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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. Patient care before

and after an interventional procedure, identification, and

management of early and delayed complications of various

procedures are equal in importance to the procedure itself.

In this second part, we complete the comprehensive,

methodical review of pre-procedural care and patient

preparation before vascular and interventional radiology

procedures.
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Abbreviation

ACCP American College of Chest Physicians

ACR American College of Radiology

aPTT Activated partial thromboplastin time

ASA American Society of Anesthesiologists

CIN Contrast-induced nephropathy

FFP Fresh frozen plasma

GFR Glomerular filtration rate

ICM Iodinated contrast medium

IV Intravenous

LMWH Low molecular weight heparin

NAS/NRC National Academy of Sciences/National

Research Council

NSAID Non-steroidal anti-inflammatory drugs

INR International normalized ratio

SC Subcutaneous

SIR Society of Interventional Radiology

UH Unfractionated heparin

VIR Vascular and interventional radiology

Introduction

The aim of this review in its second part is to provide a

stepwise approach for patient preparation before VIR pro-

cedures based on the latest guidelines in the literature. Details

vary among institutions, but the principles are universal.

Patient Preparation

Prevention of complications starts with a thorough pre-

procedural patient assessment and careful preparation.

Diet and Hydration

Fasting status is an important major predictor of aspiration.

For this reason, when preparing a patient for a VIR proce-

dure in which sedation/analgesia is planned, a careful

assessment of the gastrointestinal status is essential. This is

particularly important as complex interventional procedures

requiring the administration of sedation and analgesia are
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now frequently performed in the interventional suite and

managing patient discomfort has become an integral aspect

of interventional procedures. Gastrointestinal and oral

intake or gastrostomy feeding restrictions must comply with

local fasting guidelines which vary among institutions.

Gastrointestinal status report should include a history of

conditions in which delayed gastric emptying or gastric

reflux occurs, such as pregnancy, diabetic gastroparesis,

gastroesophageal reflux disease, hiatal hernia, gastric sur-

gery, peritonitis, and trauma. The presence and severity of

related symptoms have practical implications. A history of

nausea and vomiting may imply abnormal gastric motility.

The American Society of Anesthesiologists (ASA) guide-

lines for minimum fasting periods prior to sedation/anal-

gesia apply to ‘‘healthy patients’’ who are undergoing

elective procedures [1]. The ASA guidelines recommend a

minimum fasting period of at least 2 h for clear liquid,

defined as liquid which one can see through it (e.g., water,

fruit juices without pulp, carbonated beverages, clear tea,

and black coffee) [1]. A light meal which consists of dry

toast and a clear liquid should be withheld for at least 6 h

[1]. For meals beyond those considered light, such as fatty

foods and meat that may delay gastric emptying, a pro-

longed fasting period of at least 8 h is recommended and

both the amount and type of food ingested must be con-

sidered [1]. In urgent and emergent cases, or when condi-

tions in which delayed gastric emptying occurs, the

potential risk for aspiration must be taken into consideration

to determine the target level of sedation, the need to delay

the procedure if possible, or to protect airway by intubation

[2]. In these cases, metoclopramide 10 mg intravenous (IV)

and an H2 blocker (e.g., 10 mg famotidine IV) may also be

administered to stimulate gastric emptying and reduce the

likelihood of aspiration [3].

Adequate pre-procedural hydration is vital for patients

who will receive significant volumes of intravascular iod-

inated contrast medium (ICM) to decrease the risk of

contrast-induced nephropathy (CIN) [4]. For inpatients,

overnight IV hydration using isotonic fluid (Lactated

Ringer’s or 0.9 % normal saline) [4] should be considered

when feasible. There is no consensus on the ideal infusion

rate and volume [5], but infusion of 0.9 % saline at

100 mL/hr, beginning 6–12 h before intravascular ICM

administration is probably adequate [4]. Pediatric infusion

rates vary based on patient weight. Outpatients are

encouraged to drink plenty of clear fluids until 2 h before

their scheduled procedure to maintain good hydration, but

with less demonstrated effectiveness when compared to IV

hydration. In patients with cardiac or renal disease, IV

hydration should be ordered in consultation with the

referring physician, to avoid the risk and complications of

fluid overload.

Adjusting Regular Medications

A medication history, including supplements and prior

allergies to medications and sedatives, should be meticu-

lously obtained. Certain sedatives, such as meperidine

(Demerol�) can interact with many prescription and over-

the-counter medications resulting in life-threatening adverse

drug reactions [3], highlighting the importance of careful

review of medication history in the pre-procedural period.

Regular medications such as cardiovascular and respiratory

drugs should be continued with sips of water even when pre-

procedural fasting is required. Insulin-dependent diabetic

patients are instructed to continue their usual insulin doses

for early morning procedures and reduce their morning dose

by one-half for midday cases to avoid hypoglycemia. Non-

insulin-dependent diabetics may be instructed to withhold

oral anti-hyperglycemic medications until after the proce-

dure, with special instructions for patients on metformin-

containing medications [6]. Metformin, which has a urinary

elimination, can rarely lead to the development of met-

formin-associated lactic acidosis in patients with underlying

conditions of delayed renal excretion, decreased metabolism

of lactic acid, or increased anaerobic metabolism [4]. Blood

sugar levels should be routinely monitored in all patients

with diabetes in the peri-procedural period.

Metformin-associated lactic acidosis is a life-threatening

condition with a very high mortality rate [4]. For this

reason, although ICM is not an independent risk factor for

patients taking metformin, intravascular administration of

ICM to a patient taking metformin-containing medications

is of a potential clinical concern, specifically in patients

with comorbidities for lactic acidosis [4, 6]. To assess the

risk of lactic acidosis in patients taking metformin, it is

essential to stratify the risk of CIN, particularly in the

presence of conditions that reduce lactate metabolism (e.g.,

liver dysfunction or alcohol abuse) or increase lactate

production by increasing anaerobic metabolism (e.g., car-

diac failure, cardiac or peripheral muscle ischemia, or

severe infection) [4]. The American College of Radiology

(ACR) recommends classifying patients on metformin,

who will be exposed to ICM, into three categories to

simplify the pre-procedural management (Fig. 1) [4]. The

interventionalist may elect to withhold metformin for 48 h

before elective procedures and in these cases diabetic

control can be obtained using alternative therapy such as

insulin injections in the peri-procedural period [7].

Management of Antithrombotic Agents

Current and emerging antiplatelet and anticoagulant agents

are rapidly evolving. Development of novel agents con-

tinues to transform the landscape of antithrombotic
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therapy. Oral anticoagulation has advanced with the use of

direct thrombin and factor Xa inhibitors that do not require

therapeutic monitoring. Management of patients who are

receiving antithrombotic drugs during the pre-procedural

period requires an understanding of the underlying

pathology, indications of administration, pharmacokinetics,

and drug interactions. Furthermore, the risks and benefits of

discontinuing or continuing these drugs should be assessed,

according to the procedure urgency and patient’s risk of

developing peri-procedural thrombotic or bleeding com-

plications [8, 9].

A set of consensus guidelines were provided by a panel

of experts in VIR to guide practitioners when managing

antithrombotic agents in the pre-procedural period

(Table 1) [8, 10].

Warfarin (Coumadin�), a vitamin K antagonist, reduces

the hepatic production of vitamin K-dependent extrinsic

pathway clotting factors (II, VII, IX, X), as well as protein

C and S [11]. Different factors, including genetics, patient

comorbidities, concomitant medication use, as well as diet

and nutritional supplements may significantly alter the

effect of warfarin leading to over- or under-coagulation [8,

11]. Its clinical effect is monitored by the international

normalized ratio (INR), which mainly reflects the reduction

of factor VII, which has the shortest half-life of approxi-

mately 6 h [11]. Therapeutic INR values may vary by

indication for anticoagulation, ranging from 2.2 to 2.8 in

most cases. When vitamin K antagonist interruption is

required in a stable patient, withholding warfarin with or

without the oral administration of vitamin K might be

sufficient whenever the procedure is elective [8, 12].

Withholding warfarin for 3–5 days before the procedure is

recommended based on the bleeding risk of each specific

procedure (Table 1) [8, 10]. The American College of

Chest Physicians (ACCP) guidelines recommend that

patients at high risk of a thromboembolic event who have a

mechanical heart valve, atrial fibrillation, or venous

thromboembolic disease have bridging anticoagulation

with IV unfractionated heparin (UH) or subcutaneous (SC)

low molecular weight heparin (LMWH) [13]. Subse-

quently, the therapeutic doses of IV UH and SC LMWH

can be stopped 2–4 h or 12–24 h before the procedure,

respectively, as per Society of Interventional Radiology

(SIR) guidelines [8, 10]. On the other hand, patients at low

risk, no bridging therapy with heparin is required after

withholding warfarin [13]. Vitamin K therapy is a safe and

effective method for reversing warfarin-induced anticoag-

ulation. It can be used in conjunction with vitamin K

antagonist interruption and administration of blood prod-

ucts, depending on the INR levels and urgency of the

procedure. Measuring the INR on the day before the pro-

cedure identifies patients with a residual anticoagulant

effect in whom vitamin K can be given with the aim of

normalizing their INR, avoiding the necessity to transfuse

fresh frozen plasma (FFP) on the day of the procedure or

deferring the procedure. However, it must also be borne in

mind that inappropriate use of vitamin K therapy, partic-

ularly in excessive doses, may be more hazardous than the

hemorrhagic complications related to a prolonged pro-

thrombin time. The oral route is preferred whenever there

is no need for rapid reversal of the warfarin effect, due to

the risk of anaphylaxis associated with IV injection [11,

12]. When warfarin interruption alone does not normalize

INR, the oral administration of 1.0–2.5 mg of vitamin K is

effective in normalizing the INR with no subsequent

resistance to warfarin re-anticoagulation after the proce-

dure [13, 14]. Higher doses of vitamin K (5–10 mg) [8]

might be, however, required in cases of over-anticoagula-

tion (INR[ 4). In urgent cases on the other hand, FFP

transfusion (2–4 units or 15–30 mL/kg) [8] with possible

concomitant use of vitamin K infusion (5–10 mg slow IV

infusion) in the absence of liver disease is required for

rapid correction [8].

Unfractionated heparin, usually administered by con-

tinuous IV infusion, potentiates the action of antithrombin

III. It has a half-life ranging from 23 min to 2.48 h [15],

and its clinical effect is monitored by measuring activated

partial thromboplastin time (aPTT). It is recommended to

withhold IV UH for 2–4 h before performing high-risk

procedures with no consensus about management of pro-

cedures with low-to-moderate risk for bleeding (Table 1)

[8, 10]. In emergency cases, rapid reversal of heparin can

be achieved using protamine, which has a rapid onset of

action within 10 min after administration [8]. To reverse

Fig. 1 Pre-procedural

assessment in non-insulin-

dependent diabetics taking

metformin-containing oral

hypoglycemic medications [23]
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heparin effect, a 1 mg protamine/100 unit heparin ratio can

be administered with slow IV push or infusion over

5–10 min [8].

Subcutaneous low molecular weight heparin provides

anticoagulation by inhibiting factor Xa. It has a short half-

life of 2–4 h, and is poorly reversible with protamine and

its clinical action cannot be monitored by measuring aPTT

or INR [16]. There is consensus to withhold one thera-

peutic dose of LMWH or for a period of 12 h before per-

forming VIR procedures with a low-to-moderate-bleeding

risk, while high-bleeding risk procedures require with-

holding two therapeutic doses of LMWH or for a period of

24 h before the procedure (Table 1) [8, 10].

Fondaparinux is a subcutaneous anticoagulant that

acts as an indirect selective inhibitor of factor Xa with

a half-life of approximately 17 h. In addition to the

procedural risk for bleeding, recommendation for pre-

procedural management varies depending on the renal

function, as fondaparinux has a urinary elimination

(Table 1) [8, 10].

Direct thrombin inhibitors, such as bivalirudin and

dabigatran, inhibit fibrin-bound as well as circulating

thrombin, producing a more predictable anticoagulant

response than heparin [17]. Recommendation for pre-pro-

cedural management of these drugs is complex and

depends on the procedural risk for bleeding, urgency of the

procedure, half-life of the antithrombotic agent, and renal

function (Table 1) [10].

Drugs that affect platelet function play an essential role

in the primary and secondary prevention of atherosclerotic

diseases. Different antiplatelet agents are used in the

management of thrombotic diseases such as peripheral

vascular disease, stroke, acute myocardial infarction, acute

coronary syndrome, angina, percutaneous coronary inter-

vention, and cardiac surgery, as well as in the primary and

secondary prevention of cardiovascular diseases.

Aspirin, which acts as an irreversible inhibitor of platelet

cyclooxygenase (COX)-1, is one of the commonly used

oral medications in the prevention of thromboembolic

complications from atherosclerotic diseases [18].

Table 1 SIR pre-procedural management guidelines for current antithrombotic medications [10]

Medication Low-bleeding risk Moderate-bleeding risk High risk for bleeding

Warfarin Withhold for 3–5 days (INR B 2.0) Withhold for 5 days (INR B 1.5) Withhold for 5 days (INR B 1.5)

Heparina No consensus (check aPTT) No consensus

(aPTT B 1.5 9 control)

Withhold for 2–4 h

(aPTT B 1.5 9 control)

LMWHb Withhold one dose or for 12 h Withhold one dose or for 12 h Withhold two doses or for 24 h

Fondaparinux No need to withhold Withhold for Withhold for

2–3 days if CrCl C 50 mL/min 2–3 days if CrCl C 50 mL/min

3–5 days if CrCl B 50 mL/min 3–5 days if CrCl B 50 mL/min

Argatroban No need to withhold Urgent cases ? withhold for 4 h Urgent cases ? withhold for 4 h

Bivalirudin No need to withhold Urgent cases ? withhold for Urgent cases ? withhold for

2–3 h if CrCl C 50 mL/min 2–3 h if CrCl C 50 mL/min

3–5 h if CrCl B 50 mL/min 3–5 h if CrCl B 50 mL/min

Dabigatran No need to withhold Urgent cases ? withhold for Urgent cases ? withhold for

2–3 days if CrCl C 50 mL/min 2–3 days if CrCl C 50 mL/min

3–5 days if CrCl B 50 mL/min 3–5 days if CrCl B 50 mL/min

Aspirin No need to withhold No need to withhold Withhold for 5 days

NSAIDsc No need to withhold No need to withhold Short acting withhold for 24 h

Intermediate-acting withhold for 2–3 days

Long-acting withhold for 10 days

Clopidogrel Withhold for 0–5 days Withhold for 5 days Withhold for 5 days

Abciximab Withhold for 12–24 h Withhold for 24 h Withhold for 24 h

Eptifibatide

Tirofiban

Withhold immediately pre-

procedure

Withhold for 4 h Withhold for 4 h

CrCl creatinine clearance, LMWH low molecular weight heparin, h hour, d day
a Heparin (unfractionated heparin)
b LMWH: recommendations regarding therapeutic doses
c Short acting NSAIDs: half-life 2–6 h (e.g., ibuprofen, diclofenac, ketoprofen, indomethacin), intermediate-acting NSAIDs: half-life 7–15 h

(e.g., naproxen, sulindac, diflunisal, celecoxib), long-acting: half-life[20 h (e.g., meloxicam, nabumetone, piroxicam)
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Therefore, the effect of aspirin can only be reversed by the

generation of new platelets, which have a lifespan of

approximately 10 days [19], and only about half of plate-

lets will have a normal function at the time of the proce-

dure if aspirin was withheld for 5 days [8]. On the other

hand, the effect of non-steroidal anti-inflammatory drugs

(NSAIDs) on platelet aggregation is reversible and

decreases after clearing the drug from the circulation.

Therefore, the antiplatelet effect of NSAISs depends only

on the half-life of the drug, unlike aspirin. It is recom-

mended to withhold aspirin administration for 5 days

before high-bleeding risk interventional procedures

(Table 1) [8, 10]. Withholding NSAIDs is recommended in

procedures with high-bleeding risk for a period of 24 h to

10 days, based on the half-life of the drug (Table 1) [10].

Thienopyridines, such as clopidogrel, ticlopidine, and

prasugrel, irreversibly inhibit adenosine diphosphate-in-

duced platelet aggregation [18]. In the SIR consensus

guidelines, it is recommended to withhold clopidogrel and

prasugrel for 0–5 days before procedures with low-bleed-

ing risk and 5 days before procedures with moderate-to-

high risk of bleeding (Table 1) [8, 10]. Ticlopidine should

be withheld for a longer period of time (7 days) before

moderate-to-high-bleeding risk interventions [10].

Glycoprotein IIb/IIIa Inhibitors, such as abciximab,

eptifibatide, and tirofiban, are intravenously administered

agents that inhibit platelet aggregation by antagonizing the

integrin complex glycoprotein IIb/IIIa [20]. They have a

short half-life and withholding the drug is recommended

before IVR procedures based on the bleeding risk of the

procedure and the half-life of the drug (Table 1) [8, 10].

Knowledge of the pharmacodynamics and pharmacoki-

netics of antithrombotic agents is essential as it allows the

interventionalist to understand different factors associated

with drug withdrawal and administration in the pre-pro-

cedural period, including the potential for drug interactions

and the effect of variable associated comorbidities.

Prophylactic Antibiotics

Despite recent advances in both minimally invasive inter-

ventional techniques and antibiotic therapy, procedure-re-

lated infection remains one of the most common major

complications, which can result in serious adverse out-

comes. Newly emerging virulent and antibiotic-resistant

organisms, increased numbers of immunocompromised

patients, as well as adoption of more aggressive therapeutic

interventional techniques such as chemoembolization and

complex biliary interventions, have presented new chal-

lenges in relation to peri-procedural management of

infections. Despite the widespread use of prophylactic

antibiotics in VIR, the risk of peri-procedural infection can

never be completely eliminated yet almost no randomized

controlled trials concerning the clinical efficacy and indi-

cations for antibiotic prophylaxis exist. Furthermore, non-

selective use of broad-spectrum antibiotics can alter the

normal flora, predisposing patients to risk of superimposed

infections such as Clostridium difficile colitis or facilitating

the emergence of antibiotic-resistant bacterial strains such

as methicillin-resistant Staphylococcus aureus and van-

comycin-resistant enterococci [21]. Therefore, when

selecting peri-procedural prophylactic antibiotics, it should

be directed at specific organisms known to be encountered

during the procedure, preferably with a narrow-spectrum of

activity. 27 years ago, Spies et al. [22] adapted the

National Academy of Sciences/National Research Council

(NAS/NRC) classification of surgical wounds to classify

VIR procedures into four main categories: clean, clean-

contaminated, contaminated, and dirty, based on the risk of

entering an infected space or crossing of a colonized

mucosal surface [23]. However, it should be kept in mind

that pathogenesis and infection risk of open surgeries differ

from those of percutaneous VIR procedures [24]. Antibi-

otic prophylaxis is one of the main methods of reducing the

risk of peri-procedural infection, in addition to strict

adherence to aseptic techniques during the procedure. The

SIR standards of Practice Committee published guidelines

in 2010 to provide recommendations concerning appro-

priate pre-procedural antibiotic prophylaxis (Tables 2 and

3) [25]. The use of wound classification system may, to

some extent, aid in guiding antibiotic prophylaxis, although

its use has been challenged by recent advances in VIR

technology and emergence of multidrug resistance organ-

isms [24]. For example, most vascular procedures are

classified as clean procedures in the absence of any break

in aseptic techniques or infection at the access site (one of

contraindications of using the access site). Therefore, in

cases of vascular interventions, antibiotic prophylaxis is

not required except when using an intravascular grafts or

when transvascular embolization is performed with the

intent to create tissue infarction or has a high likelihood of

solid organ infarction (Table 3) [25]. In addition, when

procedure-related infections do occur in vascular inter-

ventions, these are most commonly caused by gram-posi-

tive bacteria present in mucosal or skin flora such as

Staphylococcus aureus and Staphylococcus epidermidis

[24, 25]. Exceptions exist in cases of chemoembolization

with the most commonly encountered organisms including

S. aureus, Streptococcus species, Corynebacterium species

with or without enteric flora [25]. Most procedures

requiring antibiotic prophylaxis involve administration of a

single dose of an antimicrobial agent within 1 h before

incision, preferably by the interventional nurse while

preparing the patient in the interventional suite [24, 25].

However, special circumstances should be taken into

consideration, such as allowing about 2 h for the

B. Taslakian et al.: Patient Evaluation and Preparation in Vascular and Interventional Radiology 493

123



administration of antibiotics with long infusion times (e.g.,

vancomycin and fluoroquinolones) [24], and for procedures

where prolonged prophylaxis or antibiotic treatment is

indicated in the presence of clinical infection [25]. Pro-

longed prophylaxis is recommended in cases of instru-

mentation of an obstructed viscus where it is recommended

to continue antibiotic therapy for 48 h until satisfactory

drainage of the obstructed system is achieved [22, 25, 26]

or in cases when previous surgical manipulation at the site

of the procedure facilitates the spread of infectious

organisms (e.g., bilioenteric anastomosis or biliary drai-

nage before chemoembolization) [25]. In patients with

clinical infection who have been already started on

antibiotic treatment, the operator needs to check the

appropriateness of the antibiotic relative to the specific

procedure (e.g., a patient might be on gram-positive

antibiotic coverage, whereas the procedure predisposes the

patient to gram-negative organisms), as well as the time of

Table 2 SIR practice guidelines for adult antibiotic prophylaxis during non-vascular interventional procedures [25]

Non-vascular procedures Procedure

classification

Routine prophylaxis Antibiotic regimen

Percutaneous gastrostomy and

gastrojejunostomy

Clean-contaminated Pull technique

Recommended

Push technique

No consensus

Pull technique 1 g IV cefazolin at the time of the procedure*

Patients with head and neck cancer

1 g IV cefazolin at the time of the procedure ? 500 mg oral

cephalexin twice daily for 5 days

600 mg IV clindamycin at the time of the procedure ? 600 mg

oral clindamycin twice daily for 5 days

Percutaneous nephrostomy,

ureteral stenting

Clean-contaminated,

contaminated

Recommended No consensus on first choice agent

1 g IV ceftriaxone**

1 g IV cefazolin**

1.5–3 g IV ampicillin/sulbactam**

1–2 g IV ampicillin ? 1.5 mg/kg IV gentamicin**

Percutaneous biliary drainage Clean-contaminated,

contaminated

Recommended No consensus on first choice agent

1 g IV ceftriaxone**

1 g IV cefotetan IV ? 4 g IV mezlocillin**

1.5–3 g IV ampicillin/sulbactam**

2 g IV ampicillin ? 1.5 mg/kg IV gentamicin**

Tumor ablation clean; clean-

contaminated

No consensusa No consensus on first choice agent

1.5 g IV ampicillin/sulbactam IV (liver)***

1 g ceftriaxone IV (renal)***

1 g cefazolin IV (bone)***

Abscess drainage Dirty Recommendedb No consensus on first choice agent

1–2 g cefoxitin IV every 6 h***

1–2 g cefotetan IV every 12 h***

1 g ceftriaxone IV every 24 h***

3 g ampicillin/sulbactam IV every 6 h***

Percutaneous biopsy Clean, except

transrectal? dirty

Recommended only

if transrectal

No consensus on first choice agent for transrectal biopsy

80 mg gentamicin IM ? 250 mg ciprofloxacin twice daily

orally for 5 days

500 mg ciprofloxacin twice daily orally for 4 days

Start antibiotics the day before biopsy

Vertebroplasty/kyphoplasty Clean Yes First choice 1 g IV cefazolin *

* Penicillin-allergic patients ? vancomycin or clindamycin

** Penicillin-allergic patients ? vancomycin or clindamycin plus aminoglycoside

*** Penicillin-allergic patients: vancomycin or clindamycin for Gram-positive coverage and aminoglycoside for Gram-negative coverage
a Many interventionalists continue to use prophylaxis, with special consideration in patients at risk (e.g., hepatic tumor ablation in cases where

retrograde enteric bacterial communication with the biliary tract is present)
b Patients referred for abscess drainage are typically being treated with empiric antimicrobial agent, the operator should ensure the appropri-

ateness of empiric agent and may elect to administer a dose before the procedure if a long period of time since the last dose has elapsed
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the last administered dose as an additional dose or a dif-

ferent agent may be required before the procedure to pro-

vide adequate coverage of the likely pathogen [26]. In

addition, a supplemental dose of antibiotic medication

should be considered when a complex procedure is likely

to be prolonged for more than 2 h depending on the half-

life of the antimicrobial agent [26].

Contrast-Induced Nephrotoxicity: How to Avoid

Contrast-induced nephrotoxicity, defined as an acute

decline in renal function in the absence of causes other than

intravascular ICM administration, remains one of the most

important complications of vascular procedures and is

associated with significant morbidity and mortality [4, 27].

It should be differentiated (but often not possible in daily

medical practice) from post-contrast acute kidney injury

that might occur as a result of a variety of coexisting

conditions [5]. When CIN occurs, an increase in the serum

creatinine levels is usually detected within 24–48 h of

exposure, with a notable peak at 3–5 days, and often

returning to baseline within 7–10 days [4, 27]. To date,

there are no standardized diagnostic criteria, with the

absolute increase in serum creatinine by 0.5 mg/dL from

baseline values being one of the most commonly used

benchmarks [4, 27]. In addition, some authors use an

increase in serum creatinine from the baseline by 25–50 %

as a diagnostic criterion for CIN [4, 27].

There are many risk factors for CIN (Fig. 2), with the

presence of a pre-existing renal insufficiency being one of

Table 3 SIR practice guidelines for adult antibiotic prophylaxis during vascular interventional procedures [25]

Vascular procedures Procedure

classification

Routine prophylaxis Antibiotic regimens

Angiography, venography,

thrombolysis, arterial closure

device and stenting

Clean Not recommended None

Patient at risk for stent infection (indwelling vascular sheath,

repeated endovascular procedures within 7 days) 1 g IV

cefazolin *

Superficial venous insufficiency

treatment

Clean Not recommended None

Inferior vena cava filter placement Clean Not recommended None

Aortic and peripheral endograft Clean Recommended First choice antibiotic agent 1 g IV cefazolin*

Central venous access Clean No consensus,

generally not

recommended

Immunocompromised or positive history of catheter infection

1 g IV cefazolin*

Embolization, chemoembolization Clean, clean-

contaminated

Recommended No consensus on first choice agent

Hepatic chemoembolization regimen

1.5–3 g IV ampicillin/sulbactam **

1 g IV cefazolin ? 500 mg IV metronidazole **

2 g IV ampicillin IV ? 1.5 mg/kg gentamicin**

Hepatic chemoembolization or renal or splenic embolization

1 g IV ceftriaxone**

Hepatic chemoembolization with compromised sphincter of

Oddi: consider tazobactam/piperacillin ? bowel preparation

Uterine artery embolization Clean, clean-

contaminated

Recommended No consensus on first choice agent

1 g IV cefazolin*

900 mg IV clindamycin ? 1.5 mg/kg gentamicin

2 g IV ampicillin*

1.5–3 IV g ampicillin/sulbactam*

History of hydrosalpinx: 100 mg doxycycline twice daily for

7 days

Transjugular intrahepatic

Portosystemic shunt creation

Clean, clean-

contaminated

Recommended No consensus on first choice agent

1 g IV ceftriaxone**

1.5–3 g IV ampicillin/sulbactam**

* Penicillin-allergic patients ? vancomycin or clindamycin

** Penicillin-allergic patients ? vancomycin or clindamycin plus aminoglycoside
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the most important risk factors especially in patients with

diabetic nephropathy [4, 27, 28]. Identifying patient at

increased risk of CIN is crucial since the prevention is best

achieved by stratifying and managing risk factors, adequate

pre-procedural hydration, medical pretreatment, and

sometimes using an alternative contrast material such as

carbon dioxide or gadolinium-based contrast (Fig. 2) [4,

27].

The risk of CIN in patients with a baseline creatinine

level of C2.0 mg/dL is about 62 versus 10.4 % in patients

with a baseline creatinine of 1.4–1.9 mg/dL and only 2 %

if baseline creatinine level is B1.2 mg/dL [29]. Therefore,

a serum creatinine cutoff level of 2.0 mg/dL in patients

with stable chronic renal disease is a safe threshold in most

patients [4], although there is no sufficient data available in

the literature to set a specific cutoff point. The glomerular

filtration rate (GFR), which can be estimated from the

serum creatinine is used to more precisely identify patients

who are at increased risk for CIN [27]. CIN does occur, but

is not common if not non-existent, in patients with normal

renal function or stage I–IIIA chronic kidney disease (i.e.,

GFR of C45 mL/min/1.73 m2) [5, 27, 28] and rarely

occurs in children [30]. This conclusion has been reached

based on a series of recent large-scale studies that have

assessed the risk of CIN after ICM administration in a

quantitative fashion, and therefore, the radiology commu-

nity is becoming increasingly confident that the CIN risk is

overemphasized [5]. On the other hand, these studies failed

to reach a concordant conclusion for patients with an

estimated GFR of B45 mL/min/1.73 m2 stage (i.e., IIIB–V

chronic kidney disease), keeping the estimated risk of CIN

in this group of patients with severe renal impairment

uncertain to date [5]. Based on what mentioned, a new

cutoff level of GFR\45 mL/min/1.73 m2 might be con-

sidered in the future, as opposed to the old risk-threshold

using an estimated GFR cutoff of \60 mL/min/1.73 m2

[5]. As a result of the scientific uncertainty about the true

incidence and significance of CIN, the ACR suggests that

the risk of CIN should be considered as if it is a real

phenomenon in patients with renal impairment [4]. In

addition, in patients with acute renal failure, intravascular

administration of ICM should be avoided regardless of the

degree of renal dysfunction. On the other hand, patients

with anuric end-stage chronic renal disease have non-

functioning kidneys and are at no risk for CIN [4].

Therefore, intravascular administration of ICM in this

subgroup of patients is not contraindicated, regardless of

the baseline creatinine levels, as it poses no risk of addi-

tional renal injury [4], with post-exposure dialysis only

considered in patients with underlying cardiac dysfunction

or in cases when an unusually high volume of contrast has

been administered during the procedure [31].

After identifying patients at risk of CIN, prevention is

essential and starts with obtaining pre-procedural renal

function tests (Fig. 2). Intravenous volume expansion with

normal saline prior to ICM administration plays an essen-

tial role in decreasing the risk of developing CIN [27]. The

minimum and the optimum effective regimens are not yet

clearly identified and might vary depending on the patient’s

medical condition [5]. In addition, the effectiveness of oral

compared to intravenous hydration has to be further

investigated, as there is no sufficient evidence to date [4].

Some authors advocate the use of sodium bicarbonate and

N-acetylcysteine to decrease the risk, while others showed

Fig. 2 Risk factors for contrast-

induced nephropathy and

prevention methods [4]
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no evidence of significant benefit [5]. Therefore, the effi-

cacy of pretreatment with N-acetylcysteine and use of

sodium bicarbonate is controversial, and left for the

physician preference.

Adverse Contrast Media Reactions: Need

for Prevention

Adverse reaction to contrast media is one of the serious

complications of intravascular ICM. Unlike CIN, it is

independent to dose and concentration above a certain

threshold [32]. Although most of these reactions are mild,

some patients can experience significant life-threatening

reactions. Therefore, it is imperative that interventional

radiologists be aware that adverse contrast media reactions

continue to occur unpredictably and identifying patients at

high risk for adverse reactions and taking the appropriate

measures is crucial. The risk of adverse reaction to ICM

has significantly decreased with the use of non-ionic low-

osmolality contrast agents (0.2–0.7 %) compared to older,

cheaper ionic high-osmolality agents (5–15 %) [4]. Risk

factors include a history of prior allergic-like reaction to

intravascular ICM injection, atopic patients particularly

those with a pervious history of multiple severe allergic

reactions and asthmatic patients [4, 32]. On the other hand,

specific allergies to shellfish, dairy products, or iodine are

not considered a reliable predictor [33]. In addition, it is

important to be aware that the presence of pre-existing

medical conditions, such as significant pulmonary and

cardiovascular diseases, may worsen the consequences of

adverse contrast media reaction and render the manage-

ment more challenging should any reaction occur [4].

Therefore, interventional radiologist should carefully

acquire information about the allergen, as well as type and

severity of prior allergic reactions. The sensation of heat,

flushing, pain, or warmth upon injection of contrast mate-

rial represents physiologic responses that are dependent to

dose and osmolality of ICM and do not indicate an

increased risk of adverse reactions [4]. Several strategies

have been proposed for the prevention of contrast-related

adverse reactions in ‘‘at risk’’ patients, based on the

urgency of the procedure during which intravascular con-

trast material injection is required (Fig. 3) [4, 34, 35].

On the Day of the Procedure

Before starting the procedure, interventional radiologists

should ensure the preparedness of the team, availability of

all required equipment, and the presence of a support team

and anesthetists if needed. The procedure plan should be

discussed with the interventional team, including assis-

tants, technologists, and nurses. Consent re-affirmation

might be necessary in certain situations as previously dis-

cussed. Pre-procedural sedation, using lorazepam

[0.5–2.0 mg orally], can be administered to reduced

patient’s anxiety. The patient should be quickly reevalu-

ated in the interventional suite. Routine pre-procedural

vital signs need to be obtained, and IV fluids started.

Immediately before starting the procedure, and with the

entire interventional team present, the Joint Commission

Fig. 3 Contrast reaction pretreatment guidelines [4]
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mandates a ‘‘pre-operative verification process’’ or a ‘‘time

out,’’ as a final verification of the correct patient, proce-

dure, and site [36]. ‘‘Time out’’ secures active communi-

cation and collaboration among all peri-procedural team

members in the location where the procedure is to be done.

Identity should be confirmed by announcing the name,

medical record number, and birthdate on the patient’s wrist

band. The planned procedure then must be verbalized along

with the site and side of intervention, along with recon-

ciliation of the signed consent form and confirmation of on-

site existence of any specialized equipment necessary for

the procedure. Finally, any known drug allergies or

required prophylactic antibiotics are stated.

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. Knowledge of pre-procedural preparation steps

and optimal work habits in the interventional suite provide

the best balance for a better patient care.
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