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Abstract: The purpose of this study was to describe the develop-
ment and utilization of a perfusion quality improvement pro-
gram to reduce perfusion-to-perfusion variability in a large
multi-center perfusion practice. Phase I of the study included the
establishment of a perfusion database using standard spread-
sheet format to serve multiple administrative functions including
patient and procedure sequencing, predictive algorithms for
yearly caseload, summary statistics, and inter-perfusionist com-
parison. The database used 236 separate variables, including
demographic and clinical procedure-related categories. Forty of
these variables are modifiable by perfusion interaction as estab-
lished via protocol and algorithm. Phase II of the study used a
perfusion electronic data recording system to automatically
obtain patient data from physiologic monitors and the heart-
lung machine. Data were transferred to a central database for
perfusionist comparison. Data analysis used logical functions
and macros programming, and statistical analysis used both para-
metric and non-parametric models within the program. Each
quarter all variables underwent analysis with summary data

established for the most recent 225 patients undergoing
CPB. Twenty-five cases from each perfusionist (n = 9) were com-
pared with the aggregate data of the entire staff, with reference
to previous quarter’s summary statistics. The results were dis-
cussed in monthly staff meetings and methods for improving
compliance were discussed. Individual variation (p < .01) varied
in 17 of 40 variables (26.0 + 8.6), with quarterly improvement
(27.4 £2.3 vs.242 £ 2.1 vs.17.0 + 2.1) demonstrated in seven of
nine individuals. In Phase II, performance was analyzed using
the same variables as in Phase I but it also included the electroni-
cally recorded data from which 27 core measures were derived.
All results were discussed with the staff at monthly departmental
quality improvement meetings. The perfusion quality improve-
ment program has evolved from a simple descriptive listing of
cases to a quantitative instrument used to reduce variability
amongst perfusionists and assure compliance with policies and
standards of care. Keywords: quality improvement, quality per-
formance indicators, perfusion electronic medical record.
JECT. 2009;41:P48-P58

Quality in medicine has become the central theme that
guides the conduct of all aspects of patient care, and is
predicated on processes that are formulated on consis-
tency and reproducibility. Evidence exists that demon-
strate an increase in clinical performance when quality
initiatives are followed (1,2), and likewise, a decline when
they are absent or poorly structured (3). One of the semi-
nal components for improving quality is the incorporation
of a metric system of performance that can be rigorously
evaluated through quantitative analysis. The fields of car-
diac surgery and cardiovascular perfusion are especially
noteworthy for they use a large relatively homogeneous
patient population that undergoes a consistent treatment
that provides a basis for statistical review and evaluation.
Indeed the surgical procedures of coronary artery bypass
grafting and isolated valve surgery provides a template for
the application of clinical trials on a wide variety of inter-
ventions and treatments.

Methods to review clinical performance are predicated
upon fundamental tenets that include the development of
large centralized databases, which generate several oppor-
tunities for improving care and enhancing safety. These
include establishing a foundation for center-to-center com-
parison where the results of individual hospitals and prac-
titioners can be compared with overall observed results
(4), developing guidelines and standards created by task-
forces and then endorsed by professional societies (5), and
providing an ongoing review of local hospital-to-hospital
performance. Quality is seen as an indication on how an
organization is performing, and can be used as an incen-
tive for patients in the selection of healthcare facilities.
Likewise, third-party payers may use the results of a facili-
ties performance as a means of awarding contracts and for
paying for procedures when best practice guidelines are
followed. Regulatory agencies are mandating that health-
care facilities use quality as a core measure and incorporate
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the facets of quality improvement as a systematic process
that drives the entire system. The Center for Medicare
and Medicaid Services is developing a set of pay-for-
performance initiatives to support quality improvement
in the care of Medicare beneficiaries (Available at www.
cms.hhs.gov/apps/media/press/release.asp?Counter=1343;
accessed July 21, 2009). It is clear that performance mea-
sures have developed into touchstones by which the suc-
cess of clinical enterprises is being gauged.

The majority of efforts in improving quality have been
focused at a macro level examining large databases search-
ing for relationships amongst covariates that identify influ-
ential variables that affect outcome (6). However, it is at
the institutional level where performance is more read-
ily modifiable to achieve the ultimate goal of improv-
ing patient care. A critical feature of methods directed at
improving clinical conduct is the application of informat-
ics technologies used for data acquisition and processing.
Such an infrastructure will provide the basis for a coor-
dinated and systematic review of how quality measures
are influencing practice. The use of an electronic medical
record (EMR) has gained such critical importance that
many countries have mandated national incorporation
with specific deadlines for its implementation (7,8). In per-
fusion, the use of electronic data acquisition has long been
touted as a tool for improving quality (9-11), although its
acceptance by perfusionists has been slow, and its utility
used primarily as a replacement to episodic written records
(12). The real benefit of EMR lies in the incorporation of
information into quality improvement processes where the
electronically accumulated data will be used as an assess-
ment for both individual and institutional performance.
Such a process will ascertain the benefit of utilizing best
practice guidelines shown to improve outcomes, and where
lacking, to generate new knowledge based upon the results
obtained when protocols are followed.

The purpose of this study was 2-fold: 1) To describe the
development of a quality improvement process for stan-
dardizing performance across a multi-institutional per-
fusion practice, and 2) To use a cardiopulmonary bypass
(CPB) electronic data system (EDS) for data capture and
for the evaluation of perfusionist adherence to algorithm
and protocols as a tool for performance assessment.

MATERIALS AND METHODS

The study was approved by the Geisinger Health System
(GHS) Institutional Review Board. The GHS is a large
rural conglomerate of hospitals and clinics located in
Northeastern Pennsylvania, with cardiac surgery performed
at two of those facilities. (At the time of this study, Geisinger
Health Systems consisted of three hospitals perform-
ing cardiac surgery: Geisinger Medical Center, Geisinger

Wyoming Valley, and Geisinger South Wilkes Barre. Since
that time the Geisinger South Wilkes Barre cardiac surgery
program has merged with the Geisinger Wyoming Valley
cardiac surgery program.) The perfusion department con-
sists of nine individuals who have privileges at all three cen-
ters. All perfusionists are performing CPB on adult patients
while a subgroup of perfusionists (4 of 9) conducts pediatric
CPB.Therefore, only data from adult cases were included in
this study. Despite having six adult cardiac surgeons there
is only slight variability amongst clinicians as a result of
an embracement of standardized care for cardiac patients
(13). (The Proven Care Process described in this publi-
cation is primarily used for patients undergoing isolated
coronary surgical revascularization.) Beginning in 2002,
perfusionists at GHS systematically reviewed perfusion
related techniques that had been shown, or purported, to
improve outcomes of patients undergoing CPB. The review
process was predicated on an evidence-based approach to
ranking the quality of data for deciding on which was the
best technique and methodology for all aspects of CPB. All
information was obtained from the integrated text-based
search and retrieval system managed by the United States
National Library of Medicine (only English language cita-
tions were retrieved) (14). From these discussions, consen-
sus agreement was used to determine which techniques and
interventions would optimize the conduct of CPB. During
this same period the health system was purchasing new
heart-lung machines and ancillary perfusion equipment
(centrifugal cell washing autotransfusion devices, in-line
and extrinsic monitoring systems) for its centers. Since little
data exists to show the superiority of one commercial heart-
lung machine over another, the selection of equipment was
based on two mandates: the requirement for intrinsic safety
systems and the inclusion of an integrated perfusion EDS.

To determine which technologies and techniques would
be incorporated, staff perfusionists were assigned specific
subject areas for review. Assessment of published litera-
ture was made using techniques for classifying information
according to established quality standards (15). Evidence
was accepted at either the Class 1 or 11 recommendation
criterion and at level A or B. All evidence was reviewed
and consensus agreement reached before the technol-
ogy or technique was accepted. Where appropriate, algo-
rithms were developed that guided clinician conduct, and
were established in the policy and procedure manual for
the department. The cardiac surgeons were involved in
these steps and approved all aspects of perfusion care
delivery. Results of these efforts have been reported else-
where and serve as the foundation for the quality improve-
ment process (16). The entire process has been termed the
Incremental Perfusion Improvement Process.

Integral to the development of Incremental Perfusion
Improvement Process was the establishment of a data-
base for recording variables associated with each clinical
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procedure, and is termed Phase I of the study. (Although
the database includes both adult and pediatric patients only
those patients greater than 19 years of age were included
in this study.) The database was formed using spreadsheet
format (Microsoft Excel, Microsoft Corp., Redmond, WA),
and consisted of 236 variables. These were subdivided
into eight major categories (demographics, hematocrit,
autotransfusion, autologous prime, volumes, medications,
cardiopulmonary bypass, and transfusion), and six subcat-
egories. From this 90 variables were identified for com-
parison and used for analysis (see Appendix 1). Data was
collected on standard perfusion records that included a
preoperative patient work sheet and perfusion medical
record, with additional data obtained from the electronic
medical record (EPIC Version IU.2, Epic Systems Corp.,
Verona, WI), clinical pathology laboratory, and anesthesia
record. The perfusion staff member assigned to the case
was responsible for acquiring the data and for loading it
into the perfusion quality program. Accuracy of the data
was completed by a series of probability statements embed-
ded into the spreadsheet that set limits around expected
responses. When equations detected values that were out-
side of an expected range the program responded with a
prompt to “Check Your Work”. These equations worked
by assuming numeric values that normally trended in a
specific direction (i.e., a drop in hematocrit from the pre-
CPB value to on-CPB) that failed to do so, and were most
likely the result of an entry that was outside of an expected
range. The perfusionist would then recheck the loaded val-
ues for accuracy. Once the entire data sheet was populated
the program would signal that data was complete with a
prompt of “OK.” All data was stored on a secure password
protected computer and archived on a server, which was
backed up each evening in the GHS mainframe. The data-
base could be accessed from any computer across the three
hospitals conducting cardiac surgery.

Phase II of the study began with the utilization of a perfu-
sion EDS (Data Management System (DMS™) Stockert®,
Munich, Germany). The DMS™ is a data collection device
that integrates a software package (Databahn™, ECC
Online and ECC Server, Stockert®, Munich, Germany) with
a computer and various bedside monitors capturing physio-
logic and mechanical information. The computer uses both
keyboard and touch screen elements for data entry. The
DMS has the potential to connect six serial devices through
RS-232 connections to its hub, with one of the devices
being the heart-lung machine (SII™, Stockert®, Munich,
Germany). Data is automatically collected continuously
but archived into the dataset at 20-second intervals. In the
event of a system failure or power outage, the DMS™ stores
the data to the computer hard drive once each minute. New
patient information is loaded prior to each procedure start-
ing except during emergent procedures. Here the DMS™ is
activated with data capture occurring immediately, whereas
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patient background information (demographics, laboratory,
personnel, etc.) is entered at a later time. During standard
procedures data entry begins when the thoracic surgical
incision is made and continues uninterrupted till the post-
protamine activated clotting time sample has been com-
pleted. In the event of reinitiating CPB following after
this time the DMS™ is reactivated and continued till the
protamine has been readministered and activated clotting
time corrected. Harvested data is then transferred wire-
lessly to a server where it is securely archived with auto-
matic back-ups occurring several times throughout the day.

Datais collected from the following devices: SIII™ heart-
lung machine (Stockert®, Munich, Germany), Myocardial
Protection System™ (MPS, Quest Medical Inc.®, Allen, TX),
CDI 500 Blood Gas Monitor™ (Terumo Cardiovascular
Inc.®, Ann Arbor, MI), INVOS Cerebral Oximeter™
(Somanetics Corp.®, Troy, MI), and a patient bedside moni-
tor (IntelliVue MP 90™, Philips Corp.®, Bothell, WA).

In addition to the parameters collected manually, and
listed in Appendix 1, the utilization of the EDS provided
for additional variable data collection. The variables
included continuous data from the heart-lung machines as
well as peripheral devices and are shown in Appendix 2.
From this data a series of performance indicators has been
devised that use the captured information from the EDS.
These data are then used to calculate performance param-
eters that are listed in Table 1.

Following the establishment of the perfusion quality
improvement program, data was collected for 15 months
as a prologue to Phase I. During this trial time information
was regularly reviewed by the perfusion staff and modifi-
cations and revisions made to the database. Phase I was
conducted from April through December of 2007. Phase 11
data began in 2008 and consists of all first-quarter (January
through March) data.

STATISTICS AND REVIEW

All data was analyzed on a quarterly basis. Each per-
fusionist had the most recent 25 cases summarized using
descriptive statistics. A master dataset of the most recent
225 cases was created and used as the population to which
each perfusionist individual data was compared. Data was
analyzed using both non-parametric (Chi Square, Wilcoxon
Rank Sum) and parametric analysis (Student’s ¢ test), and
statistical significance accepted at the p < .05 level and
trending towards significance accepted at p < .10 level.
The entire group discussed results in ensuing staff meet-
ings where each perfusionist had their data reviewed dur-
ing quality improvement meetings. Quarterly results were
tabulated and sequentially reviewed to track performance.
For comparative purposes data from each quarter in a cal-
endar year were compared to data only within that year.
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Table 1. Calculated values from data captured by the perfusion
electronic data system.

INVOS percent time <40%
INVOS percent right > ILeft >10%
Percentage MAP <50 mmHg (mmHg*min)

<.25 Cardiac Index
<1.8 Cardiac Index

Flow rate time (min)
Percentage of time

Percentage of time >2.6 Cardiac Index
Percentage of time line pressure >300 mmHg
Percentage of time venous >

arterial temperatures
Percentage of time arterial > >6°C

patient temperature
Percentage of time >37°C
Percentage of time VAVD >—40 mmHg
Percentage of time pHa <7.35
Percentage of time pHa >7.45
Percentage of time PaCO, <35 mmHg
Percentage of time PaCO, >45 mmHg
Percentage of time PaO, <150 mmHg
Percentage of time PaO, >250 mmHg
Percentage of time hematocrit <22%
Area under the curve of hematocrit <22%
Change in hematocrit from

postinduction to first CPB
Change in hematocrit from

postinduction to last CPB
VO, high and low
Percentage of time SVO, <60%
Area under the curve of SVO, <60%
Percentage of time BE <=2
Area under the curve of BE <=2

Total percentage of events when
protocol not followed

BE, base excess; MAP, mean arterial pressure; pHa, pH arterial; PaCO,,
partial pressure of carbon dioxide in the arterial blood; PaO,, partial pres-
sure of oxygen in arterial blood; SVO,, mixed venous oxygen saturation;
VO,, oxygen consumption.

Data is presented as mean, standard deviation, median,
maximum, minimum, and 1st and 3rd quartiles.

RESULTS

Of the 90 variables used for performance comparison,
40 are identified as being modifiable by perfusion actions
or interventions. The mean, standard deviation, and per-
cent occurrence were compared amongst perfusionists and
benchmarked to the previous 225 patients. The study period
lasted from March through December of 2007 with each
perfusionist producing three quarters of data for compari-
son with a total of 27 time periods amongst perfusionists.
An example of the quarterly report is shown in Figure 1.

Summing the statistical differences within each variable
across all perfusionists and dividing that number by the total
quarters expressed variation amongst results. Patient size, as
delineated by height, weight,body surface area,and body mass
index, varied 3.7%,25.9%, 18.5%, and 22.2% respectively.

The categories deemed most dependent upon perfu-
sion intervention were Hematocrit, Autologous Prime, and
Volumes and are shown in Table 2. Baseline hematocrit

values, identified as post induction and measured prior
to any surgical incision, had a total variation of 14.8%
amongst perfusionists across periods, whereas the on-CPB
hematocrit variation ranged from 37-55%.

Two perfusionists (C and G) had significantly higher
hematocrit values across all quarters at 93% and 80%
despite having the same post induction starting hematocrit
as the entire group (Figure 2). Two perfusionists (E and I)
had hematocrit values significantly lower than the aggre-
gate values across 73.3% and 80% of all CPB time periods,
but three of the six post induction periods showed lower
starting hematocrits. Autologous prime techniques showed
only minor variation amongst the entire group. However,
two perfusionists were able to achieve statistically higher
autologous prime volume removal in two of three quar-
ters, while one perfusionist was significantly lower across
all quarters with volume removal.

In the Volumes category there were 11 comparative indi-
cators for each perfusionist during each quarter for a total
of 33 over the study period. The variation in volume admin-
istration ranged from a low of 18.2% to a high of 60.6%.
Seven of the nine staff perfusionists had significantly lower
administration of crystalloid and colloidal volumes in 30%
of all variables when compared with the aggregate total,
but two perfusionists had significantly higher volumes in
greater than 50% of the time periods. Two perfusionists
were also found to have a significantly higher utilization of
25% albumin in the prime solution, and one staff member
had significantly higher utilization of red blood cells than
all other perfusionists in each of the three quarters.

In Phase II a total of 162 variables directly harvested from
the DMS were analyzed along with 27 performance indica-
tors that were derived from the captured values. (In between
Phase I and Phase II there was a loss of one staff perfusionist.)
Aggregate results for core measures are shown in Table 3.

For the first quarter of 2008 a total of 57 patients under-
going CPB were entered into the perfusion quality data-
base and analyzed. The only preoperative demographic
parameter that differed amongst perfusionists was a lower
BSA for perfusionist C’s patients (1.82 + .15 vs. 2.04 + .28,
p <.05) compared with the mean of the entire population.
There were a total of 376 discrete cells during the CPB
period that were used for performance comparison and of
those, 27 (7.2%) were significantly different than the mean
values for all perfusionists. Twenty-four of the 27 cells were
a result of actions modifiable by perfusion intervention,
and 10 (2.7%) were deemed negative deviations from the
accepted algorithms and policies established at GHS. One
perfusionist (B) had significantly lower mean arterial pres-
sure (<50 mmHg) during CPB (B) compared to the group,
while one staff member (F) had significantly lower thresh-
old pressure than the group (Figure 3).

The GHS policy for warming is not to exceed a thresh-
old value of 37°C arterial perfusate temperature. Figure 4
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Most Recent 225 Cases Systemwide Oct-Dec 2007 Results
Total n= 225 Most Recent 25 Cases
AVE STDEV % p 4th 3rd 2nd AVE STDEV % P
Demographics Age 66.0 13.5 62.9 17.1 NS
Female 36.4% 36.0% NS
Weight 87.2 20.7 - 77.9 16.4 {Female) 0.032
Height 169.4 11.6 167.9 10.4 NS
BSA 2.00 0.26 - 1.89 0.23 0.039
BMI 30.7 10.7 27.7 5.7 NS
Redo? 14.2% 8.0% NS
Min Inv? 15.6% + [+ [+ 28.0% 0.086
IABP 13.3% - 4.0% NS
LVEF 49.8 13 4 483 14.3 NS
Lefi Main? 15.6% - [ = 8.0% NS
# Discased Viessels) 1.3 1 1 1 NS
YN 35.6% 44.0% NS
Cr 1.19 0.9 1.0 0.3 NS
PLT Count 231 75 206.1 39.2 NS
CCCS Score] 8.4 3.4 - 8 36 NS
HCT Postinduct 35.6 5.5 + 37.8 4.7 0.052
First CPB* 27.4 4 + | + 29.5 2.9 0.020
Low CPB* 25.6 4.0 +|+ ]+ 28 3 0.005
High CPB* 29.5 4.0 30.8 3 NS
Last CPB* 27.8 4 + 30 4 0.034
Last in RM 29.6 5.6 + 33 5 0.010
Cell Saver Pre CPB 28 121 52.8 112.8 NS
CPB 210 423.7 - 0 0.0 0.018
Post CPB &13 860.5 661 430.2 NS
RAP Taken* 1154 295.6 + | + 1114.0 370.7 NS
Given Before CPB* 12 §3.4 0.0 0.0 NS
Given Before 1s1 Ha* 55 159 40 76.4 NS
Given During Case® 704 490.9 638.0 502 NS
Given Afier Last Hat® 14 147 0.0 0.0 NS

Figure 1. Graphic depiction of several parameters contained in quality improvement quarterly report. Negative (-) marks indicate that the perfusionist
quarterly data was statistically less than the 225 aggregate data, while positive (+) marks indicate statistically higher results.

Table 2. Distribution of variation in performance across major
categories.

2nd Quarter  3rd Quarter  4th Quarter

Categories

Demographics 21 20 16
Hematocrit 18 19 23
Autotransfusion 2 3 4
Autologous Prime 9 9 6
Volumetrics 21 17 17
Medications 9 4 3
Cardiopulmonary Bypass 26 27 32
Transfusion 8 10 14

shows that the majority of the staff were able to achieve this
greater than 97% of the time, but one perfusionist (B) had
significantly higher temperatures than the aggregate mean
(13.0 £ 10.1 vs. 4.0 = 7.9%, p < .05). The protocol for use of
vacuum assist venous drainage (VAVD) was set at an upper
limit of negative pressure of —40 mmHg. This was exceeded
6.4 +20.3% of the time and one perfusionist (D) had lower
VAVD pressures 41 + 47% of the time (p < .001) (Figure 5).

Base excess was maintained at -2 to +2 mM/L and was
exceeded 4.1 £ 12.7% of the time, with one perfusionist
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(B) higher than the group aggregate (12.6 + 24.5 vs. 4.1 +
11.7%, p < .09) (Figure 6). Cerebral oximetry using near
infrared spectroscopy was assessed and is shown in Figures
7 and 8. Near infrared spectroscopy mean values decreased
only slightly from pre-CPB to on-CPB and the post-CPB
time periods. One perfusionist showed a significantly
reduced regional cerebral saturation (rSO,) value of <40
compared with aggregate numbers, but there was also lower
SO, found in the pre-CPB and post-CPB periods as well
(Figure 8). Results for all other CPB related variables showed
occasional variation amongst perfusionists but deviation
from accepted protocols established at GHS was absent.

DISCUSSION

During the past decade the healthcare industry has
placed tremendous emphasis on the importance of qual-
ity improvement as a guiding force for organizational con-
duct (17). All healthcare facilities are mandated to develop
processes that improve the quality of care they provide
to patients. Regulatory organizations provide operating
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HEMATOCRIT
Perfusionist A B C D E F G H I
Quarter 4 3 2 432 4324324324324324324312 Figure 2. Graphic depiction of single parameter

POST INDUCTION [+ o] - N (hematocrit) across quarters and amongst perfusion
FIRST CPB y o Y - Y P | staff. Negative (—) marks indicate that the perfusion-
LOW CPB . oy s 1o T+ 1T ist quarterly data was statis_t[cally less than .the. 225
HIGH CPB =il ™ aggregate data, while positive (+) marks indicate

) il 12171 statistically higher results. CPB, cardiopulmonary
LAST CPB + ++ ] | B ttH-f-1-1-1-1-1 pypass.
LAST IN ROOM + +|+ |+ - - +|[+ -
Table 3. Cardiopulmonary bypass performance indicators derived % MAP during CPB < 50 mmHg
from perfusion electronic data system. 25

Performance Core Measures Aggregate %

INVOS percent time <40% 1.7+43
INVOS percent right > left >10% 7.9+19.0
Percentage MAP <50 mmHg (mmHg*min) 11.5+89
Flow rate time (min) <.25 cardiac index 1.1+13
Percentage of time <1.8 cardiac index 18.6 +21.9
Percentage of time >2.6 cardiac index 93+22.0
Percentage of time line pressure >300 mmHg 15.0 £26.8
Percentage of time venous > 1.3+1.8
arterial temperatures
Percentage of time arterial > 10.0 £17.3
patient temperature >6°C
Percentage of time >37°C 40+79
Percentage of time VAVD >-40 mmHg 6.4 +20.3
Percentage of time pHa <7.35 249 £254
Percentage of time pHa >7.45 7.8 £16.5
Percentage of time PaCO, <35 mmHg 5.0+9.3
Percentage of time PaCO, >45 mmHg 36.1 £29.6
Percentage of time PaO, <150 mmHg 1.6+24
Percentage of time PaO, >250 mmHg 30.1 £25.0
Percentage of time hematocrit <22% 6.1 +19.0
Area under the curve of hematocrit <22% 22.4 +70.0
Change in hematocrit from 7.7 +4.6
postinduction to first CPB
Change in hematocrit from 7.7+5.0
postinduction to last CPB
Highest VO, 213.1 £58.0
Percentage of time SVO, <60% 3+.8
Area under the curve of SVO, <60% 6.7 +32.9
Percentage of time BE <-2 41+11.7
Area under the curve of BE <-2 -10.9 £28.1
Total percentage of events when 3012

protocol not followed

BE, base excess; MAP, mean arterial pressure; pHa, pH arterial; PaCO,,
partial pressure of carbon dioxide in the arterial blood; PaO,, partial
pressure of oxygen in arterial blood; SVO,, mixed venous oxygen satura-
tion; VO,, oxygen consumption.

guidelines that hospitals follow to achieve compliance
and be recognized with accreditation and certification.
However, these guidelines are often enhanced within insti-
tutions by supplemental directives aimed at improving
safety with concomitant effects on care. Regulatory agen-
cies that have incorporated quality and safety guidelines
for healthcare organizations include the Joint Commission
(18), the Centers for Medicare and Medicaid Services (19),
and the National Quality Forum (20). All of these orga-
nizations possess a central theme of promoting strategies
that emphasize the measuring and reporting of results
directly related to patient care. A central tendency of such

X A B C D E F G H

Figure 3. Percent of time that mean arterial pressure during cardiopul-
monary bypass was less than 50 mmHg. The mean (X) indicates results
for most recent 225 procedures and letters designate individual perfu-
sionists. CPB, cardiopulmonary bypass; MAP, mean arterial pressure.

9% Time Patient Temperature > 37°C

X A B D E F G H

Figure 4. Percent of time that patient temperature during cardiopulmo-
nary bypass was greater than 37°C. The mean (X) indicates results
for most recent 225 procedures and letters designate individual
perfusionists.

c

structure is the reduction in variation both within and
amongst healthcare organizations.

Cardiac surgical procedures are particularly attractive
for statistical evaluation because of their wide degree of
application, similarity in surgical treatment, and compre-
hensive national and regional databases for the collection
of case-specific information (21). Data obtained from these
reporting systems has been used to establish benchmarks
for both hospital and physician comparisons. The ultimate
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% Time VAVD Pressure < -40 mmHg

*

X A B G D E F G H

Figure 5. Percent of time that vacuum assist venous drainage pressure
during cardiopulmonary bypass was less than —40 mmHg. The mean (X)
indicates results for most recent 225 procedures and letters designate
individual perfusionists. VAVD, vacuum assist venous drainage.

0/ Time Base Excess < -2 mM/L

4 4
0 - l l | [ | |:|

X A B c D E F G H

Figure 6. Percent of time that base excess during cardiopulmonary
bypass was less than —2 mmol. The mean (X) indicates results for most
recent 225 procedures and letters designate individual perfusionists.

NIRS Mean Values

EPre-CPB HCPFB OPst-CPB

Figure 7. The near infrared spectroscopy mean values during cardio-
pulmonary bypass. The mean (X) indicates results for most recent 225
procedures and letters designate individual perfusionists. CPB, cardio-
pulmonary bypass; NIRS, near infrared spectroscopy.
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%o Time rSOy < 40

|

X A B C D E F G H

OPre-CPB OCPB BPst-CPB

Figure 8. Percent of time that regional oxygen saturation during cardio-
pulmonary bypass was less than 40%. The mean (X) indicates results for
most recent 225 procedures and letters designate individual perfusion-
ists. CPB, cardiopulmonary bypass; rSO,, regional oxygen saturation.

goal is the reduction in variability whereby lower achieving
facilities review their practice techniques and processes to
improve their performance.

In America many state governments mandate that their
health departments collect statistics from hospitals per-
forming cardiac surgery. Such tracking is purported as a mon-
itoring device for the comparison of outcomes, which has led
to the development of “report cards” comparing both hospi-
tal and physician results. Although the exact benefit of such
reporting is debated, and the accuracy of data questioned, it
does draw attention to performance issues, which may affect
referral patterns to those facilities and physicians.

For perfusionists, no federal or state reporting mecha-
nisms exist so that efforts to improve care through data
analysis are done within departments or within perfusion
service companies. Although the electronic collection of
perfusion data has been described for quite some time, few
reports appear in the literature that show how variability
within perfusion departments or organizations is reduced.
Those that do exist are mainly focused at broad practice
variables that may not be consistent with approaches to
care that have been linked to strong evidence for their ben-
efit. Baker and Newland have shown that utilization of a
perfusion EDS can reduce variability amongst staff through
a quality improvement process that use an automated feed-
back mechanism to alert staff to changes from protocol
(22). Variability reduction models such as Statistical Process
Control Theory are well established in business and technol-
ogy areas to improve productivity and reproducibility. The
application of these theories in medicine has gained popu-
larity during the past decade as a means of reducing both
hospital and clinician variability,and Groom et al. have edi-
torialized their potential for application in perfusion (23).

Efforts to reduce clinical variability have not always been
viewed as positive. The utilization of algorithmic driven
processes for applying care, such as clinical or critical
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pathways, can be deemed as lowering the clinician’s ability
to intercede by reducing personal judgment and experien-
tial knowledge, and has been viewed as a “cookbook style
medicine” approach (24). Quantitative analysis of the role
that human judgment plays in clinical decision making is dif-
ficult primarily due to the fact that individual practitioners
vary in their decision making abilities. Furthermore, medi-
cal judgment requires that clinicians maintain a guarded
skepticism and use a conservative approach to accept-
ing new techniques or technologies that require change.
For this reason the standardization of healthcare delivery
should include a human element that remains central to the
encounter with each patient, but should not supercede the
application of evidence based guidelines when they exist.
For the past decade our center has embraced the former
concept and used a “proven care” approach to the conduct
of both CPB and cardiac surgery (13,15).

The field of perfusion quality assurance has had a long
history, but was primarily developed more as a safety per-
spective (25,26), to neither reduce variability nor improve
outcomes. More recently, Newland and associates from
Adelaide, Australia have shown how data mined from the
perfusion EMR can be incorporated into a quality assur-
ance program that provided close to real time feedback on
performance (11,12,22). This innovative technique demon-
strates one of the most sought after and pertinent benefits
of electronic data management systems in perfusion. Riley
and associates were amongst the first to describe the use
of microprocessors to record data from various physiologi-
cal instruments in a laboratory setting representing one of
the first efforts for the electronic recording of perfusion
data (9,10). Jegger et al. developed a simple assessment
tool for performance evaluation amongst perfusionists
(27). They compared several common perfusion parame-
ters across established ranges using a scoring system for
performance. Although the data was entered manually, as
previously described problematic, these researchers used
a team approach using surgeons, perfusionists, and anes-
thesiologists in the decision making process. More recently,
this same research team developed a scoring mechanism
to show that certain CPB parameters and using both mul-
tivariate and univariate analysis linked them to outcome
data (28). Although this study was not randomized nor
controlled, it does demonstrate a plausible effort to relate
perfusion interventions to outcomes. Similarly, Dickinson
et al. used the results published by entities that track hos-
pital cardiac surgical outcomes based upon certain quality
indicators that can then be used to benchmark hospitals
across a region (29). The authors then compared data of
several quality indicators, routinely collected by staff from
a commercial perfusion organization that provided ser-
vices to top hospitals as well as hospitals not on either list,
and found that in the top hospitals the perfusion staff con-
sistently performed higher than in matched facilities.

Initially data collection was facilitated using a manual
entry mode. Such a system, while effective for processes that
do not consist of a large number of variables or data entry
units, is ineffective for CPB (12). The construct of a quality
improvement program that relies on individuals for manu-
ally entering data has inherent flaws. These include assess-
ing the accuracy of collected data, and minimizing human
factors that may influence data entry when performance
criteria have been established. However, such systems are
commonly encountered in many perfusion programs that
use data management systems. However, these systems
and the utilization of databases can serve as a useful foun-
dation for transitioning to an electronic system for quality
improvement. This is what was accomplished in Phase I of
the present study and was helpful in guiding the develop-
ment of methodologies for Phase II.

Electronic data collection does not mean that invalid
data could not be collected. Indeed automation of data
collection often leads to a new set of problems since the
systems collect all events regardless of their accuracy.
This has been one of the major drawbacks to their inclu-
sion in American perfusion practices where medical-legal
issues are more sensitive, but may be less so in other areas
of the world less so encumbered (personal communica-
tion with product managers of cardiopulmonary equip-
ment manufacturers who provide an electronic perfusion
medical record). Regardless, the incorporation of invalid
data into a performance improvement program would
undermine the effectiveness of the system and have
the opposite effect on staff morale and more than likely
lower motivation for self-improvement. We have incor-
porated a mechanism for assessing the accuracy of the
data by establishing limits for the range of captured data.
This is done automatically when data is transferred from
the DMS to the spreadsheet by the creation of logical
function.

In the present study, our goal was to use a quantitative
analysis approach in determining how the perfusionists
across the GHS were performing. This followed a multi-
year process whereby all technologies used for CPB were
reviewed and evaluated using a preemptive scientific evi-
dence-based approach for selection and incorporation into
practice (30). For interventions where a lack of evidence
was present or discrepancies in the literature were found,
the judgment of the perfusion and cardiac surgery team
members was ascertained. Group discussions on technolo-
gies and techniques not only enabled consensus agreement
but also had the additional benefit of fostering collegial-
ity and empowering staff as decision makers. This process
continues to date and is viewed as a continuum for quality
improvement without termination or cessation. We found
that communication was critical in assuring that all clini-
cians had voice in commenting upon the technologies and
initiatives concerning perfusion care. The entire clinical
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team benefited by the system of structured inclusiveness
as well as the seminal ownership of decisions.

Although the greatest reduction in perfusion variation
occurred during the pilot phase, (first 15 months of data col-
lection), it continues to date, albeit with smaller reductions
occurring during the latter part of the trial. This is not unre-
alistic since drawing attention to performance by metric
analysis and measurement has long been shown as a critical
element of variability reduction. However, the assessment
of performance in the field of perfusion has had only a lim-
ited degree of success, which can be related to a number
of elements. First, there have been reports that the quality
of evidence to support the selection of one perfusion tech-
nique over another is lacking, which hinders change or the
adoption of new methods (31). Second, the absence or lack
of clinical trials in perfusion technology has created a void
of evidence that, although identifies opportunities for the
creation of new knowledge, makes the assessment of new
technologies difficult. The establishment of organizations
such as the International Consortium on Evidence-Based
Perfusion (32) has as their core mission the goal of address-
ing these shortcomings. Third, perfusionists tend to be inde-
pendently minded practitioners, as many healthcare workers
are, who guard their autonomy carefully making the accep-
tance of standards for perfusion challenging. Furthermore,
the level of education of perfusionists varies greatly across
the world, which, when combined with economic constric-
tions for equipment utilization, adds geography as an inde-
pendent variable for the perfusion conduct. And lastly the
manufacturers of electronic perfusion medical records have
been slow to address the full utility of the potential for qual-
ity improvement. This has required perfusionists to develop
their own database systems and incorporate statistical
methodologies themselves. Few centers have the resources
to place into the establishment of perfusion data analysis
systems. However, most hospitals do have information tech-
nology departments that will become more sophisticated as
the national mandate for the establishment of a universal
EMR becomes a reality. These resources will be available
to healthcare facilities in America, as well as those abroad
that have similar initiatives, as a means of improving patient
care. Perfusionists will benefit from the establishment of
such an infrastructure and are educationally and technically
prepared to excel in performance enhancement.

From this research it becomes quite clear that the ulti-
mate goal of perfusion quality improvement programs is to
incorporate outcome data for each procedure into perfusion
databases on a patient-by-patient basis. The availability of
national databases such as that of the Society of Thoracic
Surgeons, is a tremendous resource that has exportable data
from each institution that can link the information obtained
from the perfusion EDS to patient outcome. Once thisis done
it would be relatively easy to analyze data lesion-specific
so that perfusion conduct could be assessed both from an
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historical perspective as well as prospectively. Opportunities
for the conduct of perfusion research on a multi-institutional
level would be achievable where both techniques and tech-
nologies could be assessed, and the creation of new knowl-
edge for the establishment of recommendations made.

In conclusion, the establishment of a perfusion quality
improvement program has resulted in a reduction in over-
all clinical performance variation. Such a program has cre-
ated a system for motivation that has improved the conduct
of perfusion, which has been formulated on an evidence-
based approach for the improvement of care.
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APPENDIX 1: PERFUSION QUALITY
PARAMETERS FROM PERFUSION DATABASE

Demographics

Age

Gender

Weight

Height

Body Surface Area

Body Mass Index

Resternotomy

Minimally Invasive Procedures

Intra-aortic Balloon Pump (preoperative, intraopera-
tive, postoperative)

Left Ventricular Ejection Fraction

Left Main Disease

Number of Coronary Artery Diseased Vessels

Cleveland Clinic Clinical Severity Score

Bernstein/Parsonnet 2000 Risk Score

PREOPERATIVE LABORATORY VALUES

Creatinine

Blood Urea Nitrogen

Platelet Count

Hematocrit

HEMATOCRIT

Postinduction

P57

First CPB
Low CPB
High CPB
Last CPB
Last in Room

Autotransfusion

Autotransfusate returned (Pre-CPB, During CPB,
Post-CPB)

Cardiopulmonary Bypass

Autologous Prime (Volume)
Taken Prior to CPB
Given Before CPB
Given Before First Hematocrit Measurement
Given During Case
Given After Last Hematocrit Measurement

Volumetrics

Pre-CBP
Albumin (5 and 25%)
Crystalloid
Packed Red Blood Cell (units)
Urine Output
CPB
Prime Crystalloid
Albumin (5 and 25%)
Crystalloid
Packed Red Blood Cell (units)
Fresh Frozen Plasma (units)
Crystalloid Cardioplegia
Other Volumes
Ultrafiltration (Zero Balance, Modified)
Urine Output
Post-CPB
Crystalloid
Albumin (5 and 25%)
Crystalloid
Packed Red Blood Cell (units)
Fresh Frozen Plasma (units)
Urine Output
Time
CPB
Cross Clamp
Fibrillation
Circulatory Arrest
Cardioplegia
Antegrade Administration
Retrograde Administration
Number of Doses
Longest Interval
Hot Shot
Substrate Enhanced Warm Reperfusate
Cardioversion Required
Anticoagulation
Baseline Activated Clotting Time (ACT)
Heparin Dose
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Additional Doses of Heparin
Pre-CPB ACT
First CPB ACT
High CPB ACT
Low CPB ACT
Last CPB ACT
Additional CPB Heparin
Protamine Dose
Post Protamine ACT
Additional Protamine
Post Additional; Protamine ACT
Medications
Neosynephrine
Heparin
NaHCO, (bicarbonate of soda)
Norepinephrine bitartrate
Aprotinin
Amicar
Protamine
AT III
Prothrombin Complex Concentrate
Transfusion Requirements
Any Transfusion
Total Packed Red Blood Cells (units)
Total Fresh Frozen Plasma (units)
Total Platelet (units)
Total Cryoprecipitate (units)

APPENDIX II: PERFUSION QUALITY
PARAMETERS TAKEN FROM
ELECTRONIC DATA SYSTEM

Demographics
Age
Gender
Weight
Height
Body Surface Area
Body Mass Index
Blood Type
RH

Pre-CPB Arterial Blood Gas
pHa (pH arterial)

PaCO, (partial pressure of carbon dioxide in the arterial

blood)
PaO, (partial pressure of oxygen in arterial blood)
HCO, (bicarbonate)
BE (base excess)
SaO, (saturation of oxygen)
Glucose
Na+ (sodium ion)
K+ (potassium ion)
Ca++ (serum calcium)
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Monitoring

Hemodynamics
Arterial Mean Blood Pressure
Pulmonary Artery Mean Pressure
Temperatures
Nasophyrangeal
CPB Arterial
CPB Venous
Cerebral (INVOS, Somanetics™)
Right Side
Left Side

Cardiopulmonary Bypass

Arterial Blood Flow Rate
Cardiac Index
Arterial Line Circuit Pressure
Vacuum Assisted Venous Drainage Pressure
In-Line Blood Gas Monitor (CDI 500™, Terumo Cardio-
vascular)
pHa
PaCO, (partial pressure of carbon dioxide in the
arterial blood)
HCO, (bicarbonate)
BE
SaO, (saturation of oxygen)
Temperature
SvO, (mixed venous oxygen saturation)
K+ (potassium ion)
Hemoglobin
Hematocrit
Activated Clotting Time
CPB Time
Cross Clamp Time
Microbubble Event Count

Volumetrics

Volume In

Volume Out

Crystalloid Solutions
Albumin (25%)

Albumin (5%)
Ultrafiltration

Modified Ultrafiltration
Urine

Packed Red Blood Cell (units)
Fresh Frozen Plasma (units)
Cryoprecipitate (units)
Platelets (units)

Medications

Neosynephrine

Heparin

NaHCO, (bicarbonate of soda)
Levophed

Vasopressin

Protamine



