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An elevated C-reactive pr
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To act or not to act? – that is the question
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Abstract
C-reactive protein (CRP) is part of a battery of “routine bloods” performed by residents on patients when they are admitted into a
rehabilitation unit. Generally, an elevated CRP is considered to be an indicator of an acute infective process. Numerous studies have
indicated that the CRP peaks on the 2nd or 3rd day post total hip arthroplasty (THR) and total knee arthroplasty (TKR) and returns to
normal by day 7. When the CRP level remains elevated, it is generally felt that infection should be excluded.
We performed a prospective study on 45 consecutive patients admitted into a rehabilitation unit post hip and knee arthroplasty

over a 6months period, to evaluate the incidence of an elevated CRP on admission, to determine whether an isolated elevated CRP
on admission to a rehabilitation setting should not be considered as an indicator of an infective process.
We found all patients (100%) had elevated CRP’s on admission, ranging from 8.6mg/L to 139.2mg/L, between days 5–7 post-

operatively. By day 14, CRP’s reduced, but 91% of patients still had elevated CRP’s, ranging from 2.1mg/L to 47.3mg/L after THR
and 4.8mg/L to 40mg/L after TKR at day 14.
These results suggest that even in uncomplicated elective joint arthroplasty, CRP’s can remain elevated up to 14days post-

procedure, in the absence of an infective process.
An isolated elevated CRP on admission to a rehabilitation setting should not be considered as an indicator of an infective process,

but rather part of the normal post-operative inflammatory response. The elevated CRP should be monitored and only an upward
trend requires further investigation and management.

Abbreviations: CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, THR = total hip replacement, TKR = total knee
replacement.
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1. Summary

This study showed that CRP levels can remain significantly
elevated for up to 14days post-operatively in uncomplicated
THR and TKR and should not be used as an isolated biomarker
of post-operative infection, as the elevated CRP level appears to
be part of the normal post-operative inflammatory response. The
result should be used as a baseline and only an upward trend
requires further investigation.
2. Introduction

Total hip (THR) and knee arthroplasty (TKR) are common
elective procedures that require inpatient rehabilitation. The
devastating consequences of post-operative joint infection are of
concern to both the surgeon and physician.[1] In the early acute
and subacute phase of recovery serological inflammatory
markers such as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) are often used as indicators of infection,
as they are inexpensive and widely available.[2]

CRP is a substance produced by the liver in response to
inflammation and is considered to be amarker of inflammation in
the body.[3] An elevation in CRP is part of the acute-phase
response to inflammation.[3,4] It is considered to be more
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responsive and specific for inflammation than ESR.[5] Measuring
CRP is also more precise and reproducible.[5]

While CRP elevation is suggestive of inflammation or infection
in the certain clinical situations, it can also be elevated in obesity
[6] and renal dysfunction.[7] Conversely, a lack of CRP elevation
in inflammation may be seen with hepatic failure, as well as
during flares up of conditions such as systemic lupus eryth-
ematosus [8]

Any condition that results in sudden or severe inflammation
may increase CRP levels. These include cancer, connective tissue
disease, ischaemic heart disease, infection, inflammatory bowel
disease, pneumococcal pneumonia, and rheumatoid arthritis.[9]

While an elevation in CRP is not specific for any condition, it is
considered to be a fairly sensitive marker of inflammation
(greater than 90%), and so provides a valuable adjunct to a
careful clinical assessment.[3,4] There is often no clear correlation
between CRP concentrations and disease severity. The bulk of
CRP tests are requested for the detection of inflammatory
responses associated with infection, autoimmune diseases and
drug allergies (especially to antibiotics). CRP is measured in
milligrams per litre of blood (mg/L). [10]

Previous studies have examined trends in CRP in post-
operative, uncomplicated joint replacements and have shown
that CRP peaks between the 2nd and 3rd post-operative day.[11–14]

Their results indicated that CRP levels should decrease to normal
by day 7, and if levels remain elevated, infection or haematoma
should be excluded.
In our study, we examined the CRP on admission into 2

inpatients rehabilitation units and then repeated the CRP on day
14 to evaluate the merit of measuring CRP’s on admission to a
rehabilitation hospital (generally 5–7days) to assess the utility of
CRP’s as a monitoring and diagnostic marker of post-operative
joint infection.
3. Methods

A prospective cohort study was conducted on 45 consecutive
patients, aged 18 to 90years of age who underwent uncompli-
CRP: C-reactive protein 
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Figure 1. Changes in C-reactive protein levels day 7 and
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cated THR and TKR and were subsequently admitted to 2
different inpatient rehabilitation centres, over a 6month period.
Each of these hospitals were general subacute rehabilitation
hospitals accepting patients after elective total hip replacements
(THR) & total knee replacements (TKR) for post-operative
inpatient rehabilitation around day 5–7, post-operatively. We
had 18 patients who had THR and 27 patients who had TKR.
We excluded patients with known post-operative wound

infection, post-operative upper/lower respiratory tract infections,
urinary tract infections or other infections, complicated post-
operative course, such as venous thrombus or haematoma. We
also excluded patients if they were febrile on admission with a
temperature of greater than 38 degrees Celsius, history of
autoimmune, inflammatory disorders, hepatitis, liver disease or
malignancy.
Full blood counts, white cell differentials, erythrocyte

sedimentation rate (ESR) and C-reactive protein (CRP) were
the biomarkers that were measured on admission, generally day
5–7 post-operative and again at day 14 post-operatively.
All patients also had urine analysis, chest auscultation, and

wound inspection on admission. Patients were monitored for
development of any signs of wound, urinary tract and respiratory
infections. Any patient who developed wound infection, had a
positive urinalysis or had an upper or lower respiratory tract
infections were excluded.
The study was approved by the local Ethics Review

Committees. All participants were provided with written
informed consent to be included in the study.
4. Results

All patients (100%) showed elevated CRP’s (>5mg/L) on
admission, without any evidence of wound or any other
infection. Results varied widely ranging from 8.6mg/L to
101.4mg/L after THR and 14.9mg/L to 139.2mg/L after TKR.
By day 14, CRP’s had reduced but were still elevated in 91% of

patients, ranging from 2.1mg/L to 47.3mg/L after THR (Fig. 1)
and 4.8mg/L to 40.0mg/L after TKR (Fig. 2).
9 10 11 12 13 14 15 16 17 18
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day 14 after total hip replacement in individual cases.
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Figure 2. Changes in C-reactive protein levels day 7 and day 14 after total knee replacement in individual cases.

Aggarwal et al. Medicine (2021) 100:8 www.md-journal.com
THR patients had comparatively lower CRPs (mean 58.8mg/
L) than TKR patients (mean 71.68mg/L) at day 7. These
differences were still present at day 14 (mean THR 16.57mg/L vs
mean TKR 27.5mg/L).
However, the median THR CRP at day 7 (50.5mg/L) was

higher than the median TKR CRP at day 7 (41.6mg/L). The day
14median were comparatively lower with THR patients showing
a much greater reduction (11.45mg/L) as compared to TKR
patients (13.5mg/L) (Fig. 3).

5. Discussion

The devastating consequences of post-operative joint infection
are concerning to the surgeon and the rehabilitation physician. In
CRP: C-reactive protein 

TKR: Total knee replacement 
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the early phase of recovery serological inflammatory biomarkers
such as C-reactive protein is often used as an initial inexpensive
marker to exclude the joint infection.
We found thatC-reactiveproteinatday7 (thedayof admission toa

rehabilitation hospital) was elevated, even without any signs of
infection.CRPcontinued to fallbutwasstill above thenormal rangeat
day 14, in the absence of any signs of post-operative joint infection.
This observation was significant (P< .001) and contrary to the

previous studies which suggested that CRP levels in post-
operative uncomplicated joint replacements peaks between the
2nd and 3rd post-operative day and decrease to normal pre-
operative values by day 7.[11–14]

In our study, CRP was elevated beyond the 7th post-operative
day with a gradual reduction over the next 7days but still not
naidem41YAD
s post-op

TKR

THR

7 and day 14 after total hip replacement and total knee replacement.
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returning to normal levels. This occurred in the absence of any
signs of post-operative joint infection or haematoma. CRP levels
were still elevated in 91% of patients, up to 47.3mg/L after THR
and 40mg/L after TKR at day 14.
These results indicate the low sensitivity of CRP as a marker of

post-operative joint infection and haematoma.[11] Also, sponta-
neous, fluctuations of CRP’s have been seen even in healthy
volunteers, with intra-individual variabilities of 42% to 63%.[15]

The variability is not related to clinically apparent inflammation
or infection.
Markers such as interleukin 6, have been suggested as being

more sensitive markers for post-operative joint injection due to its
much faster peak and return to normal and further studies into
the utility of this as an indicator of post-operative joint infection
could be considered.[16]
6. Conclusion

CRP remains significantly elevated at post-operative day 7 even in
uncomplicated THR and TKR and should not be used in isolation
as a marker of post-operative infection. Assessment for post-
operative infection should remain in the domain of clinical
judgement and an isolated elevated CRP should not be considered
as an indicator of infection and does not require further
investigations. The result should be used as a baseline and only
an upward trend requires further investigation.

Author contributions

Conceptualization: Arun Aggarwal.
Data curation: Arun Aggarwal, Vikram Sinha, Eric Chan.
Formal analysis: Vikram Sinha, Arun Aggarwal.
Project administration: Arun Aggarwal.
Supervision: Arun Aggarwal, Anuka Parapuram.
Validation: Arun Aggarwal.
Writing – original draft: Vikram Sinha, Arun Aggarwal.
Writing – review & editing: Arun Aggarwal, Eric Chan, Anuka

Parapuram.
4

References

[1] Park KK, Kim TK, Chang CB, et al. Normative temporal values of CRP
and ESR in unilateral and staged bilateral TKA. Clin Orthop Relat Res
2008;466:179–88.

[2] Costa L, Soares D, Aido R, et al. The value of monitoring inflammatory
markers after total joint arthroplasty. Hard Tissue 2013;2:17.

[3] Kumar V, Abbas AK, Nelson F, et al. Robbins and Cotran Pathologic
Basis of Disease. 8th ed.2010;Elsevier Saunders, 74,75,498.

[4] Gabay C, Kushner I. Acute-Phase proteins and other systemic responses
to inflammation. N Engl J Med 1999;340:448–54.

[5] McPherson RA, Matthew R, Pincus MR. Henry’s clinical diagnosis and
management by laboratory methods. 22nd ed.Philadelphia;: Elsevier
Saunders; 2011. 254-255, 96, 269,270, 521.

[6] Yudkin JS, Stehouwer CD, Emeis JJ, et al. C-reactive protein in healthy
subjects: Associations with obesity, insulin resistance, and endothelial
dysfunction: a potential role for cytokines originating from adipose
tissue? Arterioscler Thromb Vasc Biol 1999;19:972.

[7] Devaraj S, Singh U, Jialal I. Human C-reactive protein and the metabolic
syndrome. Curr Opin Lipidol 2009;20:182–9.

[8] Enocsson H, Sjöwall C, Skogh T, et al. Interferon-alpha mediates
suppression of C-reactive protein: explanation for muted C-reactive
protein response in lupus flares? Arthritis Rheum 2009;60:3755.

[9] Laiho K, Mäenpää 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;60:275–7.

[10] Burtis CA, Ash wood ER, Burns DE. Tietz Textbook of Clinical
Chemistry and Molecular Diagnostics. 6th ed.St. Louis: Elsevier
Saunders; 2008. 301.

[11] White J, KellyM, Dunsmuir R. C-reactive protein level after total hip and
total knee replacement. J Bone Joint Surg 1998;80-B:909.

[12] Dupont C, Rodenbach J, Flachaire E. The value of C - reactive protein for
post-operative monitoring of lower limb arthroplasty. Ann ReadaptMed
Phys 2008;51:348–57.

[13] NeumaierM,Metak G, SchererMA. C-reactive protein as a parameter of
surgical trauma: CRP response after different types of surgery in 349 hip
fractures. Acta Orthop 2006;77:788–90.

[14] Niskanen RO1, Korkala O, Pammo H. Serum C-reactive protein levels
after total hip and knee arthroplasty. J Bone Joint Surg Br 1996;78:
431–3.

[15] Bogaty P, Brophy JM, Boyer L, et al. Fluctuating inflammatory markers
in patients with stable ischemic heart disease. Arch Intern Med 2005;
165:221–6.

[16] Elgeidi A, Elganainy AE, Abou Elkhier N, et al. Interleukin-6 and other
inflammatory markers in the diagnosis of peri-prosthetic joint infection.
Int Orthop 2014;38:2591–5.


	An elevated C-reactive protein level in an inpatient rehabilitation setting after joint replacement
	1 Summary
	2 Introduction
	3 Methods
	4 Results
	5 Discussion
	6 Conclusion
	Author contributions
	References


