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By Dr K Beker & Dr KJ Mortele

optimizing mRi logistics: 
prospective analysis of 
performance, efficiency and 
patient throughput 

One of the biggest burdens affecting healthcare based ser-
vice industries these days, especially radiology, is patient 
throughput. Determining how to avoid long wait times is 
crucial in managing an efficient workflow. Waiting rooms 
and long wait periods have been common practice in medi-
cine, but since the implementation of new patient center 

process improvements, they are no longer acceptable. Both 
the patients and the providers stand to benefit from focused 
process improvements which should be continuously 
implemented in all service areas where time is crucial in 
maintaining effectiveness.

Our institution —the Beth Israel Deaconess Medical Cen-
ter, within the Harvard Medical Center — is well acquainted 
with the “Lean” philosophy. The Lean approach consists of 
a set of principles and tools for streamlining workflow in 
service industries. It was originally implemented by Japa-
nese automotive manufacturers in the late 1980s but is still 
used to this day [1]. 

Lean philosophy focuses on identifying and eliminating 
waste in the work environment through passive obser-
vation and use of a set of distinct measuring and pro-
ductivity tools. These tools aid process analysis through 
the identification and elimination of productivity and 
efficiency issues while embracing continuous transfor-
mation [2]. Application of the lean philosophy is crucial 
in industries that rely on customer flow and equipment 
function, revealing opportunities to reduce clinical and 
technical errors and mistakes, reduce patient and report-
ing waiting time, improve patient outcomes, increase 
staff productivity, decrease cost, and improve employee 
and customer satisfaction [3]. This can be achieved by 
effectively applying continuous improvement measures 
perfected in the service industry and quality assurance 
science [3–6].

MRI tend generally to have longer scanning times, severe 
delays, and increased patient wait times compared with 
other imaging modalities. Therefore, our team decided 
to embark on a Lean process analysis in our outpatient 
MRI scanning department where patient throughput could 
experience the maximum amount of improvement.
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From the patient ‘s point of view, MRI 
departments are frequently character-
ized by long waiting periods, while from 
the hospital’s point of view, the actual 
use of the MR imaging system itself in 
the overall process cycle. is often sub-
optimal 

This article summarizes the results of a 
recent paper describing the application 
of “Lean” analysis techniques to MRI 
logistics. (“Lean”  analyses were first 
developed for the analysis of Japanese 
car production processes in the late 
1980s). 

The results show that this approach can 
significantly aid in streamlining patient 
throughput and imaging volume. 

“... A third of the total overall patient length of 
stay and MRI process time 

resulted in non-value added time... ”
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MATeRIAls ANd MeThods
Initially, two physicians observed the pro-
cess as it occurs, identifying all the steps 
and stakeholders in each step. We initially 
stratified all time intervals required for 

the successful imaging of each patient fol-
lowed by the measurement length of each 
interval overa period of two weeks. To 
include all possible time intervals when 
“non-value added time” was present, we 

separately observed two time intervals. 
One time interval focused on pure MRI 
utilization, where the total process cycle 
was to fully assess the time when the 
scan room was idle (as “non-value added 
time”) with differentiation between gra-
dient time versus non-gradient time. 
The other time interval focused on the 
patient’s complete length of stay, identi-
fying any patient wait time as “non-value 
added” time [Figure 1] .

By observation and feedback from the 
active MRI personnel, we classified mul-
tiple sources of delays and measured their 
influence on the total patient length of 
stay. We identified the specific delays 
when continuous improvement could 
have the greatest impact in decreasing 
wasted time.  

ResUlTs
A third of the total overall patient length 
of stay and MRI process time resulted 
in non-value added time. Most service 
industries tend to have high amounts of 
waste if process evaluations aren’t done 
continuously. This is especially true when 
dealing with MRI scanners. Identifying 
and measuring the delays aided in focus-
ing our improvement solutions to areas 
where the highest amounts of waste 
could decrease [Figure 2, 3] 

Our results attributed the delay source 
with the highest frequency to be issues 
with IV port placement where a special-
ized nurse had to be summoned, and the 

figure 1.  MRI Process flowchart of the  steps necessary for the acquistion of each MR image.

figure 3. Breakdown of patient stay. The graph shows time values of total patient stay. VAT = value added time, 
NVAT = non-value added time. 

figure 2. MRI utilization. The diagram shows representation and relations of the total MRI process cycle, gradient 
MRI time (value-added time,VAT) and non-gradient MRI ( divided into business VAT and non-value-added time 
[NVAT]. The graph shows the total MRI process cycle data from two adjacent 1.5T MRI scanners (Magnetom Aera, 
Siemens Helathcare and Signa Twinspeed, GE Healthcare). 



 16 D I  E U R O P E  JANUARY 2018

woRkFlows in RadiologY

process had to halt until the arrival of the 
nurse to the preparation room for proper 
placement of the IV port access. On the 
other hand, the delay with the highest 
impact was attributed to MR arthro-
grams when a joint injection of contrast 
and confirmation with fluoroscopy was 
necessary but not accounted for in the 
schedule [Figure 4].

sIGNIfICANCe ANd fUTURe dIReCTIoN
We proposed specific solutions targeting 
the underlying source of the delay, priori-
tizing the delays when overall impact and 
frequency were higher. As an example, 
our team proposed the implementation 
of an IV placement competency course. 
A course would increase the IV place-
ment skills of all technologists and sub-
sequently give the managers a chance to 
recognize the most capable technologists, 
providing the possibility to assure that 
each shift of technologists has at least one 
highly skilled worker who could poten-
tially ease the IV placement in difficult 
to canalize patients. Thereby, resulting in 
a decrease in the overall IV placement 
delay as well as the need for an IV nurse.

Also, a department-wide initiative has 
taken place, focusing on the improve-
ment of all potential delays perceived. 
This effort includes continuous educa-
tion of staff on scheduling and booking 
processes, including a thorough review 

of all fluoroscopy and MRI scans for the 
identification and resolution of potential 
conflicts. Also, all patient scheduled are 
now reviewed three days in advance to 
identify potential issues (e.g., protocol, 
incorrect scanner booking, identification 
of claustrophobic patients, addressing 
patient needs, etc.). 

Implant screening along with schedul-
ing are now streamlined with the pur-
chase of a new MR safety database that 
provides comprehensive and prompt 
implant safety information. The MRI 
manager is currently working along-
side interpreters to successfully map the 
exact arrival and required time length 
for interpreters across all protocols, 
improving their overall time manage-
ment, as well as implementing a three-
way conversation line to aid in diminish-
ing travel time and delays.

Since we were using tools that have 
assisted all service industries from auto-
motive manufacturing to everything that 
is healthcare-related, our method for 
focused evaluation and improvement 
applies to all imaging departments as well 
as other healthcare related service depart-
ments. In fact, our team is currently in 
the early stages of evaluating all imaging 
modalities in a similar approach to iden-
tify and reduce waste across the radiology 
department.

CoNClUsIoN
Our study provides evidence on how sys-
tematic implementation of process analy-
sis can significantly aid in streamlining 
patient throughput and imaging volume. 
Ongoing continuous improvement, if 
applied systematically, can potentially cut 
costs and increase efficiency and patient 
satisfaction.
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ference in mean wait time and length of stay, 
compared with all other patients who arrived 
at or before their scheduled time; therefore, we 
did not classify arrival after a late patient as a 
substantial source of delay.

Stratification by the need for an interpret-
er—A total of 28 of 305 patients (9.18%) who 
were included in the study needed to sched-
ule an interpreter before arrival because they 
were not sufficiently fluent in English to com-
municate or provide consent without an in-
terpreter present. No statistically significant 
difference in patient length of stay was noted 
for patients needing an interpreter compared 
with patients speaking English fluently.

Common Delays
At the early stage of observation (going 

to the gemba), our team defined delay as any 
process or part of the patient stay duration 
that did not contribute to patient prepara-
tion, room setup, or patient scanning. Con-
sequently, during the measuring phase, ob-
servers identified when a delay occurred 
and promptly registered the reason for and 
time of discovery and time of resolution of 
the delay. Once all delays were categorized, 
the mean duration of each type of delay was 
calculated, as was the frequency of patient 
stay durations in which the delay occurred. 

This determined the relative frequency and 
impact of each delay type and is shown in 
Figure 9. The following sections offer de-
scriptions of the delays that had a moderate-
to-high impact on total patient stay duration 
(presented from most common to least com-
mon delay), with remaining uncommon de-
lays shown in Figure 9.

Need for IV or port access—IV or port ac-
cess issues arose when the patient was sched-
uled for a study requiring contrast medium 
but the MRI technologist was not able to 
place the IV line or access the port, result-
ing in a specialized nurse being summoned 
to travel to the preparation room for correct 
placement of the IV or port.

Delays caused by IV or port access oc-
curred in 5.57% of all observations of pa-
tient stay length; the mean delay for securing 
a proper IV or port line was 22.82 ± 15.90 
minutes. IV or port issues had a high impact 
on total patient stay length and were the most 
frequent source of delay overall.

Patient needs—A patient needs delay was 
documented when the particular needs of a 
patient caused a lengthening of the total pa-
tient stay. These delays occurred when, for 
example, a patient had several questions for 
the staff, issues with the paperwork, claus-
trophobia, or was uncomfortable in the ma-

chine or if a patient had not yet put on his or 
her gown when the scanning room was ready.

Delays caused by patient needs occurred 
in 4.92% of all observations of patient stay 
length; the mean delay to ensure that patient 
needs were met was 11.67 ± 10.62 minutes. 
Patient needs had a moderate-to-high impact 
on total patient stay and was the second 
most-registered delay.

Late arrival of interpreter—Delays caused 
by late interpreter arrival involved patients 
who did not speak English and required an 
interpreter for proper consent. Most of these 
patients already had an interpreter scheduled 
at the time of the study, but actual delay was 
measured when the interpreter was unavail-
able or failed to present at the time of the pa-
tient’s appointment.

Delays caused by the interpreter arriv-
ing late for the appointment or by failure to 
schedule an interpreter at the time of patient 
consent occurred with a frequency of 3.28% 
over the total patient stay length observa-
tions. Waiting for an interpreter resulted in a 
mean delay of 36.7 ± 24.14 minutes, had the 
second highest impact on total patient stay 
length, and occurred with moderate frequen-
cy compared with all other delays.

Concerns about safety or implants—Safety 
concerns were discovered during the consent 
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Fig. 9—Frequency and impact of delays. Graph shows all measured delays and their mean length and frequency. Data shown in parentheses after each delay denote 
frequency expressed as percentage and length of delay expressed in minutes.
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figure 4. Frequency and Impact of delays. The diagram shows all measured delays and their mean length and frequency. Data shown in parentheses after each delay 
denote frequency expressed as percentage and length of delay expressed in minutes.


