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Abstract
Background  The in-hospital medication process is vulnerable to medication errors, especially during care transitions, 
when medication discrepancies occur most frequently. However, previous studies focused only on medication errors 
at single points in this process. This study therefore investigated key stages of the medication process. Also, we 
examined potential risk factors for unintended medication discrepancies (UMDs) at admission.

Methods  A single-center retrospective study was conducted on seven reference wards from different medical 
specialties. Technical UMDs at admission, intra-hospital transfer, dispensing, and discharge were evaluated and 
categorized for patients hospitalized on two predefined days in November 2023. Potential risk factors for UMDs at 
admission were analyzed using descriptive statistics and logistic regression.

Results  During the study period, 449 UMDs were identified in 215 patients (Median 1 per patient, range 0–15). Of 
these, 150 (33.4%) were classified in their potential clinical relevance as low severity, 157 (35.0%) as medium, and 142 
(31.6%) as severe. The majority of UMDs (206; 45.9%) occurred at admission, of which 104 (50.5%) were still present 
in discharge letters. Changes in clinical parameters (blood pressure, oxygen saturation, hyper/hypoglycemia) were 
associated with 37 (18.0%) UMDs for 27 patients at admission. During intra-hospital transfers, 49 UMDs (10.9%) were 
detected, 4 between general wards and 45 between general and intensive care units. A total of 90 UMDs (20.0%) were 
identified during dispensing and 104 (23.2%) at discharge.The multivariable logistic regression showed that patients 
with ≥10 drugs had an increased risk of UMDs at admission (OR 4.0; 95% CI 1.767–9.277; p < 0.004). Medication 
histories taken by pharmacists were associated with reduced UMDs at admission (OR 0.13; 95% CI 0.042–0.414; 
p < 0.001) compared to ward staff.

Discussion  Our findings demonstrate that UMDs are frequent across the hospital pathway, with admission as the 
most vulnerable point. Taking ≥ 10 drugs was a risk factor, while pharmacist-led medication histories reduced the 
occurrence of UMDs, highlighting the importance of structured reconciliation. By covering admission, transfers, 
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Background
Medication errors are defined as a “deviation from the 
optimal medication process for the patients that results 
in or could result in a fundamentally preventable harm” 
[1]. Medication errors account for one-quarter of all 
healthcare-related errors and can lead to serious con-
sequences for patients like worsening of medical condi-
tions, hospital admission, prolonged hospital stay, or 
even death [2]. Their costs amount to around 42 billion 
USD annually worldwide, which corresponds to nearly 
1% of global health expenditure [3]. The medication 
process consists of multiple steps including medication 
reconciliation at transition of care, prescribing, dispens-
ing, administration, documentation, monitoring, patient 
counseling, communication between healthcare facilities, 
and assessment of therapeutic results. In addition, patient 
self-administered drugs including complementary and 
alternative medicine and medication adherence need to 
be taken into account [1]. Medication errors can occur 
at any stage of the medication process. One important 
cause of medication errors are unintended medication 
discrepancies (UMD) which are defined as unintentional 
deviations from the intended medication occurring at the 
various steps of the medication process, e.g. transition of 
care or in dispensing [4].

The prescribing process can be divided in an intel-
lectual part, e.g. decision for one specific drug and 
dose based on the diagnosis, and a technical part which 
includes the appropriate communication of informa-
tion regarding drug name, dose, form and frequency of 
administration [5, 6]

UMDs at transitions of care within the healthcare sys-
tem represent a critical factor contributing to the occur-
rence of medication errors and adverse drug events [4, 7]. 
Between 29% and up to 54% of hospitalized patients are 
affected by at least one discrepancy at admission, most 
commonly the omission of drugs that the patient nor-
mally takes [8–11]. A systematic review has also shown 
that between 11 and 59% of the identified discrepan-
cies were clinically relevant [12]. However, UMDs can 
also occur during in-hospital transitions between gen-
eral wards or from or to the intensive care unit (ICU). A 
multicenter retrospective point-prevalence study in 985 
ICU patients found that 45.7% experienced at least one 
medication error when being transferred from the ICU 
to non-ICU care, 75% of which reached the patients [13]. 
Furthermore, studies in various settings have shown that 
drug dispensing by nursing staff can lead to dispensing 

errors as a special kind of UMD in 1.8 to 21.2% of cases, 
depending on the evaluated dosage form and the docu-
mentation system used [14–17]. Previous studies have 
evaluated UMDs at specific steps of the medication pro-
cess in hospitals and measures to improve it [18–27]. 
However, the medication process, including all key steps 
and the clinical relevance of unintentional medication 
discrepancies at each stage, has not yet been compre-
hensively studied. Such an analysis may reveal impor-
tant opportunities to improve in-hospital medication 
safety. Prior to the introduction of a unit-dose dispens-
ing system in our hospital we wanted to further evaluate 
these questions in a comprehensive review of the techni-
cal medication process. Therefore, the aim of this study 
was to investigate, monitor, and evaluate the medication 
process from hospital admission to discharge in patients 
from various medical specialties with regard to UMD and 
their potential clinical relevance. In addition, for UMD 
occurring at admission, we aimed to identify potential 
risk factors and evaluate the involvement of high-risk 
drugs.

Methods
Study setting and patients
This single-center, retrospective study was conducted at 
seven reference wards for the introduction of the unit-
dose dispensing system at a tertiary care hospital in Ger-
many. Reference wards representing different medical 
specialties were included, and all eligible adult patients 
receiving oral medication during the predefined study 
days were assessed. Medical specialties of the wards 
were urology (1 ward), cardiology (1), orthopedic sur-
gery/orthopedics (1), psychiatry (2), mixed surgery (1) 
and mixed cardiology/gastroenterology (1). These wards 
were selected to reflect in a cross-sectional study sample 
of routine clinical practice across different disciplines, 
including medical and surgical specialties, with varying 
patient characteristics, medication burdens, and thera-
peutic focuses. Eligible patients were aged ≥ 18 years and 
had undergone an internal dispensing error evaluation by 
the hospital pharmacy in November 2023. On each of the 
seven wards and on two different days, oral medication 
prepared in the patient individual dispenser by nursing 
staff was compared to the prescription in the electronic 
prescribing software Meona® (CPOE-CDSS; Mesalvo 
GmbH, Freiburg, Germany, version number 2024.4.13). 
In this context, the preparation of medication by nurs-
ing staff in patient-specific dispensers is referred to as 

dispensing, and discharge in a cohort, this study provides a comprehensive perspective on medication process, 
emphasizing the need for targeted interventions during hospitalization and discharge.

Keywords  Drug therapy safety, Hospital, Unintended medication discrepancies, Medication errors, Medication 
process
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“dispensing” and does not include medication admin-
istration. As some patients were present on both study 
days, they were assessed twice in the dispensing error 
evaluation. However, these patients were only evalu-
ated once at admission, ward transfer, and at discharge. 
Patients with complete data were included in the study 
cohort.

Data collection
Medication and clinical data were collected from Meona® 
for regular wards and the electronic prescribing system 
QCare® (Health Information Management GmbH, Bad 
Homburg, Germany, version number 5.0.187.3) for inten-
sive care units. Data cannot be transferred electronically 
between systems. Laboratory values as well as admission 
and discharge letters were extracted from the clinical 
information system (SAP i.s.h.med, Cerner Corporation, 
North Kansas City, USA). For all included patients, medi-
cations and all changes were assessed at defined time 
points starting from hospital admission until discharge. 
First, the entry of in-hospital medication was compared 
to the prehospital medication. To assess the best pos-
sible medication history, a structured review of multiple 
information sources routinely documented at hospital 
admission in the clinical information system was per-
formed (e.g. diagnoses and documented chronic thera-
pies, records from prior hospitalizations, medication lists 
from previous admissions, medication lists provided by 
patients (self-written or from general practitioner), medi-
cation lists documented during anesthesia preoperative 
assessment, transfer and discharge summaries). When 
discrepancies could not be resolved or the pre-admission 
medication remained unclear despite review of these 
multiple sources, the patient was excluded from the study. 
On three of the seven reference wards (urology, orthope-
dic surgery/orthopedics and mixed surgery) pharmacists 
were responsible for taking drug history and suggestion 
of in-hospital medication, which is checked, adjusted if 
necessary and prescribed by the attending physician. Dis-
pensed oral medication was compared to prescriptions in 
Meona® as described above. At change of ward (between 
different regular wards or to/from ICU), prescribed med-
ication was compared between the previous and new 
ward. At discharge, the discharge letter was compared to 
the final day’s medication record documented in Meona®. 
A discharge letter is a mandatory written discharge sum-
mary including information on discharge medication and 
recommendations on further medication therapy which 
has to be handed to the patient and general practitio-
ner. The general practitioner is expected to prescribe the 
appropriate drug therapy based on this information. For 
all drugs, strength, administration form and frequency or 
pausing was documented. Changes at the defined assess-
ment points were retrospectively classified as intended or 

unintended (UMD) by two experienced pharmacists with 
postgraduate training in clinical pharmacy, and several 
years of experience in hospital pharmacy practice and 
medication reconciliation. If no consensus was reached 
or a drug was classified as self-medication, the changes 
were classified as intended. Each UMD was counted only 
once at the specific medication process step at which 
it was identified, and discrepancies were not double-
counted or carried forward across subsequent process 
steps.

Primary and secondary outcomes
The primary outcome parameter were technical UMDs 
occurring during the hospital stay evaluated at admission, 
in-hospital transfer, oral medication dispensing and dis-
charge. These discrepancies were independently assessed 
by two clinical pharmacists and classified according to 
their potential clinical relevance (minor, moderate, or 
severe) [adapted from Cornish 2005] and, if possible, 
changes in clinical parameters associated with UMDs 
(e.g. missing antihypertensive and rise in blood pres-
sure). The assessment of clinical changes associated with 
UMDs was based on clinical judgment by two clinical 
pharmacists, taking into account the individual patient 
context (including information documented in medical 
records, e.g. clinical notes), underlying conditions, base-
line clinical values, and the expected clinical effect of the 
discrepancy. No predefined numerical cut-off values were 
applied, to reflect clinical practice, where fixed thresholds 
may not adequately capture patient-specific relevance. 
Discrepancies were classified using an adjusted Medica-
tion Discrepancy Taxonomy [4]. At admission, high-risk 
drugs were categorized based on two published lists 
[28, 29]. Additional secondary outcomes included the 
medications involved in UMDs according to the Ana-
tomical-Therapeutic-Chemical (ATC) code [30] and the 
persistence of discrepancies throughout the medication 
process. Examples illustrating the classification of UMDs 
are provided in the Additional File 1.

Statistics
Descriptive statistics were performed with SPSS 2022 
(IBM Corp., Armonk, NY, USA). Qualitative variables are 
expressed with their frequency distribution, while quan-
titative variables are presented as medians and interquar-
tile ranges (IQR) for non-normally distributed data. For 
comparison between groups, the Mann-Whitney U test 
(non-normally distributed data) was used. Statistical sig-
nificance was accepted at p < 0.05. A multivariable logistic 
regression analysis was conducted to identify risk fac-
tors associated with the dependent variable “occurrence 
of at least one UMD” in the admission process. Ward-
level variables were not included, as the analysis was per-
formed at the patient level. Independent variables were 
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selected based on a literature review [11, 31–34] of simi-
lar regression models and on their availability within the 
retrospective study design. Variables were included in the 
multivariable analysis if they met the criterion of p < 0.1 
in univariable logistic regression. The following variables 
were tested: age (metric: years), sex (categorical: female 
(reference), male), glomerular filtration rate (eGFR CKD-
EPI 2009; metric: ml/min/1.73 m2), international normal-
ized ratio (INR, metric), serum sodium (metric: mmol/l), 
serum potassium (metric: mmol/l), number of drugs at 
admission (categorical: 0–4 (reference), 5–9, ≥10), pro-
fessional group conducting the medication history (cat-
egorical: ward staff (reference), pharmacist, ward staff 
followed by pharmacist), and pre-hospital stay (categori-
cal: home-elective (reference), home-emergency, nursing 
or long-term care facility). The analysis was conducted 
using the forward stepwise regression (Wald method) 
and was verified using the Enter method.

During the preparation of this work the author(s) used 
OpenAI ChatGPT (GPT-5) (San Francisco, CA, USA) to 
improve readability and language. The text was reviewed 

afterwards, and the authors take full responsibility for the 
content of the publication.

Results
Patient cohort and UMDs
A total of 290 patient cases were evaluated for inclu-
sion on the predefined study days in November 2023, of 
whom 215 patients were included in the final analysis. 
Figure 1 shows the patient flow chart from study inclu-
sion to evaluations at the different time points.

Table 1 shows the patient characteristics at admission, 
wards of the dispensing error survey and the number of 
drugs at the different assessment points in the medica-
tion process. 

Throughout the entire medication process, 149 (69.3%) 
of 215 patients experienced at least one UMD, resulting 
in 449 UMDs (Median 1 per patient, IQR 0–3, Range 
0–15). The number and severity of UMDs at each assess-
ment point are shown in Figure 2 and further character-
ized in the following paragraphs.

Fig. 1  Study flow diagram

 



Page 5 of 11Hermann et al. BMC Health Services Research          (2026) 26:552 

UMDs at admission
On admission, 92 (46.7%) of 197 patients had at least 1 
UMD (Median 0, IQR 0–2) with a wide range of 0–10 
UMDs. The most common type of the 206 overall admis-
sion UMDs was omitted medications (n = 120, 58.3%), 
followed by dosing errors (n = 32, 15.5%) and incorrect 
strengths (n = 27, 13.1%). For 37 UMDs, an association 
with changes in clinical parameters was found. These 
included high/low blood pressure episodes following 
missing or wrong antihypertensive drugs (n = 9, 24.3%), 
decreased oxygen saturation following missing or wrong 
drugs for obstructive airway diseases (n = 9, 24.3%) and 
hyper/hypoglycemia following UMDs in antidiabetic 
medication (n = 7, 18.9%). In 53 UMDs (25.7%), the 
medications involved were classified as high-risk drugs. 
The most frequent type of discrepancy among these was 
omission (n = 34, 64.2%). The most commonly involved 
medications were lorazepam (n = 5, 9.4%), as well as 
buprenorphine, edoxaban, and metamizole (each n = 3, 
5.7%).

UMDs during ward transfers
During transfers between wards, 23 (29.9%) of 77 
patients experienced at least one UMD (Median 0, IQR 
0–1, Range 0–6). In total, four UMDs occurred dur-
ing 92 transfers between general wards, while 45 UMDs 

were identified during 72 transfers to or from ICU. The 
number of discrepancies was significantly lower in gen-
eral ward transfers compered to ICU-related transfers 
(p < 0.001). As in the admission process, the most com-
mon type of discrepancy was omitted medications 
(n = 30, 66.7%) followed by additional medications (n = 6, 
13.3%) and incorrect dosage forms (n = 5, 11.1%). Clinical 
parameter changes associated with UMDs were observed 
with 9 UMDs (only in ICU transfers), most often con-
stipation (missing laxative; n = 3), high blood pressure 
episodes (missing antihypertensive drugs; n = 2), and 
insomnia (missing hypnotic; n = 2).

UMDs in dispensing
At dispensing of oral medication, 51 of 215 patients 
(23.7%) were found to have a least one UMD (Median 0, 
IQR 0–0, Range 0–5) out of 2866 dispensed drugs. The 
number and type of UMDs in dispensing are presented 
in Table 2. Out of 90 UMDs, dispensing of an incorrect 
single dose was the most often found error (n = 24).

UMDs in discharge letters
In the discharge letters, 104 UMDs were identified with 
60 out of 176 patients (34.1%) showing at least one UMD 
(Median 0, IQR 0–1, Range 0–10). As in the admission, 
omitted medications represented the most frequently 
found type of discrepancy (n = 83, 79.8%) followed by 
commission errors (n = 8, 7.8%), wrong frequency (n = 7, 
6.7%) and wrong strength and pharmaceutical form (each 
n = 3, 2.9%). Among the 104 identified UMDs, 50.5% 
occurred at the time of admission and persisted during 
the hospital stay.

Drugs involved in UMDs
The specific drugs involved in UMDs at the different 
assessment points are shown in Fig. 3. The most fre-
quently found ATC-group related to UMDs in admission 
were drugs for obstructive airway diseases, exclusively 
inhalers, while antidiabetic drugs, especially insulins, 
were responsible for most of the UMDs in discharge let-
ters. Dispensing UMDs of oral medication often involved 
psycholeptics, especially quetiapine.

Factors associated with admission UMDs
Due to the highest number of UMDs being found during 
the admission process, we performed a logistic regres-
sion analysis to examine probable risk factors for the 
occurrence of UMDs at admission. The variables ‘sex’ 
and ‘serum potassium’ were excluded following the uni-
variable regression. The multivariable logistic regres-
sion model showed an acceptable variance explanation 
(R2 = 0.283, p < 0.001). Fourteen cases were excluded from 
the analysis due to missing data in one or more variables. 
Correlations between the predictors were all low (r < 0.6), 

Table 1  Patient characteristics at admission ward, dispensing 
error survey distribution, and drug numbers across assessments 
(n = 215)
Patient characteristics at admission
Age (years) 71 (57.5–81.5)

Female sex 99 (46%)

Length of stay (days) 11 (6–30)

Serum-Creatinine (mg/dl) 0.9 (0.8–1.2)

eGFR (ml/min/1.73 m2) CKD-EPI 2009 75 (54–90)

International Normalized Ratio (INR) 1.1 (1.0–1.2)

Serum Sodium (mmol/l) 139 (137–141)

Serum Potassium (mmol/l) 4.3 (4.0–4.7)

Number of patients by type of ward
Urology 30 (14%)

Cardiology 26 (12.1%)

Orthopedic surgery/orthopedics 27 (12.6%)

Psychiatry 39 (18.1%)

Mixed Surgery 54 (25.1%)

Mixed Cardiology/Gastroenterology 39 (18.1%)

Number of drugs per patient at assessment points*
Admission 7 (3.0–10.5)

Transfer (regular ward) 12 (9.0–16.0)

Transfer (intensive care unit) 19.5 (13.0–25.0)

Dispensing 9 (6.0–14.0)

Discharge 8 (5.0–12.0)
Numbers are expressed as n (%) or as median (IQR); *number of patients varying, 
see Fig. 1; Assessment points refer to predefined steps of the medication 
process at which evaluations were performed (admission, in-hospital transfer, 
medication dispensing and discharge)
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indicating that multicollinearity did not confound the 
analysis [35]. Table 3 summarizes the results of the logis-
tic regression analysis. Patients receiving ≥ 10 drugs had 
a more than fourfold increased risk of UMDs compared 
to those with 0–4 drugs. In contrast, when a pharmacist 
obtained the medication history, the odds of UMDs were 
reduced by approximately 87% compared toward staff.

The initial medication history documented by ward 
staff, afterwards revised by a pharmacist, indicated a sub-
stantial risk of UMDs in the original chart entry.

Discussion
This retrospective study identified and analyzed UMDs 
throughout the entire medication process for a broad 
patient cohort across different specialties and levels of 
care. A high number of patients (69.3%) experienced at 
least one UMD during their hospital stay, some of which 
were potentially clinically significant and severe. The 
admission process was the most critical, with a high 
number of UMDs and 50.5% of UMDs from admis-
sion persisted throughout the medication process and 
appeared in the discharge letter. Significant risk factors 
for UMDs occurring at admission were ≥ 10 drugs and 
no involvement of pharmacists for obtaining the medica-
tion history. Furthermore, we observed a significant dif-
ference between transfers within wards where a shared 
CPOE-CDSS system was used and transfers between 
general wards and intensive care units where no interface 
existed between the systems.

In this study, the highest number of UMDs occurred 
at the time of hospital admission. The most frequent 
error type was omission of a medication, which is con-
sistent with observations reported in the literature [8–
11]. About one third of UMDs was classified as severe 
emphasizing that UMDs do not only involve less critical 
medications or vitamins, but also essential drugs such as 
antidiabetics and psycholeptics. It should be noted that 

Table 2  Number (%) and type of UMDs in the dispensing 
process (n = 90)
Type of UMDs n (%)
Incorrect single dose 24 (26.7)

Incorrect tablet splitting 17 (18.9)

Documentation error 16 (17.8)

Incorrect strength 10 (11.1)

False drug (identity) 10 (11.1)

Incorrect administration time 6 (6.7)

Incorrect dosage form 5 (5.6)

Assignment to prescription not possible 2 (2.2)

Fig. 2  Number and severity of UMDs at each assessment point
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severity classification and high-risk medication status 
represent distinct concepts. Not all severe discrepancies 
involved high-risk medications, and not all discrepancies 
involving high-risk drugs were classified as severe. Given 
their potential to directly impact the clinical course, 
patient safety, and treatment costs, such errors are of par-
ticular concern [2, 3].

In our study, admission errors were often not detected 
or corrected during the hospital stay, which may subse-
quently affect outpatient care. This finding is in line with 
previous studies showing that discrepancies between 
the admission medication list and the patient’s actual 
medication use can persist throughout hospitalization 
and may be reflected in the discharge summary [36, 
37]. Missing home medications in the discharge letter 
can lead to discontinuity of therapy [38]. Although the 

median number of UMDs at admission was 0, the wide 
range observed indicates that a subset of patients expe-
rienced multiple discrepancies. Therefore, it is important 
to consider potential risk factors that may contribute to 
the occurrence of such discrepancies. In line with other 
studies, the number of medications was identified as a 
risk factor [33, 34]. Patients taking ≥ 5 to < 9 medications 
showed a trend toward a higher likelihood of experienc-
ing a UMD at admission, whereas patients taking ≥ 10 
medications were substantially more likely to experience 
a UMD. The odds increased (OR 1.935, 95% CI 0.890–
4.208) for patients with ≥5 to < 9 medications and more 
than fourfold for those with ≥10 medications. Possible 
explanations include the increased complexity of phar-
macotherapy, which complicates accurate and complete 
medication reconciliation, especially in older patients 
[39].

Consistent with other findings, pharmacist-led medi-
cation reconciliation was associated with a significantly 
lower occurrence of UMDs [21–23, 27]. Interestingly, 
there was also a higher rate of UMDs when ward staff 
first entered the patient’s medications into the chart, fol-
lowed by a pharmacist’s review and notation of discrep-
ancies. This may be due to physicians overlooking the 
pharmacist’s notes, to a prioritization of inpatient treat-
ment over the patient’s home medication list, or to the 
fact that pharmacist annotations were often implemented 
only with delay, after an error had already occurred. This 
finding also suggests that the actual number of UMDs 

Table 3  Results of the multivariable logistic regression model of 
the admission process (n = 183 patients)
Variables Odds-Ratio 95%

Confidence 
Interval

p

≥5 - <9 drugs1 1.935 0.890–4.208 0.004

≥10 drugs1 4.049 1.767–9.277

Medication history by 
pharmacist2

0.132 0.042–0.414 <0.001

Medication history by ward 
staff followed by pharmacist2

1.934 0.932–4.012

1 categorical (reference: 0 - <4 drugs); 2 categorical (reference: Medication 
history by ward staff)

Fig. 3  TOP 5 medication groups involved in UMDs categorized by Anatomical-Therapeutic-Chemical (ATC) code
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at admission may be underestimated. Given the retro-
spective study design, only the best available medication 
history documented in the records, and no additional 
patient interviews were performed on wards without 
pharmacist involvement. This may have led to incomplete 
or inaccurate medication histories and, consequently, to 
an underestimation of UMDs. Nevertheless, more UMDs 
were detected when a pharmacist review had been per-
formed, which might otherwise have gone unnoticed. 
Overall, this highlights that while pharmacist involve-
ment improves error detection, timely recognition of 
their recommendations is crucial to prevent UMDs

With regard to intra-hospital transfers, the findings 
highlight the importance of technical infrastructure. 
When the same documentation system is used across 
wards or specialties, medication transfer is straightfor-
ward and less error-prone. In the absence of such an 
interface, as was the case between intensive care units 
and general wards, medication transfer must be done 
manually via the chart or transfer letters, significantly 
increasing the risk of errors. However, transfer letters 
from ICU are often incomplete, containing incorrect 
or missing information, resulting in medication errors 
potentially leading to patient harm [40]. Although the 
higher rate of UMDs observed in ICU patients may be 
partly attributable to the greater number of medica-
tions, the magnitude of the difference in UMDs (45 vs. 4 
UMDs) indicates that polypharmacy alone does not fully 
account for the increased risk. Our results are in line with 
other studies characterizing the transfer between ICU 
and normal ward as a risk for UMDs and medication 
errors [41]. As this separation of documentation systems 
between ICU and general wards is not universal, this 
finding may limit the external validity of our results with 
regard to ICU-to-ward transfers in institutions using 
fully integrated electronic systems.

The magnitude of dispensing errors observed in our 
survey is consistent with the findings of previous studies 
on this topic [14–17]. It is noteworthy that the dispensing 
error evaluation focused exclusively on oral medications. 
In this context, undetected dispensing errors may be par-
ticularly relevant, as oral solid dosage forms are typically 
removed from their original packaging during prepara-
tion, which may reduce the visibility of identifying infor-
mation such as the medication name and strength. Once 
prepared, these medications are usually administered 
without an additional professional verification step at 
the time of administration, making subsequent detection 
less likely. In contrast, medications such as injectables 
and inhalers are generally prepared immediately prior 
to administration and remain in their original packaging 
with clear labeling, which may facilitate identification at 
the point of use. According to the literature, one of the 
significant causes of dispensing errors is distractions and 

interruptions during the preparing and administration of 
medications [42].

In our study, we found that the reconciliation of inpa-
tient medications with the discharge letter was often 
inadequate, potentially leading to errors. This is con-
sistent with findings from a systematic review, which 
revealed that following hospital discharge, over 50% of 
adult patients experienced medication errors or UMDs, 
with half of these patients suffering medication-related 
harm [43].

Limitations of this study are its retrospective and sin-
gle-center design. Missing information, e.g. concerning 
admission medication or possibly undocumented clini-
cal consequences of UMDs, could not be retrieved ret-
rospectively. Similarly, in 27 discharge summaries, no 
discharge medication was listed, which prevented the 
identification and assessment of potential UMDs. Over-
all, the number of UMDs might have been underesti-
mated for these reasons, and incomplete documentation 
may have introduced selection bias, as only patients with 
sufficiently documented data could be included in spe-
cific analyses. In addition, potential differences between 
wards were not explicitly adjusted for in the statistical 
analysis, which may have influenced the observed asso-
ciations. Another limitation concerns the assessment 
of identified UMDs, which was performed by two clini-
cal pharmacists. While these professionals are highly 
qualified and experienced in evaluating medication 
safety, it cannot be excluded that other healthcare pro-
fessionals, such as physicians, nurses or risk managers, 
might have assessed certain cases differently. Therefore, 
the results may be subject to observer bias. In addition, 
clinical changes were assessed as being associated with 
UMDs. However, a direct causal relationship cannot be 
established, as clinical parameters may be influenced by 
multiple factors beyond medication discrepancies (e.g. 
underlying disease, acute clinical conditions, or stress) 
Furthermore, this analysis was conducted under the spe-
cific conditions of the study hospital, including its estab-
lished processes, documentation standards, electronic 
systems and ward staff. Due to differences in institutional 
regulations, staff resources or interprofessional commu-
nication pathways, the transferability of the findings to 
other settings may be limited. The single-center design 
allowed for a consistent and detailed assessment of medi-
cation discrepancies within one institutional setting but 
may limit generalizability. Seasonal variation in patient 
characteristics cannot be excluded due to the limited 
data collection period. Furthermore, medication admin-
istration was not directly assessed. Although it can be 
assumed that oral medications prepared in patient-spe-
cific dispensers are generally administered as dispensed, 
this could not be verified within the retrospective study 
design. Nevertheless, we believe the overall findings will 
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be of concern and give valuable suggestions for action to 
many hospitals.

Previous studies have typically focused on specific 
stages of the hospital medication process, with some 
covering more than one stage, often in selected patient 
cohorts [38, 44, 45]. In contrast, our study examines the 
full medication pathway, including admission, intra-hos-
pital transfers, dispensing, and discharge, across a broad 
and heterogeneous patient cohort. This comprehensive 
perspective enables the identification of errors through-
out the entire hospital stay, providing a more complete 
and generalizable understanding of medication errors 
than studies limited to individual or partial stages.

Our study provides a thorough evaluation of UMDs 
throughout the medication process. This enables UMDs 
to be identified at every key stage of the hospital stay. 
Using real-world data from routine hospital practice 
means our findings reflect actual clinical conditions and 
provide unique insights into the frequency and types of 
discrepancies that may impact patient safety during and 
after hospital stays. The results of this study are of gen-
eral interest to hospitals in terms of ensuring the safety 
of drug therapy throughout the technical medication 
process. Furthermore, based on these results, additional 
measures will be developed and implemented along-
side the introduction of the unit dose dispensing system 
in our hospital. Beyond this, future studies may further 
explore the impact of ward-level factors on the occur-
rence of UMDs, particularly in the admission process, 
in larger cohorts enabling multilevel analyses to better 
account for structural differences between wards and 
specialties.

Conclusion
This study demonstrates that unintended discrepancies 
in medication can occur at any stage of the in-hospital 
medication process and represent a severe patient safety 
issue, particularly at admission. The findings emphasize 
the importance of improving this high-risk process to 
prevent patient harm and enhance drug therapy safety. 
Our findings highlight potential targets for future inter-
ventions aimed at improving medication safety, includ-
ing process optimization, the involvement of clinical 
pharmacists at key steps of the medication process, and 
system-level approaches. In particular, structured dis-
pensing processes and improved integration of electronic 
prescribing systems across departments may represent 
important strategies to reduce medication discrepancies
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