Research Article

For reprint orders, please contact reprints@future-science.com

Future Science

Relationship between the timing of
preoperative medical visits and day-
of-surgery glucose in poorly controlled
diabetes

Background: This study evaluated referral patterns for preoperative evaluations of
patients with poorly controlled diabetes mellitus (DM) and determined whether
intervals between evaluations and surgery day were associated with preoperative
glucose levels. Results/methodology: In this retrospective analysis of DM patients
with a hemoglobin A,_level greater than 8.0%, of the 163 patients who underwent
preoperative medical evaluation, only 45% were evaluated by endocrinology. Patients
who had surgery earlier than 10 days after the preoperative medical evaluation had
preoperative glucose levels 18% higher than those of patients who waited more than
10 days. Preoperative outpatient contact with endocrinology was not associated with
preoperative glucose level (p = 0.90). Conclusion: For poorly controlled DM, more
than 10 days are needed to achieve preoperative glycemic control.

Lay abstract: High blood sugar (hyperglycemia) can lead to surgical complications
in patients with diabetes mellitus. It is best to identify patients in need of better
glucose control before the day of surgery and allow enough time for them to treat
their hyperglycemia. This study of patients with poorly controlled diabetes (with
hemoglobin A _levels of more than 8.0%) found that more than 10 days is needed to
improve blood sugar control if a high hemoglobin A _is detected. More effective ways
of identifying these patients are needed to permit enough time to treat hyperglycemia
before surgery.
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Diabetes mellitus (DM) is epidemic in
the USA, with 9.3% of the population
(approximately 29 million people) now hav-
ing the disease [1]. There are no data on how
many patients with DM undergo surgical
procedures, but with the rising prevalence of
the disease, it is likely that surgical encounters
with these patients will also increase. Surgi-
cal outcomes are worse among patients who
have DM. Morbidity (e.g., surgical site infec-
tions) and mortality are increased, especially
when perioperative and postoperative glyce-
mic control are poor [2]. Suboptimal glycemic
control in DM patients undergoing surgery

has been linked to more infections, more
reoperations, more frequent organ-related
complications (e.g., pneumonia and cardiac
dysrhythmias) and a greater risk of death [2].
Consequently, more attention will need to
be placed on the quality of care received by
patients with DM as they progress through
the surgical episode of care.

A history of poor outpatient glycemic con-
trol before surgery, which we have previously
defined as the preperioperative period for
quality improvement purposes, is also asso-
ciated with poorer surgical outcomes [3]. For
instance, elevated hemoglobin A, (HbA )
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levels before surgery are associated with increased sur-
gical site infections, longer inpatient lengths of stay
and increased mortality 4-7]. Additionally, hyperglyce-
mia in the immediate preoperative, intraoperative and
postoperative periods has been associated with worse
patient outcomes [2]. Although the risk of infection
has been reported to be less among patients who are
undergoing noncardiac surgical procedures and who
have lower HbA,_levels 8,97, no prospective studies
have actually examined whether optimizing outpatient
glycemic control improves surgical outcomes. None-
theless, given the above retrospective observations that
outpatient hyperglycemia is associated with worse out-
comes, it would seem reasonable to develop interven-
tions to improve ambulatory glycemic control before
the day of surgery, particularly for patients with higher
HbA,_levels. In a recent study, interventions for DM
patients with HbA,_levels greater than 8.0% decreased
preoperative glucose levels [10].

We have been systematically examining the state
of diabetes management throughout the spectrum of
surgical care at our institution, first studying the inpa-
tient postoperative phase and then the perioperative
phase [3.11-14]. However, what has not yet been well
investigated are processes of DM care that occur dur-
ing the period leading up to surgery, and little is known
in general about the topic. DM has a high-risk anesthe-
sia classification, and preoperative medical evaluations
(POMEs) should be conducted by someone with knowl-
edge of surgical risks. Of specific interest is what mini-
mum amount of time should elapse between a medical
evaluation and the day of surgery to see improvements
in glycemic control. The goals of this analysis were to
determine referral patterns for recommended POMEs
and to evaluate whether there is an optimal interval
between these evaluations and the surgical date that is
associated with lower preoperative blood glucose levels.

Methods

Patient selection

This was a retrospective analysis. After this study
received institutional review board approval, and as
previously described [11-14], we selected for analysis
from a surgical database all ambulatory adult patients
with DM who underwent an elective surgical proce-
dure under general anesthesia between 1 January 2012
and 30 June 2014. The data set was then restricted to
those patients who had an HbA _ greater than 8.0%.
This HbA _ cutoff was chosen because patients with
this degree of glycemic control are likely at greatest risk
for surgical complications. Only single surgical events
were included. Per insitutional practice, patients are
given a standard set of written instructions regarding
dietary restrictions (e.g., the duration of fasting) and

medications in preparation for the day of surgery. Data
were linked to the laboratory information system to
obtain glucose data from the preoperative area. Only
point-of-care blood glucose (POC-BG) data were ana-
lyzed. POC-BG measurements were performed with an
ACCU-CHEK Inform II system (Roche Diagnostics
North America). If more than one value was obtained
in the preoperative area on the day of surgery, only the
maximum value was included in the analysis.

Data analysis

Data were analyzed to determine whether patients
underwenta POME visitand an endocrinology visit. The
institution’s POME clinic is an outpatient clinic staffed
by practitioners with expertise in the assessment and
mitigation of risks associated with preplanned anesthe-
sia and surgical procedures. Besides providing an oppor-
tunity to evaluate the patient for anesthesia and surgi-
cal risks, the POME and endocrinology appointments
would provide opportunities to identify the patient with
previously unrecognized poorly controlled DM, educate
them about the risks associated with hyperglycemia dur-
ing the perioperative and postoperative phases of care,
and potentially introduce interventions to improve gly-
cemic control. To determine the amount of time needed
to see an improvement in glycemic control before sur-
gery, the interval between the POME visit and the day of
surgery was calculated. The POME visit was chosen as
the reference point to calculate the intervals after exami-
nation of the referral patterns. The interval between the
date of HbA  measurement and the surgery date was
also calculated.

A multivariable linear regression analysis was con-
ducted to determine the relationship between the
date of the POME clinic visit and the date of sur-
gery (i.e., the POME—day of surgery interval) and
the log-transformed preoperative glucose levels, after
adjusting for HbA , surgical specialty, patient age,
sex, race/ethnicity, diabetes duration and contact with
the endocrinology service. Patients seen by the endo-
crinology service were either already established with
the endocrinology service or were new referrals made
after being identified as having poor glycemic control.
Characteristics of patients were compared according to
whether they received a preoperative outpatient endo-
crinology contact. Data are reported as mean (SD) or
percentage, as appropriate.

Results

Patient characteristics

Between 1 January 2012 and 30 June 2014, a total of
163 patients were identified who had DM and an HbA,_
greater than 8.0% and who underwent an elective sur-
gery under general anesthesia (Table 1). Mean age was
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63 [12] years, with an average preoperative HbA _of 8.9%
(1%). Most were women, most were white and the mean
duration of diabetes was nearly 20 years. The majority of
patients were being treated with insulin, either alone or in
combination with oral agents. Most procedures involved
general surgery, urologic surgery or orthopedic surgery.
Nearly all patients were in-state residents. All patients
received the recommended POME, but only 45% were
seen by the endocrinology service before surgery.

There were some differences between patients that
were seen by the endocrinology service and those that
were not. Individuals seen by the endocrinology ser-
vice had higher mean HbA,_levels than those that
did not have an endocrinology visit (9.3% [1.2%] vs
8.8% [0.8%]; p < 0.01). The distribution of outpatient
DM therapies also varied, with 54% (40 of 74) of the
patients with an endocrinology visit receiving insulin
monotherapy compared with 31% (28 of 89) of the
patients who did not have an endocrinology visit (p =

Timing of preoperative visits

0.03). Otherwise, there were no differences in age, sex
or race/ethnicity (all p > 0.16).

POME, HbA, & surgical intervals

Because all patients underwent a POME, the date of the
POME visit rather than the date of the endocrinology
visit was used as the reference point to calculate the time
interval to the surgical date. Therefore, the POME visit
was a common access point during which DM and its sur-
gical risks could be discussed with the patient. The mean
POME-day of surgery interval was 18 (28) days, but
there was marked skewing of the distribution to shorter
intervals (median, 8 days) (Figure 1, left panel). The
mean interval between the date of HbA, measurement
and the date of surgery was 18 (27) days (Figure 1, right
panel). However, the distribution was skewed to shorter
intervals (median, 8 days), as it was for the POME—day
of surgery interval. For most patients (134 of 163; 82%),
HbA _ was measured within 24 h of the POME visit.

Table 1. Demographics of 163 patients who had diabetes mellitus and underwent an elective

surgical procedure.

Variable

Age, years

Female

White race
Preoperative HbA, (%)
Duration of DM, years'
Outpatient DM therapy
— Diet

— Oral agents and insulin
— Oral agents only

— Insulin monotherapy
Type of surgery

- General

- Urologic

— Orthopedic

- Otolaryngologic

— Gynecologic

— Plastic

— Neurologic

— Cardiothoracic
In-state residence
Underwent a POME
POME-surgery interval, days

Endocrinology evaluation

Available for 142 patients.

fContinuous data are expressed as mean (SD); categorical data as number of patients (percentage of sample).

DM: Diabetes mellitus; HbA, : Hemoglobin A, ; POME: Preoperative medical evaluation.

Result
63 (12)
85 (52)
128 (79)
8.9 (1.0)
18 (13)

9(5)

35 (22)
51 (31)
68 (42)

38 (23)
36 (22)
32 (20)
20 (12)
16 (10)
14 (9)
4(2)
3(2)
148 (91)
163 (100)
18 (28)
74 (45)
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Figure 1. Distribution of patients according to intervals. Left: interval between date of preoperative medical
evaluation and date of surgery. Right: interval between date of hemoglobin A; measurement and date of surgery.

In 2% of patients (4 of 163), HbA _was measured more
than 24 h after the POME visit and for 15% (25 of 163),
HbA _was measured prior to the POME visit.

Variables associated with day of

surgery glucose level

The mean preoperative maximum POC-BG level was
172 (59) mg/dl. A POC-BG value was not obtained
in one patient. Given the range of the POME—-day of
surgery interval data, intervals were arbitrarily divided
into five periods (<3 days, 3 to <5 days, 5 to <7 days,
7-10 days and >10 days), and the mean preoperative
POC-BG levels were calculated for each period and
compared (Figure 2). The highest mean preoperative
POC-BG level was observed in patients when the
POME-day of surgery interval was less than 3 days,
and the lowest mean POC-BG level was seen when
the interval was more than 10 days (p < 0.01 when
compared with the <3-day interval). None of the other
periods were significantly different when compared
with the <3-day interval (all p > 0.13).

With 10 days as the cutoff, Table 2 shows the results
of the regression of log-transformed preoperative day
ofglucose levels across the variables mentioned above
and the importance of timing between the POME and
day of surgery. In the adjusted analysis, patients seen
in the POME clinic within 10 days before surgery had
statistically significant higher mean glucose values (184
[65] mg/dl) in the preoperative area on the date of sur-
gery (p < 0.01) when compared with patients for whom
the interval was more than 10 days (152 [44] mg/dl).
On average, the group of patients who had surgery
10 days or less after the POME had a glucose level that

was 18% higher than that of patients who had surgery
more than 10 days after the POME. No other vari-
ables (age, HbA , race/ethnicity, duration of DM, sex,
surgery type or outpatient DM therapy) were associ-
ated with lower preoperative glucose levels, including
whether the endocrinology service had been contacted.

Discussion

Poor outpatient glycemic control among patients with
DM has been associated with increased surgical site
infections, longer inpatient lengths of stay and higher
mortality (3-7]. Although there are few data on whether
optimizing outpatient glycemic control reduces these
risks, the development of processes to identify patients
who have the worst metabolic control would provide
opportunities for intervention. Measures taken to
decrease the severity of hyperglycemia before the day of
surgery could at least improve the chances of success-
fully transitioning a patient within a desired glucose
range across the continuum of surgical care. Careful
planning would also help to avoid disruptions, such as
a sudden cancellation on the day of surgery that might
occur from unanticipated severe hyperglycemia. The
goals of this analysis were to examine referral patterns
for medical evaluation of DM patients with an HbA _
greater than 8% and to estimate the ideal window
between a preoperative medical review and the day of
surgery that might be needed to optimize glucose levels
in patients who have poor glucose control.

Our institutional guidelines suggest a referral for an
outpatient endocrinology evaluation for patients with
an HbA _level greater than 8.0%. However, endocri-
nology visits occurred for less than half the patients
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in this study. This is likely because endocrinology
appointments were limited and the short turnaround
time between the request for an endocrinology consul-
tation and surgery was inadequate to allow for a visit.
Although an endocrinology evaluation for patients
with poorly controlled DM was included in the insti-
tutional guidelines, this analysis calls into question
whether such a referral is needed in order to have a pos-
itive effect on preoperative glucose levels. There was no
association between involvement of the endocrinology
service and the preoperative glucose level on the day of
surgery. The prospect of having to postpone an elec-
tive surgery because of hyperglycemia may be sufficient
motivation for a patient to make dietary changes and
adhere more closely to a diabetes medication regimen
without the need for specialty care.

Since POME appointments may be more easily
available than endocrinology appointments, devel-
oping strategies to improve glycemic control before
the day of surgery might best be addressed within the
POME clinic itself. This approach may have more
relevance and impact than an actual endocrinology
evaluation. These strategies might include having
a dietitian readily available during the visit or even
developing a joint effort to position someone from
the endocrinology practice (e.g., a diabetes nurse
practitioner or physician assistant) directly with the
POME practitioners to conduct an evaluation and
provide any necessary diabetes education and treat-
ment recommendations. The patient could then be
educated on the relationship between hyperglycemia
and greater surgical risk and be counseled on the
need to improve self-management skills and medica-
tion adherence to optimize outcomes. Preoperative
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Timing of preoperative visits

intensification of DM therapy may lead to an unin-
tended consequence on the day of surgery in the form
of hypoglycemia, and this will have to be tracked as
interventions are developed.

Our data show that for most patients HbA_was mea-
sured only within 24 h of the POME visit. If the patients
with the poorest metabolic control are going to be iden-
tified in a timely manner, knowing the HbA _sooner
would be helpful, preferably through some type of pre-
screening before the surgical consultation date. This
would allow time for appropriate scheduling for other
resources that might be needed to address the DM. A
recent study [10] reported on an intervention to improve
identification of DM patients with HbA _greater than
8% before surgery and showed a positive effect on glu-
cose levels on the day of surgery. However, the authors
of that study also struggled with very short intervals
between the identification of the patient and the surgical
date and admitted that implementing a case finding and
intervention strategy similar to theirs so close to surgery
would be resource and manpower intensive. The present
study was intended to examine the current state of our
institution’s practice, rather than to conduct an inter-
vention, and to ask whether there might be an optimal
time between identification of similar cases of poor glu-
cose control and the date of surgery. A common barrier
to improving preoperative glucose levels that many cen-
ters may face, as shown by the present study and others,
is the narrow window for identifying high-risk patients
and implementing interventions [10].

Our data showed that, at least for these patients with
the highest HbA , at least 10 days would be needed
prior to the day of surgery to achieve improvements in
glucose control. A recent study [15] found that surgical

179 177 .
(74) (65) 152
(44)

<3 3to <5

5to <7 7-10 >10

Interval (days)

Figure 2. Preoperative point-of-care blood glucose levels according to intervals. Intervals are the number of days
between the date of the preoperative medical evaluation and the day of surgery. The numbers above the bars
indicate mean (SD) blood glucose values, and the numbers within the bars indicate the number of patients in
each interval (a glucose value was missing for one patient). The asterisk indicates a significant difference (p < .01)
between the mean blood glucose value for the <3-day interval and the >10-day interval.
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Table 2. Variables associated with preoperative glucose levels.

Variable Estimated change (%) 95% CI p-value
Age (years) 0.04 -0.49 to 0.57 0.88
HbA, (%) 0.36 -5.36 t0 6.42 0.90
White race (vs nonwhite) -4.47 -17.35 to 10.41 0.53
Duration of DM (years) -0.17 -0.68 to 0.35 0.51
Female -0.07 -11.56 to 12.92 0.99
Type of surgery’ 9.50 -4.47 to 25.50 0.19
Endocrinology care 0.79 -10.59 to 13.63 0.90
Outpatient DM therapy?* -3.5 -10.1 to 3.5 0.32
Diet -1.61 -16.28 to 15.64 0.84
Oral agents and insulin -3.59 -17.86 to 13.16 0.65
Oral agents only -23.88 -42.22 10 .29 0.05
POME-surgery date interval <10 days® 18.13 4.51 to 33.53 <0.01
Referent general surgery.

*Referent insulin therapy.

SVersus >10 days.

DM: Diabetes mellitus; HbA1c: Hemoglobin Alc; POME: Preoperative medical evaluation.

complications were higher even in patients with far bet-
ter outpatient glycemic control than the ones analyzed
here. To improve the care of a patient with DM, the pro-
cess of care should be altered to allow enough time to
introduce changes in management that would decrease
the severity of hyperglycemia for all patients with DM
prior to surgery. However, it is unlikely that patients will
want to wait the several months needed to see improve-
ments in HbA,_before being cleared for surgery. There-
fore, glucose, which can reflect changes more quickly
than HbA , may be the better target of interventions
designed to improve preoperative glycemic control.

The retrospective nature of the present study limits
the ability to determine specifically what interventions
were implemented at the POME or the endocrinology
practice visits that might have led to better glycemic con-
trol on the day of surgery. It is possible that patients sim-
ply adhered to lifestyle or medication recommendations
after they were counseled about the need to improve gly-
cemic control. Alternatively, existing medical therapies
may have been intensified. A systematic management
approach should be developed that includes algorithms
for rapid induction or intensification of pharmacologic
therapy when indicated. Additionally, the current sam-
ple size was too small to allow stratification of analyses
based on surgery type. There has been recent controversy
over the use of POC-BG technology in the hospital, par-
ticularly in critical care or operative settings, but alter-
native technologies for accurate and rapid turnaround
glucose measurements are limited [16]. Finally, the find-
ings are from a single institution. Nonetheless, despite its
limitations, this study did yield information supporting
the hypothesis that in the days leading up to surgery, a

minimum amount of time should be allowed to improve
the patient’s glycemic control for the day of surgery.

Future perspective

Processes of DM care leading up to surgery have not
been studied sufficiently. This analysis selected those
individuals with the highest HbA_levels. For patients
with better outpatient glycemic control, a shorter interval
between a medical evaluation and surgery may be suf-
ficient to adjust the patient’s glucose level before surgery
and should be assessed in future analyses. Collaborative
efforts between the various practitioners involved with
the surgical process and patients should be encouraged
and tested to yield the best glycemic outcomes. Finally,
additional studies are required to determine the optimal
amount of time and the safest and most effective ways of
treating hyperglycemia in the days leading up to surgery.
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Executive summary

mellitus (DM).

were:

Methods

Results
e Atotal of 163 patients underwent POMEs.
those of patients who waited more than 10 days.

glucose level.
Conclusion

control.

the days leading up to surgery.

e Poor outpatient glycemic control is associated with worse surgical outcomes among patients with diabetes
e Optimizing glucose levels before surgery can potentially minimize complications. The goals of this analysis
- To determine referral patterns for recommended preoperative medical evaluations (POMEs).
- To evaluate whether there is an optimal interval between POMEs and the surgical date that is
associated with lower preoperative blood glucose levels.
e Retrospective analysis of patients with DM undergoing elective surgery.
e Limited to individuals with hemoglobin A, _levels greater than 8.0%.

e Interval between a POME and the surgery date was calculated.
e Relationship between the interval and the glucose level on the day of surgery was evaluated.

e Only 45% were seen by the endocrinology service preoperatively.
e Patients who had surgery within 10 days after the POME had preoperative glucose levels 18% higher than

e Outpatient contact with the endocrinology service before surgery was not associated with preoperative

e For patients with poorly controlled DM, more than 10 days are needed to achieve preoperative glycemic

e Additional studies are required to determine the safest and most effective ways of treating hyperglycemia in
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