A VALIDATION
STUDY WITH
CONSEQUENCES

During 2018, a validation study
was performed of 2 new comput-
erized outcome-driven machine-
learning perioperative assessment
and quality control system PANSU-
RAS (Perioperative ANesthesia &
SURgical Assessment System). [t
revealed significant differences in
postoperative outcomes between
patients who underwent planned
oncological colorectal surgery ver-
sus those who underwent elective
total hip and knee arthroplasty (p <
0.0001), despite these two groups
having similar preoperative non-
oncological Charlson comorbidity
score profiles (p > 0.05).

This article discusses possible
causes for these differences. Fur-
thermore, it discusses the implica-
tions of this study for current pre-
operative assessment algorithms,
as well as the implications for the
current and future profile of the
anesthesiologist as medical special-
ist in preoperative assessment, and
for perioperative management of
patients requiring operative man-
agement.

In 2018 werd een validatiestudie
uitgevoerd van een nieuw geau-
tomatiseerd resultaat-gestuurd
machine-learning perioperatief

evaluatie- en kwaliteitscontrolesy-
steem PANSURAS (Perioperative
ANesthesia & SURgical Assessment
System). Resultaten lieten signifi-
cante verschillen zien in postopera-
tieve uitkomsten tussen patiénten
die geplande oncologische colorec-
tale chirurgie ondergingen versus
patiénten die electieve totale heup-
of kniearthroplastie ondergingen
(p <0,0001), ondanks vergelijkbare
preoperatieve niet-oncologische
Charlson comorbiditeitsscore-
profielen tussen deze twee groepen
(p> 0,05).

Mogelijke oorzaken voor deze ver-
schillen worden besproken. Verder
worden de implicaties van deze
studie voor huidige preoperatieve
beoordelingsalgoritmes besproken,
evenals de implicaties voor het
huidige en toekomstige profiel van
de anesthesist als medisch specia-
list in preoperatieve beoordeling en
voor de perioperatieve behandeling
van patiénten die operatieve be-
handelingen nodig hebben.

Colorectal surgery, hip arthroplas-
ty, knee arthroplasty, PANSURAS,
retrospective study, postoperative
outcomes, profile anesthesiology,
perioperative surgical home.
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During the latter half of 2018, the
authors performed a short valida-
tion study of the statistical and
machine-learning modules of a
new program designed for pre-
operative assessment, audit, and
quality control. The results of this
validation study for the program
entitled PANSURAS (Perioperative
ANesthesia & SURgical Assess-
ment System) were such as lo raise
questions about current anesthesia
practice.

The motivation behind the above
computer system was based upon a
consideration of the current anes-
thesiology practice of preoperative
assessment, and its place in the
totality of perioperative patient
management. Traditionally, preop-
erative assessment has been based
upon the implicit premise that
more pre-existing comorbidity plus
increased surgical severity always
correlates with an increased chance
of postoperative morbidity*. This

is the basic premise underlying

the ASA classification when first
described during 19412 Nonethe-
less, studies of ASA score rating
consistency have long been known
to be subject to reveal considerable
variation (Owens 1978)3, but lack
of any other usable surgical risk
scoring system ensured its contin-




ued use. Use of the ASA risk clas-
sification also encourages another
generally unspoken error, that poor
physical condition always corre-
lates with increased perioperative
risk regardless of the nature of the
operation. For example, that a per-
son with an ASA 3 risk category has
an elevated risk of perioperative
problems undergoing a subcutane-
ous lipectomy as well as an esopha-
gectomy. Yet all anesthesiologists
and surgeons know from clinical
experience that individual postop-
erative consequences of operative
procedures depend upon both the
level and type of surgical procedure
modified by the physiological con-
dition of the individual patient.

This latter reality is addressed by
preoperative assessment systems
such as the POSSUM algorithm?,
its variant the P-POSSUMS, the
POSPOM system®, the American
College of Surgeons NSQIP calcu-
lator” and many others. All these
systems include an assessment of
the magnitude of surgical trauma,
as well as of the underlying physi-
ological condition. The NSQIP cal-
culator further specifies the exact
type of surgical stress by using
specific operative procedure codes.
These systems all reveal that mini-
mal surgical trauma has practically
no effect upon even very unhealthy
persons.

Nonetheless, these and similar
systems all suffer from one or more
deficiencies. For example, the POS-
SUM, P-POSSUM, and POSPOM
algorithms suffer from a lack of
any structured update*5° to com-
pensate for differing and changing
socioeconomic and medical cir-
cumstances, or absence of specific-
ity for a particular disorder or pro-
cedure*s®, or they are really only
valid for the populations in which
they are used+5¢7, All these factors
render these algorithms of dubious
accuracy when employed outside
the populations and time frames
from which they are derived.

The above points raise other gener-
ally unspoken aspects of the pro-

cesses of modern anesthesia prac-
tice. Preoperative assessment by
anesthesiologists using the current
clinical qualitative assessment sys-
tems are nearly always based upon
data acquired in other countries,
often from different operations
and perioperative management
protocols, and from populations
with very different socioeconomic
profiles. The anesthesiologist and/
or surgeon makes qualitative as-
sessments and predictions based
upon such data and personal expe-
rience. Moreover, anesthesiologists
do not merely make an estimate of
the safety of anesthesia, but actu-
ally make an estimate of the safety
of the planned operation plus anes-
thesia, together with predictions of
possible complications. Curiously,
anesthesiologists very seldom study
the postoperative courses of pa-
tients for feedback related to their
estimations of safety and predic-
tions, and almost never request
structured feedback on postopera-
tive problems. It is the surgeon/
operative specialist who manages
postoperative problems as they oc-
cur, and he almost never provides
anesthesiologists any feedback as
to the occurrence of postoperative
morbidity. This is the reality of cur-
rent anesthesia and surgical prac-
tice. Operative and anesthesia spe-
cialties function in differing “silos”,
even though these physicians all
aim to provide optimal treatment
for the same patients.

This realization, together with the
aim of providing a fundament for
any future “Perioperative Surgical
Home”, was the stimulus for the
development of a new machine-
learning pre-, and perioperative
surgical risk assessment, quality
control and audit system called
PANSURAS. PANSURAS is devel-
oped and designed as a preopera-
tive predictive system, as well as a
perioperative quality control and
audit system, for anesthesiologists
and surgeons using both expert
systems and transparent postop-
erative outcome feedback driven
machine-learning algorithms. This
enables continual adaptation of the

4,5 NTvA december 2020 -12 -

predictive algorithms to the socio-
economic situation of each location
where used, as well as to continu-
ally evolving changes in medical
practice; to finally achieve real
cooperation between anesthesiolo-
gists and surgeons, and ultimately
achieve the ideal expressed by Co-
peland et al during 1991:

Obviously no regression equation
Jfor assessment of risk of morbidity
and mortality should remain static
over time; hopefully improve-
ments in surgical management
will occur. Logistic regression
analysis of the observed mortality
and morbidity rates on a hospital,
district or regional basis would
allow the 10-90 per cent ranges to
be updated at regular intervals.
The extrapolated score values
(both physiological and opera-
tive severity scores) of 50 per cent
risk of mortality and morbidity
may potentially allow comparison
between units or hospitals. In-
deed comparison of physiological
and operative severity scores of
patients undergoing similar pro-
cedures in different units may be
of benefit by highlighting different
operative and management prac-
tices, and also differing modes of
presentation?,

As mentioned earlier, the purpose
of the 2018 study was to test the
validity of the statistical and ma-
chine-learning modules built into
PANSURAS. This was planned as

a limited validation study designed
to include only two patient groups
which literature study revealed had
a significant chance of postopera-
tive morbidity.

Institutional approval was ob-
tained from the Alrijne Hospital,
in Leiderdorp, the Netherlands to
perform retrospective analyses on
data extracted from the electronic
health record (EHR) system (Chip-
soft Hix®) for patients who had
been discharged from postopera-
tive check-ups.
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Two patient groups were selected
for study. One group consisted

of patients undergoing planned
laparoscopic assisted oncologi-

cal colorectal surgery for which
international studies revealed a
frequency of 17.7% to 24.3% post-
operative morbidity®®. The other
patient group underwent elective
total hip and knee arthroplasty for
which international studies showed
a frequency of 4.9% to 5.8% post-
operative morbidity*.

Data were extracted from the

EHR and manually entered into a
spreadsheet for a total of 207 pa-
tients who underwent laparoscopic
assisted oncological colorectal
surgery, and from 108 patients who
underwent elective hip and knee
arthroplasty. Criterium for scoring
all postoperative outcomes was any
mention of a postoperative out-
come in the EHR, as these records
did not permit of any refinement of
the nature of the outcome. The fol-
lowing outcomes were scored: In-
tensive Care Unit (ICU) admission
during postoperative period, length
of stay, sepsis / SIRS, postoperative
respiratory complications, post-

operative cardiac complications,
postoperative renal complications
(defined as a postoperative eGFR
lower than preoperative eGFR),
postoperative wound infection,
postoperative wound dehiscence,
bowel anastomosis leak. Readmis-
sion was defined as readmission
within 8 days after discharge.

The ASA score given by the an-
esthesiologist was noted, and the
Charlson comorbidity score® was
used to calculate a more quantita-
tive totality of comorbidity. Sub-
sequently all patient identifying
features in the final raw data were
anonymized prior to further analy-
sis and importing into the PANSU-
RAS database for validation.

For analyses of these two different
groups of patients with uncertain
differences in statistical distribu-
tions, we analyzed categorical
variables and nominal data with
the Pearson’s Chi-square test, and
continuous data were tested with
the Moods test. The reason for this
type of analysis in this observa-
tional study was the independence
of these tests of differences in vari-
ance and statistical distribution.
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Laparoscopic Hip & knee P
colorectal surgery arthroplasty
Demography N =207 N =108
Gender (female) 103 (49.76%) 75 (69.44%) P < 0.0001
Age (yr) (mean, sd, median) 69.08(+/-12.37),70  69.5(+/-8.73), 70 P=<0.05
Anesthesia N =205 N =107 P << 0.0001
General 191 3
General + neuraxial 14 1
neuraxial 0 103
Postoperative in-hospital morbidity N =207 N =108 P << 0.0001
Intensive care admission 26 (12.6%) 1(0.9%)
Respiratory problems 24 (11.6%) 0 (0%)
Cardiac problems 13 (6.3%) 0 (0%)
Renal problems 18 (8.7%) 13 (12%)
Sepsis / SIRS 8 (3.9%) 0 (0%)
Wound infection 15 (7.2%) 0 (0%)
Wound dehiscence 4(1.9%) 0 (0%)

Length of Stay (days)

-Women (N, mean, sd, median)
-Men (N, mean, sd, median)

P

Readmission <8 days post discharge

100, 6.61(+/-5.14), 5 75, 2.61(+/-1.64), 2
102, 8.32(+/-7.42), 6 33, 2.39(+/-1.58), 2

P >0.05

N=2

P <0.05

N=0

Table 1. Patient populations and demographic profiles, together with
types of surgery, anesthesia and in-hospital outcomes.
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Significance level for baseline vari-
ables and multivariable regression
analysis were initially tested at
P<0.05.

Table 1 shows the patient popula-
tions studied, their demographic
profiles, outcomes and manage-
ment. Postoperative in-hospital
morbidity only included morbidity
that was common to both groups,
excluding problems unique to the
type of surgery such as bowel anas-
tomotic leak, etc. Table 2 shows
more detail regarding the age pro-
files of the two patient groups. This
table is included because the dif-
ferences in postoperative outcome
may be a function of age. This table
reveals that patients who under-
went hip and knee arthroplasty
had a narrower age spectrum than
those who underwent laparoscopic
colorectal surgery (p = 0.44).

The preoperative Charlson comor-
bidity score profiles were defined
according to the criteria set out in
table 3 of Charlson 1987, Table 3a
shows the original Charlson score
profiles for the two patient groups.
The Charlson score adds a score of
“2” for non-disseminated cancer
(table 3 in Charlson 1987), so
when the score profile for oncologi-
cal colorectal surgery was moved
up two rows to adjust the score for
non-disseminated cancer “2” from
the total Charlson comorbidity
score (see table 3b), we found the
comorbidity profiles of the colorec-
tal and arthroplasty patients to be
very similar (Chi-square p = 0.94).

Table 1 revealed that there were

no really significant male-female
differences within each of the two
patients groups, except that the
proportion of females undergoing
hip or knee arthroplasty was signif-
icantly greater (69.44%) than in the
colorectal surgery group (49.76%).

The comparable in-hospital post-
operative outcomes for both patient
groups as shown in table 1 differed
significantly (p << 0.0001),




Age range Colorectal Hip & knee
surgery arthroplasty
20-29 1 0
30-39 5 0
40-49 10 2
50-59 25 13
60-69 56 36
70-79 64 43
80-89 42 14
90-99 4 0
N 207 108 Table 2.
Age profiles of the
. two patient groups.
Charlson score Colorectal Hip & knee
surgery arthroplasty
0 0 71
1 0 20
2 132 11
3 34 6
4 28 0
5 12 0 Table 3a.
6 3 0 Charlson comorbidity
7 2 0 I botl
N 206 108 scor:e profiles for both
patient groups
Charlson score  Colorectal Hip & knee
Surge Arthroplas
L 4 :yf Table 3b.
Very similar non-
? 13342 ;[1] oncologfcc‘zl Charlson
2 23 1 comorbidity score
3 12 6 profiles in both patient
4 3 0 groups after adjusting
g 2 g Charlson scores for non-
7 disseminated cancer in
N 206 108 the colorectal surgery

despite very similar non-oncolog-
ical preoperative Charlson comor-
bidity score profiles (p > 0.94).

The observations revealed by this
validation study of outcome dif-
ferences between patients with
equivalent comorbidity profiles
undergoing colorectal surgery and
major joint arthroplasty display
significant differences between
the postoperative consequences
of different types of surgery. To
our knowledge, this is the first
time such ditferences have been so

group (p = 0.94)

clearly demonstrated for two dif-
ferent procedures for patients with
similar preoperative comorbidity
profiles. This raises the question
how such differences could arise.

The differences may simply be
related to the length of stay, be-
cause admission duration for the
orthopedic patients was much
shorter than that for the patients
who underwent colorectal surgery.
This study therefore cannot answer
the question whether the orthope-
dic patients experienced medical
problems (except for ICU admis-
sion, SIRS/sepsis) with the same
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frequency as the colorectal group.
Severity of postoperative complica-
tions, (if any), experienced at home
was certainly not reflected in the
readmission rates for the orthope-
dic patients (see Table 1).

Another possible cause is the gen-
der difference. Most orthopedic
patients were female. More study is
required to determine any possible
gender differences, and whether
these manifest in other postopera-
tive outcomes.

A possible significant contributory
reason for these differences is the
enhanced recovery after surgery
(ERAS) policy of the orthopedic
surgeons in the Alrijne Hospital.
Important factors of the ortho-
pedic ERAS protocol were, and
are, an opiate sparing multimodal
analgesic policy with paracetamol
and naproxen, use of high volume
wound infiltration analgesia (150cc
ropivacaine 0.2%), and pre-opera-
tive administration of tranexamic
acid and dexamethasone in order
to achieve decreased post-operative
hematoma with lower pain scores
and less nausea. No wound drains
or urinary catheters were used, and
all patients were mobilized out of
bed on the day of surgery by the
physiotherapist.

Differences in physiological re-
sponses to surgery under neuraxial
versus general anesthesia may
have influenced the postopera-
tive outcomes's. However, studies
reveal that these differences do
not translate to less postoperative
morbidity, as was clearly illustrated
by a review of 191,576 laparoscopic
colorectal surgery cases in the USA
in which epidural analgesia was
used in 4,102 patients's. This large
review revealed that the use of
epidural anesthesia was associated
with a higher incidence of postop-
erative urinary tract infections and
alonger hospital stay, but there
was no observed reduction in the
incidence of postoperative respira-
tory failure'. Patients undergoing
hip or knee arthroplasty were oper-



ated using very short-acting spinal
anesthesia, after which they were
mobilized on the same day after
undergoing surgery.

It is unclear from this short vali-
dation study why the difference
between these two types of sur-
gery should occur. Nonetheless,
whatever the cause of such type

of surgery-related outcome differ-
ences, they do imply the possibility
of significant potential improve-
ments for future management of
preoperative assessment and plan-
ning, and these consequences are
made very relevant by the current
Covid-19 pandemic.

The current Covid-19 pandemic
not only stimulates new think-

ing on preoperative screening,

but forces changes in the manner
of preoperative screening by the
introduction of web-based ques-
tionnaires, telephone, and video
consults. Knowledge that different
types of procedures have different
consequences for postoperative
morbidity is implicit in the current
selection criteria of patients suited
for ambulant operative proce-
dures's®718, Experience shows that
such systems are generally safe and
efficient for certain types of pa-
tients and patient categories'®, They
also save the hospital money, be-
cause fewer personnel is required
for preoperative assessment. None-
theless, telephone, internet, or
web-based questionnaire systems
introduce no fundamental changes
in the methodology, relevance,
safety, or quality of preoperative
assessment. Patients who require
physician preoperative assessment
are still assessed in the old clinical
methodology, while those who do
not need to see a physician for pre-
operative assessment are assessed
with an expert system, which may
be enhanced by a machine-learning
algorithm. No postoperative out-
come-driven machine-learning is
applied. Such a reduction in patient
- anesthesiologist contacts actually
increases the distance between the
silos in which anesthesiologists and

operative specialists function. The
added value is financial savings,
but not of economy together with
improved quality of care.

Further development of machine-
learning preoperative risk assess-
ment systems independent of
EHR, basing predictions upon ICD
diagnostic and procedural codes
with outcome-driven feedback,
would enable preoperative risk
predictions specifically tailored to
specific clinics/hospitals. In the
future, such a preoperative as-
sessment system may even be em-
ployed to inform specific patients
and surgeons of the real local risks
of surgery when a surgeon deter-
mines an indication for surgery.
PANSURAS is designed as such a
system, and has an inbuilt system
for rapid outcome-driven feedback
of complications, quality control,
and audit, with outcome-driven
machine-learning to regularly ad-
just predictive algorithms. Such
systems enable a true predictive

— reactive — proactive feedback
loop system', eventually enabling
optimization of perioperative
management to the great benefit of
patients, physicians, and cost effec-
tiveness of medical care systems?°.
By so doing, such systems add
value to the perioperative process
for all stakeholders.

This short validation study and as-
sociated discussion reveals several
important points for anesthesia
practice, as well as for the position
of the anesthesiologist as medical
specialist in the Netherlands, and
also other parts of the world.

» The generally accepted belief
among anesthesiologists and
operators that more preoperative
comorbidity is always associated
with more postoperative morbid-
ity, requires some rethinking
and nuance.

« The results of this study indicate
that different operative proce-
dures result in different spec-
trums of possible postoperative
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morbidities. This has implica-
tions for preoperative assess-
ment and management systems.
Continual observation and
monitoring with outcome-driven
machine-learning preoperative
assessment will enable periopera-
tive management and anesthesia
protocols to be optimized to take
advantage of these differences.

Anesthesiologists and operative
specialists currently function in
“silos” using inappropriate data
to form opinions, and generally
fail to employ structured out-
come-driven feedback systems.
The short validation study reveals
by implication how knowledge
of outcomes for specific types of
surgery can be used to optimize
perioperative protocols.

The current drive to reduce the
number of preoperative visits

to anesthesiologist managed
preoperative assessment clinics,
encourages further separation of
the “silos” in which anesthesiolo-
gists and operative specialists
function. This saves the hospital
costs of preoperative assessment,
but does not fundamentally
change or improve the quality of
perioperative medical practice for
patients, surgeons or anesthesi-
ologists.

There is a necessity for structured
continual observational systems
for clinical practice with out-
come-driven machine-learning

to formulate money-saving, ef-
ficient, and safer evidence-based
preoperative assessment systems
adding true value to periopera-
tive patient management.
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