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Abstract: Several surveys showed that cardiopulmonary bypass
(CPB) is associated with incidents that negatively affect outcome
and suggested that improved monitoring and safety could be
associated with a decreased rate of incidents. In 2004, the French
“Haute Autorité de Santé”(an independent French government
advisory agency) and the French College of Perfusion issued
recommendations concerning safety and monitoring devices for
CPB. The aims of this study were to investigate the difference
between the recommendations and the clinical practice of CPB
shortly after publication of the recommendations and compare
the 2005 situation with the results of a previous survey per-
formed in France and to investigate the rate of perfusion inci-
dents and their outcome. A 62-item questionnaire was sent in
January 2006 to all 66 centers performing cardiac surgery and
CPB in France. The survey investigated the use of safety and
monitoring devices as well as perfusion incidents for 2005. Fifty-
seven centers (response rate, 86%) returned the questionnaire,
totaling 34,496 CPB procedures. There was a wide difference

between the recommendations and the reported use of safety
and monitoring devices with no clinically relevant change from
the previous French survey concerning 2001. An incident was
reported for every 198 CPB procedures with death at a fre-
quency of 1:4864 and permanent sequelae of 1:11,349, respec-
tively (a permanent injury or death in 1:3220 procedures). The
three most frequent perfusion incidents were adverse effects to
protamine (1:1702), dissection at the arterial cannulation site
(1:1792), and coagulation of the circuit (1:4864). In conclusion,
this survey showed that an important effort must be made in
France to implement into clinical practice the recommendations
concerning CPB monitoring and safety devices. The analysis of
CPB-related incidents suggest that, with the exception of prota-
mine adverse effects, the majority of deaths and severe perma-
nent injuries in this survey could probably be avoided by im-
proved use of the monitoring and safety devices. Keywords: car-
diopulmonary bypass, survey, safety, cardiac surgery. JECT.
2007;39:142–157

Despite the recent interest in off-pump myocardial re-
vascularization techniques, the majority of cardiac surgery

procedures require the use of cardiopulmonary bypass
(CPB). Within the past decades, the evolution of CPB has
been marked on one side by sophistication/complexity and
on the other side by an increased requirement for safety.
To meet these two goals, the medical community in sev-
eral countries has issued recommendations concerning the
initial training of perfusionists and the use of monitoring
and safety devices for CPB (1–3). Meanwhile, several sur-
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veys, published in the late 80s and 90s, showed that CPB
was associated with a relatively high number of severe
complications and deaths (4–9). Although these reports
suggest a decrease in CPB-related mortality from 1:1419
CPB procedures in 1972–1977 (4) to 1:4567 CPB proce-
dures in 1996–1999 (9), the incidence of serious non-lethal
complications remained relatively constant [1:1030 CPB
procedures in 1972–1977 (4) and 1:1453 in 1996–1999 (9)].
Although there is no shown cause-to-effect relationship,
the decrease in CPB-related mortality has partly been at-
tributed to improved monitoring and safety procedures
(10).

In late 2003, the French “Agence Nationale
d’Accréditation et d’Evaluation en Santé” (National
Agency for Healthcare Accreditation and Evaluation),
presently included in the “Haute Autorité de Santé”
(HAS), an independent French government advisory
agency, asked a group of professionals (perfusionists, car-
diac anesthesiologists, and surgeons) to make recommen-
dations concerning monitoring and safety devices for both
adult and pediatric CPB for cardiac surgery. The working
group issued, in December 2004, recommendations avail-
able in French on www.has-sante.fr (11). There were two
follow-up measures to these recommendations: (i) to in-
vestigate the difference between the everyday use of
monitoring and safety devices for CPB and the recently
published recommendations in France; and (ii) to estimate
the types of incidents and their rates before the implemen-
tation of the recommendations. The aims of this study
were first to estimate the difference between the recom-
mendations and routine practice of CPB and second to
perform a survey concerning the rate of CPB-related in-
cidents in 2005, when professionals had become familiar
with the recommendations but did not implement them.

MATERIALS AND METHODS

In January 2006, a questionnaire, prepared by the
French College of Perfusion in collaboration with HAS,
was mailed to the 66 centers performing cardiac surgery in
France [all identified in the French Cardiac Surgery Cen-
ters Repertoire (12)]. The questionnaire and a cover letter
containing detailed instructions were sent to the chief per-
fusionist and the head of cardiac surgery or anesthesia and
intensive care departments at each center. In March 2006,
the perfusionists that had not responded to the first mail
were contacted again. The chief perfusionists were subse-
quently contacted for additional information (incomplete
forms or detailed explanations in case of inconsistencies).
Confidentiality was assured by allowing access to surveys
only to two authors (JMC and DL). After entering the
results in a computer database, the original questionnaires
were destroyed.

The survey concerned CPB procedures that were per-

formed from January 1 to December 31, 2005. The ques-
tionnaire (see Appendix 1) contained 62 questions in
three categories: the first category covered center back-
ground information and contained 12 items on the number
and types of cardiac surgery and CPB procedures. This
category also contained questions on the type of practice
with regard to age group (pediatric vs. adults) of patients.
The total number of hospitals that returned surveys was
divided by the total number of centers identified in the
French Cardiac Surgery Centers Repertoire (12) to calcu-
late the percent of hospitals represented in the survey. The
second category covered the routine use of monitoring
and safety devices and procedures as recommended by the
French HAS in December 2004 (11) during the period
concerned by the survey. The third category concerned
perfusion incidents that occurred during the CPB proce-
dure or were considered as its direct consequences. Inci-
dents were separated into 12 different types: coagulation
or thrombosis of the CPB circuit; severe reactions to
protamine; arterial wall dissection at the cannulation site;
disconnection or rupture of the CPB lines; gas embolism
in the main circuit; gas embolism in the cardioplegia line;
oxygenator failure (either as inadequate oxygenation or
increased pressures proximal of the oxygenator); electrical
or mechanical pump failure; heater/cooler failure ; main
electrical supply failure; and miscellaneous complications.
For each type of incident, the chief perfusionist was asked
to report. Centers that could not remember, did not
record, or did not want to report a specific type of incident
were asked to fill in “data not available.” These two issues
explain why the denominator for each type of incident can
be different. We classified the gravity of each type of in-
cident into four levels: (i) no injury; (ii) injury without
permanent sequelae but increased hospital length of stay;
(iii) injury with permanent sequelae; and (iv) death.

Averages and percents were calculated from the re-
turned questionnaires. Percentage of routine use of a de-
vice or a procedure was calculated from the total number
of returned questionnaires. The incident rate was calcu-
lated from the number of CPB procedures divided by the
number of reported incidents during the time frame of the
survey. Because some centers could not or did not want to
report on specific incidents, the denominator can change
from one type of incident to another.

RESULTS

Of the 66 cardiac surgery centers identified in the
French Cardiac Surgery Centers Repertoire, 57 responded
(86% response rate): 35 (of 57) from the public sector, 5
(of 57) from the private not-for-profit, and 17 (of 57) for-
profit centers sectors. The nine centers that did not re-
spond were from the public sector (one), from the private
not-for-profit (one), and from the private sector (seven).
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Four of nine centers were in the same city, and one of the
nine centers performed exclusively pediatric cardiac sur-
gery. A second mail or a telephone contact was necessary
to obtain information from 22 centers. Six centers sent
multiple responses. They were concordant for the same
center except for one center that required a telephone
conversation. The 57 centers that returned the completed
questionnaires performed 34,496 CPB procedures in 2005.
The median number of CPB procedures per center was
515 (range, 38–1608). Seventeen centers performed pedi-
atric cardiac surgery procedures with CPB totalling 2182
procedures. The median number of pediatric CPB proce-
dures per center was 56 (range, 1–536). Of these 17 cen-
ters, 3 performed pediatric cases exclusively. Of the 54
centers that performed adult CPB procedures, 45 (83%)
reported performing off-pump coronary artery bypass
(OPCAB) procedures totaling 2429 cases (median num-
ber of OPCAB procedures, 32; range, 1–389). The per-
centage of adult cardiac surgery procedures without CPB
varied among centers (median, 5%; range, 1%–55%);
OPCAB procedures were not included in the analysis of
CPB-related incidents.

CPB procedures were performed by 261 perfusionists,
56 physicians, and 185 non-physicians, with their specialty
or initial training shown in Figure 1. The proportion of
physicians as perfusionists varied according to the type of
practice. Physicians represented 57% in the private for-
profit centers, 11% in the private not-for-profit, and 8% in
the public centers. Sixty-nine percent of perfusionists re-
ported having followed a university level training in per-
fusion. If one eliminates from the analysis one center that
reported employing six perfusionists to perform 37 CPB
procedures in 2005, the average number of procedures
performed in 2005 by each perfusionist was 134 (range,
22–322), with 135 perfusionists (51%) reporting a mean
number of procedures <150 per year. Sixty-seven percent
of perfusionists followed a university degree in perfusion,
and for 37% of centers; all perfusionists followed a uni-
versity degree in perfusion.

Monitoring and Safety Devices
A centrifugal pump and no cardiotomy reservoir were

used by 32% of the centers and represented 6% of all CPB
procedures. The majority of CPB procedures were per-
formed with an open circuit (78%) and roller pumps
(73%) as the primary arterial pump. Closed circuits were
used exclusively by 14% of the centers; open circuits were
used exclusively by 68% of the centers, and 18% of the
centers used both types of circuits. Centrifugal pumps as
the main arterial pump were used exclusively by 21% of
the centers, and 53% reported episodic use. Overall, 21%
of CPB procedures used a centrifugal pump as the primary
arterial pump. Assisted venous return was used by 30% of
the centers but concerned only 8% of all procedures.

The section of the questionnaire concerning the use of
general procedures is presented in the first part of Table 1.
All centers used a dedicated chart to record vital param-
eters during CPB, but only 67% reported having written
protocols and only 79% performed a checklist before CPB
onset. A prospective registry for incidents was reported by
33% of the centers. All centers but one reported preven-
tive maintenance of the CPB machine (33% of the centers
twice a year; 67% once a year). Regular use of antiseptic
solutions for disinfection of the cooler/heater was reported
by 88% of the centers at intervals varying from 1 to 26
weeks (median, 4 weeks).

The section concerning monitoring during the CPB pro-
cedure is presented in the second and subsequent parts of
Table 1 as the device of interest followed by the percent-
age of centers using the device routinely. Of the 21% cen-
ters that reported monitoring of the arterial line pressures,
only four monitored the pressure proximal and distal of
the oxygenator, and one center monitored proximal and
distal of the arterial line filter. Pressure monitoring on the
cardioplegia line was reported by 69% of the centers, but
only 14% of the centers reported the use of a cardioplegia
pump shutdown regulator.

Monitoring of the respiratory function was based on
monitoring of the inspired oxygen fraction (FiO2) by 39%
of the centers and CO2 at the oxygenator vent (7% of the
centers). Continuous in-line venous hemoglobin satura-
tion (SvO2) monitoring was reported by 95% of the cen-
ters. Continuous arterial in-line PO2 monitoring was re-
ported by only 40% of the centers performing adult cases
and by only 44% of the centers performing pediatric cases.
Temperature was monitored on the patient in at least one
site by 95% of centers during normothermic CPB (>35°C);
33% of centers monitored two sites, and 7% of centers
monitored three sites. During moderate hypothermia (28–
35°C), 33% of the centers monitored one site, 57% moni-
tored two sites, and 10% monitored more than two sites.
For deep hypothermia (<28°C), the figures were 13%,
62%, and 25% for one, two, and three sites, respectively.

Blood gas measurements were systematic for all centers,Figure 1. Initial training of the perfusionists.
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and 28% of centers reported continuous in-line monitor-
ing of arterial blood gas. Serum potassium was measured
by all centers, but glycemia and calcemia were measured
by 72% and 63% of centers, respectively, for adults. Total
and ionized serum calcium concentrations were measured
by 88% of centers performing pediatric CPB procedures.
Delays to obtain results were >5 minutes for 46% of the
centers, >10 minutes for 29% of centers, and >15 minutes
for 21% of the centers.

Anticoagulation with unfractionated heparin (UFH)
and its monitoring were part of a written protocol in 98%
and 93% of the centers, respectively. The anticoagulant
effect of UFH was monitored by all but one center using
the activated clotting time (ACT) monitors. One ACT
monitor per operation room was reported by 91% of the
centers. Only 75% of the centers monitored ACT at in-
tervals <30 minutes. Heparin concentration was moni-
tored by 32% of the centers, one center using a point-of-
care monitor. One center used heparin concentration as
the only monitoring of the anticoagulant effect of UFH.

An alarm on the venous reservoir level detector was
reported by 74% of the centers, and this alarm was asso-
ciated with an arterial pump shutdown regulator in only
61% of the centers. This alarm was used episodically by
10% of the centers, and 16% reported never using it. Ar-
terial line bubble detectors were reported as systematic by
32% of centers (28% with pump shutdown regulator), epi-
sodic by 14%, and non-existent by 54% of the centers.
Arterial line filters were used systematically by 70% of the
centers, and 16% of the centers never used them. When an
arterial line filter was used, 77% of the centers reported
the use of one-way purge lines. One-way pressure relief
valves were used in left ventricular vent lines by only 41%
of the centers.

Electrical safety devices and procedures concerned the
use of uninterruptible power supply (UPS) by 88% of
centers; 81% of the 160 identified CPB machines had
arterial pump battery backup. In total, three CPB ma-
chines without arterial pump battery backup were re-
ported, as well as two centers that did not have UPS.
Emergency, independent lights were reported by 70% of
the centers.

Epiaortic echocardiography to choose the cannulation
site was reported to be used episodically by 7% of the
centers.

Perfusion Incidents
The reported events are summarized in Table 2. Five

centers (of which one that had a prospective registry of

Epiaortic echography to choose canulation site‡ 7%

The numbers in the right column represent percentage of centres that
systematically use the safety devices or monitoring, except, if noticed.
*Arterial pump percentage.
†Centers using arterial filter.
‡Centers with occasional use.

Table 1. Monitoring and safety devices.

General recommendations
Use of written protocols 67%
Use of a checklist before onset of CPB 79%
Dedicated follow-up chart 100%
Computerized chart 37%
Registry of CPB-related complications 33%
Preventive maintenance of CPB machines 98%
Regular disinfection of the heater-cooler unit 88%
Microbiologic control of water of the heater-cooler

unit 45%
Monitoring and safety devices for cardiovascular

function
ST segment monitoring 64%
Measure of superior vena cava pressure during CPB 70%
Arterial line pressure measurements 21%
Arterial line pressure measurements with pump

shutdown regulator 18%
Cardioplegia line pressure measurements 69%
Cardioplegia line pressure measurements with pump

shutdown regulator 14%
Monitoring and safety devices for respiratory function

Oxygen gas analyzer 39%
In-line venous hemoglobin saturation monitor 95%
In-line PaO2 monitoring for adults/children 40%/44%
Oxygenator exhaust capnography 7%

Monitoring of temperature
One site (or more) during CPB performed in

normothermia 95%
Two sites (or more) during CPB performed with

mild hypothermia 69%
Two sites (or more) during CPB performed with

profound hypothermia 87%
Monitoring of the temperature of the venous line 77%
Monitoring of the temperature of the arterial line 84%
Monitoring of the temperature of the heat exchanger 89%

Biology
Arterial blood gas (in line monitoring) 100% (28%)
Serum Potassium 100%
Serum Glucose 72%
Ionized Calcium 63%/88%
Delay to obtain results >10 minutes 29%

Monitoring of anticoagulation
Heparinisation protocol 98%
Anticoagulation monitoring protocol 93%
Activated Clotting Time (ACT) 98%
One ACT measuring device per operation room 91%
Interval between two successive ACT measurements

<30 minutes 75%
Anti Xa activity monitoring 32%

Monitoring and safety devices to prevent gas embolism
Venous reservoir level detector 74%
Venous reservoir level detector with pump shutdown

regulator 61%
Arterial line bubble detector 32%
Arterial line bubble detector with pump shutdown

regulator 28%
Arterial line filter 70%

Electrical safety
Uninterruptable power supply 88%
Arterial pump battery backup* 81%
Uninterruptible power supply and/or arterial pump

battery backup 96%
Flashlight or emergency light on pump 70%

Miscellaneous
Emergency oxygen tank available in the operation

room 45%
Left ventricular vent line one-way pressure relief

valve 41%
Arterial line filter with a one-way valve in a purge

line† 77%
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perfusion-related incidents) could not or did not want to
report on CPB-related incidents occurring in 2005. These
five centers performed 2298 CPB procedures, which were
excluded from the analysis of incidents. The denominator
used to calculate the incidence of CPB-related incidents is
32,198. One hundred sixty-three incidents were reported
(1 in 198 CPB procedures). Centers that had a prospective
registry of incidents did not report more incidents than
those without a prospective registry: 1:168 vs. 1:207 (p �
.19). These 163 incidents were followed by transient se-
quelae for 13 patients, persistent sequelae for 3 patients,
and death for 7 patients. Taken together, morbidity was
1:1400 CPB procedures and mortality was 1:4600 proce-
dures. Severe morbidity or mortality was calculated and
resulted in 1:3220 procedures.

The main causes of morbidity and mortality (by order of
decreased rate) were related to the following.

1. Adverse reactions to protamine (20 patients, of which 2
died, 1 survived with sequelae, and 5 had transitory
complications.

2. Arterial dissection at the site of cannulation. Dissection
concerned the ascending aorta (8 cases, with 1 death
and 3 transient sequelae) or other arterial sites (11
cases, with 2 deaths, 1 persistent sequelae, and 2 tran-
sient sequelae). It is worth mentioning a death probably
caused by dissection of a coronary artery upon injection
of cardioplegia.

3. Gas embolism originating in the CPB circuit (eight
cases, of which one had sequelae and three had transi-
tory complications).

4. Oxygenator thrombosis (seven cases with two deaths)

required emergent oxygenator replacement for three
patients.

5. Oxygenator failure with inadequate oxygenation was
reported for four patients, was not associated with com-
plications, and required oxygenator change-out in one
case. Oxygenator dysfunction with increased resistance
across the oxygenator was reported in 23 cases and was
not followed by complications and required emergent
change-out in 1 case. Twenty cases of increased resis-
tance across the oxygenator were reported by four cen-
ters that monitored pressures proximal and distal of the
oxygenator. The remaining three cases were reported
by centers that did not monitor pressures or monitored
pressure distal of the oxygenator. If the incidence of
increased resistance across the oxygenator is analyzed
exclusively for centers that monitored pressures proxi-
mal and distal of the oxygenator, the incidence of this
event is 1:80 CPB procedures.

6. The other reported incidents were not associated with
complications: disconnection or ruptured lines (7
cases), gas embolism originating in the cardioplegia cir-
cuit (14 cases), gas circuit failures (2 cases), electrical of
mechanical failures (19 cases that required a crank for
8 patients), and heat exchanger failure (31 cases).

Among the other incidents that were not followed by se-
quelae, these are worth mentioning: reversed lines ob-
served on onset of CPB, dysfunction of heat exchanger in
a lot of oxygenators, increased resistance across a car-
dioplegia line filter, and a sequestered venous return in a
double deck cardiotomy reservoir.

Table 2. Perfusion incidents.

Type of complication (number of CPB)* Total No complication
Transient

complication Sequelae Death
Evolution
unknown

Coagulation of the circuit (31,303) 7 (1/4472) 5 (1/6261) 2 (1/15,652)
Undesired effect to protamine (28,847) 20 (1/1442) 12 (1/2404) 5 (1/5769) 1 (1/28,847) 1 (1/28,847) 1 (1/28,847)
Dissection originating at the aortic

cannulation site (24,821) 8 (1/3103) 3 (1/8274) 3 (1/8274) 1 (1/24,821) 1 (1/24,821)
Dissection originating at the arterial (non

aortic) cannulation site (24,524) 11 (1/2229) 6 (1/4087) 2 (1/12,262) 1 (1/24,524) 2 (1/12,262)
Disconnection/rupture of the lines (30,512) 7 (1/4294) 7 (1/4294)
Gas embolism (CPB circuit) (30,059) 8 (1/3757) 4 (1/7515) 3 (1/10,020) 1 (1/30,059)
Gas embolism (cardioplegia line) (27,859) 14 (1/1990) 14 (1/1990)
Gas supply failure (27,661) 2 (1/13,831) 2 (1/13,831)
Hypoxemia caused by oxygenator failure

(28,803) 4 (1/7201) 3 (1/9601) 1 (1/28,803)
Increased resistance in the oxygenator

(9717)† 23 (1/422) 21 (1/463) 2 (1/4859)
Electrical/mechanical pump failures

(32,198) 19 (1/1695) 19 (1/1695)
Heater/cooler failure (29,644) 31 (1/956) 31 (1/956)
Main electricity supply failure (30,512) 1 (1/30,512) 1 (1/30,512)
Other incidents (22,797) 8 (1/2849) 7 (1/3256) 1‡ (1/22,797)

*Centers that have not transmitted data are not included in the calculations.
†Only two centers with a total of 1594 CPB reporting 20 incidents have pressure monitoring proximal and distal of the oxygenator.
‡Coronary artery dissection upon cardioplegia injection.
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DISCUSSION

The percentage of centers that returned the question-
naire (85%) indicates that the results presented in this
article are representative of CPB activity in 2005 in France
and is higher than that of previously published surveys
(4–9,13). This high percentage is probably the result of the
communication policy before the survey, the involvement
of the French HAS in the project, and additional mailings
to hospitals that did not return the questionnaire initially.
It is also probable that, in the wake of the recommenda-
tions formulated by the French HAS on monitoring and
safety devices for CPB in 2004, perfusionists awarded spe-
cial attention to issues concerning CPB safety. The centers
that returned the questionnaire were more often from the
for-profit private practice sector. In addition, centers from
the public sector were geographically clustered. With
these limitations, we estimate that the results of the survey
are representative of CPB activity for 2005 in France.

The results of the survey showed an important differ-
ence between the recommendations formulated by the
French HAS (as listed in Table 1) in December 2004 and
everyday practice of CPB in 2005. This difference espe-
cially concerns the monitoring of pressure at different lo-
cations in the CPB circuit and the use of bubble detectors.
Both types of devices are relatively costly, and this prob-
ably explains why implementation of the recommenda-
tions is slow. Previous surveys from France showed that
implementation of routine use of a safety device is slow, as
was the case for venous reservoir level detectors: 12% of
centers reported their use in 1989 (14), 52% in 2001(13),
and 74% in 2005 in this survey. In fact, venous reservoir
level detectors represent the only safety device whose use
increased recently in France (13). The use of other devices
remained unchanged or decreased (monitoring of CO2 at
the oxygenator vent was reported by 29% of centers in the
previous French survey (13) and by only 7% in this survey;
the decreased use of this monitoring devices is probably
related to the absence of a Communauté Européenne
(CE)-marked device).

Failure to use a checklist by 21% of the respondents is
surprising given the fact that this security measure has no
additional cost. It is expected that implementation of the
French HAS recommendations will result in generalized
use of checklists.

The rate of incidents without injury is highly variable in
the different published surveys depending on the method-
ology of the survey and the number of items that compose
the questionnaire, and this parameter is an imperfect es-
timator of the true rate of CPB-related incidents (10).
When comparing, in a first approach, the rate of incidents
with injury (persistent or transient) and mortality between
our survey and that published by Mejak et al. (9), it is
striking that at a several-year interval and on two different
continents, the rates of incidents with injury (1:1400 vs.

1:1453) and mortality (1:4600 vs. 1:4567) are similar. There
are nevertheless methodologic differences between the
two surveys. Mejak et al. (9) included coagulation prob-
lems after CPB in their analysis, which is probably valid in
that excessive hemodilution during CPB can trigger he-
modilution-induced coagulopathy and excessive bleeding
after CPB and surgery. This was the most frequent com-
plication in their study, but it could be caused by factors
other than CPB or could be the combined results of CPB
and other factors. For this reason, we did not include this
complication in our questionnaire. If this type of compli-
cation is not included in the analysis in the rate of inci-
dents in the survey of Mejak et al. (9), the incidence of
incidents with injury is not 1:1453 but is 1:2450, and the
rate of mortality is not 1:4567 but is 1:6850. Adverse
events to protamine are the most frequent incidents in our
survey. Although classically cataloged as CPB-related in-
cidents, the adverse reactions to protamine are nearly in-
evitable complications. The one death that followed prota-
mine injection in our survey was caused by anaphylactic
shock. Whatever the complexity of monitoring or safety de-
vices during CPB, it will not be possible to prevent adverse
reactions to protamine, and therapy will be the only option.

In addition to protamine-induced adverse events, three
types of incidents were associated with injury and death.

1. Incidents related to arterial cannulation seem to be
more frequent compared with previous surveys. In our
survey, this type of incident occurred nine times, fol-
lowed by persistent sequelae in one patient and death
for three patients. This type of incident was not re-
ported by older surveys (4–7) but represented the sec-
ond cause of mortality in the surveys of Mejak et al. (9)
(the first cause being incidents related to coagulation)
and Jenkins et al. (8) (the first cause being emergent
reinstitution of CPB, which is not exactly a CPB-related
incident but a result of cardiac dysfunction). Whereas
the majority of arterial cannulations for CPB concern
the ascending aorta, in our survey, the incidence of
complications related to other arterial sites (less fre-
quently used) are just as frequent, and this suggests that
cannulation of arteries other than aorta are associated
with a much higher risk of complications. Whether or
not, in case of alternative cannulation site from the
conventional ascending aorta, arterial echography
could be helpful to avoid such complications requires
prospective studies. Similarly, it is not known whether
epiaortic echography could help prevent complications
related to cannulation of the ascending aorta (15). In
this survey, the use of epiaortic echography was infre-
quent. The use of centrifugal pumps and arterial line
pressure monitoring (ALPM) distal of the oxygenator
with arterial pump shutdown regulator could eventu-
ally avoid (or at least attenuate the consequences of)
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such complications. The reported use of centrifugal
pumps and ALPM with arterial pump shutdown regu-
lator was 49% and 35%, respectively, in the survey of
Mejak et al. (9) and 21% and 18%, respectively, in our
survey. It is possible that the less frequent use of these
two devices in our survey explains the fact that inci-
dents related to arterial cannulation are the first cause
of mortality (1:11,349 CPB procedures). In the context
of incidents related to arterial cannulation, we report
one death that occurred in a patient that developed
coronary artery dissection diagnosed on increased pres-
sure in the cardioplegia line. The center that reported
this complication did not use a cardioplegia pump shut-
down regulator, and it is possible that this contributed
to the bad outcome in this case. Only 14% of the
French cardiac surgery centers reported the use of car-
dioplegia line pressure monitoring (CLPM) with a car-
dioplegia pump shutdown regulator.

2. Clot or thrombus present in the circuit during CPB.
Under this definition, two different types of problems
were reported; in two cases, occlusion of the circuit was
related to the aspiration of surgical debris or biological
glue. These two incidents were without consequences
for the patients, although in one case, the oxygenator
had to be changed during the CPB procedure. These
two cases are arguments in favor of controlling aspira-
tions from the surgical field. For the five other cases,
there were real thromboses of the circuit during the
CPB that required oxygenator change-out in three
cases and resulted in death in two patients. The five
cases were reported by five centers. For four of the
centers, the anticoagulation protocol stipulated that in-
tervals between two successive ACT measurements
could be >30 minutes. For the fifth center, the protocol
recommended an interval <30 minutes, but the actual
interval for that patient had been longer. These results
suggest that the interval between two successive ACT
measurements during CPB should be <30 minutes.

3. Gas embolism. This type of incident did not result in
any deaths in our survey. Nevertheless, the rate of gas
embolism was higher than that published by Mejak et
al. (9), who reported the occurrence of gas embolism in
1:13,426 procedures (with morbidity in 1:39,487 proce-
dures), whereas in our survey, the rate of gas embolism
was 1:3757 (with morbidity in 1:7515 procedures). The
higher rate of gas embolism in our survey is probably
not related to the use of venous reservoir level detector
[70.4% reported by Mejak et al. (9) and 74% in our
survey] or the use of arterial pump shutdown regulator
[30.4% of centers reported by Mejak et al. (9) and 61%
in our survey]. It is probable that the higher rate of gas
embolism in our survey is related to the less frequent
use of other safety devices such as arterial line bubble
detector [87.8% of centers reported by Mejak et al. (9)

with arterial pump shutdown regulators for 63% cen-
ters compared with 32% and 28%, respectively, in our
survey]. Similarly, arterial line filters were reported by
98.5% of centers by Mejak et al. (9) and by 70% of
centers in our survey; a similar difference exists for
one-way pressure relief valves for the left ventricular
vent line (83% in the United States and 41% in our
survey) and one-way relief valves on the filter purge
line (91.8% in the United States and 53% in our sur-
vey). It is important to mention that the most severe
incident that followed gas embolism in our survey oc-
curred in a patient where gas originated from a left
ventricle vent line that did not have a one-way pressure
relief valve. Similarly, it is noticeable that our survey
contains a high rate of gas embolism in the cardioplegia
line (1:1990 procedures). This must be compared with
the results reported by Jenkins et al. (8) (1:2459) and
Mejak et al. (1:1716) (9). The use of a cardioplegia
delivery line bubble detector was not part of our ques-
tionnaire or the questionnaire of Jenkins et al. (8). Such
a device was reported by 9.4% of centers by Mejak et
al. (9). Gas embolisms on the cardioplegia line occurred
in 14 patients and were not associated with reported
complications. Whether or not these gas embolism epi-
sodes in the cardioplegia line resulted in transient or
prolonged myocardial dysfunction is not known be-
cause this item was not part of the questionnaire. It is
important to underline the fact that it is easier to pre-
vent gas embolism than to treat its consequences.

4. Other types of incidents concerned device failures
(oxygenator failure, gas circuit failure, electrical or me-
chanical pump failures). These incidents are frequently
reported, and despite their potential danger for the pa-
tients, did not result in any severe complication in our
survey or the above-cited surveys. Devices failures re-
sult in hypoperfusion or hypoxemia that can probably
be corrected rapidly or, if short-lived, tolerated by the
patients. Therefore, although such incidents must be
prevented, they can also be corrected if diagnosed and
treated rapidly. This could explain the discordance be-
tween the high incidence of such failures and the lack of
reported clinical consequences. One separate comment
should be made for emergent oxygenator change-out
during the CPB procedure. The reported morbidity of
this situation is very low both in our survey and in that
of Jenkins et al. (8), who did not report any morbidity,
or in that of Mejak et al. (9), who reported two severe
injuries. Comparisons among the different surveys
should nevertheless be done cautiously because under
the category «oxygenator failure» there are probably
several mechanisms (problems caused by manufactur-
ing, installation, coagulation problems, etc.). The rate
of oxygenator failure was 1:458 (that required change-
out was 1:773) for Jenkins et al. (8) and 1:2459 and
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1:4662, respectively, for Mejak et al. (9). The differ-
ences between these two surveys are probably related
to the fact that failures detected before the onset of
CPB procedure were taken or not into consideration.
In our survey, we counted as oxygenator failures only
those that occurred after onset of the CPB procedure
diagnosed by increased pressure proximal of the oxy-
genator and/or altered oxygenation. If only the in-
creased pressure proximal of the oxygenator is taken
into consideration, this complication occurred in 1:7201
procedures that required oxygenator change-out in 1:
28,803 procedures. This low rate should be interpreted
by taking into account that only four centers measured
the pressure proximal of the oxygenator and only two
centers reported data. The reported incidence of in-
creased pressure proximal of the oxygenator for these
two centers (1:80 procedures) is comparable to that
reported by Myers et al. (16), which was 1:87 proce-
dures. The severity of such incidents must also be taken
into account. The classification into three types pro-
posed by Fisher et al. (17) could be helpful to further
study this type of incident. This last example clearly
shows that many incidents are probably underreported
because the tools required to diagnose them are not
used or do not exist. These undiagnosed incidents could
contribute to the morbidity and mortality of CPB pro-
cedures under less spectacular ways than arterial dis-
section or oxygenator/circuit thrombosis.

Surveys are subjected to two major sources of error:
incomplete sampling and misinterpretation of the survey
questions by respondents (18). Given the high response
rate to our survey (86%), we believe that the sampling is
sufficiently complete to make inferences about perfusion
practice in France. The limitations of this survey are those
generally associated with retrospective reporting of inci-
dents, resulting in underreporting, although a shorter time
period (1 year) compared with other surveys (4–9) could
result in fewer “forgotten” incidents. The comparison
among several surveys is also a limitation of this study
because definitions were not standardized among the dif-
ferent published studies, and therefore, the rates of a type
of incident may not be comparable.

It seems from our results that the majority of severe
complications (including deaths) related to CPB could be
prevented by using several safety devices and monitoring
techniques that are underused as shown in this survey.
Compared with previous surveys, our survey suggests that,
at least for some complications, the more frequent use of
safety/monitoring devices is associated with a lower inci-
dence of complications. Given the average number of
CPB procedures performed by perfusionists in France
(<150/year), the low rate of the reported incidents (<1:
200) could provide a false sense that CPB is a safe proce-
dure. Although much progress has been made concerning

the safety of CPB procedures, much work remains to be
done to prevent unacceptable deaths and permanent se-
quelae. For France, application of the recently published
recommendations and incident reporting should be part of
this process.
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Appendix 1
Questionnaire that was sent to the chief perfusionist of each centre

Centre Number:

Centre identification:

City:

Perfusionist that filled-in the questionnaire:

– Last Name:

– First Name:

– Telephone:

– Email address:

– Centre Number:

Please answer all questions and fill in Not available or Not applicable if you cannot answer. This will document the fact
that the item was not forgotten.

Centre Background Information

Centre (check the corresponding case):

– Public □
– Private not-for-profit □
– Private for-profit □

Activity in 2005:

– Number of CPB procedures in adults: □□□
– Number of CPB procedures in children: □□□
– Number of Off-pump CABG cases: □□□

– Number of ventricular assist device insertions
� In the Operation room (OR) □□
� Outside of the OR (ICU, Emergency department, . . .) □□

– Number of OR allocated exclusively to cardiac surgery: □□
– Number of CPB machines: □□
– Number of CPB machines equipped with batteries: □□

Organization:

Surgical team
– Number of senior surgeons □□
– Number of full time equivalents □□
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Anesthesia team
– Number of senior anesthesiologists □□
– Number of full time equivalents □□

(this concerns only activity totally dedicated to cardiac surgery anesthesia)
– Number of nurse anesthetist dedicated to cardiac surgery anesthesia: □□
– Number of full time equivalents for nurse anesthetist: □□

Perfusion team
– Number of perfusionists (a person that effectively

performs CPB procedures) □□
– Number of full time equivalents: □□

Initial training of perfusionists

– Physicians cardiologists (number) □□
– Physicians anesthesiologists (number) □□
– Physicians other specialties (number) □□
– Physicians general practitioners (number) □□
– Nurse anesthetist (number) □□
– OR nurse (number) □□
– Nurse (number) □□
– Other initial training (number) □□

Number of perfusionists with a university degree in perfusion □□

Types of CPB circuits

Circuit

Open Circuit
No □ Yes □ → number in 2005 □□□□

Closed circuits (other than «MECC»)
No □ Yes □ → number in 2005 □□□□

Assisted venous return

No □ Yes □ → number in 2005 □□□□

Type of pump

Roller pump
No □ Yes □ → number in 2005 □□□□

Centrifuge (Other than MECC)
No □ Yes □ → number in 2005 □□□□

«MECC» (other than ventricular assist devices)

No □ Yes □ → number in 2005 □□□□

Number of VAD inserted in the OR

Percutaneous (ECMO) No □ Yes □ → number in 2005 □□□□
Other No □ Yes □ → number in 2005 □□□□
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VAD inserted outside the OR

Percutaneous (ECMO) (for cardiocirculatory failure)
No □ Yes □ → number in 2005 □□□□

Percutaneous (ECMO) (for respiratory failure)
No □ Yes □ → number in 2005 □□□□

Other No □ Yes □ → number in 2005 □□□□

Security measures and devices

General measures

– Written protocols to conduct CPB? Yes □ No □
– Hand-written or computerized checklist before every CPB procedure Yes □ No □
– Specific flow chart for all CPB procedures Yes □ No □

� If yes is it computerized? Yes □ No □
– Presence of a registry of adverse events related to CPB Yes □ No □

� If yes since when? □ □ years
� If this registry exists do you agree to periodically report the events

to the French College of Perfusion Yes □ No □
– Is there an independent oxygen tank dedicated to the CPB machine? Yes □ No □
– What is the periodicity of preventive maintenance interventions on the CPB

machines? □□ months
□ No preventive maintenance interventions

– What is the periodicity of preventive disinfection of water of the cooler/heater?
□□ weeks

□ No periodic preventive disinfection
– What is the periodicity of microbiological control of the water of the cooler/heater?

□□ weeks
□ No systematic microbiological control

Electrical safety

– Number of hand cranks available for each CPB machine □
Is there a flashlight or emergency light on pump for each CPB machine? Yes □ No □
Is there an UPS for each CPB machine? Yes □ No □

Prevention of gas embolism

– Use of an arterial line bubble detector
� Frequency (check only one response):

□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

Is the arterial bubble detector associated with arterial pump shut down regulator? Yes □ No □
� Use of a venous reservoir level detector (only with open circuits)
� Frequency (check only one response):

□ Never
□ Occasionally (<60% of CPB procedure)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)
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Is the venous reservoir level detector associated with arterial pump shut down
regulator Yes □ No □

� Use of a venous reservoir level detector (only with open circuits)
� Frequency (check only one response):

□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

– One way pressure relief valve
� On the left ventricular vent line (check only one response):

□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

� Arterial line filter with a one-way valve in a purge line (check only one response):
□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

□ Not applicable

Monitoring

Cardiovascular monitoring

� ST segment monitoring (check only one response):
□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

� CVP monitoring during CPB (check only one response):
□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

� CPB circuit pressure monitoring
� Frequency (check only one response):

□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

� Site
▪ Location (several possible answers):
□ Proximal of the oxygenator
□ Distal of the oxygenator and proximal of the arterial filter
□ Distal of the arterial filter
▪ Number

□ One □ Two
� Is pressure monitoring in the CPB circuit associated with arterial pump shut down

regulator? Yes □ No □
– Pressure monitoring in the cardioplegia line

� Frequency:
� With retrograde cardioplegia (check only one response):

□ Never
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□ Occasionally (<60% of cardioplegia)
□ Frequently (61% to 99% of cardioplegia)
□ Systematically (100% of cardioplegia)

� For pediatric cases (check only one response):
□ Never
□ Occasionally (<60% of cardioplegia)
□ Frequently (61% to 99% of cardioplegia)
□ Systematically (100% of cardioplegia)
□ Not applicable

� For other types of cardioplegia (check only one response):
□ Never
□ Occasionally (<60% of cardioplegia)
□ Frequently (61% to 99% of cardioplegia)
□ Systematically (100% of cardioplegia)
□ Not applicable

� Is pressure monitoring associated with cardioplegia pump shut down
regulator Yes □ No □

Monitoring of respiratory function
� Use of fresh gas oxygen fraction analyzer (check only one response):

□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

� In-line venous hemoglobin saturation monitor (check only one response):
□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

� In-line PaO2 monitoring for adults (check only one response):
□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)
If used in less than 100% of CPB procedures, is in-line PaO2 monitoring,
used systematically for pediatric cases?
□ Yes □ No □ Not applicable

� Oxygenator exhaust capnography (check only one response):
□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

Temperature

– Number of sites used per patient (rectal, vesical, tympanic, nasopharyngeal or oesophageal)
� With normothermic (>35°C) CPB: □ Not applicable
� With moderate hypothermic (28°C à 35°C) CPB: □ Not applicable
With deep hypothermic (<28°C) CPB: □ Not applicable

– Temperature monitoring in the venous line Yes □ No □
– Temperature monitoring in the arterial line Yes □ No □
– Temperature monitoring of the water in the cooler/heater Yes □ No □

Biological monitoring

– Arterial blood gas Yes □ No □
� Continuous measurements □
� Discontinuous measurements □
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– Serum potassium Yes □ No □
– Glycemia Yes □ No □
– Calcemia Yes □ No □
– Routine delay to obtain the results: □□□ minutes

Monitoring of anticoagulation
– Existence of a written heparinization protocol Yes □ No □
– Existence of a written anticoagulation monitoring protocol Yes □ No □
– ACT monitoring Yes □ No □

� Existence of an ACT monitor per OR Yes □ No □
� Interval between two successive ACT measurements during CPB □□ minutes

– Measurement of anti Xa activity (heparin concentration) Yes □ No □
� Site of measurement: □ OR □ laboratory
� Interval between two successive anti-Xa measurements during CPB □□ minutes

Canulations

Use of epiaortic echography to choose the site of canulation
□ Never
□ Occasionally (<60% of CPB procedures)
□ Frequently (61% to 99% of CPB procedures)
□ Systematically (100% of CPB procedures)

Incidents/Accidents

Are you able to count the number of undesirable events related to CPB that occurred in your institution in 2005 and
estimate the consequences of these events for the patients. If these events are not recorded/remembered, please fill-in
“data not available.”

– Coagulation or thrombosis of the CPB circuit
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Severe reaction to protamine
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Dissection at the site of ascending aorta cannulation
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□
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– Dissection at an arterial site other than the aorta
� Data not available □
� Total number of events (note 0 if no such event occurred)
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Disconnection or rupture of the lines
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Gas embolism in the main circuit
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Gas embolism in the cardioplegia circuit
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Malfunction of the gas inflow (problems concerning the fresh gas inflow, the blender, the flowmeter)
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Oxygenator failure
A–Oxygenation failure

� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
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▪ Death (number) □□
▪ Unknown □□

Oxygenator change-out because of the failure
▪ Number (note 0 if no change-out) □□

B–Increased resistance across the oxygenator
� No pressure monitoring or lack of data □
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

Oxygenator change-out because of the failure
▪ Number (note 0 if no change-out) □□

– Electrical or mechanical failure of CPB pumps
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

� Hand cranks used
▪ Data not available □□
▪ Number of cases (note 0 if no case) □□

– Failure of the cooler/heater
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Failure of the main electrical supply
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□

– Other failures (please detail). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
� Data not available □
� Total number of events (note 0 if no such event occurred) □□
� Evolution (the sum of these five items must be equal to the number of such events)

▪ No complication (number) □□
▪ Transient complications (number) □□
▪ Permanent sequelae (number) □□
▪ Death (number) □□
▪ Unknown □□
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