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Bone cement implantation syndrome (BCIS) is poorly understood. It is an important cause of

intraoperative mortality and morbidity in patients undergoing cemented hip arthroplasty and

may also be seen in the postoperative period in a milder form causing hypoxia and confusion.

Hip arthroplasty is becoming more common in an ageing population. The older patient may

have co-existing pathologies which can increase the likelihood of developing BCIS. This article

reviews the definition, incidence, clinical features, risk factors, aetiology, pathophysiology, risk

reduction, and management of BCIS. It is possible to identify high risk groups of patients in

which avoidable morbidity and mortality may be minimized by surgical selection for uncemen-

ted arthroplasty. Invasive anaesthetic monitoring should be considered during cemented

arthroplasty in high risk patients.
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There is no peer-reviewed summary of bone cement

implantation syndrome (BCIS) in the current anaesthetic

literature. There is no widely accepted definition and there

is a paucity of recommendations for the avoidance and

management of this syndrome. This article draws together

all the published literature. The authors propose a defi-

nition of BCIS and a classification according to clinical

severity. We explore the putative mechanisms and high-

light the groups of patients who are at particularly high

risk of developing the syndrome, allowing for risk-

stratification and appropriate modification of the anaes-

thetic technique.

Background

BCIS is a significant cause of morbidity and mortality in

patients undergoing cemented hip arthroplasty. According

to the 2007 Annual Report of the National Joint Registry

for England and Wales, more than 60 000 hip replacements

are performed each year in England and Wales; approxi-

mately 65% occur in NHS hospitals.44 The most common

indication for total hip replacement (THR) is disabling

arthritis. THR and hemiarthroplasty are also performed for

femoral fracture, either as a primary procedure (1%) or in

the management of failed internal fixation (1%).44 More

than two-thirds of THR operations are performed in

patients .65 years old and women outnumber men two to

one.43 44 There has been an increase in the number of ASA

II and III patients undergoing a THR in recent years.44

Hip arthroplasties may be cemented, uncemented or

hybrid. In England and Wales �30% of THRs are currently

uncemented.44 Although the proportion of uncemented pro-

cedures appears to have increased in recent years,44 57

cemented THR is unlikely to be completely supplanted by

uncemented arthroplasty. Between April 2006 and March

2007, the average reported length of stay was 9.8 days for a

cemented primary THR, and 8.6 days for an uncemented

procedure.44 The mortality after cemented and uncemented

primary THR was 2.3% and 1.6%, respectively.44 The

greater mean age of patients receiving a cemented THR

may contribute to the longer hospital stay and the greater

mortality rate. Data from the National Joint Registry

indicate that the requirement for revision in the first 3 years

is higher in uncemented procedures (1.9% and 0.9%,

respectively).44

The average cost of a THR to the NHS was £3686 in

2000.43 The 2007–8 NHS payment by results tariff was

£5305 for an elective cemented primary hip replacement,

and £5901 for an uncemented procedure.12

The 2000–3 National Institute for Health and Clinical

Excellence (NICE) guidelines on primary total hip replace-

ment recommended that cemented prostheses should be

used for THR. The guidelines noted that cemented pros-

thesis have better long-term viability, that there are no cost

effective data to support the use of generally more costly
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uncemented and hybrid hip prosthesis and that there was

no reliable evidence to support the proposition that poten-

tial ease of revision (for uncemented or hybrid devices)

would outweigh the poorer revision rate.43 In 2003 it was

estimated that a potential saving to the NHS of £8 million

could be achieved if cemented prostheses were used in

place of uncemented prostheses at the time of the NICE

guidelines.43 Increasing uptake of uncemented or hybrid

prostheses would suggest this figure may now be higher.

NICE makes no comment on the relative safety of cemen-

ted vs uncemented prostheses.

Search strategy

In the preparation of this review, articles were identified

using a Medline search for the phrases; bone cement, bone

cement implantation syndrome, arthroplasty, hip replace-

ment, complications, methyl methacrylate (MMA), and

monomer. Further relevant references were identified from

found articles. All original articles were read, and full text

was obtained for all articles. All randomized controlled

trials, observational studies, and case series found in the

search were included.

Definition

BCIS has no agreed definition; it is characterized by a

number of clinical features that may include hypoxia,26 39 69

hypotension,39 69 70 cardiac arrhythmias,50 increased pul-

monary vascular resistance (PVR),5 34 50 67 70 and cardiac

arrest.5 13 45 50 53 59 61 It is most commonly associated with,

but is not restricted to, hip arthroplasty. It usually occurs at

one of the five stages in the surgical procedure; femoral

reaming, acetabular or femoral cement implantation, inser-

tion of the prosthesis26 39 50 53 56 70 or joint reduction.50

Proposed definition of bone cement
implantation syndrome

BCIS is characterized by hypoxia, hypotension or both

and/or unexpected loss of consciousness occurring around

the time of cementation, prosthesis insertion, reduction of

the joint or, occasionally, limb tourniquet deflation in a

patient undergoing cemented bone surgery.

Proposed severity classification of bone
cement implantation syndrome

† Grade 1: moderate hypoxia (SpO2
,94%) or hypotension

[fall in systolic blood pressure (SBP) .20%].

† Grade 2: severe hypoxia (SpO2
,88%) or hypotension

(fall in SBP .40%) or unexpected loss of

consciousness.

† Grade 3: cardiovascular collapse requiring CPR.

Incidence

The descriptions of adverse clinical events attributed to

BCIS vary so widely in the published literature that it is

not possible to draw any meaningful conclusions concern-

ing the true incidence of complications, such as hypoten-

sion and oxygen desaturation.

Case reports generally identify fatalities and lesser

degrees of BCIS are probably under-reported in the litera-

ture. The lack of a standard definition for BCIS goes

against accurate reporting. In a study of 48 patients under-

going elective cemented THR, one patient (2%) suffered

significant hypotension (.30% reduction in SBP) and

eight patients (17%) developed significant desaturation

(reduction in oxygen saturation .5%).31 Long-stem hip

arthroplasty appears to be associated with a higher inci-

dence of BCIS (vide infra). A study of 55 patients under-

going cemented long-stem hip arthroplasty (the indication

for the use of a long-stem component was metastatic

disease in 40 patients, and a revision procedure in 15

patients) demonstrated cement-associated hypotension

[mean arterial pressure (MAP) ,70 mm Hg, or reduction

in MAP .15 mm Hg] in 38% of patients and oxygen

desaturation in 25%.23

The true incidence of cardiac arrest secondary to BCIS

is unknown, and mortality data are not systematically col-

lected or published. There are only three large case

reviews of operative mortality during cemented THR

(1684, 15 211, and 11 655 patients)10 15 50 (Table 1). Data

from these three studies suggest the incidence of intra-

operative mortality during cemented THR is 0.11% (95%

CI: 0.07–0.15). Two of these studies also looked at intra-

operative mortality in uncemented THR or hemiarthro-

plasty. There were no intraoperative deaths during

uncemented THR (6684 and 11 011 patients)15 50 or unce-

mented hemiarthroplasty (4400 patients)50 in these studies.

The largest study, which looked at 38 488 hip arthroplas-

ties, was published in 1999 and reported 23 intraoperative

deaths in 23 077 patients receiving a cemented arthro-

plasty. Eleven deaths were reported in 11 655 cemented

total hip arthroplasties, and 12 occurred during 2814

cemented hemiarthroplasties. All the deaths were because

of cardio-respiratory problems during cementation. There

were no intraoperative deaths in 15 411 uncemented arthro-

plasties undertaken during the same period.50

Similar results were reported in a review of 21 895

patients undergoing a total hip arthroplasty. There were 19

intraoperative deaths from BCIS in 15 211 patients who

underwent a cemented THR and none in 6684 patients

who underwent an uncemented THR procedure. All the

deaths occurred around the time of cementation.15

The intraoperative mortality for cemented hemiarthro-

plasty was 0.43% (95% CI: 0.19–0.67); this group

includes patients with and without femoral fractures.50

If the procedure is undertaken to repair a fracture, the

type of fracture greatly affects the outcome; the reported
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intraoperative mortality rate is 0.2%, 1.6%, and 4.3% for

intracapsular fracture, intertrochanteric fracture, and patho-

logical fracture, respectively50 (Table 2).

Although primarily a problem associated with hip repla-

cement, BCIS has also been described during other

cemented procedures including knee arthroplasty5 46 and

vertebroplasty.8 68

Clinical features

BCIS has a wide spectrum of severity. Many patients

undergoing cemented hip arthroplasty develop non-

fulminant BCIS characterized by a significant, transient

reduction in arterial oxygen saturation,19 26 39 50 59 70 and

systemic blood pressure13 34 39 50 59 67 70 in the peri-

cementation period. A smaller proportion of patients

develop fulminant BCIS resulting in profound intra-

operative cardiovascular changes, which may proceed to

arrhythmias,50 shock or cardiac arrest.5 13 45 50 53 59 61

BCIS invariably results in reduced arterial oxygen-

ation.26 50 59 70 The cardiovascular changes are more vari-

able. The MAP may be reduced.39 50 59 Reduction in stroke

volume (SV)9 15 70 and cardiac output (CO) have been

widely described.9 15 50 70 The systemic vascular resistance

(SVR) may be reduced70 or increased.15 The PVR5 34 50 67 70

and pulmonary artery pressure (PAP) may be increased15 59

67 70 and the right-ventricular ejection fraction may be

impaired.67 The effects on the pulmonary vasculature are

usually transient3 6 but may persist for up to 48 h after

operation.5

It is believed that the increased PVR causes a reduced

right-ventricular ejection fraction, the compliant right ven-

tricle (RV) distends and causes the interventricular septum

to bulge into the left ventricle (LV), further reducing LV

filling, and therefore CO.67

It has been suggested that embolization of femoral canal

contents to the cerebral circulation either through a patent

foramen ovale or after transit through the pulmonary circu-

lation63 may cause postoperative delirium.3 6 63

Transcranial Doppler ultrasonography demonstrated cer-

ebral emboli in 40–60% of patients undergoing joint

arthroplasty in two small studies but none of these patients

developed delirium or a focal neurological deficit.14 63

A case report published in 2004 describes a patient who

developed BCIS during hemiarthroplasty for a femoral

fracture. She suffered an intraoperative cardiac arrest from

which she was resuscitated. Unfortunately, she never

regained consciousness and remained in a persistent vege-

tative state. Serial magnetic resonance imaging (MRI)

scans were suggestive of multiple cerebral fat emboli.59 A

second case report describes a patient who underwent an

uneventful elective total hip arthroplasty but developed

marked obtundation postoperatively. MRI scans suggested

cerebral fat emboli.47 A small study of patients undergoing

tibial surgery showed serum astroglial S-100B protein con-

centration (a marker of cerebral injury) was significantly

increased in the group who underwent a cemented

procedure compared with those who had an uncemented

procedure although no neurological sequelae were detected

on serial postoperative assessments.30

Aetiology and pathophysiology

The aetiology and pathophysiology of BCIS are not fully

understood. Several mechanisms have been proposed.

Table 2 Intraoperative mortality during hemiarthroplasty. Data expressed as percentage, (95% confidence interval) and (number of deaths/total number of

patients). *Authors did not state whether the procedures were elective or emergency cases. †Authors do not specify if procedures were elective or emergency

cases. Group includes patients with and without femoral fractures. ‡Authors stated that around 400 long-stem hip arthroplasties were performed in the study

period

Patterson et al.51 (1991) Parvizi et al.50 (1999)

Uncemented hemiarthroplasty† 0% (0/4400)

Cemented hemiarthroplasty (no fracture)* 0% (0/466)

Cemented hemiarthroplasty for non-pathological fracture* 0.4% (0.14–0.66) (9/2278)

Cemented hemiarthroplasty for pathological fracture* 4.3% (0–9.05) (3/70)

Cemented arthroplasty (THR and hemiarthroplasty) for intracapsular fracture* 0.2% (0.05–0.35) (7/3458)

Cemented arthroplasty (THR and hemiarthroplasty) for intertrochanteric fracture* 1.6% (0.69–2.51) (11/706)

Cemented arthroplasty with a long-stem femoral component*

(Indications the use of a long-stem prosthesis were fractures in three and fracture

non-union in one patient)

�1% (0.02–1.98) (4/�400‡)

Table 1 Intraoperative mortality during total hip replacement. Data expressed as percentage, (95% confidence interval) and (number of deaths/total number of

patients). *Authors do not specify if procedures were elective or emergency cases. †Authors do not specify if procedures were elective or emergency cases.

Group includes patients with and without femoral fractures

Coventry et al.10 (1974) Ereth et al.15 (1992) Parvizi et al.50 (1999)

Uncemented THR 0%* (0/6684) 0%† (0/11 011)

Cemented THR 0.06%* (0.18) (1/1684) 0.12%* (0.06–0.18) (19/15 211) 0.09%† (0.04–0.14) (11/11 655)

Cemented THR (no fracture)* 0.06% (0.01–0.11) (5/8036)

Cemented THR (non-pathological fracture)* 0.14% (0.02–0.26) (5/3473)

Cemented THR (pathological fracture)* 0.68% (0–2.01) (1/146)
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Initial theories focused on the release into the circulation

of MMA cement monomer during cementation. More

recent research has investigated the role of emboli formed

during cementing and prosthesis insertion. Several mechan-

isms such as histamine release,66 complement activation,34

and endogenous cannabinoid-mediated vasodilatation have

also been proposed.41

Monomer-mediated model

It has been demonstrated that circulating MMA monomers

cause vasodilatation in vitro.28 52 This hypothesis is not

supported in vivo in a number of animal studies that have

shown that the plasma MMA concentration after cemented

hip arthroplasty is considerably lower than the concen-

tration required to cause pulmonary36 or cardiovascular

effects.39 40 45 Consequently, it has been suggested that the

haemodynamic changes observed in BCIS are the result of

an increase in intramedullary pressure at cementation

leading to embolization, rather than a direct action of the

monomer on the cardiovascular system.45

Embolic model

Recent research has focused on the role of embolization in

BCIS. Embolic showers have been detected using echocar-

diography in the right atrium,8 15 31 RV,8 31 42 and pulmon-

ary artery32 during surgery. Post-mortem studies have

demonstrated pulmonary embolization in animals27 45 and

man.29 50 53 The physiological consequences of emboliza-

tion are considered to be the result of both a mechanical

effect3 45 and mediator release,3 70 which provokes

increased pulmonary vascular tone.3 32 It has been demon-

strated that this debris includes fat,5 22 39 45 50 53

marrow,5 39 45 50 53 cement particles,50 air,24 37 bone par-

ticles,21 and aggregates of platelets and fibrin.39

Mechanism of emboli formation

Embolization occurs as a result of high intramedullary

pressures developing during cementation and prosthesis

insertion.45 The cement undergoes an exothermic reac-

tion18 and expands in the space between the prosthesis and

bone, trapping air and medullary contents under pressure

so that they are forced into the circulation.37 45 The temp-

erature of the cement can increase as high as 968C 6 min

after mixing the components.18

Cementation is achieved either with a cement gun or

by manually packing the femoral canal. Regardless of

the method of cementation, prosthesis insertion into the

cemented femur is associated with a considerably greater

pressure than cementation alone. When cement is

inserted into the femur using a cement gun, the pressures

generated are almost double those seen when manual

packing is used (Table 3). Unfortunately, the single

study in patients where a hole was drilled into the femur

as a vent was flawed because some of the pressures gen-

erated exceeded the calibration range of their measuring

equipment.65

Transoesophageal echocardiography

Several workers have demonstrated emboli in the heart

using transoesophageal echocardiography (TOE) and these

vary greatly in size and number (Fig. 1). In one patient,

these were reported to be up to 5 cm in length.32 A study

of patients undergoing cemented arthroplasty demonstrated

emboli in 47 out of the 48 patients. The authors described

the appearance of multiple small emboli as a ‘snow

flurry’. Emboli greater than 10 mm were demonstrable in

approximately one-third of patients in the study.31

TOE has demonstrated that the embolic load is greater

in cemented compared with uncemented hip arthroplasty.15

These findings were confirmed in a small study that

observed emboli on TOE in all seven patients undergoing

cemented and uncemented total hip arthroplasties. ‘Snow

flurries’ were visible on TOE intermittently from the start

of reaming until the end of the surgical procedure in both

cemented and uncemented arthroplasty. In the cemented

group, these were most marked during reaming of both the

femur and acetabulum, and during insertion of the femoral

component and reduction of the hip joint. In the group

undergoing uncemented arthroplasty, the incidence and

duration of the flurries did not increase at any specific

point during the procedure. Cardio-respiratory variables

were minimally changed during these episodes.21

Table 3 Mean and peak intramedullary pressures generated during cementation and prosthesis insertion in vented and unvented femurs

Finger packing Cement gun

Peak pressure

(mean, mm Hg)

Mean pressure

(mean, mm Hg)

Peak pressure

(mean, mm Hg)

Mean pressure

(mean, mm Hg)

Unvented femur

Cementation35 608 127 1177 322

Unvented femur (cadaveric studies)

Cementation35 881 229 2051 374

Prosthesis insertion35 4931 3140 5003 3008

Vented femur

Cementation65 .117

Prosthesis insertion65 .190

Bone cement implantation syndrome
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Evidence of emboli at autopsy

A study in dogs demonstrated the presence of fat and

marrow in the pulmonary microvasculature at post-mortem

after both cemented and uncemented arthroplasty. The dogs

with a cemented procedure had a more than 10-fold

increase in the number of emboli seen at autopsy compared

with those in the uncemented group.45 A more recent

animal study demonstrated that medullary lavage before

cemented arthroplasty significantly reduced the number of

emboli seen post-mortem in dogs (P,0.00 005).70

Post-mortem examinations performed after intraopera-

tive deaths during cemented arthroplasty also confirm the

presence of marrow,5 29 50 53 61 fat,5 50 53 61 bone emboli,61

and MMA microparticles50 in the lungs. Fat emboli have

also been demonstrated post-mortem in the brain, kidneys,

and myocardium of a patient who had a cardiac arrest

during insertion of the femoral prosthesis.61

The link between intramedullary pressure

and embolization

When a cemented prosthesis is being used, the cement is

pressurized intentionally to force it into the interstices of

the bone. This achieves improved bonding between the

cement and bone by increasing the contact surface area.

Uncemented arthroplasty is associated with lower intrame-

dullary pressure, fewer emboli, and less severe haemo-

dynamic changes.15 45 The degree of embolization may be

related to the peak pressure generated in the femoral

canal.45 The mechanics of emboli formation were investi-

gated in a study in which cemented and uncemented surro-

gate femoral prostheses were implanted into anaesthetized

dogs. The peak intramedullary pressure and the number of

pulmonary emboli found at post-mortem examination were

significantly greater in the cemented group. When bone

wax was inserted into the femur instead of cement to gen-

erate raised intramedullary pressures with a non-volatile

substance, the observed embolic load and the cardiovascu-

lar changes remained significantly higher than those

observed in the uncemented group.45

The dogs in the cemented and bone wax groups showed

an increase in pulmonary shunt fraction, an increased

mean pulmonary arterial pressure and a significant

reduction in arterial partial pressure of oxygen (PaO2
) com-

pared with the control value during the 60 min observation

A B

C D

Fig 1 Four chamber TOE views showing embolism during total hip arthroplasty. (A) Small emboli (,5 mm) filling less than half of the right atrium.

(B) Medium-sized emboli (5–10 mm, arrowed) and small emboli filling more than half of the right atrium. (C) Small emboli (,5 mm) completely

filling the right atrium, multiple paradoxical emboli in left atrium. (D) Large emboli (.10 mm) in the right atrium with delayed passage at the

tricuspid valve. AS, atrial septum; CS, coronary sinus; LA, left atrium; LV, left ventricle; LVOT, left ventricular outflow tract; MV, mitral valve; RA,

right atrium; RV, right ventricle; VS, ventricular septum. Reproduced from Mayo Clinic Proc15 with permission.
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period. No significant changes in PaO2
were seen in the

group undergoing a non-cemented procedure.45

These observations suggest that high intramedullary

pressure per se is an important factor in the genesis of

BCIS.45 Although the extent of embolization was pro-

portional to the intramedullary pressure, there appeared to

be a ceiling effect; this phenomenon has been attributed to

a finite amount of debris being present in the femoral

canal (Fig. 2).

The haemodynamic effects of embolization

The debris from the medulla can embolize to the lungs,

heart15 or paradoxically to the cerebral6 15 and coronary

circulations.6 It is thought that showers of pulmonary

emboli result in the characteristic hypoxia and right ventri-

cular dysfunction leading to hypotension.70 Studies show

that the degree of cardiovascular compromise is not

necessarily proportional to the degree of the embolic

load.15 32

Mediator release from emboli

In addition to simple mechanical obstruction of the pul-

monary circulation, there are several possible mechanisms

by which emboli may result in an increase in PVR

(Fig. 3). First, mechanical stimulation or damage of endo-

thelium may result in reflex vasoconstriction or release of

endothelial mediators. Second, it has been suggested that

the embolic material may release vasoactive or

pro-inflammatory substances that directly increase PVR,

such as thrombin and tissue thromboplastin,39 40 or act

indirectly by promoting release of further mediators which

increase PVR.15

Other mediators cause a reduction in SVR such as

6-keto PGF 1a7 70 and tissue thromboplastin through

release of secondary mediators such as adenine nucleo-

tides.39 Medullary lavage before insertion of the cement

significantly reduces the release of some of these

mediators.70 Mediator-induced vasoconstriction, in combi-

nation with the mechanical obstruction from emboli,

causes shunting of blood that is the most likely cause of

the hypoxaemia.

Problems with the embolic model

The embolic model has become the dominant hypothesis

as the causative process in BCIS. However, embolization

does not explain all of the observed phenomena.

Embolization is not always associated with haemodynamic

changes,15 21 31 and the degree of embolism correlates

poorly with the extent of hypotension or hypoxaemia.31 39

Studies using TOE show that embolic events are common

and most patients tolerate them well. One study found the

emboli to be smaller than the diameter of the functional

pulmonary gas exchange vessels (75 mm compared with

150 mm). The authors surmised that the small emboli

would lodge in the terminal pulmonary vessels. The larger

vessels that supply the functional gas exchange units are

likely to be spared, maintaining a normal ventilation per-

fusion (V/Q) relationship. They failed to demonstrate V/Q

mismatching 30 min after the insertion of the femoral

prosthesis.15

Hypotension has been noted in patients where MMA

cement has been used in circumstances in which signifi-

cant embolism is unlikely, for example, percutaneous ver-

tebroplasty.68 Although micro-embolism may be a

contributing factor in BCIS, it is probable that other mech-

anisms co-exist.

Histamine release and hypersensitivity

Anaphylaxis (Type 1 hypersensitivity) was implicated as a

potential cause for a fatal case of BCIS in 1972.2
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Fig 2 Number of fat emboli in the lungs (area of 1200 mm2) and the

maximum mean intramedullary pressure (IMP) over a 10-s interval.

Reproduced with permission from Waddell and Byrick.45
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Fig 3 Pulmonary vessel with embolus comprising fat, platelets, fibrin,

and marrow debris. (1) Reflex vasoconstriction and endothelial

production of endothelin 1. (2) Release of vasoconstriction mediators;

platelet derived growth factor (PDGF), serotonin (5-HT), thromboxane

A2 (Tx-A2), platelet activating factor (PAF), adenosine diphosphate

(ADP). (3) Vasoconstriction attributable to non-cellular components of

embolus including thrombin.
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Anaphylaxis and BCIS share many similar clinical fea-

tures. A significant increase in plasma histamine concen-

tration in hypotensive patients undergoing cementation has

been demonstrated.66 It is unclear whether the histamine

release is attributable to a direct effect of the cement

monomer or through an IgE-mediated process. In a single

study, blockade of histamine receptors with clemastin and

cimetidine (H1 and H2 antagonists) appeared to impart a

protective effect,66 but these findings have not been repro-

duced in more recent studies.33 38

Contact hypersensitivity (Type 4 hypersensitivity) to

MMA has been demonstrated in surgeons17 and exper-

imental animals.25

Complement activation

The anaphylatoxins C3a and C5a are potent mediators of

vasoconstriction and bronchoconstriction.1 An increase in

C3a and C5a levels, suggesting activation of the comp-

lement pathway, has been demonstrated in cemented hemi-

arthroplasty but not in uncemented hemiarthroplasty.1

High-dose methylprednisolone (2 g) was demonstrated to

attenuate complement activation and hypoxia in a small

randomized controlled, double-blinded study of patients

undergoing a cemented arthroplasty. Methylprednisolone

appeared to prevent the release of anaphylatoxins and the

development of oxygen desaturation.19 A more recent

study failed to identify complement activation.34

Multimodal model

It is likely that a combination of the above processes is

present in any individual patient who develops BCIS. The

extent to which each of these models contributes to the

clinical features may depend upon the individual’s physio-

logical response. For example, there is significant inter-

patient variability in the response to morphine-induced

histamine release.58 71 Several of the phenomena may have

opposing actions and the combined effects of BCIS on

haemodynamic variables will depend on the relative mag-

nitude of the changes in PVR, SVR, and myocardial con-

tractility. It is reasonable to assume that the patient’s

pre-existing co-morbidities may alter the clinical features

of BCIS. It would be expected that a patient with pre-

existing impaired right-ventricular function would be more

susceptible to the effects of a sudden increase in PVR

(Fig. 4).

Patient risk factors

Numerous patient-related risk factors have been implicated

in the genesis of BCIS including old age,50–52 poor pre-

existing physical reserve,23 51 impaired cardiopulmonary

function,23 50 52 53 pre-existing pulmonary hypertension69

osteoporosis,50 51 bony metastases,3 23 and concomitant hip

fractures,50 51 53 particularly pathological or intertrochanteric

fractures.50 These latter three factors are associated with

increased3 23 50 51 or abnormal23 vascular channels through

which marrow contents can migrate into the circulation.

Patients with a patent foramen ovale or atrial-septal defect

may be at increased risk of paradoxical emboli and neuro-

logical sequelae.

A retrospective analysis of the case notes of 55 consecu-

tive patients undergoing cemented long-stem arthroplasty

revealed that three patients suffered catastrophic
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Fig 4 (A) Normal circulation, and (B) proposed combined model with

peripheral vasodilatation, reduced venous return, increased pulmonary

vascular resistance and pulmonary embolization, reduced cardiac output,

reduced systemic vascular resistance (allowing some counter increase in

cardiac output due to reduced afterload) and hypoxia from both the

emboli and the pulmonary effects of histamine.
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complications, two developed prolonged coma and one

patient died. All three had metastatic disease and a pre-

viously un-instrumented femur.23 Malignant tumours are

associated with increased levels of pro-coagulants such

as fibrinopeptide A that may also increase thrombo-

embolism.54 55

The proportion of patients presenting for THR with

co-morbidity has increased in recent years.44 The National

Joint Registry data for 2006 show that 14% of patients under-

going primary hip arthroplasty were ASA III, 1% were ASA

IV, and 0.06% (n¼32) patients were ASA V.44

Surgical risk factors

Patients with a previously un-instrumented femoral canal

may be at higher risk of developing the syndrome than

those undergoing revision surgery.23 51 There are two

possible mechanisms. First, there is more potentially

embolic material present in an un-instrumented femur.23

Second, once the canal has been instrumented and cemen-

ted, the inner surface of the femur becomes smooth and

sclerotic and offers a less permeable surface.51 The use of

a long-stem femoral component increases the likelihood of

developing BCIS.23 51

Anaesthetic risk reduction

Joint arthroplasty is often carried out in patients with sig-

nificant co-morbidity: 14% of patients undergoing primary

hip arthroplasty in the NHS, and 26% of those undergoing

a revision procedure have an ASA score of three or over.44

The anaesthetic team should be fully involved in the pre-

operative assessment of patients scheduled for joint arthro-

plasty, allowing for full investigation of co-morbidity and

pre-optimization.2 Particular attention should be paid to

patients undergoing a cemented procedure with cardiac, res-

piratory or metastatic disease, patients with a femoral frac-

ture and those having a long-stem prosthesis inserted.11 23 53

In high risk cases discussion should occur between the

surgeon and anaesthetist regarding the most appropriate

anaesthetic and surgical technique, including the potential

risk-benefit of uncemented compared with cemented

arthroplasty. A telephone survey of the 12 trauma centres

in Wales in 2003 demonstrated that the decision concern-

ing the choice of cemented or uncemented hemiarthro-

plasty was made after discussion between the anaesthetic

and surgical team in only two centres. In a further two

centres, the decision was influenced by the patient’s age

and mobility according to an agreed protocol.49 In patients

with a history of previous severe BCIS, avoidance of a

further cemented procedure may be prudent.

The anaesthetic technique should be tailored to the indi-

vidual patient and the type of prosthesis. Although there is

no clear evidence regarding the impact of anaesthetic tech-

nique on the severity of BCIS, an animal study has

suggested that volatile anaesthetic agents may be associ-

ated with a greater haemodynamic change for the same

embolic load.20 In this study, isoflurane was compared

with a high-dose fentanyl and diazepam technique that is

unrepresentative of normal anaesthetic practice. The avoid-

ance of nitrous oxide should be considered in high risk

patients to avoid exacerbating air embolism.

Increasing the inspired oxygen concentration should be

considered in all patients at the time of cementation,5 26

especially in patients at increased risk of BCIS.23 51 53

Avoiding intravascular volume depletion may reduce the

extent of the haemodynamic changes in BCIS.23 26 34 50 52 53

A high level of haemodynamic monitoring should be

considered in high risk patients.5 50 51 53 Central venous

pressure (CVP) monitoring will aid volume optimization

and inotrope administration but changes in CVP may cor-

relate especially poorly with changes in PAP in BCIS.4 45

An oesophageal Doppler study in 20 patients undergoing

hip arthroplasty demonstrated a significant reduction in

CO and stroke volume, neither of which was detected by

standard haemodynamic monitoring.9 The use of an

intraoperative pulmonary artery catheter3 50 51 or trans-

oesophageal echocardiography3 15 has been suggested in

high risk patients.

In one institution, the analysis of seven intraoperative

cardiac arrests during hemiarthroplasty led to the routine

use of low-dose epinephrine infusion during cementing.51

We recommend that, in addition to standard anaesthetic

monitoring, patients with one or more significant risk

factors for developing BCIS (Table 4) should have a high

level of perioperative vital signs monitoring. This should

include invasive arterial pressure monitoring and a central

venous catheter. Hypotension in BCIS may be the result of

decreased SVR, reduced CO, or a combination of the two,

and the authors consider that CO monitoring with an

assessment of cardiac filling, CO, and SVR should be

given serious consideration in patients at high risk of

BCIS. This would allow for management to be directed

more appropriately should BCIS develop.

Surgical risk reduction

A retrospective analysis of intraoperative mortality in

patients undergoing hip arthroplasty over a 28 year period

showed a three-fold reduction (P,0.05) in the intraoperative

Table 4 Significant risk factors for developing BCIS

Pre-existing disease

Pre-existing pulmonary hypertension

Significant cardiac disease

New York Heart Association class 3 or 4

Canadian Heart Association class 3 or 4

Surgical factors

Pathological fracture

Inter-trochanteric fracture

Long-stem arthroplasty

Bone cement implantation syndrome
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mortality in the latter 9 years of the study. This was attrib-

uted to several modifications in the surgical and anaes-

thetic technique.50

A number of surgical measures may be undertaken

to reduce the risk of BCIS. These include medullary

lavage,4 22 23 53 62 64 70 good haemostasis before cement

insertion,23 minimizing the length of the prosthesis,51

using non-cemented prosthesis3 13 50 53 (especially if using

a long-stem implant),51 and venting the medulla.3 22 23 26

50 53 Venting the bone permits the air to escape from the

end of the cement plug and reduces the risk of an air

embolus. Unfortunately, drilling a hole in the cortical

bone to create a pressure-relieving vent can increase the

risk of femoral fracture.3 26 27 The risk of fracture is

greater if the size of the drill hole is greater than a critical

diameter.

If cement is used, insertion with a cement gun16 and ret-

rograde insertion35 have been suggested as ways of redu-

cing the incidence of BCIS. Cement guns are being

increasingly used in clinical practice, and result in more

even pressure distribution in the medullary cavity,60 and

less reduction in oxygen saturation (P,0.006).35

Paradoxically, it has been demonstrated that intramedullary

pressures are higher when cementation is performed with

a cement gun rather than finger packing.35

The method of preparation of bone cement is also rel-

evant to BCIS. A study of 72 patients undergoing repair of

femoral fracture demonstrated a complication rate (signifi-

cant decrease in oxygen saturation and arterial pressure) of

11% in the patients whose cement was mixed in a partial

vacuum, compared with 53% in the group in which the

cement was mixed at atmospheric pressure. Mortality in

the two groups was 2.8% and 13.8%, respectively.69

Working the cement to remove the volatile vasodilatory

compounds has also been recommended.52 53 The 2006

British Orthopaedic Association Guide to Good Practice

recommends a number of the above measures.2

Management

Communication between the surgeon and the anaesthetist

is important. In addition to the hazards of cement implan-

tation and prosthesis insertion,39 50 reduction of the pros-

thetic femoral head is also a time of increased risk

because previously occluded vessels are re-opened and

accumulated debris may be allowed into the circulation.50

67 During knee arthroplasty, significant venous emboli are

released at the time of tourniquet deflation and this may

also be a high risk period.48

A fall in end tidal carbon dioxide concentration may be

the first indication of clinically significant BCIS in the

anaesthetized patient and should alert the anaesthetist.

Oesophageal Doppler measurements may detect impend-

ing BCIS at an earlier stage than standard haemodynamic

monitoring.9 Early signs of BCIS in the awake patient

undergoing regional anaesthesia include dyspnoea13 14 and

altered sensorium.14 59

In the absence of clinical trials comparing different man-

agement approaches to BCIS, current recommendations are

empiric and guided by case reports and basic physiological

principles.

If BCIS is suspected, the inspired oxygen concentration

should be increased to 100% and supplementary oxygen

should be continued into the postoperative period. It has

been suggested that cardiovascular collapse in the context

of BCIS be treated as RV failure.3 53 Aggressive resuscita-

tion with i.v. fluids has been recommended.51 53 Although

CVP monitoring does not accurately reflect PAP,53 a

central venous catheter may be indicated for the adminis-

tration of inotropic drugs. Opinion is divided as to the

relative merits of a pure alpha adrenergic agonist29 70 or a

mixed alpha and beta receptor agonist.29 51 53 67 The

choice of vasopressor is facilitated by the presence of non-

invasive CO monitoring or a pulmonary artery flotation

catheter.

Haemodynamic instability should be treated with the

potential aetiology in mind. Sympathetic a1 agonists

should be first-line agent in the context of right heart dys-

function and vasodilatation. Fluid resuscitation should then

be commenced if there is insufficient pre-load.

Summary

We have discussed the incidence and clinical features of

BCIS and proposed a formal definition and severity classi-

fication. Our proposed classification system provides a

structure for reporting cases of BCIS and may permit

more accurate assessment of the incidence of BCIS in the

future.

We have explored a number of theories of the under-

lying pathophysiology of BCIS, including the monomer-

mediated model, the embolic model, and the histamine

and complement-mediated models. We have postulated

that, rather than one discrete mechanism, the true aetiol-

ogy may encompass a combination of mechanisms, partly

modified by the patient’s own physiological response and

pre-existing pathology.

Although cemented procedures are generally very safe,

we have highlighted specific groups of patients who are

particularly at risk of developing BCIS and we have made

a number of suggestions to minimize this risk, including

liaison with the surgeon regarding the type of prosthesis,

generous intra-vascular fluid repletion, increased vigilance

at the periods of highest risk, and invasive vital-signs

monitoring. We suggest that a cemented prosthesis should

be avoided in patients who are at high risk of BCIS unless

there are overriding orthopaedic considerations. In

addition, we have discussed the clinical management of a

patient who develops BCIS with an emphasis on the use

of direct acting alpha agonist drugs.
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