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Supplemental M ethods
Additional details on participants

Patients were separated into two groups: commpegsiuitary tumors (n = 9) with physical obstracti
of the anterior visual pathway, and non-comprespiti@tary tumors (n = 5) with no deformation oktloptic
nerve, chiasm, or tract (as determined by highluéisa clinical MRI with contrast). Non-compressipéuitary
tumor patients were managed either surgically @armpliacologically and underwent testing at only aneet
point before surgical intervention. Pre-operativEl/IMRI data for a single compressive pituitary tonpatient
were not acquired due to the presence of a corastant. A second compressive pituitary tumor patveas
lost to follow-up after surgery and pre-operativeual fields could not be acquired in one patiSatven of nine
compressive pituitary tumor participants (14 optiacts) successfully completed visual field perfanoe
testing (of whom six individuals had both pre- gus$t-operative DTI and visual fields data), andrfolunine
participants completed contrast sensitivity tesah@oth the pre- and post-operative time pointspi#c tracts).
Lastly, DTI data for a single healthy control paiiant were not acquired due to claustrophobia.

A standard endoscopic endo-nasal approach was getphy the senior neurosurgeon, GEV, to achieve
a gross total or near gross total resection of gatciitary tumor, leaving behind a normal pituitaghand and
optic nerves (9). Refer to figure 1B in the maimttéor pre-and post-operative images of a repredimet
sample of compressive pituitary tumor patients, aiesirating complete resection and decompressiaheof
optic chiasm. It is important to note that this mmally invasive procedure does not violate the loeyspinal
fluid, and thus does not introduce potential actseor MRI, as would a craniotomy.
Additional Information on Visual Psychophysics

Visual Fields. On each trial, a single letter was presented ® @O0 locations across the visual field
(organized into 15 bins of polar angle by six level eccentricity. Stimuli were fifteen black capitetters (A,
C,F,HKLNPQR,T,V,XY, Z) in Helhet typeface. With the exception of ‘X, letter rtgy was a
subset of letters used by Anstis 1974 (40). Alielet were scaled to ten times the size of the idigtation
threshold for each eccentricity (40). This ensutet identification errors were due to field detectther than

visual acuity limitations. Stimulus creation andsmlay was controlled witlihe Psychophysics toolbox in



MATLAB (49, 50). Data from the visual field mapping experiments wanalyzed by hemi-field (Figure 2C)
and averaged within each participant group (congprespituitary tumor patients, non-compressive ifaty
tumor patients, and healthy control participarEsy. each hemi-field of each eye, visual field perfance was
defined as the percentage of correct responsexighted average of those values (e.g. 53% lefteygporal
hemi-field and 47% right eye nasal hemi-field; &ep. Figure S1) was used to summarize the viselal f
performance associated with each optic tract (51).

Contrast Sengitivity. Contrast sensitivity (CS) thresholds at each ap&tquency were obtained using a
Bayesian algorithm that allows fast estimationhaf €S curve (21). Each participant for whom we vadie to
collect data on contrast sensitivity completed #@fls (100 trials per monocular hemi-field). Fdr analyses,
contrast sensitivity was defined as the area uthgelog contrast sensitivity function (AULCSF) (21As shown
in Supp. Fig S2, AULCSF converges at 25 trials, sulgsequent testing was performed to increaseréuespon
of the measurement. As for visual fields, a weidhegerage of AULCSF for each hemi-field (53% fosala
fibers and 47% for temporal fibers) was used tdyaeathe contrast sensitivity function associatathvweach
optic tract (51).

Detailed methods for tractography of the optic tract.

For each subject, the optic tract was first idesdi manually in the corresponding high-resolutith
weighted image, which was then transformed intéudibn space. The seed was selected approximatély 2
mm posterior to the optic chiasm in diffusion spamed identified as the voxel with the highest Felue. By
restricting seed selection to voxels located pastéo the chiasm, we were able to consistentlyiife voxels
with an anterior-posterior (green) principal eigector, as visualized with a color map in FSL (Supigure
S3A). Termination masks were placed in the LGNashi and cerebral peduncles to regulate fiber mgcknd
avoid crossing fibers from the corticospinal trg@app. Figure S3B). 25,000 streamlines were sanfpdead the
seed voxel and the final probability distributicor feach fiber tract was thresholded at 2% (500heftotal
number of streamlines. The threshold was determihexligh visual inspection of tractography resaksthe
optimal value, which both removed outlying datanp®iand preserved well-delineated optic tracts.

Analysis of variability in anterior-most point of optic tract across patients



Because it was necessary to manually define a waeel for probabilistic tractography of the optic
tracts on a subject-by-subject basis, it was ingmdrto ensure that variability in the seed locatieas not
coincidentally related to any of the diffusivity asres subsequently calculated. To reduce sucabvdgi, a
single author, D.A.P, systematically placed alldse&Ve also ruled out any relation between seeatitwt and
our observed effects in two ways. First, a one-ABYDVA that compared the y-dimension coordinateNiN|
space) of the anterior-most aspect of the optict fram all participants (compressive pituitary tmpatients
before and after surgery, non-compressive patientrals and healthy controls) indicated no diffeefnacross
groups (k7,53 = .8, p = .58). This means that the anterior-naggiect of the optic tract across participant groups
does not explain the observed group dissociatiorgffusivity indices (e.g, Figures 3 and 4 in tn@in text).
Second, we computed the correlation, for each segofehe optic tract, between the y-dimension dowte
of the anterior-most aspect of the tract and all fdiffusivity measures (fractional anisotropy, mehffusivity,
axial diffusivity, and radial diffusivity). The ra#ing r-values, averaged across all segmentseobfitic tracts,
indicated no correlation, for any index (mean rtanslard deviation: fractional anisotropy: r = -04M.16;
mean diffusivity: r = 0.01 £0.16; axial diffusivity = -0.03+0.15; radial diffusivity: r = 0.03+0.13@ll ts from
one-sample t-tests < 1). This means that any vlityaim the “tractability” of the optic tracts tlugh areas of
significant tumor compression (as a result of thigal seed location) across participants was selated to any
of the diffusivity measures obtained from the optacts.

Detailed Methods for Segmentation of the Optic Tracts

Both the right and left optic tracts from each jsabwere segmented into thirteen equidistant eross
sectional bins from the chiasm to the LGN using@usMATLAB scripts and implemented in two stagese(s
below). Diffusion indices (fractional anisotropyean diffusivity, axial diffusivity, and radial dif6ivity) were
then measured within each cross-sectional binsabdequently correlated with psychophysical data.

Along Tract Satistics Algorithm (Stage 1): During the first stage of our analysis, a meanttskeleton
of the optic tracts (right and left) for each subjeas generated in standard anatomical refergpaeesusing
the MNI152 template brain. This stage (see stefsirlSupp. Fig. 4), is similar to defining the tHaw (i.e.

centerline) of a bathymetric river surface (46). dreate the tract skeleton, the optic tracts oheadividual



were normalized to the MNI152 reference templati Wie help of tract based spatial statistics ibh.A& order
to avoid reorientation of diffusion tensors withage registration, the diffusion indices were calted for all
optic tract voxels in every subject’s native diffus space and then re-applied to the transformeetlsan
MNI152 space. Thus, the final product of this régison step consisted of a normalized right arftldetic
tract for each subject, with preserved data pdqiings fractional anisotropy, mean diffusivity, aldiffusivity
and radial diffusivity) from the original nativeftiision space within each normalized voxel.

Voxels from tract-normalized distributions of eastudy participant were then plotted in 3D and
characterized by arc-anglath respect to a common reference point (44).un @ase, MNI coordinates x=0,
y=-25, which are centrally located with respecttte right and left optic tracts. Data were clusdeirgo arc-
angle segments with the maximum number of binsyapéd so that every segment contained at east atae d
point (step 1). Limits were defined by the minimamd maximum arc angle values in the dataset. Tlanrfe
y, z) coordinates of each bin were then calcul&beaipproximate an averaged tract skeleton (step@avoid
aberrant morphologies, angles less than 135 degete®en contiguous mean tract coordinates weeetss],
and the number of bins reduced until all anglesfad this requirement (46). Spline interpolatiminthe final
mean voxel coordinates using interparc (available or f download at
http://www.mathworks.com/matlabcentral/fileexchat3g&74-interparc was then performed to generate a
smoothed tract skeleton (step 3).

Along Tract Satistics Algorithm (Stage 2): During the second stage (see steps 4 and 5 inlSupptal
Fig. 4) equidistant cross-sectional tract segmérds bins) are established and diffusion indicelssequently
analyzed within each cross sectional bin. Firstuaber of equidistant points, as measured by augtthe along

the spline-interpolated tract skeleton were catedaaswell as the linear vectors forming the path between

each pointFor three continuous data points and their veatbrandbc, a cross sectional plane was calculated
through the central data point, (xo, Yo, Z) using vector mathematics and the scalar equatianplane (see
eguations one and two below). This process wasatepgdor each equidistant point along the smootia

tract skeleton, except for the first and last pgimthere the normal vector (i.e. the line perpamdicto the ideal



cross-sectional plane) was defined as the line edimy the first and last points to either the daling or
preceding point, respectively.

ab + bc

Equation 1. Defining the normal vector: ————
|ab + bc|

=fn=(a,b,c)

Equation 2. Scalar equation of the plane: d = axy+ by, + cz,

Where b represents the origin (%, 2); 7 represents the normal vector of the cross sedtgaae,
and d is the plane centered on the origin.

Diffusion tensor imaging data associated with eamkel were then analyzed within each bin (i.e.cdetoxels
located between adjacent cross-sectional planégseldata points falling outside the cross-sedtiplaae on
either end of the calculated tract skeleton weseatded from the final analysis to clip possibldiets. The

LIBSVM (http://www.csie.ntu.edu.tw/~cjlin/libsvi/toolbox was used for the Support Vector Regressio

analysis (Figure 6).
Detailed Methods on the calculation of retinotopic information content with fMRI

We defined retinotopic voxels using 1 post-surgeny, and then tested the other post-surgery run as
well as the pre-surgery runs; this was jackknif@dise the other post-surgery run for voxel defnitand the
remaining post-surgical run for test (and the testults averaged). Thus, the analysis of the fMBRiad
completely separated voxel definition from voxestteand thus avoids issues associated with biasgdl v
selection and double dipping (48). The test coedistf calculating the multi-voxel pattern similgrifusing
linear correlation) within the ROI when the wedgeupied the same quadrant across even and odditievs!
of the wedge. Thus the final fMRI values consistéd-values describing the consistency of the rdtel
pattern elicited by the stimulus at each quadrhmgh r-values indicate consistency of response tpvan
guadrant across the even and odd stimulus rotatiashigh retinotopic information content), whilew r-
values indicate an inconsistent response to timeusti(i.e. low retinotopic information contentpgee Supp.

Figure S5 for a schematic of this analysis.



Supp. Figure S1

Supp. Figure S1. Schematic of weighting of visual performance data by optic tract. Representation of
hemi-field specific visual field measurements (tigfemi-field). Visual fields were analyzed with pest to
visual hemi-field rather than eye, so that theylddae compared with optic tract integrity fMRI maitopy.
Results were weighted using contributions of 47fbperal, and 53% nasal fibers (see ref 51).

Supp. Figure S2
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Supp. Figure S2. Convergence of AULCSF by trial number for all participants. The principal measure of
contrast sensitivity, the area under the log cehsansitivity function (AULCSF) is plotted by trisumber (error
bars over participants). As can be seen, AULCSkages within 25 trials, and additional testing wagied out
for each participant to increase precision of ds.t



Supp. Figure S3
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Supp. Figure S3. Demonstration of tractography of the optic tract in a patient with a pituitary
macroadenoma. (A). The image shows a coronal T1-weighted MPRAMRI at the level of the pituitary
gland transformed into diffusion space and overtaidtop of a principal eigenvector color map. Tlodors
represent the direction of the principal eigenvetteach voxel (e.g. blue: superior-inferior otegron of fiber
tracts; red: lateral-medial orientation; and greanterior-posterior). The yellow crosshairs identifie right
optic tract, which is compressed by a large pityitamor. (B) A magnified view of the MPRAGE image
through a single axial slice at the level of thdaiopract is displayed in the middle panel, with amow
demarcating the probabilistic tractography seedkmapproximately 25,000 streamlines, in all direcis are
sampled from the seed mask, generating a probafyijp that describes the likelihood of a connedtietween
the seed and all other voxels in the brain. Prdivals roughly defined as the number of streanditieat reach
a particular voxel, using the principal eigenveatolor map as a guide. In order to restrict trappy results
to voxels located between the optic chiasm anddhtgeniculate nucleus, streamlines were terminatieen
they entered the termination mag¢k) The results of our probabilistic tractography apgto are displayed on
the right, thresholded to include only those voxgelsvhich greater than 2% of all streamlines frdme seed
mask passed througihhe threshold was determined through visual inspedif the tractography results as the
optimal value, which both removed outlying datanp®iand preserved well-delineated optic tractss Hlso
important to note that our thresholded tractogra@sylts are consistent with dimensions previoteborted in
post-mortem brains (43).




Supp. Figure 4
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Supp. Figure $4. Schematic of along-tract statistics algorithm. Description of Along-tract Statistics Analysis
Pipeline, adapted from the geospatial represemtafioiver channels (50). Depicted is a flowchartliming the
steps required to segment the optic tract intodigigint cross-sectional bins. Also shown is arsitition of the
final optic tract segmentation in a single compresgituitary tumor subject. Note: the illustratias for
descriptive purposes only. Adapted from Merwadal.e2005.



Supp. Figure S5
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Supp. Figure S5. Schematic of multivoxel linear correlation analysis (MVPA). Depicted here is a flowchart
describing the multivoxel linear correlation anadysvhich shows r correlations in a single subjemth before
and after surgery. Refer to the main text and ‘Make and Methods’ for a detailed description otleatep.
Critically, this measure of the fidelity of retirogtic activity is agnostic about whether there mrganization of
retinotopic maps when comparing pre- and post-satgiata: if the stimulus elicits a consistent grattof
activation across striate cortex voxels in even add revolutions, the fidelity of retinotopic infoation is
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Supp. Figure S6
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Supp. Fig. S6. Pre- and postoper ative visual ability of each compressive pituitary tumor patient. Shown
are the raw visual psychophysics data, before #&ed surgery, for all compressive pituitary tumatipnts
enrolled in our study. The gray boxes represetieeithe mean visual field acuity performance or AdF
(area under the log contrast sensitivity functi@eyoss healthy control participants, with the uppar
representing one standard deviation above the mneah,the lower bar, one standard deviation belosv th
control mean.



Supp. Figure S7.
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Supp. Figure S7. Identification of data outlier using Mahlonobis distance. Measurement of post-operative
radial diffusivity (right optic tract) in a singlsubject, C1, did not follow the consistent pattefrreductions
typically observed after surgical decompressionun cohort of subjects. Further analysis of thisadaoint in
the context of our complete data-set was warratdgedketermine if this represented an actual effeassibly
indicative of worse post-surgical visual outcomas, artifact of DTI acquisition, or an artifact ohknown
origin. (A) Using improvement in visual ability as the dependegariable (post-operative visual field
performance minus pre-operative performance) adilrdiffusivity improvement (post- minus pre-opeva;
measured as a tract averaged difference of a reddifscore) as the independent variable, we emglaye
iterative process to measure the Mahlonobis distaicach data point from the joint distributionadlf other
data points. The Mahlonobis distance, as opposdeutidean distance, takes into account the shéplkeo
distribution (e.g. a data point located in the eerdf an ellipsoid-shaped distribution might naliyrhave a
larger distance from the average than data pomtsither end). The data point for subject C1 (isdurthest
from the distribution. (B) To determine if this represented a statisticalgnsicant outlier rather than a data
point on the tail of the distribution, a chi-squérdistribution of the multivariate distance for ba@dial
diffusivity and visual field improvement score reled that radial diffusivity measured in the rigiptic tract of
subject C1 (top right data point in Supp. Fig 7Baswsignificantly outside the likely distribution ofur
complete data-set (p < 0.001, df = 2). For theasars, the hemisphere identified as an outliehigndanalysis
was excluded from the calculation of the relatiopdhetween the changes in DTI indices with the ¢geaim
visual abilities (see Fig 4D in the main text).



Supp. Table S1. Demographicinformation of enrolled participantsand tract aver aged diffusion indices.

Compressive Pituitary Tumor Patients

Age
C1 72
c2 62
C3 53
C4 55
C5 65
C6 78
Cc7 53
C8 60
Cc9 64
Average 624444
Std 8.53099

Non-compressive

NC1 36
NC2 56
NC3 30
NC4 44
NC5 39
Average 41
Std 8.76356

Healthy Control Par
H1 58

H2 37
H3 44
H4 69
H5 45
H6 44
H7 41
H8 50
H9 45
Average 48.1111
Std 9.77809
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Description
Macroadenoma
Macroadenon
Macroadenon
Macroadenon
Macroadenon
Macroadenon
Macroadenon
Macroadenon
Macroadenon

Pituitary Tumor Patients

F Rathkeé s Cyst
F Microadenom
F Macroadenon
M Microadenom
M GH Secretini
2M
ticipants

gﬂZﬂHZHZHﬂ

FA (Right)
Size (cm)* Pre  Post
2.4x4.3x2.70.2478 0.2492
2.2x4.1x2.€ 0.245( 0.285¢
3.(x4.8x2.1 0.202( --
3.1x3.1x2.2 0.2887 0.336¢
2.1x3.2x2.4 0.187: 0.290:
24x21x14 0.179: 0.255:
2.2x2.8x2.1 0.1647 0.246;
2.1x3.1x2.2 0.194: 0.239
34x2.8x2C - 0.173¢
0.2136 0.2596
0.0424 0.0473
1.2x0.8x0.7 0.383: --
1.2x06x1.2 0.284f --
14x1.1x1.€ 0.333¢ --
11x1.2x0.7 0.253¢ --
1Ex1.E5x2.C 0415 -
0.3341
0.0599
- 0.472¢  --
-- 0.386¢  --
-- 0.318. -
-- 0.380¢  --
-- 0.327. -
-- 0.383: -
-- 0.273¢  --
-- 0.251(  --
0.3493
0.0713

FA (Left) MD (Right) MD (L eft) AD (Right) AD (L€ft) RD (Right)
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
0.2835 0.3429 1.4026 1.5728 1.4138 1.2100 1.7816.9774 1.8543 1.6678 1.2132 1.3705*
0.285( 0.318F 1.469¢ 1.140( 1.3903 1.2877 1.843: 1.516¢ 1.829¢ 1.7497 1.282¢ 0.951¢
0.282: - 1.535F - 1.403: -- 1.836¢ - 1.826: -- 1.384¢ --
0.229: 0.272¢ 1.543: 1.398: 1.5974 1.3883 1.992! 1.890¢ 2.004% 1.803: 1.318¢ 1.151¢
0.292¢ 0.346: 1.851¢ 1.517¢ 1.3214 1.1934 2.241¢ 2.007: 1.759¢ 1.656( 1.656¢ 1.272¢
0.177¢ 0.287% 2.118€ 1.564: 2.1809 1.8069 2.5437 2.010¢ 2.609¢ 2.372¢ 1.906. 1.341:
0.341: 0.3737 1.5037 1.339. 1.2105 0.9068 1.731¢ 1.714° 1.663: 1.302¢ 1.389¢ 1.151:
0.201¢ 0.263¢ 1.584¢ 1.567¢ 1.5844 1.3854 1.889( 1.9507 1.919! 1.779: 1.432. 1.376!
-- 0.181¢ - 1573, - 1.655. - 1.844: - 1.946¢ - 1.437:
0.2616 0.2983 1.6262 1.4591 1.5128 1.3542 1.9825 1.8640 1.9334 1.7848 14480 1.0772
0.0541 0.0610 0.2390 0.1568 0.2984 0.2800 0.2764 0.1718 0.2914 0.3015 0.2269 0.4579
0.383¢  -- 1.059( -- 1.209¢ - 1.526¢ -- 1.7327 - 0.825: --
0.323:  -- 1.189: - 1.069: -- 1.564F - 1.466: -- 1.001¢ --
0.345. - 1.128: - 1.195. -- 1.544¢ - 1.650¢ -- 0.919° --
0.334¢  -- 1.504. -- 1.280¢ - 1.€113 - 1.7527 - 1.300¢ --
0.390¢  -- 1.206: -- 1.263¢ - 1.774¢ - 1.819¢ -- 0.922: --
0.3555 1.2174 1.2037 1.6645 1.6843 0.9938
0.0269 0.1524 0.0745 0.1525 0.1216 0.1632
0.366: -- 1.104¢ -- 1.502: - 1718 - 2.105¢  -- 0.798( --
0.302¢ - 1.151¢ -- 1.507¢ - 16726 - 2.000: -- 0.891( -
0.337: -- 1.202¢ -- 1.4057 - 1.644(C - 1.9417 - 0.981° --
0.407: - 1.370¢ -- 1.244: - 1.921( - 1.819: - 1.095: -
0.334 -- 1.165¢ -- 1.192¢ -- 15746 -- 1.636F  -- 0.960¢ --
0.379: - 1.118¢ -- 1.131«¢ - 1623t - 1.637: - 0.866¢ -
0.288" -- 1.544: -- 1.560: - 1.989F  -- 2.050: - 1.321° --
0.330: - 1.545: -- 1.063¢ - 19737 - 1.456: - 1.330¢ -
0.3432 1.2754 1.3260 1.7648 1.8308 1.0306
0.0394 0.1853 0.1915 0.1689 0.2330 0.2024

* Tumors were measured in the transverse, cranidaaand antero-posteridimensions.

** Refer to Supplemental Figure 2 for a detailedlgsis of this datg@oint.

RD (Left)

Pre
1.1936
1.170¢
1.191¢
1.393°
1.102:
1.966¢
0.984:
1.417(

1.3024
0.3036

0.948:
0.870°
0.967¢
1.044¢
0.985¢
0.9634
0.0565

1.200¢
1.261°
1.137¢
0.956¢
0.970°
0.878t
1.315¢
0.867¢

1.0736
0.1769

Post
0.9811
1.056%

1.180¢
0.962(
1.524:
0.708¢
1.188¢
1.509¢
1.1389
0.2771



