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IMPORTANCE A new analytic method can evaluate factors of interest associated with graft
failure after Descemet stripping automated endothelial keratoplasty (DSAEK) or more
generally in any ophthalmic surgical setting with a time-to-event outcome.

OBJECTIVE To reanalyze types of intraoperative complications associated with DSAEK graft
failure in the Cornea Preservation Time Study using random survival forests.

DESIGN, SETTING, AND PARTICIPANTS This cohort study, initially conceived in April 2019,
used a prediction model to conduct a post hoc secondary analysis of data collected in a
multicenter, double-masked, randomized clinical trial. Forty US clinical sites with 70 surgeons
participated, with donor corneas provided by 23 US eye banks. The study included 1090
participants, representing 1330 eyes, undergoing DSAEK for Fuchs dystrophy (1255 eyes
[94.4%]) or pseudophakic or aphakic corneal edema (75 eyes [5.6%]). Enrollment occurred
between April 16, 2012, and February 20, 2014, and follow-up ended June 5, 2017. Statistical
analysis was performed from July 10, 2019, to May 29, 2020.

INTERVENTION Descemet stripping automated endothelial keratoplasty with random
assignment of a donor cornea with preservation time of 7 days or less or 8 to 14 days.

MAIN OUTCOMES AND MEASURES Ranked variable importance for intraoperative
complications among 50 donor, recipient, and eye bank variables and restricted mean
survival time through 47 months (1434 days) after DSAEK were examined. Random survival
forests, a nonparametric method (with less restrictive model assumptions) that is far more
flexible in its ability to model nonlinear effects and interactions, was used to analyze the data.

RESULTS This study included 1090 participants (663 women [60.8%]; median age, 70 years
[range, 42-90 years]), representing 1330 eyes. Random survival forests ranked a DSAEK
intraoperative complication as the third most predictive factor of graft failure, after surgeon
and eye bank, in the final model with 5 predictors. In the first 47 months after DSAEK, the
estimated mean difference in restricted mean survival time for grafts that experienced
a DSAEK intraoperative complication vs those that did not was −227 days (99% CI, −352 to
−70 days) based on the final RSF model.

CONCLUSIONS AND RELEVANCE These findings, while post hoc, support the hypothesis that
random survival forests allow for an improved analytic approach for identifying factors
predictive of graft failure and for obtaining adjusted graft survival estimates. Random survival
forests offer the opportunity to guide the development of future population-based cohort
ophthalmic surgical studies, establishing definitive factors for procedural success.
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S ince keratoplasty became widely available in the 1950s
with advances in eye banking and surgical technique,
there have been numerous studies, mostly retrospec-

tive, single-site, and/or registry studies, that have examined
the donor, recipient, and operative factors that are associated
with graft survival after penetrating keratoplasty (PKP)1-4 and,
more recently, endothelial keratoplasty, including Descemet
stripping automated endothelial keratoplasty (DSAEK)5-8 and
Descemet membrane endothelial keratoplasty.7,9 Two no-
table prospective clinical trials that examined these factors in
secondary analyses using standard Kaplan-Meier10 and Cox
proportional regression11 statistical analytic methods were the
Cornea Donor Study (CDS) for PKP12-14 and the Cornea Pres-
ervation Time Study (CPTS) for DSAEK.15,16 In the CDS, recipi-
ent pseudophakic or aphakic corneal edema and history of glau-
coma were found to be associated with lower PKP success14;
donor age, the factor explored through primary analysis, had
no effect on PKP success for most donors 34 to 71 years of age.17

No other donor, recipient, or operative factors were associ-
ated with lower PKP graft survival in the CDS. In the CPTS, simi-
larly, pseudophakic corneal edema was associated with lower
DSAEK success, while history of glaucoma was not.16 How-
ever, history of diabetes in the donor and the occurrence of any
intraoperative complication were also associated with lower
DSAEK graft survival in the first 8 weeks after DSAEK16; pres-
ervation time (PT), the factor explored through primary analy-
sis, showed no difference in DSAEK success for up to 11 days
of storage.18 No other donor, recipient, or operative factors were
associated with lower DSAEK success in the CPTS.

Random forests, introduced by Breiman19 for classifica-
tion and regression tasks, is an increasingly popular machine-
learning technique that offers excellent performance and great
flexibility in its ability to handle all types of data, including “big
data.”20 Random forests average the predictions of many de-
cision trees, each of which asks a series of logical questions of
the predictor variables (eg, “Is prelamellar donor corneal dis-
section thickness >600 μm?”) that split the observations re-
peatedly to maximize group differentiation with respect to the
outcome until a final partition of the data is obtained. Each tree
in the forest is grown on 63.2% of the data, and when split-
ting the data, only a fraction of the predictors are considered
at each split of the data. This has the effect of making the trees
more distinct from one another so that the collection of trees,
known as a forest or an ensemble, provides superior predic-
tive performance to any single tree. Random forests with a sur-
vival outcome (eg, graft survival) are known as random sur-
vival forests (RSF).21 For RSF, cumulative hazard functions are
obtained for each tree based on 36.8% of the data that were
not used to grow it for greater accuracy and then averaged
across trees to produce a final forest cumulative hazard func-
tion for each observation. Random survival forests have been
used to analyze survival problems with great success (eg, in
esophageal cancer staging,22,23 heart transplant waiting list
mortality,24 and prediction of time to incident type 2 diabe-
tes from metabolomics data25). To our knowledge, RSF analy-
sis has been used only in a limited manner in the ophthalmic
literature for only 1 study predicting risk of diabetic retinopa-
thy in patients with type 2 diabetes.26

In contrast to standard Kaplan-Meier and Cox propor-
tional hazards regression analyses, RSF analysis requires less-
restrictive assumptions and can accommodate many types of
predictors and interactions among them.21 Random survival
forests can also be used to analyze high-dimensional data sets
in which there are more predictors than the sample size of the
data,27,28 for which classical methods such as Cox propor-
tional hazards regression fail. An additional strength of RSF
modeling is that it provides its own internal generalization er-
ror estimate as well as measures of variable importance (VIMP)
for each variable included in the model. However, RSF mod-
eling is much more computationally intensive than modeling
via Kaplan-Meier or Cox proportional hazards regression, and
RSF analysis is not appropriate if there are too few prognostic
variables, observations, or events.29,30

We know from previous analyses that undifferentiated in-
traoperative complications were associated with graft failure
in the CPTS,16 while the specific types of intraoperative com-
plications associated with this finding were not explored. The
purpose of this study was to reanalyze which types of intra-
operative complications might be associated with DSAEK graft
failure in the CPTS using RSF and adjusting for other impor-
tant donor, recipient, eye bank, and intraoperative variables.
This knowledge may provide additional evidence-based guide-
lines for clinical decision-making to maximize the success of
DSAEK surgery and to allow for more efficient use of donor
corneal tissue.

Methods
Details of the CPTS protocol have been previously reported.15,16,18

The protocol was approved by the institutional review boards
governing each investigational site, and individual partici-
pants provided written informed consent to participate in the
study, with consent requested again to extend follow-up from
36 months to a common study end date. Participants were re-
imbursed $25 for each protocol visit. Study oversight was pro-
vided by an independent data and safety monitoring commit-
tee. The research adhered to the tenets of the Declaration of

Key Points
Question Does random survival forests analysis allow for an
improved analytic approach for identifying factors predictive of
graft failure and for obtaining adjusted graft survival estimates
from the Cornea Preservation Time Study (CPTS)?

Findings This cohort study using a prediction model found that,
of the 50 baseline donor, recipient, and eye bank variables,
intraoperative complications of Descemet stripping automated
endothelial keratoplasty were highly predictive of graft failure in
the CPTS.

Meaning These findings, while post hoc, support the hypothesis
that random survival forests analysis allows for an improved
analytic approach for identifying factors predictive of graft failure
and for obtaining adjusted graft survival estimates that may be
useful for future ophthalmic surgical studies.
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Helsinki.31 The protocol was registered and is publicly avail-
able (NCT01537393).

Participants were enrolled at 40 clinical sites between April
16, 2012, and February 20, 2014, and donor corneas were pro-
vided by 23 eye banks across the United States. The study
included 1090 participants, representing 1330 eyes, undergo-
ing DSAEK for Fuchs dystrophy (1255 eyes [94.4%]) or pseu-
dophakic or aphakic corneal edema (75 eyes [5.6%]). Eyes un-
dergoing DSAEK were randomly assigned to receive a donor
cornea with PT of 7 days or less or 8 to 14 days in a noninferi-
ority trial; for participants with both eyes eligible, the first eye
was assigned randomly to a PT group, and the second eye was
assigned to the other PT group. The 1330 eyes completing sur-
gery with a CPTS-assigned cornea were considered the study
eyes. Assigned corneas were from donors aged 12 to 75 years
(median age, 61 years) with an eye bank–measured central en-
dothelial cell density at the time of screening of at least 2300
cells/mm2. Surgeons elected to either receive the lenticule af-
ter lamellar dissection by the eye bank or have the tissue
shipped for dissection by the surgeon at the time of the DSAEK.
The eye bank prospectively recorded all prelamellar and post-
lamellar dissection observations.15,32 For the 343 surgeon-
prepared eyes, 43 (12.5%) were missing data on prelamellar do-
nor dissection thickness, and 67 (19.5%) were missing data on
lenticule thickness.15 Specific intraoperative complications
were tracked, including difficulty with donor lenticule inser-
tion and flipping of the donor lenticule.15,16,18,32 Follow-up ex-
aminations were performed at 1 day, 1 week, and 1, 6, 12, 24,
and 36 months postoperatively. Follow-up ended June 5, 2017.
Participants consenting to extension of follow-up in the study
had visits scheduled at 48 and 60 months postoperatively. Post-
operative care was provided according to each investigator’s
standard practice.

Graft failure was defined as the occurrence of 1 of the fol-
lowing: (1) regrafting for any reason, (2) a cloudy or equivo-
cally cloudy cornea on the first postoperative day that did not
clear within 8 weeks, or (3) a cornea that was initially clear post-
operatively but became and remained cloudy for 90 days
(late failures).15,16,18 Grafts that failed during the first 8 post-
operative weeks were further classified as primary failures if
they occurred in the absence of operative complications or early
donor failures if they occurred in the presence of operative
complications.

A DSAEK intraoperative complication was defined as
the occurrence of the donor lenticule flipping on insertion,
difficulty unfolding and positioning without hook, difficulty
unfolding and positioning with hook, difficult air fill and
retention in positioning, reinsertion of donor after extru-
sion, or the following write-in operative complications:
donor insertion, difficult air fill and retention after extru-
sion, or retained air in the posterior chamber. Other intraop-
erative complications noted by the surgeon not associated
with the DSAEK procedure included cataract extraction–
related complications (ie, broken posterior capsule or vitre-
ous loss), donor-quality surgeon observations (ie, color or
excessive folds), and miscellaneous (ie, excessive blood
in the anterior chamber or excessive pain) (eTable in the
Supplement).

Statistical Analysis
Statistical analysis was performed from July 10, 2019, to May
29, 2020. Candidate variables were selected in accordance with
the guidelines provided by Rajeswaran and Blackstone.33 Fifty
donor, recipient, eye bank, and intraoperative variables were
considered for inclusion in the final model. The final RSF model
used to obtain the direct adjusted survival estimates (ie, mar-
ginal effects)34-36 for a DSAEK intraoperative complication con-
sisted of the 4 variables selected as most important, includ-
ing a DSAEK intraoperative complication, and PT, which we
required to be included in the model selection procedure and
the final model. To obtain direct adjusted survival curves from
the final RSF model, 2 predicted survival curves were ob-
tained for each observation with the actual value of the DSAEK
intraoperative complication variable and its counterfactual (ie,
yes for no and no for yes), keeping all other covariate values
as they were. This resulted in 1330 × 2 predicted survival curves
that were then averaged to obtain 2 final survival curves. The
restricted mean survival time (RMST) with time horizon τ is
defined as the area under the survival curve up to τ and rep-
resents the time survived in the first τ time units.37 Thus, the
difference in RMST through 47 months (1434 days) after DSAEK
between grafts that experienced a DSAEK intraoperative com-
plication and those that did not (adjusted for the 4 other vari-
ables in the final model) was calculated as the difference in the
areas under these 2 survival curves. Even though graft sur-
vival 3 years after DSAEK was chosen prospectively as the pri-
mary outcome for the original CPTS analysis, 2 graft failures
occurred after the 3-year protocol visit window (1065-1278
days), the latest of which occurred at 1434 days or, equiva-
lently, 47 months. For this reason and in accordance with the
secondary post hoc nature of this analysis, we chose 47 months
instead of 3 years as the time horizon for RMST.

Our study cohort for the analysis consisted of the 1330
eyes that underwent surgery. Because the effective sample
size for this analysis was the number of graft failures (as events
provide more information than censored observations)38

and we considered 50 total donor, recipient, eye bank, and
intraoperative predictors, we used variable hunting based
on VIMP to select the final RSF model,27,28 requiring PT to be
included.

Confidence intervals were constructed by subsampling39-41

the data 50 000 times and growing RSF on each subsample of
size 400 to obtain 50 000 subsampling estimates. These es-
timates were used to construct the 99% pivotal CIs. Subsam-
pling confidence intervals are related to bootstrap confi-
dence intervals except the sampling is without replacement
and the number of observations selected is smaller than the
total sample size of the data set. The data were prepared using
SAS, version 9.4 (SAS Institute Inc) and analyzed using R, ver-
sion 3.6.3 (R Foundation for Statistical Computing) with the
randomForestSRC package.42,43

Results
This study included 1090 participants (663 women [60.8%];
median age, 70 years [range, 42-90 years]), representing 1330
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eyes. Among the 1330 eyes that underwent surgery, 81 expe-
rienced graft failure in the first 4 years after DSAEK; of the 240
patients who underwent bilateral surgery, only 1 experienced
graft failure in both eyes, and there were no cases in which both
corneas recovered from the same donor experienced graft fail-
ure. Total follow-up time for the 1330 study eyes was 4114 years.

RSF-Ranked VIMP
The VIMP plot for the final RSF model, with the variables se-
lected by variable hunting based on VIMP after requiring PT,
is displayed in Figure 1. In the final model, a DSAEK intraop-
erative complication was ranked the third most predictive fac-
tor of graft failure, after surgeon and eye bank, in the final RSF
model with 5 predictors. The other intraoperative complica-
tions (cataract, donor quality, and miscellaneous) (eTable in
the Supplement) were ultimately excluded from modeling
because they were too infrequent. The Harrell C statistic44 for
the final RSF model predicting graft failure was 0.71.

Survival Curves
Unadjusted Kaplan-Meier survival curves and eyes at risk over
time by DSAEK intraoperative complication (yes or no) are dis-
played in Figure 2. Direct adjusted survival curves estimated
via RSF are displayed in Figure 3. Thus, adjusting for 4 other
baseline donor, recipient, eye bank, and intraoperative vari-
ables attenuated the estimated differences between grafts that
experienced a DSAEK intraoperative complication and those
that did not, which suggests that, even though a DSAEK com-
plication was deleterious in and of itself, there were other fac-

tors that were also associated with poorer survival of the grafts
that experienced a DSAEK intraoperative complication.

RMST Analysis
With corneal grafts that experienced no DSAEK intraopera-
tive complication as the comparator for survival, the analysis
of the RMST using RSF showed that, in the first 47 months af-
ter DSAEK, the estimated mean difference in RMST was –227
days (99% CI, –352 to –70 days) for grafts that experienced
a DSAEK intraoperative complication, where negative differ-
ences correspond to fewer days of graft survival compared with
the reference category. In contrast, when the difference in
RMST was calculated via Kaplan-Meier survival curves, the un-
adjusted difference was –277 (99% CI, –499 to –56 days), which
is naturally consistent with what we noted when comparing
the Kaplan-Meier and RSF survival curves.

Figure 3. Adjusted Survival Curves for Presence or Absence
of a Descemet Stripping Automated Endothelial Keratoplasty
(DSAEK) Intraoperative Complication
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The survival curves were estimated nonparametrically via random survival
forests (1330 eyes).

Figure 1. Variable Importance Plot for Predicting Graft Failure
for the 4 Predictors Selected by Variable Hunting Using
Variable Importance After Requiring Preservation Time

0.06

0.05

0.04

0.03

0.01

0.02

0

Va
ria

bl
e 

im
po

rt
an

ce

Surgeon Eye bank DSAEK
complication

History of
diabetes in

donor

presvToSurg-
Days

Any predictor with variable importance above the line at 0.00 contributes
to the prediction accuracy of the final model. Any variable with variable
importance less than 0.00 is a noisy variable in the final model, which is the
case with preservation time, which we required to be included. This is
consistent with the results of the primary study, which found that graft
survival at 3 years was indistinguishable through 11 days of preservation time
and the decrement in survival was modest for corneas preserved 12 to 14 days.
DSAEK indicates Descemet stripping automated endothelial keratoplasty; and
presvToSurgDays, preservation to surgery (in days).

Figure 2. Unadjusted Survival Curves for Presence or Absence
of a Descemet Stripping Automated Endothelial Keratoplasty
(DSAEK) Intraoperative Complication
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Discussion

Our study, reanalyzing an established prospective data set from
the CPTS that examined PT and other donor, recipient, eye
bank, and intraoperative factors associated with graft suc-
cess after DSAEK,15 will have yielded supportive and more de-
tailed findings, if this post hoc analysis is confirmed in future
population-based cohort studies. The RSF analysis was able
to model more variables with greater sophistication than the
previous analyses using Cox proportional hazards regression
with main covariate effects only and a frailty term for sur-
geon (Figure 1; eFigure in the Supplement). With just 4 vari-
ables (PT, recipient diagnosis, donor history of diabetes, and
any intraoperative complication), there are 11 possible inter-
action terms to consider. In contrast, RSF analysis models in-
teractions automatically through its recursive splitting. Our RSF
analysis went beyond the previous analysis methods in delin-
eating the association of a specific factor of interest with graft
failure, intraoperative complications associated with DSAEK,
as opposed to undifferentiated intraoperative complications,
adjusted for other important variables, including eye bank,
a previously unmodeled source of heterogeneity. With our
newly reported RSF analysis, on average in the first 47 months
after DSAEK, if a DSAEK intraoperative complication oc-
curred, the graft survived between 70 and 352 fewer days
(ie, the upper and lower limits of the 99% CI) compared with
corneal grafts that did not experience a DSAEK complication,
adjusting for the 4 other variables in the final model. This more
granular analysis of DSAEK intraoperative complications
associated with graft failure derived from RSF compares with
the broader categories of factors associated with DSAEK graft
survival analyzed using Kaplan-Meier and Cox proportional
hazards regression analyses.8,45-53

Strengths and Limitations
This study has some strengths. The CPTS prospectively col-
lected a predetermined number of potential donor, recipient,
and operative predictors, as well as eye bank observations at
time of donor evaluation and processing, and analyzed their
association with graft failure. Our findings are broadly repre-
sentative because they were obtained from 23 Eye Bank As-
sociation of America–certified eye banks and 70 experi-
enced, masked DSAEK surgeons. Finally, this analysis benefited
from eschewing survival probabilities or hazard ratios at a spe-
cific time horizon as the outcome in favor of RMST. Re-
stricted mean survival time accounts for the entire survival
trajectory through the chosen time horizon and produces treat-
ment or exposure differences in units of time, which are more
meaningful, readily understood, and actionable than ab-
stract survival probabilities or (especially) hazard ratios.

This study has some limitations. We were unable to
model individual intraoperative complications associated
with DSAEK because they were too rare when viewed indi-
vidually. Another possible limitation was that, even though
the sample size was large for a randomized clinical trial, there
is some evidence that random forests require more events
per predictor variable than standard methods,30 and the
event rate for the CPTS was quite low (ie, 0.02 failures per
eye-year). However, we acted to mitigate the possibility of
model optimism by using variable hunting based on VIMP to
obtain a parsimonious final RSF model, and we can be confi-
dent that a DSAEK intraoperative complication is a strong
predictor in the CPTS.

Conclusions
Random survival forests offer a promising alternative to tra-
ditional analytic methods for identifying variables at baseline
that are most predictive of keratoplasty success when there
are many candidate prognostic variables and for providing
adjusted graft survival estimates. Kaplan-Meier analysis is
nonparametric but is limited in that it can only analyze the
association of 1 variable with survival at a time; it cannot
adjust for other variables. Cox proportional hazards regres-
sion analysis can handle multiple variables but requires that
the ratio of hazards for any 2 individuals remains constant
over time (ie, proportional). Also, interactions must be pre-
specified, and correlated predictors and/or too many predic-
tors often pose modeling problems. Finally, the bivariable
screening of each candidate predictor and the outcome (com-
bined with forward, backward, or stepwise variable selection,
which is common in the presence of many potential predic-
tors) is suboptimal with well-established drawbacks.54-62 In
contrast to Cox proportional hazards regression (or paramet-
ric survival models such as Weibull regression), RSF analysis
is more flexible in its ability to model nonlinear effects and
interactions and requires fewer assumptions. Random sur-
vival forest analysis is appropriate for competing risks63 as
well as for right-censored survival data and for data sets of
all sizes, including those with more prognostic variables
than observations, for which standard methods fail. How-
ever, RSF analysis is not appropriate if there are too few vari-
ables, observations, or events. We acknowledge the impor-
tance of demonstrating that any method newly applied to
a given field must have clinical relevance and not just theo-
retical advantages compared with existing methods. Never-
theless, the RSF analysis supported, clarified, and enriched
our previous findings from the CPTS that used standard
Kaplan-Meier and Cox proportional hazards regression
analysis methods.

ARTICLE INFORMATION

Accepted for Publication: November 2, 2020.

Published Online: December 23, 2020.
doi:10.1001/jamaophthalmol.2020.5743

Correction: This article was corrected on January
21, 2021, to fix the short title.

Author Contributions: Drs O’Brien and Lass had
full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: O’Brien, Szczotka-Flynn, Lass.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: O’Brien, Szczotka-Flynn,
Lass.

Intraoperative Complications as Predictors of DSAEK Graft Failure in the Cornea Preservation Time Study Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology February 2021 Volume 139, Number 2 195

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 04/08/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2020.5743?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2020.5743?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743


Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: O’Brien, Ishwaran.
Obtained funding: Lass.
Administrative, technical, or material support:
Szczotka-Flynn, Lass.
Supervision: Ishwaran, Lass.

Conflict of Interest Disclosures: Drs O’Brien, Lass,
and Szczotka-Flynn reported receiving grants from
the National Institutes of Health (NIH) during the
conduct of the study. Dr Szczotka-Flynn reported
receiving grants from Alcon and Johnson &
Johnson Vision Care outside the submitted work.
Dr Lass reported being a voluntary, unpaid board
member of the Cleveland Eye Bank Foundation and
Eversight. No other disclosures were reported.

Funding/Support: This study was supported by
cooperative agreements with the National Eye
Institute/NIH (grants EY20797 and EY20798).
Additional support was provided by the Eye Bank
Association of America, The Cornea Society, Vision
Share Inc, the Alabama Eye Bank, the Cleveland Eye
Bank Foundation, Eversight, the Eye Bank for
Sight Restoration, the Iowa Lions Eye Bank, the
Lions Eye Bank at Albany, the San Diego Eye Bank,
and SightLife.

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
management, analysis, and interpretation of the
data; preparation, review, and approval of the
manuscript; and decision to submit the manuscript
for publication.

Group Information: The Cornea Preservation Time
Study (CPTS) Group members are as follows:
Operations Committee: Jonathan H. Lass, MD;
Allison Ayala, MS; Beth Ann Benetz, MA; Loretta B.
Szczotka-Flynn, OD, PhD; Roy Beck, MD, PhD;
Robin Gal, MSPH; and Maryann Redford, DDS,
MPH. Executive Committee: Operations
Committee as well as Anthony J. Aldave, MD;
Steven P. Dunn, MD; Ty L. McCall, MD; Lisa Navarro;
Sudeep Pramanik, MD; Kevin W. Ross, MS, MPH;
George O. Rosenwasser, MD; Mark A. Terry, MD;
and David T. Verdier, MD. Eye Bank Advisory
Committee: Kevin W. Ross, MS MPH (chair);
Patricia Dahl, BS; Donna C. Drury, BS, MBA;
Sameera M. Farazdaghi, BS, MPH; Caroline K.
Hoover, CEBT; Jeffery G. Penta, AS, BS, MBA; Mark
C. Soper, BS, CEBT; Chris G. Stoeger, CEBT, MBA;
Doyce V. Williams, CEBT, CTBS, BS, MA. Data and
Safety Monitoring Committee: David C. Musch,
PhD, MPH (chair); William Bourne, MD; Kathryn A.
Colby, MD, PhD; Marian Fisher, PhD; Rabbi Samuel
Fishman; Maryann Redford, DDS, MPH. Clinical Site
Principal Investigators: Anthony Aldave, MD;
Gregg Berdy, MD; John Bokosky, MD; Christopher
Croasdale, MD; Yassine Daoud, MD; Steven Dunn,
MD; Thomas Gillette, MD; Kenneth Goins, MD;
Pankaj Gupta, MD; Kristen Hammersmith, MD;
Sadeer Hannush, MD; David Hardten, MD; Bennie
Jeng, MD; Marc Jones, MD; William Lahners, MD;
W. Barry Lee, MD; Marian Macsai, MD; Thomas
Mauger, MD; Kenneth Maverick, MD; Tyrone
McCall, MD; Woodford Van Meter, MD; Shahzad
Mian, MD; Mark Mifflin, MD; Verinder Nirankari,
MD; Michael Nordlund, MD, PhD; Matthew Oliva,
MD; Sanjay Patel, MD; Sudeep Pramanik, MD; Irving
Raber, MD; Michael Raizman, MD; Jennifer
Rose-Nussbaumer, MD; George Rosenwasser, MD;
Robert Schultze, MD; John Seedor, MD; Neda
Shamie, MD; Jonathan Song, MD; Walter Stark, MD;
R. Doyle Stulting, MD, PhD; Alan Sugar, MD;

Shachar Tauber, MD; Mark Terry, MD; Kristina
Thomas, MD; Elmer Tu, MD; David Verdier, MD; and
Sonia Yoo, MD. Eye Bank Principal Investigators:
Victoria Adler, RN, BSN, CPTC, CEBT; Wilfred
Caraballo; Patricia Dahl, BS; Gregory Dorn, CEBT;
Donna Drury, BS, MBA; Sameera Farazdaghi, BS,
MPH; Elizabeth Fout-Caraza, MHSA; Patrick Gore,
RN, CEBT; Veronique Grimes, COMT, CEBT; Caroline
Hoover, CEBT; Debora Van Klinken, CEBT; Nai Liang,
CEBT; Tina Mays, CEBT; Kristen McCoy, BS; Wade
McEntire, MPH; Eric Meinecke, BA; Jeffrey Penta,
AS, BS, MBA; Kevin Ross, MS, MPH; Mikelanne
Schipper; Gregory Schmidt, BS, CEBT; Chris
Stoeger, CEBT, MBA; Michael Tramber, MBA, BS,
CEBT, CTBS.

Disclaimer: The content is solely the responsibility
of the authors and does not necessarily represent
the official views of the National Eye Institute or
the NIH.

Meeting Presentation: This study was presented
at the Cornea and Eye Banking Forum; October 11,
2019; San Francisco, California.

Additional Information: The comprehensive list of
participating CPTS clinical sites, investigators, and
coordinators; eye bank investigators; members of
the Operations, Executive, Eye Bank Advisory, and
Data and Safety Monitoring Committees;
Coordinating Center, Cornea Image Analysis
Reading Center, and Data Management and
Analysis Center staffs; and National Eye Institute
staff have been previously published.15,18

REFERENCES

1. Price MO, Thompson RW Jr, Price FW Jr.
Risk factors for various causes of failure in initial
corneal grafts. Arch Ophthalmol. 2003;121(8):
1087-1092. doi:10.1001/archopht.121.8.1087

2. Vail A, Gore SM, Bradley BA, Easty DL,
Rogers CA; Corneal Transplant Follow-up Study
Collaborators. Corneal graft survival and visual
outcome: a multicenter study. Ophthalmology.
1994;101(1):120-127. doi:10.1016/S0161-6420(94)
31376-5

3. Williams KA, Roder D, Esterman A, Muehlberg
SM, Coster DJ. Factors predictive of corneal graft
survival: report from the Australian Corneal Graft
Registry. Ophthalmology. 1992;99(3):403-414.
doi:10.1016/S0161-6420(92)31960-8

4. Yu AL, Kaiser M, Schaumberger M, Messmer E,
Kook D, Welge-Lussen U. Donor-related risk factors
and preoperative recipient-related risk factors for
graft failure. Cornea. 2014;33(11):1149-1156. doi:10.
1097/ICO.0000000000000225

5. Coster DJ, Lowe MT, Keane MC, Williams KA;
Australian Corneal Graft Registry Contributors.
A comparison of lamellar and penetrating
keratoplasty outcomes: a registry study.
Ophthalmology. 2014;121(5):979-987. doi:10.1016/j.
ophtha.2013.12.017

6. Greenrod EB, Jones MN, Kaye S, Larkin DF;
National Health Service Blood and Transplant
Ocular Tissue Advisory Group and Contributing
Ophthalmologists (Ocular Tissue Advisory Group
Audit Study 16). Center and surgeon effect on
outcomes of endothelial keratoplasty versus
penetrating keratoplasty in the United Kingdom.
Am J Ophthalmol. 2014;158(5):957-966. doi:10.
1016/j.ajo.2014.07.037

7. Price DA, Kelley M, Price FW Jr, Price MO.
Five-year graft survival of Descemet membrane

endothelial keratoplasty (EK) versus Descemet
stripping EK and the effect of donor sex matching.
Ophthalmology. 2018;125(10):1508-1514. doi:10.1016/
j.ophtha.2018.03.050

8. Price MO, Fairchild KM, Price DA, Price FW Jr.
Descemet’s stripping endothelial keratoplasty
five-year graft survival and endothelial cell loss.
Ophthalmology. 2011;118(4):725-729. doi:10.1016/j.
ophtha.2010.08.012

9. Vasiliauskaitė I, Oellerich S, Ham L, et al.
Descemet membrane endothelial keratoplasty:
ten-year graft survival and clinical outcomes. Am J
Ophthalmol. 2020;217:114-120. doi:10.1016/j.ajo.
2020.04.005

10. Kaplan EL, Meier P. Nonparametric estimation
from incomplete observations. J Am Stat Assoc.
1958;53:457-481. doi:10.1080/01621459.1958.
10501452

11. Cox DR. Regression models and life-tables.
J Royal Stat Soc Ser B (Methodological). 1972;34:
187-202.

12. Sugar A, Tanner JP, Dontchev M, et al; Cornea
Donor Study Investigator Group. Recipient risk
factors for graft failure in the cornea donor study.
Ophthalmology. 2009;116(6):1023-1028. doi:10.1016/
j.ophtha.2008.12.050

13. Sugar J, Montoya M, Dontchev M, et al; Group
Cornea Donor Study Investigator Group. Donor risk
factors for graft failure in the Cornea Donor Study.
Cornea. 2009;28(9):981-985. doi:10.1097/ICO.
0b013e3181a0a3e6

14. Sugar A, Gal RL, Kollman C, et al; Writing
Committee for the Cornea Donor Study Research
Group. Factors associated with corneal graft
survival in the Cornea Donor Study. JAMA
Ophthalmol. 2015;133(3):246-254. doi:10.1001/
jamaophthalmol.2014.3923

15. Lass JH, Szczotka-Flynn LB, Ayala AR, et al;
Writing Committee for the Cornea Preservation
Time Study Group. Cornea preservation time study:
methods and potential impact on the cornea donor
pool in the United States. Cornea. 2015;34(6):601-
608. doi:10.1097/ICO.0000000000000417

16. Terry MA, Aldave AJ, Szczotka-Flynn LB, et al;
Cornea Preservation Time Study Group. Donor,
recipient, and operative factors associated with
graft success in the Cornea Preservation Time
Study. Ophthalmology. 2018;125(11):1700-1709.
doi:10.1016/j.ophtha.2018.08.002

17. Mannis MJ, Holland EJ, Gal RL, et al; Writing
Committee for the Cornea Donor Study Research
Group. The effect of donor age on penetrating
keratoplasty for endothelial disease: graft survival
after 10 years in the Cornea Donor Study.
Ophthalmology. 2013;120(12):2419-2427. doi:10.1016/
j.ophtha.2013.08.026

18. Rosenwasser GO, Szczotka-Flynn LB, Ayala AR,
et al; Cornea Preservation Time Study Group.
Effect of cornea preservation time on success of
Descemet stripping automated endothelial
keratoplasty: a randomized clinical trial. JAMA
Ophthalmol. 2017;135(12):1401-1409. doi:10.1001/
jamaophthalmol.2017.4989

19. Breiman L. Random forests. Machine Learning.
2001;45:5-32.

20. O’Brien R, Ishwaran H. A random forests
quantile classifier for class imbalanced data. Pattern
Recognit. 2019;90:232-249.

Research Original Investigation Intraoperative Complications as Predictors of DSAEK Graft Failure in the Cornea Preservation Time Study

196 JAMA Ophthalmology February 2021 Volume 139, Number 2 (Reprinted) jamaophthalmology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 04/08/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/archopht.121.8.1087?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://dx.doi.org/10.1016/S0161-6420(94)31376-5
https://dx.doi.org/10.1016/S0161-6420(94)31376-5
https://dx.doi.org/10.1016/S0161-6420(92)31960-8
https://dx.doi.org/10.1097/ICO.0000000000000225
https://dx.doi.org/10.1097/ICO.0000000000000225
https://dx.doi.org/10.1016/j.ophtha.2013.12.017
https://dx.doi.org/10.1016/j.ophtha.2013.12.017
https://dx.doi.org/10.1016/j.ajo.2014.07.037
https://dx.doi.org/10.1016/j.ajo.2014.07.037
https://dx.doi.org/10.1016/j.ophtha.2018.03.050
https://dx.doi.org/10.1016/j.ophtha.2018.03.050
https://dx.doi.org/10.1016/j.ophtha.2010.08.012
https://dx.doi.org/10.1016/j.ophtha.2010.08.012
https://dx.doi.org/10.1016/j.ajo.2020.04.005
https://dx.doi.org/10.1016/j.ajo.2020.04.005
https://dx.doi.org/10.1080/01621459.1958.10501452
https://dx.doi.org/10.1080/01621459.1958.10501452
https://dx.doi.org/10.1016/j.ophtha.2008.12.050
https://dx.doi.org/10.1016/j.ophtha.2008.12.050
https://dx.doi.org/10.1097/ICO.0b013e3181a0a3e6
https://dx.doi.org/10.1097/ICO.0b013e3181a0a3e6
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2014.3923?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2014.3923?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://dx.doi.org/10.1097/ICO.0000000000000417
https://dx.doi.org/10.1016/j.ophtha.2018.08.002
https://dx.doi.org/10.1016/j.ophtha.2013.08.026
https://dx.doi.org/10.1016/j.ophtha.2013.08.026
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2017.4989?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2017.4989?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://www.ncbi.nlm.nih.gov/pubmed/30765897
https://www.ncbi.nlm.nih.gov/pubmed/30765897
http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743


21. Ishwaran H, Kogalur UB, Blackstone EH,
Lauer MS. Random survival forests. Ann Appl Stat.
2008;2:841-860.

22. Ishwaran H, Blackstone EH,
Apperson-Hansen C, Rice TW. A novel approach to
cancer staging: application to esophageal cancer.
Biostatistics. 2009;10(4):603-620.

23. Rice TW, Ishwaran H, Ferguson MK,
Blackstone EH, Goldstraw P. Cancer of the
esophagus and esophagogastric junction: an eighth
edition staging primer. J Thorac Oncol. 2017;12(1):
36-42. doi:10.1016/j.jtho.2016.10.016

24. Hsich EM, Thuita L, McNamara DM, et al;
Transplantation of HEarts to MaxImize Survival
(THEMIS) Investigators. Variables of importance in
the Scientific Registry of Transplant Recipients
database predictive of heart transplant waitlist
mortality. Am J Transplant. 2019;19(7):2067-2076.

25. Dietrich S, Floegel A, Troll M, et al. Random
survival forest in practice: a method for modelling
complex metabolomics data in time to event
analysis. Int J Epidemiol. 2016;45(5):1406-1420.

26. Semeraro F, Parrinello G, Cancarini A, et al.
Predicting the risk of diabetic retinopathy in type 2
diabetic patients. J Diabetes Complications. 2011;25
(5):292-297.

27. Ishwaran H, Kogalur UB, Gorodeski EZ,
Minn AJ, Lauer MS. High-dimensional variable
selection for survival data. J Am Stat Assoc. 2010;
105:205-217.

28. Ishwaran H, Kogalur UB, Chen X, Minn AJ.
Random survival forests for high-dimensional data.
Stat Anal Data Min. 2011;4(1):115-132. doi:10.1002/
sam.10103

29. Couronné R, Probst P, Boulesteix AL. Random
forest versus logistic regression: a large-scale
benchmark experiment. BMC Bioinformatics. 2018;
19(1):270.

30. van der Ploeg T, Austin PC, Steyerberg EW.
Modern modelling techniques are data hungry:
a simulation study for predicting dichotomous
endpoints. BMC Med Res Methodol. 2014;14:137.

31. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194.
doi:10.1001/jama.2013.281053

32. Ross KW, Stoeger CG, Rosenwasser GOD, et al;
Cornea Preservation Time Study Group. Prelamellar
dissection donor corneal thickness is associated
with Descemet stripping automated endothelial
keratoplasty operative complications in the Cornea
Preservation Time Study. Cornea. 2019;38(9):
1069-1076.

33. Rajeswaran J, Blackstone EH. Identifying risk
factors: challenges of separating signal from noise.
J Thorac Cardiovasc Surg. 2017;153(5):1136-1138.

34. Friedman J. Greedy function approximation:
a gradient boosting machine. Ann Statistics. 2001;
29(5):1189-1232. doi:10.1214/aos/1013203451

35. Hu ZH, Peter Gale R, Zhang MJ. Direct adjusted
survival and cumulative incidence curves for
observational studies. Bone Marrow Transplant.

2020;55(3):538-543. doi:10.1038/s41409-019-
0552-y

36. Ishwaran H, Lu M. Random survival forests.
Wiley StatsRef: Statistics Reference Online.
Published 2019. Accessed November 19, 2019.
https://onlinelibrary.wiley.com/doi/book/10.1002/
9781118445112

37. Royston P, Parmar MK. Restricted mean
survival time: an alternative to the hazard ratio for
the design and analysis of randomized trials with a
time-to-event outcome. BMC Med Res Methodol.
2013;13:152. doi:10.1186/1471-2288-13-152

38. Blackstone EH. Sufficient data. J Thorac
Cardiovasc Surg. 2016;152(5):1235-1236. doi:10.
1016/j.jtcvs.2016.07.046

39. Ishwaran H, Lu M. Standard errors and
confidence intervals for variable importance in
random forest regression, classification, and
survival. Stat Med. 2019;38(4):558-582. doi:10.
1002/sim.7803

40. Politis DN, Romano JP. Large sample
confidence regions based on subsamples under
minimal assumptions. Ann Statistics. 1994;22:2031-
2050. doi:10.1214/aos/1176325770

41. Politis DN, Romano JP, Wolf M. Subsampling.
Springer Science & Business; 1999. doi:10.1007/978-
1-4612-1554-7

42. R Core Team. R: a language and environment
for statistical computing. R Foundation for
Statistical Computing; 2020.

43. Ishwaran H, Kogalur UB. randomForestSRC:
Fast unified random forests for survival, regression,
and classification (RF-SRC). R package, version
2.9.3. 2020. Accessed January 21, 2020. https://
cran.r-project.org/package=randomForestSRC

44. Harrell FE Jr, Califf RM, Pryor DB, Lee KL,
Rosati RA. Evaluating the yield of medical tests. JAMA.
1982;247(18):2543-2546. doi:10.1001/jama.1982.
03320430047030

45. Hopkinson CL, Romano V, Kaye RA, et al;
National Health Service Blood Transplant Ocular
Tissue Advisory Group and Contributing
Ophthalmologists (OTAG Study 20). The influence
of donor and recipient gender incompatibility on
corneal transplant rejection and failure. Am J
Transplant. 2017;17(1):210-217. doi:10.1111/ajt.13926

46. Keane MC, Galettis RA, Mills RA, Coster DJ,
Williams KA; for Contributors to the Australian
Corneal Graft Registry. A comparison of endothelial
and penetrating keratoplasty outcomes following
failed penetrating keratoplasty: a registry study. Br J
Ophthalmol. 2016;100(11):1569-1575. doi:10.1136/
bjophthalmol-2015-307792

47. Keane MC, Mills RA, Coster DJ, Williams KA;
Contributors to the Australian Corneal Graft
Registry. Is there evidence for a surgeon learning
curve for endothelial keratoplasty in Australia? Clin
Exp Ophthalmol. 2017;45(6):575-583. doi:10.1111/
ceo.12921

48. Price MO, Baig KM, Brubaker JW, Price FW Jr.
Randomized, prospective comparison of precut vs
surgeon-dissected grafts for Descemet stripping
automated endothelial keratoplasty. Am J

Ophthalmol. 2008;146(1):36-41. doi:10.1016/j.ajo.
2008.02.024

49. Terry MA. Endothelial keratoplasty:
a comparison of complication rates and endothelial
survival between precut tissue and surgeon-cut
tissue by a single DSAEK surgeon. Trans Am
Ophthalmol Soc. 2009;107:184-191.

50. Terry MA, Li J, Goshe J, Davis-Boozer D.
Endothelial keratoplasty: the relationship between
donor tissue size and donor endothelial survival.
Ophthalmology. 2011;118(10):1944-1949. doi:10.1016/
j.ophtha.2011.02.023

51. Terry MA, Shamie N, Chen ES, Hoar KL,
Phillips PM, Friend DJ. Endothelial keratoplasty:
the influence of preoperative donor endothelial cell
densities on dislocation, primary graft failure, and
1-year cell counts. Cornea. 2008;27(10):1131-1137.
doi:10.1097/ICO.0b013e3181814cbc

52. Terry MA, Shamie N, Straiko MD, Friend DJ,
Davis-Boozer D. Endothelial keratoplasty: the
relationship between donor tissue storage time and
donor endothelial survival. Ophthalmology. 2011;
118(1):36-40. doi:10.1016/j.ophtha.2010.04.029

53. Terry MA, Straiko MD, Goshe JM, et al.
Endothelial keratoplasty: prospective, randomized,
masked clinical trial comparing an injector with
forceps for tissue insertion. Am J Ophthalmol. 2013;
156(1):61-68.e3. doi:10.1016/j.ajo.2013.01.025

54. Heinze G, Dunkler D. Five myths about variable
selection. Transpl Int. 2017;30(1):6-10.

55. Joiner BL. Lurking variable: some examples.
The Am Statistician. 1981;35(4):227-233.

56. Mundry R, Nunn CL. Stepwise model fitting
and statistical inference: turning noise into signal
pollution. Am Nat. 2009;173(1):119-123.

57. Smith G. Step away from stepwise. J Big Data.
2018;5(1):32.

58. Steyerberg EW. Validation of prediction
models. In: Gail M, Sarnet J, Singer B, eds. Clinical
Prediction Models: A Practical Approach to
Development, Validation, and Updating. Springer
Nature Switzerland AG; 2019:207-224.

59. Sun GW, Shook TL, Kay GL. Inappropriate use
of bivariable analysis to screen risk factors for use
in multivariable analysis. J Clin Epidemiol. 1996;49
(8):907-916.

60. Whittingham MJ, Stephens PA, Bradbury RB,
Freckleton RP. Why do we still use stepwise
modelling in ecology and behaviour? J Anim Ecol.
2006;75(5):1182-1189.

61. Wiegand RE. Performance of using multiple
stepwise algorithms for variable selection. Stat Med.
2010;29(15):1647-1659. doi:10.1002/sim.3943

62. Harrell FE Jr. Regression Modeling Strategies
With Applications to Linear Models, Logistic and
Ordinal Regression, and Survival Analysis. 2nd ed.
Springer; 2015. doi:10.1007/978-3-319-19425-7

63. Ishwaran H, Gerds TA, Kogalur UB, Moore RD,
Gange SJ, Lau BM. Random survival forests for
competing risks. Biostatistics. 2014;15(4):757-773.
doi:10.1093/biostatistics/kxu010

Intraoperative Complications as Predictors of DSAEK Graft Failure in the Cornea Preservation Time Study Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology February 2021 Volume 139, Number 2 197

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 04/08/2023

https://www.ncbi.nlm.nih.gov/pubmed/19502615
https://dx.doi.org/10.1016/j.jtho.2016.10.016
https://www.ncbi.nlm.nih.gov/pubmed/30659754
https://www.ncbi.nlm.nih.gov/pubmed/27591264
https://www.ncbi.nlm.nih.gov/pubmed/21334925
https://www.ncbi.nlm.nih.gov/pubmed/21334925
https://dx.doi.org/10.1002/sam.10103
https://dx.doi.org/10.1002/sam.10103
https://www.ncbi.nlm.nih.gov/pubmed/30016950
https://www.ncbi.nlm.nih.gov/pubmed/30016950
https://www.ncbi.nlm.nih.gov/pubmed/25532820
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.281053?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://www.ncbi.nlm.nih.gov/pubmed/31180926
https://www.ncbi.nlm.nih.gov/pubmed/31180926
https://www.ncbi.nlm.nih.gov/pubmed/28237061
https://dx.doi.org/10.1214/aos/1013203451
https://dx.doi.org/10.1038/s41409-019-0552-y
https://dx.doi.org/10.1038/s41409-019-0552-y
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118445112
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118445112
https://dx.doi.org/10.1186/1471-2288-13-152
https://dx.doi.org/10.1016/j.jtcvs.2016.07.046
https://dx.doi.org/10.1016/j.jtcvs.2016.07.046
https://dx.doi.org/10.1002/sim.7803
https://dx.doi.org/10.1002/sim.7803
https://dx.doi.org/10.1214/aos/1176325770
https://dx.doi.org/10.1007/978-1-4612-1554-7
https://dx.doi.org/10.1007/978-1-4612-1554-7
https://cran.r-project.org/package=randomForestSRC
https://cran.r-project.org/package=randomForestSRC
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1982.03320430047030?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1982.03320430047030?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743
https://dx.doi.org/10.1111/ajt.13926
https://dx.doi.org/10.1136/bjophthalmol-2015-307792
https://dx.doi.org/10.1136/bjophthalmol-2015-307792
https://dx.doi.org/10.1111/ceo.12921
https://dx.doi.org/10.1111/ceo.12921
https://dx.doi.org/10.1016/j.ajo.2008.02.024
https://dx.doi.org/10.1016/j.ajo.2008.02.024
https://www.ncbi.nlm.nih.gov/pubmed/20126494
https://www.ncbi.nlm.nih.gov/pubmed/20126494
https://dx.doi.org/10.1016/j.ophtha.2011.02.023
https://dx.doi.org/10.1016/j.ophtha.2011.02.023
https://dx.doi.org/10.1097/ICO.0b013e3181814cbc
https://dx.doi.org/10.1016/j.ophtha.2010.04.029
https://dx.doi.org/10.1016/j.ajo.2013.01.025
https://www.ncbi.nlm.nih.gov/pubmed/27896874
https://www.ncbi.nlm.nih.gov/pubmed/19049440
https://www.ncbi.nlm.nih.gov/pubmed/8699212
https://www.ncbi.nlm.nih.gov/pubmed/8699212
https://www.ncbi.nlm.nih.gov/pubmed/16922854
https://www.ncbi.nlm.nih.gov/pubmed/16922854
https://dx.doi.org/10.1002/sim.3943
https://dx.doi.org/10.1007/978-3-319-19425-7
https://dx.doi.org/10.1093/biostatistics/kxu010
http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.5743

