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In 1999, the first major report on patient safety in health care was published, emphasizing the fi-
nancial and human costs of errors 
made by health care providers.1 One 
of the most prevalent types of errors 
is medication errors, which include 
those made during the prescribing, 
preparation, distribution, transcrip-
tion, administration, and monitoring 
stages of the medication-use proc-
ess.2,3 According to the Dutch Central 
Medication Incidents Registration, 
50–70% of all reported medication 
errors in hospitals are related to 
medication distribution and admin-
istration by nurses.4 Further, Leape 
et al.5 concluded that 38% of all seri-
ous medication errors are related to 
medication administration and that 
the other medication processes (i.e., 
ordering, transcription, and dispens-
ing) accounted for 39%, 12%, and 
11% of all serious medication errors, 
respectively.


Since then, research has been done 
on the frequency of medication er-
rors, their causes and the possibilities 
for prevention, and the consequences 
of these errors.2,6-11 Reported er-
ror rates (i.e., the percentage of all 
administrations in which an error 


Purpose. The clinical relevance of and 
risk factors associated with errors related 
to medication administration time were 
studied.
Methods. In this explorative study, 66 
medication administration rounds were 
studied on two wards (surgery and neu-
rology) of a hospital. Data on medication 
errors were collected using the blister 
collection method. The emptied packag-
ing material of medication was collected 
after each round and compared with each 
patient’s medication orders. Administration 
time errors were defined as medication 
administration (actual intake) occurring 
more than one hour before or after the 
prescribed time. Generalized estimating 
equations analysis was performed to study 
the correlation between medication ad-
ministration errors and risk factors.
Results. Data from 129 patients were 
included in the study. Among these 129 


patients, 2874 oppor tunities for error 
were recorded. The majority of opportuni-
ties for error occurred during the 7 a.m. 
round. Within the 2874 opportunities for 
errors, 10 administration time errors oc-
curred for medications that might interact 
with food or another medication. Time of 
administration (noon and 3 p.m.), route of 
administration (injection or infusion), and 
frequency of administration (if necessary) 
had significant protective effects against 
the occurrence of administration time er-
rors. The rectal route of administration was 
associated with a significant increase in the 
frequency of administration time errors 
compared with the oral route. A clinically 
relevant administration time error occurred 
in 2 cases (0.07%). 
Conclusion. Analysis of medication admin-
istration rounds found time errors to be the 
most common medication error.  
Am J Health-Syst Pharm. 2013; 70:1052-6


occurred) have varied between 10% 
and 25%.2,6-11


The gold standard for evaluating 
medication errors has been dis-
guised observation,3,12 an intensive 
method in which the researcher 
observes the nurse throughout the 
medication administration round. 
This method can sometimes be dis-


guised by providing a false pretense 
to the nurse. A possible weakness of 
this method could be that it does 
not account for the actions of the 
patient in the administration of 
medication. In the Netherlands, it is 
common practice for medication to 
be left at the bedside, and consump-
tion is only observed if specifically 
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indicated. This implies that the pa-
tient could delay taking the medi-
cine or omit the dose completely, 
neither of which would be registered 
by the researcher. 


One type of error often encoun-
tered is administration time errors. 
While some believe that these errors 
are often relatively harmless com-
pared with other errors, there is little 
evidence to support such a belief.13 
Rates of administration time errors 
are often presented separately from 
the rates of other errors because they 
are presumed not to be clinically rel-
evant.3 This presumption is based on 
theoretical considerations regarding 
the half-life and therapeutic range 
of most drugs, so administration 
time errors (e.g., a delay of less than 
four hours in the administration of a 
drug) are highly unlikely to result in 
altered drug levels that are clinically 
relevant. The purpose of this study 
was to investigate the importance 
and clinical relevance of administra-
tion time errors. 


Methods
Study design. In this explorative, 


cross-sectional study, data on medi-
cation administration errors were 
collected using the blister collec-
tion method. This newly developed 
method is more efficient and more 
sensitive to administration time er-
rors than the traditional method of 
disguised observation,14 especially 
when drugs are given to patients and 
actual intake is not observed, as is 
common practice in the Netherlands.   
With this method, both nurses and 
patients were instructed to leave all 
emptied packaging material and 
remaining medication (e.g., when 
half a pill was prescribed) in emesis 
basins placed next to each of the in-
cluded patients’ beds. The contents 
of each basin was collected one hour 
after the administration round, tak-
ing anywhere from 10 to 30 minutes. 
This led to some variability in collec-
tion time, particularly for the 7 a.m. 
round. However, the study collection 


round followed the same route as the 
nurse’s administration round, so the 
patients who received their medica-
tion early were also checked early. 
The emptied pill strips and other 
packaging were then compared with 
the patients’ medication orders, veri-
fying the medication names, doses, 
forms, preparation, administra-
tion routes, and additional remarks 
placed with the order. 


Oppor tunities for error were 
defined as any medication adminis-
tered to the patient or any medica-
tion that was prescribed but whose 
administration was omitted. Error 
rates were expressed as the percent-
age of all opportunities for error 
in which one or more errors oc-
curred. All medication administra-
tion errors were categorized using 
a previously published definition of 
medication errors15 and divided into 
two groups: administration time 
errors and other errors. Adminis-
tration time errors were defined as 
the administration (actual intake) 
of  a medication more than one 
hour before or after the prescribed 
administration time. If intake did 
not occur before the next scheduled 
dose, this was noted as an omission. 
Omission was further defined as any 
unconsumed dose.


Study population. The study pop-
ulation included patients from two 
wards (surgery and neurology) of a 
650-bed general teaching hospital in 
the Netherlands. Data were collected 
for all patients admitted to these 
wards for whom medication was 
prescribed during the study periods. 
The study periods comprised 11 con-
secutive workdays at each ward. Data 
were collected during the three major 
medication administration rounds 
each day (7 a.m., noon, and 3 p.m.). 
To prevent the discarding of packag-
ing material and to habituate the 
research methods within the nursing 
staff, a test period of one week was 
used at both wards. Administrations 
were excluded from the study if (1) 
the patient was absent, but the medi-


cation order was still active (i.e., the 
patient had not yet been admitted 
to the hospital, had been discharged 
from the hospital, had been trans-
ferred to another ward, or had died), 
(2) no blisters or packaging was  
available (i.e., medication was packed 
in large quantities, such as for eye 
drops, ointments, and enemas), (3) 
administration was omitted due to 
special circumstances (i.e., the order 
contained the words “if necessary” 
or “if administration of [some other 
medication] does not succeed” and 
administration was omitted or the 
prescription was modified or dis-
continued between the extraction of 
records and medication administra-
tion), or (4) medication was admin-
istered continuously rather than at 
scheduled intervals.


To determine the clinical rel-
evance of administration time errors, 
several types of medications were 
studied in detail, including those that 
may interact with other medications 
and those that may interact with 
food. The list of these medications 
was generated using a database of the 
Royal Dutch Association of Pharma-
cists (G-standard).16 Specific criteria 
for intervals of intake were listed 
for these medications. The intake of 
these medications (levothyroxine, 
quinolones, levodopa, bisphospho-
nates, digoxin, doxycycline, dasat-
inib, erlotinib, gefitinib, lapatinib, 
mycophenolic acid, iron products, 
medications containing calcium, and 
medications containing sevelamer)
and relevant meals (i.e., the meal that 
may interact with the medication 
taken) was checked every 15 minutes, 
resulting in an accurate recording of 
administration times.


Risk factors associated with ad-
ministration time errors. Possible 
risk factors associated with adminis-
tration time errors were identified by 
reviewing the available literature2,6-11 
and using the expert opinions of hos-
pital pharmacists and nursing staff. 
Patient-related (gender, age, number 
of medications administered to the 
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patient in that round, and neurologic 
problems) and medication-related 
(route and frequency of administra-
tion) risk factors were recorded for 
each patient. Factors that could influ-
ence the general processes of medica-
tion distribution and administration 
(ward, time and day of administra-
tion, and workload in the ward) were 
also documented.


Patients were considered to suf-
fer from neurologic problems if 
there was an active order for halo-
peridol, rivastigmine, galantamine, 
memantine, levodopa, amantadine, 
pergolide, ropinirole, pramipexole, 
apomorphine, selegiline, or entaca-
pone at the time of the administra-
tion round. Workload was calculat-
ed by dividing the total number of 
patients admitted to the ward at the 
time of the administration round by 
the total number of nurses working 
on the ward at that time.7 The re-
maining data on possible risk factors 
were extracted from the hospital’s 
main pharmacy information system  


(Zamicom, HI-Systems BV, Ooster-
hout, Netherlands).


Statistical analysis. Data were 
analyzed using multivariate statis-
tical methods. The main analyses 
were conducted using a generalized 
estimating equation (GEE). This 
method can be used to analyze lon-
gitudinal or otherwise correlated 
data.17,18 It is especially suitable for 
binary outcome data. The categorical 
variables were recorded into binary 
dummy variables, using a reference 
category. Reference categories were 
used for the following factors: gender 
(male), ward (neurology), time of 
administration (7 a.m.), day of ad-
ministration (Monday), route (oral), 
and frequency (once daily). All statis-
tical analyses were performed using 
SPSS software (version 15.0, IBM, 
Armonk, NY). Results were consid-
ered to be statistically significant 
when the p value was less than 0.05.


Results
Data from 129 patients were 


included in the study. Patient char-
acteristics are listed in Table 1. The 
majority of patients were admitted 
to the surgery ward, while the major-
ity of patients in the neurology ward 
were female. Age distribution was 
comparable between wards.


Among these 129 patients, 2874 
opportunities for error were record-
ed. Table 2 provides an overview of 
these opportunities for error and 
describes the errors that occurred.  
The majority of opportunities for 
error occurred during the 7 a.m. 
round. In general, error rates were 
comparable for both wards, though 
the representation of the error cat-
egories differed. The majority of the 
recorded errors were administra-
tion time errors, most of which oc-
curred in the neurology ward. Most 
administration time errors were 
related to drug intake one to two 
hours after the prescribed adminis-
tration time.


Relevance of time errors. Within 
the 2874 opportunities for errors, 10 
administration time errors occurred 
for medications that might interact 
with food or another medication. 
There were 2 opportunities for er-
rors (0.07%) in which the admin-
istration time conditions were not 
met. Both cases involved a chewable 
tablet containing calcium carbonate 
that was administered more than 
30 minutes before the patient had 
a meal. Due to the small number of 
relevant time errors, further statisti-
cal analysis of these errors was not 
conducted.


Risk factors associated with ad-
ministration time errors. The results 
of the GEE analysis are presented 
in Table 2. Time of administration 
(noon and 3 p.m.), route of admin-
istration (injection or infusion), 
and frequency of administration (if 
necessary) had significant protec-
tive effects against the occurrence 
of administration time errors. The 
rectal route of administration was as-
sociated with a significant increase in 
the frequency of administration time 


Variable


Table 1. 
Characteristics of Study Patients and Medication Errors


Neurology  
(n = 51)


Surgery  
(n = 78)


20 (39.2)
69.0 ± 15.7
1078 (37.0)


21.14
(16.65–25.62)


880 (81.6)
135 (12.5)


63 (5.8)


 445 (41.3)


 363 (33.7)
 88 (8.2) 
 4 (0.4)


 71 (6.6)
 8 (0.7)


…
 5 (0.5)


…
…


41 (52.6)
62.1 ± 15.2
1796 (63.0)


23.03
(17.83–28.22)


1395 (77.7)
252 (14.0)
149 (8.3)


 673 (38.5)


 411 (22.9)
 268 (14.9)


 10 (0.6)
 230 (12.8)


 14 (0.8)
 3 (0.2)


 12 (0.7)
…
…


Male, no. (%)
Mean ± S.D. age, yr 
Total opportunities for error, no. (%)
Mean no. opportunities for error per patient 
 (95% confidence interval)
Opportunities for errors per round, no. (%) 
 7 a.m.
 Noon
 3 p.m.
Total  no. (%) opportunities for error in which
   errors occurred
No. (%) errors, per type
 Administration time errors
 Other errors
 Dose errors
 Omissions
 Unordered drug errors
 Form errors
 Route errors
 Preparation errors
 Technique errors
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errors (p = 0.02), and the injection or 
infusion route was associated with a 
significant decrease in the frequency 
of these errors (p < 0.001) compared 
with the oral route. 


Discussion
The general error rates found 


in this study were hig her than 
those found in the medical litera-
ture.3 However, the blister collection 
method is much more sensitive to 
administration time errors than the 
method of disguised observation 
if intake is not routinely observed. 
Thus, blister collection may provide 
a more realistic estimate of the error 
rates, especially administration time 
errors. The rates of errors not related 
to administration time were much 
more comparable to those found in 
previous studies.6 


The time errors that were found 
in this study were only in two cases 
potentially relevant. This indicates 
that the consensus found in previ-
ous studies is probably correct. Time 
errors are clinically relevant in very 
few cases. Although the relevance of 
time errors may be small compared 
to other errors, clinical consequences 
may still occur as a result and a re-
duction of this type of errors would 
still be favorable.


Medication that was administered 
at noon or 3 p.m. was associated with 
a reduced rate of error compared 
with the reference time (7 a.m.). This 
result could be related to the fact that 
the rate of administration time errors 
was relatively high at 7 a.m. Although 
medication was often prescribed at 
7 a.m., this administration round 
started at about 7:30 a.m. on most 
days. This discrepancy could have led 
to the high error rate. The rate reduc-
tion when medication was adminis-
tered through injection or infusion 
could be explained by the fact that 
these types of medications are usu-
ally the first to be administered in a 
round. Rectal medication was usually 
administered last, yielding a higher 
rate of time errors. 


aUnless noted otherwise, variables did not significantly affect medication administration time errors.
bp = 0.003.
cp = 0.001.
dp = 0.021.
ep = 0.004.


No. medications per round
Age
Workload
Female
Surgery ward
Time: 
 Noonb


 3 p.m.c


Day
 Tuesday
 Wednesday
 Thursday
 Friday
Route
 Inhalation
 Injection or Infusionc


 Rectald


Neurologic problems
Frequency
 If necessarye


 Less than once daily
 More than once daily


Variable


Table 2. 
Significance of Variables on Medication Administration Time 
Errorsa


Odds Ratio  
(95% Confidence Interval)


1.016 (0.922–1.119)
0.984 (0.965–1.003)
0.999 (0.573–1.740)
1.165 (0.663–2.047)
0.560 (0.285–1.100)


0.416 (0.236–0.735)
0.197 (0.083–0.465)


0.725 (0.365–1.440)
1.054 (0.478–2.325)
0.813 (0.435–1.521)
1.371 (0.764–2.461)


1.512 (0.904–2.528)
0.247 (0.117–0.524)
2.368 (1.141–4.915)
1.281 (0.621–2.644)


0.435 (0.246–0.772)
0.978 (0.131–7.300)
0.836 (0.671–1.040)


The protective effect of the fre-
quency “if necessary” could be ex-
plained by the fact that these medi-
cations were often prescribed to 
patients in relatively good clinical 
condition who were able to take 
medication soon after administra-
tion. Patient age, neurologic prob-
lems, the number of medications the 
patient was receiving at that time, 
and the workload of the ward had no 
effect on administration time.


This study had several limitations. 
Blister packaging was disposed of by 
nurses, patients, or supporting staff in 
a number of cases due to unfamiliar-
ity with this study’s methods or inat-
tention. These administrations were 
excluded from all analyses. Another 
limitation was the large number of ex-
clusion criteria. Further, the results of 


this study may have been affected by 
the presence of the researcher on the 
wards. Nurses and patients may have 
been more focused on the correct 
administration of medication than 
they would usually be, leading to an 
underestimation of error rates. 


Conclusion
Analysis of medication admin-


istration rounds found time errors 
to be the most common medication 
error. Factors correlated with a de-
crease in these errors included ad-
ministration time, route of adminis-
tration, and the prescribed frequency 
of administration. 
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