Air Embolism ? : Don’t worry it was just a bubble….

Kate Laidlow, Clinical Nurse Specialist - IV Therapy employed at Lakes District Health Board and is elected representative on the IVNNZ Inc. Executive Committee, in the role as Educator.
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The following conversation between a nurse and patient echoes throughout hospital wards whilst IV therapy is delivered.

Patient:    Oh…… is that air in my line?....... is that OK?

Nurse:     Don’t worry its just a bubble, it wont kill you!!!

Silence as the bubble travels down the line and into the patients vein,

 Both nurse and patient watch quietly.

Patient: (nervous tone of voice).    I have heard it takes a whole line of air to kill you.

Nurse: (smiling)    Sure does.

Moment of care finishes and nurse leaves the room.

Patient is still holding their breath.

So… how much air is too much? 

When air enters our circulatory system it can create an air embolism (bubble). This bubble travels to the right ventricle via the vena cava. If big enough, the bubble reduces the pumping ability of the right ventricle to the pulmonary system. Air bubbles get stuck in the pulmonary arterioles, which become occluded and subsequent pulmonary hypertension occurs from pulmonary vasoconstriction. This in turn restricts venous return to the left side of the heart. If there is enough air this will dramatically reduce cardiac out put. The outcome is reduced systemic circulation (Dougherty, 2006) shock and death can occur if immediate recognition and treatment are not initiated (Alexander et at 2010)

Von Jűrgensonn, 2010, identifies that there is little and varying research and information on how much air a human can tolerate. Lethal doses range from 50ml to 300ml or 3-5ml/kg (Shaikh & Ummunisa, 2009). Additional isolated reports suggest that a little as 10ml has created ventricular fibrillation in the critically ill adult patient. (Ho, 1999; Toung et al, 2001; Moon, 2003; Shaikh and Ummunisa, 2009; cited in von Jűrgensonn, 2010.) It is also noted that age and size of the patients in these studies are not identified. Von Jűrgensonn, 2010, also cites that the closer the vein and injected air are to the heart the less volume of air is needed to produce a fatal out come.

 Brockmeyer et al., 2009, describes a mortality rate of up to 30% following a symptomatic air embolism associated with CVC insertion and also identifies that minor cases of air embolism are believed to occur frequently and are minimally symptomatic. Shaikih & Ummunisa, 2009, concur suggesting that small amounts of air do not cause harm as the bubbles are broken down and get absorbed within the circulation.

The collective evidence suggests to nurses that if you are caring for patients with central venous catheters (CVC) devices that’s tip resides in the lower third of the superior vena cava you have a greater  risk of  symptomatic air embolism occurring than  those who care for peripheral catheters. This is due to potential air volume injected, force of injection, frequency of use and proximity to the right side of the heart.

A symptomatic air embolism includes the following symptoms and happens almost immediately following insertion, manipulation / use or removal.

· Cardiac arrest

· Dyspnoea and cyanosis

· Hypotension and tachycardia

· Loss of consciousness

· Shoulder or back pain

(Drewett 2000, Weinstein, 2001 cited in Hamilton 2006)
Von Jűrgensonn 2010, Dougherty and Lamb 2008 add to this with the description of a Mill wheel heart sound / murmur on auscultation over the pericordia. This represents the mixture of air and blood in the right ventricle.

Other symptoms such as anxiety, confusion, chest pain and lowered GSC are also experienced.

Immediate treatment is often desperate and can remain futile.

Provide High flow oxygen (100%), laying the patient flat or Trendelenburg position* (see included diagram). Turn the person to their left side and ensure their feet are above their head. von Jűrgensonn, 2010, suggests this traps the air in the ventricle for radiological aspiration. Activate emergency call system, monitor vital signs and do not leave the patient until help arrives.

Air embolisms are commonly discussed in relation to CVC management. Insertion, use and removal all bear risk;  both immediately after insertion and immediately after removal are highlighted as increased risk activities. 

Prevention is the vital strategy whilst looking after CVCs. Gabrial, 2008, suggests that the incidence of air embolism can be reduced during bedside insertion and removal by placing the patient in a supine (flat) or Trendelenburg position for the event. This will increase central venous pressure (CVP) and therefore minimize the risk of air drawing into the central venous system. Dougherty & Lamb, 2008, add to that with consideration of re-hydration or correcting hypovolemia if possible before insertion and closing over exposed hub with thumb when connecting lines to catheter end during the insertion

 The use of Luer lock syringes to minimize the risk of accidental disconnection of sets and syringes from the CVC, tight fits of all add on devices and locking or clamping is also suggested. Hamilton, 2006, further suggests priming of all lines before connection, consideration of air inline detectors and use of electronic infusion devices to avoid complete emptying of fluid bags and line filters.

The insertion of the majority of these catheters is not the responsibility of the nurse (apart from PICC). Assistance during the insertion and care immediately afterward is, and therefore heightened awareness of these preventative measures, symptoms, and action if necessary, are important.

The removal of a CVC is the one thing that nurses do every day. There is a common expectation that the nurse who utilizes and removes the CVC is competent and the institution they work in has offered training.  The potential for air embolism during either insertion or removal is the reason for this.

The Trendelenburg position was the position that was often used for removal (Ingram, 2006).  However, recent research suggests there is no additional benefit to this and that lying flat or supine is adequate (RCN, 2005, cited in Dougherty and Lamb 2008). Teaching the patient to perform a valsalva manoeuvre while the catheter is removed is proven to be most effective physiological manoeuvre. The nurse removing the catheter needs be confident that the patient is capable of doing this and can understand the technique and its importance. If the patient cannot tolerate the position or perform the manoeuvre the nurse can gently remove the catheter during exhalation.

Valsalva manoeuvre is defined as “the forced expiration of air against a closed glottis” (Roberts and Hedges 2004 cited in Ingram 2006 pg 43). This manoeuvre increases intra-thoracic pressure and reduces the risk of air entering the subcutaneous exit tract. The patient is taught to inhale deeply and bear down. While bearing down, the nurse removes the catheter. Ingram 2006 also suggests the patient can blow into a 20ml syringe with enough force to push back the plunger.

Other things to consider are situations where multiple CVCs sits in the vein and only one catheter is to be taken out. Dougherty and Lamb 2008 suggest that it may be difficult to create an airtight seal over the puncture site thereby leaving it until all CVCs can be removed at once; a better option.

Dougherty and Lamb also remind us that literature demonstrates that air embolism is possible up to 72 hours after removal. This is proportional to the length of time the catheter has been in because of the persistency of the skin tract to the vein. Therefore, placement of an occlusive dressing is recommended on the exit site for 72 hours.

Knowledge is a powerful tool and the development of knowledge surrounding risk management is one that is vital for the already unwell patient.  Air embolisms are avoidable. Evidence based protocols guide nurses; education and competence programs ensure clinical intervention risks such as air embolism are in the fore front of the nurses mind whenever they manipulate the CVC for any reason.

So ladies and gentleman my question remains unanswered….. How much air is too much for you and your patient to see in IV sets and catheters? 

*Trendelenburg position is described well by Ingram 2006. The head is tilted down by titling the bed to a 10-20 degree angle. This increases the pressure in the large vein above that of atmospheric pressure. This reduces the risk of aspirating air into the vein
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