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The purpose of this procedure is to outline the process for the safe removal of radial and femoral arterial sheaths from patients following Cardiac Catheterisation at the Canberra Health Services (CHS). This includes minimising patient discomfort and complications related to post sheath removal.
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If both arterial and venous sheaths are used (e.g. a coronary angiogram and right heart study where both an arterial and venous sheath is required) ensure the arterial sheath is removed first to avoid the formation of an AV fistula. 

Adhere to documented medical orders for deflation and removal of compression device/s.

Arterial sheaths must be labelled as arterial and MUST NEVER be used for the administration of medications.
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This clinical procedure applies to the management of patients at Canberra Health Services who have had a Coronary Angiogram and/or Percutaneous Coronary Intervention (PCI) via a radial or femoral approach.  These patients are usually cared for in the Cardiac Catheter Laboratory (CCL), Catheter Laboratory Day Ward (CLD), Coronary Care Unit (CCU) and inpatient wards . 

This document applies to the following CHS staff working within their scope of practice:
Interventional Cardiologists, Cardiology Registrars (Advanced Trainee (AT) and Basic Physician Trainee)
CCL and CCU Registered Nurse(RN) assessed as competent in removing radial or femoral sheaths 
Junior medical and new to CCL and CCU nursing staff under direct supervision of a practitioner who is competent in the procedure.
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Cardiac Catheterisation can be performed via radial and/or femoral approach. Both methods can cause complications following sheath removal. Please see Attachment 1 - Vascular Access Site Complications and Management and Attachment 2 - Predictors of Vascular Access Site Bleeding and Complications.

Radial sheaths:
The radial arterial sheath is routinely removed immediately following the procedure whilst the patient is still within the CCL. The sheath is removed, and compression device applied by the Interventional Cardiologist, Cardiology AT or RN. 

Femoral sheath:
The femoral arterial sheath is routinely removed immediately after the patient is transferred from the CCL, CLD or in CCU by the Interventional Cardiologist or AT.
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Hemodynamic monitoring (attend baseline vital sign and MEWS score)
TR Band™ with Syringe
Sterile Gauze
Clean Gloves
Antiseptic/Alcohol Swabs
Tape
Documentation Materials including the CCU observation chart with MEWS

Procedure: 
Application of TR Band™
Clean the radial site with an antiseptic solution and check for swelling, bruising and bleeding around the site.
Dry the site with sterile gauze and gently pull around 2 cm of the radial sheath from the entry site. 
Apply the TR Band™ around the wrist. Ensure the band is placed so the logo on the support plate is closest to the patient’s little finger and the green dot is positioned ½ cm above the entry site. Ensure the fastener is stable and not slanted.
Attach the syringe to the Air Injection Port. Confirm you are preparing to inject through the appropriate port marked ‘Air.’ 
Alert: Do not inject air through any other port.
Inflate the TR Band™ with the appropriate amount of air to stop bleeding. If bleeding is observed, inject more air until it stops. Do not exceed a total of 18mL.
· Nominal air injection volume: 13mL.
· Maximum air injection volume: 18mL.
Remove the sheath as air is inserted into the compression balloon.
Document the amount of air in millilitres (mL) used to inflate the band and time applied. 
Attend neurovascular observation of arm with TR band prior to transfer to the CLD/CCU as a baseline.
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TR Band™ Deflation and Post Removal Care – Coronary Angiogram
In recovery area or CCU
Perform neurovascular checks on both arms and hands to establish a baseline
Neurovascular observations are to be completed on the affected arm every 15 minutes for the first hour, then half-hourly for 2 hours.
At clinical handover verify the amount of air used to inflate the TR Band™ and the time of inflation.
Commence deflation of the TR Band™ 45 minutes after the inflation time; this is done according to medical orders as documented in the patient’s clinical record . 
Routinely:
First deflation occurs at 45 minutes after inflation, 3mL of air is removed. 
TR Band™ is deflated and removed at 2 hours post inflation. 

Alert: Following each deflation, observe for bleeding at the site. If bleeding occurs, reinflate the same amount, leave for 30 minutes and begin deflation process again.

Clinically stable patients may mobilise with the TR Band™ in situ.

Alert: Caution with mobilisation should be observed if the patient has received sedation for their procedure.

Following complete deflation, remove the TR Band™ and clean around the entry site with antiseptic swab.
Place a small square of sterile gauze over the entry site and wrap it with elastic cohesive crepe bandage with light pressure.
Remind the patient to limit use of the affected hand. 
Prior to discharge, provide and explain post Coronary Angiogram instructions to the patient and family if required.
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Equipment 
Haemodynamic monitoring (attend baseline vital sign and MEWS score)
TR Band™ with Syringe 
Sterile Gauze
Clean Gloves
Antiseptic/Alcohol Swabs
Tape
Documentation Materials including the CCU observation chart with MEWS

TR Band™ Deflation and Post Removal Care - PCI
In recovery area or CCU
Perform neurovascular checks on both arms and every 15 minutes for the first hour, then half-hourly for 4 hours or until the TR Band™ is removed.
At clinical handover, verify the amount of air used to inflate the TR Band™ and the time of inflation.
Commence deflation of the TR Band™ 2 hours from time of application or according to the medical orders as documented in the patient’s notes. 
Routinely:
First deflation occurs at 2 hours post inflation, 3 mL of air is removed. 
TR Band™ is deflated and removed at 4 hours post initial inflation.

Alert: After each deflation, observe for bleeding at the site. If bleeding occurs reinflate the same amount, leave for 30 minutes and begin deflation process again.

Clinically stable patients may mobilise with the TR Band™ in situ.

Alert: : Caution should be observed with mobilisation if the patient has received sedation for their procedure.

Following complete deflation, remove the TR Band™ and clean around the entry site with antiseptic swab.
Place a small square of sterile gauze over the entry site and wrap it with elastic cohesive crepe bandage with light pressure.
Remind the patient to limit use of the affected hand. 
Prior to discharge, provide and explain post PCI instructions to the patient and relevant family.
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ALERT: Digital pressure application after femoral arterial sheath removal is only undertaken by trained medical officers outside of the CCL/CLD.

Equipment
A small pack of gauze
IV fluids (on standby if the patient does not have IV fluids in situ)
Documentation materials including the CCU observation chart 

Procedure 
Ensure the patient is in the supine position with straight body alignment to enable the visualisation of the anatomical structures prior to sheath removal.
Clarify if any anticoagulants were given to the patient during the procedure or if oral anticoagulation has been continued.
Check the patient’s vital signs prior to sheath removal. Cardiac monitoring may be utilised if available.
Position the bed at a safe and comfortable height to ensure that adequate pressure can be exerted through the arms and shoulders of the clinician for the required amount of time.
Clean the site using aseptic technique.
For a right femoral sheath, place the middle three fingers of the hand approximately 2–3 cm proximal to the puncture site. The femoral pulse should be palpable.
Remove the sheath slowly at the same angle at which it was inserted.
Inspect the sheath for clots and ensure the entire sheath is intact when removed.
Apply firm pressure over the arteriotomy site after the sheath has been removed. Initial pressure should be occlusive, but this should be decreased gradually after the first 2-5 minutes such that distal pulses can be felt.
Hold direct manual pressure for at least 10-15 minutes. Check the site for any oozing until evidence of bleeding has ceased.

Post digital pressure and removal of femoral sheath
Instruct the patient to lie flat for 2 hours. The head of bed may be elevated 30 degrees.
A further 2 hours bed rest is required prior to mobilisation although the patient may adopt sitting position.
Attend neurovascular observations of both legs, femoral site checks and vital signs every 15 minutes for the first 2 hours, then half hourly for the following 2 hours.
Report any concerns immediately to the Cardiology AT and/or Interventional Cardiologist.
Document patient progress and any changes in patient clinical records.
If there is evidence of bleeding or haematoma formation, then digital pressure is to be applied and patient must remain lying flat for the next 2 hours or until reviewed by a Medical Officer. 
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Equipment 
Non disposable Femostop™ bridge set
Femostop™ compression system (sterile compression dome, white disposable strap and 2-way tap)
Non disposable Femostop™ manometer device
Gloves and eye shields (PPE)
Gauze
IV fluids (on standby If the patient does not have IV fluids in situ)
Documentation material including the CCU observation charts 
 
Pre Procedure 
Prior to applying the Femostop™ the following must be attended: 
Ensure patient has IV access and IV fluids if required.
Complete baseline vital signs and MEWS score.
Location of the patient’s peripheral pulses are marked. Colour, sensation, and movement of the peripheries are checked.
Patient is positioned as per sheath removal with digital pressure (see Section 4).
If haematoma is present prior to the Femostop application, outline parameters with a marker pen. 
If Femostop™ is to be used for femoral arterial sheath removal intravenous sedation and/or analgesia should be considered.

Figure 1 Femostop™ application 
[image: ]
Image from: St Jude Medical Femostop TM Presentation accessed at: https://nanopdf.com/download/ppt-knowledge-center-7_pdf 


Guidelines for using Femostop™ device.
The Femostop™ device is only to be applied by a medical officer or nursing staff adequately trained to perform this procedure.
The Femostop™ device is not to be used on morbidly obese patients as adequate haemostasis cannot be achieved. Digital compression is the gold standard for these patients. 
Compression times expressed in this clinical procedure are a guide only. The length of compression necessary will depend on the condition of the artery, the catheter size and the type of anticoagulant therapy used.
The operator must remain with the patient while high pressures are used to totally occlude the artery. 
An assistant will be required to position the device and assist until sheath is removed and haemostasis is achieved. 

Procedure:
Position the Femostop™ belt under patient’s hips in line with the puncture site.
Attach dome to the compression arch and lock by rotating dome clockwise.  See Figure 1 above.
Attach pump to dome, using the 2-way tap, if desired. If using the 2-way tap ensure the handle is accessible. 
To remove the arterial sheath: inflate the dome: aim to inflate dome to 10-20mmHg above patient's systolic BP, while simultaneously removing sheath. 
Continue to increase pressure until haemostasis is achieved. Maintain this pressure (“initial haemostasis pressure”) for approximately 2 minutes. 
While maintaining haemostasis, lower pressure to locate a pedal/tibial pulse. Maintain this pressure for 30 minutes unless bleeding occurs. If bleeding occurs, re-inflate to initial haemostasis pressure for a few minutes then try again. 
Lower pressure in 15 mmHg increments every 15 minutes until a pressure of 40 mmHg is reached, and haemostasis is maintained. 
Maintain a pressure of 40 mmHg for 30 minutes then completely deflate dome. 
Document procedure in the patient’s clinical record. Patient to lay flat for 2 hours post Femostop™ removal.
Bed rest must be maintained for a minimum of four hours post arterial sheath removal or as stated by the medical officer.
The Femostop™ may be applied as a prophylactic measure to prevent bleeding in high risk patients.
If the femoral sheath is in situ and the Femostop™ is used to prevent excessive bleeding, the lowest pressure possible to obtain haemostasis is to be used as to prevent vascular damage from the sheath.
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Post PCI Care
Utilise PCI pathway or ACS insert pathway.
Perform 12 lead ECG for the patient. 
Commence the patient on cardiac monitoring.
Start haemodynamic monitoring (vital signs), vital signs every 5 minutes on application of the clamp. 
Offer patient sandwiches and juice on return to ward.
Neurovascular observations (15 minutely for 1hr; 30 minutely until sheath removal).
Patient is to remain on bed rest at an angle of 0 – 30 degrees.
Check Activated Clotting Time (ACT) 4 hours post Heparin administration. Sheath may be removed when ACT <160 seconds.
Request patient report any chest discomfort and/or bleeding at the femoral puncture site.
Remind patient to keep the leg with the sheath straight and immobile.
If ooze is present from the sheath site prior to its removal don personal protective equipment (PPE) and apply firm digital pressure for 10 minutes. Release the pressure after this time and reassess the site. If the bleeding is profuse or does not settle notify the Team Leader and Medical staff immediately.
Prior to sheath removal ensure patient has passed urine.

Equipment
Bedside “C” clamp or gold clamp
Disposable compression 
Gloves, gown, and eye protection (PPE) 
Hemodynamic monitoring
Sterile dressing package 
2 packs of gauze squares
Stitch cutter
Chlorhexidine solution
Occlusive dressing
IV fluids to continue as per orders
Midazolam, Fentanyl, Metoclopramide, and Atropine 
Documentation material including CCU observation chart and medication chart 
Access to emergency call system

Procedure 
Educate patient about the procedure and obtain verbal consent to proceed to remove the sheath. 
Document the patient’s vital signs including the neurovascular observations. 
Palpate the area above the sheath insertion site to determine the position of the femoral artery (a strong pulsation should be felt). This is the area to be compressed during the sheath removal.
Place the base of the clamp under the mattress. 
Position patient as close as possible to the edge of the bed.
Position the “C” clamp arm and patient so that the extension arm of the clamp will rest over the skin directly above the femoral artery puncture site as palpated above. 
The gold clamp has an adjustable extension arm so extend this to required placement then tighten the black knob on extension arm to align the disc holding arm of the clamp over the sheath puncture site.
After ensuring correct positioning of the disc, move the arm to one side.
Increase vital signs observation for the patient every to 3 minutes, these are to be documented at 15 minutely intervals (more frequently if patient haemodynamicaly compromised) after the sheath removal until the clamp is removed.
 Apply oxygen 6L via Hudson Mask to the patient for period of sedation.
Increase patient’s intravenous fluids to 300mL/hr during sedation period (unless patient fluid restricted, discuss with medical officer regarding acceptable fluid loading).
Administer midazolam, fentanyl, and metoclopramide as documented and as required.
Keep atropine on hand as it may be required if the patient has a vagal reaction to the clamp application.
Remove dressing and clean the puncture site area.
Cut and remove the stitch holding the sheath in place.
Place the appropriate compressor disc on the clamp using an aseptic technique.
When applying the “C” clamp manual downward pressure is applied to the “C” clamp arm while the arterial sheath is gently removed from the artery. Once haemostasis is achieved tighten the light blue knobs above and below the clamp arm to prevent arm movement. 
When applying the gold clamp, the downward compression will start with the disc resting gently on the patient’s skin superior to the puncture site (as palpated above). The compressor plate should be above the sheath insertion site not occluding the entry site then manual downward pressure is applied to the gold dome until the sheath is removed and haemostasis is achieved. The silver screw below the silver plate must be wound upwards until it is touching the plate to prevent accidental movement of the disc as it ensures the pin is held in place. 
It is preferable that the clamp be applied in such a manner that haemostasis is achieved and the patient’s pedal pulses are diminished but not obliterated. 
High pressure is applied over the artery for 10 (only 5 minutes if no pulse) minutes to ensure haemostasis.






Figure 2 C-Clamp
[image: ]
A: C Clamp device, B: C Clamp use technique, C: internal picture of C Clamp in use.
Image from Thoracic Key, 2019, Vascular Access and Closure, Femoral Aterial Access Site Closure. Accessed at: https://thoracickey.com/vascular-access-and-closure/ 

Using the C clamp, release the pressure. Loosen the superior light blue knob and raise blue lever as shown in Figure 2 to ensure a slow controlled release of pressure over the femoral artery.
Using the gold clamp, screw the silver screw down out of the way allowing for movement of the silver plate. Place one hand over the gold dome button on top of the compression arm, then gently push down on the silver plate to release the arm, control of this is guided by the pressure over the gold button.  
Moderate pressure is left applied for 20 minutes, then remaining air is removed 3 minutely over 10 minutes with close monitoring of the posterior tibial and dorsalis pedis pulses ensuring there is adequate blood flow to the affected limb. 
During the clamp application the area surrounding the compressor plate should be inspected frequently both visually and by palpation to assess the area for haematoma formation. The clamp site must always be visible to the clamp operator.
If active bleeding or a hematoma develops, the clamp must be reapplied to increase the pressure to achieve haemostasis. 
To remove the “C” clamp, loosen the blue knob above the clamp arm and gently raise the arm watching for signs of bleeding during this process until the arm is fully away from the skin.
To remove the gold clamp, screw the screw downwards away from the silver plate then gently release the disc pressure by depressing the silver plate with one hand whilst controlling the pressure on the gold button. Ease the gold button upwards until the compressor plate is resting lightly on the skin then unscrew the black knob on the back of the clamp arm to move the arm and disc away from the puncture site. 
Once the clamp has been removed, apply a folded gauze square covered with a small occlusive dressing to the puncture site.
Apply a sandbag over the puncture site for one hour post clamp removal.

Post sheath removal care
Observe puncture site, and complete neurovascular observations and vital signs; every 15minutes for 1 hour, every 30 minutes for 3 hours, hourly for 2 hours and then 4 hourly.
Patient is to Lay flat for two hours post clamp removal. Head may be elevated 30 degrees.
Once the patient can sit up they are to remain on bed rest for 2 hours.
4 Hours post removal of clamp and or haemostasis patient can mobilise gently unless contraindicated or directed otherwise by Cardiologist.
Ask patient to report any bleeding or pain in the puncture site area.
Prior to discharge inspect the puncture site to ensure the wound is clean and no new haematoma is present.
Provide and explain to the patient the CHS CCU post PCI femoral approach advice instruction sheet.
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Vascular Closure Devices (VCD) are contraindicated in patients who are obese (BMI greater than 30), in patients where multiple arterial punctures and/or posterior femoral artery wall puncture is present, and in patients who are allergic to any component of the VCD (i.e. collagen or bovine products). Devices used in the CHS Cardiac Catheter Laboratory include the Angioseal™ VIP and Perclose ProGlide.  

The patient is usually able to ambulate 1-4 hours post deployment of VCD. However, factors including anticoagulation, access issues, satisfactory haemostasis, site concerns and clinical condition of patient should be considered when determining the appropriate period of bed rest required before ambulation.

8.1 Angioseal™
The Angioseal™ vascular closure device quickly seals femoral artery punctures following catheterisation procedures. This allows for early ambulation and hospital discharge. The device creates a mechanical seal by sandwiching the arteriotomy between a bio absorbable anchor and collagen sponge, which dissolve within 60 to 90 days. 
Within the first 2 hours post deployment, have the patient apply digital pressure over puncture site to support the site when coughing, straining or sneezing.

Advantages
One of the easiest devices to learn and use.
Has a very high initial success rate.
The collagen plug in the tract also acts to reduce oozing from the site.
The retained components of the device are completely reabsorbed over the course of weeks to months after insertion.
Device is available in 2 platforms (VIP and Evolution) and in size range 6Fr to 8Fr.

Disadvantages
The intravascular anchor has the potential to further obstruct a heavily diseased vessel.
Although extremely rare, embolization of the intravascular anchor is a possibility.
Repeat access of the same vessel within 90 days of device deployment should be avoided using the same puncture site to avoid disrupting the plug; the manufacturer recommends puncture 1 cm proximal to the initial site. Depending on the location of the initial site, it is not always possible to meet this recommendation. Where possible alternative femoral site or transradial approach should be considered.
As with all devices with retained components, this device is a potential risk for infection. Cutting the suture below the skin surface is important for minimizing this risk.

8.2 Perclose ProGlide
The Perclose ProGlide Suture-Mediated Closure (SMC) System is designed to deliver a single monofilament polypropylene suture to close femoral artery puncture sites following diagnostic or interventional catheterisation procedures.
Advantages
Guide wire access is maintained until at least partial haemostasis is confirmed. This advantage is important in situations where device failure may have serious consequences.
May be used to pre close the vessel (see discussion below) for procedures requiring very large sheaths.
Effective use results in closure with only suture in the wall of the vessel, no bulky or thrombogenic material remains in the lumen.
A single device closes arteriotomy in the 5–8 Fr range.
Re-access of the vessel has no restrictions.
The device needles enter the artery from above thus minimizing the risk of getting the needles stuck if the device fails.

Disadvantage
Contraindicated for use in calcified vessels as the needles may fail to penetrate the arterial wall, causing the device to fail.


8.3 General Instructions for Patients who have had VCD
After deployment of the VCD, the site is cleaned with an antiseptic solution and dried with a sterile gauze.
A piece of sterile gauze is folded into a small square and placed over the top if the insertion site.
A waterproof, occlusive dressing is applied over the gauze which is covering the insertion site to protect it from contamination and from getting wet.
The care of these patients is the same as the Digital Pressure Application post sheath removal (Section 2.2), except for these instructions below:
After deployment, patients can sit up at 30 degrees.
30 minutes after device deployed, sit patient up to 45 degrees for 30 minutes if clinically stable and the puncture site is dry.
Ambulation after 1-hour post deployment for angiogram and 4 hours post stent insertion unless otherwise directed by the Cardiologist.
The groin dressing must be removed after 24 hours following application.

Prior to discharge, inspect the site to ensure the wound is clean and no new haematoma is present.  The Angioseal™ is a collagen-based device and a small pea-size lump may be felt when the site is palpated.
Provide the patient and relevant family discharge instructions relevant to the interventional procedure performed and VCD used.
Ensure the patient has the completed product specific card provided by the manufacturer for the VCD.

8.4 Oozing from puncture site:
There may be resulting ooze from the tissue track following deployment. Application of digital compression may be required for a short period of time. 

8.5 Active bleeding:
This is more likely from the artery due to incorrect deployment of the device.
Maintain patient in supine position
Apply digital pressure 1-2 cm above puncture site (as per Section 5 sheath removal ) until bleeding is ceased
Monitor the patient for further complications
Notify team leader/medical staff
Perform vital signs as per MEWS and neurovascular observations.
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Outcome
Patients requiring removal of a radial or femoral sheath post following Cardiac Catheterisation at CHS are managed as per this procedure.

Measures
When reviewing this procedure:
Review of 10 patient clinical records who had radial or femoral sheath inserted to audit if procedure was followed.
Review of consumer feedback received about cardiac catherisation procedures.
Review of clinical incident reports related to cardiac cathertisation procedures or removal of arterial radial or femoral sheaths. 
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Policies
· Nursing and Midwifery Continuing Competence 
· Informed Consent (Clinical)

Procedures
· Infection Prevention and Control Healthcare Associated Infections 
· Patient Identification and Procedure Matching 
· Central Venous Access Device (CVAD) management 
· Aseptic Technique
· Vital Signs and Early Warning Scores
· Intra-Aortic Balloon Pump

Guidelines 
· Fasting Guidelines – Elective and Emergency Surgery

Legislation
· Health Records (Privacy and Access) Act 1997
· Human Rights Act 2004
· Work Health and Safety Act 2011
· Australian Charter of Healthcare Rights 
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Attachment 1: Vascular Access Site Complications and Management

Table 1. Vascular access site complications and management, information from Crit Care Nurse. 2012 Oct;32(5):16-29; 
	Complication
	Description
	Clinical Findings
	Management

	Haematoma
Incidence: 
5% to 23%
	The most common vascular access site complication.
A collection of blood located in the soft tissue.
Occurs because of blood loss at the arterial and/or venous access site or perforation of an artery or vein.
May occur if the arterial puncture is below the femoral bifurcation so the femoral head is not available to assist the compression
	Swelling surrounding the puncture site (visible).
Area of hardening under the skin surrounding the puncture site (palpable).
Varies in size.
Often associated with pain in the groin area that can occur at rest or with leg movement.
Can result in decrease in haemoglobin and blood pressure and increase in heart rate, depending on severity.
	Apply pressure to the site.
Mark the area to evaluate for any change in size.
Provide hydration.
Monitor serial FBC.
Maintain/prolong bed rest.
Interrupt anticoagulant and antiplatelet medications if necessary.
Neurovascular assessment and observations should be done ASAP.
Blood transfusion, if indicated.
If severe, may require surgical evacuation.
Many haematomas resolve within a few weeks as the blood dissipates and is absorbed into the tissue. 







	Retroperitoneal haemorrhage
Incidence: 
0.15% to 0.44%
	Bleeding that occurs behind the serous membrane lining the walls of the abdomen/pelvis. 
May occur if the arterial wall puncture is made above the inguinal ligament, resulting in perforation of a suprainguinal artery or penetration of the posterior wall. 
Can be fatal if not recognised early.
	Moderate to severe back pain.
Ipsilateral flank pain.
Vague abdominal or back pain.
Ecchymosis and decrease in haemoglobin and hematocrit are late signs.
Abdominal distension.
Often not associated with obvious swelling.
Hypotension and tachycardia.
Diagnosed by computed tomography.
	Provide hydration.
Perform serial blood cell counts.
Maintain/prolong bed rest.
Interrupt anticoagulant and antiplatelet medications if necessary.
Blood transfusion, if indicated.
If severe, may require surgical evacuation.

	Pseudo aneurysm
Incidence:
0.5% to 9%
	A communicating tract between the tissue and, usually, one of the weaker walls of the femoral artery, causing blood to escape from the artery into the surrounding tissue. 
Possible causes include difficulty with arterial cannulation, inadequate compression after sheath removal, and impaired haemostasis. 
May occur if the arterial puncture is below the femoral bifurcation so the femoral head is not available to assist with compression.
	Swelling at insertion site.
Large, painful haematoma.
Ecchymosis.
Pulsatile mass.
Bruit and/or thrill in groin.
Pseudo aneurysms can rupture, causing abrupt swelling and severe pain. 
Suspect nerve compression when pain is out of proportion to size of haematoma. 
Nerve compression can result in limb weakness that takes weeks or months to resolve. 
Diagnosed by ultrasound.
	Maintain/prolong bed rest.
Neurovascular assessment and observations should be done ASAP.
Small femoral pseudo aneurysms should be monitored; they commonly close spontaneously after cessation of anticoagulant therapy. 
Large femoral pseudo aneurysms can be treated by ultrasound guided compression, surgical intervention, or ultrasound-guided thrombin injection.

	Arteriovenous fistula
Incidence:
0.2% to 2.1%
	A direct communication between an artery and a vein that occurs when the artery and vein are punctured.
The communication occurs once the sheath is removed. 
Risk factors:
Multiple access attempts.
Punctures above or below proper site level
Impaired clotting.
	Can be asymptomatic.
Bruit and/or thrill at access site.
Swollen, tender extremity.
Distal arterial insufficiency and/or deep venous thrombosis can result in limb ischemia.
Congestive heart failure.
Confirmed by ultrasound. 
	Some arteriovenous fistulas resolve spontaneously without intervention. 
Some arteriovenous fistulas require ultrasound-guided compression or surgical repair. 

	Arterial occlusion
Incidence:
<0.8%
	Occlusion of an artery by a thromboembolism.
Most common sources: mural thrombus originating in cardiac chambers, vascular aneurysms, or vascular atherosclerotic plaques.
Thromboemboli can develop at sheath site or catheter tip: embolisation occurs during sheath removal.
Prevention or at least reduction can be obtained by anticoagulation, vasodilators, and nursing vigilance.
	Classic symptoms include the 5 Ps:
Pain
Paralysis
Parasthesias
Pulselessness
Pallor
Doppler studies help localize the area.
Angiogram is required to identify exact location of occlusion site.
	Treatment depends on size/type of embolus, location and patient’s ability to tolerate ischemia in affected limb.
Neurovascular assessment and observations should be done ASAP.
Small thromboemboli in well perfused arterial areas may undergo spontaneous lysis.
Larger thromboemboli may require thromboembolectomy, surgery, and/or thrombolytic agents.
Distal embolic protection devices (i.e. Filters) may be placed if necessary.




	Femoral neuropathy
Incidence:
0.21%
	Nerve damage caused by injury of the femoral nerve (s) during access and/or compression of nerves by a haematoma.
	Pain and/or tingling at femoral access site. 
Numbness at access site or further down the leg. 
Leg weakness.
Difficulty moving affected leg.
Decreased patellar tendon reflex.
	Identification and treatment of the source. 
Neurovascular assessment and observations should be done ASAP.
Treatment of symptoms.
Physiotherapy.

	Infection
Incidence:
<0.1%
	Colonization by a pathogen.
Causes: 
Compromised technique.
Poor hygiene.
Prolonged indwelling sheath time.
Femoral access closure device (closure devices have been linked with increased occurrence of infection).
	Pain, erythema, swelling at access site.
Purulent drainage at access site. 
Increased white blood cell count. 
	Treatment of symptoms (eh pain).
Antibiotics.

	Vasovagal
Incidence: 2.3%
	Pressure on a large artery and pain can stimulate the vagus nerve, causing slowing of the heart rate a drop in blood pressure.
Anxiety pain and discomfort at the puncture site may also result in a vasovagal reaction.
	Early signs include pallor, nausea and/or yawning, which often present with a slowing of the heart rate before a drop in blood pressure. Vasovagal reactions may lead to irreversible shock if untreated.
	IV atropine and IV fluids should be administered as ordered.
Oxygen should be administered via a mask @ 6 L/min and the bed tilted to head low position.
Vasovagal reactions may occur whilst applying pressure to the groin therefore another person should be present to administer treatment while pressure on the site is maintained. Refer to the MEWS and MET criteria if this incident occurs.
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Patient Related Factors:
Female 
Elderly
Kidney Disease
Hypertension
Low body weight
High BMI
Peripheral arterial disease
Acute Myocardial Infarction

Technique Related Factors:
Large sheath size
Presence of intra-aortic balloon pump or other hemodynamic devices
Femoral access site (Arterial puncture above the inguinal ligament) 
Prolonged arterial sheath dwelling time
Ineffective vascular closure device
Ineffective manual compression techniques 
Multiple punctures

Pharmacotherapy Factors:
Over anticoagulation with heparin
Glycoprotein IIb/IIIa inhibitors
Anti-coagulants/anti-platelets
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