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Abstract

Objective The aim of our study was to measure the rate of radiologists’ additional recommended imaging examinations
(RAI) at a hospital-based inpatient setting and to estimate the influence on RAI of clinical variables.

Materials and methods This retrospective study was approved by the institutional review board. Inpatients CT and US
examinations interpreted by fifteen radiologists between October and December 2016 were studied. Information about RAI
from radiology report texts was extracted manually. The analytic data set included the interpreting radiologists’ years of
experience, patient age, patient gender, radiologist gender, ordering service and “clinical question to be answered” as col-
lected from the radiology request forms.

Results Of the 1996 US and CT examinations performed between October and December 2016 in the inpatient setting, 34%
(683 examinations) had a radiologists’ RAI. The largest proportion of RAI was for chest CT, followed by PET-CT, abdominal
CT and abdominal MRI. Patient age and gender had no impact on RAI. Radiologists’ years of experience were inversely
correlated to RAIL “Pneumonia” showed the highest rate of RAI due to follow-up of lung nodules.

Conclusion A high percentage of RAI resulted from CT and US radiologists’ reports. The largest proportion of RAI was for
chest CT, followed by PET-CT, abdominal CT, and abdominal MRI. Radiologists’ years of experience play an important
role in the number of the requested RAI. Further studies with a larger cohort of radiologists are needed to confirm the role
of radiologists’ experience in RAI. Also, follow-up studies are warranted to assess the number of RAI that are actually acted
upon by the referring physicians.
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Medical imaging utilization has grown dramatically in
recent years. Indeed, the growth rate of imaging reflects
expanded applications that have occurred over the years
in high-tech imaging services such as computed tomog-
raphy (CT), magnetic resonance (MR) imaging and CT-
positron emission tomography (PET-CT). Overutilization
can be defined as applications of imaging procedures
where circumstances indicate that they are unlikely to
improve patient outcome [1, 2]. Some publications have
suggested that as many as 20-50% of high-tech imaging
procedures may fail to provide information that improves
patient welfare and therefore may represent, at least in
part, unnecessary imaging services [3]. Aside from refer-
ring physicians, it has been reported that radiologists too
make recommendations for further imaging tests in their
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interpretative reports [4]. Often the purpose of additional
imaging is to reduce uncertainty about equivocal findings
at the current examination [4]. Since it may contribute
to increased utilization and cost, this tendency has been
characterized as being problematic. The aim of our study
was to measure the proportion of radiologists’ additional
recommended imaging examinations (RAI) at a hospital-
based inpatient setting and to estimate the influence on
RALI of radiologist gender and radiologist’s years of expe-
rience, of patient gender, patient age, ordering service and
clinical question to be answered as collected from the radi-
ology request forms.

Methods

Inpatient CT and US examinations interpreted by fifteen
radiologists between October and December 2016 at the
Fondazione PTV Policlinico Tor Vergata were evaluated by
two radiologists. Information about imaging recommenda-
tions from radiology report texts was extracted manually.
Additional imaging recommendations (RAI) that were for
follow-up examinations (by using the same modalities) were
included in the study. Reports that recommended “corre-
late with clinical information” or other suggestions to glean
missing clinical information were excluded.

The influence on RAI of radiologist gender and radiolo-
gist’s years of experience and of patient gender, patient age
and ordering service were evaluated. Also the clinical ques-
tion to be answered was collected from the radiology request
form. For each of the “clinical question to be answered”
collected, the number and percentage of examinations with
at least one RAI were enumerated. Then the effect size (odds
ratios) and significance (confidence intervals) of “each clini-
cal question to be answered” on the likelihood of RAI was
calculated.

This retrospective study was approved and waived for
patients’ consents by the institutional review board (IRB).

Statistical analysis

Data were analyzed with the nonparametric Mann—Whit-
ney U test. Correlations for the univariate analysis were
evaluated with Spearman’s nonparametric test. To assess
the independent value of each parameter related to RAI,
a principal component analysis (PCA) was performed. A
value of p <0.05 was considered significant. Analyses were
performed using Graph Pad Prism software (GraphPad Soft-
ware, Inc.) and NCSS software (NCSS statistical Software).
Odds ratio with the respective confidence intervals was cal-
culated using MedCalc Software.

Results
Analysis of CT and US imaging reports

Of the 1996 US and CT examinations performed between
October and December 2016 in the inpatient setting at the
Fondazione PTV Policlinico Tor Vergata, 34% (683 exami-
nations) had a radiologist’s recommendation for additional
CT, PET-CT or MRI. The largest proportion of imaging
examinations prompted by a radiologist’s recommenda-
tion was for chest CT (N=260, 38%), followed by PET-CT
(N=198, 29%), abdominal CT (N=164, 24%) and abdomi-
nal MRI (N=61, 9%). Chest CT was most often prompted
by a recommendation in chest CT (58%) and whole body
CT reports (42%); PET-CT, in chest CT (52%) and in whole
body CT (48%); abdominal CT, in abdominal US (93%)
and in whole body CT (7%) reports; abdominal MRI, in
abdominal CT (56%) and in abdominal US (44%) reports.
Also, inconclusive radiology examinations were another
relatively common reason for additional imaging recom-
mendation (11%).

Pulmonary solid or subsolid nodules < 6 mm were the
most common findings that prompted a RAI (31%), fol-
lowed by adenopathy (23%). The other findings leading to
additional imaging were renal lesions (14%), liver lesions
(12%) and pulmonary parenchyma abnormalities other than
nodules (9%).

Correlation with clinical variables

In our cohort, there were 438 patients (172 males and 266
females, mean age 52 + 14 years), 203 were hospitalized in
the clinical medicine department, 132 in the surgery depart-
ment and 103 in the neuroscience department. As shown in
Figs. 1 and 2, respectively, there was no statistically sig-
nificant correlation between patient age and RAI (r=0.02,
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Fig.1 Correlation between RAI and patient age
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p=0.066) and patient gender and RAI (male 52 + 17 years,
95% CI 41-72 vs female 49 + 23 years, 95% CI 35-63,
p=0.067). As shown in Fig. 3, RAI rates were significantly
higher when the ordering service was the clinical medi-
cine department (60 £ 10%, 95% CI 55-66) with respect to
surgery (46 +13%, 95% CI 36-56 p=0.042) and to neuro-
sciences (40 +10%, 95% CI 34-49 p=0.032).

Among the radiologists, both sexes were almost equally
represented (7 females, 8 males, mean years of experi-
ence 15+ 11). There was a significant negative correlation
between the years of experience of the radiologists and RAI
(r=-0.61, p=0.022), meaning that there was a tendency
for experienced radiologists to recommend less RAI (Fig. 4).
As shown in Fig. 5, male radiologists (56 +15%, 95% CI
45-67) were more prone to recommend RAI with respect to
female radiologists (37 = 12%, 95% CI 27-45, p=0.024).
We performed principal component analysis (PCA) to assess
the contribution to RAI of radiologist gender and radiolo-
gist’s years of experience. The analysis demonstrated that
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62% of RAI were explained by radiologist’s years of experi-
ence and 32% by radiologist gender (Fig. 6).

Table 1 gives results stratified according to clinical ques-
tion to be answered as collected from the radiology request
forms. The lowest rate of RAI was found in nephrolithiasis
(7%), and this was set as the reference for odds ratios. Pneu-
monia was notable in being responsible for relatively few
examinations overall (5% of total), yet having the highest
rate of RAI (odds ratio=4.24). On the contrary, oncological
evaluation was notable in being responsible for the majority
of the examination (30% of total), yet having the lowest rate
of RAI (odds ratio=2.83).

Discussion

In our study, we evaluated the rates of additional imag-
ing recommendations (RAI) from US and CT reports in
the inpatient setting and estimated the influence on RAI
of radiologist gender and radiologist’s years of experience,
of patient gender, patient age, ordering service and clini-
cal question to be answered as collected from the radiology
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Fig.6 Scatterplot shows distribution of RAI percentages by use of
the two discriminant functions obtained for linear discriminant analy-
sis: y-axis, radiologists’ years of experience; x-axis, radiologist gen-
der. The analysis demonstrates that 62% of RAI were explained by
radiologist’s years of experience

request forms. Few studies analyzed the rates of radiologists’
recommendation for additional imaging. Blaivas and Lyon
[5] and Baumgarten and Nelson [6] found that in abdominal
computed tomographic scans the rate of radiologists’ recom-
mendations for additional imaging in the outpatients setting
was, respectively, 31% and 19%, which is comparable to
what we found in our inpatient setting (34%). Margolis et al.

[7] evaluated the effect of the radiologist on the frequency of
recommendations for additional imaging during sonographic
(US) interpretation. Examinations were performed at an
outpatient radiology facility and at an inpatient emergency
department. The authors found that the individual radiologist
influenced the frequency of recommendations for additional
imaging, the percentages of recommendations for additional
imaging ranged from 12% to 45%.

In our study, chest CT was the most represented RAIL The
most common reason for this recommendation was 6 months
CT follow-up of pulmonary nodules <6 mm discovered at
prior chest CT. The Fleischner Society guidelines for the
management of pulmonary nodules exclude from 6 months
CT follow-up all nodules < mm 6. We hypothesize that the
higher proportion of recommendations for follow-up chest
CT of small nodules < mm 6 resulted from our radiologists’
not adherence to these recognized guidelines [8].

PET-CT was the second most frequently RAI. The most
common reason for this recommendation was the evaluation
of adenopathy discovered at chest CT. Enlarged mediasti-
nal lymph nodes are commonly encountered by radiologists.
Lymph nodes may be enlarged due to inflammatory, infec-
tious or malignant reasons. Most of the published studies
have shown high PET-CT sensitivity and specificity when
maximum standardized uptake value of 2.5 was used as the
cutoff to differentiate benign from malignant conditions [9].
However, no clear guidelines have been established for the
employment of PET-CT in the evaluation of enlarged lymph
nodes [9].

Liver and renal lesions were the other findings that often
generated radiologist-recommended MRI or CT evaluation
in our cohort. These were incidental findings in US exami-
nations, or in whole body CT. For these lesions, there is
currently no criterion aside from follow-up and CT or MRI

Table 1 RAI stratified
according to clinical question to
be answered as collected from

the radiology request forms

Clinical question to be answered Number of Number of RAI® Odds ratio®
examinations®

Nephrolithiasis 157 (8%) 11 (7%) 1.00 (reference)
Acute abdomen 189 (9%) 74 (39%) 3.48 (3.43-3.56)
Respiratory distress/pulmonary embolism 95 (4%) 53 (55%) 3.59 (3.47-3.68)
Pneumonia 103 (5%) 59 (57%) 4.24 (4.17-4.57)
Abdominal pain/asthenia 101 (5%) 48 (47%) 3.53 (3.44-3.60)
Gastrointestinal bleeding 402 (20%) 137 (34%) 3.28 (3.21-3.36)
Hematuria 149 (7%) 69 (46%) 3.47 (3.36-3.58)
Oncological evaluation® 602 (30%) 163 (27%) 2.83 (2.73-2.95)
Others® 198 (10%) 69 (34%) 3.07 (2.96-3.09)

In parenthesis percentage of total examinations

®In parenthesis percentages of examinations with at least one RAI

°0dds ratios, with 95% confidence intervals in parentheses

d0ncological evaluation include oncological staging, post-therapy evaluation, relapse evaluation

Others includes cholecystitis; ovarian cysts evaluation, and unspecified
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evaluation by which they can be characterized as benign
versus malignant. Although it is known that most inciden-
tal findings often have little or no clinical significance, the
drive to evaluate them is often prompt by radiologist and
patient unwillingness to accept uncertainty, even given the
rare possibility of an important diagnosis. Mills et al. evalu-
ated the diagnostic yield of 1000 total abdominal and pelvic
ultrasound examinations in patients referred for primary
diagnostic ultrasound. The authors found that 9.1% of the
patients who underwent abdominal ultrasonography had an
incidental finding [10]. However, there is to date little to no
literature concerning management of incidental abdominal
US findings [11]. On the contrary, the American College of
Radiology published a white paper which provides evidence-
based guidelines for approaching incidental CT abdominal
lesions [12]. Whether this approach will influence radiolo-
gists’ behavior will remain subject of speculation.

Negative examinations also resulted in a high number
of radiologist-recommended supplement examinations. We
hypothesized that this could be explained either a. by prac-
ticing defensive medicine or b. by the inappropriate or sub-
optimal selection of the initial imaging modality.

Indeed, the excessive ordering of diagnostic tests is one
of the most frequently encountered forms of defensive medi-
cine (a), which is defined as a deviation from sound medi-
cal practice induced mainly by the fear of liability [13]. A
review of 16 surveys indicated that 20-81% of physicians
had increased their use of diagnostic tests because of liabil-
ity concerns [14]. Radiologists aware that malpractice liabil-
ity can make clinical errors more costly, resort to diagnostic
tests that, they hope, will reduce the probability of diagnos-
tic error.

However, defensive medicine typically operates together
with several other variables to motivate clinical practice
decisions [14]. Some of these variables may be clinical
such as patient symptoms, seriousness of the suspected dis-
ease, degree of certainty about diagnosis and accuracy of
the available diagnostic tests. Others are nonclinical, such
as availability of technology, years of training and commu-
nication skills.

With respect to the radiologist gender, we found that male
radiologists were more prone to recommend a supplement
examination. A recent study by Tsugawa et al. published in
JAMA [15] suggests that female doctors may outperform
men due to better communication skills. Thus, it maybe not
surprising that in our cohort female radiologists recommend
for less supplement imaging than male radiologists.

On the other side, a communication gap between the
radiologist and the referring clinician could result in (b.)
inappropriate or suboptimal selection of the initial imaging
modality [16]. A radiologist—clinician consultation would be
advisable for a better and more complete understanding of
the clinical scenario, especially for complicated patients with
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multi-morbidities such as those hospitalized in the clinical
medicine department. Notably, in our study the percentage
of RAIs were higher when the ordering service was the clini-
cal medicine department. Radiologists and clinicians should
be encouraged to routinely dialogue with one another over
matters regarding imaging examination selection. Systems
with decision support for physician order entry that hold
promise for more appropriate selection of imaging studies
are now being offered [17]. However, whether or not these
systems will lead to changes in radiologists’ recommended
clinical imaging also remains to be seen.

Notably, in our cohort of radiologists there was a negative
correlation between the radiologists’ years of experience and
RAI meaning that there is a tendency in younger partici-
pants to recommend supplement imaging. We hypothesize
that radiologists improve their accuracy and confidence as
they build their experience base and gain more knowledge
through continuing education.

When RAI was stratified according to the “clinical ques-
tion to be answered,” pneumonia showed the highest rate
of RAI due to follow-up of lung nodules. On the contrary,
oncological evaluation despite being responsible for the
majority of examinations (30% of the total) had the low-
est rate of RAI. We hypothesized that since oncological
patients already undergo timely follow-up, the radiologists
were more confident to prescribe less additional imaging.

Our study had limitations. First, we relied on manual
review of report texts and had a small sample sizes. Also,
our data reflect the rates of the radiologists’ recommenda-
tions and not the actual number of resulting examinations.
It is possible that recommendations for further imaging are
not acted upon by the referring physician [18].

In conclusion, a high percentage of RAI resulted from CT
and US radiologists’ reports in our inpatient setting. Chest
CT follow-up was the most frequently RAI driven by the
presence of pulmonary nodule in prior CT imaging, followed
by PET-CT driven by adenopathy documented in prior CT.
Radiologists’ years of experience seem to play an important
role in the number of the requested RAI. Further studies with
a larger cohort of radiologists are needed to confirm the role
of radiologists’ experience in RAI. Also, follow-up studies
are warranted to assess the number of RAI that are actually
acted upon by the referring physicians.
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