Drug dosing in patients with renal insufficiency in a large university hospital using electronic prescribing and automated reporting of estimated glomerular filtration rate (eGFR).
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Abstract

In patients with impaired renal function drug dose adjustment is often required. Non-adherence to clinical prescribing recommendations may result in severe adverse events. In previous studies the prevalence rate of non-adherence to recommended dosing has been reported to be 19-67%. 

Using the clinical support system Renbase® as reference we investigated the use and dosing of drugs in patients with impaired renal function in a university hospital setting using electronic prescription and automatic reporting of estimated glomerular filtration rate (eGFR). 232 patients with an eGFR in the range of 10-50 ml/min were included. We identified 411 drugs (prescribed to 180 patients) which required dose adjustment by eGFR and 26 drugs (prescribed to 26 patients) which should be avoided according to Renbase®.  
In total, 30% (69) of patients received 89 drugs either to be avoided or in a dose which was inappropriate by renal function according to Renbase®. By expert grading, the potential adverse events from inappropriate use or dosing were mostly categorized as mild or moderate, but six were categorized as severe and one as life-threatening. 
We conclude that despite automated report of eGFR a significant proportion of patients with renal insufficiency are exposed to inappropriate drug use with potential adverse effects, and thus further initiatives to reduce errors such as electronic decision support systems should be explored.  
Introduction and background
Medication errors are common causes of severe adverse events leading to hospital admission, prolongation of hospitalization, severe adverse events, and in some cases even deaths (1). Patients with renal insufficiency are particular prone to inappropriate drug dosing as many drugs are eliminated through the kidneys implying a need for dose adjustment or discontinuation in patients with reduced renal function. Clinical recommendations regarding prescription in renal impairment are available for almost all drugs. 
Many studies have investigated drug use in patients with reduced renal function (2-8). The majority of these studies were conducted in hospital settings. In a review of data published from 1966 to 2002 Long et al (5) concluded that the prevalence of non-adherence to renal dosing guidelines in hospitals varied between 19% and 67%. More recent studies have shown similar rates. In a Norwegian study (4) every patient was treated with an average of six renal risk drugs. Forty nine (25%) out of 201 patients were prescribed drugs that should be avoided according to guidelines, and in 124 (62%) patients there were other problems associated with the use of renal risk drugs, mostly incorrect dosing. Two studies (2-3) investigated drug dosing at hospital discharge and found that prescribed doses deviated significantly from guidelines in 40% and 52%, respectively, of patients with renal insufficiency. 

The introduction of automated reporting of estimated glomerular filtration rate (eGFR) provides prescribers with a rapid and more informative estimation of renal function in comparison with only providing plasma creatinine measurement. Although controversies exist regarding the use of estimated creatinine clearance or eGFR for drug dosing (9) the automated reporting of eGFR may be expected to improve adherence to guidelines regarding drug dosing in renal disease.
Thus, we investigated the occurrence of inappropriate drug use among patients admitted to hospital in the setting of electronic prescription and automatically reported eGFR. We furthermore estimated the potential consequences and identified characteristics of patients prescribed incorrect dosing. 
Material and methods
Study design
We conducted an observational prospective study comprising adult patients hospitalized at Odense University Hospital  for two months (from 16 November 2011 to 14 January 2012). The study included all inpatients on 16 November 2011 and those who were admitted during the study period.  The inclusion criteria were: 1) Age at least 18 years, 2) An eGFR between 10 and 50 ml/min/1.73 m2, and 3) At least one drug administration recorded in the hospital electronic medical record within 24 hours to 48 hours after the index eGFR measurement. Patients with inconsistencies in the medication records or on dialysis were excluded. 
Patients were identified from the laboratory database. Each patient could only be entered into the study once.
Plasma creatinine was measured at the department of Clinical Biochemistry and Pharmacology on an Architect instrument (Abbott, Wiesbaden, Germany) using an enzymatic colorimetric method with end-up reaction. The measurement range was 8.8-3536 µmol/L. Quality control was assured with internal (SERO, Norway) and external (Ringversuche, Germany) control programs. CV for inter- and intra-assay variation was < 3.6%. eGFR was automatically reported with the results of the creatinine measurement. After identification of eligible patients (Fig. 1), information on drug administration on the day of eGFR measurement and for the following 5 days was collected from the electronic medical records. Drugs prescribed “as needed” or p.r.n. was not included in the analysis.   
Definitions
Renal function.

eGFR was calculated using the simplified four-variables Modification of Diet in Renal Disease (MDRD) equation without correction for race (10) as recommended by the Danish Society of Nephrology (11). A valid eGFR requires that GFR is relatively stable, and in the present study we defined an unstable GFR as a greater than 20 % change in eGFR within three days following the defined index test date. The renal insufficiency was classified by eGFR into moderate (49-30 ml/min/1.73m2) or severe (29-10 ml/min/1.73m2) in accordance with European Medicines Agency (EMA) (12). 
Renal risk drugs and incorrect dosing 
Renbase® is an online clinical decision support system developed by independent clinical experts, and is available to health care professionals through Terveysportti health portal (13). Renbase® offers drug-specific information for the different stages of renal impairment to aid in the selection of appropriate drugs and dosage. Searches can be performed either by generic drug name, ATC code or trade name. The drug is assigned one of four action codes for each stage of renal impairment: (A) No need for adjustment of dosage or dose interval; (B) The information is missing or it has been evaluated on the basis of the pharmacokinetic characteristics of the drug; (C) Adjustment of dosage or dose interval; and (D) The drug should not be used. The recommendations by Renbase® may to a minor extent differ from those of the drug summary of product characteristics (SPC’s), and from the online drug information portal, promedicin.dk (14), used by many Danish physicians. We used Renbase® as reference because it is evidence based, and in contrast to promedicin.dk has all data available in an easily usable database format. 
Renal risk drugs were defined as drugs that, according to Renbase®, should be either avoided or dose adjusted in patients with impaired renal function. Two clinical pharmacists gathered information on all renal risk drugs, and their dosing. Drugs, for which the individual dosing is very dependent on other factors than renal function (e.g. insulin or potassium chloride) were not included in the analyses of renal risk drugs. Inappropriate drug dosing was defined as a 24-hour cumulative dose (24-48 hours after index eGFR) lower or higher than recommended by Renbase®. If inappropriate dosing was identified we examined if there were any additional eGFR reports before or within the 24-48 hour period. If, based on any new eGFR, the dosing was in accordance with recommendations by Renbase® our evaluation of the dosing was reassigned as correct.  
If the drug dosing was found to be incorrect according to Renbase® a similar analysis was performed using recommendations by promedicin.dk guidelines.   
Grading of potential adverse events 
Potential adverse events (AE’s) were classified according to the Common Terminology Criteria for Adverse Event (CTCAE) (15). The CTCAE displays Grades 1 through 5 with unique clinical descriptions of severity for each AE (Table 1).  
The grading was performed independently by a nephrologist (HB) and a clinical pharmacologist (AH) blinded to the patients´ clinical history, drug adverse effects, and indication for prescribing specific drugs.
Statistical analysis

Results from descriptive analyses are generally reported as medians or total number of drugs/patients with percentages given in parentheses. The Shapiro-Wilks test was used to test for normality. Differences between groups of patients were tested using Mann-Whitney U test for continuous variables, while Chi-Square tests and Fisher’s exact tests were used for categorical variables. All p-values were two-sided unless otherwise noted. Differences were considered significant if p<0.05. The data were analysed with Stata® (version 12.1; Stata Corp., College Station, TX, USA).
Ethics and data safety

All data were handled anonymously in accordance with the permission obtained from the Danish Data Protection Agency through Region Syddanmark (2008-58-0035). The use of data from medical records was approved by the Danish National Board of Health (7-604-04-/258/KWH). 
Results

Patient characteristics

In total 438 consecutive patients with eGFR 10-50 ml/min were screened for eligibility (Figure 1). 24 patients were excluded because there were inconsistencies in the registration of drug administration, and 182 patients were excluded because no drug administration was recorded for the period 24-48 hours after the index eGFR measurement, typically because of early discharge from hospital.  The remaining 232 patients were included in the study. Most patients were admitted to the departments of emergency, nephrology, and cardiology with approximately 14% of patients at each site. There were no statistical significant differences between those included and those excluded with respect to age or sex distribution (data not shown).

In 206 of the 232 included patients at least one renal risk drug was administered within the 24-48 hour period after the index eGFR measurement. Of the 206 patients who received renal risk drugs, 97 had severe renal impairment (eGFR of 10-29 ml/min/1.73m2 ) and 109 had moderate renal impairment (eGFR of 30-49 ml/min/1.73m2).
Baseline characteristics according to the degree of renal insufficiency are shown in Table 2. There was no difference in median age, but there were relatively more male and younger people (18-44 years of age) in the group with severe renal impairment.  
Renal risk drugs

A total of 1633 drugs were administered, 867 drugs in the group of patients with moderate renal insufficiency and 766 drugs in the group of patients with severe renal insufficiency (Table 3). Of 615 renal risk drugs, 260 and 355 were administered to the moderate and severe renal insufficiency groups, respectively.
Of all renal risk drugs 173 were identified as drugs that should be individually dosed based on patients characteristics other than renal function (e.g. insulin, potassium chloride and diuretics), while 411 were identified as drugs that should be dosed primarily according to GFR, and 26 were drugs that should be avoided in renal insufficiency (Table 3). 55 patients received one renal risk drug, 41 patients received two renal risk drugs, 43 patients received 3 renal risk drugs and 67 patients received a minimum of four renal risk drugs. 
Inappropriate dosing

Based on index eGFR, 97 prescriptions were initially deemed incorrect, but due to changes in eGFR within 48 hours, 8 prescriptions were reassigned as correct.  

In total, 69 (30%) patients were prescribed 89 drugs with inappropriate dosing according to Renbase® guidelines. Fifteen % of all prescriptions requiring dose modifications were incorrect. This result did not change significantly if the evaluation was done using promedicin.dk guidelines instead of Renbase® guidelines (results not shown).  
The most common, inappropriately prescribed or dosed drugs were magnesium oxide, simvastatin and ramipril which were administered to 16, 13 and 8 patients, respectively. 
Significantly more, different drugs (median of 9 drugs, IQ 7-11) were prescribed to patients prescribed inappropriately dosed drugs when compared to patients receiving correct dosing (median of 6 drugs, IQ 3-8, p<0.001). Also, significantly more renal risk drugs (median 4, IQ 3-5) were prescribed to patients receiving inappropriately dosed drugs compared to patients receiving correct doses (median 2, IQ 1-3, p < 0.001). There was no difference in age or sex distribution, and there was only a slightly higher proportion of patients with severe renal insufficiency in the group with incorrect dosing (55% and 45%, respectively, p=0.04).

In 26 of the 69 (38%) patients prescribed inappropriate medication eGFR was stable when evaluated 3 days after the initial assessment, while a > 20% change was observed in 22 (32%). In 21 (30%) the stability of eGFR could not be evaluated because there were no eGFR measurements beyond day 2 after the index eGFR.

Drug administration and dosing was monitored for 5 days after the index date. In about 50 % of cases, inappropriate administration continued while in 50% of cases drug dosing was correct after 4-7 days, partly (30%) due to improvement in renal function. 
Grading of potential adverse events
The grading was performed blinded to the medical records on the assumption that patients were observed for adverse effects as recommended for the general use of each of the evaluated drugs, and that appropriate intervention was initiated if signs of such were identified. The results of the grading are shown in Table 4. 
Discussion
We found that renal risk drugs were commonly used in hospitalized patients with moderate to severe renal disease, and that dose adjustment was often not appropriate. Almost 90% of the patients received at least one renal risk drug, and approximately 30% were prescribed 4 or more risk drugs. Patients with severe renal insufficiency were prescribed more renal risk drugs than patients with moderate renal insufficiency, probably explained by the fact that more drugs are defined as renal risk drugs in more severe renal disease. 
Almost 15% of prescriptions of drugs that should be dose corrected by GFR were not in accordance with guidelines, and 26 prescriptions involved drugs that should be avoided. Overall 30% of the study population received at least one drug that was inappropriately prescribed or dosed. These figures are generally lower than previously reported (2-8), but direct comparison is difficult since studies have used different inclusion criteria, different definitions of renal risk drugs, different dosing guidelines, differences in reporting of eGFR, and different study populations. Furthermore the prescription pattern and recommendations may change over time. In previous studies non-steroid anti-inflammatory drugs (NSAID) were commonly used and a frequent reason for inappropriate dosing. In our study NSAID was prescribed to only a few patients. Also, the use of electronic prescribing and direct reporting of eGFR may have reduced medication errors over time (16-18). Although we observed fewer cases of incorrect dosing compared to previous studies 3 out of 10 hospitalized patients with moderate to severe renal insufficiency were still prescribed at least one incorrect drug or drug dosing raising significant concern. There was a trend towards correction of incorrect dosing during the course of hospitalization.  

Inappropriate prescriptions were defined according to the clinical decision database Renbase®, however, we found similar results when using recommendations by the Danish drug information and medication-guiding website “promedicin.dk” which is reviewed by national medical experts. 
Patients prescribed inappropriate drugs or drug doses were prescribed more drugs as well as more renal risk drugs compared to patients receiving correct dosing of renal risk drugs. The differences were, however, small suggesting that the risk of inappropriate prescription per risk drug is independent of the total number of risk drugs. There were no clinical significant differences between the groups with respect to sex, age or degree of renal failure.  
Grading the severity of potential adverse events related to inappropriate drug is difficult without knowledge of the clinical circumstances in which the drugs were prescribed, and using too severe categories may be a risk. To reduce this risk we used a conservative approach assuming that any adverse event caused by the inappropriate prescribing would be treated as generally recommended. Using this approach most potential complications were graded as mild or moderate. Six episodes were graded as potential severe, and only one as potentially life-threatening. The individual clinical setting of each prescription was, however, not evaluated, and some situations may justify unusual prescription or dosing, e.g. serious infections, resistant hypertension, or obese patients requiring a higher than usual dose. Thus we may in some situations have overestimated the prevalence of incorrect dosing, and the fact that we did not evaluate whether patients actually had adverse effects or not may be considered a limitation of the study. Such information would require prospective collection of clinical information also allowing for the identification of clinical differences between patients receiving correct or incorrect dosing. 

Other limitations include the observation that at least 1/3 and possibly up to 2/3 of the patients had unstable plasma creatinine which may lead to both over- and underestimation of the true GFR (10-11, 18).  The intention of our study was, however, not to evaluate the clinical utility of eGFR, but to evaluate physician adherence to dosing guidelines. Finally, we may have underestimated the rate of dosing errors because we did not include p.r.n. prescriptions in our evaluation. We do not believe that this had any major impact on our results since cumulative 24 hour dosing is often relatively low for p.r.n. prescriptions. 
The strengths of our study include the prospective design, the fact that we evaluated only medications that were actually administered, and that we examined prescriptions within a well-defined 24 hour time frame allowing the prescribing physician to make drug changes in response to eGFR.

Despite limitations our study suggests that even with electronic prescriptions and automatic reporting of eGFR drug prescriptions in patients with moderate and severe renal insufficiency could be optimised. There are several possible interventions that may be applied for this. Drug chart reviews may reduce the frequency of inappropriate dosing (19), but this is expensive and a recent Cochrane review concludes that cost-effectiveness of this has not been established (20). Computerized decision support systems are alternatives to drug chart reviews, and many have been evaluated in controlled clinical trials. It has been documented that the systems in general reduce medication errors and improve patient safety (21-27); in most cases by 20-50%. In the study by Chertow et al. (21), the proportion of prescriptions with an appropriate dose and frequency increased from 30% to 51% after a renal function specific dosing decision support system was implemented. Furthermore the length of hospital stay was 0.5 day shorter after the intervention. 

The main barrier to better results is physician non-adherence with clinical decision support alerts. As mentioned previously non-adherence may be justified; however, non-adherence in the range observed in our and other studies most likely is more often associated with unawareness of correct dosing than appropriate clinical judgement. If decision support systems are used, it is important to implement systems that have a minimum of nuisance alerts, work well with the electronic medical record and prescription system, has a broad user acceptance, and has interruptive alerts (28). 

In conclusion we have shown that incorrect medication as defined by expert recommendation is common in patients with moderate to severe renal failure, even in a setting with electronic drug prescription and automatic reporting of eGFR. 
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Table 1. Common Terminology Criteria for Adverse Events (CTCAE), 2009

Grade 1 Mild; asymptomatic or mild symptoms; clinical or diagnostic

observations only; intervention not indicated.

Grade 2 Moderate; minimal, local or noninvasive intervention indicated;

limiting age-appropriate instrumental ADL.

Grade 3 Severe or medically significant but not immediately life-threatening;

hospitalization or prolongation of hospitalization indicated; disabling;

limiting self care ADL.

Grade 4 Life-threatening consequences; urgent intervention indicated.

Grade 5 Death related to AE.

Table 2. Baseline characteristics of all 232 patients included, and according to the degree of renal insufficiency
	

	
	
	
	
	

	
	All patients (n=232)
	Moderate

eGFR 30-49 (n=128)
	Severe

eGFR 11-29 (n=104)
	P-value (Moderate vs. Severe)

	Characteristics
	
	
	
	

	Age, median (range)
	76 (18-97)
	78 (19-97)
	75 (18-95)
	P=0.15a

	
	
	
	
	

	Age groups, no. of patients (%)
	
	

	18-44
	14 (6.0 %)
	3 (2.3 %)
	11 (10.6 %)
	P=0.03b

	45-54
	12 (5.2 %)
	4 (3.1 %)
	8 (7.7 %)
	

	55-64
	22 (9.5 %)
	16 (12.5 %)
	6 (5.8 %)
	

	65-74
	56 (24.1 %)
	30 (23.4 %)
	26 (25.0 %)
	

	75-84
	85 (36.6 %)
	51 (39.8 %)
	34 (32.7 %)
	

	>84
	43 (18.5 %)
	24 (18.8 %)
	19 (18.3 %)
	

	
	
	
	
	

	Gender, no. of patients (%) 
	
	

	Female
	107 (46.1 %)
	68 (53.1 %)
	39 (37.5 %)
	P=0.02c

	Male
	125 (53.9 %)
	60 (46.9 %)
	65 (62.5 %)
	 

	aWilcoxon-Mann-Whitney test, bFisher's exact test, c Chi2-test. eGFR is given in ml/min/1.73m2


Table 3.  Drug administration in relation to eGFR group. Numbers represent numbers of drugs and numbers of patients in brackets. 
	
	
	
	

	
	All 
	eGFR 30-49 
	eGFR 11-29 

	All drugs
	1633 (232)
	867 (128)
	766 (104)

	
	
	
	

	Renal risk drugs
	615 (206)
	260 (109)
	355 (97)

	            Should be individually dosed 
	173 (126)
	76 (63)
	97 (63)

	            Should be dose adjusted by GFR
	411 (180)
	171 (92)
	240 (88)

	            Should be avoided
	 26 (26)
	  9 (9)
	17 (17)


Table 4: Severity of potential, dose related adverse events according to CTCAE criteria (Table 1) in patients with inappropriate drug dosing identified using Renbase® guidelines. All patients, and divided according to the degree of renal insufficiency.
	

	
	All (n=89)
	Moderate

eGFR 30-49 (n=36)
	Severe

eGFR 11-29 (n=53)

	
	N (%)
	N (%)
	N (%)

	grade 1 (mild)
	48 (54 %)
	22 (61 %)
	26 (49 %)

	grade 2 (moderate)
	32 (36 %)
	8 (22 %)
	24 (44%)

	grade 3 (severe)
	6 (7 %)
	3 (8 %)
	3 (6 %)

	grade 4 (life threatening)
	1 (1 %)
	1 (3 %)
	0

	grade 5 (death)
	0
	0
	0

	Not determined
	2 (2 %)
	2 (6 %)
	0

	eGFR is shown in ml/min/1.73m2 , N (%) = number of drug administrations



Figure 1: Flowchart of patient inclusion. eGFR (estimated glomerular filtration rate, ml/min/1.73 m2).
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