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Perioperative hyperglycemia and
postoperative periprosthetic joint
infection (PJI) after total knee and hip
arthroplasty

Abstract

Background: The quantitative relationship based on infection after total joint arthroplasty and peri-
operative blood glucose levels are not fully discussed.

Hypothesis: The purpose of this study was to find the relationship between peri-operative
hyperglycemia and infection after total joint arthroplasty by suggesting a cut-off value over which were
the risk factor for postoperative infection.

Materials and Methods: A total of 234 patients (209 women, 25 men) who underwent total knee or
hip arthroplasty from October 2012 to March 2014 met the inclusion criteria. There were 78 total knee
arthroplasty (TKA) and 158 total hip arthroplasty (THA) cases. Of all, 33 had a history of diabetes mellitus
(DM). We had followed up for a minimum of 1year postoperatively. The blood glucose levels for two days
postoperatively before each meal and the fasting blood glucose (FBG) levels at 1, 2 and 3 weeks after

surgery in the morning were measured and compared between the infected and non-infected groups.

Results: Higher preoperative HbA1c levels over 7.0 mg/dL, the blood glucose levels at two days over
200 mg/dL, and the FBG levels at one week over 140 mg/dL was higher infection rate after TJA than any

other factors.

Discussions: FBG levels should be monitored cautiously and we treated tight to maintain the blood
glucose level under such cut-offs.

Introduction

Peri-prosthetic joint infection (PJI) is not only a serious
individual health problem requiring long-term use of
antibiotics or sometimes staged-revision surgery, but also a
serious public health problem increasing national healthcare
cost [1,2] as well. Diabetes mellitus (DM) is known to be one
of the risk factors for PJI and its prevalence is on an increasing
trend in the general population [3]. There are some reports
showing the relationship between postoperative glucose levels
and postoperative infections in the field of cardiothoracic
surgery [4-7]. These studies suggested that postoperative
hyperglycemia might be one of the risk factors for postoperative
infection or wound complications in the cardiothoracic surgery.
Therefore, we hypothesized that post-operative hyperglycemia
might be also one of the risk factors of PJI. However, the
quantitative relationship between the peri-operative blood
glucose levels and PJI has not been fully established.

The aim of this study is to find the relationship between
peri-operative hyperglycemia and PJI.

Materials and Methods

This retrospective cohort study was approved by our
institutional review board. A total of 234 patients (209
women, 25 men) underwent TKA or THA from October 2012
to March 2014 at our institution. Patients were excluded if
they underwent revision surgery. There were 78 patients who
underwent TKA and 156 patients who underwent THA. There
were 32 one stage bilateral and 46 unilateral TKA cases, and 14
one stage bilateral and 142 unilateral THA cases. Table 1 shows
baseline data for all patients. The diagnosis in TKA patients
was osteoarthritis in 75 patients and rheumatoid arthritis in 3
patients. The diagnosis in THA patients was osteoarthritis in
149 patients, osteonecrosis of the femoral head in 4 patients,
femoral neck fracture in 1 patient, rheumatoid arthritis in
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1 patient and epiphyseal dysplasia in one patient. The mean
preoperative C-reactive protein levels were 0.25+0.5 mg/dL
(range; 0 to 4.34 mg/dL). All patients were followed up for a
minimum of 1year postoperatively.

Of the 234 patients, 32 (14.0%) had a history of type II DM
before surgery. Preoperatively, the fasting blood glucose (FBG)
levels and plasma hemoglobin Aic (HbAic) were measured
within two months before surgery. Three patients (9.4%) of
the 32 DM patients required insulin control of diabetes, 24
patients (75.0%) in oral medicine and 5 patients in diet only.
Table 2 shows the diabetes-related characteristics.

All operations were performed in the same ISO class 5
room (ISO; the International Organization for Standardization)
with laminar airflow. All TKA were undertaken using a
midline incision and a para-patella approach. 112 THAs were
undertaken using posterior approaches and the remaining 44
THAs were undertaken using antero-lateral approaches. 231
of 236 surgeries were performed under general and epidural
anesthesia at our institution. The mean surgical times in both
THA and TKA were 111.1+39.0 minutes. The mean tourniquet
times in TKA were 99.6+34.6 minutes. After surgery, we used
closed suction drains and retained for less than 24hours.
Every patient received intravenous antibiotics (cefazolin) for
two days postoperatively. Every patient restarted to eat next
morning after the operations.

We measured the blood glucose levels for two days
postoperatively before each meal for all patients who underwent
TKA and THA using self-monitoring of blood glucose (SMBG)
meters (ARKRAY, Co., Ltd., Tokyo, Japan). We took their blood
and measured the fasting blood glucose (FBG) levels at 1,2 and
3 weeks after operations. We used the rapid-acting insulin
according to our protocol of sliding scale insulin when the
blood glucose levels before each meal were over 200 mg/dL for
two days postoperatively. We used 4 units of the rapid-acting
insulin from 200 to 250 mg/dL, 6 units from 250 to 280 mg/dL,
8 units from 280 to 300 mg/dL, and 10 units over 300 mg/dL.

Table 1: Patients Characteristics.

Characteriti

Mean age 67.0£10.8 years

Body mass index (BMI) 24.6+4.0 mg/kg?
Male 25 / Female 209
THA 156/ TKA 78

Bilateral 14 / Unilateral 142

Sex (patients)

Total joint arthroplasty (patients)
THA (patients)
TKA (patients) Bilateral 32 / Unilateral 46

Table 2: Diabetes-related characteristics.

Diabetes-related characteristic

No. of Diabetes patients 32 patients (14.0%)

Diet only 5
Oral medicine 24
Insulin treatment 3

6.7+0.7 ma/dL

Diabetes therapy (Patients)

Hemoglobin A1C level

Fasting blood glucose level 114.3+30.5 mg/dL

PJI was diagnosed based on the criteria for defining a
surgical site infection (SSI) [8]. For data analysis, first, the
patterns of the blood glucose levels for these two days and
FBG levels at 1, 2 and 3 weeks after operation were identified
for each patient, and the blood glucose levels were compared
between the infected and non-infected groups. Second, the risk
factors of PJI were investigated.

All statistical analyses were performed in Ekuseru-Toukei
2012 (Social Survey Research Information Co., Ltd., Tokyo,
Japan). Correlations were considered significant when the p
value was less than 0.05. Correlations among the comparison
of the background between the infected group and the non-
infected group were determined using Wilcoxon rank sum test
and Fisher’s exact test. Correlations among the blood glucose
levels between in the infected group and in the non-infected
group were also determined using Wilcoxon rank sum test and
Fisher’s exact test.

Results

The overall incidence of PJI among the 234 patients was 1.2%
(n=3). All three PJI (two women, one men), occurred after TKA.
One woman underwent TKA of the right side due to the primary
osteoarthritis. She had required insulin control of diabetes. On
64th days after the operation, her knee was swollen and became
red and inflamed. Her fluid samples were negative on culture,
but we made a diagnosis of PJI in view of the abscess like white
cloudy fluids, elevated the C-reactive protein and erythrocyte
sedimentation rate levels. Open debridement with retention
of the implant was undergone once. Finally, PJI was under
control. Another woman underwent bilateral TKA due to the
primary osteoarthritis. She had required oral medicine control
of diabetes. On 137™ days after the operation, her right knee
was swollen and became red and inflamed. Her fluid samples
were positive on culture, Streptococcus agalactiae. Open
debridement with retention of the implant was also undergone.
Finally, PJI was under control. One man underwent unilateral
TKA due to the rheumatoid arthritis. He had no history of DM
or other complications. He took 5mg prednisolone per day. On
30th days after the operation, his left knee was swollen, and
sinus tract was communicated with the prosthesis. His fluid
samples were positive on culture, Staphylococcus Aureus. We
made a diagnosis of PJI in view of the organisms isolated from
an aseptically obtained culture and the existence of the sinus
tract. Open debridement with retention of the implant was
also undergone twice, but the infection was not under control.
Finally, the amputation was required for the treatment of an
infected TKA implant with life-threatening systemic sepsis.

Table 3 shows that the comparison of the background
between the infected group and the non-infected group. In this
study, the rate of PJI was significantly higher in patients with
higher preoperative FBG values in TKA patients. Blood glucose
levels for the two postoperative days tended to be higher in
the infected than in the non-infected group, although the
differences were not statistically significant (Figure 1). FBG
levels at 1 week after operation also tended to be higher in
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the infected than the non-infected group. In particular, the
blood glucose levels in the afternoon of Day 1 were 227.0+8.5
mg/dL in the infected group and 159.4+46.6 mg/dL in the
non-infected group, but there was no significant difference.
(p=0.06, Wilcoxon rank sum test).

We compared the likelihood of PJI in patients with blood
glucose levels before each meal in two days postoperatively
and with FBG levels at one week postoperatively. In this
study, the rate of PJI was also higher when the postoperative
maximum blood glucose levels before each meal were over
200 mg/dL in the two days postoperatively and the FBG levels
were over 140 mg/dL at one week after operation. (p=0.02 and
0.006, respectively, Fisher’s exact test) (Tables 4,5). When we
compared infection rates for patients with maximum blood
glucose levels over 200 mg/dL in the two days postoperatively
and the FBG levels over 140 mg/dL at one week after operation
with others, the infection rate was 22.2% (2/9 patients) in the
former compared to 0.4% (1/226 patients) in the latter. This
was a significant difference. (p=0.004, Fisher’s exact test)
(Table 6).

Table 3: The comparison of the background between the infected group and the
non-infected group.

- THAITKA' _BMI_ Preoperaive FBG* HbATe+

Infected (n=3) 63.7+4.2 0/3  26.1%43 1343500  6.7+1.1
Non-infected ¢ 0115 30  154/75 245:¢42  962:164  5840.6
(n=231)
P value 0.39 0.05 0.04 0.48 0.02 0.12

* Wilcoxon rank sum test ** Fisher's exact test

......
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Figure 1: Pattern of FBG levels between the infected group (spot line) and non-
infected group (solid line).

Table 4: Cross-sectional analysis results with maximum blood glucose levels before
each meal in two days postoperatively.

—m Rate ofnfection

Max blood glucose levels 2200 5.2%

Max blood glucose levels<200 0 173 0%

Table 5: Cross-sectional analysis results with fasting blood glucose levels at one
week postoperatively.

‘ Infection + ‘ Infection - ‘ Rate of infection
FBG at 1 week =140 2 9 22.2%
FBG at Tweek <140 1 222 0.45%

Table 6: Cross-sectional analysis results with fasting blood sugar values
postoperatively.

‘Infection +‘ Infection - i i

Max blood glucose =200 and FBG at 1

week =140 7 22.2%
others 1 224 0.4%
Discussion

The number of DM patients who need to undergo THA or
TKA have been increasing [9]. As many literatures have stated
the associations between the postoperative infections and DM
or a high level of HbA1c in the field of cardiothoracic surgery
[4-7], it was also reported that the patients that underwent
total joint arthroplasty with DM had a significantly higher risk
of postoperative PJI than that of the patients without DM [10-
15]. For example, Hwang et al. reported that the patients with
the preoperative blood glucose levels >200 mg/dL and HbA1c
levels >8.0 mg/dl were at the risk for wound complications
after total knee arthroplasty [13]. Tarabichi et al. reported that
the HbAic level over 7.7 mg/dL was associated with a higher
risk of postoperative PJI [15]. Although it has been reported
that it is important to control the postoperative glucose levels
to decrease the rate of PJI [10], there are few reports about the
association with hyperglycemia and PJI. This motivated us to
study the postoperative blood glucose levels after TJA.

The highlight of our study was first that the peri-operative
blood glucose values at Day 1 and 2 were tended to be higher
in infected patients than those of the non-infected group, and
the average blood glucose levels increased to about 200 mg/dL
in the afternoon of Day 1 and 2 in the infected group. It also
showed that PJI patients were higher blood glucose level at 1
week after operation than not-infected patients.

Two reports about the relationship between the
hyperglycemia and the postoperative PJI were introduced
as follows [14,16]. Stryker et al. [14], reported that patients
with a mean postoperative glucose >200 mg/dL are at the
risk for wound complications after total joint arthroplasty.
Mraovic et al. reported the perioperative blood glucose levels
at Day 1 morning in infected patients who underwent TJA were
significantly higher than that in not-infected patients [16].
Mravoic also reported the glucose values at Day 1 morning over
200mg/dL was a significant risk factor for infection with an
over two-fold increased rate of the infection comparing with
the glucose levels under 200ml/dL [16].

Compared with these literatures we introduced, the blood
glucose levels in the afternoon were higher than that in the
morning and evening in the infected group from the figure in
our study. Moreover, there was only one patient with the blood
glucose levels over 200 mg/dL at Day 1 morning and that patient
was not infected. From those results, we hypothesized that it
would be more important to measure the blood glucose levels
in the afternoon than in the morning. Our study suggested that
the postoperative blood glucose level over 200 mg/dL in the
afternoon at Day 1 and 2 was a predictive factor of PJI.

Most investigators rarely pay attention to the glucose level
after one week postoperatively although they pay attention to
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the glucose levels within a few days postoperatively in many
literatures [4,5,12,14,16]. However, the FBG level at 1 week of
more than 140 mg/dL might be associated with a higher risk of
a postoperative PJI from our results.

Though many literatures have stated the associations
between the postoperative infections and a high level of HbA1c
[4-7,14-16], HbA1c values had a possibility of inaccurate data
with patients suffered from anemia and hemoglobinopathies
due to abnormal red blood cell turnover [14]. It might be better
to monitor HbA1c levels preoperatively and to check the blood
glucose levels postoperatively to know the risk of PJI. We
recommend that we may have to monitor the glucose levels for
more weeks when the blood glucose levels were at Day 1 and 2
over 200 mg/dL and the FBG levels at 1 week over 140 mg/dL.

The reasons the hyperglycemia was affected the increasing
to the infected patients had been reported that acute and
short-term hyperglycemia affects all major components of
innate immunity and impairs the ability of the host to combat
infection [17]. Hyperglycemia included reduced neutrophil
activity (e.g. chemotaxis, formation of reactive oxygen species,
phagocytosis of bacteria) [17]. To reduce SSI, we had thought to
have to control the postoperative blood glucose levels strictly
before [18]. However, in Nice Sugar Study [19], it was reported
that intensive glucose control increased mortality among adults
in the ICU: a blood glucose target of 180 mg/dL or less resulted
in lower mortality than did a target of 81 to 108 mg/dL. It was
concluded conventional glucose control, a blood glucose target
of 180 to 200 mg/dL, decreased mortality. From our results
and Nice Sugar Study, we had monitored and controlled the
perioperative blood glucose levels less than 200 mg/dL in view
of the mortality and SSI. We considered the reasonable target
of blood glucose levels less than 200 mg/dl postoperatively
from the perspective of lower mortality and infection.

There were some limitations in our study. First, we did not
do a multivariate analysis because of the small number of the
subjects. So, this was a preliminary study. Second, we performed
the retrospective study of data from our hospital record. Our
study may be subject to selection bias. The percentage of THA
was much more than that of TKA in our study. And, the most
patients were female and low BMI in our cohort. The infection
rate may change if even the ratio of THA and TKA or the ratio
of sex or high BMI were changed. However, we believe that
selection bias was reduced by consecutive enrollment of the
study patients.

In the future, a larger size of patients included in infected
patients will be needed in this study. Further study will be
needed. Moreover, blood glucose is usually measured at fixed
time points, but this does not enable continuous assessment
of postoperative fluctuations. To measure postoperative
fluctuations in blood glucose will needed in the future.

The conclusions of the present study suggest that it is
important to monitor blood glucose levels, especially in
patients with postoperative blood glucose levels more than
200 mg/dL in two days after operation and postoperative blood
glucose levels more than 140 mg/dL at 1week after operation.
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