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Abstract

Background: Patients with poor glycemic control are at increased risk of postoperative complications. Hemoglobin
A,  (HbA,) has traditionally been used to assess preoperative glycemic control, but with limitations. More recently,
fructosamine has been tested preoperatively in patients undergoing elective total joint arthroplasty. This study aims to
assess whether preoperative serum fructosamine can be used to avoid adverse outcomes in patients undergoing foot and
ankle surgery.

Methods: This was a retrospective chart review of all patients who underwent foot and ankle surgeries at 2 level | trauma
centers from January 2020 to December 2021. Of those, 305 patients were tested for HbA,_ and fructosamine levels
preoperatively. Adverse outcomes were assessed over 30 and 90 days. Outcomes of interest were surgical site infection,
wound dehiscence, unplanned return to the operating room, unplanned readmission, and death. Data were analyzed
using independent 2-sample t tests. A mixed effects model was used for multivariate analysis. P values less than .05 were
considered statistically significant.

Results: Preoperative serum fructosamine was significantly higher (P=.029) in those with complications within 90 days
compared to those without. The mean preoperative fructosamine level was 269.2 umol/L (SD =58.85) in those who did
have a complication vs 247.2 pmol/L (SD=53.95) in those who did not. Clinically significant fructosamine threshold was
determined using 2 different methods. Fructosamine was found to be non-inferior to HbA,_in accurately predicting
postoperative complications.

Conclusion: Fructosamine is a serum marker that reflects nearer term glycemic control than HbA, . Elevation in
preoperative fructosamine is associated with increased perioperative complications after foot and ankle surgery within
90days. Preoperative fructosamine may be used in patient optimization and risk stratification when determining candidacy
and timing for elective foot and ankle surgeries.

Level of evidence: Level lll, retrospective cohort study.
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includes an assessment of their hemoglobin A, (HbA,)
level. Wukich et al** has previously shown that HbA,
level =8 is an independent risk factor for surgical site
infection.>!”

HbA,_ is a weighted average of blood glucose over the
life of a red blood cell, or 90-120 days. A patient’s plasma
glucose over the preceding 30days contributes to about
50% of the result, and 10% of the result comes from 90 to
120 days earlier.'® In other words, the HbA | level is depen-
dent on the life cycle of the red blood cell and may take 3
months to reflect changes in glycemic control. Therefore,
HbA,  may not accurately reflect the rapid fluctuations in a
given patient’s plasma glucose level. This may result in
some patients undergoing elective surgery when they are
not truly optimized, and therefore at a higher risk of postop-
erative complications. Additionally, in the complex patient
population that undergoes foot and ankle surgery, waiting 3
months to recheck the HbA, may result in adverse out-
comes for the patient, including development of wounds,
infections, or further deconditioning.

Moreover, HbA | has been shown to have a lower diag-
nostic performance in specific patient populations fre-
quently encountered in foot and ankle surgery. They include
but are not limited to elderly patients, non-Hispanic Blacks,
male patients with hemoglobin <130g/L, female patients
with hemoglobin <120 g/L, patients with end-stage renal
disecase, patients with heavy alcohol use, patients with
hemolytic anemia, athletes, and in those genetically predis-
posed to hyperglycation.>®°

Recently, fructosamine has been tested preoperatively
in patients undergoing elective total joint replacements.?'??
It is a relatively inexpensive test performed using quanti-
tative spectrophotometry.!! Fructosamine measures the
level of glycated serum proteins over a 14- to 21-day
period. The shorter half-life of fructosamine compared to
the HbA | is reflective of the turnover of plasma proteins.
This means that fructosamine can potentially give a better
picture of the rapid changes in blood glucose than HbA,_
can. By more accurately identifying patients with poor
glycemic control, we may be able to decrease surgical site
infections, readmissions, and major complications. Shohat
et al?!?? has previously shown fructosamine =292 umol/L
to be predictive of developing adverse outcomes in arthro-
plasty. In their study, the high fructosamine group had
higher rates of infection, periprosthetic joint infection,
readmission, and reoperation.

To our knowledge, fructosamine testing has not yet been
reported in foot and ankle surgery. We aimed to test the
hypothesis that higher fructosamine levels would be associ-
ated with an increased incidence of postoperative complica-
tions. The purpose of this study was to determine if there is
an association between fructosamine levels and postopera-
tive complications in patients undergoing foot and ankle
surgery. Secondarily, we aimed to identify a preoperative

serum fructosamine value that can serve as a threshold for
adverse outcomes in the perioperative period.

Methods

This study was approved by the university’s institutional
review board. This was a retrospective chart review of all
consecutive patients who underwent foot and ankle surgeries
at 2 level 1 trauma centers from January 2020 to December
2021. Surgeries were performed by one of 3 fellowship-
trained, board-certified foot and ankle orthopaedic surgeons.
Medical records were reviewed to collect patient characteris-
tics, including age, sex, body mass index (BMI), presence
and type of diabetes, insulin dependence, need for dialysis,
and smoking status. Current Procedural Terminology (CPT)
code and laterality were recorded. Inclusion criteria was all
foot and ankle procedures including but not limited to frac-
ture fixation, mass excision, arthroplasty, deformity correc-
tion, and debridement. Adverse outcomes, as well as mortality
rates over 30 and 90days, were assessed. Outcomes of inter-
est were wound dehiscence, superficial infection, deep
infection, readmission, unplanned reoperation, and death.
Exclusion criteria included patients who did not have HbA
or fructosamine levels drawn preoperatively and patients
with age <18 years. Prior to the study, an a priori power
analysis was performed. It was determined that 200 patients
would be needed to detect a clinically meaningful difference
with an alpha level of 0.05 with a power of 0.8.

Statistical Analysis

We described our patients using summary statistics such as
means, SDs, frequencies, and percentages. Independent
2-sample ¢ tests were used to compare variables of interest
between patients with and without postoperative complica-
tions. A receiver operating characteristic (ROC) analysis
was conducted, and the Fl-score incorporating sensitivity
and specificity was calculated to determine a serum fructos-
amine cutoff that best predicts the complication at 30 days
and any time within 90 days postoperatively. Based on the
fructosamine cutoff, multivariable logistic regression was
used to determine whether the serum fructosamine was a
risk factor for the complication when controlling for sex,
BMI, diabetes, and previous infection. A random effect was
added to the logistic regression model to account for possi-
ble dependence between multiple records of the same
patient. We reported an odds ratio (OR), its 95% CI, and the
corresponding P value derived from PROC GLIMMIX in
SAS, version 9.4 (Cary, NC), a commonly used procedure
for the generalized linear mixed effects model.
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Table I. Summary of Characteristic Variables by Whether There Was a Complication During 90 Days Postoperatively.

Complication Within 90d?

No Yes Total
(n=252) (n=61) (N=313) P Value?
Age, y, mean (SD) 50.0 (15.35) 54.1 (14.54) 50.8 (15.26) .093
Sex, n (%) .096
Female 145 (57.5) 27 (44.3) 172 (55.0)
Male 107 (42.5) 34 (55.7) 141 (45.0)
Body mass index, mean (SD) 31.0 (7.15) 29.0 (7.79) 30.6 (7.31) .098
Race, n (%) 702
White/Caucasian 142 (66.0) 25 (78.1) 167 (67.6)
Asian 3(1.4) 0 (0.0 3(1.2)
Black/African American 36 (16.7) 5(15.6) 41 (16.6)
Native American 9 (4.2) I (3.1) 10 (4.0)
Other 25 (11.6) I (3.1) 26 (10.5)
Smoking status, n (%) 490
Former smoker 54 (21.6) 17 (28.8) 71 (23.0)
Never smoker 158 (63.2) 35 (59.3) 193 (62.5)
Current smoker 38 (15.2) 7(11.9) 45 (14.6)
History of diabetes, n (%) .007
No diabetes 156 (61.9) 20 (32.8) 176 (56.2)
Type | diabetes 3(1.2) 4 (6.6) 7(2.2)
Type 2 diabetes 93 (36.9) 37 (60.7) 130 (41.5)
Preoperative infection, n (%) .002
No 216 (85.7) 35 (57.4) 251 (80.2)
Yes 36 (14.3) 26 (42.6) 62 (19.8)
Preoperative fructosamine, mean (SD) 247.2 (53.9) 269.2 (58.9) 251.5 (55.6) .029
>238.5, n (%) 102 (41.6) 42 (70.0) 144 (47.2)
<2385, n (%) 143 (58.4) 18 (30.0) 161 (52.8)

*Boldface indicates significance.

Results

The records of 313 patients [55% (172/313) female; mean
age 50.8years]| undergoing foot and ankle surgery were
reviewed. Of those, 305 patients were tested for HbA
and fructosamine levels preoperatively (within 14 days
of surgery). The mean serum fructosamine level was
251.5 umol/L (SD=55.6). In addition, 43.7% (137/313) of
the patients had diabetes: 41.5% with type 2 (130/313),
and 2.2% (7/313) with type 1.

Within 90days postoperatively, 61 patients [19.4%
(61/313)] experienced a complication (surgical site infec-
tion, wound dehiscence, unplanned return to the operating
room, unplanned readmission, and mortality). Those who
experienced a complication within 90 days had a mean fruc-
tosamine level of 269.2 umol/L (SD=58.9), compared with
the mean fructosamine level of 247.2 umol/L (SD=53.9) in
those who did not (P=.029). The mean HbA |, was 6.15% in
those who did experience a complication, vs 6.86% in those
who did not (P=.004).

Forty-one of these patients had a preoperative diagnosis of
diabetes and 26 of them were diagnosed with preoperative

infection. This was significantly different from the cohort
who did not suffer a complication within 90days of opera-
tion. Age, sex, body mass index, race, and smoking status
were not significantly different between those who had a
complication within 90 days and those who did not (P=.093,
.096, .098, .702, and .490, respectively) (Table 1).

We also looked at 30-day complication specifically.
Within 30days postoperatively, 41 patients experienced a
complication. The fructosamine levels also differed signifi-
cantly between those who experienced a complication at
30days (271.0 umol/L, SD=55.2) and those who did not
(248.5 umol/L, SD=55.1; P=.047). The mean HbA was
6.17% in those who did experience a complication within
30days, vs 7.09% in those who did not (P=.002) (Table 2).

When analyzed as a continuous variable, elevated fruc-
tosamine was predictive of a postoperative complication at
30days (OR=1.01, 95% CI=1.00, 1.010; P=.029) and dur-
ing the entirety of the 90-day postoperative period
(OR=1.006, 95% CI1=1.000, 1.012; P=.047).

We then used 2 different methods to identify a cutoff
value for preoperative fructosamine. The first method we
used was similar to what Shohat et al*2? did. In their total
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Table 2. Summary of Characteristic Variables by Whether There Was a Complication During 30 Days Postoperatively.

Complication Within 30d?

No Yes Total
(n=272) (n=41) (N=313) P Value
Age, mean (SD) 49.8 (15.36) 57.5 (12.89) 50.8 (15.26) .089
Sex, n (%) .099
Female 155 (57.0) 17 (41.5) 172 (55.0)
Male 117 (43.0) 24 (58.5) 141 (45.0)
Body mass index, mean (SD) 30.7 (7.06) 29.4 (8.77) 30.6 (7.31) 310
Race, n (%) .624
White/Caucasian 147 (65.6) 20 (87.0) 167 (67.6)
Asian 3(1.3) 0 (0) 3(1.2)
Black/African American 39 (17.4) 2 (8.7) 41 (16.6)
Native American 10 (4.5) 0 (0) 10 (4.0)
Other 25 (11.2) I (4.3) 26 (10.5)
Smoking status, n (%) A72
Former smoker 61 (22.6) 10 (25.6) 71 (23.0)
Never smoker 167 (61.9) 26 (66.7) 193 (62.5)
Current smoker 42 (15.6) 3(7.7) 45 (14.6)
History of diabetes, n (%) .018
No diabetes 164 (60.3) 12 (29.3) 176 (56.2)
Type | diabetes 5(1.8) 2 (4.9) 7(2.2)
Type 2 diabetes 103 (37.9) 27 (65.9) 130 (41.5)
Preoperative infection, n (%) .003
No 229 (84.2) 22 (53.7) 251 (80.2)
Yes 43 (15.8) 19 (46.3) 62 (19.8)
Preoperative fructosamine, mean (SD) 248.5 (55.1) 271.0 (55.2) 251.5 (55.6) .047
?Boldface indicates significance.
Table 3. Delong’s Test comparing HbA_and Fructosamine.
30-d Complication 90-d Complications
AUC (95% ClI) P Value AUC (95% ClI) P Value
Model with fructosamine 0.941 0.742
(0.914, 0.968) (0.675, 0.809)
Model with HbA 0.950 619 0.727 771

(0.926, 0.974)

(0.658, 0.797)

joint cohort, they found that fructosamine value of
292 umol/L corresponded to the same percentile (94th per-
centile) as the HbA,  cutoff of 7%. In our cohort, we used
HbA,  of 8% as the cutoff because it is widely used by foot
and ankle surgeons in determining surgical candidacy. The
cutoff corresponded to the 85.8th percentile and fructos-
amine value of 295.7 pmol/L.

Alternatively, we also used the ROC curve to determine
what we deemed may be a more statistically sound cutoff.
The optimal fructosamine threshold determined by our
ROC analysis was 238.5umol/L. Patients with fructos-
amine levels greater than 238.5 umol/L are >3 times more
likely to experience a 30-day complication (OR=3.27, 95%

CI=1.60, 6.69; P=.005) and 4 times more likely to experi-
ence a complication within the 90days (OR=4.14, 95%
CI=1.71, 10.05; P=.006). DeLong’s test shows that fruc-
tosamine was non-inferior to HbA,_ in the strength of its
association with the rate of complications within 30 and
90days, adjusting for potential confounders. Of the 176
patients who did not have a preexisting diagnosis of diabe-
tes, 47 (26.7%) of them were found to have a fructosamine
level greater than our threshold of 238.5 umol/L (Table 3
and Figure 1).

We stratified our patient population based on whether
their preoperative glucose control was good vs poor, as sug-
gested by preoperative HbA,_ level. In other words, the
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Figure |. Receiver operating characteristic curve analysis comparing HbA, and fructosamine, at 30 and 90 days.
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Figure 2. Preoperative fructosamine level based on status of
diabetes (0=no diabetes, | =well-controlled diabetes/HbA
<8%, 2=poorly controlled diabetes/HbA, =8%).

patients were grouped into 3 separate categories: those with
no preoperative diagnosis of diabetes as control, those with
diabetes with HbA level <8%, and those with diabetes
with HbA . =8%. The preoperative fructosamine level was
found to be significantly different in all 3 groups according
to 1-way analysis of variance and Tukey post hoc test
(Figure 2).

Discussion

Inadequate glucose control has been associated with increased
postoperative complications and patient mortality in both

nonorthopaedic and orthopaedic surgical procedures.®!#1%22

The impact of diabetes and glucose control has been well
studied in arthroplasty, spine surgery, orthopaedic trauma,
and arthroscopic shoulder surgery.!*+1%1723 Specifically, in
foot and ankle surgery, complicated diabetes and poor long-
term glycemic control (HbA, =8%) is associated with
increased risk of surgical site infection.?* In the present study,
we defined a complication as any of the following: surgical
site infection, wound dehiscence, unplanned return to the
operating room, unplanned readmission, or mortality. The
overall complication rate in the present study [19.5%
(61/313)] was consistent with other studies examining com-
plications in a variety of foot and ankle surgeries.>”!
Currently, HbA _ is widely accepted and used as the pre-
operative screening tool for glycemic control in foot and
ankle surgery. However, it is not without several limitations.
First, HbA, ’s ability to predict complications other than sur-
gical site infection in foot and ankle surgery has not been
well studied thus far. Second, HbA | has been shown to have
lower diagnostic performance in pregnant women, non-His-
panic Blacks, and elderly patients.’ Third, HbA_ is also lim-
ited by its inability to detect short-term variability in blood
glucose. Rather, it reflects an average blood glucose over a
3-to-4-month period. Finally, the HbA  level can be either
falsely elevated or lowered by conditions affecting the life
cycle of the red blood cell, including chronic kidney disease,
chronic alcohol consumption, anemia, and acute blood loss.’
Particularly important to the foot and ankle surgery popula-
tion is chronic kidney disease, as it is highly prevalent in this
surgical population, as well as is an independent risk factor
for adverse outcomes.'® Because HbA, may not capture
rapid fluctuations in plasma glucose, patients may undergo
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elective surgery when they are not truly optimized and are
therefore at higher risk of postoperative complications.
Alternatively, by waiting an additional 3-4 months to attempt
to improve glycemic control and retest HbA , patients may
be subject to unnecessary pain and functional disability
while they await surgical clearance.

Fructosamine is a relatively inexpensive and accessible
adjunct to HbA, . At our institution, fructosamine costs
approximately $30 and results are received within 3-5 days.
Fructosamine is a measure of glycated albumin (among
other glycated proteins) with a half-life of 16.5days. This
shorter half-life relative to HbA, allows fructosamine to
reflect plasma glucose levels over a short to intermediate
time frame of 2-3 weeks.? Shohat et al*? found that elevated
fructosamine was associated with greater risk for develop-
ing periprosthetic joint infection, readmissions, and reop-
erations in patients undergoing arthroplasty. In our study,
we also found that the mean fructosamine level was higher
in patents who experienced a complication within 30 days
as well as 90 days after surgery. Of the other variables, the
presence of diabetes and preoperative infection were also
found to be higher in patients who experienced a complica-
tion, which is to be expected.

Once we identified this association, we sought to
determine an appropriate threshold for serum fructos-
amine that can be used clinically in determining surgical
candidacy. Shohat et al**?! used the HbA | cutoff of 7% to
determine an appropriate fructosamine correlate in per-
centile. According to their methodology, HbA, of 7%
corresponded to serum fructosamine level of 292 umol/L.

30 and 90days.

In contrast, we first performed univariate and multivari-
ate analyses with fructosamine as a continuous variable.
We then found the cutoff using the ROC plot as well as by
mirroring their methodology, which gave us 2 different
values (238.5 vs 295.7 umol/L). We believe that the more
statistically sound methodology was to use the ROC
curve, as this compares the area under the curve of the
HbA,_ and fructosamine and their association with com-
plications. We hypothesized that the method used in the
Shohat et al?!?? paper, which is directing comparing the
percentile of HbA, and fructosamine in one particular
cohort, is more likely to be inaccurate depending on the
nature of the cohort. However, when we retrospectively
analyzed for positive and negative predictive values of
the 2 options for thresholds in our cohort, we found that
the higher cutoff (295.7 umol/L, which was the one iden-
tified using the percentile method) was more accurate.
Specifically, at 30 days, the 295.7-umol/L cutoff was cor-
rect 252 times and incorrect 61 times, whereas the
238.5-umol/L cutoff was correct 190 times and incorrect
123 times. Similarly, within the 90-day period, the
295.7-umol/L cutoff was correct 242 times and incorrect
71 times, whereas the 238.5-umol/L cutoff was correct
192 times and incorrect 121 times. Interestingly, the F1
values calculated for both cutoffs are the opposite of this,
showing that the higher cutoff has lower F1 value for both
at 30 and 90 days (Figure 3). This may be because the data
are not evenly distributed, and are not necessarily contra-
dictory or surprising, as F1 scores may commonly be not
the best index to determine “test accuracy.” Ultimately,
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we believe that in this data set, the higher threshold, or the
one that was higher in positive predictive value, is the
better threshold. In other words, one could argue that the
percentile cutoff is the clinically more accurate cutoff that
should be used if a surgeon were to use fructosamine to
determine perioperative complication risk depending on
glycemic control. However, we are including both of our
methodologies for completeness sake.

The current study has several limitations. The design is
retrospective in nature, subjecting the results to selection
bias, which was mitigated by including all consecutive
patients who underwent foot and ankle surgery using CPT
codes. In addition, we were unable to control for factors that
might influence fructosamine levels. Any condition that
alters protein metabolism like nephrotic syndrome, hepatic
cirrhosis, and thyroid disease may impact the concentration
of glycated proteins, potentially affecting the fructosamine
level.® It is important to note, however, that HbA _ is
affected by the same variables and confounders.

Moreover, because of the limited sample size, we were
unable to perform subgroup analysis. It is likely that various
types of procedures included in this study may have differ-
ent rates of complications. For example, toe amputation for
diabetic foot infection will inherently have higher a rate of
complication than a hardware removal in an otherwise non-
infected bone or total ankle replacement. This fact, however,
does not undermine our data because HbA, and fructos-
amine were compared under the same conditions and were
found to be equally associated with complications. We spe-
cifically made the decision not to exclude patients who had
preoperative infection. This is because a large proportion of
the patient population who undergo foot and ankle surgery
present with preoperative infection, whether that is a septic
joint or diabetic foot. We believe that our results are more
generalizable to the actual clinical population by including
those with preoperative infection. Furthermore, because the
patients with preoperative infection comprised close to 20%
of our total population, we did not want to exclude them in
order to keep our power and sample size sufficient. Further
research in the future will be interesting with more specific
inclusion and exclusion criteria based on surgery types as
well as the presence or absence of preoperative infections.
We still believe that our study holds value in that there is no
other study looking at the association between fructosamine
levels and postoperative complications.

Additionally, we did not analyze the impact of neuropa-
thy on postoperative complications. Neuropathy has been
an independent predictor of postoperative complications
such as surgical site infections and nonunion.'>?42

Finally, it is notable to mention that 47 of 176 (26.7%)
patients without a preexisting diagnosis of diabetes were
found to have fructosamine levels >238.5 umol/L. It is very
possible that at least some of these patients had diabetes but
had not yet been diagnosed with the condition. It is a

limitation of this study that we did not specifically confirm
whether these patients actually had undiagnosed but clini-
cally significant diabetes. But in the future, as fructosamine
becomes more commonly used in clinical settings, we will
definitely consider sending these patients for endocrinology
workup. It will be interesting to conduct further studies to
investigate the role of fructosamine in the initial diagnosis
of diabetes, as well as its correlation with the HbA, .

Despite these limitations, our study is, to our knowl-
edge, the first to examine the relationship between serum
fructosamine level and surgical outcomes in foot and ankle
surgery. We believe that fructosamine may be a useful
marker of perioperative glucose control in patients under-
going foot and ankle surgery. As previously discussed,
there are several potential advantages of using fructos-
amine in addition to HbA | , which warrants further investi-
gation into its clinical utility. Although we have shown that
elevated fructoasmine levels are associated with postopera-
tive complications in foot and ankle surgery.
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