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Reports of Investigation 

Clinical features and 
echocardiography of 
embolism d.uring 
cemented hip arthroplasty 

No,  lie D Lafont MD, Mulomba K Kalonji MD, 
Jeanne Barre MD,* Claude GuiUaume MD,** 
Jean G Boogaerts MD PHD 

Purpose: In previous studies the degree of embolization detected by transoesophageal echocardiography (TEE) 
dunng cemented total hip arthroplasty (THA) did not correlate with changes in haemodynamic variables nor did 
it result in persistent ventilation-pedusion mismatching. The aim of this study was to record evidence of embolism 
and to relate the findings to demographic data and the subsequent clinical course of the patients during THA. 
Method: Forty-eight patients scheduled to undergo elective cemented THA during general anaesthesia were 
monitored. A TEE probe was inserted with special attention to the right atrium (RA), the right ventricle (RV). 
Haemodynamic (heart rate, artenal blood pressure, central venous pressure) and blood-gas variables were mea- 
sured repeatedly during the operative procedure (after induction, placement of the acetabular component, place- 
ment of the femoral component, relocation of the hip joint). Grading of venous embolism at these times was 
based on the size of particles detected by TEE (three-minutes video segments of each periods) and correlated 
with demographic, haemodynamic and blood-gas data. 
Results: The TEE monitonng revealed showers of echogenic material traversing the RA and RV in all but one 
patients dunng reaming and cementing of the acetabular and femoral components, and during relocation of the 
hip joint. No correlation was observed between frequency or size of embolic particles and demographic or 
blood-gas and haemodynamic variables studied at the same times. 
Conclusion: This study failed to show any clinical impact of TEE detected emboli during cemented THA. 

Obiect i f  : Des 6tudes ant6neures ont montr~ que le degr6 de rembolisation d&el6 par &hographie transoe- 
sophagienne (ETO) pendant I'arthroplastie totale de la hanche (ATH) ciment~e ne corr61ait pas avec les change- 
merits des param&res hemodynamiques et ne provoquait pas d'in~galit& persistantes du rapport 
vent,lation-perfus~on. Cette 6.rude visait ~ enregistret; au tours de I'ATH, I'apparition des embolies et de corr~ler 
ces donn~es avec ies donn~es d~mographiques et r6volution clinique subs~quente des op&6s. 
M&hodes : Quarante-huit patients programm~s pour subir une ATH ciment~e non urgente &aient monrtor6s 
sous anesth6sie g6n6rale. La sonde ETO 6tait ins6r6e en cibtant sp&ialement I'oreillette droite (OD) et le ven- 
tricule droit 0/D). Les param&res h6modynamiques (fr6quence cardiaque, pression art&ielle, tension veineuse 
centrale) et la gazom6trie 6talent mesur6s ~ intervalles fixes pendant f'intervention chirurgicale (apr~s I'induction, 
pendant I'installation du segment ac~tabulaire, ~ I'installation du segment f~moral, et lots de la r6duction de la dis- 
location de la hanche). Le degr6 d'embolisation veineuse 6tait alors &abli selon la grosseur des particules d&ec- 
t6es par ETO (enregistrements video de trois minutes pour chacune des p&iodes) et corral6 avec les donners 
d~mographiques, h6modynamiques et gazom6triques. 
R~sultats : Le monJtorage ETO a r6v~16 que, chez tousles patients, une pluie de mat&iel &hog6ne traversait 
I'OD et le VD pendant I'al6sage et la cimentation des segments ac~tabulaire et f~moral et pendant la r6duction 
de la dislocation de la hanche. II n'y avait pas de correlation entre la fr6quence et la grosseur des particules 
emboliques et les param~tres d~mographiques, gazom6triques et h6modynamiques enregistr& simultan6ment. 
Conclusion : Cette &ude n'a pas montr~ que les embolies d~tect6es par ETO pendant I'ATH ciment6e avaient 
un impact clinique. 
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B 
ONE cement implantation syndrome during 
total hip arthroplasty (THA) is associated 
with venous emboli that may be detected 
with transoesophageal echocardiography 

(TEE). 1-s The use of TEE to detect embolic material 
as it passes through the heart was suggested in a case 
report by Wenda et al. 4 Ereth et al. have shown that 
the degree of embolization during THA did not cor- 
relate with changes in haemodynamic variables nor did 
it result in persistent ventilation-perfusion mismatch- 
ing. Ereth's data suggested that non-cemented THA 
is associated with fewer emboli} In a case report, 
Lafont et al. failed to demonstrate haemodynamic 
consequences of a large amount of echogenic materi- 
al that was embolized into the fight heart and partial- 
ly entrapped in the pulmonary bed, confirming the 
preceding results, s 

The aim of this study using TEE was to record evi- 
dence of embolism and to relate the findings to demo- 
graphic data and the subsequent clinical course during 
THA. 

Materials 
After local ethical committee approval, 48 patients 
scheduled to undergo elective cemented THA during 
general anaesthesia were monitored. Most of the 
patients were premedicated with 3 mg midazolam and 
0.25 mg atropine sulfate im  one hour before induc- 
tion of anaesthesia. In the operating room, a cannula 
was inserted into a forearm vein and lactated Ringer's 
solution was given. Monitoring included a 3-lead 
ECG, finger-pulse oximetry (SpOt) and measurement 
of  end-tidal carbon dioxide (PETCO2). 

General anaesthesia was induced with 0.3 mg.kg -1 
etomidate combined with 100 I~g fentanyl@ (Janssens 
Pharmaceutica, Belgium). Muscle relaxation was 
induced with 0.1 mg.kg -l pancuronium. Anaesthesia 
was maintained with halothane in a mixture of 50% 
02:50% N20 and intermittent doses of fentanyl (50 to 
100 ~tg) and pancuronium (2 rag). Ventilation was 
controlled with a tidal volume of 10 ml-kg -1 to main- 
tain PaCO 2 of 34-38 mmHg. 

A 20 gauge radial artery catheter and a central 
venous catheter were inserted percutaneously. The 
haemodynamic variables (heart rate, arterial blood pres- 
sure, central venous pressure) and SpO 2 were continu- 
ously monitored. Before the patient was placed in the 
lateral decubitus position, a 5-MHz multiplanar tran- 
soesophageal echocardiographic probe (Vingmed 
Sonotron 750@) was introduced into the oesophagus 
via the oropharynx to obtain a four-chamber view of the 
heart, with special attention to the right atrium (RA) 
and the tight ventricle (RV). The gain setting was opti- 

mized to avoid any artefact. Echocardiography was per- 
formed continuously throughout the surgery. The 
probe was removed before termination of anaesthesia. 

The following variables were measured repeatedly 
during the operative procedure: heart rate (HR), blood 
pressure (BP), central venous pressure (CVP), SpO2, 
PETCO2, arterial blood-gas analyses. Measurements 
were performed at 13 intervals (1: after induction, 2: 
before incision, 3: after incision, 4: preparation of the 
acetabulum, 5: placement of the acetabular component, 
6: five minutes later, 7 :10  min later, 8: reaming and 
preparation of the femur, 9: placement of the femoral 
component, 10: five minutes later, 11:10 rain later, 12: 
relocation of the hip joint, 13: skin closure). 

The TEE data were stored, and representative 
three-minutes video segments from each of the 13 
periods were analysed by two independant observers 
who were blinded to the patient identity and period. 
Grading of venous embolism was a simplification of 
Ereth et a l l :  0: none, 1: "snow flurry picture," 2: 
embol(i) from 0 to 10 mm, 3: embol(i) >10 mm. 
Emboli were considered significant if present for more 
than five seconds. 

After completion of the operation, the patients 
were transferred to the surgical intensive care unit and 
the lungs were ventilated until complete recovery 
from anaesthesia. The endotracheal tube was removed 
when the patients were fully awake. The monitored 
variables were continuously recorded. 

Statist ical analysis 
All data are reported as mean • SD. Statistical analy- 
sis comprised ANOVA for repeated measures or chi- 
square tests when necessary. Bonferroni's method 
was used for post hoc multiple comparison when 
analysis of variance was significant. P <0.05 was con- 
sidered significant. 

Results 
Complete data were recorded for all 48 patients. 
Mean age, height, weight, sex, and ASA physical sta- 
tus of  patients are presented in Table I and risk factors 
in Table II. No patient had metastatic disease of 
femur. The mean duration of the surgical procedures 
was 167 • 60 min. No adverse event was observed at 
the time of introduction or removal of the TEE probe. 

TABLE I Demographic variables 

Age 67.7 • 9.9 
Weight (kg) 76.1 • 15.2 
Height (cm) 167.2 • 7.7 
Sex (M/F) 16/32 
ASA (1/2/3) 5/31/11 
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TABLE II Patient risk factor 

n 

Age > 65 yr 26 
Coronary artery disease 11 
Cardiac failure 2 
Hypertension 21 
Pulmonary disease 9 
Diabetes 2 
Vascular disease 3 
Smokers 6 
ECG abnormalities 10 

n = Number of patients with the specific 
characteristic (total population n = 48) 

F IGURE 2 Intraoperative heart rate (HR), systolic (sys) and 
diastolic (dia) arterial blood pressures (BP), central venous pres- 
sure (CVP), PaO2, PaCO2, SpO2, PEwCO 2 and frequency of 
emboli at the different times of the surgical procedure. 
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Transoesophageal echocardiography monitoring 
revealed showers of echogenic material traversing the 
RA and RV in 47 patients during reaming and 
cementing of the acetabular and femoral components 
(Figure 1). Both observers independently agreed on 
patient classification to groups in all 47 events. Fifteen 
patients exhibited an embolism score of 1, 18 a score 
of 2 and 14 a score of 3. The mean sizes of the great- 
est echogenic particles observed were 1.74 • 2.68 mm 
for the grade 2 and 17.3 • 11.80 mm for the grade 3 
often vermiform. 

No correlation was observed between demograph- 
ic data and frequency or size of embolic particles. 

The frequency of embolism during the different 
times of the surgical procedure is shown in Figure 2. 
Emboli were seen during acetabular and femoral ream- 
ing and cementing of the components. The greatest 
scores were registered during placement of the femoral 
component. No change was observed in any of the 
mean haemodynamic variables (Figure 2) or right ven- 
tricle size. Only one patient exhibited an episode of 
hypotension (decrease in systolic blood pressure >30%) 
at the time ofacetabular placement. Embolic score was 
0 and oxygen saturation 95% during this event. The 
patient did not suffer postoperative complication. 

Also no deterioration of mean SpO2, PETCO2, PaO2, 
PaCO 2 (Figure 2)was observed and no correlation 
could be established between these variables and the 
concurrent embolic scores. Sudden desaturation 
(defined as a decrease in oxygen saturation 25%) 
appeared in eight patients during insertion of the 
femoral component. The minimum SpO 2 was 91%. The 
concurrent embolic scores were 0 in three cases and I in 
the other five (NS). 

One patient with patent foramen ovale had an 
episode of paradoxical embolism during insertion of 
the femoral component and, in the postoperative peri- 
od, experienced a transient neurological complication 
(right hemiparesia) that resolved without sequelae in 
the next 48 hr. 

More discrete emboli were observed during reduc- 
tion of the relocation of the hip joint. 

The TEE four-chamber view was clear at the con- 
clusion of surgery. 

Discuss ion  
This study agrees with others that failed to show any 
haemodynamic impact of TEE detected emboli during 
THA. 1-3 At the time of placement of the acetabtdar 
and, especially, the femoral components, several emboli 
of various sizes were detected in the right atrium and 
ventricle. The emboli were well tolerated by the 
patients: no haemodynamic or blood gas modifications 
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FIGU1LE 1 Four-chamber transocsophagcal r 
views showing embolism during total hip arthroplasw: (A) control 
view, (B) "snow flurry" in the right atrium, (C) small and large 
emboli in the right atrium. RA = right atrium; RV = right ventri- 
cle; LA = left atrium; SF = snow flurry; E = embolus. 

were observed. No relationship was found between 
patients' characteristics i.e. age, height, weight, sex and 
frequency or size of emboli. A finding of particular 
interest was the demonstration of  paradoxical 
embolism in one case. 

During insertion of  the prosthesis in THA, 
embolization of intramedullary fat, bone marrow, 
methylmetbacrylate, bone cement, or air can cause 
bone cement implantation syndrome, s,6 The syn- 
drome is characterized by hypotension, hypoxaemia, 
cardiac arrythmias, cardiac arrest or a conabination of 
these features. It might cause sudden death. 7-~1 These 
complications frequently occur within minutes after 
implantation of the methylmethacrylate bone cement 
and the prosthetic component and are also observed 
with non-cemented THA. n 

The syndrome is due to embolism during THA 
resulting from high intramedullary pressure (575 
mmHg). 6,13-15 Air, fat, bone marrow, haematopoietic 
stem cells, endothelial cells and other intramedullary 
debris are embolized into the femoral venous chamaels 
by the expanding and pressurized bone prothesis inter- 
face and eventually embolize to the heart and lungs or, 
in the case of paradoxical embolism, to the braha, lr,w 
However, so far, the haemodynamic impact of TEE 
detected emboli during THA has been imprecise. 

Transoesophageal echocardiography is a new imag- 
ing technique that is gaining popularity as an inrraop- 
erative monitor of  cardiac function in high risk 
patients, for detection of  ischaemia> for assessing left 
ventricular preload, afterload, cardiac output and ejec- 
tion fraction. Is Because of  high resolution and excel- 
lent image quality, TEE currently represents the 
method of  choice for patent foramen ovule detection. 
In our study, one patient suffered a neurological com- 
plication following paradoxical embolism that had 
been observed with TEE. However, the equipment is 
expensive and requires specific technical and interpre- 
tative expertise. ~9 At present, routine echocardio- 
graphic monitoring cannot be recommended for THA 
but future research may provide guidelines for using 
TEE in such situations. It will be interesting to inves- 
tigate how intraoperative TEE data could guide real- 
time decision making. 

One hypothesis concerning the aetiology of  the 
bone cement implantation syndrome could be the 
nature of  the embolic material, Current echoeardio- 
graphic techniques do not permit tissue characteriza- 
tion of  embolic material. Echogenic emboli could 
consist of marrow content (fat), bone cement, air or 
fresh thronlbus. Since similar echogenic particles have 
been demonstrated with uncemented hip arthroplast3; 
the echogenic material most likely is not bone cement. 
Spiess et al. aspirated air from a central venous 
catheter in 10% of patients undergoing THA. 2~ 
Investigators have observed similar echogenic emboli 
during orthopaedic procedures involving manipula- 
tion of  the marrow cavity. In a patient undergoing 
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fixation of  a femoral neck fracture, Pel let  al. sampled 
venous blood during embolic showers and demon- 
strated the presence of  microscopic fat globules. 21 
Polymethylmethacrylate activates the coagulation cas- 
cade and stimulates platelet aggregation thus provid- 
ing the conditions necessary to stimulate thrombus 
formation.16~ 2 

Further studies are warranted to delineate the spe- 
cific mechanical, biochemical, and physiological 
responses to emboli in patients having cemented 
THA. Methods of  intervention such as a technique for 
filtering emboli from the venous blood, biochemical 
dissolving of  emboli, or aspiration of  emboli seen on 
TEE need to be explored. 

There are some limitations to this study. First, the 
scoring of  intracardiac emboli was performed postop- 
eratively by two observers blinded to the clinical 
events but intra- and inter-observer variability was not  
determined. However, this methodology has been 
used recently by Urban et aL 2s Second, the total dura- 
tion of  echogenesis was not measured as in the pre- 
ceding study. Third, right heart catheterism was not  
realised to evaluate the pulmonary blood pressure 
repercussions of  emboli. Our patients may have com- 
pensated for pulmonary hypertension which could be 
life-threatening to other patients: therefore, the study 
results may not  be directly generalizable to patients 
with more severely compromised cardiopulmonary 
reserve which could not compensate for the embolic 
load. Lastly, other diagnostic uses of  TEE such as the 
detection of  ventricular dysfonction like regional wall- 
motion abnormalities were not examined. 24 Thus, the 
overall clinical utility of  TEE could increase. 

In conclusion, this study showed that the impact of  
emboli detected by TEE during cemented THA is not 
clear. No relationship was found bet~veen embolic fre- 
quency or size and demographic or clinical data. 
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