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Abstract

Peri-procedural hyperglycemia is an independent predictor of mortality in patients undergoing
percutaneous coronary intervention (PCI). However, peri-procedural management of blood
glucose is not standardized. The effects of routinely continuing long-acting glucose-lowering
medications prior to coronary angiography with possible PCI on peri-procedural glycemic control
have not been investigated. Patients with diabetes mellitus (DM) (n=172) were randomized to
continue (Continue group; n=86) or hold (Hold group; n=86) their clinically prescribed long-
acting glucose-lowering medications prior to procedure. The primary endpoint was glucose level
on procedural access. In a subset of patients (no DM group, n=25, Continue group, n=25, and
Hold group, n=25), selected measures of platelet activity that change acutely were assessed.
Patients with DM randomized to the Continue group had lower blood glucose levels on procedural
access compared with those randomized to the Hold group (117 [97-151] vs 134 [117-172]
mg/dL, p=0.002). There were 2 hypoglycemic events in the Continue group and none in the Hold
group, and no adverse events in either group. Selected markers of platelet activity differed across
the no DM, Continue, and Hold groups (leukocyte platelet aggregates: 8.1% [7.2-10.4], 8.7%
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[6.9-11.4], 10.9% [8.6-14.7], p=0.007; monocyte platelet aggregates: 14.0% [10.3-16.3], 20.8%
[16.2-27.0], 22.5% [15.2-35.4], p<0.001; soluble p-selectin: 51.9ng/mL [39.7-74.0], 59.1ng/mL
[46.8-73.2], 72.2ng/mL [58.4-77.4], p=0.014). In conclusion, routinely continuing clinically
prescribed long-acting glucose-lowering medications prior to coronary angiography with possible
PCI helps achieve peri-procedural euglycemia, appears safe, and should be considered as a
strategy for achieving peri-procedural glycemic control.
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Methods

Peri-procedural hyperglycemia predicts adverse events and mortality in patients undergoing
percutaneous coronary intervention (PCI) (1-2). Some data suggest that metabolic
interventions during PCI may prevent deleterious effects of hyperglycemia (3-5).However,
glycemic control has not been consistently achieved in trials using intravenous insulin, so
not all trials have demonstrated a reduction in clinical events (6-8). There is wide variability
in the management of long-acting glucose-lowering medications prior to coronary
angiography and PCI in patients with diabetes mellitus (DM) (9). Furthermore, in the current
era of coronary angiography and PCI, where procedure times are shorter, sedation is
minimal, and patients are able to eat shortly after the procedure, it is not certain if there is
any need to routinely hold long-acting glucose-lowering medications prior to procedure as
done in surgical populations. Accordingly, in this randomized clinical trial, we sought to
evaluate whether routinely continuing clinically prescribed long-acting glucose-lowering
medications in patients with type 2 DM prior to coronary angiography with possible PCI
effectively achieves peri-procedural euglycemia. Since hyperglycemia is associated with
increased platelet activity, we also explored the effect of continuing long-acting glucose-
lowering medications on relevant measures of platelet activity (10).

All patients with type 2 DM referred for coronary angiography with possible PCI at the
Manhattan Veterans Affairs hospital were eligible to participate in the study. Patients were
excluded if they were unable to give consent, were participating in a competing study, or
had a history of symptomatic hypoglycemia (Figure 1). All patients provided written,
informed consent. This study was approved by the institutional review board and registered
at ClinicalTrials.gov (identifier: NCT01419652).

Randomization was performed in a 1:1 manner with sealed opaque envelopes using random
block sizes of 4 and 8 (11). Patients randomized to the Continue group were instructed to
continue their clinically prescribed long-acting oral and injectable glucose-lowering
medications as usual prior to procedure. Patients prescribed metformin were instructed to
continue their pre-procedural dose as scheduled but not to resume therapy until 48 hours
following the procedure as per package insert. Patients randomized to the Hold group were
instructed to hold all oral and injectable glucose-lowering medications the morning of the
procedure (including glargine insulin the night prior procedure if prescribed). Blood glucose
levels were not monitored routinely pre-procedure, but only if patients expressed not feeling

AmJ Cardiol. Author manuscript; available in PMC 2015 May 01.


http://ClinicalTrials.gov

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Shah et al.

Results

Page 3

well. Upon procedural access, all patients had arterial blood collected via the sheath prior to
any medication administration for assessment of blood glucose by point-of-care glucometer.

The primary endpoint was blood glucose level at the time of procedural access in the
Continue versus Hold group. The safety endpoint was the rate of hypoglycemic events
(asymptomatic glucose<50mg/dL or symptomatic glucose <75mg/dL) (12-13).

A platelet sub-study (n=75) was performed with 25 comparator patients with no history of
DM, 25 patients from the Continue group, 25 patients from the Hold group. Patients in the
platelet sub-study were either on aspirin therapy alone or on dual anti-platelet therapy with
aspirin and clopidogrel prior to procedural access. Patients were excluded if they took
cilostazol, dipyridamole, any non-steroidal anti-inflammatory drugs other than aspirin, or
any other anti-platelet agent as part of their prescribed medication regimen. Citrate-
anticoagulated blood was collected at procedural access from the arterial sheath (minimum 5
french) after an initial 2cc discard for assessment of the following measures of platelet
activity: monocyte (MPA) and leukocyte platelet aggregates (LPA) and soluble p-selectin.
These markers of platelet activity were chosen based on their association with in vivo
platelet activation, as well as their ability to change acutely and, thereby, may reflect acute
changes in platelet activity caused by differences in glucose levels. MPA and LPA were
measured via flow cytometery using directly conjugated CD14-PE, CD 45-PE and CD42a-
FITC antibodies. Measurements of soluble p-selectin were made using commercial enzyme-
linked immunosorbent assay (eBioscience).

Sample size was based on observational data in the catheterization laboratory at the
Manhattan Veterans hospital (mean glucose at procedural access in patients with DM of 154
+ standard deviation 61 mg/dL) and an estimated decrease of mean glucose by 20% when
continuing long-acting glucose-lowering medications. Glucose values on a log scale were
normally distributed and used to calculate sample size (4.97 + 0.36 mg/dL; estimated 3.2%
decrease). Using a two-sided two-sample t-test, approximately 82 patients with DM were
needed in each group (Continue and Hold groups) to achieve 80% power at the 0.05
significance level (PASS 2008. NCSS, LLC. Kaysville, Utah).

Categorical variables are presented as proportions and compared using tests of proportions,
while skewed continuous variables (Shapiro-Wilks test) are presented as median
[interquartile range] and compared using Mann Whitney test and Kruskal-Wallis test for 2-
and 3-way comparisons. Confidence intervals for number of hyperglycemic events in each
group were presented using the Wilson score interval. A significance of 0.05 was set for the
primary comparison. Due to the exploratory nature of platelet activity testing and multiple
measurements, a significance of 0.01 was set for comparisons of markers of platelet activity.

Baseline characteristics of patients randomized to the Continue (n=86) and Hold groups
(n=86) are presented in Table 1. There were no major differences in baseline characteristics.

Blood glucose on procedural access was significantly lower in patients randomized to the
Continue vs Hold group (Figure 2). There were 2 (0.01,0.08) hypoglycemic events in the
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Continue group and 0 (0,0.04) in the Hold group (p=0.50). One event was an asymptomatic
blood glucose of 43 mg/dL on procedural access, treated with intravenous glucose. This
patient was on long-acting insulin, metformin and glyburide prior to angiography. The
second event was a blood glucose of 48 mg/dL 3 hours prior to procedure associated with
perspiration and treated successfully with orange juice. This patient was on long-acting
insulin, metformin and glipizide prior to procedure and had a glucose of 167mg/dL on
procedural access.

Baseline characteristics of the patients enrolled in the platelet sub-study are presented in
Table 2. As expected, median glucose at the time of procedural access was higher in the
Hold compared with Continue and without DM groups (Figure 3a). Platelet activity at the
time of procedural access, as demonstrated by LPA, MPA, and soluble p-selectin levels, was
also higher in the Hold compared with Continue and no DM groups (Figure 3b—d).

Discussion

This study demonstrates that a strategy of continuing, rather than holding, clinically
prescribed long-acting glucose-lowering medications in patients with DM undergoing
coronary angiography with possible PCI results in improved peri-procedural glycemic
control. This is important since this strategy is not often implemented (9). Alternative
strategies of lowering blood glucose at the time of PCI are difficult to implement and not
widely used in cardiac catheterization laboratories. Most PCI procedures occur ad-hoc, thus
a strategy of continuing long-acting glucose-lowering medications prior to coronary
angiography in all patients who may undergo PCI appears reasonable.

The impact of intensive glycemic control on macrovascular disease remains controversial.
Long-term follow-up in early trials demonstrated that relatively short periods of intensive
glycemic control was associated with a reduction in the incidence of myocardial infarction
(M1) and cardiovascular death in patients with Type 1 and Type 2 DM (14-15). In contrast,
more recent studies demonstrated either no effect or a detrimental effect of long-term
intensive glycemic control on cardiovascular outcomes (16-19). While The Action to
Control Cardiovascular Risk in Diabetes study showed that maintenance of tight long-term
glycemic control in patients with DM was associated with higher mortality, rates of non-
fatal MI were significantly 10% lower in the intensive glycemic control arm (16). Given
these findings in the chronic setting, the study of targeted glycemic control in acute settings
where patients with DM are at risk for MlI, such as PCI, is warranted.

Lending further support to the potential benefit of glycemic control in the peri-PCI setting is
the Randomized Trial of Insulin-Glucose Infusion followed by Subcutaneous Insulin
treatment in Diabetic Patients with Acute MI (DIGAMI) study, which demonstrated that
higher admission glucose predicted higher mortality, and that with intensive insulin
treatment, glucose was lowered and long-term mortality decreased (6). It was uncertain,
though, whether the inpatient or outpatient intervention was responsible for the reduction in
mortality. The DIGAMI-2 trial confirmed that glucose was an independent predictor of
mortality, but no difference in mortality was noted between the intensive and conventional
treatment groups (7). However, the study reached less than half of its sample size goal and
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did not reach the target glucose of 90 to 126mg/dL in the intensive treatment arm. Multiple
trials attempting to demonstrate a benefit with glucose-insulin-potassium infusions have
yielded conflicting results, possibly due to the failure to reach target glucose levels in the
treatment arm. Finally, a recent study by Marefella et al, demonstrated optimal peri-
procedural glycemic control in the setting of ST-segment elevation Ml to reduce oxidative
stress, inflammation, and in-stent restenosis on 6-month follow-up coronary angiogram (20).
While these trials were all conducted in patients with acute M1, the benefits of glycemic
control may extend to the almost 35% of patients that go on to develop peri-procedural
myonecrosis and possibly even more so those with clinically significant peri-procedural Ml.

Many physicians believe that improved control of blood glucose in the catheterization
laboratory is likely to improve peri-procedural outcomes but are avoiding treatment of
glucose due to concern for hypoglycemia (9). Our current study should allay those concerns
for most patients provided that appropriate precautions are taken. Although there were no
serious adverse events in our study, we did observe 2 hypoglycemic events in the Continue
group. Both of these patients were on both full dose insulin and a sulfonylurea agent. Since
hypoglycemia is more common with sulfonylureas than with other oral glucose-lowering
agents, caution should be taken in continuing the combination of sulfonylureas and full dose
insulin prior to procedure (21). Clinicians should note that biguanides, which are not
associated with hypoglycemia, are now recommended as first-line medications, and
sulfonylurea use is declining (22).

Increased platelet activity is seen in patients with inadequately controlled DM (23-24).
While light transmission aggregometry is historically considered to be the gold standard of
measuring platelet activity, this technique is time-consuming, requires large samples, and
yields variable results based on technique. We measured multiple convenient, but well
studied, markers of acute platelet activation. Since activated platelets degranulate and
rapidly bind to monocytes and leukocytes, MPA and LPA are markers of acute platelet
adhesion and activation and shown to circulate in patients with CAD (25-27). Circulating
activated degranulated platelets rapidly shed surface p-selectin, resulting in an increase in
plasma levels, and soluble p-selectin correlates with other markers of platelet activity and is
associated with cardiovascular events (28). In the current study, patients in the Hold group
had greater platelet activity compared to the Continue and no DM groups. Given the
association between elevated platelet activity and clinical outcomes after PCI, the data
suggest a possible mechanism of benefit with continuing long-acting glucose-lowering
medications prior to PCI in patients with DM (29). For example, increased platelet activity
may contribute to acute peri-procedural stent thrombosis. Acute stent thrombosis occurs in
up to 2% of patients undergoing PCI, even in the setting of contemporary antiplatelet and
anticoagulant therapy, and is associated with poor outcomes (30).

There are several limitations to this study. First, this was a single center study with a study
population consisting almost entirely of men due to recruitment from the Veterans Affairs
healthcare system. Second, the endpoints studied are surrogates for clinical outcomes. Third,
the study is underpowered to determine the safety of continuing long-acting glucose-
lowering medications in longer PCI procedures. Less than 1/3 of our cohort underwent PCI,
and procedure times, as well as doses of sedating medications, can be greater with PCI

AmJ Cardiol. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Shah et al.

Page 6

compared with coronary angiography alone. However, given that the majority of PCI
procedures occur ad-hoc after coronary angiography, implementing a strategy of routinely
continuing long-acting glucose-lowering medications in patients with DM would require
that it be implemented in all patients referred for coronary angiograph with the possibility of
PCI. Despite these limitations, this is a randomized clinical trial and the only study to
evaluate this novel strategy of continuing all clinically prescribed long-acting glucose-
lowering medications to maintain peri-procedural euglycemia in patients undergoing
coronary angiography with possible PCI.
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234 patients with pharmacologically treated
diabetes assessed for eligibility

9 Excluded
2 Participating in a competing study
3 Unable to consent
4 Reported recent hypoglycemia

225 Patients met eligibility criteria

53 Did not provide consent
24 Not interested in research or anxious about procedure
7 Fearful of insulin
2 Not willing to have finger stick testing performed
5 Did not want to go against referring physician’s instructions to hold medications
14 Had an unknown reason

172 Consented to participate and randomized
(76% of patients with protocol eligibility)

I

Y

Continue group Hold group
(n=86) (n=86)

Figure 1.
Screening, enrollment, and randomization of study population
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p =0.002

200

604 117 [97-151)
140
120
100

80

Continue group Hold group
(n=86) (n=86)

Figure 2.
Glucose level at time of procedural access in patients with diabetes mellitus randomized to

continue versus hold prescribed long-acting glucose-lowering medications.
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Figure 3.
Glucose (a), leukocyte platelet aggregates (b), monocyte platelet aggregates (c), and soluble

p-selectin (d) at time of procedural access in patients with no diabetes mellitus (DM) and
patients with DM randomized to continue versus hold prescribed long-acting glucose-
lowering medications.
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Table 1

Baseline characteristics of total cohort

Patients with Diabetes Mellitus

Variable p-value
Continue group (n=86) Hold group (n=86)
Age (years) 64 [60-74] 66 [62-73] 0.25
Men 85 (99%) 86 (100%) 1.0
White 62 (72%) 63 (73%) 0.58
Black 17 (20%) 13 (15%)
Hispanic 7 (8%) 10 (12%)
Body mass index (kg/m?) 32 [29-36] 30 [27-35] 0.08
Abdominal circumference (inch) 46 [42-50] 44 [40-48] 0.03
Previous myocardial infarction 23 (27%) 26 (30%) 0.74
Hypertension” 81 (94%) 81 (94%) 10
Hyperlipidemia” 77 (90%) 78 (91%) 1.0
Chronic kidney disease 19 (22%) 13 (15%) 0.33
Previous stroke 15 (17%) 13 (15%) 0.84
Peripheral vascular disease 10 (12%) 17 (20%) 0.21
Tobacco use 27 (32%) 17 (20%) 0.11
Presenting with acute coronary syndrome 18 (21%) 25 (29%) 0.29
Sulfonylurea 37 (43%) 39 (45%) 0.88
Metformin 52 (61%) 53 (62%) 1.0
Thiazoladinediones 6 (7%) 4 (5%) 0.75
Sitagliptin 3 (4%) 0 0.25
Long-acting insulin 39 (45%) 35 (41%) 0.64
Multiple glucose-lowering agents 40 (47%) 35 (41%) 0.54
Oral agents only 15 (38%) 17 (49%) 0.36
With insulin 25 (63%) 18 (51%)
Ejection fraction 0.64
Normal 64 (76%) 63 (74%)
Severely reduced 6 (7%) 4 (5%)
Random glucose (mg/dL) 141 [108-197] 146 [120-186] 0.55
Hemoglobin Alc (%) 7.1[6.5-8.5] 7.3[6.8-8.0] 0.94
Glomerular filtration rate (mL/min) 70 [54-84] 72 [59-98] 0.08
Low density lipoprotein-cholesterol (mg/dL) 74 [59-92] 74 [61-94] 0.66
High density lipoprotein-cholesterol (mg/dL) 39 [33-45] 37 [32-45] 0.96
Triglyceride (mg/dL) 151 [106-211] 145 [105-214] 0.81
Fasting time (hours) 16.1 [14.0-19.2] 17.3[14.4-19.3] 0.41

Page 15

*
Hypertension and hyperlipidemia are defined as self-reported history of or documentation of these diagnoses in a physician note in the electronic

medical record system.
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