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Abstract

Background: Predictions that overestimate post-lobectomy lung function are more likely than
underestimates to lead to lobectomy. Studies of post-lobectomy lung function have included only
surgical patients, so overestimates are overrepresented. This selection bias has led to incorrect
estimates of prediction bias which has led to inaccurate threshold values for determining
lobectomy eligibility.

Objective: The objective of this study was to demonstrate and adjust for this selection bias in
order to arrive at correct estimates of prediction bias, the 95% limits of agreement, and adjusted
threshold values for determining when exercise testing is warranted.

Methods: We conducted a retrospective study of patients evaluated for lobectomy. We used
multiple imputation to determine postoperative results for patients that did not have surgery
because their predicted postoperative values were low. We combined these results with surgical
patients to adjust for selection bias. We used the Bland-Altman method and the bivariate normal
distribution to determine threshold values for surgical eligibility.

Results: Lobectomy evaluation was performed in 114 patients; 79 had lobectomy while 35 were
ineligible based on predicted values. Prediction bias using the Bland-Altman method changed
significantly after controlling for selection bias. To achieve a postoperative FEVV1=30% and
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DLCO=30% required a predicted FEV1>46% and DLCO=53%. Compared to current guidelines,
using these thresholds would change management in 17% of cases.

Conclusion: The impact of selection bias on estimates of prediction accuracy was significant but
can be corrected. Threshold values for determining surgical eligibility should be reassessed.

Methods

Surgical resection often provides the best chance for cure in early stage non-small cell lung
cancer (NSCLC). However, poor preoperative lung function can increase the risk of post-
operative complications and result in unacceptable degrees of dyspnea, resulting in
decreased quality of life. Therefore, the American College of Chest Physicians (ACCP) and
the British Thoracic Society recommend an evaluation of lung function prior to lobectomy.
(1, 2) Guidelines recommend that both FEV1 and DLCO be measured preoperatively, and
that predicted postoperative (ppo) FEV1 and ppoDLCO be calculated.(1-3) The goal of the
evaluation is to estimate the risk of operative mortality as well as the impact of lung
resection on pulmonary function.

The main methods used to calculate ppoFEV1 and ppoDLCO are the segment counting
method (SC) and quantitative perfusion scans (Q).(1, 2, 4) Accurate predictions of FEV1
and DLCO are important, since inaccuracy will either expose patients to high risk surgery or
deny patients potentially curative surgery. However, there is relatively limited data
demonstrating how well predictions match actual postoperative values.(4-18)

In addition, all previous studies in this area evaluated patients that had surgical resections
and compared the predicted with the observed values to arrive at estimates of prediction bias
and limits of agreement (LOA). This design is subject to selection bias. Predictions that
overestimate actual values are more likely to result in surgery and these overestimates are
included when assessing prediction bias. However, predictions that underestimate actual
values lead to patients not having surgery and therefore do not show up in the data. The
consequence is that our current estimates of prediction bias are incorrect, since we have
included most of the overestimates while not taking into account many of the
underestimates. These incorrect estimates of prediction bias have in turn been integrated into
current guidelines, resulting in incorrect threshold values for determining when exercise
testing is warranted.(2)

The objective of this study was to demonstrate and adjust for this selection bias in order to
arrive at correct estimates of prediction bias, the 95% LOA, and adjusted threshold values
for determining when exercise testing is warranted. We hypothesized based on our clinical
experience that existing prediction rules were overly optimistic for patients with borderline
performance. Therefore our secondary objective was to determine whether prediction bias
was correlated with postoperative values.

Patient population

We conducted a retrospective cohort study of consecutive patients undergoing evaluation for
lobectomy for stage I or Il NSCLC from January 1, 2010 thru May 31, 2015. We used the
thoracic surgery and pulmonary quantitative perfusion databases to identify patients that
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were deemed borderline in terms of pulmonary reserve such that it warranted additional
testing beyond routine pulmonary functions. At our institution Q scan is the standard of care
for determining ppoFEV1 and ppoDLCO so only patients that had Q scans as part of their
assessment were included. Patients that had a pneumonectomy, bilobectomy, right middle
lobectomy, lobe plus a segment, segmentectomy, or wedge planned or performed were
excluded. Post-operative pulmonary functions were measured at 3-6 months after surgery.
The study was approved by institutional review board committee-4.

Quantitative Perfusion Scans

Radionuclide perfusion for determining regional pulmonary function was performed using a
multidetector system (Canberra Industries, Meriden, CT, USA) according to the method
described by Ali et al.(19) We considered the upper half of the tumor-bearing lung
measurements to represent the functional loss after upper lobectomy and the lower half the
functional loss for lower lobectomy.

Prediction Models

We evaluated three prediction models: Q scan, SC using 18 segments (SC18), and SC using
19 segments (SC19). For the Q prediction model, ppo value= preoperative value * (1-x),
where x= % of perfusion going to the lobe being resected. For the SC method, ppo value=
preoperative value * (1-y/z), where y is the number of segments resected and z is the
number of segments in the lungs. The difference in SC models reflects variability in the
literature, with investigators considering the LUL to have either 4 or 5 segments. We
predicted FEV1 % of predicted and DLCO % of predicted (see online supplement). For ease
of annotation we will use FEV1 and DLCO henceforth.

Assessment of Model Performance

Agreement between predicted and actual postoperative values was assessed by Bland-
Altman plots.(20) We evaluated whether differences between predicted and actual values
varied depending on what the actual value was by regressing the value of the difference
between predicted and actual postoperative values on the actual postoperative value and
providing regression based 95% LOA.(21)

Assessing and Correcting for Selection Bias

The mean prediction bias is derived from paired observations (predicted and actual), and is
expressed as the mean of the predicted minus actual value.(20) A given prediction is either
an underestimate (negative) or an overestimate (positive) of the true value.

If we choose to selectively not include predictions that are underestimates while including
overestimates this leads to inaccurate estimates of prediction bias. Selection bias arises
because patients that have predictions that underestimate postoperative values are less likely
to have surgery and do not show up in the data while overestimates have surgery and are
counted (see online appendix for details).

We first assessed prediction model performance without adjustment for selection bias, as has
been done previously.(4-18) Patients who had surgery and had postoperative follow up with
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pulmonary functions at our institution were included (Cohort A). Patients that did not have
surgery because of limited pulmonary reserve were not included.

To adjust for selection bias we performed a second analysis, this time including not only
patients who had surgery but also patients that met inclusion criteria but were deemed
ineligible for surgery based on predictions of limited pulmonary reserve (Cohort B). Patients
who were ineligible for surgery based on limited pulmonary reserve were identified by cross
checking the surgical and pulmonary databases to identify patients not in the surgery
database that had Q scans for preoperative assessment. Patients that were deemed inoperable
after Q scans because of low pulmonary reserve were included. If patients were offered
surgery but refused or if there were medical comorbidities other than pulmonary that
precluded surgery they were not included.

Because MDACC is a tertiary referral center, many patients have their follow-up care
provided locally with only a percentage of patients returning for longitudinal care. This is
not problematic if we look only at patients that had surgery (Cohort A) since the data is
missing completely at random (MCAR). We therefore took the same percentage of non-
surgery patients to combine with the surgery patients to generate cohort B (see online
supplement), since presumably the same percentage of non-surgical patients would have had
their follow-up care locally.

Multiple Imputation

In cohort B, patients that did not have surgery due to limited pulmonary reserve had no
postoperative values, so it was necessary to impute what the postoperative values would have
been. We did this by using the multiple imputation method (proc MI procedure in SAS).(22)
We used a parametric regression method for monotone missing data patterns for FEV1
imputation. Using data from patients that had surgery, we fit a model where actual
postoperative FEV1 was the dependent variable and ppoFEV1 using Q, SC18, and SC19
were the independent variables (see online supplement). We generated 30 sets of imputed
data in order to achieve a 1% power fall off tolerance as compared to an infinite number of
imputations.(23) We used Bland-Altman plots to assess agreement between predicted and
actual values.(20) We did the same for DLCO.

Clinical Implications: Threshold Values

In clinical practice physicians need to be relatively certain that when they recommend
surgery patients will be left with sufficient postoperative function such that their quality of
life is maintained. How much certainty is required is a clinical judgment based on perceived
benefits and harms and treatment alternatives for a given patient.(24) For our analysis we
used three potential levels of certainty (95%, 97.5%, and 99%). What constitutes sufficient
postoperative function varies, but generally between 30-40% of predicted is considered
sufficient.(2) Since both predicted and observed postoperative values are normally
distributed and correlated, we used the bivariate normal distribution to calculate the
minimum threshold predicted values necessary to achieve target postoperative values of
either 30% or 40% over a range of certainty levels (95%, 97.5%, and 99%) (see online
supplement).
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We identified 300 patients that had a lobectomy. No patients died within 6 months of
surgery. Of the 300 patients, 79 (26.3%) met inclusion criteria and had both predicted and
actual postoperative pulmonary functions determined (Cohort A, see table 1).

Mean bias and 95% LOA between predicted and actual postoperative values of FEV1 and
DLCO for Cohort A are shown in table 2; Bland-Altman plots are shown in Figures 1 and 2.

We found that the bias varied significantly in association with the actual value as assessed by
regression of the difference vs. the actual postoperative values (Figures 1 and 2 regression
lines).(21) Therefore, rather than representing the bias and LOA as constant across all values
as previously reported in the literature,(4-18) it is more correct to represent the bias and
LOA by using the regression equation and regression-based 95% LOA (Figure 1-2 blue
lines).(21)

There were 130 patients that did not have surgery because pulmonary reserve was deemed
insufficient based on Q scan. These 130 patients had a very different distribution of ppo
values (p<0.0001), confirming the missing data was not missing completely at random (e-
tables 1-2).(25) Not including such patients would therefore result in selection bias.

Of all patients that had surgery, 26.3% returned for follow-up. We therefore randomly
selected 26.3% (n=35) of the 130 patients that did not have surgery because of insufficient
pulmonary reserve and combined them with Cohort A (n=79) to form Cohort B (n=114) in
order to control for selection bias. The relative efficiency of imputation (as compared to an
infinite number of iterations) was 99.2% for FEV1 and 99.2% for DLCO. The mean bias and
95% LOA are shown in table 3; Bland-Altman plots are shown in Figures 3 and 4. Bias
varied significantly in association with the actual value. The regression equation and
regression-based 95% LOA are shown in Figures 3 and 4.(21) When postoperative values
were low, predictions were overly optimistic; when postoperative values were high,
predictions were overly pessimistic.

The regression equations describing the bias and LOA between predicted and actual values
for Cohorts A and B are summarized in Table 4. Adjustment for selection bias significantly
changed the equations. In both cohorts the magnitude of the bias varied in association with
the actual value of FEV1 and DLCO. However, both the magnitude of the slope and the
intercepts are lower for Cohort B. The adjusted estimates show that the prediction bias is
actually significantly more negative than the unadjusted data would have suggested.

The SC19 method had the smallest LOA although the absolute difference was modest. The
variance of SC19 was significantly smaller than the variance of the Q model (p=0.046) for
FEV1 but failed to reach significance for DLCO.
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Clinical Implications

To make this clinically useful we need to derive bias adjusted minimum predicted value
thresholds for guiding clinical decision making. Using the bivariate normal distribution, we
derived minimum predicted threshold values necessary to achieve actual postoperative target
values of 30% or 40% (Table 5, figure 5, and e-figures 1-3 for additional plots).

We compared how the current ACCP guidelines threshold of FEV1>60% and DLCO%>60%
agreed with the bias adjusted minimum predicted value thresholds to estimate how often
there would be a change in management strategy. Using the bias adjusted minimum
predicted thresholds for a target postoperative value of =230% of predicted with 95%
certainty, management would have been changed in 20 (17%) of the 115 patients. Using the
bias adjusted threshold would have allowed these 20 patients to avoid additional exercise
testing. In these 20 patients, the actual postoperative FEV1 was >30% of predicted in all 20
patients; the actual postoperative DLCO% was >30% of predicted in 19 of the 20 patients.

Discussion

Quantitative perfusion scans have been the gold standard for predicting postoperative FEV1
and DLCO for many years.(2, 26, 27) However, we found that the gold standard is actually
not that great, as evidenced by the wide LOA between predicted and actual values. Indeed,
all methods of predicting postoperative lung function had limited predictive power, with
SC19 being slightly better than the Q model for FEV1. We were also able to demonstrate
and adjust for selection bias introduced by and inherent to the prediction process itself.
Selection bias in this case is inherent because the ppoFEV1 and ppoDLCO impact the
decision on whether or not patients have surgery. We were able to adjust for this by
analyzing all patients being assessed for surgery and using imputation for patients that did
not have surgery because their ppo values were too low. We then used the bivariate normal
distribution to derive more accurate threshold values for defining what constitutes an
acceptable ppoFEV1 and ppoDLCO for any given postoperative target value.

These findings are consistent with those of other investigators that have evaluated different
methods of predicting postoperative lung function.(4-18) Prior studies suggest that the 95%
limits of agreement (LOA) between predicted and actual values are fairly wide. For example,
the 95% LOA between ppoFEV1 and actual postoperative FEV1 using the segment counting
method in one study was —0.79 L to +0.38 L.(4) Consistent with these other studies, we
found that the LOA for Q, SC18, and SC19 were fairly wide. Our findings suggest that
routine use of Q scans does not offer significant advantages over the simpler SC19 method,
especially given the cost. However, in special instances Q scan may still be warranted; for
example when there is marked heterogeneity of emphysema with hyperinflation on the side
of the resection or when there are large areas of non-functional lung being resected.

This study adds to the existing body of knowledge on prediction of postoperative lung
function by addressing the issue of selection bias. To our knowledge this is the first study to
identify and correct for this inherent selection bias.(4-18) The solution to this problem is to
include all patients evaluated for surgery rather than only including patients that have
surgery. This has important implications for future studies involving new methods of
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predicting postoperative lung function. The presence of selection bias from the prediction
itself means that any future study comparing current standard of care prediction methods
(e.g. Q scan) with new techniques should analyze all patients being evaluated for surgery,
irrespective of whether or not they eventually have the surgery, so long as the current
standard of care prediction method is being ordered. In this way we can control for the
inherent selection bias created by prediction.

However, even after adjusting for selection bias, we found that the bias of all prediction
models varied depending on the actual postoperative value. When bias varies with the true
value, regression based 95% LOA should be used.(21) However, prior studies have not done
this and have not emphasized its clinical relevance.(4-18) Physicians should be aware that
not only are the LOA for existing prediction methods wide, but the bias also varies with the
true value such that when actual values are low predictions become overly optimistic.

The bivariate normal distribution allows us to handle this problem. The use of the bivariate
normal distribution allows us to derive the minimum threshold values of ppoFEV1 and
ppoDLCO needed to achieve any specified postoperative value for a given degree of
certainty. For example, if physicians want to have a 95% probability that their patient will
have an actual postoperative FEV1 of 230% of predicted, the ppoFEV1 using the SC19
methods needs to be =46% (table 5).

Of note, measurements of FEV1 and DLCO demonstrate different degrees of variability,(28,
29) hence if a postoperative value of =30% of predicted is desired for both FEV1 and
DLCO, the threshold values for FEV1 must be different than DLCO. However, current
ACCP guidelines use a single threshold value of 60% for both FEV1 and DLCO.(2) The
bivariate normal distribution allows us to handle each of these measure separately and more
accurately.

This problem of selection bias impacting assessment of prediction tools is present in other
areas of medicine. Examples where this may apply include agreement between pulmonary
artery pressures assessed by echocardiography vs. right heart catheterization (30) or non-
invasive cardiac monitoring devices in perioperative medicine.(31) The approach described
above should be generalizable and hopefully useful for dealing with these problems.

However, it is also important to recognize the limitations of this study when applying the
results. This is a single-center, retrospective study with a relatively small cohort size,
therefore the results cannot be generalized. Since the study is retrospective it also warrants
prospective validation. This is particularly important in order to control for selection bias.
While we controlled for one type of selection bias, other forms of selection bias may still be
present. For instance, it may be that patients who experienced a greater decline in FEV1 and
were more short of breath were more likely to return to MDACC despite the distance. If this
occurred, it would bias our results, since patients with lower postoperative FEV1 results
would be more likely to be sampled than those with higher results. Prospective studies could
control for this in the design rather than the analysis, which would be more effective. In
addition, there are differences in how Q scans are used to predict postoperative lung
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functions. It may be that alternative methods of Q scan analysis would impact the results.
However, our unadjusted prediction bias and LOA are similar to those of others.(4-18)

In summary, this study demonstrates that existing methods of predicting postoperative lung
function following lobectomy have significant limitations, including wide LOA and a
tendency to be overly optimistic when values are low. It also demonstrates the impact of
selection bias on estimates of prediction bias and provides a solution to this problem using
imputation and the bivariate normal distribution. Our method provides added insight by
correcting for selection bias, changing the threshold based on the desired postoperative value
being targeted, specifying the degree of certainty associated with any given threshold, and
by accounting for differences in variability between FEV1 and DLCO. These changes
should allow physicians to use existing technology more effectively which should improve
outcomes. The method to adjust for selection bias inherent to the prediction process is also
generalizable to other areas of medicine. But this study can only improve test interpretation
and application, it does not improve the prediction instrument itself. More accurate
prediction methods are needed as evidenced by the wide LOA. Future studies that wish to
compare new prediction methods to the existing standard will need to include all patients
undergoing the evaluation process, irrespective of whether or not they eventually have
surgery, in order to control for selection bias inherent in the prediction process.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ppo Predicted postoperative
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Figure 1.
Cohort A Bland-Altman Plot for FEV1 % of Predicted for a) Q model, b) SC18 model, and

¢) SC19 model. Difference is predicted postoperative value for that model minus actual
postoperative value. Mean bias and 95% LOA are the horizontal black dashed lines. The
grey zones around each represent the range of possible error in the estimate due to sampling
error. The solid blue line represents the regression of the difference between predicted and
observed as a function of the actual postoperative value. Blue dashed line represents the
regression based 95% LOA.
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Figure 2.
Cohort A Bland-Altman Plot for DLCO % of Predicted for a) Q model, b) SC18 model, and

¢) SC19 model. Difference is predicted postoperative value for that model minus actual
postoperative value. Mean bias and 95% LOA are the horizontal black dashed lines. The
grey zones around each represent the range of possible error in the estimate due to sampling
error. The solid blue line represents the regression of the difference between predicted and
observed as a function of the actual postoperative value. Blue dashed line represents the
regression based 95% LOA.
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Figure 3.
Cohort B Bland-Altman Plot for FEV1 % of Predicted for a) Q model, b) SC18 model, and

¢) SC19 model. Difference is predicted postoperative value for that model minus actual
postoperative value. Mean bias and 95% LOA are the horizontal black dashed lines. The
grey zones around each represent the range of possible error in the estimate due to sampling
error. The solid blue line represents the regression of the difference between predicted and
observed as a function of the actual postoperative value. Blue dashed line represents the
regression based 95% LOA.

Blue dots are patients that had surgery with observed data. Red dots are patients that had
predictions made but did not have surgery because of limited pulmonary reserved; for these
patients the “actual” postoperative values are imputed.

Respiration. Author manuscript; available in PMC 2019 September 26.

120



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ontiveros et al.

Predicted minus actual postoperative DLCO%

Bland-Altman Plot for Imputation 1

Page 19

10 20 30 40 50 60 70
Postoperative DLCO% of Predicted

Respiration. Author manuscript; available in PMC 2019 September 26.

80

90 100 110 120



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Ontiveros et al.

Page 20

Bland-Altman Plot for Imputation 1

30- @

e e e T R e e e e e e e e e o

Predicted minus actual postoperative DLCO%

0 10 20 30 40 50 60 70 80 90 100 110 120
Postoperative DLCO% of Predicted

Respiration. Author manuscript; available in PMC 2019 September 26.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ontiveros et al.

Predicted minus actual postoperative DLCO%

Page 21

Bland-Altman Plot for Imputation 1

o [

10 20 30 40 50 60 70 80 90 100 110
Postoperative DLCO% of Predicted

Figure 4.
Cohort B Bland-Altman Plot for FEV1 % of Predicted for a) Q model, b) SC18 model, and

¢) SC19 model. Difference is predicted postoperative value for that model minus actual
postoperative value. Mean bias and 95% LOA are the horizontal black dashed lines. The
grey zones around each represent the range of possible error in the estimate due to sampling
error. The solid blue line represents the regression of the difference between predicted and
observed as a function of the actual postoperative value. Blue dashed line represents the
regression based 95% LOA.

Blue dots are patients that had surgery with observed data. Red dots are patients that had
predictions made but did not have surgery because of limited pulmonary reserved; for these
patients the “actual” postoperative values are imputed.
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Bivariate normal distribution paired samples
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Figure 5.

Actual postoperative FEV1 vs. Predicted FEV1 using quantitative perfusion scans: Panel A,
(top left): Scatter plot of actual FEV1 vs. predicted FEV1 using Q scan for patients that had
surgery. Note how the the original data demonstrates selection bias, as evidenced by the fact
that there are very few patients with ppoFEV1 values less than 40%. Panel B, (top right):
Random samples of 1000 pairs generated from the underlying bivariate normal distribution
for predicted and observed values. Note that the truncation of the normal distribtution due to
selection bias has been corrected. Panel C, (bottom left): Contour plot of underlying
bivariate normal distribution. For a desired actual postoperative value of 30%, a given
minimum threshold predicted value can be calculated, depending on the level of clinical
certainty required. The three horizontal lines represent values of clinical certainty at the
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95%, 97.5%, and 99% levels. Panel D, (bottom right): Contour plot of underlying bivariate
normal distribution. The desired actual postoperative value is now set at 40% with
corresponding minimum threshold values.
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Table 1.

Patient Characteristics

Clinical Characteristics

Value

Age (years)
Sex
Male
Female
Ethnicity
White
Black
Hispanic
Asian
Zubrod
0
1
2
Smoking history
Never
Current or former
COPD
Absent

Present

64+11"

32 (41%)
47 (59%)

62 (79%)
11 (14%)
4 (5%)
2 (3%)

56 (71%)
22 (28%)
1(1%)

10 (13%)
69 (87%)

58 (73%)
21 (27%)

*
mean and standard deviation; all other values are count data and percentage.
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Cohort A: Mean difference between predicted and actual postoperative FEV1% and DLCO% for different
predictive models (79 surgery patients)

Method of FEV1%
Prediction

Mean 95% ClI 95% limits of agreement* | 95% CI lower limit** | 95% CI upper limit***

difference
Quantitative -2.44 -5.12 0.24 -25.9 20.98 -30.5 -21.2 16.34 25.62
Perfusions Scan
Segment counting -2.53 -5.01 | -0.04 -24.3 19.21 -28.6 -20.0 14.91 23.52
with 18 segments
Segment counting -2.63 -5.05 | -0.22 -23.8 18.52 -28.0 -19.6 14.34 22.71
with 19 segments
DLCO%

Mean 95% CI 95% limits of agreement 95% CI lower limit 95% CI upper limit
Quantitative -0.38 -3.62 2.86 -28.5 27.76 -34.1 -22.9 22.15 33.36
Perfusions Scan
Segment counting -0.36 =341 2.69 -26.9 26.15 -32.2 -21.6 20.87 31.44
with 18 segments
Segment counting -0.45 -3.49 2.59 -26.9 25.99 -32.2 -21.6 20.72 31.26
with 19 segments

CI: Confidence interval. Mean difference is model’s predicted value minus actual postoperative value.
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Table 3.

Cohort B: Mean difference between predicted and actual postoperative FEV1 and DLCO for different
predictive models (79 surgery patients + 35 imputed non-surgical patients) based on 30 imputations

Method of FEV1 % of predicted
Prediction

_Mean 95% ClI 95% limits of agreement* 95% CI lower limit™ | 95% CI upper limit"

difference
Quantitative -2.79 -5.01 | -0.58 -26.4 20.86 -30.3 -22.6 16.98 24.74
Perfusions Scan
Segment counting -2.20 -4.28 | -0.13 —24.4 19.97 -28.0 -20.7 16.33 23.61
with 18 segments
Segment counting -2.50 -4.53 | -0.48 -24.1 19.13 =27.7 -20.6 15.58 22.67
with 19 segments
DLCO % of predicted
Mean 95% CI 95% limits of agreement 95% CI lower limit 95% CI upper limit

Quantitative -0.82 -3.45 1.80 -28.8 27.21 -334 -24.3 22.61 31.80
Perfusions Scan
Segment counting -0.21 -2.71 2.28 -26.9 26.44 -31.2 --225 22.07 30.81
with 18 segments
Segment counting -0.43 -2.93 2.06 -27.1 26.20 -314 -22.7 21.84 30.57
with 19 segments

Cl: Confidence Interval. Mean difference is model’s predicted value minus actual postoperative value.

*
For methods of calculating limits of agreement and CI with m imputed data sets, see the online supplement methods section.(23)
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Table 4.

The Impact of Selection Bias on Estimates of Bias

Prediction of FEV1 % of Predicted

Method of Unadjusted Model Adjusted Prediction Model
Prediction Cohort A Cohort B
(N=79) (N=114)

Intercept Slope Intercept Slope

(95% CI) (95% CI) (95% ClI) (95% ClI)
Quantitative 23.54 -0.38 13.94 -0.27
Perfusions Scan (14.67,32.42) | (-0.51,-0.25) | (6.43,21.45) -0.38, -0.17)
Segment counting 22.96 -0.37 15.69 -0.29
with 18 segments | (14.95,30.97) | (-0.49,-0.26) | (8.55,22.82) | (-0.39,-0.19)
Segment counting 21.98 -0.36 14.64 -0.28
with 19 segments | (14.15,29.81) | (-0.47,-0.25) | (7.50,21.77) | (-0.38,-0.18)

Prediction of DLCO % of Predicted

Unadjusted Prediction Model

Adjusted Prediction Model

Cohort A Cohort B
(N=79) (N=114)
Intercept Slope Intercept Slope
(95% CI) (95% CI) (95% ClI) (95% CI)
Quantitative 31.97 -0.53 19.97 -0.39
Perfusions Scan (24.16,39.79) | (-0.65, -0.41) | (13.07,26.87) | (-0.50, —0.27)
Segment counting 29.09 -0.48 20.19 -0.38
with 18 segments | (21.49, 36.69) | (-0.60,-0.36) | (13.36,27.02) | (-0.49,-0.27)
Segment counting 28.23 -0.47 19.38 -0.37
with 19 segments | (20.50, 35.96) | (-0.59, -0.35) | (12.45,26.32) | (-0.48, -0.26)

Page 30

Cohort A consists of all surgical patients, Cohort B includes patients that did not have surgery (n=35) as well as those that did have surgery to
adjust for selection bias.
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Table 5.

Threshold Values for Prediction of Postoperative Function

Page 31

Prediction of FEV1 % of predicted

Desired Postoperative Value

Clinical certainty threshold —
probability that the postoperative
value will be equal to or higher than

Predicted value threshold (i.e. you need this value or higher
to “pass” with that much clinical certainty)

the threshold Q model SC19 model
>30% .99 54.8 53.0
230% 975 50.0 49.1
>30% .95 45.9 45.6
240% .99 65.7 63.0
240% 975 60.9 59.0
240% .95 56.8 55.6

Prediction of DLCO % of predicted

Q model SC19 model
>30% .99 63.7 61.1
>30% 975 58.0 55.7
>30% .95 53.0 51.1
>40% .99 74.6 72.0
240% 975 68.8 66.6
240% .95 63.9 62.0

Physician must choose what the minimum desired postoperative value is (1St column). They also must choose how much certainty they want to

have that the patient will achieve this (an column). Using the bivariate normal model, we can then determine what the corresponding threshold
predicted value must be. If the patient’s predicted value is greater than or equal to the corresponding threshold value, then the probability of the

patient having the desired postoperative value will be at least equal to or greater than the clinical certainty threshold.
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