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Abstract A permanently mounted angiography suite in an
operating room (OR) is considered to be a hybrid OR.
However, regular use for angiographic interventions is
restricted with this setup. We introduce an alternative use of
space for the efficient utilisation of an angiographic suite
outside the surgical unit. This concept includes three scenarios
that describe a modification of the catheter suite according to
the specific clinical demands by adapting the workflow.
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Introduction

Advancements in minimally invasive image-guided techni-
ques have underpinned the development of abnormalities
of the aorta formerly treated with open vessel surgery
that are now being treated with transfemoral endovas-
cular aneurysm repair (EVAR) applying stent grafts [1].
Both interventional radiologists and vascular surgeons
practice these endovascular implantation techniques [2—-5].
To accommodate these new endovascular techniques, a
merging of the OR and the angiographic suite is desirable.

The implementation of such a hybrid OR within the
surgical unit means that an angiography system is
permanently installed in the OR. Thus, open vascular
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surgeries can be assisted by an intra-procedural angio-
graphic examination, while a primarily endovascular
stent-graft therapy via the femoral arteries remains an
alternative option [6]. Hybrid ORs have been imple-
mented in various cardiovascular centres, in which
percutaneous and endovascular heart valve implantations,
combined interventions in coronary arteries and aortic
stent-graft implantations are performed by an interdisci-
plinary team of physicians as part of the clinical routine
[7-9]. A hybrid OR requires a suitable OR table for
primarily surgical purposes. Such an OR table is very
different from an angiographic table, which is constructed
to be transparent to x-rays. Compared with a standard OR
table, the angiography table has very few positioning
options. However, the angiography table can be moved
along its vertical axis to enable the imaging of multiple
regions of the body during one examination without
repositioning the patient. Such lengthwise mobility is
limited in regular OR tables. For operations such as the
cardiovascular interventions mentioned above, the longi-
tudinal mobility of the table is not a compulsory
requirement [10]. The patient is moved from the transport
gurney and repositioned on the OR table outside the
hybrid OR. The angiography table on the other hand is
permanently fixed. Hence, the patient has to be reposi-
tioned in the angiography suite. Thus, the decision to
install an OR table for a hybrid OR is easy to make if
the OR is going to be used primarily for surgical
purposes. With this hybrid design, however, a primarily
interventional radiological use of the hybrid OR within
the surgical unit is limited. The hybrid OR should be
reserved for joint surgical-interventional procedures. In
dedicated cardio-surgical centres the installation of a
hybrid OR with an OR table is very useful if a full
utilisation of the hybrid OR is guaranteed. An ideal
direct connection of the heart catheter laboratory or the
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Fig. 1 In scenario 1, both
stations are operated
independently of each other.
The connecting door remains
closed. The left angiography
station is equipped with a
mobile C-arm. This is where
venous interventions
(implantation of port systems
and tunnelled haemodialysis
catheters) are performed.

The second angiography station
is equipped with a bipolar
angiography system
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interventional radiological suite and the surgical wing is
structurally impossible in most hospitals.

Concept

During the renovations of our angiographic-interventional
suite, an alternative to the hybrid OR concept was
implemented. Our institution cannot provide the case
numbers required to justify an installation of an angiography
system within the OR tract. However, we have noticed a
steady increase in endovascular procedures, such as the
interventional implantation of large lumen vessel prostheses,
which should be implanted in an OR environment. With
this concept, the additional option of utilisation for
neurological interventions with a biplane angiography
system and the further possibility of 3D rotation
angiography is taken into account. The angiography
system can be operated in a biplane mode during joint

Fig. 2 Scenario 2 describes a
single room approach. The left
intervention suite is used for
preparations. The mobile C-arm
and the angiography table are
moved aside. The workflow is
optimised by opening the .
connecting door between the
two suites. Direct interaction
between the patients is
precluded. While one patient is
followed up, a second patient
can be examined in the main

. . Room 1
angiography suite
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surgical-angiographic procedures, which are performed
under full anaesthesia. An optional ultrasound device is also
connected to the angiography system’s monitors. On the other
hand, we are seeing a marked increase in venous interventions
(i.e., port implantations and tunnelled haemodialysis cathe-
ters) in interventional radiology. The requirements for venous
interventions are typically the option of fluoroscopic imaging
control of the catheter position. A modern DSA angiography
system is not required.

To meet all of these demands, a two-room concept with
an additional connecting door between the two rooms was
chosen. The utilisation of the two rooms can be described
in three scenarios: in scenario 1 both rooms are operated
simultaneously (Fig. 1). The first room contains a mobile
C-arm for fluoroscopic imaging. Smaller venous interven-
tions are performed here. The second room is equipped
with a regular DSA angiographic system, which uses the
biplane angiography unit. Both work stations are operated
independently from one another.
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Fig. 3 Scenario 3 shows the
hybrid use of both angiography
suites. The left intervention
suite is turned into a combined
patient and staff hatchway.
Direct access to the angiography
suite is barred l

In scenario 2, the first angiography room is used for
preparation and post-interventional patient care, such as manual
compression of the puncture site, while the operating angiog-
raphy room is prepared for the next patient. A connecting door
between the two rooms provides an effective workflow in this
one-room-utilisation concept (Fig. 2). While the first patient is
taken care of post-intervention, the next patient is already
being transferred into the angiography room.

The utilisation of the angiography suite as an angiographic
OR is described in scenario 3 (Fig. 3). Direct access via the
doors from the hallway and the console is barred during the
use of the OR. The first room is used as a combined
hatchway and OR preparation room in this scenario. Access
to the angiography room is now only possible through the
connecting door between the two rooms. The connecting
door is a sliding OR door and can be operated automatically.
The preparation room and the main angiography room are
equipped with identical wall connections for medical gasses
and patient monitoring.

The angiography suite was installed in close cooperation
with our hospitals’ hygienists to ensure that all require-
ments for the prevention of infections were complied with
at organisational, functional-structural and technical levels.
The national guidelines and recommendations on hygiene
are compulsory and have to be implemented according to
the local environment in detailed plans and instructions
(standard operation procedures) in cooperation with the
hospital’s hygienists [11]. The OR should be a closed
room with as few access points as possible. The OR
should further have a personal hatchway that is detached
from the rest of the hospital (Cat. IB) and should at least
have a section for patient preparation (Cat. III) [11]. Both
requirements are met in the concept we have introduced
through a combined staff and patient hatchway.

This utilisation concept is designed primarily for
interventional endovascular or percutaneous procedures.
The abdominal cavity is only opened in case of an
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emergency. The room ventilation system was implemented
without a laminar airflow (LAF) system. The angiography
system interferes with the LAF to the point that a low
turbulence suppression flux cannot be achieved. The same
is true when additional devices, such as a C-arm, are
brought into a regular OR. An LAF ventilation system is
only required for aseptic procedures with a particularly high
risk of infection [12—16]. Such high-risk procedures are not
planned in our utilisation concept. If a serious adverse event
occurs in the angiosuite (e.g., conversion to an open AAA
repair), the open operation is done directly on the
angiography table in the angiosuite. It should be noted at
this point that from a hygiene point of view LAF cannot be
warranted in any room concept if an x-ray device is used.
In December 2009, the German Commission for the
Prevention of Infection and Hospital Hygiene downgraded
LAF ventilation systems to the category of “unresolved
questions". Thus, it is likely that in the future even
procedures with an increased risk of infection (e.g.
implantation of hip prostheses) will not require LAF.

Conclusion

With this angiographic-interventional suite design, a
flexible demand-orientated adaptation of the utilisation
concept to every need of modern intervention radiology is
possible. The increasing challenges of interdisciplinary
cooperation—especially with vascular surgery—are met
with this concept. Endovascular interventions with a
primary focus on aortic stent grafts are performed in
a technically and therapeutically ideal environment. The
professional cooperation between vascular surgery and
interventional radiology in the angiographic OR intensifies
and improves the relationship between the two specialties,
turning the theoretical approach of an interdisciplinary
centre for vascular interventions into a vital organism.
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