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Imaging intensive care patients:
multidisciplinary conferences as a quality
improvement initiative to reduce medical error
Gloria Muench1* , Denis Witham2, Kerstin Rubarth3,4, Elke Zimmermann1, Susanne Marz5, Damaris Praeger2,
Viktor Wegener6, Jens Nee7, Marc Dewey1† and Julian Pohlan1,4†

Background: Strategies to identify imaging-related error and minimise its consequences are important in the management of critically ill patients. A new quality management (QM) initiative for radiological examinations has been
implemented in an intensive care unit (ICU) setting. In regular multidisciplinary conferences (MDCs), radiologists and
ICU physicians re-evaluate recent examinations. Structured bilateral feedback is provided to identify errors early. This
study aims at investigating its impact on the occurrence of QM events (imaging-related errors). Standardised protocols of all MDCs from 1st of June 2018 through 31st of December 2019 were analysed with regard to categories of QM
events (i.e. indication, procedure, report) and resulting consequences.
Results: We analysed 241 MDCs with a total of 973 examinations. 14.0% (n = 136/973) of examinations were affected
by QM events. The majority of events were report-related (76.3%, n = 106/139, e.g. misinterpreted finding), followed
by procedure-related (18.0%, n = 25/139, e.g. technical issue) and indication-related events (5.8%, n = 8/139, e.g. faulty
indication). The median time until identification of a QM event (time to MDC) was 2 days (interquartile range = 2).
Comparing the first to the second half of the intervention period, the incidence of QM events decreased significantly
from 22.9% (n = 109/476) to 6.0% (n = 30/497) (p < 0.0001). Significance of this effect was confirmed by linear regression (p < 0.0001).
Conclusions: Establishing structured discussion and feedback between radiologists and intensive care physicians in
the form of MDCs is associated with a statistically significant reduction in QM events. These results indicate that MDCs
may be one suitable approach to timely identify imaging-related error.
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• Multidisciplinary conferences (MDCs) between radiologists and intensive care physicians improve feedback.
• MDCs allow timely identification of quality management (QM) events (imaging-related errors).
• The incidence of QM events significantly decreased
after implementation of MDCs.
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Introduction
Imaging plays an integral role in diagnostic workup,
but the interpretation varies inter-individually. Seemingly minor errors at this stage may have serious consequences for patients. Thus, it is of great urgency to refine
work processes to reduce the likelihood of errors and to
identify them before leading to harm [1]. While structured feedback from senior to junior radiologists is part
of clinical routine in our and many other departments, a
specific way for interdisciplinary feedback between clinicians and radiologists was not available for patients from
intensive care units (ICUs) in the past. ICU patients suffer from complex conditions and require management by
a multidisciplinary team, which in turn requires structured communication.
Error prevention and safety event reporting in radiology has been investigated before. Garland, a pioneer in
the field of diagnostic accuracy studies, published error
rates of around 30% in the 1950ies/60ies, and more
recent studies suggest that the situation has improved
only incrementally during time [2–6]. Kim et al. retrospectively analysed radiological examinations and identified findings initially overlooked. The time between
the initial imaging examination, when the finding was
misinterpreted and its detection was 251 days on average [7]. These results underline the importance of integrating regular structured feedback into clinical routine
in order to quickly identify any diagnostic errors before
patients are harmed, which, to the best of our knowledge,
has been attempted only by a few quality initiatives [8].
For example, systematic and independent second reading to improve patient safety is standardly performed
in mammography with varying degree of statistical evidence for this rationale [9]. Several other studies also
focussed on the quality of radiological reports [10–16].
Indication and the examination procedure itself may also
be flawed. There is very little data on the contribution
of these factors to diagnostic error [14]. In a focussed
group discussion, there was agreement among radiologists that inadequate request forms pose a significant
problem for diagnostic quality and that regular interdisciplinary discussion with clinicians is necessary to ensure
effective diagnostic processes [17]. An analysis of the
consequences following informal consultations between
clinicians and radiologists revealed changes to the
report in one quarter of documented cases [18]. Clinicians appreciate face-to-face contact for direct interprofessional exchange with radiologists [19]. Still, without
implementation of formal institutional work processes,
reluctance to voice a concern poses a high reporting
threshold: More than 50% of radiologists self-reported
to not always speaking up about safety concerns [20].
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“Providing continued feedback regarding safety reporting
“ could lower this barrier by establishing a routine [21].
In 2018, alongside the opening of two new intensive
care units (ICUs), we implemented a new systematic QM
tool in our department. Regular multidisciplinary conferences (MDCs) involving both, intensive care physicians,
and radiologists were introduced. These conferences follow the principles of any radiological demonstration:
radiologists present and re-interpret radiological examinations on the grounds of clinical information potentially
unavailable to the first reader. In contrast to normal radiological demonstrations, the here evaluated MDCs differ in their structure, the immediate option for bilateral
feedback and a systematic documentation of the discussion. This study aims at analysing how these MDCs affect
the incidence of QM events (imaging-related errors) over
time.

Methods
Quality management initiative

MDCs take place twice a week, separately for the medical and surgical ICU and are attended by radiologists and
ICU physicians and optionally by other interested parties. ICU physicians include internal medicine specialists
for the medical ICU and both, anaesthesiologists, and
surgeons for the surgical ICU. Patients to be discussed
are chosen on an individual basis by the treating ICU
physicians. During the time investigated here, they were
unaware about an ongoing study on the MDC. Usually,
cases are chosen due to their complexity, unclear clinical
presentation or uncertain radiological findings. Multiple
examinations of the same patient may be enrolled in the
same MDC. QM events (imaging-related errors) are specific to a certain examination (i.e. in patients with multiple enrolled examinations). MDCs are hosted by the
radiology department. Two senior board-certified radiologists take turn as chairs to ensure consistency. Both
have more than 15 years of experience in radiology with
expertise in emergency and ICU imaging. All MDCs follow the same structure: basic patient information, clinical
aspects, presentation of radiological findings, discussion
of clinical relevance and therapeutic consequences with
special focus on ambiguities, identification of QM events
(imaging-related errors), feedback. Clinical aspects
(including all clinical data, lab results and microbiological testings) are available during the MDC and constitute the base for further discussion and interpretation of
radiological findings. A standardised protocol consisting of two sections includes the following information:
patient name, date and type of examination, as well as
body region in hand with a clinical question in section A;
occurrence and type of QM event (a definition of which
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is given below) and an option for further handwritten
comments in section B (Additional file 1: Fig. 1). Section
A is filled out by the ICU physicians and sent to the radiology department prior to each conference, allowing for
adequate preparation. Section B is filled out by the leading radiologist in consultation with all physicians attending the conference. QM events are any imaging-related
errors and are defined as falling into one of the following categories: incidents related to indication, procedure,
or reporting (examples of each category are provided in
Additional file 1: Table 1). Reported events are described
in the comment section and include any deviation from
departmental or hospital guidelines. The exact classification of such an incident as a QM events is left to the casespecific interpretation of all attendees. The content of
the written comments is related mainly to the respective
QM event and includes a more detailed description of
the nature of the incident. Some comments also provide
general feedback on both the radiological workup process and the conduct of the conferences. All attendees,
regardless of their rank, are invited to both provide and
receive feedback. If applicable, specific feedback in the
form of phone calls or e-mails is given to non-attending
physicians involved in a QM event.
Subjects

This is a retrospectively conducted observational
analytic study. All scheduled MDCs during the study
period were protocolled and included in this analysis. Scheduled MDCs that were cancelled or for which
no examinations were registered were subsequently
excluded from the analysis. All patients who underwent at least one radiological examination discussed
during an MDC were included. Radiological interventions like invasive angiographies and integrated external radiological examinations were excluded from this
analysis. Patients with several imaging examinations
fulfilling our inclusion criteria were enrolled multiple times. In cases where patients underwent different imaging examinations that were discussed in the
same conference, each examination was regarded as a
separate exam (see Fig. 1: Patient flow chart). Examinations were further classified according to the body
region examined. Examinations of several body regions
(e.g. a whole-body CT scan) were included in each of
the body region categories covered: e.g. head, chest,
abdomen, other (Table 1). Demographics of the patient
population are summarised in Table 2. This study
was approved by the local ethics committee under
the number EA1/024/21. Retrospective consent from
patients was waived. The Declaration of Helsinki was
respected.
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Data collection

Handwritten reports from the medical and surgical ICU at
one university hospital were collected retrospectively over
a 19-month period from 1st of June 2018 through 31st of
December 2019. All reports were digitalised by one doctoral candidate using Microsoft® Office Excel 2016. Data
protection was guaranteed. All QM events were looked
up in the patient management system (SAP® Software
2021 SAP SE or an SAP affiliate company) and radiological information system (Centricity™ RIS-I 6 2018 General
Electric Company) to extract further information regarding the examinations. Any consequences from QM events
documented in the protocols or from medical records
were extracted and categorised as displayed in Table 3.
Excel® and SPSS® were used for statistical analyses. Mean
and standard deviation are provided for descriptive statistics. If normal distribution was not given, median
and interquartile range are provided. Chi-Square tests
were employed to compare the incidence of QM events
between the first and second half of the intervention
period and between different QM categories. Data were
analysed in terms of correlation and linearity. The effect
of time (increasing number of previously conducted
MDCs) as a single predictor of the incidence of QM
events was calculated. Hence, simple linear regression
analysis was performed to assess the incidence of QM
events over time after the implementation of the new
QM tool. A p value < 0.05 was considered to be statistically significant. Due to the exploratory characteristic of
the study, no adjustment for multiplicity was applied.
Statistical analysis

Results
Basic characteristics

Our analysis included 241 MDCs. One hundred and
twenty-seven were attributed to a medical ward and 114
to a surgical ward. A total of 1,005 radiological examinations were presented with a median of 4 (interquartile
range (IQR) = 2) examinations per MDC. The median
time between an examination and its discussion in an
MDC (time to MDC) was 2 days (IQR = 2). A total of 60
patients were enrolled in an MDC with multiple examinations. In 34 out of 60 examinations were performed on
different days. The most frequently asked clinical question regarded infectious foci, followed by bleeding and
tumours in descending order.
Quality management events

A total of 139 imaging-related QM events were reported
during the study period (1st of June 2018 through
31st of December 2019). QM events occurred in 136
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Fig. 1 Patient flow chart. Multidisciplinary conferences (MDC) for a medical and for a surgical intensive care unit (ICU) were introduced at this
university hospital in 2018. The MDCs take place twice a week separately for the medical and surgical ICU. Radiologists present recent imaging
studies which are then re-interpreted and discussed a second time with the treating ICU physicians. Bilateral feedback is provided and the
occurrence of QM events is documented. Standardised protocols of all scheduled MDCs were collected over a 19-month period and analysed with
regard to different QM categories and QM consequences. For some days, no MDCs were scheduled due to public holidays (n = 10) or organisational
reasons (n = 63)

examinations (14.0%), resulting in an incidence of 0.53
QM events per MDC, i.e. during every second MDC one
QM was reported. No repeat errors (i.e. multiple QM
events affecting the same aspect in the same patient)
occurred. Most QM events were related to the radiological report (n = 106), followed by procedure (n = 25), and

indication (n = 8) (details are given in Table 4). No statistically significant difference in the occurrence of QM
events was calculated for the different QM categories
(p = 0.941). In 658 examinations, an additional comment
was noted during the MDC (Fig. 2), mostly related to the
respective QM event. In 533 examinations, a comment
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Table 1 Radiological examinations
Number

Percentage (%)

CT

577

88.6

MRI

34

5.2

X-ray

40

6.1

Head

128

40.5

Neck

25

7.9

Chest

188

59.5

Abdomen

129

40.8

Pelvis

95

30.1

Other

12

3.8

Imaging modality

Body region examined

Each category of body region comprises all examinations performed of that
region. E.g. a CT head, abdomen, legs is included in all of those categories:
head, abdomen, other. “Other” includes examinations of the spine (n = 5),
heart (n = 4), and leg(s) (n = 3). Percentages were calculated for examinations
in which imaging modality (n = 651) or body region examined (n = 316) were
documented. In 322 examinations, imaging modality was unknown and in 657
examinations, body region examined was unknown

with general feedback was provided even if no QM event
occurred or the comment did not solely refer to the
respective QM event but provided further feedback.

or adjusted (n = 7/106, 6.6%) or an addendum was written (n = 17/106, 16.0%). In most cases (n = 108/139,
77.7%), no consequence was apparent or possible consequences could not definitely be linked to the respective
QM event.
QM events over time

The number of QM events per MDCs decreased over time
during the intervention period (Fig. 3): a statistically significant decrease of 73.6% in the incidence of QM events
from the first to the second half of the intervention period
was calculated (p < 0.0001). I.e. in the first half, 22.9%
(n = 109/476) of examinations were affected by QM events
and 6.0% (n = 30/497) in the second half. At the same time,
the number of examinations per MDC remained constant (Additional file 1: Fig. 2). Simple linear regression
analysis yielded a statistically significant effect of time on
the proportion of QM events per examination discussed
(regression coefficient estimate = −0.001, 95% confidence
interval: [−0.002, −0.001], p < 0.0001). The model with
time as a single predictor accounts for 13.5% of the variance in the incidence of QM events (R2 = 0.135; further
statistical results are provided in Additional file 1: Table 2).

Consequences of QM events

Discussion

All examinations affected by QM events were retrieved
from the patient record and any consequences attributable to these QM events were documented (Table 3).
Indication-related QM events lead to a consideration
of the feedback i.e. an improvement of the following
request forms in 62.5% (n = 5/8) of cases. Procedurerelated events were followed by repeat imaging in 8.0%
(n = 2/25). In 22.6% of examinations affected by reporting-related events, the report was retrospectively revised

The total incidence of QM events in the radiological
workup process of intensive care patients decreased over
time with statistical significance after the implementation
of a new quality management initiative consisting of regular multidisciplinary conferences with a direct feedback
mechanism between radiologists and ICU physicians.
The majority of imaging-related QM events in our analysis affected the radiological report. The most frequent

Summary

Table 2 Patient characteristics
Variable

Number

No of patients
Sex

Age mean (standard deviation (SD))

Time to MDC

675
Male

571

58.7%

Female

381

39.2%

Unknown

21

Total

61.4 years (± 17.5)

Male

61.8 years

Female

61.1 years

Median (interquartile range (IQR))

2 days (2)

Examinations included
Examinations/MDC

Percentage

973
Median (IQR)

4 (2)

Sex and time to multidisciplinary conference (MDC) were documented for individual examinations (n = 973). Patients who underwent multiple examinations
discussed at one/several MDCs were enrolled for each of those examinations. Time to MDC was defined as the time between examination and MDC during which the
examination was discussed
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Table 3 Quality management (QM) consequences
QM category

QM consequence

Number
8

5.8

Consideration of feedback

5

62.5

Indication

Percentage (%)

None apparent

2

25.0

Untraceable

1

12.5

25

18.0

Repeat imaging

2

8.0

None apparent

11

44.0

Untraceable

12

48.0

Procedure

Reporting
Addendum to report

106

76.3

17

16.0

Revision/retrospective adjustment

7

6.6

None apparent (incl. persisting discrepancy)

17

16.0

Untraceable

65

61.3

All examinations affected by QM events were retrieved from the patient record, and any consequences attributable to these QM events were documented.
Consideration of feedback applies to indication-related QM events, e.g. request forms that were criticised for containing insufficient detail were followed by detailed
and precise request forms for the next examinations. Repeat imaging concerns procedural QM events, after which patients underwent repeat-imaging following the
correct protocol. Addendum to report refers to the creation of a separate report including the initially overlooked/misinterpreted finding, which was added to the
original report. In revised/retrospectively adjusted reports, the original reports were edited to include the newly discovered/altered findings

Table 4 Quality management (QM) events
QM category

Number

Percentage of total
QM events (n = 139)

Percentage of
examinations
affected (n = 973)

Indication

8

5.8%

0.8%

Procedure

25

18.0%

2.6%

Reporting

106

76.3%

10.9%

Incidence of QM events by category

consequence was a revision or retrospective adjustment
of the respective report. A standardised protocol for providing written feedback was frequently made use of.
Interpretation

Structured bilateral feedback is associated with a decline
of imaging-related adverse events for patients. The implementation of an effective mechanism for timely identification of errors may contain their detrimental effects.
Comparison with the literature

Dedicated investigation of QM events confirms the
hypothesis that unsafe acts appear in recurrent patterns rather than being individual mistakes [22]. Hence,
a systematic approach to combat the risk of error on an
organisational level as presented here is crucial to ensure
patient safety. The introduction of reporting systems
was highly recommended by the Committee on Quality
of Health Care in America [1]. In a more recent report,
the committee further encouraged a greater focus on

patient-centredness and effectiveness, both of which
were addressed by this QM initiative [23]. The integration of both, clinical, and radiological aspects within a
multidisciplinary team allows for a more holistic patient
view and therefore a more personalised patient management as special attention is paid to each patient’s current
condition rather than simply their diagnoses. The error
rate we found is lower than reported by other investigators [5, 6, 24, 25]. One explanation might be that imaging examinations are routinely interpreted by two readers
in our department. This standardised double reading
was not mentioned in the studies above. Most published
diagnostic error studies retrospectively identified adverse
events over a certain time period. Conversely, our
approach was to integrate both the detection of errors
and the implementation of a constant feedback loop into
clinical routine. An effect in terms of reducing QM event
rates appears to have occurred early after implementation. Our results suggest that, regarding imaging-related
errors, the radiological report is especially prone to error.
This is in accordance with published studies, which focus
mainly on the radiological report as a source of adverse
events [10–15]. Tracking radiologists’ eye movements
during the reading of verified chest imaging studies
showed that they spent longer time dwelling on overlooked findings [26]. If a finding is initially detected, but
wrongly interpreted as insignificant, retrospective multidisciplinary discussion possibly allows for interpretation
improvements as agreement within the teams is reached.
Our study population included more male than female
patients (60% versus 40%), which reflects the usual sex

Muench et al. Insights into Imaging

(2022) 13:175

Page 7 of 9

700
600
500
400
300
200
100
0

Indicaon

Procedure

Reporng

QM comments

QM incidence

Fig. 2 QM events by category. QM events were categorised into incidents related to indication (n = 8, 5.8%), procedure (n = 25, 18.0%), and
reporting (n = 106, 76.3%). The standardised protocol used for documentation of MDCs has a box for entering free text (QM comments), which was
used in 658 (67.6%) of all examinations presented in an MDC (n = 973). In examinations affected by QM events, QM comments further addressed
and explained the respective event. In examinations not affected by QM events, QM comments provided general feedback for further improvement
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Fig. 3 Incidence of QM events over time. Each dot represents one MDC at a specific time of the intervention period. The QM incidence (Y-axis)
shows the number of QM events per examination presented for each of those MDCs. QM events decreased significantly by 73.6% from the first
(n = 109/476) to the second half (n = 30/497) of the intervention period (p < 0.0001) as reflected by the trend line. This significant decrease in QM
events over time was confirmed by linear regression (p = 0.0001) after testing for respective requirements
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distribution of ICU patients in many countries [27–30].
The high number of CTs in comparison to X-rays presented in MDCs may be explained by their higher complexity both in clinical questions to be answered and
their interpretation. Hence, there may be more need for
multidisciplinary consultation. Additionally, ICU physicians may request a higher-resolution imaging modality
in case of inconclusive X-ray findings before registering
the patient for an MDC. We have previously investigated
the use of CT for the identification of septic foci and in
doing so, have found that unclear infectious sources are
associated with low reader confidence [31]. This may
explain why most registered examinations focussed on
infectious source identification, often concerning septic
patients. Systematic error identification may therefore be
especially important in septic patients.
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Conclusion
To conclude, the implementation of a bilateral feedback
mechanism between radiologists and ICU physicians is
associated with a decrease in imaging-related QM events
over time. Thus, multidisciplinary re-evaluation of diagnostic results can be seen as a good tool for timely identification of errors. Further research should elucidate the
consequences of QM events in more detail.
Abbreviations
ICU: Intensive care unit; MDC: Multidisciplinary conference; QM: Quality
management.
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Clinical impact

While error eradication seems impossible, error prevention and reduction are still worth pursuing. Another aim
should be to identify imaging-related QM events before
they cause harm. Correcting errors by early reporting
may impede adverse events in patients. Establishing a
regular structured feedback mechanism should benefit all participants and may thus reduce errors as well
as improve the overall quality of the diagnostic workup
process. Furthermore, an established feedback culture
creates an environment encouraging everyone, especially
junior physicians, to speak up more. With declining QM
event rates, the structured collection of written feedback
during MDCs might still prove important for maintaining awareness of quality control in clinical routine.
Limitations

The retrospective design of this study results in several
limitations. For example, comparison between pre- and
post-interventional periods was not possible. The documentation of QM events, the dependent variable, was
part of the intervention itself and had thus not been performed previously. To some extent, the observed decline
in QM events may be due to learning effects. Importantly,
both variable detail of the description in the MDC protocols and handwritten notes rendered the retrieval of some
information challenging. Moreover, analysis of errors and
related consequences based on medical records alone is
limited, especially in ICU patients with complex conditions and is further limited by German data protection law.
Our analysis therefore primarily focussed on measurable
imaging-related errors. Besides, the time period analysed
does not account for the emergence of the COVID-19 pandemic. Its possible impact is being investigated in an ongoing analysis and not within the scope of this manuscript.

Acknowledgements
Bettina Herwig provided professional language check.
Author contributions
All authors contributed significantly to the manuscript with writing and revision. GM collected, analysed and interpreted the patient data and wrote the
manuscript. DW, SM, DP, VW and JN co-wrote the manuscript. KR provided
statistical expertise and co-wrote the manuscript. EZ and MD implemented
the QM initiative, chaired the MDCs, provided the data set and co-wrote the
manuscript. JP provided assistance in data collection, analysation and interpretation and was a major contributor in writing the manuscript. JP and MD
supported the project with senior advice and infrastructure. All authors read
and approved the final manuscript.
Funding
Open Access funding enabled and organised by Projekt DEAL. This study
received no third-party funding.
Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was approved by the local ethics committee under EA1/024/21.
Written consent from patients was waived. The Declaration of Helsinki was
respected.
Consent for publication
Not applicable.
Competing interests
M. Dewey is the current ESR Publications Committee Chairperson. He has
not taken part in the review or selection process of this article. The remaining
authors declare that they have no competing interests relevant to this study.
Author details
1
Department of Radiology, Campus Charité Mitte, Charité – Universitätsmedizin Berlin, Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin
Institute of Health, Charitéplatz 1, 10117 Berlin, Germany. 2 Department of Cardiology, Campus Charité Mitte, Charité – Universitätsmedizin Berlin, Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of Health,
Charitéplatz 1, 10117 Berlin, Germany. 3 Institute of Biometry and Clinical
Epidemiology, Charité - Universitätsmedizin Berlin, Freie Universität Berlin

Muench et al. Insights into Imaging

(2022) 13:175

and Humboldt-Universität zu Berlin, Charitéplatz 1, 10117 Berlin, Germany.
4
Berlin Institute of Health (BIH), Anna‑Louisa‑Karsch‑Straße 2, 10178 Berlin,
Germany. 5 Department of Surgery with Intensive Care, Campus Charité
Mitte, Charité – Universitätsmedizin Berlin, Freie Universität Berlin, HumboldtUniversität zu Berlin, and Berlin Institute of Health, Charitéplatz 1, 10117 Berlin,
Germany. 6 Department of Anesthesiology and Operative Intensive Care Medicine (CCM, CVK), Charité - Universitätsmedizin Berlin, Freie Universität Berlin,
Humboldt-Universität zu Berlin, and Berlin Institute of Health, Berlin, Germany.
7
Department of Nephrology and intensive care, Campus Charité Mitte, Charité
– Universitätsmedizin Berlin, Freie Universitäts Berlin and Humboldt Universität
zu Berlin, Charitéplatz 1, 10117 Berlin, Germany.
Received: 23 May 2022 Accepted: 11 October 2022

References
1. Kohn LT, Donaldson MS (1999) To err is human: building a safer health
system. National Academy Press, Washington, D.C.
2. Garland LH (1949) On the scientific evaluation of diagnostic procedures.
Radiology 52:309–328. https://doi.org/10.1148/52.3.309
3. Garland LH (1950) Studies on the reliability of mass x-ray surveys. Ir J Med
Sci. https://doi.org/10.1007/BF02951205
4. Garland LH, Cochrane AL (1952) Results of an international test in chest
roentgenogram interpretation. J Am Med Assoc 149:631–634. https://doi.
org/10.1001/jama.1952.02930240009004
5. Masch WR, Parikh ND, Licari TL et al (2018) Radiologist quality assurance
by nonradiologists at tumor board. J Am Coll Radiol 15:1259–1265.
https://doi.org/10.1016/j.jacr.2018.04.021
6. Tilleman EH, Phoa SS, Van Delden OM et al (2003) Reinterpretation of
radiological imaging in patients referred to a tertiary referral centre
with a suspected pancreatic or hepatobiliary malignancy: impact on
treatment strategy. Eur Radiol 13:1095–1099. https://doi.org/10.1007/
s00330-002-1579-8
7. Kim YW, Mansfield LT (2014) Fool me twice: delayed diagnoses in
radiology with emphasis on perpetuated errors. AJR Am J Roentgenol
202:465–470. https://doi.org/10.2214/AJR.13.11493
8. Rybkin AV, Wilson M (2011) A web-based flexible communication system
in radiology. J Digit Imaging 24:890–896. https://doi.org/10.1007/
s10278-010-9351-0
9. Posso M, Puig T, Carles M et al (2017) Effectiveness and cost-effectiveness
of double reading in digital mammography screening: a systematic
review and meta-analysis. Eur J Radiol 96:40–49. https://doi.org/10.1016/j.
ejrad.2017.09.013
10. Johnson AJ, Ying J, Swan JS et al (2004) Improving the quality of radiology reporting: a physician survey to define the target. J Am Coll Radiol
1:497–505. https://doi.org/10.1016/j.jacr.2004.02.019
11. Grieve FM, Plumb AA, Khan SH (2010) Radiology reporting: a general
practitioner’s perspective. Br J Radiol 83:17–22. https://doi.org/10.1259/
bjr/16360063
12. Wallis A, McCoubrie P (2011) The radiology report–are we getting the
message across? Clin Radiol 66:1015–1022. https://doi.org/10.1016/j.crad.
2011.05.013
13. Bosmans JM, Weyler JJ, De Schepper AM et al (2011) The radiology report
as seen by radiologists and referring clinicians: results of the COVER and
ROVER surveys. Radiology 259:184–195. https://doi.org/10.1148/radiol.
10101045
14. Olthof AW, Borstlap J, Roeloffzen WW et al (2018) Improvement of
radiology reporting in a clinical cancer network: impact of an optimised
multidisciplinary workflow. Eur Radiol 28:4274–4280. https://doi.org/10.
1007/s00330-018-5427-x
15. Mortani Barbosa EJ Jr., Lynch MC, Langlotz CP et al (2016) Optimization of
radiology reports for intensive care unit portable chest radiographs: perceptions and preferences of radiologists and ICU practitioners. J Thorac
Imaging 31:43–48. https://doi.org/10.1097/RTI.0000000000000165
16. Bosmans JM, Peremans L, De Schepper AM et al (2011) How do
referring clinicians want radiologists to report? Suggestions from the
COVER survey. Insights Imaging 2:577–584. https://doi.org/10.1007/
s13244-011-0118-z

Page 9 of 9

17. Fatahi N, Krupic F, Hellstrom M (2015) Quality of radiologists’ communication with other clinicians–as experienced by radiologists. Patient Educ
Couns 98:722–727. https://doi.org/10.1016/j.pec.2015.02.009
18. Won E, Rosenkrantz AB (2017) JOURNAL CLUB: informal consultations
between radiologists and referring physicians, as identified through an
electronic medical record search. AJR Am J Roentgenol 209:965–969.
https://doi.org/10.2214/AJR.17.18050
19. Fatahi N, Krupic F, Hellstrom M (2019) Difficulties and possibilities in communication between referring clinicians and radiologists: perspective
of clinicians. J Multidiscip Healthc 12:555–564. https://doi.org/10.2147/
JMDH.S207649
20. Siewert B, Swedeen S, Brook OR et al (2018) Barriers to safety event
reporting in an academic radiology department: authority gradients and
other human factors. Radiology 288:693–698. https://doi.org/10.1148/
radiol.2018171625
21. Siewert B, Brook OR, Swedeen S et al (2019) Overcoming human barriers
to safety event reporting in radiology. Radiographics 39:251–263. https://
doi.org/10.1148/rg.2019180135
22. Reason J (2000) Human error: models and management. BMJ 320:768–
770. https://doi.org/10.1136/bmj.320.7237.768
23. Medicine CoQiHCiAIo (2001) Crossing the quality chasm: a new health
system for the 21st century. Washington, D.C.: The National Academies
Press. https://doi.org/10.17226/10027
24. Siewert B, Sosna J, McNamara A et al (2008) Missed lesions at abdominal
oncologic CT: lessons learned from quality assurance. Radiographics
28:623–638. https://doi.org/10.1148/rg.283075188
25. Briggs GM, Flynn PA, Worthington M et al (2008) The role of specialist
neuroradiology second opinion reporting: is there added value? Clin
Radiol 63:791–795. https://doi.org/10.1016/j.crad.2007.12.002
26. Manning DJ, Ethell SC, Donovan T (2004) Detection or decision errors?
Missed lung cancer from the posteroanterior chest radiograph. Br J Radiol
77:231–235. https://doi.org/10.1259/bjr/28883951
27. Fowler RA, Sabur N, Li P et al (2007) Sex-and age-based differences in the
delivery and outcomes of critical care. CMAJ 177:1513–1519. https://doi.
org/10.1503/cmaj.071112
28. Samuelsson C, Sjoberg F, Karlstrom G et al (2015) Gender differences in
outcome and use of resources do exist in Swedish intensive care, but
to no advantage for women of premenopausal age. Crit Care 19:129.
https://doi.org/10.1186/s13054-015-0873-1
29. Vincent JL, Rello J, Marshall J et al (2009) International study of the
prevalence and outcomes of infection in intensive care units. JAMA
302:2323–2329. https://doi.org/10.1001/jama.2009.1754
30. Valentin A, Jordan B, Lang T et al (2003) Gender-related differences in
intensive care: a multiple-center cohort study of therapeutic interventions and outcome in critically ill patients. Crit Care Med 31:1901–1907.
https://doi.org/10.1097/01.CCM.0000069347.78151.50
31. Pohlan J, Witham D, Opper Hernando MI et al (2022) Relevance of CT for
the detection of septic foci: diagnostic performance in a retrospective
cohort of medical intensive care patients. Clin Radiol 77:203–209. https://
doi.org/10.1016/j.crad.2021.10.020

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

