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Summary: Glycemic control represents a modifiable preoperative risk factor in
surgery. Traditionally, hemoglobin Alc (HbAlc) and plasma glucose are utilized
as measures of glycemic control. However, studies show mixed results regarding
the ability of these conventional measures to predict adverse surgical outcomes.
This may be explained by the time window captured by HbAlc and serum glucose:
long-term and immediate glycemic control, respectively. Fructosamine, glycosyl-
ated albumin, and 1,5-anhydroglucitol constitute alternative metrics of glycemic
control that are of growing interest but are underutilized in the field of surgery.
These nontraditional measures reflect the temporal variations in glycemia over
the preceding days to weeks. Therefore, they may more accurately reflect glycemic
control within the time window that most significantly affects surgical outcomes.
Additionally, these alternative measures are predictive of negative outcomes, even
in the nondiabetic population and in patients with chronic renal disease and ane-
mia, for whom HbAlc performs poorly. Adopting these newer metrics of glycemia
may enhance the value of preoperative evaluation, such that the effectiveness of
any preoperative glycemic control interventions can be assessed, and adverse out-
comes associated with hyperglycemia better predicted. The goal of this review is to
provide an update on the preoperative management of glycemia and to describe
alternative metrics that may improve our ability to predict and control for the nega-
tive outcomes associated with poor glycemic control. (Plast Reconstr Surg Glob Open
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INTRODUCTION
Diabetes mellitus and hyperglycemia are known risk
factors for adverse surgical outcomes' and improved pre-
operative glycemic control within days to weeks of surgery
can reduce the incidence of several postoperative compli-
cations.>® Therefore, accurate estimation of glycemic con-
trol within days to weeks of surgery may offer prescient
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knowledge of unfavorable outcomes. The cost of surgery is
heavily influenced by the presence of complications which
can increase expenditure up to 5 times more than the initial
charge.” Additionally, the introduction of a value-based pay
system that penalizes poor outcomes, such as readmissions
and surgical site infection,® heightens the issue. Therefore,
lowering negative events in the postoperative course can re-
sult in notable savings. Thus, glycemic control, a modifiable
factor, is an attractive option for intervention.

In current clinical practice, hemoglobin Alc (HbAlc)
and plasma glucose are used to assess preoperative glyce-
mic control. HbAlc provides an estimate of average blood
glucose levels over the preceding 3 months. Hence, it is
unlikely to adequately reflect the fluctuations in glycemia
in the days to weeks preceding surgery. This may explain
the mixed results obtained in studies that have attempted
to correlate HbAlc with adverse surgical outcomes.**?
Conversely, plasma glucose is simply a snapshot of control
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that is highly variable. Thus, the search continues for ideal
measures of glycemic control. In this regard, fructosamine,
glycosylated albumin (GA), and 1,5-anhydroglucitol (1,5-
AG) have shown promise. However, their use has been
largely limited to optimizing medical management of pa-
tients with diabetes, frequently as an alternative glycemic
marker in situations when HbAlc cannot be used.

In this article, we review the current options for assess-
ing glycemic control in a preoperative setting. Addition-
ally, we describe these emerging measures of glycemic
control and explore the potential benefit of their inclu-
sion in surgical practice.

PERIOPERATIVE HYPERGLYCEMIA

Perioperative hyperglycemia is an independent predic-
tor of adverse surgical outcomes, irrespective of diabetes
status. It has been associated with postoperative infections
following cardiac surgery,” increased mortality in emer-
gent surgery,” and longer hospital stay following joint
replacement.'* Within plastic surgery, it has been linked
to surgical site infection and wound dehiscence in body
contouring, craniofacial procedures, and surgery in the
extremities.? These effects culminate in increased morbid-
ity and overall healthcare cost.'®

Surgical site infections and wound dehiscence are
common consequences of hyperglycemia with the former
constituting the greatest proportion of annual costs of all
hospital-acquired infections, a payment metric for CMS
reimbursement,"” and the most common reason for un-
planned readmissions.'® Furthermore, the microvascular
and macrovascular complications associated with chronic
hyperglycemia make managing the surgical patient with
diabetes, or hyperglycemia, a formidable challenge. Given
the burden placed on health care by surgical complica-
tions, there is clear value in determining patients with
modifiable risk factors before surgery.

Although studies have demonstrated benefits from
postoperative glycemic control protocols,'? preoperative
control may be more consequential®?' with lower risk for
hypoglycemia. Therefore, the focus continues to shift to-
ward screening and optimizing glycemic control in surgery
candidates. The ability to assess glycemic control in the days
to weeks preceding surgery has great relevance in periop-
erative risk assessment, particularly in elective procedures
where there is an opportunity for optimization. A recent
study found that early treatment of diabetes starting up to
13 days before surgery resulted in improved intraoperative
and postoperative glycemic control and a shorter length of
hospital admission.® Such short to medium term change in
glycemic control is unlikely to be reflected in HbAlc. There-
fore, metrics that assess glycemic control over the short to
medium term may possess greater utility than HbAlc.

TRADITIONAL MEASURES OF
GLYCEMIC CONTROL

Hemoglobin Alc

HbAlc is the gold standard measurement tool for
monitoring glycemic control. It forms when hemoglobin
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in circulating erythrocytes binds with glucose and of-
fers a consistent assessment of glycemia over the preced-
ing 3 months that is little influenced by brief peaks and
troughs in plasma glucose, or brief periods of stress or ill-
ness. HbAlc is highly prognostic for long-term diabetes-
related morbidity in the general diabetic population®?*
and provides a metric for the medical management deci-
sions for patient with diabetes. Unfortunately, these ben-
efits of HbAlc may not be as applicable in perioperative
risk assessment and optimization of surgical candidates,
given that the goals differ from those of long-term medi-
cal management of diabetes. The lack of consensus in the
literature on the association between HbAlc and postop-
erative complications®'?! further attests to this limitation.
Although diabetes status is an independent risk factor for
postoperative infections, multiple studies have shown that
HbAlc does not correlate with infection, wound healing,
or operative complication rate.'*'#* Thus, HbAlc may not
adequately reveal the adverse effects of hyperglycemia,
potentially masking opportunities for beneficial interven-
tions in candidates for elective surgical procedures.

Furthermore, the accuracy of HbAlc is affected by
abnormal erythrocyte turnover (Table 1) and recent
data suggest that the lifespan of an erythrocyte can vary
sufficiently among individuals to alter the accuracy of
HbAlc measurement.?® HbAlc underestimates hypergly-
cemia in patients of African American race, chronic kid-
ney disease, anemia, hemoglobinopathies, and patients
on dialysis. This limitation is significant given that some of
these demographics are overrepresented among surgical
candidates. Therefore, it is likely that patients belonging
to these groups would benefit from alternative assays that
are independent of erythrocyte lifespan.

Plasma Glucose

Plasma glucose, measured as fasting or capillary plas-
ma concentrations, is commonly used to assess periopera-
tive control and offer information on immediate glycemic
control. Plasma glucose offers a direct measure through
a readily available assay with premeals levels of glucose
>140mg/dL and random values 2180 mg/dL used as the
thresholds for hyperglycemia in the inpatient setting."

The literature is replete with studies that show adverse
surgical outcomes in patients with deranged preoperative,
intraoperative, or postoperative plasma glucose. Never-
theless, the efficacy of random or fasting plasma glucose
measurement in predicting the incidence of postopera-
tive infections and wound complications'*®* remains in-
conclusive. This may be because plasma glucose testing
offers only a snapshot of glycemia and is not sensitive to

Table 1. Inaccuracies with HbA1c Measurements

HbAlc Recording Too High HbAlc Recording Too Low
Iron-deficiency anemia Longstanding renal impairment
Pregnancy Dialysis
Variant hemoglobin* Cirrhosis

Hemolysis

Variant hemoglobin*

*Variant hemoglobin can cause both increases and decreases in hemoglobin
levels and thus over- and underestimates of HbAlc.
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rapid fluctuations in glycemia or sustained variations that
are temporally removed from the test. Therefore, there
is a high incidence of false negatives and low test sensi-
tivity. Additionally, plasma glucose can be elevated with
increased stress and metabolic demand, conditions asso-
ciated with surgery. This effect is present in patients with
and without diabetes alike and, hence, can lead to a high
rate of false positive results, decreasing test specificity.

EMERGING MEASURES OF
GLYCEMIC CONTROL

Fructosamine

Fructosamine is the collective term for plasma pro-
tein ketoamines, serum proteins formed by spontaneous
nonenzymatic glycation,® whose levels become elevated
in the presence of hyperglycemia. The test constitutes of
a simple assay taken from a blood sample or fingerprick
test.” Due to its relatively short half-life compared with
HbAlc, fructosamine is a better measure of glycemia
control in the preceding 2- to 3-week period.*?*" Recent
studies in patients undergoing total joint arthroplasty
demonstrated that elevated preoperative fructosamine is
an independent risk factor for postsurgical infection.***
In this patient population, raised fructosamine levels were
more predictive of postoperative infections than elevated
HbAlc. Furthermore, the authors demonstrated a correla-
tion between elevated preoperative fructosamine and the
risks of readmission and reoperation.* HbAlc showed no
such correlation, indicating that fructosamine may be su-
perior to HbAlc for preoperative risk assessment of sur-
gical candidates. Unlike HbAlc, fructosamine remains
reliable in patients undergoing hemodialysis,”* whereby
elevated fructosamine levels have been shown to be pre-
dictive of infections and hospitalization among patients
on hemodialysis.™

Commonly, a threshold of plasma fructosamine >270
pmol/L is indicative of hyperglycemia. This threshold is
estimated to correspond with HbAlc 26.5%.%*% Plasma
levels of fructosamine are affected by conditions such as
myeloma and cirrhosis that alter the amount or distribu-
tion of serum proteins.* Although methods have been
developed by utilizing plasma albumin for correcting the
measured fructosamine in this subset of patients, no for-
mal correction method is currently recommended.’*
Despite this, fructosamine still offers a more accurate gly-
cemic index in patients with renal impairment and dialysis
than HbA1c.3%

Glycosylated Albumin

Glycosylated, or glycated, albumin (GA) is formed
through specific nonenzymatic glycation of albumin.*®
Because albumin is the most abundant serum protein,
GA constitutes a large proportion of fructosamine but is
a measure in its own right with its own direct assay,” in-
dicating that GA may contribute clinically independent
information. Similar to fructosamine, GA is elevated in
the setting of hyperglycemia and reflects intermediate-
term glycemic control over the preceding 2-3 weeks.?*

However, GA has been shown to have a stronger correla-
tion with HbAlc and fasting glucose than fructosamine,
and a formula which provides accurate HbAlc equivalents
for measured values of GA is currently in use.

Many studies have focused on the accuracy of GA in
scenarios where HbAlc measurements are suboptimal,
particularly in those with renal impairment. GA is a more
accurate glycemic indicator than HbAlc in patients with
diabetes with chronic kidney disease.” A study of the
predictive value of various measures of glycemic control
for cardiovascular events showed a strong correlation
between levels of GA and the risk of hospitalization for
cardiovascular events and an 11% increase in duration of
hospitalization for every 5% increase in GA levels."” Fur-
thermore, GA was superior to HbAlc and plasma glucose
as a predictor of hospitalization in this patient population.
GA is also thought to be reliable in patients with anemia,
unlike HbAlc.?” In addition to its capabilities as a glycemic
marker, GA may act as a surrogate marker for infection
susceptibility and diminished healing capability. It has
shown associations with reduced immune function and
increased oxidative stress.*

GA levels are measured through serum assay, and
a fingerprick blood test has also shown validity for test-
ing.* However, there is limited instrument availability in
the United States and there is no standardized assay cur-
rently available, with great inter- and intravariation in ref-
erence ranges. GA has a different limitation profile to that
of both HbAlc and fructosamine. Values are affected by
conditions that alter serum albumin metabolism, such as
smoking, hepatic cirrhosis, thyroid disease, hypertriglycer-
idemia, and hyperuricemia.* A compensatory mechanism
results in an extended half-life of albumin in conditions of
low concentration; therefore, GA is overestimated. How-
ever, this effect is somewhat mitigated by its measurement
values which are reported as a ratio or percentage of total
albumin (GA/albumin) .34

1,5-Anhydroglucitol

1,5-Anhydroglucitol (1,5-AG) is a 6-carbon monosac-
charide that is not metabolized. Its serum level is deter-
mined by its relative oral ingestion and renal excretion.*>*
While present in most foods,**" it is excreted, unchanged,
through the renal system. In incidences of elevated plasma
glucose, glucose competes with 1,5-AG for reabsorption
in the renal tubules, resulting in increased 1,5-AG urinary
excretion. Thus, circulating levels of 1,5-AG are inverse to
the plasma glucose levels. This process is independent of
glycation and, therefore, is not subject to the heterogene-
ity of glycation rates. 1,5-AG reflects postprandial glucose
control over the last week** and, hence, offers a short-
term measure of glycemic control.

Studies posit that 1,5-AG offers a better record of glu-
cose control than HbA1c™ and can better differentiate pa-
tients with excessive glycemic variability in the presence of
near-normal HbAlc values.” This offers a particularly at-
tractive tool in elective surgical patients, enhanced by the
ability of 1,5-AG to note small hyperglycemic changes over
as short a timeframe as 1 week, where fructosamine and
HbA1c fail to detect the same changes.” This accuracy can
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also be applied to the rest of the population as 1,5-AG has
a higher sensitivity than HbAlc for detection of clinically
significant hyperglycemia in subjects without diagnosed
diabetes.”

1,5-AG is excreted in the presence of glycosuria. There-
fore, a reduction in 1,5-AG levels marks hyperglycemia but
remain unaffected by hypoglycemia. 1,5-AG most strongly
correlates with standard glycemic measures at the highest
plasma glucose concentrations™ and is a poor correlator
when used in the nondiabetic population. As a result, its
clinical use may be limited to those with overt hyperglyce-
mia. Additional limitations suggested are diet, nutritional
status, and renal impairment,”**® but to what extent re-
mains unknown,*% and further research is likely required
to clarify these influences. A simple automated assay for
1,5-AG exists in the United States as GlycoMark*® and non-
invasive assays, such as saliva and urine, have been shown
to correlate highly with serum levels.*”*® 1,5-AG has been
measured and used clinically in Japan for over a decade to
monitor short-term glycemic control,” and it is FDA ap-
proved for use in short-term glucose monitoring in the
United States, with appropriate widely recognized clinical
target values for 1,5-AG pending.

DISCUSSION

The prevalence of diabetes mellitus increases annu-
ally’*® and poses a substantial healthcare burden in terms
of prolonged length of hospital stay and postoperative
complications; often used metrics of surgical success and
safety. Although an ideal measure of glycemic control —
fast, accurate, and without limitation — may be currently
beyond our capabilities, emerging assays offer an inexpen-
sive alternative to more traditional glycemia measures®
(Table 2). The case for their inclusion in surgical prac-
tice is 3-fold: their timeframes of measurement are more
pertinent to surgery than current measures; they possess
prognostic ability for morbidity and adverse outcomes;
and they have sustained accuracy in settings where HbAlc
use is problematic.

Traditional measures offer information on long-term
and immediate glycemic control, in the form of HbAlc
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and serum glucose, respectively, which lends minimal
value in a preoperative setting. Whereas their nontradi-
tional counterparts reflect control over the preceding
days to weeks and, thus, better mimic the labile nature of
glycemia.?*** The relationship is somewhat analogous to
that of albumin and prealbumin, with the latter reflecting
a nutritional state in a more acute timeframe, making it
a more timely and sensitive indicator.®? This may also be
true of these newer glycemic measures which, due to their
shorter period of action, may predict poor outcomes.
Studies show that interventions up to 2 weeks before sur-
gery improve perioperative glycemia.® Therefore, this may
present a critical preoperative time period for glycemic
control. Thus, the use of medium or short-term glycemic
control metrics may hold value in preoperative evaluation
(Fig. 1).

This theory is supported by the literature which dem-
onstrates the strong prognostic capabilities of these novel
measures, %% regardless of diabetes status.” They have
demonstrated a high predictive value for morbidities, such
as cardiovascular events, infection, hospitalization rate,
and mortality.* These alternative markers also show cor-
relation with microvascular complications,?** a pertinent
concern as small vessel disease negatively affects wound
healing. Hence, fructosamine, GA, and 1,5-AG levels seem
prescient to poor outcomes and pose a valuable preopera-
tive evaluation tool for surgery. Converse to HbAlc, the
emerging metrics of glycemic control show great fluctua-
tions, reflecting the rapid changes in blood glucose, and
are thus better markers of poor glycemic control®®* with
the capability to detect deteriorations in glycemic control
earlier. Moreover, they have utility in those without diabe-
tes.” This is of particular interest in patients with predia-
betes where there is potential to offer a forewarning to the
surgeon.

Additionally, conventional glycemic indices have lim-
ited efficacy in certain patient demographics overrepre-
sented in the surgical population, such as those suffering
from anemia or renal impairment. However, these novel
metrics act through a mechanism independent of erythro-
cyte lifespan and they, therefore, may have added utility in
cases where HbAlc measurements prove inaccurate.”*%

Table 2. Comparison of Properties of Novel Emerging Glycemic Markers

Traditional Markers of Hyperglycemia

Emerging Markers of Hyperglycemia

HbAlc Plasma Glucose Fructosamine Glycosylated Albumin  1,5-Anhydroglucitol
Composition Proportion of Circulating blood  Total serum glycated Proportion of albumin ~ Monosaccharide that
hemoglobin that glucose serum proteins that is glycated is not metabolized
is glycated
Half-life 2-3 mo <2h 2-3 wk 2-3 wk 1-7d
Assay Plasma Whole blood Serum or plasma Serum, plasma, saliva or ~ Serum or plasma
urine (unavailable in
the United States)
Estimated cost $59-86 $5-13 $25-49 $9-14 $39-75
Reference range®’ 4.0%-5.9% 70-130mg/dL 195-258 mmol/L 11%-15% (enzymatic 8.4-28.7 pg/mL
assay)
Greatest sensitivity in -~ Moderate to severe  Mild to severe Moderate to severe Moderyate to severe Mild to moderate
hyperglycemia hyperglycemia hyperglycemia hyperglycemia hyperglycemia
Limitations Altered erythrocyte  Acute stress or Altered serum protein  Altered serum albumin  Diet and nutritional
turnover illness distribution or total metabolism status

serum protein
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Fig. 1. Time periods of glycemic control measurements for traditional and emerging glyce-

mic indices. CBG, capillary blood glucose.

Furthermore, these novel assays are rapid, simple, and in-
expensive, further enhancing potential health savings.

However, all three measures are subject to the same
flaw. Although fructosamine, GA, and 1,5-AG are associat-
ed with risk factors for diabetes mellitus in a similar man-
ner as traditional glycemic measures,” they show a reverse
relationship with body mass index (BMI).**" Some clini-
cians have suggested that this discordance is secondary to
altered serum protein turnover in patients with obesity,
which results in a distorted measurement of fructosamine
and GA, whereas the inaccuracy in 1,5-AG may reflect the
increased food intake in obese population. However, this
may have further implications for its use in monitoring
glycemic control in the obese populations.

Given the pay-for-performance model implemented by
Centers for Medicare & Medicaid Services to incentivize
better outcomes, reducing the rate of complications is a
key topic on the health agenda and these novel measures
present a fresh avenue for research. Their assays are read-
ily available, inexpensive, and simple. Currently, there is
no definitive evidence base to guide surgeons in identify-
ing high-risk patients or informing patients of their risks.
Delineation of a critical value, above which hyperglycemia
is detrimental, may enable high-risk patients to be identi-
fied and then optimized before surgery. Future directions
may also be aimed at investigating associations between
surgical complications and these new measures.

CONCLUSIONS

Nontraditional measures of glycemic control, fructos-
amine, GA, and 1,5-AG are an exciting new area of research
with much potential for perioperative surgical application.
Whereas HbAlc and plasma glucose offer mixed efficacy
for postoperative outcomes, emerging glycemic measures
yield a closer reflection of the temporal variability of glyce-
mia due to their shorter half-lives. Therefore, fluctuations
in their concentrations occur before changes in HbAlc,
so deteriorations in glycemic control are detected earlier.
They possess prognostic function alongside their use as
glycemic indices and have the potential to forecast adverse

outcomes and identify high-risk patients. Additionally,
they offer accurate alternatives in circumstances where
HbAlc has reduced validity, such as renal disease and ane-
mia. The properties of these emerging measures of glyce-
mic control can be implemented into surgical practice to
improve preoperative evaluation.
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