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IMPORTANCE Incoming text messages and calls on nurses' mobile telephones may interrupt
medication administration, but whether such interruptions are associated with errors has not
been established.

OBJECTIVE To assess whether a temporal association exists between mobile telephone
interruptions and subsequent errors by pediatric intensive care unit (PICU) nurses during
medication administration.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was performed using
telecommunications and electronic health record data from a PICU in a children’s hospital.
Data were collected from August 1, 2016, through September 30, 2017. Participants included
257 nurses and the 3308 patients to whom they administered medications.

EXPOSURES Primary exposures were incoming telephone calls and text messages received on
the institutional mobile telephone assigned to the nurse in the 10 minutes leading up to a
medication administration attempt. Secondary exposures were the nurse’s PICU experience,
work shift (day vs night), nurse to patient ratio, and level of patient care required.

MAIN OUTCOMES AND MEASURES Primary outcome, errors during medication administration,
was a composite of reported medication administration errors and bar code medication
administration error alerts generated when nurses attempted to give medications without
active orders for the patient whose bar code they scanned.

RESULTS Participants included 257 nurses, of whom 168 (65.4%) had 6 months or more of
PICU experience; and 3308 patients, of whom 1839 (55.6%) were male, 1539 (46.5%) were
white, and 2880 (87.1%) were non-Hispanic. The overall rate of errors during 238 540
medication administration attempts was 3.1% (95% Cl, 3.0%-3.3%) when nurses were
uninterrupted by incoming telephone calls and 3.7% (95% Cl, 3.4%-4.0%) when they were
interrupted by such calls. During day shift, the odds ratios (ORs) for error when interrupted
by calls (compared with uninterrupted) were 1.02 (95% Cl, 0.92-1.13; P = .73) among nurses
with 6 months or more of PICU experience and 1.22 (95% Cl, 1.00-1.47; P = .046) among
nurses with less than 6 months of experience. During night shift, the ORs for error when
interrupted by calls were 1.35 (95% Cl, 1.16-1.57; P < .001) among nurses with 6 months or
more of PICU experience and 1.53 (95% Cl, 1.16-2.03; P = .003) among nurses with less than
6 months of experience. Nurses administering medications to 1or more patients receiving
mechanical ventilation and arterial catheterization while caring for at least 1 other patient had
an increased risk of error (OR, 1.21; 95% Cl, 1.03-1.42; P = .02). Incoming text messages were
not associated with error (OR, 0.97; 95% Cl, 0.92-1.02; P = .22).

CONCLUSIONS AND RELEVANCE This study's findings suggest that incoming telephone call

interruptions may be temporally associated with medication administration errors among

PICU nurses. Risk of error varied by shift, experience, nurse to patient ratio, and level of

patient care required. Author Affiliations: Author
affiliations are listed at the end of this
article.
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nterruptions during clinical work occur frequently and can

impair the performance of nurses and physicians.* Inter-

ruptions to nurses on hospital wards have been shown to
be associated with procedural failures and clinical errors dur-
ing medication administration, measured using direct in-
person observation.! Direct observation of clinical work is
highly informative but has limitations; it requires trained clini-
cal observers! and monitoring of intraobserver and interob-
server reliability,® and it may introduce Hawthorne-like
effects.®

Interruptions from electronic devices, most notably in-
coming calls and text messages on mobile telephones, have
been shown to be hazardous when the recipients are operat-
ing motor vehicles.”® The increasing availability and func-
tionality of mobile telephones in hospitals has facilitated di-
rect communication between nurses and other clinical staffand
enabled immediate notification of nurses when alarms oc-
cur. Although telephone calls are a leading source of
interruptions,* no association between telephone interrup-
tions and downstream hazards has yet been established, to our
knowledge.

In this study, our objective was to examine whether in-
coming mobile telephone call and text message interruptions
are associated with subsequent medication administration er-
rors among pediatric intensive care unit (PICU) nurses. We
aimed to accomplish this objective without using direct ob-
servational methods, while acknowledging that our ap-
proach would not be able to capture all error types that can be
identified using direct observation.

Methods

We performed this retrospective cohort study in a 55-bed,
medical-surgical PICU, using data from August 1, 2016, through
September 30, 2017. The Institutional Review Board of Chil-
dren’s Hospital of Philadelphia approved the study with a
waiver of the requirement of informed consent from partici-
pants because it determined that the study plan met the cri-
teria in 45 CFR 46.116(d); specifically, that the study pre-
sented minimal risk, the waiver would not adversely affect the
rights or welfare of the participants, and the research could not
practicably be carried out without the waiver or alteration.

Participants

The primary participants were nurses based in the PICU who
were identified by using a staff register. Secondary partici-
pants were patients who were hospitalized in the PICU be-
tween August 1, 2016, and September 30, 2017. We extracted
demographic data, such as the reported race/ethnicity of the
patient and family, from the institutional electronic health rec-
ord (EHR) system. During the study period, all nurses were
using assigned institutional mobile telephones (Ascom d62;
Ascom Holding AG) as their primary communication devices.

Bar Code Medication Administration Infrastructure
Use of a bar code medication administration (BCMA) system

linked to the EHR was required for the administration of 99%
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Key Points

Question Are mobile telephone interruptions temporally
associated with pediatric intensive care unit nurses’ errors during
medication administration?

Findings In this cohort study of 257 nurses and 3308 patients in a
pediatric intensive care unit, incoming calls on nurses' institutional
mobile telephones occurring in the 10 minutes before medication
administration were significantly associated with increased risk of
error. The risk was higher during night shifts and among nurses
with fewer than 6 months' experience, and it also varied by nurse
to patient ratio and level of patient care required.

Meaning This study's findings suggest that, although
communication-related interruptions cannot be eliminated,
interventions to reduce the frequency and adverse consequences
of interruptions should include consideration of time of day, nurse
experience, nurse to patient ratio, and level of patient care
required.

of medications in the PICU. Prior to the start of the study pe-
riod, PICU nurses had achieved 99% compliance with the
guidelines for BCMA use. The procedure for BCMA use in-
cluded the following steps: scan the bar code on the patient’s
ID band, scan the bar codes on the medications to be admin-
istered, and then administer the medications. If the system de-
tected an error, the EHR displayed an alert.

Mobile Telephone Interruptions

We extracted data from the hospital databases that store tele-
phone call and text message data from every incoming call and
message sent to nurses’ telephones. The hospital telecommu-
nications system time-stamps all calls and messages to the sec-
ond, using the institution’s universal system clock. We manu-
ally verified the consistency of time stamps across platforms
prior to data extraction. To obtain the telephone call data, we
directly queried the back-end database (Innovaphone; Innova-
phone AG) that stores call detail records by user. The call de-
tail records include indicators for call direction (eg, incom-
ing, outgoing), alert signal (indicating that the call made the
telephone ring), and connection status (connected, trans-
ferred, forwarded, released, or busy). In the analytic data set
used in this study, 91% of calls had a status of “connected,” in-
dicating that most incoming calls were answered by the nurse.
Considering that, prior to each medication administration,
there is a variable time window during which a medication is
obtained, checked, prepared, and brought to the bedside, in
collaboration with nurse experts we made the a priori deci-
sion that telephone call and text message interruptions occur-
ring in the 10 minutes leading up to a medication administra-
tion attempt would be included as exposures.

Errors During Medication Administration

We used a composite outcome of errors during medication ad-
ministration as the primary outcome of analysis, comprising
both (1) BCMA system-generated alerts and (2) reported medi-
cation administration errors, because both end points reflect
risk of medication-related harm to the patient. We refer to the
composite outcome simply as “errors.”
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BCMA Alerts

We extracted BCMA alerts from the hospital’s data ware-
house. Among 16 potential alerts that could be generated by a
bar code medication scan in the EHR during the study period,
we focused on the types that our pharmacy was using to track
events that were likely to be “near misses,” or attempts to give
medications without orders present. These included alerts for
“order is not active” and “no order for patient” (eg, attempt
to give morphine to an infant who did not have an active or-
der for it), “admin on discontinued med” and “admin on com-
pleted med” (eg, attempt to give midazolam to a child whose
order for the drug was recently discontinued), and “order for
wrong patient” (eg, attempt to give another patient’s vanco-
mycin to the patient whose bar code was scanned). The 16 types
of alerts and their relative frequencies, categories, and de-
scriptions are in eTable 1in the Supplement.

Reported Medication Administration Errors

We extracted reported medication administration errors oc-
curring during the study period that were labeled in the hos-
pital’s online reporting system as related to the medication ad-
ministration process. Because those labels might not always
be accurate, a physician (C.P.B.) and nurse (S.S.) indepen-
dently reviewed the descriptions of 50 randomly selected re-
ports and categorized them as errors if they (1) occurred dur-
ing nurse medication administration, and (2) were traceable
to a specific minute. In independent review, the physician and
nurse agreed on the classification of 49 of 50 events; the nurse
performed single review for the remaining reports. We also ex-
tracted the severity of each reported error, which was catego-
rized by using a framework adapted from the National Coor-
dinating Council for Medication Error Reporting and Prevention
Index.!° Severity was included in the online reporting sys-
tem, categorized independently by a nurse safety and quality
specialist from the unit where the event occurred.

Statistical Analysis

Successful vs Failed Medication Administration Attempts

We analyzed the data at the level of the successful medica-
tion administration or failed administration attempt. Success-
ful administrations were entered in the EHR with 1 of the fol-
lowing actions: “given,” “new bag,” or “new syringe.” Eligible
failed administration attempts were BCMA alerts and re-
ported administration errors that were intercepted without as-
sociated completed administrations.

We defined administration time by the EHR time stamp
for that action. We excluded administrations for which the
timing was untrustworthy. We considered the timing of
administrations trustworthy if the nurse’s manual time
entry was within 10 minutes of the corresponding EHR time
stamp. We excluded medication administrations during
EHR downtimes. We merged multiple attempts by the same
nurse to administer medication to the same patient during
the same minute because administration time was available
with only 1-minute granularity and we assumed that receiv-
ing a BCMA alert would lead to increased vigilance in subse-
quent administration attempts. Because we did not know
the administration sequence within individual minutes, we
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made the decision to consider each administration attempt
a success or failure at the 1-minute level. We excluded data
from a 30-minute (washout) period following each error.

Potential Confounders and Interaction Terms

We categorized nurses’ clinical experience as less than 6
months or as 6 months or more to characterize the least
experienced nurses, among whom we hypothesized we
would see the strongest interruption effects. We classified
shifts as day (7 AM to 6:59 pM) or night (7 PM to 6:59 AM). We
categorized the nurse to patient ratio at the time of adminis-
tration either as 1:1 or as 1:2 and higher. Intervention data
(as an indicator of the level of patient care required) were
extracted at the day level from our hospital’s instance of the
Virtual Pediatric Systems PICU database.!''2 To characterize
the level of patient care required, we included a dichoto-
mous variable indicating patients requiring a high level of
advanced critical care, as evidenced by receipt of mechani-
cal ventilation and arterial catheterization, vs patients not
requiring that level of care.

Data Analysis
We used a multivariable logistic regression model with the
interactions we hypothesized might be important as our pri-
mary analytic model. We included a 2-way interaction
between nurse to patient ratio and patient-specific level of
care and a 3-way interaction between work shift, nurse
experience level, and presence of telephone interruption.
We chose these interactions based on existing literature!®
and our clinical understanding of the complex relationships
between these variables. We standardized probabilities of
error given certain sets of exposures using predictive
margins.'* Regression models accounted for clustering of
observations at the level of the nurse. We examined the
design effects of this clustering to assess nurse-to-nurse
variability in rates of error.”® We did not separately account
for patient clustering nested within nurse clusters because
accounting for the higher, nurse-level clustering also
accounts for any lower level of correlation that exists within
each cluster.'®

We used R software, version 3.5.3 (R Foundation for Sta-
tistical Computing), for data management and Stata, version
15.1 (StataCorp LLC), for analyses. Statistical significance was
indicated by P < .05.

Sensitivity Analyses

We performed 3 sensitivity analyses. First, we varied the
interruption exposure window in the primary analysis
between 5 and 30 minutes and compared the results with
results obtained with the 10-minute window selected a
priori. Second, we explored the potential problem of con-
founding by nurse, using conditional logistic regression to
examine the association of interruption and error within the
data for each individual nurse. Third, we explored the
potential problem of confounding by patient, using condi-
tional logistic regression within the data for each individual
patient.
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Table 1. Characteristics of Study Participants by Group®

Characteristic No. (%)
Nurses (n = 257)
Experience in PICU, mo
<6 89 (34.6)
26 168 (65.4)
Patients (n = 3308)
Sex
Male 1839 (55.6)
Female 1469 (44.4)
Race
White 1539 (46.5)
Black 921 (27.8)
Multiracial 122 (3.7)
Asian 72 (2.2)
Indian 38(1.1)
Other 616 (18.6)
Ethnicity
Non-Hispanic 2880 (87.1)
Hispanic 408 (12.3)
Unspecified 20 (0.6)
Age
<6 mo 228(6.9)
6moto<ly 111 (3.4)
lyto<dy 1083 (32.7)
4yto<l2y 961 (29.1)
12yto<18y 689 (20.8)
218y 236 (7.1)
Most frequent primary diagnoses®
Bronchitis and bronchiolitis 516 (11.5)
Pneumonia 356 (8.0)
Grand mal and epilepsy 232 (5.2)
Asthma with status asthmaticus 202 (4.5)
Sepsis with or without shock 191 (4.3)
Mechanical complication of nervous 154 (3.4)
system device
Brain neoplasm 145 (3.2)
Anomalies of skull or face bones not otherwise 128 (2.9)
classified
Respiratory system diseases not otherwise 96 (2.1)
classified
Other diseases of lower respiratory tract 84 (1.9)
Interventions®
Mechanical ventilation and 2856 (12.6)
arterial catheterization?
Mechanical ventilation only 5837 (25.8)
Arterial catheterization only 1436 (6.3)

None of the above

12534 (55.3)

Abbreviation: PICU, pediatric intensive care unit.

@ Data are the number and percentage of participants unless otherwise
specified. Percentages may not total 100% because of rounding.

b Data are the number and percentage of PICU stays with the specified
diagnosis among a total of 4476 during the 14-month study period.

¢ Data are the number and percentage of patient-days (of a total of 22 663

during the 14-month study period) during which the specified interventions

were performed, a measure of the daily level of critical care required.

9Includes extracorporeal membrane oxygenation.
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Table 2. Characteristics of Medication Administration Attempts,
Messaging Interruptions, BCMA System Alerts, and Reported Errors

Characteristic No. (%)
Most frequently administered medications®
Acetaminophen 18824 (7.9)
Ocular lubricant 15146 (6.3)
Dextrose-containing solutions 8923 (3.7)
Ranitidine 7456 (3.1)
Vancomycin 7235 (3.0)
Sodium chloride-containing solutions 6046 (2.5)
without dextrose
Potassium chloride, phosphate, or citrate 6008 (2.5)
Diazepam 5843 (2.4)
Hydrocortisone 5626 (2.4)
Morphine 5611 (2.3)
Sources of incoming messages
Bedside physiologic monitor alarms 2838902
(86.8)
Ventilator alarms 326826
(10.0)
Nurse call system 63103 (1.9)
Patient call bell 34337 (1.0)
Person-to-person direct messages 9259 (0.3)
Category of BCMA system error alerts
“Order is not active” or “No order for patient” 6180 (57.6)
“Admin on discontinued med” or “Admin 4325 (40.3)
on completed med”
“Wrong patient” 221(2.1)
Category of reported medication administration errors
No harm: did not reach patient because of active recovery 1 (2.4)
by caregivers
No harm: reached patient but no monitoring required 31(73.8)
No harm: reached patient and monitoring required 5(11.9)
Missing 5(11.9)

Abbreviations: Admin, administration; BCMA, bar code medication
administration; med, medication.

2 Data are the number and percentage of successful or failed medication
administration attempts, of a total of 238 540 within the 14 months of the
study.

. |
Results

The final data set included 257 nurses, of whom 168 (65.4%)
had 6 months or more of PICU experience; and 3308 patients,
of whom 1839 (55.6%) were male, 1539 (46.5%) were white, and
2880 (87.1%) were non-Hispanic (Table 1). We included 238 540
medication administration attempts, 19 891 (8.3%) of which
were interrupted by 1 or more of the 173 225 incoming tele-
phone calls, and 106 660 (44.7%) of which were interrupted
by 1 or more of the 3272 427 incoming text messages in the 10
minutes leading up to the administration attempt. We also in-
cluded 7513 BCMA system-generated alerts and 42 reported
medication administration errors. Examples of reported er-
rors that were included in the analysis are listed in eTable 2 in
the Supplement. Physiologic monitor alarms generated 86.8%
of the text messages. Characteristics of medication adminis-
tration attempts, text messages, and alerts are described in
Table 2. The Supplement includes CONSORT-style!” data flow
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Table 3. Odds Ratios of Medication Administration Errors in Unadjusted Logistic Regression Analysis

Exposure Condition Reference Condition

Occurrence of 21 telephone call
interruptions during exposure window

Occurrence of 21 text message
interruptions during exposure window

Night shift (7 Pm to 6:59 Am)

<6 mo of PICU nursing experience

No telephone call interruptions
during exposure window

No text message interruptions
during exposure window

Day shift (7 Am to 6:59 pm)
26 mo of PICU nursing experience

21 Prior error committed by same nurse
during same shift

Nurse caring for 22 patients

No prior errors committed by the
nurse

Nurse caring for 1 patient

0dds Ratio (95% CI)? P Value
1.20 (1.11-1.30) <.001
Abbreviation: PICU, pediatric
0.99 (0.94-1.04) .65 intensive care unit.
2 0dds of nurses’ committing a
0.81(0.76-0.87) <.001 medication administration error in

the presence of the specified
exposure condition within the
10-minute exposure window,
compared with an odds ratio of 1for
the reference condition.

1.01 (0.93-1.10) .81
1.52(1.43-1.62) <.001

1.04 (0.97-1.10) .86

diagrams for nurses (eFigure 1), patients (eFigure 2), medica-
tion administrations (eFigure 3), telephone calls (eFigure 4),
text messages (eFigure 5), BCMA system alerts (eFigure 6), and
reported medication administration errors (eFigure 7).

The overall rate of errors within 238 540 medication ad-
ministration attempts was 3.2% (95% CI [after adjustment for
data clustering at the level of the nurse], 3.0%-3.3%). The un-
adjusted rate of errors when nurses were not interrupted by
incoming telephone calls was 3.1% (95% CI, 3.0%-3.3%) com-
pared with 3.7% (95% CI, 3.4%-4.0%) when they were inter-
rupted by such calls. The unadjusted rate of errors when nurses
were not interrupted by incoming text messages was 3.2% (95%
CI, 3.0%-3.3%) compared with 3.1% (95% CI, 3.0%-3.3%) when
they were interrupted by incoming text messages. Individual
nurses’ personal error rates ranged from 0.5% to 11.6% (me-
dian, 3.2%; IQR, 2.3%-3.9%).

In unadjusted analyses, we found preliminary evidence
that the presence of telephone call interruptions and 1 or more
prior errors committed by the same nurse during the same shift
bothincreased the odds of committing an error, and that work-
ing during a night shift appeared to decrease the odds of error
(Table 3).

In multivariable analysis, the estimated error rate when
nurses were uninterrupted by telephone calls significantly dif-
fered by time of day, with a rate of 3.4% (95% CI, 3.2%-3.6%)
during the day shift and 2.8% (95% CI, 2.6%-2.9%) during the
night shift (P < .001 for the contrast). However, odds ratios
(ORs) for error when telephone interruptions occurred were
greater during the night shift than during the day shift and
greater with less experienced nurses than with more experi-
enced ones (Table 4). During the day shift, the OR for error
when nurses were interrupted by calls (compared with unin-
terrupted) was 1.02 (95% CI, 0.92-1.13; P = .73) among nurses
with 6 months or more of experience and 1.22 (95% CI, 1.00-
1.47; P = .046) among nurses with less than 6 months of ex-
perience. During the night shift, the OR for error when nurses
were interrupted by calls was 1.35 (95% CI, 1.16-1.57; P < .001)
among nurses with 6 months or more of experience and 1.53
(95% CI, 1.16-2.03; P = .003) among nurses with less than 6
months of experience. The differential effects of these expo-
sure conditions on the association between telephone inter-
ruptions and errors resulted in similar estimated error rates of
3.7% (95% CI, 3.3%-4.0%) during the day shift and 3.8% (95%
CI, 3.3%-4.3%) during the night shift (P = .57 for the con-
trast). Nurses administering medications to 1 or more pa-
tients receiving mechanical ventilation and arterial catheter-
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Table 4. Odds Ratios of Medication Administration Errors in
Multivariable Logistic Regression Analysis

Odds Ratio
Exposure Condition (95% CI)? P Value
Interruptions from mobile telephone calls®
Day shift

26 mo PICU experience

1.02 (0.92-1.13) 73
<6 mo PICU experience 1.22 (1.00-1.47) .046
Night shift

>6 mo PICU experience 1.35(1.16-1.57) <.001
<6 mo PICU experience 1.53(1.16-2.03) .003

Nurse to patient ratio and level of patient
care®

1:1, Standard care
1:1, High-level care

1 [Reference]

0.97 (0.90-1.05) 43
1.01 (0.95-1.09) .63
1.21(1.03-1.42) .02
0.97 (0.92-1.02) 22
1.51(1.42-1.60) <.001

1 to 22, Index patient with standard care
1to 22, Index patient with high-level care
Interruptions from =1 text message®

>1 Prior errors by same nurse during same
shift®

Abbreviation: PICU, pediatric intensive care unit.

2 0dds of nurses’ committing a medication administration error in the presence
of the specified exposure condition within the 10-minute exposure window,
compared with an odds ratio of 1 for the reference condition.

b Reference condition is absence of interruptions from mobile telephone calls
within the 10-minute exposure window during the same shift of work and with
the same number of months’ experience.

€ High-level care refers to care of patients with mechanical ventilation and
arterial catheterization. Standard care refers to all other intensive care. Index
patient refers to the patient to whom medication is being administered.

dReference condition is absence of interruptions from text messages during the
10-minute exposure window preceding a medication administration attempt.

€ Reference condition is absence of prior errors committed by the same nurse
during the same shift.

ization while caring for at least 1 other patient had an increased
risk of error (OR, 1.21; 95% CI, 1.03-1.42; P = .02). Incoming text
messages were not associated with error (OR, 0.97; 95% CI,
0.92-1.02; P = .22).

Predicted probabilities of committing medication admin-
istration errors in different subgroups of nurses are shown in
Table 5, with the main contrast being the presence or absence
of a telephone interruption.

Design effects ranged from 1.05 to 2.09 for all the vari-
ables in the logistic model, indicating that individual nurses’
personal error rates sometimes varied more than one would
expect at random and that data clustering at the level of the
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Table 5. Standardized Probabilities of Nurses' Committing Medication Administration Errors, With and Without

Telephone Call Interruptions, by Work Shift and Level of Experience®

Predicted Probability of Error, %

@ Medication administration errors

comprised bar code medication
administration system error alerts
and reported medication
administration errors. Telephone
callinterruptions were defined as
incoming calls on a
hospital-assigned mobile telephone
within 10 minutes before a
medication administration attempt

(95% Cl) Contrast
No. of
Administration Without
Attempts in With Telephone Call Telephone Call
Nurse Subgroup Subgroup Interruption Interruption % (95% ClI) P Value
Day shift
>6 mo of experience 98373 3.5(3.1t03.9) 3.5(3.2t03.7) 0.1(-0.3t00.4) 73
<6 mo of experience 30687 4.0(3.3t04.8) 3.3(3.0t03.6) 0.7 (0.0to 1.4) .06
Night shift
>6 mo of experience 86083 3.7(3.2t04.2) 2.8(2.61t02.9) 0.9(0.4to0 1.5) <.001
<6 mo of experience 23397 42(3.1t05.4) 2.8(2.5t03.1) 1.4(0.3t02.6) .01
All subgroups 238540 3.7 (3.4t04.0) 3.1(3.0t03.3) 0.6 (0.3t00.9) <.001

by the nurse receiving the call.

nurse was appropriate. In sensitivity analyses, we observed sta-
bility of the odds ratio point estimate direction and approxi-
mate magnitude (eTable 3 in the Supplement).

|
Discussion

The results of our study suggest that interruptions due to
incoming telephone calls were temporally associated with
nurses’ errors during the medication administration pro-
cess. Given the very low frequency of reported medication
administration errors, this finding was attributable almost
entirely to BCMA system alerts. Our main findings included
the following: (1) telephone call interruptions were associ-
ated with significantly increased odds of committing errors;
(2) although the overall baseline error rate without interrup-
tions was lower during the night shift than during the day
shift, the increase associated with telephone interruptions
was greater at night, especially among less experienced
nurses; (3) the nurse to patient ratio was important in the
context of the level of patient care, with the highest risk
among nurses caring for 2 or more patients and administer-
ing medications to patients with mechanical ventilation and
an arterial catheter; and (4) text message interruptions were
not associated with errors, possibly because text messages
do not require immediate response or because nurses have
adapted to their frequent occurrence (they preceded nearly
half of all medication administration attempts).

Interruptions previously were shown to be associated with
medication errors. In a large, direct observation study of 98
nurses on Australian hospital wards administering more than
4000 medications, Westbrook and colleagues! found associa-
tions between interruptions and observed procedural fail-
ures and clinical errors. In their study, the observed baseline
procedural failure rate was high at 72.3%, increasing to 82.1%
with 1interruption. Their baseline clinical error rate was also
high at 36.1%, increasing to 43.5% with 1 interruption. Major
errors similar to the primary outcome in our study, such as at-
tempting to administer an unordered drug, occurred in 2.1%
of administrations, increasing to 2.8% when 1 interruption oc-
curred. Our results, obtained by using a large data set instead
of direct observation, appear similar to the major error re-
sults in their study.

JAMA Pediatrics Published online December 20, 2019

We did not aim to validate our method in comparison
with direct observation for several reasons. First, direct
observation is not a criterion standard for assessing medica-
tion administration errors. A composite measure combining
nurses’ reports, patients’ reports, reports from third-party
in-person observers (or discreet video recordings reviewed
later by expert observers), and EHR data would likely be
required to achieve a definitive assessment. Second, if we
are to solve the problems that many observers suspect are
caused by interruptions, we need more efficient, less costly,
and more easily reproducible methods for measuring inter-
ruptions and outcomes over time. Electronic health record-
based approaches to studying the association between
interruptions and errors have the potential to offset the
need for trained observers. These approaches also eliminate
any potential Hawthorne-like effects, although the exis-
tence of these effects in direct clinical observation has been
questioned.'® Later, when interventions are put into place
to reduce interruptions and the results of the interventions
must be measured, EHR-based approaches offer relative
efficiency for measuring the same outcomes in the same
way, over and over again.

Despite the findings of our study and the work of others,
interruptions are not universally bad. They are a necessary as-
pect of clinical care, as they often stem from the need to com-
municate important information between clinical staff. Un-
fortunately, the highest rates of interruptions occur while
nurses are performing medication-related tasks,'® activities that
require concentration, during which interruptions can be par-
ticularly harmful. Yet, there may be opportunities to reduce
the frequency of interruptions or to alter the context in which
they occur. In an analysis of more than 5000 interruptions mea-
sured using direct observation, only 11% were found to result
in apositive outcome, suggesting that many interruptions could
be eliminated.2°

Limitations

Our study had several limitations. First, we focused on a
small subset of errors and procedural failures. As a result,
error rates were low and the absolute increase in risk associ-
ated with telephone interruptions was small. However, like
the low rates of serious errors found in the study by West-
brook et al,! our findings likely represent the tip of an ice-
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berg of errors associated with interruptions. Therefore, we
believe that they warrant action to reduce interruptions.
Second, we considered only interruptions from nurses’
institutional mobile telephones and did not examine events
that could only be measured using direct observation, such
as personal mobile telephone calls and in-person interrup-
tions. Third, we do not know the frequency of BCMA alert
overrides, or in how many erroneous medication adminis-
tration attempts that triggered BCMA alerts the medication
ultimately was administered to the patient, or the clinical
severity of the error when it was. The emphasis in the
present study was on interruptions associated with initial
errors in administration of medications; we were not pri-
marily focused on what happened after the initial error.
Fourth, we excluded administration attempts for which the
nurse’s manual time entry was separated by 10 minutes or
more from the corresponding EHR time stamp. It is possible
that this action resulted in the exclusion of administration
attempts performed hastily during times when nurses were
so busy that their documentation was delayed, and that

Original Investigation Research

these administration attempts might have been more prone
to errors. If such attempts were indeed excluded, we would
expect our findings to be biased toward the null hypothesis.

. |
Conclusions

In this analysis of a large EHR and telecommunications data
set, we found an association between incoming mobile tele-
phone calls and subsequent medication administration
errors by PICU nurses. This finding suggests a potential role
for telephone call diversion strategies during peak medica-
tion administration times.?"2? The rates of errors associated
with such interruptions varied by shift (night vs day),
nurses’ experience level, and the nurse to patient ratio in
combination with the level of patient care required. The
contribution of each of these factors should be considered
when designing and prioritizing interventions to reduce the
frequency of interruptions and potentially adverse conse-
quences for patient safety.
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