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Background: Acute kidney injury (AKI) is common in hospitalized children. We hypothesized that hospital-acquired AKI would be underrecognized and under-reported, with potential implications for prevention of future AKI and CKD risk stratification.

Methods: Five hundred thirty-two cases of AKI occurring over a 1 year period in a tertiary children's hospital in the United States were studied. AKI documentation was defined as any mention of AKI in the admission history and physical note, progress notes, or discharge summary. Nephrology follow-up was defined as a completed outpatient clinic visit within 1 year of discharge. Logistic regression was used to assess factors associated with documentation, consultation, and follow-up.

Results: AKI developed during 584/7,640 (7.6%) of hospitalizations: 532 cases met inclusion criteria. Documentation was present in 34% (185/532) of AKI cases and 90 (16.9%) had an inpatient nephrology consult. Among 501 survivors, 89 (17.8%) had AKI in their hospital discharge summary and 54 had outpatient nephrology follow up. Stage 3 AKI, peak creatinine >1 mg/dL and longer length of stay were associated with documentation. Stage 3 AKI and higher baseline creatinine were associated with inpatient nephrology consultation. Inpatient nephrology consultation was positively associated with outpatient nephrology follow up, but documentation in the discharge summary was not.

Conclusion: Most cases of AKI were not documented and the proportion of children seen by a nephrologist was low, even among those with more severe injury. Increased severity of AKI was associated with documentation and inpatient consultation. Poor rates of documentation has implications for AKI recognition and appropriate management and follow up.
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INTRODUCTION

Acute kidney injury (AKI) is common in hospitalized children (1) and the incidence is increasing (2). AKI is associated with increased length of stay and increased mortality among those who are critically ill (3). Children who experience AKI are at increased risk for hypertension, proteinuria, repeat AKI episodes, and chronic kidney disease (CKD) (4, 5).

Given its significant health impacts, the KDIGO (Kidney Disease: Improving Global Outcomes) guideline on AKI recommends evaluating patients for CKD 3 months after AKI (6). Nephrology follow-up has been associated with improved outcomes after severe kidney injury in adults (7), but outpatient nephrology follow-up after AKI in pediatric patients is uncommon (8, 9). This lack of appropriate follow-up is driven in part by a lack of AKI recognition (10). Understanding the scope of and clinical factors associated with AKI underrecognition in children is critical to developing strategies to improve detection and the management of those affected. Previous studies, including one of children in the intensive care unit, have shown that billing/administrative data has a low sensitivity in identifying AKI compared to KDIGO creatinine-based criteria, however, the extent of underrecognition of AKI by clinicians, was not described (11, 12). Documentation of AKI in the electronic health record (EHR) is likely a more sensitive surrogate for the clinical detection of AKI and therefore was the outcome we chose to study.

To further characterize recognition of AKI by clinicians, a detailed review of the EHR for documentation of AKI and nephrology consults was performed in hospitalized children with AKI based on KDIGO-creatinine criteria. We predicted that AKI would be poorly recognized and that the severity of AKI would be associated with an increased likelihood of documentation and nephrology consultation/follow-up.



METHODS


Study Design and Data Sources

Among all hospitalized children admitted to a tertiary care pediatric hospital in the United States from July 1, 2016 through June 30, 2017, we conducted a retrospective chart review of the children with AKI. Patients >21 years of age, those admitted or discharged from the nephrology service, and patients with Stage 5 CKD treated with dialysis or transplant were excluded from analysis. AKI was identified in pediatric inpatients using a dashboard that interfaces with the EHR, developed to implement a patient safety program known as NINJA (Nephrotoxic Injury Negated by Just-In-Time Action). NINJA is a multi-center quality improvement collaborative with the goal of reduction in the incidence and intensity of AKI from nephrotoxic medications in hospitalized children (13, 14). Among identified cases of AKI, a manual review of the EHR was performed for demographic and clinical data, and assessment of documentation of AKI, nephrology consultation, and nephrology follow-up. Data were de-identified prior to data analysis. This study was approved by the institutional review board.



Definitions

AKI was defined using KDIGO criteria for serum creatinine: an increase in serum creatinine from baseline by 0.3 mg/dL or >50% increase (6). AKI was staged based on peak serum creatinine using KDIGO criteria: Stage 1 (creatinine 1.5 to 1.9 times baseline or increase in serum creatinine ≥0.3), Stage 2 (creatinine 2 to 2.9 times baseline), and Stage 3 (creatinine ≥3 times baseline or dialysis). Urine output data was not collected for all patients and thus not used for AKI diagnosis or staging. Baseline creatinine was defined as the lowest creatinine measurement in the 6 months prior to the AKI episode. If no creatinine in the 6 months prior was available, the lowest creatinine during the hospitalization defined the baseline. AKI episodes were considered documented if there was any mention of AKI in the EHR. The following terms were used to search the EHR: AKI, kidney injury, kidney failure, acute renal failure, renal failure, renal injury, and renal insufficiency. AKI was counted in the patient's problem list if AKI or any of the other synonyms listed above were included in the patient's problem list during hospital stay or within 6 months after hospital discharge. Nephrology inpatient consultation was identified by presence of consult note documentation. Individuals were considered to have nephrology follow-up if they had a completed nephrology clinic visit within 12 months after hospital discharge.



Analysis

All analyses were completed using Stata software version 16 (StataCorp, College Station, TX). Descriptive statistics were used to describe patient characteristics and prevalence of documentation, and nephrology consultation and follow-up. Multiple logistic regression was performed to determine associations between patient characteristics and the outcomes of interest (documentation, inpatient nephrology consultation, and outpatient nephrology follow-up).




RESULTS

Among 7,640 hospitalizations during the 1 year study period, 584 (7.6%) were complicated by AKI. Of the 614 patients identified as potential AKI cases by the EHR, 30 were either admitted for kidney transplant or receiving chronic dialysis and were thus excluded. An additional 52 patients were admitted to the nephrology service and also excluded. Of the 532 cases included, 148 (28%) were Black, 297 (56%) White, and 87 (16%) had race identified as other or not specified; 43 (8%) of patients were Hispanic. The median age was 11 years [interquartile range (IQR) 3–17 years]. The majority of the AKI events (51.5%) were KDIGO Stage 1 AKI.

Of hospitalizations complicated by AKI, 34.8% (185/532) had AKI documented in the EHR (Table 1). AKI was most often documented in the daily progress note. There were 31 deaths in the study period. Of those who died, 24/31 had Stage 3 AKI and 15/31 received dialysis while hospitalized. Of the deceased with Stage 3 AKI, 20/24 had a nephrology consult. Of the 501 surviving patients, 17.8% (89) had AKI documented in the hospital discharge summary. A minority of patients (16.9%) were seen by a nephrologist in the hospital, although this proportion increased to 52.5% among those with Stage 3 AKI. Similarly, outpatient nephrology follow-up was uncommon in the cohort (10.8% of all survivors) but more likely in those with more severe kidney injury (20.8% in those with Stage 3 AKI). Among the 29 (5.5%) patients who required acute dialysis, 14 survived to discharge; 21% (3/14) of these patients were seen in outpatient follow-up by nephrology.


Table 1. Summary of AKI documentation, nephrology consultation, and follow-up.
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Duration of AKI was assessed for those patients with Stage 3 AKI. Median duration of injury was 7 days (IQR 3–16 days). After excluding patients with transient AKI (3 days or less), 65% had inpatient nephrology consultation. Among survivors of Stage 3 AKI lasting 4 days or more, 25% (11/44) had outpatient nephrology follow up.

Patient characteristics associated with AKI documentation in adjusted analyses included Stage 3 AKI, peak creatinine >1 mg/dL, and increased length of stay (Table 2). Table 3 shows the odds of inpatient nephrology consultation among those patients with AKI documented in the EHR. Patients with Stage 3 AKI and higher baseline creatinine were more likely to have nephrology consultation.


Table 2. Odds of AKI documentation by patient characteristic (n = 532).
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Table 3. Odds of nephrology consultation by patient characteristic among those with documented AKI (n = 186).
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There was a strong positive association between inpatient nephrology consultation and outpatient nephrology follow-up (OR 12.32, 95% CI 4.35–34.97) (Table 4). In contrast, there was no association between severity of AKI and nephrology follow-up. There was also no association between nephrology follow-up and documentation of AKI in the discharge summary.


Table 4. Odds of nephrology follow-up by patient characteristic among survivors with documented AKI (n = 163).
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There were 84 individuals who had >1 hospitalization complicated by AKI. This group accounted for 242/532 (45%) of all AKI episodes in the study. Those with multiple hospitalizations complicated by AKI were not more or less likely to have documentation of AKI, nephrology consultation or nephrology follow-up compared to those with a single hospitalization.

The discharge service with the majority of hospitalizations complicated by AKI in the study was oncology/bone marrow transplant (BMT) (41%), followed by general pediatrics (15%). The proportion of AKI documented and proportion of patients by discharge service is shown in Table 5. There was a decreased odds of AKI documentation in patients discharged by surgery services (OR 0.22, 95% CI 0.08–0.67) and by oncology/BMT services (OR 0.45, 95% CI 0.22–0.89). The proportion of those who had inpatient nephrology consultation is also described in Table 5. There was decreased odds of nephrology consultation in those discharged by cardiology (OR 0.24, 95% CI 0.06–0.91), NICU (OR 0.06, 95% CI 0.01–0.43), and oncology/BMT services (OR 0.15, 95% CI 0.04–0.51).


Table 5. Odds of AKI documentation and nephrology consultation by discharge service.
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Among patients who had AKI documented in the EHR and survived to hospital discharge, we found a lower odds of nephrology follow-up in those discharged by the oncology/BMT service (OR 0.24, 95% CI 0.07–0.85) in the multivariate model. Of note, 25 patients with documented AKI were discharged from the PICU (16 patients discharged as deceased and 9 survivors). Of the surviving patients discharged from the ICU, none completed outpatient nephrology follow-up.



DISCUSSION

In this study of children admitted to a tertiary care center over a 1 year period, AKI was common, with 7.6% of admissions complicated by AKI diagnosed by serum creatinine level, and almost half of the AKI events were Stage II or III severity. However, documentation of AKI in the EHR, including discharge summaries, progress notes and problem lists, was uncommon. Only a third of affected patients had AKI documented anywhere in the EHR; the proportion of documented cases increased as AKI severity increased. Approximately half of patients with Stage 3 AKI had an inpatient nephrology consult; only 20% of Stage 3 patients completed outpatient nephrology follow-up within 1 year. The factor most strongly associated with outpatient follow-up was inpatient consultation.

The incidence and the severity of AKI in this study is consistent with other studies of AKI among hospitalized pediatric patients (1, 2, 10). A few studies have demonstrated the poor sensitivity of billing/discharge codes in identifying AKI in pediatric patients, both in the US (15) and internationally (10, 16). Schaffzin et al. examined a cohort of non-ICU pediatric patients exposed to nephrotoxins who developed AKI and found that billing codes identified <50% of AKI episodes (15). Coding data has also been shown to have low sensitivity (17%) for AKI in a large adult cohort as well (11). This study is unique given the comprehensive review of the entire medical record for any mention of AKI and only 34% of all cases were documented. Our findings are consistent with what has been observed in other studies of pediatric AKI documentation. In the National Health Service in the United Kingdom, Bhojani et al. found that only 26% of AKI episodes were documented by the medical team based on a review of progress notes from a sample of 11% of patients with AKI (10). Menon et al. found that 47% of laboratory-identified kidney injuries were documented in a review of progress notes (17). We found that clinicians were more likely to document kidney for higher absolute values of peak creatinine (serum creatinine >1 mg/dL) as well as higher baseline creatinine suggesting that AKI is more readily recognized in pediatric patients who are closer to adult size. We also found that recurrent AKI was common in our cohort, but that individuals with recurrent AKI were no more likely to have their kidney injury documented or to receive nephrology consultation or follow-up compared to those with one AKI episode.

With regard to the long-term sequelae of AKI, a meta-analysis by Greenberg et al., found the incidence of CKD after AKI to be 3.7 per 100 person years (4). In a study of adult patients with severe AKI requiring temporary dialysis, early nephrology follow-up (within 90 days of hospital discharge) was associated with a decrease in mortality (7), although to date there is no study in a pediatric population correlating nephrology follow-up with outcomes. Nephrology follow-up after AKI is not routine in children (8, 9), perhaps due to a lack of recognition or the competing needs of other chronic medical conditions requiring intensive follow-up. A single center NICU cohort study found 40% of very low birth weight infants experienced AKI but none of them were referred for AKI follow-up and only 13.5% of survivors had their kidney injury documented in the discharge summary (9). In our study, even patients with severe kidney injury (Stage 3) had low rates of outpatient nephrology follow-up, even when their injury was documented in the EHR or discharge summary. Although AKI rates were among the highest for patients on the oncology/BMT service, these patients had decreased odds of outpatient nephrology follow-up compared to other services, even when accounting for severity of AKI.

Our findings add to the current body of literature describing underrecognition of AKI in hospitalized children. If AKI is not identified in the acute setting, important interventions such as medication dose adjustments and avoidance of nephrotoxins may not happen with implications for worsened severity of AKI and patient harm. Lack of recognition could result in missed opportunities for future AKI mitigation and missed screening for long-term sequelae such as hypertension, proteinuria, and CKD. Although nephrology follow-up may not be required for every episode of mild AKI, pediatric nephrologists are likely best suited to screen for and identify these post-AKI complications in children.

A proposed solution to the problem of underrecognition of kidney injury has been the use of provider alerts. In a single center study of AKI alerts in hospitalized children, Menon et al. implemented an alert and clinical decision support tool and showed improved documentation (<50–74% documented) and adjustment/discontinuation of medications. However, there was no statistical difference in documentation of AKI in the hospital discharge summary, nephrology consultation, or outpatient nephrology follow-up, perhaps due to small sample size (17). In a large, multicenter randomized controlled clinical trial of provider AKI alerts in adults, there was no difference in progression of AKI, dialysis or death between the intervention and control arms. Interestingly, there was an increased risk of death associated with AKI alerts in a sub-analysis of non-teaching hospitals (18). This finding deserves further study in the pediatric population, especially given the differences in AKI incidence, etiology, and comorbidities in children compared to adults. We propose the automated addition of AKI to the hospital discharge summary and/or problem list as a way to improve CKD screening, nephrology follow-up rates, and potentially mitigate severity and future risk of AKI.

Our study has several limitations. First, urine output was not strictly recorded for all patients and thus was not used to identify AKI, leading an underestimation of the true incidence. This study also described the consultation and referral practices at a single academic center and there may be variation in these practices depending on access to nephrology care, thus limiting generalizability. Also, patients receiving follow-up nephrology care at a different medical center with different EHR software were not captured. Finally, lack of documentation of AKI may not always indicate lack of recognition of AKI. The strengths of this study include the use of detailed chart and laboratory review rather than billing data leading to an increase in sensitivity and specificity of AKI documentation.

In conclusion, despite a significant incidence of AKI in hospitalized children, this study showed that most cases of AKI were not documented in the EHR, supporting limited existing literature that AKI is commonly underrecognized in hospitalized children. The proportion of children who received nephrology consultation and outpatient follow-up was also low, even among those with Stage 2 or 3 AKI. Additional work is needed to determine whether EHR alerts/automated problem list addition impacts the recognition and management of children with AKI and improves CKD screening and outcomes in AKI survivors. Future studies should assess whether EHR or clinical prompting of inpatient nephrology consultation and outpatient nephrology follow up among those with severe persistent AKI would improve screening for the sequela in affected children and decrease the risk of AKI recurrence.
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