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Abstract
Background Aside from single-center reports, few data exist across pediatric institutions that examine overall MRI turna-
round time (TAT) and the determinants of variability.
Objective To determine average duration and determinants of a brain MRI examination at academic pediatric institutions 
and compare the duration to those used in practice expense relative value units (RVUs).
Materials and methods This multi-institutional cross-sectional investigation comprised four academic pediatric hospitals. 
We included children ages 0 to < 18 years who underwent an outpatient MRI of the brain without contrast agent in 2019. 
Our outcome of interest was the overall MRI TAT derived by time stamps. We estimated determinants of overall TAT using 
an adjusted log-transformed multivariable linear regression model with robust standard errors.
Results The average overall TAT significantly varied among the four hospitals. A sedated brain MRI ranged from 158 min 
to 224 min, a non-sedated MRI from 70 min to 112 min, and a limited MRI from 44 min to 70 min. The most significant 
predictor of a longer overall TAT was having a sedated MRI (coefficient = 0.71, 95% confidence interval [CI]: 0.66–0.75; 
P < 0.001). The median MRI scan time for a non-sedated exam was 38 min and for a sedated exam, 37 min, approximately 
double the duration used by the Relative Value Scale (RVS) Update Committee (RUC).
Conclusion We found considerable differences in the overall TAT across four pediatric academic institutions. Overall, the sig-
nificant predictors of turnaround times were hospital site and MRI pathway (non-sedated versus sedated versus limited MRI).
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Introduction

For many neurologic indications, MRI is the preferred 
imaging examination because of its superior tissue reso-
lution and because it avoids ionizing radiation [1]. One 
key disadvantage of MRI, particularly when compared to 
CT, is the considerably longer examination duration. For 
institutions that rely on the same scanners for both inpa-
tients and outpatients, the longer examinations can lead to 
bottlenecks in the patient care pathway, delaying discharge 
and increasing length of stay for hospitalized patients [1, 
2]. From an operational perspective, optimizing efficient 
scheduling of imaging examinations requires an accurate 
measurement of MRI examination length. In the pediatric 
setting, some children are too young to tolerate and remain 
motionless for an MRI examination, necessitating the use 
of sedation or general anesthesia, which can extend exami-
nation times [3].

Imaging duration is a factor accounted for in prac-
tice expense relative value unit (RVU) valuation and 
reimbursement. These durations were established by the 
American Medical Association (AMA)’s specialty society 
Relative Value Scale Update Committee (RUC). The RUC 
formulates recommendations to the Centers for Medicare 
& Medicaid Services (CMS) regarding RVU values for 
new medical services and periodically updates these 
values for existing medical services. The RUC’s current 
approach in estimating imaging durations is through sur-
veys, where radiologists are presented vignettes and asked 
to estimate the amount of time it would take to perform the 
imaging study undergoing valuation. Studies have shown 
that relying on physician surveys can result in biased esti-
mates (both over- and underestimates) of examination 
duration [4]. Additionally, the RVU valuation might not 
be tailored to neonates and children, although it is hypoth-
esized that examinations in this population can take longer 
because of motion, and these longer examinations result 
in an undervaluation of RVUs in the pediatric population 
when compared to the adult setting [5]. Because of this 
particular limitation, the American Academy of Pediatrics 
(AAP) [6] has advocated that time estimates be tailored to 
account for pediatric examinations to ensure appropriate 
RVU assignments [7–9]; however, the appropriate alloca-
tion of RVUs requires empirical benchmarking of exami-
nation duration from multiple institutions.

Single-center reports have depicted patient MRI flow 
and turnaround time (TAT) [10–12]. However, few data 
across pediatric institutions examine MRI overall TAT, 
MRI acquisition duration, and the determinants of duration 
variability. A more comprehensive understanding of over-
all TAT in pediatric MRIs could allow for future bench-
marking of timeliness in the pediatric setting. The primary 
aim of this study was descriptive and was to accurately 

determine the average duration of a brain MRI examina-
tion at academic pediatric institutions. Our secondary aim 
was to identify the determinants that contribute to duration 
variance in brain MRI examination. Third, because other 
reports have found that the time estimates for RVUs are 
biased, we compared the average brain MRI durations to 
the time durations used in practice expense RVUs.

Materials and methods

This multi-institutional cross-sectional investigation com-
prised a convenience sample of four academic pediatric 
hospitals. Hospitals were included based on access to data, 
geographic diversity within the United States and nonprofit 
academic status. We controlled for broad health care qual-
ity by selecting hospitals that were ranked in the top 10% of 
pediatric hospitals for 2020–2021 in the U.S. News & World 
Report (USNWR) [13]. Additionally, because the specialty 
of pediatric radiology is not specifically ranked by USNWR, 
we relied on the report’s overall institutional rankings. We 
obtained local institutional review board (IRB) approval at 
each hospital. Patient informed consent was waived because 
the study was retrospective, with no direct patient contact.

Study population

We identified children for the study through the four insti-
tutions’ electronic medical record (EMR) systems. We 
included children ages 0 to < 18 years who underwent outpa-
tient non-contrast MRI of the brain in 2019. We specifically 
chose 2019 to avoid potential bias caused by the coronavi-
rus disease 2019 (COVID-19), which affected workflows 
and examination durations at U.S. hospitals primarily in the 
spring of 2020 [14]. We included children who underwent 
an MRI of the brain with sedation or general anesthesia 
(referred to as “sedated MRI” in this study); a non-sedated 
MRI of the brain; or a limited MRI of the brain consisting 
of an abbreviated protocol, commonly with three sequences 
and billed with a limited modifier [15, 16]. We excluded 
brain MRI examinations that were combined with other 
imaging examinations because this was expected to over-
estimate TAT.

Variables

Our main outcome of interest was the overall MRI TAT 
derived by time stamps recorded in the electronic medical 
records. For sedated examinations, the overall MRI TAT was 
calculated starting from patient check-in with registration 
and ending upon patient discharge from the post-anesthesia 
care unit (PACU). For non-sedated and limited MRI exami-
nations, we calculated the overall MRI TAT starting from 
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patient check-in and ending with the conclusion of the MRI 
scan. Because our focus was on the patient examination 
duration, we excluded the radiologist interpretation time. 
From the EMR time stamps, we divided the MRI process 
into four workflow phases consisting of (1) the child’s wait 
time after registration/arrival, (2) the MRI pre-procedure 
phase, (3) the MRI acquisition and (4) post-procedure care 
(only for sedated examinations).

We selected independent predictors based on the litera-
ture [12] and included hospital, MRI pathway type (sedated 
versus non-sedated versus limited MRI) and patient-level 
predictors of age and gender. A list of MRI sequences for 
both non-contrast standard and limited MRI of the brain 
is shown in Table 1, though we did not include this as a 
predictor because of its multicollinearity with the hospital 
indicator variable.

Sampling

We used a sampling approach to facilitate data collection. 
Where it was feasible, institutions provided an automated 
detailed report, inclusive of patient and time stamp vari-
ables. However, at two institutions an automated report was 
not feasible, and we acquired the data by manually review-
ing patient charts. To decrease this manual data collection 
burden, we used a sampling strategy. Sampling consisted of 
the following steps: First, we obtained an exhaustive list of 
patients from each institution’s EMR who met our inclusion 
criteria. We then obtained a simple random sample (using 
statistical software) of n = 343 children per hospital, for a 

total combined sample of 1,372 children across the four 
hospitals.

Our sample size determination was driven by our primary 
aim of benchmarking TAT in each category of brain MRI 
(non-sedated, sedated and limited), where we treated each 
MRI type as a single group for precision analysis. Power was 
based on a descriptive one-sample mean on the expected 
mean overall TAT from a previous study [12]; we estimated a 
standard deviation of 49 min for non-sedated awake patients 
and 68 min for sedated MRIs, with a maximum effect size of 
5%. For the non-sedated MRI brain category, this calculation 
suggested a sample size of 105 to estimate the overall TAT 
within a 5% precision or effect size with 95% confidence (for 
each institution). For sedated brain MRIs, this calculation 
suggested a sample size of 188 to estimate the overall TAT 
within a 5% precision or effect size with 95% confidence 
(for each institution). We also included 50 limited MRIs 
from each hospital. We estimated a small variation for these 
abbreviated examination types because previous literature 
estimated the scan length to be less than 5 min [16]. Overall, 
our sampling resulted in utilizing 14–24% of the hospitals’ 
examinations based on their annual volumes: hospital A, 
22% (343/1,573); hospital B, 24% (343/1,455); hospital C, 
18% (343/1,928); hospital D, 14% (343/2,422).

Statistical analysis

All analyses were completed in Stata version 17.0 (Stata-
Corp LP, College Station, TX).

We used the Kruskal–Wallis to compare our main out-
come variable, overall TAT, and the individual sub-step 

Table 1  MRI brain protocol sequences by hospital

DTI diffusion tensor imaging, GRE gradient echo, FLAIR fluid-attenuated inversion recovery, SWI susceptibility-weighted imaging, T1-W 
T1-weighted, T2-W T2-weighted
a  Bold text delineates differences among hospitals

Hospital A Hospital B Hospital C Hospital D

Standard
non-contrasta

Sagittal high-resolution isotropic  
T1-W

Sagittal high-res-
olution isotropic 
T1-W

Sagittal high-resolution isotropic  
T1-W

Sagittal high-resolution 
isotropic T1-W

Axial T2-W Axial T2-W Axial T2-W Axial T2-W
Axial T2-W FLAIR fat-saturated Axial T2-W FLAIR Axial T2-W FLAIR Axial T2-W FLAIR
Coronal T2-W Coronal T2-W Coronal T2-W Coronal T2-W
Axial DTI (21 direction) Axial DWI Axial DTI (15 direction) Axial DTI (10 direction)
Axial SWI Axial SWI Axial SWI Axial SWI

Arterial spin labeling
(Optional) synthetic acquisition

Limiteda Sagittal T2-W Sagittal T2-W Sagittal T2-W Sagittal T2-W
Axial T2-W Axial T2-W Axial T2-W Axial T2-W
Coronal T2-W Coronal T2-W Coronal T2-W Coronal T2-W

Axial GRE
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TATs (waiting room, pre-procedure, MRI scan, post-pro-
cedure durations) across hospitals because TATs were not 
normally distributed based on Shapiro–Wilk tests. We then 
used the Dunn post hoc test to verify pairwise comparisons 
and adjusted for multiple comparisons using the Benja-
mini–Hochberg procedure to control the false discovery rate. 
The Kruskal–Wallis and Pearson chi-square test compared 
continuous and categorical patient variables across hospi-
tals (age and gender). We estimated determinants of overall 
TAT with an adjusted log-transformed multivariable linear 
regression model, stratified by MRI type with robust stand-
ard errors. We designated the hospital with the longest over-
all TAT as a reference for comparisons. We also designated 
the non-sedated brain MRI as a reference for comparison 
because it is the standard examination; we conceptualized 
that the sedated and limited brain MRIs are variations of the 
non-sedated examination. All hypothesis testing was two-
sided, with statistical significance defined as P < 0.05.

Results

Overall, in our total sample, patient age varied across hospi-
tals (P = 0.003) but not gender (P = 0.06). Patient characteris-
tics across hospitals and by MRI type are detailed in Table 2. 
After stratifying by MRI type, children who underwent an 
MRI without sedation were older (median age: 12.9 years; 
IQR: 6.5 years; P = 0.85) than children who underwent an 
MRI with sedation (median age: 3.7 years; IQR: 4.3 years; 
P < 0.001) or a limited MRI scan (median age: 2.7 years; 
IQR: 9.3 years; P = 0.96). Patient gender did not vary across 
hospitals for children who underwent a non-sedated MRI 
(P = 0.59) versus an MRI with sedation (P = 0.11).

Overall turnaround time

Based on combined hospital data, the overall TAT and the 
imaging acquisition times each varied based on type of MRI 
examination (sedated versus non-sedated versus limited MRI) 
(medians presented in Tables 3 and 4). The average overall 
TAT was 185 min (standard deviation [SD]: 54 min) for a 
sedated MRI, 94 min (SD: 36 min) for a non-sedated MRI 
and 55 min (SD: 27 min) for a limited MRI. The average 
image acquisition time was 38 min (SD: 14 min) for a sedated 
MRI, 38 min (SD: 14 min) for a non-sedated MRI and 7 min 
(SD: 5 min) for a limited MRI (medians presented in Table 4). 
The range in times was also wide for overall TAT and image 
acquisition time, with TAT for a sedated brain MRI ranging 
from 158 min to 224 min, a non-sedated MRI from 70 min to 
112 min and a limited MRI from 44 min to 70 min. We found 
similar wide ranges in image acquisition times by hospital.

Regarding the hospital pairwise comparisons, we found 
significant differences in each of the six comparisons in Ta
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overall TAT for sedated examinations, meaning each hospi-
tal’s median overall TATs were significantly different (when 
compared to each of the other hospitals in the study). For 
non-sedated examinations, we found significant differences 
in overall TAT in three of the six pairwise comparisons, 
and among limited examinations there were significant dif-
ferences in four of the six pairwise comparisons (Table 3).

Magnetic resonance imaging phases of care

For the sedated MRI pathway, the pre-procedure phase 
was the longest step at three of the four hospitals, ranging 
from 52 min to 93 min. Among the four hospitals, we also 
noted that the individual phases were significantly different 
(waiting room time, pre-procedure time, MRI acquisition 
time and post-procedure time, all P < 0.001) (Fig. 1). For 
instance, patient wait times ranged from 12 min at hospital C 
to 30 min at hospital A; pre-procedure duration varied from 
52 min at hospital B to 93 min at hospital A; MRI acquisi-
tion time ranged from 27 min at hospital D to 46 min at 
hospital B. Post-procedure duration also varied from 43 min 
at hospital B to 64 min at hospital A.

For the non-sedated MRI pathway, the MRI scan phase 
was the longest step at each hospital, ranging from 28 min to 
45 min (Fig. 1). We also noted that in non-sedated examina-
tions, individual phase durations were significantly different 
across hospitals (waiting room time, pre-procedure time and 
MRI acquisition time; P < 0.001).

Regarding limited MRIs, the MRI scan phase among 
three of the hospitals was the shortest step because of the 
limited number of sequences included in these imaging 
protocols (Fig. 1). Additionally, individual phases were 
significantly different across hospitals for limited MRIs 
(waiting room time, pre-procedure time and MRI acquisi-
tion time; P < 0.001).

Predictors of overall turnaround time

Our multivariate regression model included the following 
predictors: patient age, patient gender, hospital and type 
of brain MRI (non-sedated, sedated, limited); it yielded an 
R-squared of 74%. The most significant predictor of a longer 
overall TAT was having a sedated MRI (coefficient = 0.71, 
95% confidence interval [CI]: 0.66–0.75; P < 0.001). Thus, 
having a sedated MRI compared to a non-sedated MRI 
resulted in a 70% increase in overall TAT. Hospital site was 
also a significant predictor of overall TAT, with an MRI of 
the brain (regardless of MRI type) at hospital B resulting 
in a 20% decrease in overall TAT, compared to hospital A 
(reference hospital). Having an MRI of the brain at hospi-
tal C resulted in a 17% decrease in overall TAT, compared 
to hospital A, and having an MRI of the brain at hospital 
D resulted in a 39% decrease in overall TAT, compared to 
hospital A (Table 5). Patient age (P = 0.95) and patient gen-
der (P = 0.80) were not significant predictors of overall TAT 
(Table 5).

Table 3  Overall turnaround time (in minutes) for an outpatient brain MRI based on type of examination among four pediatric academic hospitals

IQR interquartile range
a  Indicates significance after post hoc correction for multiple comparisons with Benjamini–Hochberg false discovery rate procedure (P-val-
ues < 0.02 were considered statistically significant, in bold)

MRI type Central tendency by hospital (median [IQR]) Hospital pairwise comparisons (P-value)

Hospital A Hospital B Hospital C Hospital D A vs. B A vs. C A vs. D B vs. C B vs. D C vs. D

Sedated 214 (69) 160 (51) 186 (48) 151 (42)  < 0.001a  < 0.001a  < 0.001a  < 0.001a 0.01a  < 0.001a

Non-sedated 101 (56) 91 (25) 87 (31) 67 (31) 0.24 0.03  < 0.001a 0.09  < 0.001a  < 0.001a

Limited 62 (38) 55 (31) 43 (25) 41 (23) 0.07  < 0.001a  < 0.001a 0.01a  < 0.001a 0.18

Table 4  Image acquisition time (scan duration in minutes) for an outpatient MRI brain based on type of examination among four pediatric hospi-
tals

IQR interquartile range
a  Indicates significance after post hoc correction for multiple comparisons with Benjamini–Hochberg false discovery rate procedure (P-val-
ues < 0.02 were considered statistically significant, in bold)

MRI type Central tendency by hospital (median [IQR]) Hospital pairwise comparisons (P-value)

Hospital A Hospital B Hospital C Hospital D A vs. B A vs. C A vs. D B vs. C B vs. D C vs. D

Sedated 36 (11) 43 (11) 42 (12) 26 (13)  < 0.001a  < 0.001a  < 0.001a 0.14 0.01a  < 0.001a

Non-sedated 35 (20) 40 (13) 42 (13) 26 (11)  < 0.001a  < 0.001a  < 0.001a 0.05  < 0.001a  < 0.001a

Limited 8 (7) 10 (7) 6 (7) 2 (4) 0.19  < 0.001a  < 0.001a  < 0.001a  < 0.001a 0.002a
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Fig. 1  Phase times for sedated 
vs. non-sedated vs. limited 
MRI at four pediatric academic 
hospitals. Graphs show mean 
phase durations in minutes. a 
Sedated MRI phases: wait-
ing room, which consists of 
the time the child checks in 
(registration) to the start time of 
pre-procedure appointment; pre-
procedure, which consists of the 
nurse pre-procedure evaluation, 
the technologist MRI safety 
screening and the pre-procedure 
anesthesiologist evaluation and 
consent; MRI, which consists of 
the MRI acquisition time; and 
post-procedure, which consists 
of transferring the child from 
the MRI scanner to the post-
anesthesia care unit (PACU) 
and ends with PACU discharge. 
b Non-sedated MRI phases: 
waiting room, which consists 
of the time the child checks in 
(registration) to the time the 
technologist starts the MRI 
safety screening; pre-procedure, 
which consists of the technolo-
gist MRI safety screening; and 
MRI, which consists of the 
MRI acquisition time. c Limited 
MRI phases: waiting room, 
which consists of the time the 
child checks in (registration) to 
the time the technologist starts 
the MRI safety screening; pre-
procedure, which consists of the 
technologist MRI safety screen-
ing; and MRI, which consists of 
the MRI acquisition time
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Magnetic resonance imaging scan turnaround time 
and Relative Value Scale Update Committee practice 
expense times

The RUC lists the median practice expense time to perform 
an MRI of the brain without contrast agent, Current Proce-
dural Terminology (CPT) 70,551, as 20 min [17]. Based on 
the four hospitals’ combined data, the median non-sedated 
MRI was 38 min and sedated MRI was 37 min. Both empiri-
cal scan times are approximately double what is used by the 
RUC’s practice expense subcommittee.

Discussion

This study expanded on a prior single-center report regard-
ing MRI efficiency [12] by assessing the overall TAT for an 
outpatient non-contrast MRI brain examination among four 
pediatric academic institutions across the nation. Overall, 
we found significant differences by hospital (controlling 
for broad patient characteristics) in the overall TAT for an 
MRI of the brain. We also noted significant differences in 
individual phase times among hospitals. Specifically, for 
a sedated MRI, we found that children and families could 
expect the entire visit to take an average of 2.5–4 h, depend-
ing on hospital.

Across hospitals, sedation was a significant predic-
tor of longer overall TAT. While we found younger ages 
to be related to sedation, ultimately patient age was not a 
significant predictor of overall TAT; rather, overall TAT 
was explained by the use of sedation in the examination. 
Conversely, we found that non-sedated examinations had a 
shorter overall TAT, with a door-in-door-out duration (time 

from arrival to discharge) of less than 1 h. These findings 
highlight the importance of sedation reduction strategies. 
Such reduction strategies, if successful, could result in sig-
nificant efficiency gains for both hospitals and families.

A growing body of literature is focused on sedation 
reduction in pediatrics. This research is driven by safety con-
cerns, heightened costs and appointment duration. Research-
ers have examined approaches to limiting the need for anes-
thesia and sedation for pediatric MRI, including distraction 
techniques, feed-and-swaddle methods, limited or rapid MRI 
acquisition techniques, the use of child life specialists and 
the use of mock MRI scanners [18–22]. However, to limit 
sedation, there is a need for studies that focus on scalable 
approaches across multiple institutions in the implementa-
tion science literature.

While we did not thoroughly explore workflow and opera-
tional factors, for sedated MRIs we noted that the pre-proce-
dure workup was both the longest and most variable phase. 
Other research reports noted that pre-procedural workup (for 
minor procedures with anesthesia) was also the longest step 
because it is a complex process that spans multiple personnel 
types, including anesthesiologists, MRI technologists, nurses 
and child life specialists [23, 24]. Considerable variability 
also exists with regard to how the pre-procedure workups are 
completed. For instance, in some radiology departments, the 
anesthesiologists perform the entire pre-procedure evalua-
tion, whereas in other departments this process is conducted 
by nurse anesthetists or facilitated by nurse practitioners 
[25]. The variability of providers, coupled with high-com-
plexity patients, can result in workflow inefficiencies, but 
also highlights opportunities for efficiency gains.

Furthermore, despite similar MRI brain protocols, we 
noted significant differences in overall TAT across the four 

Table 5  Multivariate regression 
results of predictors of MRI 
turnaround time

CI 95% confidence interval
a  P-value < 0.05 is significant (in bold)
b  Reference value

Variable Coefficient Standard error CI P-valuea

Age –0.00 0.002 –0.003, 0.003 0.95
Gender
    Femaleb

   Male –0.004 0.02 –0.04, 0.27 0.80
Hospital
   Hospital  Ab

   Hospital B –0.20 0.02 –0.24, –0.15  < 0.001
   Hospital C –0.17 0.02 –0.22, –0.13  < 0.001
   Hospital D –0.39 0.02 –0.43, –0.34  < 0.001

MRI of the brain type
   Non-sedatedb

   Sedated 0.71 0.02 0.66, 0.75  < 0.001
   Limited –0.56 0.03 –0.62, –0.51  < 0.001
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hospitals. This reflects endogenous organizational factors, 
such as workflows, the number of personnel and the experi-
ence of the clinical team. While these factors were outside 
the scope of this cross-sectional study, some points are worth 
noting. For instance, we observed that two hospitals with 
shorter overall TAT (on sedated MRI examinations) used 
status boards with color-coded tracking to identify where 
the child is along the MRI workflow. The status or tracking 
boards facilitate communication between staff and provid-
ers. Alternatively, one of the hospitals with longer overall 
TAT relied on the medical record for communication (which 
needed manual refreshing) as well as phone calls. Future 
implementation science research should explore these opera-
tional factors in-depth and their impact on MRI workflow 
and efficiency across institutions.

We also examined MRI acquisition time (the duration the 
MRI technologist spends scanning, positioning the child and 
instructing the child) and found that practice expense RVUs 
underestimate the empirical times from our study. This find-
ing has policy implications about how medical care, and spe-
cifically pediatric imaging examinations, are valued. CMS 
and the resource-based relative value scale (RBRVS) use a 
top-down costing approach to estimate the cost of medical 
care and procedures [7–9]. Current time estimates for RVU 
valuations are conducted through physician surveys; how-
ever, a major limitation with these surveys is a low response 
rate, such as 2.2% [4, 26]. CMS previously expressed con-
cerns that the procedural time estimates, a central compo-
nent to RVU valuations, might be biased [4]. An alternative 
and more accurate way of assessing time estimates would be 
from empirical data. However, these data can be difficult or 
impractical to obtain — even in our current study we con-
ducted manual data collection for two of the four hospitals.

Previous studies, mostly focusing on surgical specialties, 
compared procedure duration from empirical time stamps 
to the CMS duration values and concluded that the RUC 
estimates used by CMS were biased [27–31]. A recent study 
published in the New England Journal of Medicine ana-
lyzed the RUC time valuations of 293 surgical procedures 
and compared these estimates to empirical time estimates 
located in the American College of Surgeons National Surgi-
cal Quality Improvement Program (NSQIP) database [28]. 
As in our study, the authors found substantial differentials 
between intraoperative times used by RUC and the empirical 
time estimates [28].

Additionally, the estimates used by the RUC are based on 
examinations in the adult population instead of the pediatric 
population. Because the RUC estimates are primarily used to 
inform the Medicare payment and fee schedule, the vignettes 
use the adult patient as the base case in their “standard 
patient narrative.” It is possible that the adult examina-
tions do not fully translate to pediatrics. Pediatric imaging 
requires an intensive, alternative approach that can be less 

efficient when compared to adult imaging. Our study dem-
onstrates the need for more pediatric-centric benchmarking 
for accurate RVU valuation. These advanced imaging time 
durations can also be used for operational benchmarking, 
where institutions can measure their own efficiency against 
a national or regional metric, similar to the American Col-
lege of Radiology’s radiation index registry that provides 
radiation dose reference levels for common pediatric CTs 
[32]. More pediatric studies examining the accuracy of the 
RUC turnaround time estimates are needed to validate our 
findings on a national level and to provide national bench-
marking of TAT.

Our study had several limitations, the first of which 
concerns with sample size. While our study included a 
large number of subjects, it is possible that if we included 
more pediatric institutions and a larger time span of data 
that our time estimates would be different from those 
reported in the current study. We based our study on a 
sample size that was calculated from previous literature 
[12, 16] because the data requirements for reviewing more 
examinations across the four institutions were impractical 
and would have required extensive manual EMR review. 
Second, we were not able to collect data on the specialized 
MRI protocols (e.g., seizure, brain tumor, etc.), because 
these data were not easily accessible in the EMR. It is pos-
sible that the TATs, specifically the scan acquisition times, 
would differ by MRI protocol by institution. However, 
the aim of the study was to derive combined institutional 
turnaround times of brain MRIs, regardless of the specific 
protocol. Third, we only included academic pediatric hos-
pitals and thus our results might not be generalizable to 
private practice imaging centers.

Conclusion

This study builds upon single-center studies of MRI effi-
ciency and throughput by defining cross-institutional met-
rics for benchmarking time estimates. We found consider-
able differences in the overall TAT across four pediatric 
academic institutions. Overall, the significant predictors of 
turnaround times were hospital site and MRI pathway (non-
sedated versus sedated versus limited MRI). In our sample, 
we also found that patient characteristics such as age and 
gender were not significant predictors of overall MRI turna-
round time. We consistently found (at each hospital) that 
the turnaround time in performing sedated MRI of the brain 
was twice that of a non-sedated MRI of the brain. Finally, 
regarding the MRI scan duration component, we found that 
the median MRI scan times at each of the institutions were 
double what is used in the practice expense RVU calcula-
tion by the RUC. Future studies should focus on MRI costs 
across institutions to inform value-based payment reforms.
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