics (N = 424)

Characteristic No.
Other dosage protocol, 

No. (%) (n = 229)
Evening dosage,  
No. (%) (n = 195)

Sex
  Male
  Female

411
13

223 (97.4)
6 (2.6)

188 (96.4)
7 (3.6)

Age, y
  30-49 
  50-69 
  70-89
  ≥ 90

18
213
192

1

 
13 (5.7)

119 (52.0)
97 (42.3)

0 (0)

 
5 (2.6)

94 (48.2)
95 (48.7)

1 (0.5)

Diabetes mellitus
  Type 1 
  Type 2 

7
417

1 (0.4)
228 (99.6)

6 (3.1)
189 (96.9)

Preoperative hemoglobin A1c, %
a

  ≤ 7
  7.1-8 
  8.1-9 
  9.1-10
  > 10 

185
141
63
25
10

126 (55.0)
70 (30.6)
22 (9.6)
8 (3.5)
3 (1.3)

59 (30.3)
71 (36.4)
41 (21.0)
17 (8.7)
7 (3.6)

Body mass index
  < 18.5 
  18.5-24.9
  25.0-29.9
  30.0-40.0
  40.1-50.0
  > 50.0

0
45
107
224
46
2

0
33 (14.4)
65 (28.4)
108 (47.2)

22 (9.6)
1 (0.4)

0
12 (6.2)
42 (21.5)
116 (59.5)
24 (12.3)

1 (0.5)
aPreoperative hemoglobin A1c not available for 1 evening insulin patient.


