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Background: Assessment of kidney function in emergency settings is essential across all medical subspecialties. Daily assessment of patient creatinine results from emergency medical services showed that some deviated from expected values, implying drug-related interference.

Methods: Real-time clinical evaluation of an enzyme method (Roche CREP2) in comparison with the Jaffé gen. 2 method (Roche CREJ2) was performed. During the period of December 2022 and January 2023, we analyzed 8,498 patient samples, where 5,524 were heavily medicated STAT patient specimens, 500 were pediatric specimens, and 2,474 were from a distant general population in a different region using the same methods.

Results: In 109 out of 5,524 hospital specimens (1.97%, p < 0.001), the CREP2 value was apparently (25% or more) lower than CREJ2. Suspect interfering medication was found in a sample of 43 out of 46 reviewed patients where medication data were available. This phenomenon was not observed in the general population.

Conclusion: In a polymedicated urgent care hospital population, a creatinine enzyme method produces unreliable results, apparently due to multiple drug-related interferences.
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Introduction

Determination of blood creatinine is essential to assess kidney functional status. The first method used for creatinine measurement in clinical specimens was introduced by Jaffé (1). During the past two decades, Jaffé methods have been widely replaced by enzyme-based colorimetric methods employing sarcosine oxidase/peroxidase reaction chemistry (2). It has been shown repeatedly that enzymatic methods are susceptible to negative interference caused by several drugs, such as etamsylate (3), metamizole (4, 5), paracetamol, N-acetyl-p-benzoquinone imine (NAPQUI) (5), acetylcysteine (6), derivatives of salicylic acid (5, 7), high-dose acidum ascorbicum (8), and dobesilate (9). Negative interference by catecholamines at clinically relevant concentrations was also shown to affect these methods (10), and recently, monoclonal immunoglobulins have also been reported to interfere (11, 12). In addition, Roche SmPC for enzymatic creatinine determination (CREP2) states that methyldopa and levodopa cause artificially low results. Etamsylate, acetaminophen (paracetamol), acetylcysteine, and metamizole are also mentioned as potentially interfering substances (13).

Reviewing patient result sign-outs in a large tertiary care hospital performing up to 600 STAT creatinine determinations a day, we observed that approximately 2% of creatinine results deviated from preceding or expected creatinine values in the context of patient history and diagnosis, mode of hospital admission, reference ranges, and/or delta checks. The falls in measured creatinine levels exhibited unpredictable behavior independent of diagnosis—from trauma emergency services through general surgery, urology, and obstetrics to neurology, general internal medicine, and subspecialties such as cardiology, nephrology, and oncology. Of the drugs frequently used in these emergency settings, metamizole, paracetamol, etamsylate, and acetylcysteine represent common medications known to interfere with enzymatic creatinine determination. Observing these inconsistencies, we realized an imminent occurrence of a diagnostic and/or medication error problem, the basis of which may be uncontrollable drug-induced effects leading to falsely low creatinine values by the enzyme method followed by spuriously high eGFR calculated values.

Here, we report on retrospective evaluation of the affected method (CREP2), comparing its performance to a Jaffé generation 2 method (CREJ2) in the context of real-life emergency medicine pharmacotherapy and immediate implementation of corrective measures restoring the accuracy of eGFR determinations. To the best of our knowledge, this is the first report addressing inaccuracies of enzyme-based creatinine methods relevant to emergency medical services pharmacotherapy and providing immediate, clinically feasible corrective and preventive actions applicable worldwide for hospital emergency laboratory services.



Materials and methods


Survey setting and patient population

The study was performed as an exploratory survey based on pharmacovigilance signals on the potential influence of medications on laboratory tests. The aim was to identify and minimize potential risks from patient medications. The survey was approved by the multicentric IRB of University Hospital Brno under the number 03-091122/EK. Creatinine measurements were performed as a single additional analysis of all accessible clinical specimens covered by legally required informed consent. All methods were applied as described by the manufacturer. All participating laboratories were accredited under the ISO15189 standard. Central and pediatric laboratories of the University Hospital Brno and a Central reference laboratory Spadia lab, a.s. were involved. Altogether, 8,498 paired, real-time patient creatinine measurements were performed. Of those, 5,524 were STAT determinations at the Department of Laboratory Medicine, University Hospital Brno (A), 500 measurements at the Children’s Hospital laboratories (B), and 2,474 at Spadia lab a.s. (C).

(A) Hospital adult urgent care population: STAT creatinine determinations were analyzed by both CREP2 and CREJ2 methods summing up to 5,524 measurements from 21 December 2022 to 19 January 2023. This population consisted of 3,449 patients, 45.21% male patients and 54.79% female patients, with an age range of 18–99 years and a median age of 62 years.

(B) Hospital pediatric population: Five hundred STAT creatinine determinations were analyzed using both methods from 15 January 2023 to 9 February 2023. The population at the Children’s Hospital is mostly constituted of five intensive care units (neonatal, general pediatric, resuscitation care, infectious diseases, and pediatric oncology/transplantation). This population consisted of 317 patients, 54.9% male patients and 45.1% female patients, with an age range of 0–24 years and a median age of 8 years.

(C) Common adult population: From 5 January 2023 to 31 January 2023, we performed 2,474 measurements in a different geographic region (North Moravia, Czechia) using identical equipment and methods (Roche c702). This dataset served as a “field verification set” performed at the same time in an approximately 200 km distant population assumingly not taking medications used in urgent care hospital settings. This patient population was a general regional outpatient population unrelated to a University Hospital Brno referral population. This population consisted of 2,474 patients, 42.3% male patients and 57.7% female patients, with an age range of 1–99 years and a median of 60 years.



Laboratory methods

Creatinine and cystatin C measurements were performed using Roche platforms Cobas 8,000, Pure, or Integra. The CREP2 (enzyme-based) and CREJ2 (rate-blanked and compensated Jaffé gen. 2) methods were installed on the Cobas 8,000 c702 serving as the main measurement device in our hospital. All methods were conducted as described by the manufacturer. Creatinine methods were calibrated using C.f.a.s. Roche IDMS-traceable calibration. Pediatric STAT creatinine determinations were performed at the Children’s Hospital using Roche Cobas Integra 400+ instruments as recommended by the manufacturer.



Statistical analysis

The Bland–Altman plot was used to define the limits of agreement between the values of creatinine concentration with a 95% confidence interval. Scatterplots with identity lines were used to visualize log-transformed values of paired measurements. The chi-square test for equality of proportions was used to assess the significance of differences among the populations analyzed. Statistical significance was defined as a value of p of <0.05. Statistical analyses were performed using R Statistical Software (v4.2.2; R Core Team 2021) (14–16). The datasets generated and analyzed in the current study are not publicly available as they are based on individual patient measurements. The ISO15189-accredited laboratories store the primary data as per the requirement of this document.




Results


Data analysis

We used logarithmic transformation of the rank-ordered creatinine concentrations (x-axis) determined by the CREJ2 method (the lowest value first) and CREP2 methods to present all datapoints for population (A) as shown in Figure 1, Panel A. A substantial portion of CREP2 values deviates from a central tendency set by a blue sigmoid line of increasing CREJ2 concentrations. Panel 1b presents both creatinine methods as log-transformed data. The Panel 1d shows Bland–Altman plots of the full dataset as from Panel A1 visualizing a dispersion of creatinine concentrations. Panel 1e shows the identical dataset but with 25% of outlying values eliminated. Panels 1c and 1f describe the irrelevant general population (C) showing log-transformed values and a Bland–Altman plot showing very good agreement between the two methods. The results for the pediatric population are presented in Figure 2 as full data Bland–Altman plot (2a left panel) and after elimination of outliers greater than 25% (2b right panel). Figure 3 shows ratios of paired creatinine measurements as extracted from the table ranked from the first/s/third event (hospital admission > next morning sampling > next day sampling, etc.) through the tenth event (i.e., last measurements) as available. Interquartile ranges and medians are shown.

[image: Figure 1]

FIGURE 1
 CREP2 exhibits a strong susceptibility to underestimate creatinine concentrations in the “hospital adult urgent care population” in contrast to the “common adult population.” (A) Logarithmic-scale scatterplot with paired data for the dataset “hospital adult urgent care population” with the samples being rank-ordered by creatinine concentrations determined by the CREJ2 method. The data show that CREP2 values were much lower than CREJ2 values in approximately 2% of the samples. (B) Logarithmic-scale scatterplot with identity line for the same dataset as in panel (A). The identity line represents perfect agreement between the two methods; no negative interferences in the urgent care cohort with the CREJ2 method were observed. (C) Logarithmic-scale scatterplot with identity line for the dataset “common adult population” showing agreement between the two methods. (D) Bland–Altman plot for dataset “hospital adult urgent care population” from panel (A); the horizontal solid line represents the mean difference between the two values, whereas the red (dotted) lines represent the limits of agreement (1.96 SD) of individual differences. (E) Bland–Altman plot for the same dataset as in panel (D) where outlying observations greater than 25% were removed. (F) Bland–Altman plot for dataset “common adult population” where no deviations between the two methods in the general community patient cohort were observed.
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FIGURE 2
 Pediatric hospital population does not exhibit susceptibility to underestimate creatinine concentrations by CREP2. (A) Bland–Altman plot for dataset “pediatric hospital population” showing 25 of 500 values greater than 1.96 SD. These cases were then individually screened by a pediatric nephrologist (JS) and a specialist in pediatric laboratory medicine (DV) for suspect medication. (B) Bland–Altman plot for the same dataset with any samples exhibiting the difference between the two methods greater than 25% removed.
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FIGURE 3
 Time-dependent individual patient trends of consecutive creatinine measurements expressed as CREP2/CREJ2 ratio and aggregated and ranked to “sampling time events” from the first event through the tenth event. To visualize individual time-dependent trends of ratios of creatinine concentrations, we used relative timescale aggregating measurements as ordinal data. Boxplots of all patients/all measurements showed as “sampling time events 1 through 10” on the x-axis against the ratio of creatinine concentrations by CREP2/CREJ2 are shown. Major deviations from the median line observed among the 2nd through 7th measurement events implying a drug effect present but then returning to result concordance showed as a ratio approximately 1 implying a drug effect being “washed out.”




Hospital patient record review

The clinical signal for this observational study was derived retrospectively from daily sign-out reviews. Values of CREP2 discrepant to CREJ2 with preceding measurements higher than 25% by CREP2 were first screened by two clinicians and two clinical pharmacists (MR and DB; KH and SK). We examined the use of etamsylate, metamizole (dipyrone), acetylcysteine, paracetamol, catecholamines, high-dose acidum ascorbicum, and dobesilate during the 72-h period before the time of collection of a sample with a suspiciously low CREP2 value. In urgent care patients, we reviewed drug administration timing in the context of creatinine concentrations that were extracted from daily LIMS results. The criteria were either delta checks and/or inconsistent patient result history. We identified the concerned medication in a sample of 43 of 46 reviewed patients where medication data were available for post-hoc access. All cases identified on the basis of 25% differences between creatinine measurements and selected for review are presented in Table 1. Figure 3 shows the evolution of discrepancies during the hospital stay between the two methods. Creatinine values usually were similar by both methods in the first sample collected after patient entry. With subsequent samples, the enzyme method tended to give low values, presumably because intensive drug treatment had started. With longer treatment, the difference between the methods became smaller, presumably because drug treatment had ended.



TABLE 1 Clinical cases showing blood creatinine concentrations against patient emergency pharmacotherapy timeframe.
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Result summary

In the hospital adult urgent care population (A), we found 109 samples (1.97%) where the CREP2 value was 25% or more below the CREJ2 value. There were no such samples in the common adult population (C). The proportions were significantly different (p < 0.001) between the population (A) and population (C). We conclude that in a polymedicated urgent care hospital population, the creatinine enzyme method produces unreliable results due to multiple drug-related interferences.




Discussion

Inaccurate clinical inference on renal functions may severely affect diagnostic workup and threaten the safety and effectiveness of treatment. Among a number of putative filtration biomarkers, only cystatin C has been partially adopted in clinical practice, mostly in nephrology specialties, but not in emergency medical services (17). Despite common criticism, blood creatinine remains the only biomarker accessible worldwide. Therefore, the accuracy of its determinations is of paramount importance to reliably calculate eGFR that is predominantly recommended for clinical use (18). Although mentioned in SmPCs of the respective drugs (19–21) and a procedure manual of the affected method (22) as well, real-life urgent care practice often dictates an immediate clinical need for medication and, at the same time, renal function assessment. As we show here, enzyme methods applied on patient STAT specimens with multiple medications do not provide a reliable platform for creatinine determination. These findings led us to reintroduce the CREJ2 method to clinical practice as the main tool for creatinine determination. The Roche CREJ2 rate-blanked and compensated method has an IDMS-traceable calibration and is therefore suitable for eGFR calculations. Significant improvements in the original Jaffé method have been made, with this generation showing reduced interferences. We kept the CREP2 methods on our instrumentation available as needed, that is, double-checks, patients with muscular wasting, sarcopenia, pediatric population with creatinine less than 20 μmoL/L, and/or clinical trials with new drugs whose behavior toward creatinine determination is not known.

Clinical practice in our hospitals set new laboratory standards for the evaluation of renal functions. The screening tier in the adult population consists of (i) CREJ2 determination resulting in CKD-EPI eGFR calculation always available as STAT test. The second tier consists of (ii) CREJ2 + cystatin C determinations available STAT on a physician’s specific request resulting in a composite CKD-EPI (“DUO”) eGFR calculation—this procedure is intended as a quantitative measure of eGFR covering clinical situations where creatinine may be biologically unreliable, such as muscle wasting processes and extremity amputations. For pediatric populations, the screening tier is (iii) CREJ2 plus patient height resulting in Schwartz-bedside eGFR calculation, and (iv) the quantitative tier is urea+CREJ2 + cystatin C determination and eGFR calculation using the “full” Schwartz equation (23). This practice integrated our findings and general recommendations as well (24, 25).



Conclusion

From a clinical point of view, treatment is always a priority, especially in the emergency setting. Diagnostic laboratories shall use methods suitable for the intended purpose such as in specific patient populations. However, it is the IVD manufacturer’s responsibility to provide such technologies declaring suitability for a given patient setting such as emergency medicine.

Regarding kidney function biomarkers, we think that combining both biological markers, creatinine and cystatin C, reduces the disadvantages associated with each of them separately. This may advance cystatin C usage to urgent care testing in large referral centers as they deal with polymedicated specimens from severely sick patients often with no medical history available. Our new practice greatly improved the reliability of renal function evaluation in our hospitals and the safety of diagnostic procedures and eGFR-based drug dosage as well. Although the nature of these drug-related interferences is not fully clear (26), our hypothesis is that drugs and/or drug-related substances with reducing chemical properties may interfere with the hydrogen peroxide/peroxidase step, thus severely affecting the reporter reaction.


Limitations

Our report has several limitations. First, we did not mention which of the two methods produces “true” results. From a laboratory point of view, the personalized and often temporary nature of these abnormalities does not enable their detection by external means such as proficiency testing surveys, where both methods perform satisfactorily, nor by internal means such as delta checks in patients with no medical record history. Nevertheless, under our survey design, the CREJ2 method did not produce any false-negative results. Second, the lower limit of quantitation is higher for CREJ2 methods than enzyme methods, which is a limitation in pediatric medicine. Therefore, our pediatric algorithm for specimens <20 μmoL/L by CREJ2 implies that both methods are used; notably, in interference-free specimens, the CREP2 method showed excellent analytical performance, stability, and linearity down to 7 μmoL/L (data not shown). Third, it was not technically possible to timely screen all patient records for all possible medications, in part due to the legal inaccessibility of some records.
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