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ABSTRACT

Purpose Intensive care unit (ICU) patients have a high risk of
developing complications when leaving the ICU for diagnostic
procedures or therapeutic interventions. Our study examined

the frequency of adverse events associated with magnetic
resonance imaging (MRI) of intensive care patients and the
extent of changes in therapy due to the MRI scan to weigh
the risks associated with the scan against the potential bene-
fits of an MR scan, using a change in therapy as an indicator of
benefit.

Materials and Methods 4434 ICU patients (January to De-
cember 2015) were identified by Hospital Information System
(SAP-R/3 IS-H, Walldorf, Germany), ICU patient data manage-
ment system Metavision (iMDsoft, Israel), and Radiology
Information System (Nexus.medRIS, Version 8.42, Nexus,
Germany). All intensive care and medical records (HIS) and
MRI reports (RIS) were matched and further evaluated in a
retrospective case-to-case analysis for biometric data, me-
chanical ventilation, ICU requirements, planned postoperative
vs. emergency diagnostic requirements, complications and
impact on further diagnosis or therapy.

Results Out of 4434 ICU patients, 322 ICU patients (7.3 %)
underwent a total of 385 MRI examinations. 167 patients
needed a total of 215 emergency scans, while 155 patients
underwent 170 planned postoperative MRI exams. 158
(94.6 %) out of 167 emergency scan patients were ventilated
under continuous intravenous medication and monitoring. In
the planned postoperative group, only 6 (3.9 %) out of 155
were ventilated, but a total of 38 (24.5 %) were under contin-
uous medication. 111 patients were accompanied by nurses
only during MRI. Only one severe adverse event (0.3 %) was
noted and was attributed to study preparation (n=385). In
8 MRI examinations (2.1 %), the examination was interrupted
or cancelled due to the patients’ condition. While all MRI
examinations in the planned group were completed (n=170,
100 %) (e.g., postoperative controls), only 207 out of 215
(96.3 %) could be performed for emergency diagnostic rea-
sons. MRl influenced the clinical course with a change in diag-
nosis or therapy in 74 (19.2 %) of all 385 MRI examinations
performed, and in the emergency diagnostic group it was
31.2% (n=67/215).

Conclusion Nearly 20 % of MRI examinations of ICU patients
resulted in a change of therapy. With only one potentially life-
threatening adverse event (0.3 %) during transport and the
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MRI examination, the risk seems to be outweighed by the
diagnostic benefit.

Key Points

= The risk of adverse events associated with MRI scans in ICU
patients is low.

= The rate of premature termination of ICU patients’ MRI
scans is low.

= Almost 20 % of ICU patients” MRI scans lead to a change of
therapy.

ZUSAMMENFASSUNG

Hintergrund Patienten auf der Intensivstation (ICU) haben
ein hohes Risiko, Komplikationen zu entwickeln, wenn sie die
Intensivstation fiir diagnostische Verfahren oder therapeu-
tische Eingriffe verlassen. Unsere Studie untersuchte die Hau-
figkeit von unerwiinschten Ereignissen im Zusammenhang
mit der Magnetresonanztomographie (MRT) von Intensiv-
patienten und das AusmaR von Anderungen der Therapie auf-
grund der MRT-Untersuchung, um die mit der Untersuchung
verbundenen Risiken gegen den potenziellen Nutzen einer
MR-Untersuchung abzuwigen, wobei eine Anderung der
Therapie als Indikator fiir den Nutzen dient.

Material und Methoden 4434 Intensivpatienten (Januar bis
Dezember 2015) wurden {ber das Krankenhausinformations-
system (SAP-R/ 3 IS-H, Walldorf, Deutschland), das Intensiv-
patienten-Datenmanagementsystem Metavision (iMDsoft,
Israel) und das Radiologie-Informationssystem (Nexus.
medRIS, Version 8.42, Nexus, Deutschland) identifiziert. Alle
intensivmedizinischen und medizinischen Aufzeichnungen
(KIS) und MRT-Berichte (RIS) wurden abgeglichen und in einer
retrospektiven Fall-zu-Fall-Analyse hinsichtlich biometrischer
Daten, mechanischer Beatmung, ICU-Anforderungen, ge-
planter postoperativer vs. dringender diagnostischer Anfor-
derungen, Komplikationen und Auswirkungen auf die weitere
Diagnose oder Therapie ausgewertet.

Ergebnisse Von 4434 Intensivpatienten hatten 322 Intensiv-
patienten (7,3 %) insgesamt 385 MRT-Untersuchungen erhal-
ten. 167 Patienten bendtigten insgesamt 215 Notfallscans,
wahrend 155 Patienten 170 geplante postoperative MR-

Untersuchungen erhielten. 158 (94,6 %) der 167 Notfall-
Scan-Patienten wurden unter kontinuierlicher intravendser
Medikation und Uberwachung beatmet. In der geplanten
postoperativen Gruppe wurden nur 6 (3,9 %) von 155 Patien-
ten beatmet, aber insgesamt 38 (24,5 %) unter kontinuierli-
cher Medikation. 111 Patienten wurden wdhrend der MRT
ausschlieRlich durch Krankenschwestern begleitet. Es wurde
nur ein schwerwiegendes unerwiinschtes Ereignis (0,3 %) fest-
gestellt, das auf die MRT-Vorbereitung zuriickgefiihrt wurde
(n=385). In acht Féllen (2,1 %) aller MRT-Untersuchungen
wurde das MRT aufgrund des Zustands der Patienten unter-
brochen oder abgebrochen. Wahrend alle MRT-Untersuchun-
gen der geplanten postoperativen Gruppe abgeschlossen
wurden (n=170, 100 %) (z.B. postoperative Kontrollen),
konnten nur 207 von 215 (96,3 %) der Notfall-Gruppe durch-
gefiihrt werden. Die MRT beeinflusste den klinischen Verlauf
mit einer Anderung der Therapie in 74 (19,2 %) von allen
durchgefiihrten 385 MRT-Untersuchungen, in der dringlich
diagnostischen Gruppe betrug sie 31,2 % (n=67/215).
Schlussfolgerungen Nahezu 20 % der MRT-Untersuchungen
von Intensivpatienten fiihrten zu einer Anderung der Dia-
gnose oder Therapie. Mit nur einem potenziell lebensbedroh-
lichen unerwiinschten Ereignis (0,3 %) wdhrend des Trans-
ports und der MRT-Untersuchung scheint der diagnostische
Nutzen das Risiko zu Giberwiegen.

Kernaussagen

= Das Risiko unerwiinschter Ereignisse bei ICU Patienten
durch MRT Untersuchungen ist extrem gering.

= Die Rate vorzeitiger Untersuchungsabbriiche bei ICU Pa-
tienten ist gering.

= Abhdngig von der Indikationsstellung kann bei bis zu 20 %
der ICU Patienten eine Anderung der Therapie erreicht
werden.

Zitierweise

= Pawlik MT, Dendl LM, Achajew L etal. Clinical Value and
Operational Risks of MRI in ICU patients — A Retrospective
Analysis Performed at a University Medical Center.
Fortschr Rontgenstr 2024; 196: 371-380

Introduction

In recent years, the number of intensive care unit (ICU) patients
examined by means of cross-sectional diagnostic imaging meth-
ods such as computed tomography (CT) or magnetic resonance
imaging (MRI) has been steadily increasing in our institution and
generally in emergency situations [1, 2]. However, ICU patients
who require such examinations need to be transported to radiolo-
gy departments, which can be located far away from the ICU. De-
spite the attendance of a physician and a critical care nurse during
transport and MRI scanning, in-house transportation bears signif-
icant risks for ICU patients who are often in a critical condition and
require constant monitoring and ventilation [3-8].

The transport between the ICU and the radiology department
as well as monitoring and ventilation during the MRI study repre-
sent organizational and medical challenges to ICU and radiology
staff [3, 7, 9-11]. Beside ultrasound (US), computed tomography
(CT) is frequently used for ICU patients. However, its use is limited
in several indications such as neurologic ischemia, contusion of
the spinal cord, and ligamentous tears of the spinal ligamentous
apparatus. MRI has at the same time significant limitations for
patients on ventilation and monitoring and those requiring con-
tinuous i.v. medications (e. g., sedatives, analgesics, catechol-
amines, antiarrhythmics, and cardiac inotropes).

Either special MR-compatible in-room equipment for monitor-
ing and ventilation is used or extended ventilation tubes and intra-
venous lines are applied from the outside of the radiofrequency
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4434 (100%) patients in 2015

General Surgical ICU
n =1368 (31%)

n = 599 (14%)

Neurosurgical ICU | Gastro-/Infectiology ICU
n = 543 (12%)

Cardiac/Pulm. ICU
n =767 (17%)

Cardiac Surgery ICU
n =1157 (26%)

|

322 patients scheduled for a MRI
scan from the ICU

|

385 MRI scans ,intended”

n = 170 (44.2%)

n = 215 (55.8%)

»planned postoperative” MRIs

»emergency” MRIs

el

Total of 9 scans with severe complication or discontinued due to complications

» Fig. 1 Patient data acquisition.

» Abb.1 Datenerfassung der Patienten.

(RF) shielded MR suite. Patients need to be monitored and venti-
lated in the very confined space of a scanner within a strong mag-
netic field for a relatively long examination time [12].

In 2015, a study showed that MRI scans - in contrast to CT
scans - yield additional results in up to 95 % of ICU patients with
neurological deficits [13]. From a radiologist’s point of view, it is
indisputable that MRl is a more sensitive method than CT, particu-
larly in the case of complex neurological disorders [14]. In clinical
practice, however, physicians have to consider the clinical rele-
vance of any additional diagnoses that are obtained at great effort
and expense. The particular superiority of MRl is mainly in the area
of unclear, neurological deficits like ischemia as already men-
tioned above.

In other words, physicians must question whether such addition-
al diagnoses would result in a change of diagnosis and consequently
in a different intensive care therapy. In 2018, one retrospective
study assessed the feasibility and pitfalls of cardiothoracic MRI in
ICU patients [15]. However, until now, no study has evaluated the
associated risks and the added value of MRI examinations in ICU
patients in general.

For this reason, we examined the associated risk and the diag-
nostic benefit of MRI scans in ICU patients treated at a tertiary uni-
versity medical center over a period of 1 year (January to December
2015). The patient population was analyzed regarding the occur-
rence of complications during in-house transportation and MRI
examination. We evaluated the possible benefits of the performed
MRI scans regarding changes of diagnosis and finally clinical ther-
apy and investigated possible further correlations with the indica-

tion for the MRI assessment, the requesting ICU specialty, and the
examined body region.

Materials and Methods

Patient selection

This retrospective study was approved by the institutional ethics
committee (File Number: 21-2524-104).

Patients who underwent an MRI scan during their treatment in
one of the five ICUs of a tertiary university medical center between
January and December 2015 were identified by means of a data-
base search of the radiological information system (RIS; Nexus.me-
dRIS, Version 8.42, Nexus, Villingen, Germany). Further data evalu-
ation was based on the digital patient records and ICU discharge
letter. All data were obtained from the in-house hospital informa-
tion system (HIS; IS-H; i.s.h.med; SAP, Walldorf, Germany). In addi-
tion, both the patient data management system (PDMS) Metavision
(iMDsoft, Tel Aviv, Israel) and written anesthesia documentation for
potential complications during in-house transport were screened.
322 ICU patients with 385 MRI exams, with 167 requiring a total of
215 emergency scans, and 155 patients undergoing 170 planned
postoperative MRI exams (> Fig. 1). Out of the 167 patients with
emergency scans, 158 (94.6 %) were ventilated under continuous
intravenous medication and monitoring. In the planned postopera-
tive group, only 6 (3.9 %) out of 155 were ventilated, but a total of
38 (24.5 %) were under continuous medication. Only 111 patients
were accompanied by nurses during MRI.

Pawlik MT et al. Clinical Value and... Fortschr Rontgenstr 2024; 196: 371-380 | © 2023. Thieme. All rights reserved. 373

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



# Thieme

MR imaging

All MRI scans were carried out with a 1.5 Tesla MRI scanner (MAG-
NETOM Avanto, Siemens Healthcare, Erlangen, Germany). The
final MRI reports were available for evaluation in the radiological
information system as well as the MRI images, which were not
evaluated by the study investigators again. All final medical
reports were assessed by a board-certified radiologist. Patients
were connected to MRI-compatible monitoring (Expression MR
200, Philips Medical Systems, Germany) and, if necessary, to an
MRI-compatible ventilator (Fabius MRI, Drager, Germany) in the
preparation room and then transferred to MRI.

Data acquisition

All data were entered into a spreadsheet (Microsoft Office Excel
2010, Microsoft, Redmond, Washington, USA). Data consisted of
patient characteristics and clinical data based on the patient
records obtained from the radiological information system and
the PDMS. Patients were classified into one of the five classes
established by the American Society of Anesthesiologists (ASA |
to ASA V) according to the anesthesiological documentation.

The medical specialty of the respective ICU (conservative gas-
troenterology/infectiology, conservative cardiology/pulmonolo-
ay, general surgery, cardiothoracic surgery and neurosurgery)
was documented. In a retrospective case-to-case analysis, the pa-
tient’s primary clinical diagnosis, the clinical indications for the
MRI scan, and the scanned body region were recorded and ana-
lyzed for any complications associated with the ICU MRI examina-
tions. Furthermore, the clinical impact of the MRI examinations on
diagnosis and therapy and the correlation between the requesting
ICU specialty and a change of diagnosis or therapy following MRI
were analyzed. Additionally, correlations between body region
and change of diagnostic or therapeutic measures after MRI were
analyzed. The MRI requests were grouped into the two large
groups: emergency diagnostic and planned postoperative. The
radiology reports were evaluated regarding the diagnostic
findings and diagnoses and their further clinical impact on the
individual patient. Using the data obtained from the ICU PDMS,
we evaluated in a non-blinded consensus-based decision by an
experienced (>30 years) anesthesiologist (MTP) and experienced
(> 25 years) radiologist (AGS) the extent to which MRI results led
to a change of diagnosis or therapy and documented any actual
changes of therapy after the MRI examination. Medical proce-
dures performed prior to the MRI scan were noted. Furthermore,
the underlying reasons for complications or interruption during
the MRI examination and in-house transport were analyzed and
documented.

Statistics

IBM SPSS Statistics 24 (IBM SPSS Armonk, New York, USA) was
used for statistical analysis. Data were analyzed using descriptive
statistics only and presented as mean * standard deviation (SD) or
as median (range) and percentage, unless otherwise described.

» Table 1 Patient characteristics of all 322 patients in absolute numbers
and percentages.

» Tab.1 Patientenmerkmale aller 322 Patienten in absoluten Zahlen
und Prozent.

Absolute number Percentages

Sex (male) 199 61.8%

Sex (female) 123 38.2%

Age, mean in years * SD 56+16

ASA | 9 2.8%

ASA I 62 19.2%
ASAIl 142 44.1%

ASA IV 102 31.7%
ASAV 7 2.2%

Results

In 2015, 4434 patients were treated in five separate ICU units at a
university medical center, resulting in 24510 treatment days
(general surgical ICU: 7435; conservative cardiac and pulmonary
ICU: 5032; cardiothoracic surgery ICU: 4534; conservative gastro-
enterological/infectiology ICU: 4127; and neurosurgical ICU:
3382) (» Fig.1). 322 (7.3 %) of all ICU patients underwent
385 MRI scans, resulting in 1 MRI scan per 63.7 treatment days.
164 of these 322 patients were mechanically ventilated. Patient
characteristics such as age, sex, and ASA status are shown in
» Table 1. The majority of patients undergoing MRI (142 patients
(44.1 %)) were category ASA lIl, followed by ASA IV (102 patients
(31.7 %)).

Most of the MRI scans were requested for neurosurgical ICU
patients (n=198, 51.4%). Out of these neurosurgical MRI scans,
142 (71.7 %) were performed as planned postoperative examina-
tions. In general, the majority of MRI scans were emergency diag-
nostic scans (n=215, 55.8 %) compared to 170 planned post-
operative scans (44.2 %) (> Table 2).

Out of the 385 MRI scans, 279 (72.5 %) were of the brain.
> Table 2 gives a complete overview of the examined body re-
gions. Most MRI scans were of one body region (n=278; 86.3 %).
A minority of patients (n=37, 11.4 %) had scans of two different
body regions (> Table 3), mostly a combination of the head and
carotid arteries (n=11), and only a few (n=7; 2.2 %) had scans of
three (head, cervical, and thoracic spine) or more regions. The
underlying diagnosis of a brain tumor was by far the most com-
mon diagnosis in all patients (n=122, 31.7 %). Further diagnoses
are shown in » Fig. 2.

The most common indications for MRI scans were the exclu-
sion of hypoxic brain damage or ischemia (23.7 %), exclusion of
stroke/hemorrhage (16.3 %), exclusion of spondylodiscitis/menin-
gitis (14.4 %), and exclusion of spine fractures or of disco-ligamen-
tous injuries (9.8 %). Cardiac MRI assessment (6.5 %) was of fur-
ther diagnostic importance. Assessment regarding further
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» Table2 Frequency of MRI requests and overview of the different body regions scanned by MRI in absolute numbers (n=385) and percentages.

» Tab.2 Haufigkeit der MRT-Anfragen und Uberblick iiber die verschiedenen Kérperregionen, die mit MRT untersucht wurden in absoluten Zahlen

(n=385) und Prozent.

General Surgery ICU
Neurosurgery ICU
Cardiothoracic Surgery ICU
Gastroenterology/Infectiology ICU
Cardiology/Pulmonology ICU
Total

Brain

cerebral vessels

carotid arteries

cervical spine

thoracic spine

lumbar spine

Entire spine

neck

thoracic

heart

pancreas

liver

intestine

pelvis

knee

Total

All MRI scans

96 (25%)
198 (51.4%)
20 (5.2%)
33(8.6%)
38(9.9%)
385 (100 %)
279 (72.5)

1(0.3)
385 (100)

» Table3 MRI examinations including two body regions (n=37).

» Tab.3 MRT-Untersuchungen mit zwei Kérperregionen (n=37).

Body regions

Head and carotid arteries
Head and brain vessels
Thoracic and lumbar spine
Head and cervical spine
Head and neck

Cervical and thoracic spine
Head and entire spine
Cervical spine and carotid arteries
Head and lumbar spine
Head and heart

Total

Patients

11 (30.0%)

37 (100%)

Emergency diagnostic Planned postoperative MRI

MRI scans

83 (38.6 %) 13 (7.6%)
56 (26.0 %) 142 (83.5%)
16 (7.4 %) 4(2.4%)

29 (13.5%) 4(2.4%)
31(14.5%) 7 (4.1%)
215 (100 %) 170 (100 %)

diagnoses like possible spinal hematoma or imaging of the bile
ducts or the pancreas was seldomly requested.

In 50.6 % (n=195) of 385 MRI examinations, patients under-
went a CT scan of the affected body region prior to the MRI exam-
ination. After subtracting 103 CT scans (4 aborted MRI examina-
tions +99 postinterventional MRI examinations), 22/92=23.9%
resulted in a change in diagnosis or therapy in patients in the
emergency group, who were diagnosed by CT scan prior to MRI
examination.

Only 6.5 % (n=23) of all MRI examinations had been preceded by
an MRI scan of the same body region (> Table 4).

Complications associated with the ICU MRI
scans

In 376 (97.7 %) of all MRI examinations, no complications occurr-
ed during in-house transport, and the acquisition of the MRI scan
and the exam were completed successfully. One serious complica-
tion occurred in the ICU prior to MRI when the change of a tra-
cheostomy tube for an MRI-suitable one resulted in a small tear
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MRI scans according to principal diagnosis
MRT-Untersuchungen nach Hauptdiagnose
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» Fig.2 Overview of the MRI scans according to the principal diagnosis (n=385).

» Abb.2 Uberblick iiber die MRT-Untersuchungen nach Hauptdiagnosen (n=385).

» Table4 Diagnostic procedures performed prior to the MRI scan

(n=385).

» Tab.4 Vor der MRT-Untersuchung durchgefiihrte diagnostische

Verfahren (n=385).

Missing values

No previous diagnostic procedure
Computed tomography

Preceding magnetic resonance imaging
Sonography

Angiography

Electrophysiological examination
Electroencephalography

Total

376

Number

143
195
23
13

385

Percentage

1.3
37.1
50.6
6.0
34
1.0
0.3
0.3
100

in the frontal wall of the trachea. After bronchoscopic examina-
tion of the trachea by thoracic surgeons, the MR-suitable tracheal
cannula was placed correctly. Antibiotic therapy was adminis-
tered, and surgical measures were not performed due to the mini-
mal tear of trachea wall.

Only a total of 8 (2.1 %) MRI examinations out of all 385 MRI
studies were not feasible or had to be terminated prematurely
(» Fig. 1). All of those examinations were in the emergency group
and the reasons were as follows: patient non-compliance (n=2),
breathing artifacts (n = 2), metallic object in the eye (n=1), claus-
trophobia (n= 1), technical failure of vital monitoring during ven-
tilation (n=1), and morbid obesity (n=1).

Short optimized MRI sequences for uncooperative patients
were available and used for MRI scans of the brain and the spine.
Despite the utilization of these sequences in the 2 non-compliant
patients, the image quality was not considered to be diagnostic.

Clinical impact of the MRl examinations

The largest group of MRI examinations was postinterventional
(including planned postoperative) MRI scans that showed the
expected post-surgery findings (n=162, 42.1 %), with 146 of
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» Table5 Consequences of the MRI scan (n=385) according to different groups in absolute numbers and percentages.

» Tab.5 Konsequenzen aus der MRT-Untersuchung (n=385) nach verschiedenen Gruppen in absoluten Zahlen und Prozentsatzen.

Emergency diagnostic MRI

n (%)

Termination of MRI examination 8(3.7)

Changes based on patient files could not to be determined 9 (4.2)

Postinterventional control without pathological findings 16 (7.4)
Confirmation of suspected diagnosis (no changes) 26 (12.1)
No change of therapy 78 (36.3)
Further clarification required following the MRI scans 11(5.1)

X “No change of therapy” 148 (68.9)
“Change of therapy” 67(31.2)
Total 215 (100.0)

these MRI scans being performed as planned postoperative scans
and 16 as emergency scans (> Table 5). A further 30 (7.8 %) scans
were conducted with the aim of confirming a precise clinically sus-
pected diagnosis by means of MRI, with a vast majority being per-
formed as emergency MRI scans (n =26).

A total of 89 scans (23.1 %) did not lead to changes in therapy,
78 from the emergency group and 11 from the planned post-
operative group. In 74 cases (19.2 %) the ICU MRI scan resulted in
a change of diagnosis or therapy with most cases being conduct-
ed on an emergency basis for further clarification (n=67 in the
emergency diagnostic group). In 13 cases patients underwent
surgery as an immediate therapeutic consequence of the MRI
examination, e.g., trauma (11 in the emergency group and 2 in
the planned postoperative group) (> Fig.3a, b). One patient
(from the emergency group) underwent a CT-controlled puncture
following the MRI result to further assess a fluid collection. In
42 patients, MRI led to a change of conservative therapy (n=39
in the emergency group and n=3 in the planned postoperative
group), e.g., commencement of antibiotic therapy. In 18 cases,
MRI resulted in the termination of life-sustaining therapy
(» Fig. 4), especially in the emergency group (n=16).

Correlation between requesting ICU specialty
and change of diagnosis or therapy following
MRI

30 (40.5 %) of the 74 MRI examinations (both planned postopera-
tive and emergency MRI scans) leading to a change in therapy had
been requested by the surgical ICU and the neurosurgical ICU,
respectively. In 6 patients of the cardiac ICU (8.1 %) and 4 patients
of the cardiothoracic ICU (5.4 %), MRI led to a change of therapy.
In 4 (5.4%) patients of the gastroenterological/infectiology ICU,
the MRI result changed the further treatment, e. g., one patient
with known colitis received extended antibiotic treatment due to
the diagnosis of the extensiveness of the penetrating disease.

Planned postoperative MRI Total

n (%) n (%)
0(0.0) 8(2.1)
0(0.0) 9(2.3)
146 (85.9) 162 (42.1)
4(2.4) 30(7.8)
11 (6.4) 89 (23.1)
2(1.2) 13(3.4)
163 (95.9) 311(80.8)
7(4.1 74.(19.2)
170 (100.0) 385 (100.0)

Correlation between body region and change
of diagnosis or therapy after MRI

All 74 MRI examinations resulting in a change of therapy were
analyzed regarding their correlation with the scanned body region.
56 (75.7 %) MRI scans resulting in a change of diagnosis or thera-
peutic management were of the brain (> Fig. 5a, b), 4 (5.4%) of
the carotid arteries, and 2 (2.7 %) of the neck region. 4 (5.4 %) MRI
scans of the cervical and lumbar spine each and 2 (2.7 %) of the
thoracic spine altered patient management. Only one (1.4 %) liver
MRI and one (1.4 %) pancreatic MRI incl. an MRCP led to a change
in diagnosis or therapy. In the case of pancreatic MRI with MRCP,
previously undetected prepapillary choledocholithiasis leading to
cholestasis was diagnosed. None of the requested cardiac MRI
scans led to a change in therapy. The 10 MRI scans leading to a
change of therapy requested by either the conservative cardiac
ICU or the cardiothoracic ICU were of the head (n=5), the thoracic
or lumbar spine (n=4), or the carotid arteries (n=1).

Discussion

MRI scans of ICU patients are time-consuming and complex exam-
inations in the everyday hospital routine. Critical care physicians
have to carefully weigh the indication for an MRI examination be-
cause of the complexity, cost [16], and potential risks [7] posed to
ICU patients during in-house transport.

The majority of our ICU patients were middle-aged men, which
is consistent with the average characteristics described for ICU
patients in the literature [17].

Most of the MRI scans were requested by the neurosurgical ICU
with a total of 198 scans (51.4 %). Consequently, the brain was the
most examined body region (n=279; 72.5 %). Out of the 198 scans,
142 were performed as planned postoperative exams. This can be
explained by the fact that MRI examinations are considered super-
ior in patients with neuropathological disorders such as cranio-
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» Fig.3 a, b Female, 78-yo, condition after a traffic accident, out-
of-town CT shows suspicion of an unstable C6/7 fracture, deterior-
ating neurology. MRI of intensive care patient: laceration fracture
cervical spine 6/7 with extended distance C6/7 with laceration of
interspinous ligament. Extensive epidural hematoma extending
from cervical vertebra 2 to thoracic vertebral body 4 - punctum
maximum cervical vertebra body 5/6-7/thoracic 1 to 11 mm hem
width with left leading myelon displacement and compression
without myelopathy signal forwarded to surgical intervention. Sa-
gittal T2 (STIR) (> Fig. 3). Axial T2 (STIR) at height C6/7 (> Fig. 3b).

» Abb.3 a, bweiblich, 78 Jahre, Z. n. Verkehrsunfall im auswartigem
CTwird V. a. instabile C6/7 Fraktur geduBert, zunehmende Neurolo-
gie. MRT von Intensiv: ZerreiRungsfraktur HWK 6/7 mit erweiterter
Distanz C6/7 mit ZerreiBung des interspindsen Ligaments. Ausge-
dehntes epidurales Himatom von HWK 2 bis BWK 4 reichend -
punctum maximum C5/6-C7/Th 1 bis 11 mm Saumbreite mit links-
fiihrender Myelonverlagerung und -kompression ohne Myelopathie-
signal weitergeleitet zur operativen Intervention. Sagittale T2 (STIR)
(» Abb. 3). Axiale T2 (STIR) in der Hohe HWK 6/7 (> Abb. 3b).

cerebral trauma, tumors, or intracranial hemorrhage [13] and thus
are considered the gold standard following neurosurgery.

When evaluating the risk of MRI scans in ICU patients, our
study showed one case of a potentially life-threatening complica-
tion: a tear in the frontal wall of the trachea following the replace-
ment of a tracheostomy tube with an MRI-compatible system.
Such pre-exam preparations are only required for MRI examina-
tions but not for CT scans, which stresses the importance of a
very strict indication for MRI scans in this group. Since the MRI en-
vironment can be potentially dangerous to patients and staff due
to the strong magpnetic field, specific guidance has been recom-
mended and published by the American College of Radiology
[18]. Beside patient-specific risks that need to be ruled out like
ferromagnetic objects in the orbita, spine, or brain, MRI staff
must carefully check patients as well as all inexperienced medical
staff for magnetic objects (e. g., ferromagnetic oxygen tanks or
regular lung ventilators that are not MRI-compliant) prior to
them entering MRI zones.

The long duration of MRI examinations presents a great chal-
lenge for both ICU patients and physicians, mainly regarding pa-
tient cooperation and breathing control, particularly in awake
and spontaneously breathing patients. Still, 98.0 % of all MRI ex-
aminations in our study were completed successfully. Kumarasa-
my et al. studied cardiothoracic MRI imaging in the ICU patient
cohort over a period of 10 years and showed an MRI completion
rate of 52.0% in cardiothoracic MRI imaging and 62.0 % in brain
MRI imaging [15]. However, cardiac MRI imaging is very challen-
ging and needs a high level of cooperation from the patient, and

» Fig.4 MRI scan of the brain performed in a 75-year-old male patient
from the neurosurgical ICU in suspected cerebral hypoxia following
prolonged cardiopulmonary resuscitation due to cardiac arrest. Diffu-
sion-weighted imaging (DWI) (Fig. 4) incl. the apparent diffusion
coefficient (ADC) map (Fig. 4) shows extensive cerebral hypoxic-is-
chemic injury of the cerebral cortex of both temporal lobes (hyperin-
tense cortex grey matter on DWI with corresponding hypointensity on
the ADC, not shown). The diagnosis of diffuse hypoxic-ischemic brain
injury was confirmed by electroencephalography (EEG).

» Abb.4 MRT-Aufnahme des Gehirns eines 75-jdhrigen mannlichen
Patienten aus der neurochirurgischen Intensivstation mit Verdacht
auf zerebrale Hypoxie nach ldnger andauernder kardiopulmonaler
Reanimation aufgrund eines Herzstillstands. Die diffusionsgewichtete
Bildgebung (DWI) (Abb. 4) zeigt eine ausgedehnte zerebrale hypo-
xisch-ischdmische Schadigung der GroRhirnrinde beider Schlafenlap-
pen (hyperintense graue Rindensubstanz im DWI mit entsprechender
Hypointensitdt im ADC, nicht dargestellt). Die Diagnose einer diffu-
sen hypoxisch-ischdamischen Hirnschddigung wurde durch eine Elek-
troenzephalographie (EEG) bestatigt.

the number of cardiac MRI examinations in our study was relative-
ly small (n=13; 3.4% of all MRI scans).

Almost 20 % of all MRI scans requested by the ICU departments
led to a change in diagnosis or therapy and can thus be consid-
ered highly important for further patient management. If only
the MRI examinations of the emergency diagnostic group are in-
cluded, the percentage increases to 30 % of the MRI scans result-
ing in a change of intensive care treatment. This fact stresses the
importance of MRI imaging in this ICU patient group.

The rate of change of therapy in the planned postoperative
MRI group is low (n=7, 4.2 %), which is strongly related to the
high number of postinterventional control MRI examinations in
this group without pathological findings (n =146, 85.9 %). How-
ever, these MRI examinations are considered state-of the art
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» Fig.5 a, b Patient with ventilation (ICU) (male, 41-yo) after a traf-
fic accident with suspicion of incomplete paraplegia; radiological
findings: craniocerebral trauma with condylar fracture (findings from
trauma CT); intracranial hemorrhage at the right cerebellum- new
finding in MRI spot-shaped flat signal elevation (6 mm) in the course
of the pons/crus cerebelli on the right matching contusion edema
(finding only visible on MRI). a Transverse T2-weighted MRI of the
head (signal hyperintensity in T2 sequence - findings marked with
arrow). b Identical patient with DWI (diffusion weighted imaging)
shows diffusion restriction matching the contusion oedema.

» Abb.5 a, b Patient mit Beatmung (ICU) (mannlich, 41 Jahre) nach
Verkehrsunfall mit V. a. inkompletten Querschnitt; Radiologischer
Befund: Schadel-Hirntrauma mit Kondylenfraktur (Befund aus dem
Trauma CT); intrakranielle Blutung am Kleinhirn rechts - neuer Be-
fund im MRT fleckférmige flaue Signalanhebung (6 mm) im Verlauf
der Pons/Crus cerebelli rechts passend zu Kontusions-Odem (Befund
nur in MRT sichtbar). a Transversale T2-gewichtete MRT des Kopfes
(Signalhyperintensitdt in T2-Sequenz - Befund mit Pfeil markiert).

b Identischer Patient mit DWI (Diffusion weighted imaging) zeigt
eine Diffussionsrestriktion passend zum dem Kontusionsddem.

post-surgery imaging to confirm complete removal of a tumor
and to obtain baseline studies for follow-up scans. Therefore,
there is no alternative. In our study cohort, these planned post-
operative MRI scans can be considered to be rather safe for pa-
tients. Moreover, most patients were experienced as a result of
having undergone preoperative MRI scans, thus resulting in less
anxiety. Additionally, they are in a more stable condition requiring
less monitoring, which may explain why all examinations could be
performed in this group.

Considering the high number of brain MRI examinations neces-
sary for ICU patients and the associated effort and expenditure for
the ICU team and hospital, the availability of mobile MRI scanners
for brain imaging could facilitate management of these patients
in the future. In a prospective single-center cohort study with
50 patients, a mobile open MRI scanner weighing less than
100 kg allowed diagnosis of brain diseases such as stroke or trau-
ma inside the ICU. 29 of 30 patients with coronavirus disease 2019
(COVID-19) were examined by means of this mobile MRI scanner,
thus avoiding in-house transport of highly infectious patients
while simultaneously enabling a high-end examination without
exposing patients and staff to radiation [19].

Interestingly, more than half of the patient cohort had under-
gone a CT scan prior to the MRI examination, which is likely be-
cause CT scans are more easily accessible, especially outside of
regular duty hours, quicker to use, and less cost-intensive. After
all, 23.9% of these patients still had a change in diagnosis or ther-
apy after an MRI examination, which underlines the importance of
MRI even after a previous CT examination.

Most of the ICU MRI scans leading to a change in diagnosis or
therapy were requested by either the surgical or the neurosurgical
ICU department. The high rate of patient management-altering
MRI scans being requested by the surgical ICU in our study cohort
is likely due to major trauma patients (except for predominant
major head traumas) being mainly treated in this ICU at our ter-
tiary care hospital. In addition, the likelihood of changing diagno-
sis or treatment following MRI scans of major trauma patients in
the acute setting is high. Moreover, the rate of altered patient
management following an MRI scan was especially high for exam-
inations of the brain, followed by MRI scans of the carotid arteries,
the cervical and lumbar spine, and the neck region. This is due in
part to these body regions being scanned most frequently in our
cohort. The high rate of altered patient management in patients
with brain MRI scans may also depend on the superiority of MRI
imaging in the context of neurological disorders and might help
ICU physicians in their considerations regarding ICU MRI scans of
these body regions and the associated risks. Performing an MRI on
ICU patients requires not only qualified personnel but also special
equipment [20]. Due to the high magnetic field of the MRI scan-
ner, suitable equipment must be used for monitoring and ventila-
tion, which is more expensive to purchase than conventional
equipment [21]. This equipment has a higher susceptibility to
interference during monitoring than stationary monitoring in the
ICU, which presents a special challenge for the ICU team. Not
every MRI institution has such equipment and can therefore care
for intensive care patients under MRI conditions. Patients must
not be too unstable for the MRI examination, which takes much
longer than CT scans. Otherwise patients could be put at risk out-
side the safety of the ICU.

One essential limitation of the present study is its retrospective
design. Minor incidents occurring during transport may not have
been sufficiently documented in the available anesthesia proto-
cols, so the reported incidence of adverse events during transport
may be too low. In addition, our single-center study took into
account a larger number of MRI scans that were scheduled, i.e.,
the examined patient group probably consisted of the more
stable ICU patients which poses a selection bias. It is also impor-
tant to mention that our hospital with a large number of ICU
beds uses a small, dedicated group of highly experienced inten-
sive care nursing specialists who accompany ICU patients along
with physicians during transport from every ICU, resulting in very
high-quality monitoring during transport and MRI examination.
This may have led to the low number of incidents and incomplete
MRI examinations in our study. Further prospective multicenter
studies should be conducted to confirm the importance of our
observations.

Conclusion

Overall, our study is the first that supports the importance of MRI
scanning in ICU patients, especially if emergency diagnostic MRl ima-
ging is required. In the hands of an experienced intensive care team
consisting of physicians and nurses accompanying the patients to
the MRI scanner and monitoring them during the examination, the
method is associated with a low risk of complications.
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CLINICAL RELEVANCE

= In a university hospital with dedicated highly trained ac-
companying ICU physicians and nurses, the rate of severe
adverse events during transport and MRI examination is
very low (1 in 385 cases).

= A change of diagnosis and therapy was achieved in nearly
20 % overall and up to 31.2 % in emergency diagnostic
(non-elective) MRI examinations.

= MRI scans performed after a CT scan may resultin a
change of diagnosis or therapy in 23.9 % of cases.

= Based on our data from a university hospital with experienced
ICU staff, MRI can have significant clinical value with a low
rate of severe adverse events.
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