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The main goal of the study was to determine the incidence and the character of drug related problems (DRPs) 
identified in chronic kidney disease patients by the clinical pharmacist at the nephrology department. As secondary 
objective, the aim was to identify the frequency and character of DRPs of selected high risk drugs in medication 
reviews. The clinical pharmacist reviewed patients᾽ medication records and made drug therapy-related recom-
mendations to physicians. The clinical pharmacists᾽ interventions were categorized using an adaptation of the 
Pharmaceutical Care Network Europe. During the study period (January 2016 - June 2018) the clinical pharmacist 
performed 1192 interventions in 1870 adult patients admitted to the Nephrology Department. The most frequent 
DRP was untreated indication 324 (27.18%) of all interventions, and incorrect dose 248 (20.81%). Anti-infectives 
were identified as the drug category with the highest frequency of interventions. Almost 93% of all interventions 
were accepted by the attending physicians. Still within the second objectives, underdosing was observed as the 
most frequent problem for renally excreted drugs. It was found that an incorrect dose is a very frequent issue at the 
nephrology department. Surprisingly, the main problem was underdosing. In the category of renally excreted drugs, 
underdosing was observed in antithrombotics and antivirals. The above- mentioned results prove the need of a 
clinical pharmacist, preferably in sense of maximizing of the treatment effect and improving the care of patients.

1. Introduction
Chronic kidney disease (CKD) is a frequent health problem in all 
industrialized countries. It affects approximately 10% of the adult 
population, showing increasing incidence with increasing public 
costs (Levin et al. 2014). CKD is defined as “structural or functional 
abnormalities of the kidneys for 3 months, as manifested by kidney 
damage with or without decreased glomerular filtration rate (GFR) 
under 60 ml/min/1.73m2” (Levey et al. 2007). A value under 30 ml/
min/1.73 m2 is defined as a moderate-severe reduction of the GFR. 
On average, patients with reduced renal function take 10-12 medica-
tions daily as a result of this disease with around six comorbidities 
(Castelino et al. 2011; Salgado et al. 2012). Lastly, several physicians 
participate on medication (Laliberté et al. 2007). Polypharmacy and 
altered pharmacokinetics of drugs in renal disease create a scope for 
arising DRPs (drug related problems) that requires therapeutic drug 
monitoring and comprehensive approach to the medication to stay 
reasonable. “A Drug-Related Problem is an event or a circumstance 
involving drug therapy that actually or potentially interferes with 
desired health outcomes”(Abstracts 6th working symposium of 
the Pharmaceutical Care Network Europe (PCNE), 2-3 February 
2018, Fuengirola 2018). DRPs are divided into ADRs (adverse drug 
reactions) and ADEs (adverse drug events). Adverse events, drug 
interactions and inappropriate doses are frequent in CKD patients 
(Castelino et al. 2011). Several studies have been published on the 
topic of DRP frequency in CKD patients. Castelino et al. (2011) 
found an incidence of approximately 1.06±0.85 DRPs per patient (96 
patients were included). Anggriani et al. (2018) identified 0.36 DRPs 
per patient. In our study, patients at the Nephrology Department 
often require immunosuppressive drugs after organ transplantation to 
avoid graft rejection. These drugs have many interactions which can 

Table 1: Patient demographic data and distribution of eGFR among 
patients

Patient characteristics Percentage (Number of patients)

Gender

Male 63.2 (1169)

Female 36.8 (681)

Age (years)

< 30 6.92 (128)

31-50 30.76 (569)

51-65 37.14 (687)

66-75 20.38 (377)

76-80 3.40 (63)

> 81 1.40 (26)

eGFR (ml/min)

≥ 60 31.0 (573)

60-30 24.0 (444)

29-15 32.0 (592)

< 15 13.0 (241)

Number of medications

0-5 43.03 (796)

6-8  6.38 (118)

9-12 17.13 (317)

> 12 33.46 (619)
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increase the risk of developing ADRs. Because many of the indicated 
drugs have narrow therapeutic ranges, DRP management is extremely 
important (Chisholm et al. 2000). Clinical pharmacists work directly 
with physicians, as well as with patients, in order to ensure that the 
prescribed medications deliver the best possible therapeutic effect to 
the patients. One of pharmacists’ roles is to monitor drug therapy and 
make recommendations to physicians about dose and dosage interval 
(Anggriani et al. 2018). This is the general definition of clinical phar-
macists’ role as specialists who contribute to reducing and solving 
DRPs and participate in developing of different preventive strategies. 
Therefore, pharmacists play an important role in DRPs identification 
and management (Blix et al. 2006). 
In the Czech Republic, approximately 40 clinical pharmacy depart-
ments are in operation. Vlček et al. have conducted research on 
clinical pharmacists and their activities, benefiting the health system 
in the Czech Republic (Dosedel et al. 2014; Vlcek et al. 2009). This 
collective has published research papers on DRPs, however their 
focus is DRP in general, not DRP specifically in CKD patients. 
At the same time, only scarce data have been published providing 
analysis of DRPs in CKD patients (Müllerová et al. 1997). 
The main aim of the present study was to evaluate the incidence and 
the character of DRPs in patients at the Nephrology Department. 
As secondary objective, the aim was to identify the frequency and 
character of DRPs of selected high risk drugs in medication reviews. 

2. Investigations and results

2.1. Patient demographics and characteristics
A total of 1850 patients were analyzed and included in the 
study (approximately 99% of the 1870 admitted patients), out 
of which 63.2% (1169) were men. Geriatric patients aged ≥ 66 
years accounted for 25.19%. Table 1 summarizes all the patient 
demographic data and distribution of eGFR in the study popula-
tion. At the first day of their hospital stay, 13% of inpatients met 
the criteria for end-stage renal failure and 32% of inpatients were 
classified with severe renal failure. Most patients received between 

0 and 5 drugs. This study showed that there is a significant posi-
tive correlation between the number of medications used and age 
(p<0.01), and negative correlation with eGFR (p<0.01).

2.2. Drug related problems and the adapted PCNE clas-
sifi cation
In 1850 inpatients 1192 DRPs were identified by the clinical 
pharmacist. The number of observed DRP incidences was 0.65 
per patient (1192/1850). The most frequent DRPs were untreated 
indication -27.18% (324) and incorrect dose, too low -20.81% 
(248). Improper drug selection was identified in 17.31% (206) and 
incorrect dose, too high – in 10.57% (126). Interactions of clinical 
relevance were noticed only in 2.94% (35). The nature and extent 
of the ten largest DRPs are summarized in the Fig. According to the 
hierarchical classification by PCNE V6.2, there are four primary 
domains for problems and eight primary domains for causes. 
Problems were mostly related to treatment effectiveness 1134 
(95.13%), adverse reaction 18 (1.51%), treatment cost 5 (0.42%), 
or classified as others 35 (2.94%). In the eight primary domains for 
causes in the PCNE system, the drug selection (n=677; 56.80%) 
was the leading cause of DRPs, followed by dose selection (n=459; 
38.51%), treatment duration (n=21; 1.76%), inappropriate dosage 
form (n=16; 1.34%), logistics (n=12; 1.01%), drug administration 
process (n=6; 0.50%), and patient (n=1; 0.08%). 
The majority of all DRPs (1146 DRPs; 96.14%) observed were 
classified as having minor clinical significance. The moderate level 
of significance was identified in 43 DRPs (3.60%) and 3 DRPs 
were classified as having major significance (0.25%).
Out of the total of 1,192 recommendations by the clinical phar-
macist, 1,106 (92.79%) were accepted by the physicians. Only 74 
(6.20%) DRPs were partially accepted and twelve (1.0%) were 
rejected by the attending physicians. 

2.3. Drugs categorized by the ATC system associated with 
DRPs
The following four drug classes caused DRPs most frequently: 
anti-infectives for systemic use (305 DRPs), drugs affecting blood 
and blood-forming organs (antithrombotic agents) (262 DRPs), 
drugs affecting the alimentary tract and metabolism (200 DRPs), or 
the cardiovascular system (167 DRPs). At the second level of ATC 
classification, the following groups were connected with more 
than 60 clinical pharmacist’s interventions: mineral supplements 
(63), antithrombotic agents (152), electrolyte solutions (82), serum 
lipid-reducing agents (77), antibacterials (137) and antivirals (130) 
for systemic use, as well as immunosuppressive agents (72). 

2.4. Subgroup analysis
Table 2 presents an overview of renally eliminated drugs chosen in 
relation to the second aim of this study; summarized together with 
the nature of DRPs and the total frequency of these DRPs. At first 
glance, the biggest problem was underdosing.

2.5. Preventing DRPs
One of pharmacists’ roles is the therapeutic drug monitoring 
(TDM) of antibiotics (vancomycin, amikacin and gentamicin), 

Fig.: Nature and the extent of DRPs (%) by PCNE: N TDM – no therapeutic drug 
monitoring; I D-D – interaction drug-drug; DRF – dosage regiment too fre-
quent; D TIW – dose timing instruction wrong, unclear or missing; WDP 
– wrong drug prescription.

Table 2: Therapeutic classes of renal elimination medication as per ATC (anatomical classification system) classification involved in DRPs and the 
nature of the most common DRPs

ATC Total intervention Nature of the most DRPs Number (%)

N03 Antiepileptics (gabapentin, pregabalin) 8 Treatment effectiveness – dose too low 2 (25)

C07 Beta-blocking agents (atenolol, metoprolol) 13 Treatment effectiveness – untreated indication 7 (54%)

B01 Antithrombotic agents (enoxaparin, nadroparin) 93 Treatment effectiveness – dose too low 33 (36%)

A10 Drugs used in diabetes (metformin) 1 Treatment effectiveness – wrong effect of drug treatment 1 (100%)

J05 Antivirals for systemic use 108 Treatment effectiveness – dose too low 54 (50%)
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and giving recommendations to physicians about dosage of the 
selected antibiotics. These recommendations have gained 100% 
acceptance. In case of therapeutic drug monitoring, the final 
decision regarding dosage is not that of the physician, as contrary 
to other pharmacist interventions. Thus, the pharmacist has full 
responsiveness of dosing the drugs. The pharmacist interpreted 
195-times vancomycin, 39-times amikacin, 16-times gentamicin.

2.6. Conclusion
This study shows that DRPS often occur in patients with renal 
failure admitted to hospital. The high level of acceptance of recom-
mendations by physicians demonstrates that clinical pharmacists 
may help to deliver and improve patient care. PCNE classification 
V6.2 instrument proved the applicability of clinical pharmacy 
services in the hospital setting. 

3. Discussion
Based on previously published data from Europe, Asia and the 
United States, we expected a positive effect of an attending 
pharmacist on the frequency of DRPs in inpatients (Stemer et 
al. 2011; Castelino et al. 2011; Quintana-Bárcena et al. 2018). 
Therefore the aim of this study was to analyze DRPs in CKD 
patients in a nephrology department and based on these data, 
to assess the scope for work of a clinical pharmacist. DRPs 
frequently occur in CKD patients; nevertheless CKD patients 
are prone to some specific types of DRPs. An adapted PCNE 
classification was used to identify the most important causes of 
DRPs. The results were quite surprising to us – the second-most 
often cause was incorrect dose – too low (20.81%). We consider 
this result as very important in conjunction with the position of 
a clinical pharmacist. It is possible to systematically identify 
overdosing, for example by using computerized physician order 
entry or by sending some alerts to the prescribing physician if 
the prescribed dose seems too high according to the laboratory 
results. On the other hand, underdosing is difficult to identify 
by the methods mentioned above, and a clinical pharmacist is 
apparently indispensable. We have a similar pattern of DRPs 
in the selected renally excreted drugs. The concern of overdose 
leads to underdosing, which does not exploit the full potential 
of the particular drugs. The role of a pharmacist is to adjust the 
medication dosage with the goal of maximizing the patients’ 
benefits, while minimizing the risks of adverse events, with 
cost benefit of treatments guaranteed. The most frequent DRPs 
were untreated indication 27.18% (324) and incorrect dose 
20.81% (248), which corresponds with the results of Belaiche 
et al. (2012), who identified problems with untreated indication 
(30%) and incorrect drug dosing (25.9%). The drug classes of 
anti-infectives for systemic use (305 DRPs), as well as blood 
and blood-forming organs (antithrombotic agents) (262 DRPs) 
caused DRPs most frequently. Similar results were obtained in 
studies of Castelino et al. ( 2011). This finding is not surprising, 
given that patients with renal disease usually have cardiovascular 
comorbidities. The most common causes of admissions to our 
hospital are infections and related complications. Furthermore, 
transplant patients are usually prone to infections, as a result 
of immunosuppression. Prior to transplantation, the therapy is 
minimized and subsequently reversed according to the clinical 
condition and renal function. This is the reason for a frequent 
DRP of untreated indication. For the same reason, the pharmacist 
should participate in the prescription the medications before 
providing orientations to the patient at discharge, by means of 
medication reconciliation, helping the prescribing physicians 
with the correct drug therapy (Steeb and Webster 2012). 
The majority of all DRPs observed were classified as having a 
minor level of clinical significance. Clinical pharmacists need to 
implement specific monitoring and follow-up plans to manage 
DRPs. In the study of Quintana-Bárcena in patients with CKD, 
most DRPs presented moderate severity, requiring specific moni-
toring by pharmacists (such as pharmaceutical opinion issued to 
the treating physician) (Levin et al. 2014). The moderate severity 

in their study is minor clinical significance in our study. “Small 
adjustments and optimizations to therapy, not expected to signifi-
cantly alter hospital stay, resource or clinical outcome” is defined 
as our minor significance. In fact, 0.25% of the problems were 
assessed to have major significance. Examples of major DRPs 
include the addition of meropenem to a chronic valproate therapy 
or omitting hepatitis investigation before starting the administra-
tion of rituximab. Pharmacotherapy in CKD is complicated, hence 
clinical pharmacists can play an important role toward safely using 
of pharmacotherapy. Even Castelino et al. (2011) identified 26% of 
problems to have important major or moderate significance.
The acceptance rate of the clinical pharmacist’s recommendations 
was around 93%, which is consistent with other studies (Castelino 
et al. 2011). It has been stated that the highest acceptance rates 
are obtained when clinical pharmacists are attending the rounds 
with the physicians and when the proposals are made at the stage 
of prescribing (Viktil et al. 2008). The reason for non-acceptance 
was reluctance to make a change in pharmacotherapy because of 
the inability to monitor the effects of that intervention, due the 
patient’s upcoming discharge. 
In our study, 0.65 DRPs per patient were identified. The incidence 
of DRPs observed previously, 1.8 DRPs per patient, is higher than 
the data reported in our study (Holm et al. 2015). However, that 
study was conducted at an internal medicine department, whereas 
our study was conducted in a specialized nephrology department 
of transplant medicine. The number of identified DRPs depends 
on multiple factors, including specialization of the department, 
the main diagnosis, and the pharmacotherapy, as well as on the 
education of the attending physician. 
We have noticed an interesting number of drugs used by patients 
at the time of hospital admission – the most frequent number 
was between 0 and 5. It is important to note that the main cause 
of admission was infection, and the medication is minimized 
under this condition of an active infectious disease, so that only 
the vital medication is left. The second most frequent number of 
medicines was more than 12 systematically used drugs a day. This 
corresponds to previously published data (Lima et al. 2016). CKD 
is associated with higher cardiovascular risks, secondary hyper-
parathyroidism etc. A high number of regularly used drugs could 
be considered as polypharmacy. In many patients, however, the 
pharmacotherapy is completely sensible and rational. A similar 
situation is observed in transplant patients, who are receiving on 
average 9 drugs per day after transplantation (Flamme-Obry et 
al. 2018). We found a positive correlation between the number of 
medications used and age, but a negative one with eGFR, which 
is consistent with previously published studies (Belaiche et al. 
2012; Gheewala et al. 2014). The number and complexity of the 
medication regimen increases with the progression of CKD, and 
also with increasing age.
It is important to note that the renal functions were evaluated on 
the first day of the hospital stay. As we mentioned previously, the 
most frequent reason for hospital admission was infection, there-
fore urea and creatinine can be altered due to dehydration, etc. The 
calculation of glomerular filtration rate using different equations 
(Cockcroft-Gault, MDRD, etc.) is not accurate. It would be ideal to 
confirm the glomerular filtration rate during the hospital stay once 
again; on the other hand it is difficult to standardize the second 
time of measurement – each patient needs a different amount of 
time to complete recovery. That is the reason why we decided not 
to involve these results. 
All the results document the systematic approach of screening 
done by one clinical pharmacist (0.8 FTE) attending 28 beds of 
the Nephrology Department. The total count of interventions made 
during the study period was 1,192. The mean time required for 
performing a medication review was 25 min per patient. TDM 
was likely to generate more responses to the clinical pharmacist 
and the pharmacist’s recommendations, with significant impact on 
patient care (Ye et al. 2016). TDM indicates an active approach, 
used by clinical pharmacists for determination of the initial dose 
and dosing interval of aminoglycosides, as well as vancomycin for 
particular patients. In our hospital setting, TDM is carried out by 
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clinical pharmacists. The acceptance of their recommendations by 
the attending physician is 100% due to the transfer of the respon-
sibility for dosing of the selected drugs from the physician to the 
pharmacist. This is a unique approach in the Czech Republic. 
However, other hospitals have not yet started to proceed in this 
way. Usually, the final responsibility is on the attending physician 
in all pharmacist interventions. The interventions within TDM are 
not counted in the total count of intervention. TDM is the phar-
macist’s approach that prevents DRPs; is also contributes to safe 
pharmacotherapy, potentially reducing treatment costs of adverse 
events, such as nephrotoxicity. 
The significance of this study lies in the description of clinical 
pharmacy services in a Nephrology Department. It gives an 
overview of DRPs in CKD patients and documents the need for 
a clinical pharmacist attending a nephrology department. One 
clinical pharmacist at one department obtained all the mentioned 
data, which increases their value by avoiding possible misclassifi-
cation and bias whenever multiple pharmacists are involved. This 
study design does not involve a control group. The main reason is 
that our data were obtained during the daily practice of a clinical 
pharmacist. In the Czech Republic, clinical pharmacists are not 
considered a permanent part of healthcare. Hopefully, this study 
will contribute to the change from a reactive approach to the 
preventive one. 

4. Experimental

4.1. Study population, setting and clinical pharmacy services
This prospective study was conducted over a 2.5-year period from 1 January 2016 
– 30 June 2018. During this period, 1870 patients were admitted to the Nephrology 
Department at the Institute for Clinical and Experimental Medicine (IKEM). This 
health care center is unique in the Czech Republic due to the close cooperation and 
interconnection of the clinical and scientific research communities. IKEM is focusing 
on treatment and research in various fields, such as cardiovascular diseases, organ 
transplants, and treatment of metabolic disorders, including diabetes mellitus. In total, 
the institute is provided with 350 beds, out of which 111 are located in intensive care 
units.  There are 28 beds available in the Nephrology Department, offering highly 
specialized and comprehensive care to patients with renal diseases with special atten-
tion to transplant recipients. 
One person (0.8 FTE), who was in the process of acquiring the necessary certifi-
cation during the study period. Her recommendations to patients were checked by 
a certified clinical pharmacist with 5 years’ experience at the Nephrology Depart-
ment. In the Czech Republic, this process takes 5 years of postgraduate education. 
She obtained this certification in November 2018. She had previously worked on 
medication review at the Nephrology Department for 5 years. The clinical phar-
macist attends the Nephrology Department daily, but the services were provided 
neither during weekends, nor on night shifts or holidays. This study did not require 
any special approach; all data were obtained in the course of regular clinical phar-
macy practice.
The clinical pharmacist proceeded according to the methodology as it had been 
published (Gregorová et al. 2017). Each patient admitted to the Nephrology 
Department was evaluated by the clinical pharmacist (referred to a screening for 
drug interaction, duplicates, incorrect drug dosing, non-reasonable drugs, pres-
ence of renally excreted drugs etc.). Consequently, comprehensive and systematic 
clinical pharmacy care was provided to each patient. The review on admission 
was done at the beginning of each hospitalization; i.e. it was repeated for each 
admission of a patient. This activity should always include the review of all avail-
able healthcare records. For example, drug dosing by renal failure was checked 
by KDIGO (Kidney disease improving global outcomes) guidelines for dosing 
drug, according to the available literature on the pharmacokinetics of these drugs 
(Matzke et al. 2011; Kasiske et al. 2014). The pharmacist observed the impact of 
her recommendation: whether it had actually led to the intended goal of therapy. 
Her responsibilities were established according to the published methodology 
(Gregorová et al. 2017).
Therapeutic drug monitoring (TDM) represents a specialized, separate activity of 
the clinical pharmacist. The clinical pharmacist’s role is to interpret each measured 
concentration of antibiotics (vancomycin, amikacin, gentamicin) at the Nephrology 
Department. TDM involves an estimation of an initial dosage regimen appropriate 
both for the clinical condition and for the patient’s individual characteristics, such as 
age, weight, renal function, and the concomitant drugs. The primary goal of TDM is 

to manage medications and to optimize the clinical outcomes of the therapy in various 
clinical conditions by using the appropriate concentrations of a drug. The specific 
interpretation is processed into the hospital information system for each the treating 
physician. TDM service was started in our hospital in 2008. The interpretation 
contains recommendation of dose, dosing intervals and the measurement of control 
concentrations. The clinical pharmacist used a pharmacokinetics software (MEDI-
WARE, Prague, Czech Republic, version 4.0) for the interpretation. The pharmacists 
developed structured pharmacist-based pharmacokinetic service.

4.2. Classifi cation of DRPs, high risk drugs
Each clinical pharmacist intervention was defined using three different points of 
view: 1) PCNE (Pharmaceutical Care Network Europe) classification; 2) the level of 
acceptance by the physician; and 3) the ATC classification of the drug related to the 
intervention. The total number of interventions was documented as well.
An adapted version of the PCNE classification (V6.2) for drug related problems 
was used – adapted specifically to the needs of clinical pharmacists (Horvat et al. 
2016). This classification has four primary domains for problems, namely (treatment 
effectiveness, adverse reactions, treatment cost, etc.), and eight primary domains for 
causes, namely (drug selection, drug form, dose selection, treatment duration, drug 
use/administration process, logistics, patient, etc.). Each primary domain includes 
several sub-domains. The identified DRPs were also evaluated in terms of their 
potential clinical significance. There are three levels of significance according to 
their having minor, moderate or major clinical significance (see Table 3 for a detailed 
description) (Alderman 1997). 
All the identified DRPs were discussed with the attending physicians. After each 
discussion, which included additional information for the physicians, a pharmacist’s 
written recommendation was provided to the physician to make the final decision. The 
acceptance of any change was also documented, including the reason of rejection in 
case of such a decision.
The ATC classification (anatomic-therapeutic-chemical classification) was used to 
determine the character of identified DRPs. According to the first objective of this 
study, we only used differentiation at the second level of the ATC system. Never-
theless, it was necessary to use the full ATC classification for the second objective 
of this study. In order to accomplish the second objective, we considered drugs as 
having high risk in case of significant – i.e. over 80 percent – unchanged portion 
renal excretion. For this analysis, the following drugs were chosen: pregabalin and 
gabapentin (together), metoprolol and atenolol (together), low molecular weight 
heparins (enoxaparin and nadroparin together), metformin, and antiviral drugs (ganci-
clovir, valganciclovir). 

4.3. Data extraction
All the information necessary for the evaluation of each therapy was obtained from 
medical records, as well as through patients care inquiry (PCI) system (current 
medication, chronic medication, allergies, medical history, laboratory results etc.), 
completed by the clinical pharmacist. 
Similarly, all the basic demographic and medical data, such as gender, age, serum creat-
inine, medical history, were collected. The renal function was assessed by calculating 
the estimated glomerular filtration rate (eGFR) using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation at the time the patients was admitted 
to the hospital (Levey et al. 2007). The number of drugs was calculated from medical 
records at the time the patient was admitted to hospital. Only systemically administered 
drugs were calculated, including those used only once a week. The prescription of the 
same drugs, yet in different dosages, were counted as one drug. Identified DRPs were 
classified into categories and sub-categories, respectively, as described above. The clin-
ical pharmacist’s recommendations related to the high risk medication were selected in 
the second step. DRP’s frequency was then calculated for each group.

4.4. Statistical analysis
The relevant data were analyzed descriptively to characterize the patient population 
using Microsoft Excel 2013 and IBM SPSS statistics 20 for Windows. Background 
data are presented as averages and prevalence, while classification of DRPs and 
actions in relation to these are presented as incidence. The Pearson correlation was 
used to investigate the association between different factors and the number of medi-
cations used. The factors included were eGFR, age and the number of drugs. The tests 
were considered as significant in cases where p < 0.01. Analyses were performed 
using JASP version 0.9.0.1.
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Table 3: Level of clinical significance of DRPs (Alderman 1997)

Level of significance

Minor “Small adjustments and optimizations to therapy, not expected to significantly alter hospital stay, resource or clinical outcome”

Moderate “Adjustments expected to enhance effectiveness of therapy, producing minor reductions in patient morbidity or treatment costs”

Major “Interventions expected to prevent or address very serious DRPs, with a minimum estimated effect of reducing hospital stay by 
no less 24 hours”
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