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Abstract Performing an interventional procedure impo-

ses a commitment on interventional radiologists to conduct

the initial patient assessment, determine the best course of

therapy, and provide long-term care after the procedure is

completed. After patient referral, contact with the referring

physician and multidisciplinary team approach is vital. In

addition, clinical history, physical examination, as well as

full understanding of the pre-procedural laboratory results

and imaging findings can guide the interventional radiol-

ogist to implement the most appropriate management plan,

avoid unnecessary procedures, and prevent complications

to achieve a successful outcome. We provide a compre-

hensive, methodical review of pre-procedural care and

management in patients undergoing vascular and inter-

ventional radiology procedures.

Abbreviations

aPTT Activated partial thromboplastin time

CIN Contrast-induced nephropathy

CIRSE Cardiovascular and Interventional Radiology

Society of Europe

FFP Fresh frozen plasma

GFR Glomerular filtration rate

ICM Iodinated contrast medium

PT Prothrombin time

INR International normalized ratio

SIR Society of Interventional Radiology

VIR Vascular and interventional radiology

Introduction

Since 1967, when Dr. Alexander Margulis proposed a new

subspecialty within the family of imaging [1], interven-

tional radiology has been transformed into a fully fledged

clinical specialty. Successful interventional radiologists in

this new era must have strong clinical skills and be familiar

with relevant diseases, procedure techniques, and possible

complications. Adverse events that occur during vascular

and interventional radiology (VIR) procedures are fre-

quently related to poor pre-procedural planning and inef-

fective communication between healthcare team members

and operator or patient and operator.

Interventional care is a longitudinal continuum, begin-

ning with an initial consultation (Fig. 1). Advance plan-

ning, which starts at that point, is the key for success and

provides the cornerstone for a safe procedure and subse-

quently the desirable outcome. Key questions address the

preparedness of the interventional team in general and the

operator specifically to perform a procedure (Fig. 2).

The aim of this review, in conjunction with its second

part, is to provide a comprehensive systematic approach to

the essential steps in pre-procedural care, emphasize the

importance of advance planning in achieving good out-

come, review key history and physical examination find-

ings, and discuss the essential laboratory tests required in
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the pre-procedural period. We also stress the importance of

reviewing previous imaging studies and clinical data in

planning the procedure, suggesting an alternative approach

and avoiding potential complications. We provide a step-

wise approach for patient preparation before VIR proce-

dures based on the latest guidelines in the literature. Details

may vary among institutions, but the principles are

universal. It is the practice in many institutions that a pre-

procedural form is filled out.

Patient Referral and Contact

Patient Referral

Decision making after patient referral is largely related to

effective communication between the interventional radi-

ologist and the referring physician for straightforward

cases, whereas multidisciplinary team approach is essential

when discussing complex procedures, and can significantly

affect the quality of care delivered to patients. This ensures

that the appropriate procedure is performed, the potential

risks and benefits for the individual patient are discussed,

and the likely outcome is understood. A multidisciplinary

team discussion is a basic tool for consensus building on

the primary therapy and to have an alternative plan of

management, should any failure or complication occur

during the course of therapy. The operator must review the

appropriate indications for the proposed intervention based

on the criteria established in the medical literature or

guidelines published by bodies such as the Society of

Interventional Radiology (SIR) [2–4] and the Cardiovas-

cular and Interventional Radiology Society of Europe

(CIRSE). Risk factors that may require a delay or modifi-

cation of the proposed procedure or adaptation of an

Fig. 1 Comprehensive and

systematic approach to the

essential steps in pre-procedural

care

Fig. 2 Key questions in advance planning

326 B. Taslakian et al.: Patient Evaluation and Preparation in Vascular and Interventional…

123



alternative therapeutic approach should also be taken into

consideration.

Patient Contact

Reviewing the medical history and all pertinent diagnostic

tests and imaging studies before seeing the patient ensures

that the appropriate procedure is selected and is indicated

(Table 1). Reviewing previous imaging studies leads to

avoidance of complications and decreased procedure time

and consequently the radiation exposure. It helps in plan-

ning complex procedures in advance (Fig. 3), selecting the

appropriate interventional device (Fig. 4), suggesting an

alternative approach (Figs. 5, 6), choosing a safer alterna-

tive treatment (Fig. 7), and adjusting for specific predis-

posing factors (Fig. 8). The initial consultation between the

patient and interventional radiologist establishes rapport,

allows review of the history firsthand, and provides an

opportunity to explain the procedure in detail and thus

reduce anxiety. Patient contact should ideally occur at a

time and place remote from the procedure, to help the

patient or decision-maker to be more relaxed and attentive.

Inpatients are assessed during a bedside visit the day before

the procedure and outpatients are preferably evaluated in a

dedicated interventional clinic, with special measures in

pediatric patients [3, 4]. Need for anesthetic support/re-

quirement may also be addressed at this point.

The pre-procedural clinical evaluation includes obtain-

ing the history of current problem and pertinent medi-

cal/surgical history, review of organ systems and current

medications, as well as any history of adverse reactions

specifically to anesthetics and contrast material. Directed

physical examination is essential with special considera-

tions in vascular procedures for which the interventional

radiologist should evaluate and document the proposed

puncture site, all extremity pulses, and the condition of

extremities. In patients with local infection, preexisting

pseudoaneurysm, hematoma, inguinal hernias, fresh inci-

sions, and recent injuries to the site of puncture, an

alternative access site should be selected [5, 6]. Special

attention is required to the risk factors of contrast-induced

nephropathy (CIN) and contrast allergy [7, 8].

The informed consent should be obtained by a qualified

doctor, usually the operator, who fully understands the

procedure, its risks and benefits, as well as the alternatives

and is able to explain the proposed intervention to the

patient, the legal representative or to the parent of a minor

[9, 10]. The physician should provide relevant and suffi-

cient information regarding the procedure and the expected

immediate and long-term outcomes, basic explanation of

the medical condition and its prognosis, and a balanced

explanation of the treatment and management options

along with the risks and benefits of the procedure and its

alternatives [9]. Risks of not performing the procedure

should be discussed with the consenter [9]. It is also rec-

ommended to discuss the risks of radiation exposure for

procedures that require ionizing radiation for guidance

[11]. The consenting individual should have full access to

all relevant information in a sensitive way to their language

and comprehension. If the patient is not fluent in the native

language of the health care team, assistance from a certified

medical interpreter is required. When an over-the-phone

consent is required from a family member or the patient’s

legal representative, a witness must document the conver-

sation [10]. Many consent forms have a section to allow

reaffirmation of consent and review the patient’s decision

close to the time of treatment. This might be necessary

when significant time elapses since consent was obtained;

when a different health care member obtains consent in an

outpatient clinic or on the floor; or when changes to the

treatment plan are made after the initial consent is

obtained.

Laboratory Testing and Correction

Laboratory testing is of paramount importance when

preparing patients for VIR procedures. It minimizes pro-

cedural risk and reduces complications by detecting, and

Table 1 Essential Steps in the

Pre-procedural Clinical

Evaluation

General procedures Additional steps for vascular procedures

History of current problem Evaluate the proposed puncture site

Pertinent medical history Evaluate and document extremity pulses

Pertinent surgical history Evaluate risk of contrast-induced nephropathy

Review of organ systems History of allergy to contrast material

Review of current medications

Review of previous laboratory results

Review of previous imaging studies

History of allergy

Directed physical examination

Order directed laboratory tests
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when necessary correcting, relevant abnormalities. Based

on the pre-procedural laboratory results, altering the pro-

cedure technique, canceling the procedure, and choosing a

safer treatment option decrease the rate of complications.

In addition, testing provides a baseline to direct and follow

response to treatment in specific cases, such as urinalysis,

urine culture, and sensitivity before nephrostomy, white

blood cell count before abscess drainage, and liver function

tests before biliary drainage. Pre-procedural laboratory

testing may be routinely performed on all patients or

selective testing directed to detect suspected abnormalities

[12]. Routine pre-procedural screening has proved to be of

little value [13, 14], and is generally unnecessary in an

otherwise healthy young patients. On the other hand,

selective testing is warranted and directed to detect specific

abnormalities based on the proposed procedure, patient

age, and risk factors. The acceptable threshold of labora-

tory tests that warrants correction or cancelation of the

procedure varies among hospitals and clinical situations

and therefore cannot be generalized. However, specific

Fig. 3 20 year-old male patient presented with penetrating stab

wound injury to the anatomic Zone III of the right neck, with a 12 cm

serrated knife blade retained in the skull. a Axial contrast-enhanced

CT image showing the blade apparently traversing the right internal

jugular vein (arrow), and retained in a very close proximity to the

right internal carotid artery (open arrow) with no significant

surrounding hematoma. Removal of the blade under fluoroscopy

guidance and angiographic control was planned. Carotid and vertebral

angiography and internal jugular venography was performed to rule

out active extravasation or arterial dissection. Balloon catheters were

introduced in the right internal carotid artery to occlude the artery

should any bleeding occur while retrieving the blade. b The

contralateral left internal jugular vein was catheterized (arrows) to

reach the right internal jugular vein above the site of injury for

balloon occlusion. The ipsilateral internal jugular vein was also

catheterized (open arrows), passing the catheter over a hydrophilic

wire across the site of injury for possible stenting in case any bleeding

occurs. c Lateral spot image of the head after catheterizing the

internal jugular veins, showing the blade adjacent to the major

vascular structures and the catheters in the internal jugular veins. d
Internal jugular venography after removal of the blade, showing a

filling defect at the site of the injury (double arrow) probably due to

intramural hematoma with no evidence of contrast extravasation. No

arterial injuries were detected and the patient was discharged from the

hospital after few days of uneventful hospitalization on antibiotics
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criteria have been established in the medical literature or

endorsed by the specialty societies and can be used when

setting hospital or departmental policies. These are dis-

cussed below.

Coagulation Parameters Simplified

Detection and control of bleeding during or after percuta-

neous procedures is more challenging compared to open

surgical cases during which any bleeding complications are

typically directly visualized and immediately controlled by

the surgeon. Pre-procedural assessment and correction of

coagulation parameters vary according to the institutional

policies, personal preferences of interventionalists, and the

type of the procedure in conjunction with a comprehensive

assessment of different patient’s comorbidities. Routine

Fig. 4 A 45-year-old male presented with traumatic liver injury

referred for embolization of the hepatic artery. Review of enhanced

CT scan showed severely narrowed celiac trunk (arrow) due to

arcuate ligament syndrome at the level of T12. Selecting the optimal

catheter type before starting the procedure and catheterizing the celiac

trunk at the correct location (T12) saves time and reduces radiation

dose to the patient and operators

Fig. 5 A 70-year-old male patient presented with acute gastroin-

testinal bleeding, referred for angiography and embolization of the

bleeder. Review of the previous CT showed a right femoral artery

graft (arrow). A left femoral artery access was selected

Fig. 6 A 30-year-old male patient, known to have testicular cancer

with lung and liver metastases, was referred for subcutaneous port

insertion. Review of previous CT images showed a thrombosed right

jugular vein (double arrow) and right subclavian vein, with a patent

superior vena cava. The patent left internal jugular vein (arrow) was

selected in advance for port insertion, decreasing the likelihood of

procedure failure and reducing potential radiation exposure

Fig. 7 A 75-year-old male with history of stroke referred for

percutaneous gastrostomy tube placement. Review of the previous

CT images showed interposition of the transverse colon (arrows)

between the stomach and anterior abdominal wall precluding safe

percutaneous gastrostomy insertion. The patient was referred for

surgical gastrostomy
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testing is the practice in many institutions, with many

differences regarding the pre-procedural testing of the

coagulation parameters and the threshold set for correcting

abnormal values. In fact, there are equivocal data regarding

the accepted values of coagulation tests in predicting the

likelihood of bleeding from invasive procedures [15, 16].

The use of coagulation tests should be dictated by the

indication for the procedure, location and type of target

lesion or organ, the size of interventional devices used, and

findings from the patient history and physical examination

that are suggestive of an increased risk of uncontrollable

bleeding. Thus, pre-procedural assessment of the coagula-

tion status is vital whenever the patient has known or

suspected risk factors for bleeding (e.g., liver disease, renal

failure, thrombocytopenia, disseminated intravascular

coagulation, etc.), when the procedure involves traversing,

or a possibility of inadvertent entry, into a vascular struc-

ture with significantly sized interventional devices, or when

the resulting bleeding is only detectable after significant

blood loss has occurred and when the bleeding is difficult

to control [17, 18]. In the absence of strong evidence

regarding pre-procedural management of coagulation

parameters in patients undergoing VIR procedures, a panel

of experts in the field of VIR published a set of consensus

guidelines as a reference for interventionalists [17, 18].

VIR procedures were classified into three different cate-

gories (Fig. 9): procedures with low bleeding risk, proce-

dures with moderate bleeding risk, and procedures with

significant bleeding risk [17, 18]. This classification is

based on the organ system, the access site, and size of

interventional devices used for the specific procedure. The

high-risk group also included procedures that can result in

hemorrhage in a ‘‘hidden’’ location that allows no or poor

prompt control of the bleeding when it occurs [17]. How-

ever, a question that might occur is: what if stopping the

antithrombotic agent or correcting a value would put the

patient at an increased risk for a cardiovascular or throm-

boembolic event. This situation is not infrequently

encountered when a patient with recent coronary or cere-

brovascular stenting on anticoagulation or antiplatelet

therapy needs a percutaneous intervention. The answer is

very simple if we apply the basic concept in medicine: ‘‘do

no harm’’ and always weigh risks versus benefits in any

medical decision. Therefore, the operator can, with

appropriate consultations, apply exceptions in cases when

emergency interventional procedure is indicated or anti-

coagulation cannot be safely withheld [18].

A prolonged prothrombin time (PT) and elevated

international normalized ratio (INR) are seen in patients

with a variety of medical conditions as well as patients on

anticoagulation therapy. It is recommended to correct INR

values based on the procedure’s bleeding risk category,

with INR of two or higher and INR of 1.5 or higher set as a

threshold for correction in low-risk and moderate-to-high-

risk procedures, respectively (Table 2) [17, 18]. With-

holding warfarin with or without the administration of

vitamin K and fresh frozen plasma (FFP) is used to correct

abnormal INR values, which will be discussed later in

details.

A prolonged activated partial thromboplastin time

(aPTT) of different causes can be corrected by withholding

the unfractionated heparin before the procedure, and/or

transfusing FFP in urgent cases. Threshold value of

B1.5 9 control for moderate and high-risk procedures is

set by the SIR expert panel (Table 2) [17, 18].

The platelet count, measured as a standard part of the

complete blood count, reflects the number of circulating

platelets, not the platelet function. A normal adult platelet

count is approximately 150,000–450,000 platelets per

microliter of blood and is affected by many conditions.

Platelet count is corrected when B50,000/mm3 by trans-

fusion of platelet concentrates (10 units to increase count

by 50,000–100,000/mm3) (Table 2) [17, 18].

Bleeding time, which assesses platelet function in

patients with suspected qualitative platelet dysfunction, is

neither a specific nor a sensitive indicator of bleeding risk

in patients undergoing invasive procedures [19]. Subse-

quently, pre-procedural assessment of bleeding time has

devalued because of discordant data on its practical

importance. There are no current indications to measure

bleeding time before image-guided procedures [17].

Fig. 8 A 69-year-old male, known to have liver cirrhosis, referred for

targeted biopsy of a hepatic lesion (arrow). Review of recent CT

images showed moderate amount of ascites. Persistent ascites was

confirmed by ultrasound and the patient was scheduled for percuta-

neous ascites drainage prior to the biopsy to decrease the risk of

uncontrolled bleeding
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Renal Function

Pre-procedural assessment of renal function may be used to

estimate the risk of CIN prior to procedures requiring

intravascular iodinated contrast medium (ICM) adminis-

tration. Renal function can be assessed by measuring serum

creatinine concentration, which is the most widely used

measure of renal function, and calculating the estimated

glomerular filtration rate (GFR) [20]. Serum creatinine

measurement has limitations as an accurate measure of

renal function and is considerably affected by different

factors other than GFR, such as the patient’s gender,

muscle mass, nutritional status, and age [20]. It is clear that

alterations in serum creatinine may lag several days behind

actual changes in GFR [21]. Alternatively, GFR can be

estimated using different formulae based on age, gender,

body weight, and serum creatinine [20, 22, 23]. Different

studies indicate that CIN incidence after intra-arterial

injection of ICM is more common when compared to the

intravenous [24–26], particularly when the arterial injec-

tion is suprarenal [27]. However, this increased risk of CIN

might be partially related to microshowers of cholesterol

emboli as the catheter passes through the aorta rather than

pure contrast-induced renal toxicity [24, 28]. In addition,

CIN is not common in patients with normal preexisting

renal function and it rarely occurs in children; rather, it

occurs more frequently in patients with renal impairment

and is possibly exacerbated when the impairment is due to

diabetic nephropathy [29, 30]. Therefore, baseline serum

creatinine level measurement is warranted before the

injection of ICM in all patients considered at risk for

contrast nephrotoxicity including age[60, history of renal

disease (e.g., patient on dialysis, kidney transplant, single

kidney, renal malignancy, proteinuria, and kidney surgery),

history of hypertension requiring medical treatment, his-

tory of diabetes mellitus, and in any patient treated with

metformin-containing medications [8, 31]. Although there

is no consensus over the acceptable interval between the

baseline serum creatinine measurement and ICM admin-

istration, 30-day interval seems to be adequate [8]. How-

ever, in patients with a new or increased risk for renal

dysfunction, it is essential to shorten this interval [8]. In

practice, urgent or emergent procedures may be undertaken

irrespective of the levels obtained, and therefore, we stress

Fig. 9 Procedural bleeding risk stratification of different interventional procedures as per SIR consensus guidelines for peri-procedural

management of coagulation status and hemostasis risk [18]

Table 2 Peri-procedural coagulation parameter management based on the procedural risk for bleeding [18]

Low risk for bleeding Moderate risk for bleeding High risk for bleeding

INR Recommended correct value to B2.0 Recommended correct value to B1.5 Recommended correct value to B1.5

aPTT Recommended no consensus on

threshold

Recommended correct value to

B1.5 9 controla
Recommended correct value to

B1.5 9 control

Platelet

count

Recommended transfuse if B50,000/

lL
Recommended transfuse if B50,000/lL Recommended transfuse if B 50,000/lL

a 73 % consensus on threshold, whereas all other values reached 80 % consensus

INR international normalized ratio, aPTT activated partial thromboplastin time
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on the fact that, prior to ICM administration, it is essential

to conduct adequate individualized risk-benefit assessment

and communicate effectively with the treating physician.

Conclusion

Every successful invasive procedure begins with a metic-

ulous patient evaluation, determination of the appropri-

ateness of the procedure, and formulation of a procedural

plan. Interventional radiologists performing the procedure

should assume primary responsibility for management of

the disease. Careful assessment and review of medical

history, previous imaging studies, and laboratory tests are

essential in the planning the procedure and avoiding

complications to ensure good outcome.
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