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ABSTRACT

While preoperative antibiotic therapy is generally recommended in non-emergency surgery cases of
infective endocarditis, delaying surgery may lead to a deterioration in patient condition. This study examined
deterioration of condition during preoperative antibiotic therapy and associated clinical characteristics to
clarify the optimal timing for non-emergent infective endocarditis surgery. We retrospectively analyzed 65
patients (mean age 57.1 = 16.9 years) with active left-sided infective endocarditis (57 with native valves,
8 with prosthetic valves) initially considered suitable for combined antibiotic therapy and non-emergent
surgical treatment. Causative organisms were Streptococcus spp. (n=31), Staphylococcus spp. (n=15,
including 5 resistant strains), and Gram-negative bacteria (n=4). Twelve patients (18%) required unexpected
urgent operations shortly after starting antibiotics (median 5.5 days, interquartile range 3-8 days). Another
12 patients (18%) experienced deterioration of condition 20-30 days after starting antibiotics, including
worsening heart failure (n=5), new embolic events (n=3), new perivalvular extension of infection (n=3),
and worsening infection parameters (n=1). A leukocyte count >7900/uL one week after starting antibiotics
predicted late deterioration (sensitivity 91%, specificity 76%, area under the receiver operating characteristic
curve 0.866). Among patients with active infective endocarditis who initially received maximal antibiotic
therapy and were considered for non-emergent surgery, 18% required urgent operation and another 18%
experienced late deterioration. A high leukocyte count despite one week of antibiotic therapy was associ-
ated with late deterioration. For these patients, earlier surgical intervention might be beneficial to avoid
a deterioration in conditions.
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INTRODUCTION

Infective endocarditis (IE) is an uncommon infectious disease with an annual incidence of
3-7 per 100,000 person-years in most contemporary population surveys.! Despite advances in
diagnosis, infection control, and surgical techniques, IE still carries high mortality and morbid-
ity rates.” The appropriate timing of surgical intervention is widely debated and no consensus
guidelines have yet been developed to define the appropriate timing in most settings.

Emergent or urgent surgery is generally indicated in cases of uncontrollable congestive heart
failure, refractory sepsis, or embolic complications, with a recommendation for surgery within
a few days. In contrast, no clear recommendations have been made for the appropriate timing
of non-urgent surgery.

For non-urgent surgery, the 2023 European Society of Cardiology guidelines state that surgery
should be performed ‘within the same hospital admission’.> American College of Cardiology/
American Heart Association guidelines similarly state that surgery should be performed during
initial hospitalization and before the completion of a full course of antibiotics.* Basically, unless
emergency surgery is indicated, all patients initially receive appropriate antibiotic therapy at
maximum doses prior to IE surgery according to the guidelines.

The present study reviews the clinical course of patients with active IE, with a particular focus
on the deterioration of condition occurring during the period of guideline-orientated preoperative
antibiotic therapy. This study also evaluated possible predictors of deterioration based on initial
findings shortly after the commencement of antibiotic therapy. The intention was to clarify the
appropriate timing for IE surgery in individual patients.

PATIENTS AND METHODS

Ethical statement

This retrospective review study was approved by review board of Nagoya University Graduate
School of Medicine (approval no. 2019-0179; date of approval, 2019/08/23). The need to obtain
informed consent was waived based on the retrospective nature of the investigation.

Inclusion and exclusion criteria and patient care protocols

Between January 2007 and December 2022, 93 patients required valvular surgery in our
department for left-sided active IE. All patients met the modified Duke criteria for definite or
possible endocarditis. Among these, 28 patients were deemed to need emergency surgery (surgery
within 24 hours after admission) at the time of initial presentation and were excluded from the
study. The remaining 65 patients who were not immediately indicated for emergency surgery were
included in the study. These patients were diagnosed with active left-sided IE and were initially
considered suitable for combined antibiotic therapy followed by non-emergent surgical treatment.

All patients received appropriate antibiotic therapy at maximum doses according to the
guidelines. Patients were closely monitored for signs of deterioration and the potential need
for urgent surgery. During initial antibiotic therapy, patients who developed 1) hemodynamic
instability, 2) impending risk of embolic events, 3) uncontrollable infection, or 4) perivalvular
extension of IE were indicated for prompt urgent surgery, which was performed within 3-5 days
of developing these conditions. If none of these conditions arose, a full course of antibiotic
therapy was continued with the aim of achieving maximal control of the infection. Patients who
did not require emergency or prompt urgent surgery were defined as the non-urgent group, and
deterioration occurring in this group was defined as late deterioration. In this study, late deteriora-
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tion was defined as follows: 1) new embolic events; 2) worsening heart failure; 3) worsening
infection parameters; or 4) new perivalvular extension of infection. The clinical course of the 65
patients was reviewed retrospectively, with a particular focus on deterioration during antibiotic
therapy prior to IE surgery. A flowchart of inclusion and exclusion criteria and patient flow in
this study is shown in Figure 1.

Left-side active IE (N=93)

Indications for emergent ____, Emergent surgery

surgery at initial visit? YES (n=28)
NO |
Start antibiotic therapy
(n=65)
Indications for urgent surgery Urgent surgery
NO shortly after starting I (n=12)
antibiotic therapy? YES

Non-urgent surgery patients
(n=53)

T
Late deterioration during
preoperative antibiotic therapy?

NO /\YES

Without late deterioration With late deterioration
during preoperative antibiotic therapy during preoperative antibiotic therapy
(n=41) (n=12)

Fig. 1 Flowchart of patient selection for this study
IE: infective endocarditis

Outcomes

The primary endpoint of this study was the timing of deterioration during preoperative anti-
biotic therapy before IE surgery. Secondary endpoints were the risk factors for late deterioration
among non-urgent surgery patients.

Data analysis

Missing data. Missing baseline data were infrequent (<10% for most variables) and were
handled using multiple imputation.

Statistical analysis. Continuous variables are reported as mean + standard deviation or
median and interquartile range (IQR) and were examined using Student’s t test or the Wilcoxon
rank-sum test. Categorical variables are presented as the number and percentage and were
examined with the chi-squared test or Fisher’s exact test between two groups.

Unless otherwise specified, definitions of preoperative characteristics and postoperative
outcomes followed the Japan Adult Cardiovascular Surgery Database protocols (definitions are
available online at http://www.jacvsd.umin.jp). Laboratory data were collected at three time points:
on admission, one week (7+1 days) after initial diagnosis, and just before surgery. For patients
diagnosed at referring hospitals, blood test data from the referring facilities were obtained to
ensure consistent timing of data collection across the entire cohort. Composite preoperative risk
was assessed using European System for Cardiac Operative Risk Evaluation (EuroSCORE) II.°
Event-free rates were estimated using the Kaplan—-Meier method, and differences between groups
were determined using log-rank analysis. Values of p<0.05 were considered statistically significant.
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In addition, factors predicting the occurrence of late deterioration during antibiotic therapy
were evaluated among patients who did not initially undergo urgent surgery. A multiple logistic
regression model, adjusted for confounders, was developed based on results from univariate
analyses using a stepwise forward-selection method. The probability threshold for removal from
the logistic regression was set at 0.25. Subsequently, the cutoff value was evaluated by receiver
operating characteristic (ROC) curve analysis.

Not only in-hospital results focusing on a deterioration in conditions but also long-term results
(namely the rate of freedom from IE-related death or recurrent IE) were also evaluated using
Kaplan—-Meier methods.

All analyses were performed using JMP version 17 software (SAS Institute, Cary, NC, USA).

RESULTS

Patient characteristics

The 65 patients not indicated for emergency surgery at the time of initial visit showed a
mean age of 57.1 £ 16.9 years, and 46 (70.8%) were male. Streptococcus spp. was the most
frequent causative organism, found in 31 cases (47.7%). Other causative organisms included
methicillin-sensitive Staphylococcus aureus (MSSA) in 10 cases (15.4%), methicillin-resistant S.
aureus (MRSA) in 5 cases (7.7%), Enterococcus spp. in 4 cases (6.2%), Gram-negative bacteria
in 4 cases (6.2%), and no pathogen detected in 10 cases (15.4%).

Native valve endocarditis was present in 57 cases (87.7%), with 26 (40.0%) in the aortic
valve position, 39 (60.0%) in the mitral valve position, and 8 (12.3%) involving both valves.
Prosthetic valve IE accounted for the remaining 8 cases (12.3%). Preoperative symptomatic
stroke was detected in 5 cases (7.7%), and 5 patients (7.7%) had cerebral hemorrhage at the
initial visit (Table 1).

Clinical course during antibiotic therapy

Twelve of the 65 patients (18%) required unexpected urgent surgery shortly after starting
maximal antibiotic treatment, due to hemodynamic instability (n=7), impending risk of embolic
events (n=3), uncontrollable infection (n=1), and perivalvular extension of IE (n=1). The median
time to urgent surgery in these 12 patients was 5.5 days (IQR 3-8 days) after initiation of
antibiotic therapy. Table 2 shows the characteristics of the remaining 53 patients who did not
undergo urgent IE surgery. Twelve of these 53 patients experienced late deterioration, comprising
worsening heart failure (n=5), new embolic events (n=3), new perivalvular extension of infection
(n=3), and worsening infection parameters (n=1). Table 2 also includes a comparison based on the
presence or absence of deterioration. Figure 2 illustrates the estimated freedom from unexpected
urgent surgery or late deterioration using the Kaplan—Meier method. The curve indicates that late
deterioration typically occurred 20-30 days after starting antibiotic therapy.
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Table 1 Characteristics of the 65 patients

Variables Values
Background

Age, y, mean + SD 57.1 = 169
Male, n (%) 46 (70.8)
Hypertension, n (%) 16 (24.6)
Diabetes, n (%) 10 (15.3)
Chronic renal failure, n (%) 13 (20.0)
Hemodialysis, n (%) 3 (4.6)
Ejection fraction < 50%, n (%) 8 (12.3)
Pathogens

Blood culture positive just before surgery, n (%) 6 (9.2)
Streptococcus spp., n (%) 31 (47.7)
MSSA, n (%) 10 (15.4)
MRSA, n (%) 5 (1.7)
Enterococcus spp., n (%) 4 (6.2)
Gram-negative bacteria, n (%) 4 (6.2)
Not detected, n (%) 10 (15.4)
Vegetation site

Native valve, n (%) 57 (87.7)
Aortic valve, n (%) 26 (40.0)
Mitral valve, n (%) 39 (60.0)
Both aortic and mitral valves, n (%) 8 (12.3)
Prosthetic valve, n (%) 8 (12.3)
Cerebral infarction (symptomatic), n (%) 5 (7.7)
Cerebral hemorrhage (at admission), n (%) 8 (12.3)
EuroSCORE2 logistic, % 3.81 [1.70-11.4]

Values are given as mean + SD, n (%), or median [interquartile range].
MRSA: methicillin-resistant Staphylococcus aureus

MSSA: methicillin-sensitive Staphylococcus aureus

EuroSCORE2: European System for Cardiac Operative Risk Evaluation II

Table 2 Characteristics of patients not undergoing urgent IE surgery: presence or absence of late deterioration

Overall With late Without late P
deterioration deterioration
N=53 n=12 n=41
Background
Age, y 55.8 £ 17.0 56.8 £ 174 558 £ 174 0.859
Male sex 37 (69.8) 6 (50) 31 (75.6) 0.150
Hypertension 13 (24.5) 3 (25.0) 10 (24.4) 1.000
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Diabetes 8 (15.1) 3 (25.0) 5 (12.2) 0.361
Chronic renal failure 7 (13.2) 1 (8.3) 6 (14.6) 1.000
Hemodialysis 1 (1.9) 0 124 1.000
Ejection fraction < 50% 4 (1.5) 3 (25.0) 1 (24) 0.033*
Pathogens
Blood culture positive just 2 (3.8) 1 (8.3) 1 (2.4) 0.405
before surgery
Streptococcus spp. 27 (50.9) 7 (58.3) 20 (48.8) 0.745
MSSA 9 (17.0) 3 (25.0) 6 (14.6) 0.400
MRSA 2 (3.8) 0 2 (4.9) 0.435
Enterococcus spp. 3 (5.7) 0 3(7.3) 0.335
Gram-negative bacteria 3(5.7) 0 3 (7.3) 0.335
Not detected 9 (17.0) 2 (16.7) 7 (17.1) 0.974
Vegetation site
Native valve 47 (88.7) 11 91.7) 36 (87.8) 0.710
Aortic valve 18 (34.0) 5 41.7) 13 (31.7) 0.769
Mitral valve 35 (66.0) 8 (66.7) 27 (65.9) 0.958
Both aortic and mitral valves 6 (11.3) 2 (16.7) 4 (9.8) 0.883
Prosthetic valve 6 (11.3) 1 (8.3) 5 (12.2) 0.710
Cerebral infarction 3 (5.7) 2 (16.7) 124 0.649
(symptomatic)
Cerebral hemorrhage 5094 4 (33.3) 124 0.882
(on admission)
EuroSCORE2 logistic, % 3.40 [1.68-8.19] 2.79 [1.59-7.53] 5.48 [1.95-34.7] 0.076
Blood values on admission
ALB, g/dL 3.20 [2.65-3.55] 2.70 [2.58-3.30] 3.40 [2.70-3.50] 0.208
Hb, g/dL 11.5 [9.85-13.1] 9.80 [8.80-12.4) 11.6 [10.6-13.0] 0.188
WBC count, x1000/uL 10.0 [7.70-14.4] 10.5 [8.50-16.2] 9.90 [7.55-11.7] 0.218
PLT count, x1000/uL 210 [127-257] 220 [175-268) 208 [107-251] 0.230
CRP, mg/dL 7.66 [5.45-11.2] 8.25 [5.24-11.0] 7.66 [5.74-11.1] 0.923
Blood values one week after admission
ALB, g/dL 2.80 [2.50-3.10] 2.65 [2.50-2.77] 3.00 [2.50-3.30] 0.125
Hb, g/dL 10.5 [9.2-11.9] 10.1 [8.25-10.8] 10.7 [9.4-12.0] 0.192
WBC count, x1000/uL 7.16 [5.70-9.65] 10.7 [8.60-14.4] 6.55 [5.60-7.88] 0.006**
PLT count, x1000/uL 263 [203-334] 276 [232-304) 258 [202-334] 0.552
CRP, mg/dL 2.82 [0.92-5.06] 5.21 [2.08-10.1] 2.09 [0.92-4.39] 0.063

Values are given as mean +
ALB: albumin

CRP: C-reactive protein
Hb: hemoglobin

SD, n (%), or median [interquartile range].

MRSA: methicillin-resistant Staphylococcus aureus
MSSA: methicillin-sensitive Staphylococcus aureus

PLT: platelet
WBC: white blood cell
IE: infective endocarditis

EuroSCORE2: European System for Cardiac Operative Risk Evaluation II
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Fig. 2 Kaplan-Meier curve for freedom from unexpected urgent operations or late deterioration
Patients after 10 days of antibiotic treatment were defined as the non-urgent surgery group. The curve indicates
that late deterioration typically occurred 20-30 days after starting antibiotic therapy.

Predictors of late deterioration before IE surgery

Factors predicting late deterioration during antibiotic therapy were evaluated among patients
who did not undergo initial urgent surgery, and for whom laboratory data after initial antibiotic
therapy were available. Based on the data in Table 2 and univariate analyses, ejection fraction
(EF) <50% and a high white blood cell (WBC) count after one week of antibiotic therapy
were associated with late deterioration. Multivariate analysis identified elevated WBC count
as the single independent predictor of late deterioration, with an odds ratio of 1.61 (95% CI
1.14-2.25; p<0.01; Table 3). ROC curve analysis revealed that a WBC count >7900/uL. at one
week after starting antibiotics offered a clear cutoff value for predicting late deterioration, with
91% sensitivity and 76% specificity (area under the receiver operating characteristic curve [AUC],
0.866; 95% CI, 0.757-0.975; Figure 3).

Figure 4 illustrates the trajectory of WBC counts at three time points: on admission; one
week after admission; and just before surgery. Notably, most patients who did not experience late
deterioration showed a WBC count <7900/uL one week after initiating antibiotics, with a further
decline observed just before surgery. In contrast, patients who experienced late deterioration
exhibited consistently elevated WBC counts that did not decrease across the three time points.

Table 3 Predictors of late deterioration in non-urgent surgery patients

Parameters Univariate p-value Multivariate p-value OR (95% CI)
EF <50% 0.033 0.592 -
WBC count 1 week after admission <0.01%%* <0.01%%* 1.61 (1.14-2.25)

CI: confidence interval
EF: ejection fraction
OR: odds ratio

WBC: white blood cell
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Fig. 3 Receiver operating characteristics curve generated for WBC counts at one week after starting
antibiotic therapy against late deterioration among 53 non-urgent surgery patients
A cut-off of 7900/uL was found to have 91% sensitivity and 76% specificity with an AUC of 0.866 (95% CI,
0.757-0.975).
AUC: area under the receiver operating characteristic curve
CI: confidence interval
WBC: white blood cell
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20 1 beoot
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= 1 Without late deterioration
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Fig. 4 The trajectory of WBC counts at three time points
The bold gray line represents the cut-off WBC count at one week after admission, as determined by ROC curve
analysis. The bold blue and red lines indicate median WBCs for each group. The box shows the interquartile
range (IQR).
n.s.: not significant
ROC: receiver operating characteristic curve
WBC: white blood cell
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Long-term results for non-urgent surgery patients

Median follow-up was 1235 days (IQR 420-2380 days). The rate of freedom from IE-related
death was significantly higher in patients without late deterioration compared to those with late
deterioration (p=0.015). However, no significant difference in rate of IE recurrence was seen
between these two groups (p=0.551; Figure 5).

A B
10 L 1 i . I || 10 L I1 :l q‘”“ I 1 I‘ IIII 1 II T !
0.8 i -} | | 0.8
= « -
0.6 p=0.015 0.6 p=0.551
0.4 0.4
0.2 = With |ate deterioration 02 ——— With late deterioration
= Without late deterioration — Without |ate deterioration
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Years from surgery Years from surgery
Number at risk Number at risk
without 40 22 18 10 7 5 without 40 22 18 10 7 5
with 12 F] 6 6 3 2 with 12 8 6 6 3 2

Fig. 5 Kaplan-Meier curves in patients with and without late deterioration
A, Freedom from IE-related death; and B, Freedom from recurrence of IE. The rate of freedom from IE-related
death was significantly higher in patients without late deterioration compared to patients with late deterioration
(p=0.015). No significant difference in rate of IE recurrence was seen between groups (p=0.551).
IE: infective endocarditis

DISCUSSION

Various guidelines specify indications for emergency surgery and its timing, but do not clearly
define the optimal timing of surgery for patients who do not meet the criteria for emergency
surgery. This study is the first to examine in detail the deterioration of condition occurring during
antibiotic treatment for active IE indicated for surgery, and to propose appropriate timing for
non-urgent surgery cases not clearly described in current guidelines.

Deterioration of condition during antibiotic therapy

Although guidelines** specify indications and timing for emergency surgery, they do not clearly
define the optimal timing for surgery in patients who do not meet the criteria for emergency
surgery. The present study demonstrated that among patients with active IE who received maximal
antibiotic therapy and were initially considered for elective surgery, 18% eventually required an
unexpected urgent operation, while another 18% experienced late deterioration. These significant
proportions underscore the dynamic nature of IE and the potential for rapid changes in patient
status.

Even when an elective operation was deemed appropriate at initial presentation, a significant
number of patients experienced unexpected deterioration. Consequently, not a small number of
patients did not complete the full course of preoperative antibiotic therapy as initially planned.
In fact, the need for these unexpected urgent operations generally arose shortly after initial
presentation, most often within the first week. Moreover, even when urgent surgery was not
indicated, deterioration in other forms—such as heart failure or embolic events—could still occur
at a relatively later stage, typically 20-30 days after starting antibiotic therapy. These findings
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suggest the need to closely monitor patients for signs of deterioration throughout the entire
course of antibiotic treatment.

Predictors of late deterioration

The present study identified several risk factors for late deterioration in non-urgent surgery
patients through univariate analyses, including cardiac dysfunction and elevated WBC counts
one week after starting antibiotics. Multivariate analysis revealed elevated WBC counts as the
single independent predictor of late deterioration in this patient group. Specifically, a WBC count
>7900/uL. at this time demonstrated high sensitivity (91%) and specificity (76%) for predicting
late deterioration. This finding provides clinicians with a valuable tool for risk stratification and
surgical planning.

Previous research has demonstrated the utility of C-reactive protein (CRP) levels in predicting
mortality, complication rates, embolism, and the need for emergency surgery in IE management.®®
Those studies highlighted the prognostic value of inflammatory markers, particularly CRP, for
postoperative outcomes of IE. Our study complements such findings by identifying elevated WBC
count as a predictor of late deterioration.

Clinical implications for surgical timing

The present results indicate that elevated WBC counts following initial antibiotic therapy are
predictive of patient deterioration. Based on this finding, we suggest that for patients who do
not achieve normalization of WBC count within one week of starting antibiotic therapy, surgery
should be considered before completing the full course of antibiotics, ideally within 20 days of
presentation. This strategy aims to prevent late deterioration of condition, such as new embolisms
or worsening heart failure, which tend to occur after 20 days. The recent literature supports the
benefits of early surgery regarding perioperative mortality and recurrence rates,”!' likely via the
prevention of embolic events within the first week following diagnosis and antibiotic initiation.'?

On the other hand, completing a full course of preoperative antibiotic therapy is often ben-
eficial for infection control prior to surgery. Our protocol involves administering a full course
of antibiotics at maximum doses to patients not immediately requiring emergency surgery, with
close monitoring for potential urgent surgical needs. In our study, while many patients eventu-
ally required unexpected urgent surgery, those who responded well to antibiotics and completed
the therapy without deterioration achieved very favorable outcomes. No cases of death were
encountered and only one case among these patients showed recurrent IE.

Previous research also underscores the advantages of extended preoperative antibiotic therapy.
Garcia-Granja et al found that positive intraoperative valve cultures are associated with increased
postoperative mortality.'* Halavaara et al reported that after two or more weeks of antibiotic
therapy, valve cultures often become negative, and the polymerase chain reaction (PCR) yield
for valve bacteria significantly decreases." In addition, a longer preoperative antibiotic period
increases the likelihood of negative valve cultures intraoperatively.'

Decisions thus need to balance the benefits of a full course of preoperative antibiotics for
infection control with the potential advantage of early surgery to avoid late deterioration. Our
results advocate a personalized approach based on WBC count as an inflammatory marker.
If urgent surgery is not indicated, patients may initially complete a full course of antibiotics.
However, for those with persistently high WBC counts after one week of therapy, deterioration
may be anticipated and earlier surgery should be performed—ideally within 20 days of presenta-
tion. Continuous monitoring for signs of deterioration and the potential need for urgent surgery
throughout the antibiotic treatment course is essential.
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Study limitations

Our study has the limitations inherent to a single-institution, retrospective design. As with any
retrospective study, there may be unknown confounding factors that could not be adjusted for,
potentially influencing our results. In addition, we collected data on surgical cases over a 15-year
period, and the indications and timing of surgery may have changed over this time. Definitions
of criteria for urgent surgery and deterioration may vary between institutions, potentially affecting
the comparability of results.

To address these limitations and validate our findings, large-scale, multi-center prospective
studies are warranted. Such studies would provide a more comprehensive understanding of the
optimal timing for surgical intervention in patients with IE and help establish more generalizable
guidelines for clinical practice.

Despite these limitations, this study contributes valuable insights to the management of
non-urgent surgical patients with IE and provides a foundation for future research in this area.

CONCLUSIONS

This study provides important insights into the management of non-urgent surgical patients
with IE. Among patients with active IE who initially received maximal antibiotic therapy and
were considered for non-emergent surgery, 18% required an urgent operation and another 18%
experienced late deterioration. A WBC count >7900/uL after one week of antibiotic treatment
emerged as a significant predictor of late deterioration, suggesting that earlier surgical intervention
may be beneficial in such cases to prevent adverse outcomes.
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