ORIGINAL PAPER

Nagoya J. Med. Sci. 84. 286-300, 2022
doi:10.18999/nagjms.84.2.286

Changes in perioperative C-reactive protein levels in patients
with rheumatoid arthritis undergoing total knee arthroplasty
in the biologic era

Kenji Kishimoto', Shuji Asai', Nobunori Takahashi', Kenya Terabe',
Yasumori Sobue'?, Tsuyoshi Nishiume'?, Mochihito Suzuki!,
Naoki Ishiguro'* and Toshihisa Kojima'

'Department of Orthopedic Surgery, Nagoya University Graduate School of Medicine, Nagoya, Japan
2Department of Orthopedic Surgery, Japanese Red Cross Nagoya Daiichi Hospital, Nagoya, Japan
’Department of Orthopedic Surgery, Okazaki City Hospital, Okazaki, Japan
“Aichi Developmental Disability Center, Kasugai, Japan

ABSTRACT

This study aimed to investigate changes in and factors associated with perioperative serum C-reactive
protein (CRP) levels in rheumatoid arthritis (RA) patients undergoing total knee arthroplasty (TKA) in
the biologic era. A total of 173 patients (228 knees) with RA underwent elective primary TKA at our
institute between January 1, 2006 and December 31, 2018. Of these, 214 cases among 161 patients were
examined in this retrospective study after excluding 3cases among 3 patients who developed postopera-
tive complications and 11 cases among 9 patients who were treated with tocilizumab. Factors associated
with changes in CRP levels between baseline (preoperative) and day 7 after TKA [ACRP (0-7days)]
were assessed by multiple regression analysis. Median (interquartile range) CRP levels were 0.69 (0.21,
1.82) mg/dl preoperatively, 5.66 (4.21, 7.61) mg/dl on postoperative day 1, 12.75 (9.79, 16.74) mg/dl on
postoperative days 3—4, 3.26 (2.21, 4.85) mg/dl on postoperative day 7, and 0.87 (0.45, 1.81) mg/dl on
postoperative day 14. Multivariate regression analysis revealed that body mass index >25 [partial regres-
sion coefficient (B)=1.03, P=0.012] and use of glucocorticoids (B=-0.86, P=0.017) were independently
associated with ACRP (0-7days), whereas use of methotrexate and targeted drug modifying antirheumatic
drugs and preoperative CRP levels (an objective biomarker of RA activity) were not. In conclusion, serum
CRP levels increased rapidly after TKA and peaked on postoperative days 3-4, followed by a return to
preoperative levels by postoperative day 14 in patients with RA. Obesity and the use of glucocorticoids
were independently associated with changes in CRP levels.
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MTX: methotrexate
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DMARD:s: drug modifying antirheumatic drugs
BMI: body mass index

GCs: glucocorticoids

MMP3: matrix metalloproteinase-3

IQRs: interquartile ranges
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INTRODUCTION

Orthopedic procedures are performed in patients with rheumatoid arthritis (RA) who have
functional disability due to severe joint destruction.' Total knee arthroplasty (TKA), a common
orthopedic procedure, improves function and pain in patients with RA, as well as those with
osteoarthritis (OA).? Patients with RA are at high risk of postoperative complications, including
surgical site infection (SSI), after TKA.> According to previous studies, the rate of SSIs after
TKA was 3-fold higher in patients with RA compared to those with OA due to immune disorders
from RA itself and anti-rheumatic drug use.*® Orthopedic SSIs are associated with substantial
morbidity and prolonged hospital stays, resulting in an economic burden on both patients and
society.® SSIs after TKA are difficult to treat, and thus their early detection is crucial for reducing
the severity and duration of infection.

C-reactive protein (CRP) is an acute phase reactant synthesized in the liver in response to pro-
inflammatory cytokines [eg, interleukin-6 (IL-6)],” and is widely used as an indicator of infection.
Tissue damage and SSIs can increase serum CRP levels in patients undergoing major surgery,®®
and thus distinguishing between the two is difficult. Changes in perioperative CRP levels without
SSIs may allow for the assessment of increases in CRP levels owing to SSIs. In addition, RA
activity and antirheumatic drugs may influence perioperative CRP levels in RA patients since RA
is a systemic inflammatory disease and antirheumatic drugs have anti-inflammatory effects. Treat-
ment strategies for RA have greatly advanced over the last few decades, and aggressive therapies
including methotrexate (MTX) and biologics have enabled more patients to achieve a controlled
disease state. We recently reported that preoperative CRP levels showed a significant decreasing
trend with more aggressive treatment with MTX and biologics in RA patients undergoing total
joint replacement.!® While a number of studies have examined changes in CRP levels after TKA
in RA patients, those studies were conducted before the biologic era'"'> and did not address the
impact of RA activity and antirheumatic drugs on perioperative CRP levels.

This study aimed to investigate changes in perioperative serum CRP levels in RA patients
undergoing elective primary TKA in the biologic era. We also examined the influence of patient
characteristics, including preoperative CRP levels (an objective biomarker of disease activity in
RA), and drugs used to treat RA on perioperative CRP levels.

MATERIALS AND METHODS

Subjects
A total of 173 RA patients (228 knees) underwent elective primary TKA at our institute
between January 1, 2006 and December 31, 2018. All patients met the 1987 American College
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of Rheumatology (ACR) classification criteria'®> or the new ACR/European League Against
Rheumatism (EULAR) diagnostic criteria.'* A flow chart of case selection is provided in Figure
1. Given our focus on assessing perioperative changes in CRP levels, we excluded 3 cases
among 3 patients who developed perioperative infections (1 SSI and 2 urinary tract infections)
because perioperative infections are known to affect serum CRP levels.” Moreover, given that
tocilizumab (TCZ), a monoclonal anti-IL-6 receptor antibody, is known to decrease serum CRP
levels by inhibiting IL-6 even after surgery,'>!® we excluded 11 cases among 9 patients who
were treated with TCZ. Thus, the final study population for this retrospective study consisted
of 214 cases among 161 patients.

This study was approved by the Ethics Committee of the Nagoya University Graduate School
of Medicine (2018-0260) and complied with the principles set forth in the Declaration of Helsinki.
Informed consent was obtained by an opt-out procedure. Subject anonymity was maintained
during data collection, and the security of personal information was strictly controlled.

Primary TKA between 2006 and 2018
228 cases, 173 patients

Excluded: 14 cases, 12 patients
Perioperative infections: 3 cases, 3 patients
Surgical site infection: 1 case, 1 patient
-Urinary tract infection: 2 cases, 2 patients
Treated with tocilizumab: 11 cases, 9 patients

y

Analyzed
214 cases, 161 patients

Fig. 1 Flowchart of patient selection
TKA: total knee arthroplasty

Surgical method and perioperative management

All TKAs were performed with an inflated tourniquet under general anesthesia. Femoral,
tibial, and patellar components (Nexgen, Zimmer Inc., Warsaw, IN, USA) were fixed using
polymethylmethacrylate cement. An intra-articular suction drain was used for 1-2 days, and
intravenous antibiotics were administered for 2 days after TKA. Postoperatively, full weight
bearing was allowed after drain removal depending on the degree of pain. MTX and targeted
drug modifying antirheumatic drugs (DMARDs) were typically withheld for one dosing interval
before surgery, and restarted postoperatively if the surgical wound was healing and there were
no local or systemic signs of infection.

Data collection

Demographic and clinical data of patients at the time of TKA were retrospectively collected
from clinical records, and included the following: age, sex, body mass index (BMI), diabetes,
disease duration of RA, use of MTX, glucocorticoids (GCs), and/or targeted DMARDs, serum
matrix metalloproteinase-3 (MMP3) levels, surgery time, and amount of intraoperative blood loss.
Data on serum CRP levels before and 1, 3—4, 7, and 14 days after TKA were also retrospectively
collected. For postoperative day 7 and day 14 assessments, a margin of +1 day was allowed.
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Statistical analysis

Continuous variables are expressed as median and interquartile ranges (IQRs), while categorical
variables are expressed as percentages. Previous studies showed that serum CRP levels were still
higher at 1 to 2 weeks after TKA in patients with postoperative complications (eg, SSIs) than
in those without,>'” and that serum CRP levels in most patients without complications return
to preoperative levels by 2 weeks after surgery.'® A recent study found no significant difference
in CRP levels during the first 5 days after TKA between patients with early prosthetic joint
infection and those without." Hence, subgroup analyses were also performed in which changes
in CRP levels from baseline (preoperative) to postoperative day 7 [ACRP (0-7days)] were
compared according to the following variables using the Mann-Whitney U test: use of MTX
[MTX (+/-) groups], GCs [GC (+/-) groups], and/or targeted DMARDs [targeted DMARD
(+/-) groups], and preoperative CRP levels (>1.0 mg/dl [CRP (+) group] vs <1.0 mg/dl [CRP
(-) group] based on ACR/EULAR remission criteria). Factors associated with ACRP (0-7days)
were assessed by multiple regression analysis with the above described variables, as well as the
following variables at the time of TKA: age (265 vs <65 years), sex, BMI (225 vs <25, based
on the cut-off point for obesity in Japan), diabetes, disease duration (>10 vs <10 years), serum
MMP-3 levels [ <121.0 (male) and 59.7 (female) ng/ml vs >121.0 (male) and 59.7 (female) ng/
ml, based on normal upper limit), surgery time (2120 vs <120 minutes, based on the median
time), and amount of intraoperative blood loss (270 vs <70 ml, based on the median amount).

Statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).?® P<0.05 was considered statistically significant.

RESULTS

Demographic and clinical characteristics

Table 1 summarizes the demographic and clinical characteristics of the 214 cases among
161 patients included in the study. Among the analyzed cases, 137 (64%) received MTX at a
median (IQR) dose of 8 (6, 8) mg/week, 109 (51%) received GCs at a median (IQR) dose of
5 (3, 5) mg/day, and 72 (34%) received targeted DMARDs (ie, etanercept, 41; infliximab, 14;
adalimumab, 4; golimumab, 5; abatacept, 7; tofacitinib, 1). The median (IQR) preoperative CRP
level was 0.69 (0.21, 1.82) mg/dl.
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Table 1 Demographics and clinical characteristics

Characteristics Total (n=214)
Age, years 65 (61, 71)
Female, % 84

Body mass index 23 (20, 26)
Disease duration, years 12 (7, 20)
Diabetes, % 6

Use of methotrexate, % 64

Methotrexate dose, mg/week* 8 6, 8)
Use of glucocorticoids, % 51

Glucocorticoid dose, mg/day* 5 3, 5)
Use of targeted DMARDs, % 34

Preoperative CRP, mg/dl 0.69 (0.21, 1.82)
Preoperative MMP3, ng/mlt 166 (91.6, 835)
Surgery time, min 119 (102, 135)
Intraoperative blood loss, ml 71 (31, 133)

Data are presented as median values (interquartile range) or percentages.
*Median among subjects receiving the drug.

tData were available for 202 cases.

DMARD:s: disease modifying antirheumatic drugs

CRP: C-reactive protein

MMP3: matrix metalloprotease 3

Changes in perioperative CRP levels

Changes in perioperative CRP levels are shown in Figure 2. Among the analyzed cases, 3
(1.3%) had disease flares within 1week after TKA. Serum CRP levels on postoperative days 1,
3-4, 7, and 14 were available for 203, 192, 151, and 119 cases, respectively. CRP levels increased
from postoperative day 1, peaked on postoperative days 3—4, and then returned to preoperative
levels by postoperative day 14. Median (IQR) CRP levels were 5.66 (4.21, 7.61) mg/dl, 12.75
(9.79, 16.74) mg/dl, 3.26 (2.21, 4.85) mg/dl, and 0.87 (0.45, 1.81) mg/dl on postoperative days
1, 3-4, 7, and 14, respectively. A case with SSI was more likely to have higher CRP levels on
postoperative days 3-4 to 14 relative to those without SSIs (Supplementary Fig. la). Increases
in CRP levels were suppressed during the perioperative period in patients treated with TCZ
(Supplementary Fig. 1b).
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Fig. 2 Changes in C-reactive protein (CRP) levels after total knee arthroplasty (TKA)
The box plot shows the median value (central line) and 25th and 75th percentiles (horizontal lines); whiskers
indicate minimum and maximum values; and circles represent outliers.

Factors associated with perioperative CRP levels

Factors associated with change in perioperative CRP levels were analyzed in 151 cases among
123 patients from whom data for serum CRP levels were available on postoperative day 7.
There were no significant differences in most baseline characteristics, except for MTX dose and
preoperative CRP levels, between the analyzed cases and those excluded due to missing data
(Supplementary Table 1).

A significantly lower ACRP (0-7days) was observed in the GC (+) group (n=74) relative to
the GC (-) group (n=77) [median (IQR), 2.07 (1.14, 3.05) vs 2.99 (1.39, 4.22), P=0.015] (Fig.
3b), and in the CRP (+) group (n=49) relative to the CRP (-) group (n=102) [median (IQR),
2.66 (1.6, 4.04) vs 2.05 (0.49, 3.37), P=0.017] (Fig. 3d). There was no significant difference in
ACRP (0-7days) when stratified by use of MTX and targeted DMARDs (Figs. 3a, 3c). Partial
regression coefficient (B) for ACRP (0-7days) was calculated using multiple regression analysis.
Preoperative CRP and MMP-3 levels were entered separately as variables in Models 1 and 2,
respectively, in order to avoid multicollinearity. BMI >25 (B=1.03, P=0.012) and use of GCs
(B=-0.86, P=0.017), but none of the other assessed variables, were independently associated with
ACRP (0-7days) in Model 1 (Table 2). Similar results were observed in Model 2 (Supplementary
Table 2). In addition, multiple regression analysis was performed in 101 cases among 85 patients
from whom data for serum CRP levels were available on at all time points (ie, preoperative,
postoperative days 1, 3-4, 7, and 14 after surgery) (Supplementary Table 3). BMI >25 was
independently associated with ACRP (0-7days) (B=1.35, P=0.011), and use of GC tended to be
so (B=-0.81, P=0.070).
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Fig. 3 Perioperative changes in C-reactive protein (CRP) levels
Changes in serum CRP levels from O to 7 days after total knee arthroplasty (TKA) [ACRP (0-7days)] stratified
by (a) use of methotrexate (MTX), (b) use of glucocorticoids (GCs), (c) use of targeted DMARDs (t-DMARDs),
and (d) preoperative CRP levels. Data were compared using the Mann-Whitney U test.
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Table 2 Factors associated with changes in serum CRP levels from day O (preoperative) to day 7 after total
knee arthroplasty

B (95% CI) SE B P value
Intercept 3.18 (1.67, 4.68) 0.76 3.16 <0.001
Age, 265 years -0.23 (-0.95, 0.49) 0.37 -0.05 0.530
Female 0.14 (-0.85, 1.14) 0.50 0.02 0.774
Body mass index, >25 1.03 (0.22, 1.83) 0.41 0.22 0.012
Diabetes -0.67 (-2.19, 0.85) 0.77 -0.07 0.384
Disease duration, 210 years 0.56 (-0.21, 1.32) 0.39 0.12 0.151
Use of methotrexate -0.52 (-1.28, 0.24) 0.38 -0.11 0.180
Use of glucocorticoids -0.86 (-1.57, -0.16) 0.36 -0.19 0.017
Use of targeted DMARDs -0.21 (=0.96, 0.53) 0.38 -0.05 0.568
Preoperative CRP, >1 mg/dl -0.68 (-1.45, 0.10) 0.39 -0.14 0.086
Surgery time, 2120 min 0.26 (-0.50, 1.01) 0.38 0.06 0.503
Intraoperative blood loss, >70 ml -0.42 (-1.20, 0.36) 0.40 -0.09 0.292

B: partial regression coefficient

CI: confidence interval

SE: standard error

B: standardized partial regression coefficient
DMARDs: disease modifying antirheumatic drugs
CRP: C-reactive protein

DISCUSSION

In this study, we found that serum CRP levels changed after primary TKA in RA patients.
Serum CRP levels are known to increase in response to tissue damage after major orthopedic
surgery and RA synovitis. A recent study also demonstrated changes in perioperative CRP levels
in 40 joints of RA patients who underwent orthopedic surgery.'> Given the variability in degree
of changes in perioperative CRP levels by type of surgery, evaluation by type of surgery could
provide meaningful information.® The present study, which had a large sample size and focused
on elective TKA, found that serum CRP levels increased from postoperative day 1, peaked on
postoperative days 3—4, and then returned to preoperative levels by postoperative day 14. Obesity
and use of GCs were independently associated with these changes, whereas use of MTX and
targeted DMARDs and preoperative CRP levels were not.

A number of studies have examined changes in CRP levels after primary TKA in patients
with OA.32122 Curves depicting perioperative CRP levels were similar across all of these studies,
with levels peaking on postoperative days 2-3 followed by a rapid fall to preoperative levels
by 2-3 weeks postoperatively, although the amplitude of the curves varied. A similar curve
was observed for RA patients in this study, although the peak timing in CRP levels after TKA
was shifted. This difference in peak timing may be due to differences in the timing of data
collection, since serum CRP data were not available for postoperative day 2. Previous studies
conducted before the biologic era also reported similar CRP curves after TKA in RA patients,
despite higher preoperative CRP levels compared to the present study.''* Moreover, consistent
with a previous study,? there was no association between preoperative CRP levels and changes
in serum CRP levels. Taken together, serum CRP levels after TKA appear to be less affected
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by RA activity than surgical invasion.

Among the entire study population, only one case had an SSI postoperatively. In that case,
serum CRP levels were high during the postoperative period and did not normalize to preoperative
levels by postoperative day 14. Similar to this finding, a previous study also reported on a patient
who had a deep infection post-TKA and high CRP levels even after 21 days postoperatively.*
Another study, which included patients who underwent total knee or hip arthroplasty, found that
serum CRP levels peaked at 1 and 2 weeks after surgery among patients with postoperative
complications, including SSIs.” These findings collectively suggest that a serious complication
should be suspected if serum CRP levels remain high at 1-2 weeks after TKA.

GCs suppress inflammation, and have been used for decades to treat RA. The rise in CRP
levels after total knee or hip arthroplasty has been shown to be slightly weaker in RA patients
administered GCs daily compared to those not administered GCs.>® According to recent random-
ized controlled studies, administering GCs preoperatively reduced the postoperative elevation
of CRP levels in patients with OA.?® These prior reports support our finding that use of GCs
was inversely associated with the elevation of serum CRP levels after TKA. In contrast, use of
targeted DMARDs other than TCZ was not associated with changes in serum CRP levels after
TKA. This finding is also consistent with that reported in a previous study showing no significant
difference in changes in CRP levels after orthopedic surgery between patients treated with tumor
necrosis factor inhibitors and conventional synthetic DMARDs."”> ACR guidelines recommend
withholding biologics for one dosing cycle prior to total knee and hip arthroplasty until wound
healing.?’” Notably, TCZ suppressed the elevation of CRP levels after surgery despite preoperative
withholding in the present study as well as in previous studies.'>!'® Based on the above, we
conclude that withholding targeted DMARDs other than TCZ, especially biologics, according
to ACR guideline recommendations has no major impact on postoperative serum CRP levels.

Obesity is another factor that was associated with the elevation of serum CRP levels after
TKA. In the general population, a greater BMI is associated with higher serum CRP levels,
especially among females.”® Adipose tissue has been shown to produce IL-6, which promotes
CRP production in the liver, in obese individuals.?> Moreover, obesity is associated with higher
serum CRP levels in female, but not male, RA patients.*® In the present study, obesity increased
postoperative serum CRP levels, possibly because over 80% our cases were female.

Procalcitonin, a peptide hormone, has been used as a biomarker for the diagnosis of bacterial
infection.’® MMP-3 and inflammatory cytokines, such as IL-6, are potential biomarkers for disease
activity of RA.3>** Those biomarkers are not measured frequently during the perioperative period
because of high cost. By contrast, measurement of serum CRP levels is relatively inexpensive
and performed frequently in clinical practice. Frequent measurement during the perioperative
period should be advantageous for early detection of SSI.%%23

This study has some limitations worth noting. First, since this was a retrospective study using
data obtained in clinical settings, data on CRP levels were collected only at limited time points.
Assessment of serum CRP levels at more time points may provide better resolution of the changes
in perioperative serum CRP levels. Second, 63 (29%) cases were excluded from the analysis
of factors associated with changes in serum CRP levels due to missing data on postoperative
day 7, and the excluded cases had higher preoperative CRP levels than the analyzed cases.
This difference may have influenced our results, particularly in view of the lack of association
between preoperative CRP levels and changes in serum CRP levels. However, we note that a
similar lack of association was also reported in a previous study.”

In conclusion, serum CRP levels increased rapidly after TKA with a peak on postoperative
days 3 to 4, followed by a fall to preoperative levels by postoperative day 14, in RA patients
undergoing TKA. Obesity was positively associated, and the use of GCs inversely associated, with
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the elevation of serum CRP levels. Our findings may contribute to the detection of postoperative
complications such as SSI by screening for elevated CRP levels following TKA.

FUNDING

This research did not receive any specific grant from funding agencies in the public, com-
mercial, or non-profit sector.

CONFLICTS OF INTEREST

SA has received speakers’ fees from AbbVie, Astellas, Bristol-Myers Squibb, Chugai, Daiichi-
Sankyo, Eisai, Janssen, Takeda, and UCB Japan. NT has received speakers’ fees from AbbVie,
Asahi Kasei, Astellas, Bristol-Myers Squibb, Chugai, Daiichi-Sankyo, Eisai, Eli Lilly, Janssen,
Mitsubishi Tanabe, Ono, Pfizer, Takeda, and UCB Japan. YS has received speakers’ fees from
Astellas, Bristol-Myers Squibb, and Ono. MS has received speakers’ fees from Bristol-Myers
Squibb, Eisai, and Asahi Kasei. NI has received grant/research support, consulting fees, and/or
speakers’ fees from AbbVie, Asahi Kasei, Astellas, Bristol-Myers Squibb, Chugai, Daiichi-Sankyo,
Eisai, Eli Lilly, Kaken, Mitsubishi Tanabe, Ono, Otsuka, Pfizer, Taisho Toyama, Takeda, and
Zimmer Biomet. TK has received grant/research support and/or speakers’ fees from AbbVie,
Astellas, Bristol-Myers Squibb, Chugai, Daiichi-Sankyo, Eli Lilly, Janssen, Mitsubishi Tanabe,
Novartis, Pfizer, and Takeda. The other authors declare no conflicts of interest.

REFERENCES

1 Anderson RJ. The orthopedic management of rheumatoid arthritis. Arthritis Care Res. 1996;9(3):223-228.
doi:10.1002/1529-0131(199606)9:3<223::aid-anr1790090311>3.0.co;2-2.

2 Goodman SM, Johnson B, Zhang M, et al. Patients with rheumatoid arthritis have similar excellent outcomes
after total knee replacement compared with patients with osteoarthritis. J Rheumatol. 2016;43(1):46-53.
doi:10.3899/jrheum.150525.

3 Ravi B, Croxford R, Hollands S, et al. Increased risk of complications following total joint arthroplasty in
patients with rheumatoid arthritis. Arthritis Rheumatol. 2014;66(2):254-263. doi:10.1002/art.38231.

4 Rodriguez JA, Saddler S, Edelman S, Ranawat CS. Long-term results of total knee arthroplasty in class 3
and 4 rheumatoid arthritis. J Arthroplasty. 1996;11(2):141-145. doi:10.1016/s0883-5403(05)80007-5.

5 Lee JK, Choi CH. Total knee arthroplasty in rheumatoid arthritis. Knee Surg Relat Res. 2012;24(1):1-6.
doi:10.5792/ksrr.2012.24.1.1.

6  Whitehouse JD, Friedman ND, Kirkland KB, Richardson WJ, Sexton DJ. The impact of surgical-site
infections following orthopedic surgery at a community hospital and a university hospital: adverse qual-
ity of life, excess length of stay, and extra cost. Infect Control Hosp Epidemiol. 2002;23(4):183-189.
doi:10.1086/502033.

7  Rhodes B, Furnrohr BG, Vyse TJ. C-reactive protein in rheumatology: biology and genetics. Nat Rev
Rheumatol. 2011;7(5):282-289. doi:10.1038/nrrheum.2011.37.

8 Larsson S, Thelander U, Friberg S. C-reactive protein (CRP) levels after elective orthopedic surgery. Clin
Orthop Relat Res. 1992;275:237-242.

9 Niskanen RO, Korkala O, Pammo H. Serum C-reactive protein levels after total hip and knee arthroplasty.
J Bone Joint Surg Br. 1996;78(3):431-433.

10 Asai S, Takahashi N, Asai N, et al. Characteristics of patients with rheumatoid arthritis undergoing primary
total joint replacement: a 14-year trend analysis (2004-2017). Mod Rheumatol. 2020;30(4):657—663. doi:10
.1080/14397595.2019.1649111.

11 Maury CPJ, Teppo AM, Rauno P. Control of the acute-phase serum amyloid A and C-reactive protein
response: comparison of total replacement of the hip and knee. Eur J Clin Invest. 1984;14(5):323-328.

Nagoya J. Med. Sci. 84. 286-300, 2022 295 doi:10.18999/nagjms.84.2.286



14

15

16

17

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Kenji Kishimoto et al

doi:10.1111/5.1365-2362.1984.tb01190.x.

Lisowska B, Maslinski W, Maldyk P, Zabek J, Baranowska E. The role of cytokines in inflammatory re-
sponse after total knee arthroplasty in patients with rheumatoid arthritis. Rheumatol Int. 2008;28(7):667-671.
doi:10.1007/s00296-007-0508-1.

Arnett FC, Edworthy SM, Bloch DA, et al. The American-Rheumatism-Association 1987 Revised Criteria for
the Classification of Rheumatoid-Arthritis. Arthritis Rheum. 1988;31(3):315-324. doi:10.1002/art.1780310302.
Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis classification criteria: an American
College of Rheumatology/European League Against Rheumatism collaborative initiative. Arthritis Rheum.
2010;62(9):2569-2581. doi:10.1002/art.27584.

Hiroshima R, Kawakami K, Iwamoto T, et al. Analysis of C-reactive protein levels and febrile tendency after
joint surgery in rheumatoid arthritis patients treated with a perioperative 4-week interruption of tocilizumab.
Mod Rheumatol. 2011;21(1):109-111. doi:10.1007/s10165-010-0343-1.

Hirao M, Hashimoto J, Tsuboi H, et al. Laboratory and febrile features after joint surgery in patients
with rheumatoid arthritis treated with tocilizumab. Ann Rheum Dis. 2009;68(5):654-657. doi:10.1136/
ard.2008.090068.

Yoon SI, Lim SS, Rha JD, et al. The C-reactive protein (CRP) in patients with long bone fractures and
after arthroplasty. Int J Orthop. 1993;17(3):198-201. doi:10.1007/BF00186386.

Kolstad K, Levander H. Inflammatory laboratory tests after joint replacement surgery. Ups J Med Sci.
1995;100(3):243-248. doi:10.3109/03009739509178910.

Windisch C, Brodt S, Roehner E, Matziolis G. C-reactive protein course during the first 5 days
after total knee arthroplasty cannot predict early prosthetic joint infection. Arch Orthop Trauma Surg.
2017;137(8):1115-1119. doi:10.1007/s00402-017-2709-8.

Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow
Transplant. 2013;48(3):452—-458. doi:10.1038/bmt.2012.244.

Bilgen O, Atici T, Durak K, Karaeminogullari O, Bilgen MS. C-reactive protein values and erythro-
cyte sedimentation rates after total hip and total knee arthroplasty. J Int Med Res. 2001;29(1):7-12.
doi:10.1177/147323000102900102.

Shon OJ, Lee DC, Ryu SM, Ahn HS. Comparison of difference in hematologic and hemodynamic outcomes
between pimary total knee arthroplasty and revision of infected total knee arthroplasty. Knee Surg Relat
Res. 2016;28(2):130-136. doi:10.5792/ksrr.2016.28.2.130.

Laiho K, Mienpidd H, Kautiainen H, et al. Rise in serum C reactive protein after hip and knee arthroplasties
in patients with rheumatoid arthritis. Ann Rheum Dis. 2001;60(3):275-277. doi:10.1136/ard.60.3.275.
Otterness IG. The value of C-reactive protein measurement in rheumatoid arthritis. Semin Arthritis Rheum.
1994;24(2):91-104. doi:10.1016/s0049-0172(05)80003-4.

Laiho K, Belt E, Méenpdd H, Kautiainen H, Kauppi M. Effect of daily corticosteroid treatment on CRP
response to hip or knee replacement in patients with RA. Ann Rheum Dis. 2001;60(10):989. doi:10.1136/
ard.60.10.989.

Lindberg-Larsen V, Kehlet H, Pilely K, Bagger J, Rovsing ML, Garred P. Preoperative methylprednisolone
increases plasma Pentraxin 3 early after total knee arthroplasty: a randomized, double-blind, placebo-
controlled trial. Clin Exp Immunol. 2018;191(3):356-362. doi:10.1111/cei.13071.

Goodman SM, Springer B, Guyatt G, et al. 2017 American College of Rheumatology/American Association
of Hip and Knee Surgeons Guideline for the perioperative management of antirheumatic medication in
patients with rheumatic diseases undergoing elective total hip or total knee arthroplasty. Arthritis Care Res
(Hoboken). 2017;69(8):1111-1124. doi:10.1002/acr.23274.

Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevated C-reactive protein levels in
overweight and obese adults. JAMA. 1999;282(22):2131-2135. doi:10.1001/jama.282.22.2131.
Mohamed-Ali V, Pinkney JH, Coppack SW. Adipose tissue as an endocrine and paracrine organ. Int J Obes
Relat Metab Disord. 1998;22(12):1145-1158. doi:10.1038/sj.ij0.0800770.

George MD, Giles JT, Katz PP, et al. Impact of obesity and adiposity on inflammatory markers in patients
with rheumatoid arthritis. Arthritis Care Res (Hoboken). 2017;69(12):1789-1798. doi:10.1002/acr.23229.
Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, Bohuon C. High serum procalcitonin concentrations
in patients with sepsis and infection. Lancer. 1993;341(8844):515-518. doi:10.1016/0140-6736(93)90277-n.
Lerner A, Neidhofer S, Reuter S, Matthias T. MMP3 is a reliable marker for disease activity, radiological
monitoring, disease outcome predictability, and therapeutic response in rheumatoid arthritis. Best Pract Res
Clin Rheumatol. 2018;32(4):550-562. doi:10.1016/j.berh.2019.01.006.

Madhok R, Crilly A, Watson J, Capell HA. Serum interleukin 6 levels in rheumatoid arthritis: correlations
with clinical and laboratory indices of disease activity. Ann Rheum Dis. 1993;52(3):232-234. doi:10.1136/

Nagoya I. Med. Sci. 84. 286-300, 2022 296 doi:10.18999/nagjms.84.2.286



CRP after TKA with RA

ard.52.3.232.
34 Milman N, Karsh J, Booth RA. Correlation of a multi-cytokine panel with clinical disease activity in patients
with rheumatoid arthritis. Clin Biochem. 2010;43(16-17):1309-1314. doi:10.1016/j.clinbiochem.2010.07.012.

Nagoya J. Med. Sci. 84. 286-300, 2022 297 doi:10.18999/nagjms.84.2.286



Kenji Kishimoto et al

Supplementary Data

a

40-

30-

20-

CRP mg/dl

10+

pre 1 3-4 7 14
operation
Days after TKA

351
30 1
25 1
20 1
15 1

CRP mg/dl

10 1

0 R I_-LI o
Pre 1 3-4 7 14
operation

Days after TKA

Supplementary Fig. 1 Changes in C-reactive protein (CRP) levels after total knee arthroplasty (TKA) in (a)
a patient with surgical site infection, and (b) patients treated with tocilizumab (n=11)
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Supplementary Table 1 Demographics and clinical characteristics of analyzed and excluded cases

Analyzed cases Excluded cases
Characteristics (n=151) (n=63) P value
Age, years 66 (61-71) 64 (57-70) 0.060
Female, % 84 83 0.778
Body mass index 23 (20-26) 22 (20-25) 0.501
Disease duration, years 12 (7-19) 11 (8-22) 0.766
Use of methotrexate, % 65 62 0.677
Methotrexate dose, mg/week* 8 (6-8) 6 (6-8) 0.015
Use of glucocorticoids, % 49 56 0.382
Glucocorticoid dose, mg/day* 5 (3-5) 5 (3-5) 0.395
Use of targeted DMARDs, % 34 32 0.704
Preoperative CRP, mg/dl 0.62 (0.18-1.42) 1.12 (0.34-2.65) 0.004
Surgery time, min 120 (104-135) 117 (100-131) 0.277
Intraoperative blood loss, ml 65 (30-132) 100 (39-134) 0.189

Data are presented as median values (interquartile range) or percentages.
*Median among subjects receiving the drug.

CRP: C-reactive protein

DMARD:s: disease modifying antirheumatic drugs

Supplementary Table 2 Factors associated with changes in serum CRP levels from day O (preoperative) to
day 7 after total knee arthroplasty

B (95% CI) SE B P value
Intercept 2.9 (1.2, 4.6) 0.85 2.9 0.001
Age, 265 years -0.28 (-1.03, 0.47) 0.38  -0.06 0.462
Female 0.19 (=091, 1.3) 0.56  0.03 0.725
Body mass index, >25 1.08 (0.26, 1.9) 0.42 0.23 0.011
Disease duration, 210 years 0.61 (-0.18, 1.4) 0.4 0.13 0.127
Use of methotrexate -04 (-1.2, 04) 041 -0.08 0.326
Use of glucocorticoids -0.83 (-1.62, -0.04) 0.4 -0.18 0.04
Use of targeted DMARDs -0.25 (-1.02, 0.52) 0.39 -0.05 0.522
Preoperative MMP-3 >normal upper limit -0.12 (-1.26, 1.01) 0.57 -0.02 0.83
Surgery time, >120 min 0.22 (-0.57, 1.02) 0.4 0.05 0.577
Intraoperative blood loss, 270 ml -04 (1.2, 04) 0.4 -0.09 0.32

B: partial regression coefficient

CI: confidence interval

SE: standard error

B: standardized partial regression coefficient
DMARD:s: disease modifying antirheumatic drugs
MMP-3: matrix metalloprotease 3
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Supplementary Table 3 Factors associated with changes in serum CRP levels from day O (preoperative) to
day 7 after total knee arthroplasty

B (95% CI) SE B P value
Intercept 2.78 (0.84, 4.72) 0.97 2.78 0.005
Age, 265 years 0.07 (-0.83, 0.98) 046  0.02 0.875
Female 0.49 (-0.89, 1.76) 0.64  0.08 0.448
Body mass index, >25 1.35 (0.31, 2.38) 0.52  0.27 0.011
Disease duration, 210 years 0.35 (-0.62, 1.33) 0.49 0.07 0.473
Use of methotrexate -0.73 (-1.69, 0.24) 049 -0.15 0.138
Use of glucocorticoids -0.81 (-1.69, 0.07) 044 -0.17 0.07
Use of targeted DMARDs 0.0001 (-0.93, 0.93) 0.47 0.0003 1.00
Preoperative CRP, >1 mg/dl -0.67 (-1.63, 0.3) 049 -0.14 0.173
Surgery time, 2120 min 0.49 (-0.47, 1.46) 049 0.11 0.312
Intraoperative blood loss, 270 ml -0.49 (-1.51, 0.51) 0.51 -0.11 0.334

B: partial regression coefficient

CI: confidence interval

SE: standard error

B: standardized partial regression coefficient
DMARD:s: disease modifying antirheumatic drugs
CRP: C-reactive protein
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