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Acute kidney injury (AKI) is a common complication of infective endocarditis (IE)
with a reported prevalence of 30-50%"2. Antibiotic-associated crystals (AAC)
nephropathy has been increasingly described as a cause of severe AKI secondary to
antibiotic use3#*. Amoxicillin crystals are frequently observed but sulfamethoxazole,
sulfadiazine, ceftriaxone and other antibiotics may form AAC in urine®. However, the
prevalence of AAC in the urine of IE patients is unknown. Moreover, the impact of
crystals on the renal function is unknown and always retrospectively described after
exclusion of differential diagnosis3+.

We aimed at (i) assess the prevalence and type of AAC in the urine of patients treated
for suspected IE, (ii) identify factors associated with AAC and (iii) assess renal

prognosis of AAC-positive patients.

We performed crystalluria study in adults patients admitted for suspicion of IE
between 2017, June, 15t and 2018, June, 1st. All crystalluria studies were realized in

fresh morning urine samples collected, transferred and analyzed within 4 hours.

120Z [udy G| uo J)pJousaularf-lyb@awwel naiynew ‘urewssb 1s Assiod 1Yo Aq 010S2Z9/v7209e1B61PpU/S601 01 /10P/3[1e-80UBAPE/1PU/WO2 dNO dIWapeae//:sd)ly WOl PaPEOjUMO(]



Crystalluria examinations were performed without knowledge of the clinical status and
biological results of the patients. Crystalluria was considered as positive if antibiotic

crystals were observed in urine.

Primary outcome was the occurrence of urine AAC. Secondary outcome was the
occurrence of AKI stage = 2 according to the KDIGO classification.

To identify risk factors of AAC, because several crystalluria analyses were sometimes
performed in a same patient, we used a mixed multivariate logistic regression. To
handle with this competing risk setting and time-dependent covariates, we used a Cox
time-dependent cause specific model®. Multivariate model was built using all variables
with a P value lower than 0.20 in univariate analysis and then a stepwise backward
selection was applied to select final variables. All statistical tests were two-sided using
a type | error of 0.05. This study has been approved by the ethics committee of the

French Intensive Care Society (ref. CE SRLF, #24-01).

Sixty-five crystalluria studies were performed in 34 patients with a median of 2 [1-2]
samples per patient. Most of patients were men (71%) and the median age was 70
[62-77] years. Baseline characteristics are shown in Supplemental Table 1.

First-line antibiotics were amoxicillin (88%), gentamycin (82%) and cefazolin (29%).
After adaptation to the pathogen, second-line antibiotics were amoxicillin (60%),
ceftriaxone (20%), vancomycin (20%) and rifampicin (20 %). Twenty-one (62%)
patients underwent surgery within a median time of 3 [2-8] days. Supplemental Table
2 reports treatments and events that occurred during hospitalization.

Crystalluria studies were realized within a median time of 3 [2-5] days after diagnosis.
AAC was observed in 18 (28 %) urinary samples from 14/34 (41 %) patients. All AAC
identified were amoxicillin crystals (Figure 1). When positive, the median number of
crystals was 8 [3-18]/mm?3 and a microscopic hematuria was associated in 13/18 (72
%) of AAC cases. We identified 6 other positive crystalluria with uric acid (n = 2) or
calcium oxalate crystals (n = 4): 4/47 (8.5%) in the No AAC group and 2/18 (11.1%) in

the AAC group. Median serum creatinine level at the time of crystalluria was 99 [65-
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202] pmol/L. Multivariate logistic mixed effect analysis identified blood amoxicillin
concentration (OR = 1.03 [1.01-1.05] per increase of 1mg/L), urine pH (OR = 0.78
[0.62-0.97] per increase of 0,1 unit) and a trend was observed with urinary specific
gravity (OR for = 1.25 [0.80-2.73] per increase of 10 unit, p=0.10) as risk factors of
AAC (Supplemental Table 3).

AKI occurred in 16 (47%) patients. The median time from admission to AKI was 5 [3-
7] days. Multivariate Cox cause specific time-dependent analysis identified AAC (CSH
=7.44 [1.83-30.25]), septic shock at admission (CSH = 13.29 [2.25-78.60]) and use of
vancomycin in first-line therapy (CSH = 5.49 [1.07-28.22]) as risk factors of AKI

occurrence (Table 1).

This study is the first to assess the prevalence and prognosis of AAC in a context
of IE by repeated analysis of crystalluria.
In 2020, Garnier et al. identified, among 358 patients treated with high daily dose of
amoxicillin, 73 (20%) patients with AKIl. AKI seemed related to antibiotic-induced
crystal nephropathy in 16 patients. However, crystalluria study was performed 4.5 days
after the onset of AKI and was positive in only 2 patients?.
In the present work, we highlight that high blood concentration of amoxicillin, low
urinary pH and urine density are risk factors for amoxicillin crystal formation in urine.
Crystals may form in urine when antibiotics are in a supersaturation state, depending
on antibiotic concentration in urine and pH37.
Finally, we identify that AKI is a common complication of IE, and the presence of AAC
in urine is an independent risk factor associated with the occurrence of renal
dysfunction. Our prevalence of AKI is quite similar to those already reported after IE®*°.
In addition to amoxicillin crystals, we identified two other independent risk factors of
AKI: use of vancomycin, a potentially nephrotoxic drug, and septic shock at

admission0.11,
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Our study has strengths. First, we used polarized microscopy to detect crystals.
Second, we prospectively analyzed the patients admitted in our center, not only
patients with renal failure, to not overestimate the consequences of AAC. Third,
because of the dynamic process of crystal formation, we collected several urine
samples per patient to not underestimate the prevalence of AAC. Fourth, our
biostatistical model is the most appropriate to handle with concurrent risk context and

time-dependent covariate.

However our study has also major limitations. First, the small number of patients limits
the power of statistical tests. Second, we could not apply a standardized chronological
protocol of urine collection because crystalluria was not available during weekend and

night. Third, no renal biopsy was performed in patients with AKI.

In conclusion, amoxicillin crystals are frequent in patients treated with high dose of
amoxicillin for suspected IE, and their presence in urine predicts AKI. Our results
suggest that repeated crystalluria analyses should be performed in patients receiving
high doses of amoxicillin. An increase in urine output, urine alkalinization and a
decrease in amoxicillin dose or a switch to other antibiotics may prevent AKI in these

patients, deserving further studies.
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TABLES

Table 1. Time-dependent survival competing risk analysis of AKI

Univariate Analysis

Multivariate Analysis

CSH 95% CI P CSH 95% Cl P
Age > 70 years 0.75 0.26-2.17 0.59
Male gender 0.85 0.28-253 0.76
BMI (+1 kg/m?) 0.98 0.87-1.10 0.72
History of valvulopathy 1.10 0.24-4.93 0.90
History of arterial hypertension 0.67 0.23-1.93 0.46
History of mellitus diabetes 0.62 0.14-2.75 0.52
History of CKD 0.57 0.10-4.36 0.58
History of solid cancer 0.72 0.16-3.34 0.70
Septic shock at admission 1.59- 25-
8.94 0.01 13.29 0.004
50.17
Congestive signs at admission 0.38 0.10-1.66 0.19
Fever 1.26 0.35-454 0.72
Native valve IE 1.25 0.44-3.57 0.68
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Positive documentation

Staphylococcus. aureus

Streptococcus group

Definite IE

Possible IE

WBC at admission (+1G/L)
Hemoglobin at admission
(+1g/dL)

Platelets at admission
(+10G/L)

SCr at admission (+10umol/L)
AST at admission (+10UI/L)

ALT at admission (+10UI/L)
1t line Amoxicillin (+1g per
day)

1t line Gentamycin

1st line Vancomycin

Positive AAC*

Surgery*

0.96

1.34

2.93
1.16
1.13
1.01

0.92

1.02

0.96

1.18

1.14

0.98

0.63

6.31

3.38

2.21

0.32-2.87
0.17-
10.33
0.97-8.88
0.36-3.70
0.25-5.05
0.92-1.11

0.68-1.25

0.95-1.10

0.80-1.15

1.07-1.32

1.04-1.24

0.78-1.24

0.14-2.79
1.72-
23.17
1.05-
10.97

0.79-6.14

0.94

0.78

0.05
0.80
0.87
0.86

0.59

0.55
0.61
0.00

0.00

0.89

0.54
0.00
)

0.04

0.12

5.49

7.44

1.07-
28.22
1.83-
30.25

0.04

0.005

CSH, cause-specific hazard; Cl, confidence interval, BMI, body mass index; CKD,

chronic kidney disease; IE, infective endocarditis; WBC, white blood cells; SCr, serum

creatinine; AAC, antibiotic associated crystals in urine; AST, aspartate

aminotransferase; ALT, alanine aminotransferase

Initial multivariate model before stepwise variable selection included following

covariates: Septic shock at admission, Streptococcus group, SCr at admission, 1st

line Vancomycin, AST and ALT at admission, Positive AAC and surgery

* These variables had been analyzed as time-dependent covariates
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SUPPLEMENTAL MATERIALS

Supplemental Table 1. Baseline characteristics

Supplemental Table 2. Treatment and evolution during hospitalization

Supplemental Table 3. Comparison according to occurrence of AAC in urine
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Figure 1. Typical amoxicillin crystal observed in polarized light
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