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ABSTRACT

Objective: A simple and widely available test is needed to monitor the response to the
treatment and predict adverse outcomes in patients with infective endocarditis (IE). We
aimed to detect the role of C-reactive protein (CRP) level in the prognosis of IE.

Materials and Methods: The patients diagnosed as probable or definite IE between 2015 and
2016 from five medical centers were included in the study. Clinical and laboratory features
of the patients recorded on previously prepared forms retrospectively. Comparison of CRP
levels between survived and dead patients were made by repeated-measures variance
analysis. Receiver operating characteristic (ROC) curves at baseline, the first, second, third
and fourth week of antimicrobial treatment were constructed to explain the ability of CRP
level to predict mortality. Multivariate analysis was performed to predict the risk factors
for mortality.

Results: In total, 111 cases of IE were included. Serum CRP levels were higher in patients
with mortality at every measurement. Comparing baseline CRP, lower than a double or
triple decrease of serum CRP level at the third or fourth week of treatment or any increase
under treatment were related to mortality. According to the ROC curve analysis, the highest
overall accuracy in death prediction was at the fourth week CRP level (c=0.74); the CRP
level of >50 mg/L was 86% sensitive and 78% specific to predict mortality. The presence of
chronic renal failure (OR 14.386) and the fourth week CRP level (OR 1.016) were independent
risk factors in terms of mortality.

Conclusion: Being an easily performed and widely available test, CRP is a useful tool to
follow up the response to the treatment and predict outcome among patients with IE. In
the fourth week of treatment, a CRP level of >50 mg/L should be regarded as an alarming
sign of poor outcome and should lead to investigation and appropriate management of
complications.
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C Reactive Protein in Infective Endocarditis

INTRODUCTION

nfective endocarditis (IE), among the most com-

mon life-threatening infection, is a serious dis-

ease causing substantial morbidity and mor-
tality. Determining at-risk patients and following
them up closely with appropriate interventions are
necessary to decrease complications and mortali-
ty. Treatment response to infective endocarditis is
followed up with the combination of relief of symp-
toms, blood cultures, echocardiographic investiga-
tions and laboratory tests (1). A simple and widely
available test would be beneficial to monitor the
treatment response and predict adverse outcomes.
C reactive protein (CRP) is a classical laboratory
marker of inflammation and applied to monitor
the behaviour of so many types of infections, in-
cluding IE. However, most studies have focused on
only baseline CRP levels. We analysed the clinical
usefulness of serial CRP measurements in moni-
toring the therapy response and predicting the out-
come of the disease in patients hospitalised for IE.

MATERIALS AND METHODS

All of the patients diagnosed as having probable or
definite infective endocarditis according to Mod-
ified Duke Criteria (1) in the study centres of the
members of Turkish Infectious Disease and Clinical
Microbiology Society Infective Endocarditis Study
Group between 2015 and 2016 included in the
study. Demographic, clinical, laboratory, and ther-
apeutic features of patients recorded on previously
prepared forms retrospectively. Baseline and week-
ly CRP levels of patients recorded also. Comparison
of CRP levels between survived and fatal cases were
made by using repeated measures variance analy-
sis. Receiver operating characteristic (ROC) curves
at baseline, the first, second, third and fourth week
of antimicrobial treatment were constructed to ex-
plain the ability of CRP level to predict mortality.
In a ROC curve, sensitivity (y-axis) is plotted vs 1
minus specificity (x-axis) for each possible cut-off
value of CRP level. Values are between 0.0 and 1.0
(higher values indicate a better accuracy), with 1.0
for a perfectly accurate test result and 0.5 for a
test result that is not better than flipping a coin.
The prognostic value of the per cent of decline from
the baseline in CRP levels after 1, 2, 3 and 4 weeks
of treatment were determined. The per cent of the
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decline in CRP level was calculated by dividing the
CRP levels after 1, 2, 3 or 4 weeks of treatment by
the baseline CRP level. Univariate analysis was done
using Chi-square, Fisher’s exact, Student’s t, and
Mann-Whitney U tests, where appropriate. Multivar-
late analysis was performed by logistic regression.

RESULTS

In total, 111 IE cases were included in the study. Ac-
cording to modified Duke Criteria, 86 and 25 of 111
patients were defined as definite and probable IE,
respectively. The mean age was 55, and 30% of the
cases were female. One hundred of 111 (90%) cases
had left-sided IE. Demographic, clinical and lab-
oratory features of patients were given in Table 1.
Baseline CRP was higher than normal in 107 of 111
(97%) patients with IE. CRP levels at baseline, the
first, second, third and fourth weeks of the treat-
ment were given in Table 2. For 51 patients, all five
CRP measurements were available. Although all se-
rum CRP levels were higher in patients with mortal-
ity than patients without mortality, the difference
was statistically significant only for the second,
third and fourth weeks of treatment (Table 3 and
Figure 1). Comparing the baseline CRP level, lower
than a double and triple decrease of serum CRP lev-
el at the third or fourth week of treatment, and any
increase in serum CRP level after the beginning of
the treatment was found to be related to mortality
(p=0.040, 0.009, 0.040 0.033, and 0.017, respectively).

By ROC analysis for CRP levels at baseline and the
first to fourth weeks of treatment to predict poor
outcome in patients with IE, the highest overall
accuracy (area under the ROC curve, c-index) in
the prediction of death was found for the fourth
week CRP level (c=0.74, 95% confidence interval

HIGHLIGHTS

e CRP
response and predict outcome among patients

is a useful tool to follow up the treatment

with infective endocarditis (IE)

¢ A CRP level of higher than 50 mg/L in the fourth
week of treatment should be regarded as an
alarming sign of the poor outcome

e CRP should be measured at least weekly during
the treatment of patients with IE
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Figure 1. Comparison of baseline (1) and weekly (2, 3, 4, 5) mean serum
CRP levels during treatment between patients who died or survived.

[CI], 0.61-0.88, p=0.001), the second highest was for
the third week (c=0.68, 95% [CI] 0.56-0.81, p=0.006),
and the lowest at baseline (c=0.55, 95% [CI] 0.42-
0.68, p=0.37). The area under the ROC curve was
0.60 (95% [CI], 0.52-0.74, p=0.09) one week after the
beginning of antimicrobial therapy and 0.60 (95%
CI, 0.47-0.73, p=0.12) two weeks later (Figure 2). We
searched for cut-off points of C-reactive protein in
week three and four that could predict the death
of a patient during the remaining follow-up with a
sensitivity of at least 85% combined with the best
possible specificity. A serum CRP concentration of
50 mg/L was identified as such a cut-off point. In
week four, the CRP value was >50 mg/L in 14 out
of the 16 patients (sensitivity 86%) who died during
the remaining follow-up, whereas the C-reactive
protein value was <50 mg/L in 34 of the 44 patients
(specificity 78%) who survived (Table 4).

In univariate analysis, age (p=0.05), female gender
(p=0.03), presence of chronic renal failure before the
diagnosis of IE (p=0.02), baseline serum creatinine
(p=0.001) and albumin (p=0.012) levels, causative
microorganism other than streptococci (p=0.039),
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Figure 2. Receiver operating characteristic (ROC) curves of
CRP levels at 3 weeks (blue line) and 4 weeks (green line) after
the beginning of treatment vs mortality.

healthcare-associated infections (p=0.02), serum
CRP level in the third and fourth week of treatment
were related to mortality. In the multivariate analy-
sis by logistic regression, the presence of chronic re-
nal failure (OR 14.38, 95% [CI] 1.29-160.42, p=0.030)
and CRP level in the fourth week of treatment (OR
1.016, 95% [CI] 1.004-1.028, p=0.009) were the signi-
ficant predictors of the fatality.

DISCUSSION

Baseline CRP was almost exclusively high in pa-
tients with IE in previous studies (2) so that some
investigators proposed modifying the Duke crite-
ria to include a CRP level of more than 100 mg/L.
However, CRP is a non-specific marker that can inc-
rease because of many infectious or non-infectious
diseases, and we did not accept it as a diagnostic
criterion (2). Follow-up of patients with endocar-
ditis is difficult and generally relies on the combi-
nation of clinical response, control blood culture
negativity, and decrease in vegetation size. Never-
theless, endocarditis is not a uniform disease, and
in the case of blood culture negativity, or subacute/
chronic presentation or no vegetation decrease
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with treatment, some other parameters are need-
ed to follow up the treatment response and good

Table 1. Demographic, Clinical and Laboratory Features of
Infective Endocarditis Cases.

outcome. Being almost always positive in patients

EeEES Result with endocarditis and as an easily performed and
widely available test, CRP could be a useful tool

Age, mean (SD) >5(16) to follow the treatment response and predict the
Gender, female, n (%) 0 outcome. CRP level could be used as a marker to
Duration of complaints, mean (SD) 72(131) evaluate treatment response in patients with IE,
Acute heumatic heart valve disease, n (%) 13002) but it should be known that decrease time is long
Prosthetic valve, n (%) 3663 and generally takes several weeks. In our study,
Pace/ICD lead endocarditis, n (%) °6) the median level of CRP was 87, 65, 43, 36 and 19 at
v drug u_ser"n (%)D +) baseline and in the first, second, third and fourth
Ezren::ﬂ: 35,0 (%) 1013) weeks of the treatment, respectively. It.was pr.evi—
Fever n (%) pryem ously reported that a mean of 13 days is required
Fatigue, (%) 7063 for the CRP concentration to return to norm.al once
Dysprea,n (%) 66 treatment was started (3). CRP levels.; of patients at
Joint, muscle pain, 1 (%) 7 (19) baseline and in the first, seco_nd, thlrd apd four_th
Change in conscious, n (%) 16 (14) weeks of the treatment were higher in patients with
Weight loss, n (%) 12(1) mortality than pa‘.den'ts without mortality, Whi.Ch
Physical investigation findings was statistically significant for the second, third
and fourth week’s CRP levels. Although many stud-

Fever, n () 7> (68) ies reported that baseline CRP was an independent
Tachycordia, n (%) 7064 predictor of death (4, 5, 6), few studies investigated
&4 ’enome?a,y’ no(%) 16014 the value of serial CRP measurements during an-
?Zs;tz:i?::e:r(tj::ilure,n(%) ; EZ;) timicrobial treatment (7). Comparing.the baseline
Embolic vert, 1 (%) 302 CRP level, lower than a doubl.e and triple decrease
Vegetatiton in schocardiography, 1 4 %3 (84 of serum CRP level at Fhe third or fourth week of
Vegetatiton size, mm?, mean (SD) 12 (124 the treatmegt apd any increase of serum CRP level
= — : after the beginning of the treatment were related to
Definition of causative microorganisms, n (%) 70.5 mortality ‘n our study. High CRP level after 1 week
zz::;; ii‘iz:zzrezs(/: % j: gg of treatment and a slow percentage decline in CRP
Enterococus spp., (%) 9@ level during the first week of treatment were found
RF positivity, n (%) 20(18) to be indicators of poor clinical outcome also in a
Haematuria, n (%) 40 36) prospective study of 123 definite leftsided native
Blood WBC count/yL, mean (SD) 11517 (5154) valve infective endocarditis from Holland (7). The
Blood hemoglobin level, mean (SD) 105 (1.9) highest overall accuracy in the prediction of death
Blood platelet count /ul,, mean (SD) 235 (119) was found for the fourth week CRP (c=0.74), it was
Mean Platelet Volume (MPV) , mean (SD) 8.43 (1.09) followed bY the third week (C:O-68)' the first week
ESR, mean (SD) 68 (26) (c=0.60), the second week (c=0.60) and baseline CRP
Baseline serum CRP level, mg/L mean (SD) 112 (94) (c=0.55). The cut-off point of CRP that could predi-
Serum SGPT level mg/dL, mean (SD) 43.27 (116.61) ct the death of a patient during the remaining fol-
Serum creatinin level, mg/dL, mean (SD) 1.63 (1.74) low-up was 50 mg/L at week four with a sensitivity
Blood sugar level , mg/dL mean (SD) 137.10 (79.10) of 86% and specificity of 78% in our study. In anoth-
Serum albumin level, gr/dL, mean (SD) 3.18(2.30) er study aiming to investigate the value of a panel
Serum troponin level, mean (SD) 4.46 (26.68) of biomarkers for predicting in-hospital mortality
Surgical intervention for endocarditis, n (%) 62 (56) in patients with IE, CRP (c=0.75) had good accuracy
Recurrence, n (%) 8(7) for predicting death after seven days of antibiotic
Mortality, n (%) 31(28) therapy (8). The other study from India found that
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a high baseline CRP level was independently pre-



Table 2. CRP Levels of Patients at Baseline, 1th, 2" 3 and 4 Week’s of Treatment.
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n 2" week of 3 week of 4t week of
Serum CRP . 1% week of
level mg/L (n) Baseline (99) treatment (101) treatment treatment treatment
(93) (85) (75)
Mean 111+94 6+56 57+55 5655 49+70
25 47 26 16 18 8
Percentiles 50 87 65 43 36 19
75 148 115 81 90 47
Table 3. Comparison of CRP Levels Between Infective Endocarditis Patients With and Without Mortality.
Patients with Patients with
CRP level (mg/L) (range) Total (n) atients without atients wit P
mortality (n) mortality (n)
CRP, baseline, mean =SD (2-614) 111.99£94.91(99) 101.39 £75.77 (70) 119.89+90.78 (29) 0.379
CRP, 1" week of treatment, mean +SD (1-267) 76.32+ 56.94(101) 69.47+ 54.92 (71) 88.17+56.73 (30) 0.093
CRP, 2 week of treatment, mean +SD (0-247) 57.90+55.06 (93) 51.50+48.35 (66) 73.54x67.10 (27) 0.121
CRP 34 week of treatment , mean =SD (1-240) 56.34+55.06(85) 44.50+45.88 (58) 81.75+64.77 (27) 0.006
CRP 4™ week of treatment, mean +SD (1-320) 49.64+70.89(75) 29.85+37.99 (56) 107.97+106.96 (19) 0.001

Table 4. Definition of Cut-Off Points of CRP, on Week 3 and 4 That Could Predict Death of A Patient During the Remaining Follow-Up.

CRP breakpoint level mg/L Sensitivity, % Specificity, % PPV, % NPV, %

3 week of treatment 19 89 79 34
>10

4t week of treatment 38 90 91 33

3 week of treatment 41 82 83 39
>20

4th week of treatment 57 68 84 35

3 week of treatment 57 78 85 46
>30

4th week of treatment 64 63 84 38

3 week of treatment 66 70 83 49
>40

4th week of treatment 77 58 84 46

34 week of treatment 71 56 77 47
>50

4th week of treatment 86 78 83 56

3 week of treatment 74 55 78 50
>60

4th week of treatment 89 47 83 60

3 week of treatment 81 57 80 58
>70

4th week of treatment 91 47 84 64
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dictive of mortality, major complications, embolic
events, and need for urgent surgery, and also a CRP
>40 mg/] predicted adverse outcomes with a sen-
sitivity of 73% and specificity of 99% (9). Similar to
our results, in the study of Heiro et al.,, within the
three laboratory tests (ESR, CRP and WBC) at week
four, CRP had the highest overall accuracy (area un-
der ROC curve, c-index) in the prediction of death
among patients with IE (c=0.77); the cut-off point of
CRP concentration to predict mortality with 85.7%
sensitivity and 72.5% specificity was identified as
CRP 62 mg/L (10).

Since our study was retrospective, CRP measure-
ments at different time points were not available
for all patients. However, availability was ranged
from 67% to 90% at each time-point. Some poten-
tial risk factors for mortality might not be record-
ed because of the retrospective study design, but
we included all the available demographic, clinical,
and laboratory data to analyse the mortality.

Besides these limitations, our study has some
strengths. We included more than a hundred of pa-

tients from five significant medical centers, which
enabled us to represent so many different types of
infective endocarditis cases including native and
prosthetic valve, right and left sided endocarditis.
Also, the clinical usefulness of baseline and four
different time point CRP measurements in moni-
toring the response to therapy and predicting the
outcome of the disease in patients with hospital-
ised for IE were analysed in our study.

CONCLUSIONS

Being an easily performed and widely available test,
CRP is a useful tool to follow up the response to
the treatment and predict outcome among patients
with IE. CRP should be measured at least weekly
during the treatment of patients with IE. A CRP lev-
el higher than 50 mg/L at the fourth week of treat-
ment should be regarded as an alarming sign of
poor outcome and should lead to investigation and
appropriate early management of complications.
The prediction of poor outcome and prevention of it
with appropriate measures will decrease the death
rate among patients with IE.
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