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Introduction: Emergency department (ED) patient care often hinges on the result of a diagnostic test. 
Frequently there is a lag time between a test result becoming available for review and physician decision-
making or disposition based on that result. We implemented a system that electronically alerts ED 
providers when test results are available for review via a smartphone- and smartwatch- push notification. 
We hypothesized this would reduce the time from result to clinical decision-making. 

Methods: We retrospectively assessed the impact of the implementation of a push notification system 
at three EDs on time-to-disposition or time-to-follow-up order in six clinical scenarios of interest: 
chest radiograph (CXR) to disposition, basic metabolic panel (BMP) to disposition, urinalysis (UA) to 
disposition, respiratory pathogen panel (RPP) to disposition, hemoglobin (Hb) to blood transfusion order, 
and abnormal D-dimer to computed tomography pulmonary angiography (CTPA) order. All ED patients 
during a one-year period of push-notification availability were included in the study. The primary outcome 
was median time in each scenario from result availability to either disposition order or defined follow-
up order. The secondary outcome was the overall usage rate of the opt-in push notification system by 
providers.

Results: During the study period there were 6115 push notifications from 4183 ED encounters (2.7% of 
all encounters). Of the six clinical scenarios examined in this study, five were associated with a decrease 
in median time from test result availability to patient disposition or follow-up order when push notifications 
were employed: CXR to disposition, 80 minutes (interquartile range [IQR] 32-162 minutes) vs 56 minutes 
(IQR 18-141 minutes), difference 24 minutes (p<0.01); BMP to disposition, 128 minutes (IQR 62-225 
minutes) vs 116 minutes (IQR 33-226 minutes), difference 12 minutes (p<0.01); UA to disposition, 105 
minutes (IQR 43-200 minutes) vs 55 minutes (IQR 16-144 minutes), difference 50 minutes (p<0.01); 
RPP to disposition, 80 minutes (IQR 28-181 minutes) vs 37 minutes (IQR 10-116 minutes), difference 
43 minutes (p<0.01); and D-dimer to CTPA, 14 minutes (IQR 6-30 minutes) vs 6 minutes (IQR 2.5-
17.5 minutes), difference 8 minutes (p<0.01). The sixth scenario, Hb to blood transfusion (difference 19 
minutes, p=0.73), did not meet statistical significance. 

Conclusion: Implementation of a push notification system for test result availability in the ED was 
associated with a decrease in lag time between test result and physician decision-making in the 
examined clinical scenarios. Push notifications were used in only a minority of ED patient encounters. 
[West J Emerg Med. 2019;20(4)666-671.]
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What do we already know about this issue?
Electronic health records can push notification of 
results to smartphones; this strategy has been shown 
to reduce time to disposition in chest pain patients.

What was the research question?
Does a push notification system decrease lag time 
to decision-making in several clinical scenarios of 
interest?

What was the major finding of the study?
Use of result push notifications was associated 
with decreased time to decision-making in several 
clinical scenarios.

How does this improve population health?
Push notifications are a strategy that busy 
emergency departments may consider to help 
address issues of crowding and improve throughput.

INTRODUCTION
Decreasing emergency department (ED) length of stay 

and wait times is an ongoing effort in emergency medicine.1-3 
ED crowding is a challenge, and increasing throughput is an 
objective for many institutions. Improvements in ED flow 
and crowding are associated with higher quality of care.4,5 
Crowding is associated with higher stress levels among 
healthcare providers, longer wait times, increased boarding 
of admitted patients, and a higher rate of adverse events and 
poor outcomes.6,7 While many factors are associated with ED 
crowding, ED patients are often awaiting test results to affect 
a clinical disposition. This is an element of ED throughput that 
may be a target for quality improvement.8 

Emergency physicians typically manage several patients 
simultaneously and make clinical decisions based on 
information that becomes serially available as tests result. 
Tracking the timing of resulting patient studies while caring 
for multiple patients is difficult and managed idiosyncratically 
by most physicians. Delays in responding to newly resulted 
test information (due to task-switching, interruptions, and 
other challenges of the ED clinical environment) likely impact 
patient throughput.9,10 Electronic systems that wirelessly alert 
providers about timed events have been shown to improve 
throughput in ED patients evaluated for chest pain.11,12 These 
alerts also increase the likelihood of the result reaching the 
provider and help avoid potential errors in communication of 
test results.13 

At our institution we implemented the ability for 
providers to receive an electronic alert when the result of 
any selected test has been entered in the system. Providers 
are able to indicate their choice to receive such an alert at the 
point of order entry in the electronic health record (EHR). 
This alert is sent in the form of a push notification to handheld 
devices (smartphones and smartwatches) that have the mobile 
version of the EHR installed. The notification signals to the 
provider that a test result is available for viewing on either the 
smartphone or computer. 

We chose to examine four commonly ordered tests in 
the ED to evaluate whether a push notification about the 
availability of these results reduced the time to a disposition 
decision being made about patients (discharge vs admission). 
Additionally, we examined two clinical scenarios to evaluate 
whether the time to ordering a follow-up intervention was 
reduced by the new alerting mechanism. The first scenario 
evaluated the time from a critically low hemoglobin result 
(<7 grams per deciliter) was entered into the system and a 
blood transfusion was ordered; the second scenario was the 
time from an abnormal D-dimer result to the time when a 
computed tomography pulmonary angiogram (CTPA) was 
ordered. These scenarios were chosen a priori by the study 
investigators as clinical decisions most clearly related to the 
result of a single preceding test result. Our hypothesis was that 
the new alerting system would reduce the lag time between 
result availability and physician decision-making.

METHODS
Study Setting and Population

New York University (NYU) Langone Health is an 
integrated health network in New York City with three EDs 
that collectively evaluate 150,000 patients per year. NYU 
Tisch Hospital is a tertiary care academic medical center with 
approximately 75,000 visits per year, NYU Cobble Hill is a free-
standing ED with approximately 24,000 visits per year, and NYU 
Brooklyn Hospital is a Level 1 trauma center with approximately 
52,000 visits per year. We collected data on patients from 
July 1, 2017, when the push notification functionality was 
made available, through June 30, 2018. In that time period, 
78 ED providers subscribed to at least one push notification 
(37 attending physicians, 24 resident physicians in emergency 
medicine, and 17 physician assistants).

Study Design
This was a retrospective, multicenter study to evaluate 

a quality improvement initiative. ED providers were free to 
subscribe to push notifications on whatever studies they chose 
and on whichever patients they chose. Providers were notified 
of this new functionality via departmental email update. Any 
order not yet resulted after being placed could be selected for a 
result push notification. This included orders placed by nursing 
or any other provider. Providers were not blinded as blinding in 
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this setting would have been infeasible. Providers were never 
prevented from accessing result data via the traditional log-
in, computer-based EHR (Epic Systems Corporation, Verona, 
Wisconsin), even if they were using push notifications. EHR 
data was queried from the Epic Systems Clarity database with 
the use of Oracle SQL Developer (Oracle Corporation, Redwood 
City, California) and exported for data analysis; the queried data 
included encounter ID, notification type, notification time, order 
time, order-resulted time, and disposition time (defined as order 
to either admit or discharge the patient from the ED). The study 
was approved by the institutional review board of the NYU 
School of Medicine.

Outcomes
The outcomes of interest in this study included the following: 

time from the result of a chest radiograph (CXR) being made 
available to the time of disposition; time from basic metabolic 
panel (BMP) result available to disposition; time from urinalysis 
(UA) result available to disposition; time from respiratory 
pathogen panel (RPP) result available to disposition; time from 
hemoglobin (Hb) result available to time blood transfusion 
was ordered; and time from D-dimer result available to time of 
CTPA order. Point-of-care laboratory tests (eg, troponin, lactate) 
– the results of which are communicated directly from the test 
performer (the nurse) to the test orderer (physician or physician 
assistant) – were excluded from analysis because the results of 
these tests are available prior to being entered in the EHR. We 
also excluded  advanced imaging studies from analysis because 
providers are frequently informed of critical results by radiology 
telephone call prior to their being entered into the EHR. 

Data Analysis
Median time with interquartile ranges (IQR) is reported in 

each scenario, and we used the Mann Whitney (Wilcoxon) test 
for unpaired data to assess whether the difference in medians 
between the two groups was statistically significant, defined as 
two-tailed p‐values < 0.05 (R Statistics, version 3.3.3). For each 
of the measured scenarios we constructed a clustered boxplot 
comparing the median times with IQRs in the push notification 
and no push notification groups; minimum/maximum value 
whiskers were not displayed for visual scaling purposes (Excel, 
Microsoft Corporation, Redmond, Washington).

RESULTS
During the study period there were 152,574 ED encounters: 

148,391 ED encounters without a push notification (no 
notifications cohort), and 4183 ED encounters with a push 
notification (notifications cohort). There were 6115 push 
notifications generated from the notifications cohort, comprised 
of 4102 distinct patients. The median age, admission rate, average 
Emergency Severity Index, and gender percentages for the two 
patient cohorts are presented in Table 1. Overall, 32% (78/241) 
of ED providers subscribed to at least one notification during the 
study period: 28% (37/136) of attending physicians, 38% (17/45) 

of physician assistants, and 53% (24/45) of resident physicians. 
Fifteen of the 78 providers (19.2%) accounted for 79.7% of 
the notifications. Providers received result notifications about 
320 unique lab/imaging studies. Of the 320 studies, 37 (11.6%) 
accounted for 79.8% of the total. There were four lab or imaging 
tests on average ordered per encounter in the push notification 
cohort. Push notifications were employed in 2.7% of all ED 
encounters during the study period. The overall rate of push 
notification subscriptions rose slightly over the study period, from 
2911 push notifications during the first six months to 3204 push 
notifications in the second six months.

Of the six diagnostic tests we examined in this study, 
five were associated with a decrease in median time from test 
result availability to provider decision-making (Figure 1); the 
sixth scenario did not meet statistical significance. The largest 
improvements in median time from result to disposition were 
seen with the UA and RPP result notifications (50 and 43 
minutes, respectively), whereas the improvement in time from 
result to disposition for the CXR and BMP results was more 
modest (24 and 12 minutes, respectively) (Table 2). In the follow-
up order scenarios, the time from abnormal D-dimer to CTPA 
order was eight minutes faster in the push notification group; the 
time from critically low Hb result to blood transfusion was 19 
minutes faster, but this finding was not statistically significant.

DISCUSSION
This study’s findings demonstrate a correlation between 

employment of test-result push notifications to smart devices 
and improved patient care efficiency. Of the six diagnostic test 
types examined, all were associated with a decrease in lag time 
from result availability to the next clinical step –  either patient 
disposition, or defined follow-up order. A larger magnitude 
of effect was observed for UA and RPP results than for CXR 
and BMP results. Both UA and RPP require specific collection 
(urine sample or nasopharyngeal swab), which commonly leads 
to delays, and both tests typically take longer to result than 
blood tests; result notifications may be more efficacious in the 
setting of tests that are slow to result. The improved time from 
D-dimer result to CTPA order was modest (eight minutes). In 
the setting of cascading delays in ED patients who first wait for 

Characteristcs

No Notifications 
Cohort,  

n = 148,391
Notifications 

Cohort, n = 4,183
Age, median 41 51
Women (%) 50.6% 51.8%
Admission rate (%) 17.2% 21.9%
ESI* 3.87 3.35

Table 1. Characteristics of the no push notification and push 
notification cohorts. 

ESI, Emergency Severity Index (lower values signify higher patient 
acuity). 
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blood test results and then imaging study results, even this small 
improvement in lag time may be relevant. Similarly, for the 
time from Hb result to blood transfusion, an improvement of 19 
minutes would also be clinically meaningful, even though due 
to the small sample size of push notifications in this scenario (18 
notifications) this finding did not meet statistical significance. 

The result push-notification functionality described is 
inherent to the EHR used at our institution, and therefore any 
institution using this EHR can potentially use this functionality. 
At this time, however, there is no ability to default result 
push notifications for all providers, or for a given provider 
conditionally for a specific test (for example, to always push 
CXR result notifications). The requirement to manually opt-
in each time a test is ordered may have limited the magnitude 
of effect and depressed the usage rate of the push notification 
functionality in our study. While the overall rate of push 
notification usage did rise slightly during the study period, and 
a large number of physicians and physician assistants used the 
push notification system at least once, there was a low overall 
percentage of patient encounters in which push notifications 
were employed by the provider (2.7% during the study period). A 
notably larger percentage of resident physicians opted to use the 
push notifications than attending physicians, which may be due to 
role-related workflows (residents primarily managing the patient 
flow) as well as age-related factors (younger resident physicians 
may be more likely to adopt smart device technology).14 

System improvements for ease-of-use and customizability 
might increase provider use and limit the potential for user 
frustration or overuse; too many notifications would likely 
prove counterproductive to ED flow.

The overall magnitude of improvements observed in 
our study is similar to a trial of smartphone, troponin- result 
push notifications, in which Verma et al. found a 26-minute 
improvement in lag time from troponin result to patient 
disposition.11 Our institution almost exclusively uses a point-
of-care troponin test in the ED and thus we could not study 
the specific clinical scenario of troponin to disposition in our 
study. A study of radiologic critical test results reported via text 
message to physicians similarly showed improved response 
time in ED patients.15 

Our study specifically examined clinical scenarios in which 
the authors felt knowledge of a test result would most clearly 
lead to either a disposition decision or an additional test order, 
and hence a measurable effect. These specific clinical situations 
represent only a small proportion of the total ED volume and 
clinical caseload during the study period. While prolonged length 
of stay and ED crowding are multifactorial in etiology and the lag 
time between result availability and physician action is a small 
contributor,8 these results suggest that push notifications were 
potentially effective in modestly decreasing time to decision-
making for providers opting-in for push notifications. This is 
also likely true in more complex clinical situations that were not 

0            50          100          150         200          250         300          350         400         450
Time (minutes)

Push Notification
No Push Notification

CXR to disposition

BMP to disposition

UA to disposition

RPP to disposition

D-dimer to CTPA

Hb to blood transufustion

Figure 1. Boxplot of median minutes and interquartile ranges for time to disposition or time to follow-up order in each clinical scenario studied. 
CXR, chest radiograph; BMP, basic metabolic panel; UA, urinalysis; RPP, respiratory pathogen; CTPA, computed tomography pulmonary 
angiography; Hb, hemoglobin. 
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studied. Further investigation is needed to identify and measure 
the impact of push notifications more broadly in the ED.

LIMITATIONS
There are multiple limitations to this study. Our 

retrospective study was only able to show a correlation between 
result push notifications and improved time to decision-making. 
In addition, because each provider independently made the 
decision on whether or not to subscribe to a given test push 
notification, there may have been a potential selection bias: it is 
possible that providers who were motivated to subscribe to such 
alerts may also be those who are more efficient in general. It’s 
also possible providers subscribed to push notifications more 
often in situations in which they could quickly disposition a 
patient pending that single result. 

The admission rate for the notification cohort was slightly 
higher than that for the encounters without a push notification. 
It is possible that slight differences in patient characteristics 
between the two groups may explain part of the difference 
in efficiency. We attempted to limit this shortcoming by also 
studying two scenarios in which patient factors would not affect 
efficiency (time to CTPA and time to transfusion).

The study only examined six different test results and 
clinical scenarios. It is possible that we chose scenarios 
that showed an improvement, whereas tests not studied (eg, 
extremity radiograph results) may not have demonstrated an 
effect. The finding of decreased lag time in every scenario 
studied suggests that the efficiency observed is likely 
generalizable to other types of studies.

CONCLUSION
Implementation of a push notification system for test 

result availability in the ED was associated with a decrease in 
lag time between test result and provider decision-making in 
several clinical scenarios. However, push notifications were 
used in only a minority of all ED patient encounters during the 
study period. The use of push notifications may play a role in 
improving the timeliness of care delivered in the ED.

Address for Correspondence: Paul Testa, New York University 
School of Medicine, Ronald O. Perelman Department of 
Emergency Medicine, 562 First Avenue, Room A345A . Email:

Conflicts of Interest: By the WestJEM article submission 
agreement, all authors are required to disclose all affiliations, 
funding sources and financial or management relationships that 
could be perceived as potential sources of bias. No author has 
professional or financial relationships with any companies that are 
relevant to this study. There are no conflicts of interest or sources 
of funding to declare.

Copyright: © 2019 Koziatek et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/\

REFERENCES
1. Mullins PM, Pines JM. National ED crowding and hospital quality: 

results from the 2013 Hospital Compare data. Am J Emerg Med. 
2014;32(6):634-639. 

2. Stang AS, Crotts J, Johnson DW, Hartling L, Guttmann A. Crowding 
measures associated with the quality ofrEmergency department 
care: a systematic review. Zehtabchi S, ed. Acad Emerg Med. 
2015;22(6):643-656. 

3. Hoot NR, Aronsky D. Systematic review of emergency department 
crowding: causes, effects, and solutions. Ann Emerg Med. 
2008;52(2):126-136.e1. 

4. Pines JM, Hollander JE, Localio AR, Metlay JP. The association between 
emergency department crowding and hospital performance on antibiotic 
timing for pneumonia and percutaneous intervention for myocardial 
infarction. Acad Emerg Med. 2006;13(8):873-878. 

5. Bernstein SL, Aronsky D, Duseja R, et al. The effect of emergency 
department crowding on clinically oriented outcomes. Acad Emerg Med. 
2009;16(1):1-10. 

6. Bond K, Ospina MB, Blitz S, et al. Frequency, determinants and impact 
of overcrowding in emergency departments in Canada: a national 

Clinical scenario Number of studies Median minutes (IQR) p value
No Notifications 

Cohort Notification Cohort No Notifications 
Cohort (IQR)

Notification 
Cohort (IQR)

CXR result to disposition 31592 516 80 (32-162) 56 (18-141) p<0.01
BMP result to disposition 82946 354 128 (62-225) 116(33-226) p<0.01
UA result to disposition 39510 397 105 (43-200) 55 (16-144) p<0.01
RPP result to disposition 2991 168 80 (28-181) 37 (10-116) p<0.01
D-dimer result to CTPA order       863 35 14 (6-30) 6 (2.5-17.5) p<0.01
Hb result to transfusion order     852 18 36 (15-83) 17 (11-118) p=0.73

IQR, interquartile range; CXR, chest radiograph; BMP, basic metabolic panel; UA, urinalysis; RPP, respiratory pathogen panel; CTPA, 
computed tomography pulmonary angiography; Hb, hemoglobin.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Volume 20, no. 4: July 2019 671 Western Journal of Emergency Medicine

Koziatek et al. Decreasing the Lag Between Result Availability and Decision-Making in the ED Using Push Notifications

survey. Healthc Q. 2007;10(4):32-40. 
7. Guttmann A, Schull MJ, Vermeulen MJ, Stukel TA. Association between 

waiting times and short term mortality and hospital admission after 
departure from emergency department: population based cohort study 
from Ontario, Canada. BMJ. 2011;342:d2983. 

8. Paul JA, Lin L. Models for improving patient throughput and waiting at 
hospital emergency departments. J Emerg Med. 2012;43(6):1119-1126. 

9. Blocker RC, Heaton HA, Forsyth KL, et al. Physician,interrupted: 
workflow interruptions and patient care in the emergency department. J 
Emerg Med. 2017;53(6):798-804.

10. Fong A, Ratwani RM. Understanding emergency medicine physicians’ 
multitasking behaviors around interruptions. Yadav K, ed. Acad Emerg 
Med. 2018;25(10):1164-1168. 

11. Verma A, Wang AS, Feldman MJ, Hefferon DA, Kiss A, Lee JS. Push-
alert notification of troponin results to physician smartphones reduces 

the time to discharge emergency department patients: a randomized 
controlled trial. Ann Emerg Med. 2017;70(3):348-356. 

12. M. Feldman, BDeMendonca, D Hefferon et al. An electronic system 
reduces waiting time to disposition in emergency department patients 
with chest pain. Can J Emerg Med. 2014;16 (S1):S23.

13. Piva E, Sciacovelli L, Zaninotto M, Laposata M, Plebani M. Evaluation of 
effectiveness of a computerized notification system for reporting critical 
values. Am J Clin Pathol. 2009;131(3):432-441.

14. Richards JD, Harris T. Beam me up, Scotty! Impact of personal wireless 
communication devices in the emergency department. Emerg Med J. 
2011;28(1):29-32. 

15. Lim WH, Shin C-I, Chang JM, Sohn C-H, Park CM. Critical test result 
notification via mobile phone-based automated text message system 
in the radiologic field: single institutional experience. J Am Coll Radiol. 
2018;15(7):973-979.



Copyright of Western Journal of Emergency Medicine: Integrating Emergency Care with
Population Health is the property of Western Journal of Emergency Medicine: Integrating
Emergency Care with Population Health and its content may not be copied or emailed to
multiple sites or posted to a listserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.


