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Abstract

Objective—Controversy exists over the utility of early post-operative magnetic resonance
imaging (MRI) after transsphenoidal pituitary surgery for macroadenomas. We investigate
whether valuable information can be derived from current higher resolution scans.

Methods—Volumetric MRI scans were obtained in the early (<10 days) and late (>30 days)
post-operative periods in a series of patients undergoing transsphenoidal pituitary surgery. The
volume of the residual tumor, resection cavity, and corresponding visual field tests were recorded
at each time point. Statistical analyses of changes in tumor volume and cavity size were calculated
using the late MRI as the gold standard.

Results—40 patients met the inclusion criteria. Pre-operative tumor volume averaged 8.8 cm3.
Early postoperative assessment of average residual tumor volume (1.18 cm?3) was quite accurate
and did not differ statistically from late post-operative volume (1.23 cm?3, p=.64), indicating the
utility of early scans to measure residual tumor. Early scans were 100% sensitive and 91% specific
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for predicting = 98% resection (p<.001, Fisher’s exact test). The average percent decrease in
cavity volume from pre-operative MRI (tumor volume) to early post-operative imaging was 45%
with decreases in all but 3 patients. There was no correlation between the size of the early cavity
and the visual outcome.

Conclusions—Early high resolution volumetric MRI is valuable in determining the presence or
absence of residual tumor. Cavity volume almost always decreases after surgery and a lack of
decrease should alert the surgeon to possible persistent compression of the optic apparatus that
may warrant re-operation.
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Introduction

Methods

Magnetic resonance imaging (MRI) is the preferred imaging modality for post-operative
follow-up of pituitary tumors (2, 8, 11, 13). Most studies have recommended a delayed (= 2
months), rather than early, postoperative follow-up MRI (6, 7, 10, 13). This stems from the
difficulty in interpreting early postoperative images due to persistent cavity enlargement,
accumulation of hemorrhagic material, fat packing and other post-operative changes (2, 6,
10, 11).

However, many of these studies were performed before high resolution volumetric spoiled
gradient recalled echo (SPGR) sequencing was available. The superior soft tissue contrast
and thinner sections obtained with SPGR has been shown to have superior sensitivity to the
detection of pre-operative tumor in the sella turcica compared with the T1-weighted spin
echo technique (9). We hypothesized that the sensitivity and specificity of high resolution
early post-operative volumetric imaging would be higher than previously reported and that
valuable information could be gained by performing early imaging. Early imaging would
provide caregivers with valuable information to direct future care. For example, early
hematoma accumulation could be evaluated for possible re-operation, particularly in light of
persistent or worsening visual complaints. In addition, certain patients may fail to return for
their delayed imaging studies and may be lost to radiographic follow-up in spite of evidence
of residual tumor that may require close surveillance.

This study was approved by the institutional review board at Weill-Cornell Medical College.
Data was gathered from a prospective database of all endoscopic endonasal transsphenoidal
surgeries at Weill-Cornell Medical College, New York Presbyterian Hospital between
January 2010 and March 2013 by the senior authors (THS and VKA). A total of 145
pituitary tumors were operated upon during this period.

Only primary resections of pituitary macroadenomas (> 1cm) in whom pre-operative, early
post-operative (< 10 days), and late post-operative (> 30 days) volumetric MRI (1 mm slice
thickness) with and without intravenous contrast were performed, were selected for this
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study. Charts were reviewed for visual complaints and formal visual field testing when
available at each time point; pre-operatively, early postoperatively and late post-operatively.

Imaging techniques

Pre-operative MRI was performed the day of surgery for navigation purposes utilizing a
whole brain volumetric T1-weighted spoiled gradient recalled echo (SPGR) post-contrast
sequence. The median days to early post-operative images were 2 days (range 1-9 days)
after operation and 3.6 months, in an outpatient setting, for late post-operative images (range
1-17 months).

Imaging protocols for all exams utilized whole brain sagittal fast spin echo (FSE) T1, axial
FSE T2 FLAIR, axial diffusion weighted (DWI1), and axial FSE T1-weighted post-contrast
images. Dedicated imaging through the sella turcica included volumetric coronal T1-
weighted spoiled gradient recalled echo (SPGR) pre and post-contrast using the following
parameters: repetition time/echo time: 7.5/2.5 msec, a 20° flip angle, 160 x 256 matrix, 5
excitations, 12-cm field of view (FOV), and 1 mm thick sections without intersection gap.
Dedicated imaging through the sella turcica also included coronal FSE T2-weighted fat
saturated imaging using the following parameters: repetition time/echo time: 3000/85 msec,
256 x 320 matrix, 5 excitations, an echo train length of 16, 18-cm FOV, and 3 mm thick
sections with 0.3 mm spacing. For the purposes of this study, the volumetric post-contrast
SPGR T1-weighted images were post-processed on a GE Advantage Workstation version
4.3_05 utilizing the volume viewer.

Image Analysis

Image analysis was performed by an initial (JK) and final (AJT) reviewer on a GE
Advantage Workstation version 4.3_05 utilizing the volume viewer software application.
These reviewers were not blinded to the other reviewer’s read or the results of the early
scans. Careful volumetric analyses were performed on all scans to determine pre-operative,
early post-operative and late post-operative tumor volume, early and late post-operative
resection cavity volume, the extent of resection at both postoperative time points, and the
presence of tumor in the cavernous sinus. The pre- and post-contrast volumetric SPGR
sequences were matched and correlation was made to the coronal FSE T2-weighted fat
saturated imaging to differentiate post-surgical debris, packing material, graft and
hemorrhagic elements from enhancing tumor. Tumor was identified as hypo-enhancing
tissue with the same signal characteristics as the pre-operative tumor, as opposed to hyper-
enhancing normal pituitary, non-enhancing tissue and T1/T2 bright fat packing material. The
pre-operative MR was also helpful in locating residual tumor by analyzing the pre-operative
extent of tumor i.e. cavernous extension and scrutinizing those areas. Non-enhancing blood
products and fluid were also defined and included in the post-operative cavity measurements
as appropriate. Sensitivity and specificity of the early post-operative findings were
calculated by comparing the early post-operative to the late post-operative findings, treating
the late post-operative findings as the gold standard. Differences in tumor size between the
two timepoints were compared by Wilcoxon matched pairs signed-rank tests. P < .05 was
considered significant and 95% confidence intervals were used.
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Forty patients (20 male and 20 female) were included in the study. The patients’ ages ranged
from 24 to 78 years (mean 55.3 years) at the time of surgery. Each patient had a
histologically confirmed pituitary macroadenoma. Eight of these patients (20%) had tumor
with cavernous sinus infiltration.

Identification of Residual Tumor

The average pre-operative tumor volume was 8.8 cm3 (range 0.53-90.19cm?3). On early
post-operative MRI, the average residual tumor volume was 1.18(SD +4.0) cm?3. On the late
MRI scan, the average tumor volume was 1.23(SD +5.2) cm3. The difference between these
two values was not significant (p=0.64, Wilcoxon matched pairs signed-rank test). On the
early post-operative MRI scans, average extent of resection was 95%. On the late MRI
scans, the average extent of resection was 96%. There were 30 patients with = 98% resection
on the early scan. In all but one of these cases, the late scan did not differ from the early
scan by more than 1%. One early scan overestimated extent of resection by 6%, indicating
that the early scans were 100% sensitive and 91% specific for predicting = 98% resection
(p<.001, Fisher’s exact) (Table 1). For the 10 patients with a subtotal resection (range 53—
97% resection), the early scans underestimated the extent of resection in six patients (range
5-27%) and overestimated the extent of resection in 4 patients (range 1-10%).

Of the 8 pituitary adenomas with cavernous sinus infiltration, 1/8 had no residual tumor on
both the early and late scans and 6/8 had residual tumor on both early and late scans, while
one case showed no residual on the early scans but did show residual on the late scan
(p=0.25, Fisher’s exact). Although not statistically significant due to low sample size, there
were no false negatives and one false positive in these 8 cases for a sensitivity and
specificity in detecting absence of residual tumor of 100% and 86% respectively (Table 1).

Change in Cavity Size

The pre-operative, early post-operative and late post-operative sella cavity volume was
measured in 38 patients (Figure 1). Pre-operative cavity volume was the volume of the
tumor while the post-operative cavity volume was the volume of residual tumor plus the
volume of the resection cavity which includes the expanded diaphragm sella/arachnoid. The
average percent decrease in cavity volume from pre-operative imaging (tumor volume) to
early post-operative imaging was 45%. The size of the cavity decreased in 35 patients with a
minimum of 3% and a maximum of 87%. 3 patients had an increase in cavity size with a
minimum increase of 6% and maximum of 75%. The average percent decrease in cavity
volume from pre-operative imaging to late post-operative imaging was 86%. On the late
post-operative imaging, all patients had a decrease in cavity size from pre-operative scans.
There was a significant difference in the average size of the cavity at early compared with
late post-operative MRI scans (p<.001, Wilcoxon matched pairs signed-rank test),
confirming that tumor cavity shrinks considerably between the two scans. The percent
decrease from early to late post-operative imaging was 72%.
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Cavity volume and Visual Function

The persistence of a large post-operative cavity may appear to persistently cause chiasmal
compression after surgery. We correlated post-operative visual change with cavity change
on early post-operative MRI scans. Twenty-two patients presented with visual defects pre-
operatively. These defects included: bitemporal hemianopsia (63.6%), left homonymous
superior quadrantanopia (13.6%), left complete vision loss (9.1%), and right complete vision
loss, left nasal hemianopsia and superior temporal quadrantanopia (4.5% each). Shortly after
surgery at a timepoint aligned with the early MRI scan (range 1-9 days), subjective vision
changes were obtained for 18 of 22 patients with pre-operative visual field deficits. Nine
patients (50%) reported improved vision, seven patients (38.8%) reported no change in
vision, and two patients (11.1%) reported worsened vision at this time. The two patients
with worsening vision had decreases in cavity volume of 45% and 68% and thus no surgical
intervention was offered. Subjective vision changes were also obtained for all 22 patients
with pre-operative visual field deficits at a time point that aligned with the late MRI scan
(range 1-17 months). Seventeen patients (77.3%) reported improved vision from their pre-
operative baseline and five patients (22.7%) reported no change in their vision. The two
patients with subjectively decreased vision at early MRI both improved by the time of the
late MRI. The average change in the volume of the cavity for patients whose vision
improved at the time of the early MRI was 47.0%, which was not significantly different
from the average decrease in cavity volume for patients with no change or worsening vision,
which was 49.0% (p=0.63, Mann-Whitney Test).

Discussion

This paper demonstrates that early post-operative volumetric imaging is 100% sensitive and
91% specific for detecting the presence of residual tumor, as defined by >2% remaining
volume. In all but one patient with completely resected tumors (= 98% resection), the later
scans only differed by 1%, which is within the error for reinterpretation of scans. Although
the presence of residual tumor was confirmed on early scans, the actual amount of tumor
varied slightly between scans, suggesting that early scans could prove the presence of
residual tumor but not reliably determine its exact quantity. Our results support a recent
study on comparing immediate and late (3 months) MR imaging in 64 patients with
transsphenoidal surgery for pituitary adenoma, which showed similarly high sensitivity and
specificity of early MR imaging for detecting residual tumor (14). Although residual tumor
was overestimated or underestimated in all 10 patients with residual tumor, we believe the
clinical relevance for early MRI detection of residual tumor is not the ability to accurately
measure the amount of residual tumor, but the ability to detect the presence or absence of
residual tumor. In our series, 10 out of 11 (91%) cases with residual tumors were correctly
identified on early MRI scans. The maximum underestimation (27%) or overestimation
(10%) of these residuals would not change the decision to reoperate for residual tumor. We
also show that careful volumetric measurements should demonstrate a decrease in cavity
volume in almost all patients. Even those patients with an early worsening in vision had a
decrease in their post-resection cavity volume (presumably from trauma and not residual
compression; hence, no re-operation indicated). Each of these patients had an improvement
in vision by the later time point. This raises the possibility that if a patient complains of
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persistent visual complaints and early post-operative imaging shows no change in cavity
volume or even an increase (an event which did not occur in our series), they likely would
benefit from re-operation. However, if vision worsens and cavity volume decreases, it
appears from our series that visual improvement is likely in the long run.

The literature is conflicted on the value of early post-operative MR imaging. Dina et al.
found that the height of the resection cavity was increased or unchanged in 5/10 patient at
early imaging and only minimally decreased in the remaining 5 (2). Likewise, Rajaraman et
al. reported little change in post-operative cavity height in a series of 14 patients and Kremer
et al. showed in a series of 50 patients that 83% of patients had a persistent mass in early
post-operative MRI scans that was difficult to interpret (6, 10). On the other hand, Kilic et
al. and Yoon et al. have described the utility of early post-operative imaging, although some
false positives and negative were reported (4, 16). None of these studies used volumetric
MRI scans with volumetric measurements. Hence, our study establishes the utility of early
post-operative imaging in the modern imaging era and updates earlier studies with more
definitive data on the subject.

In addition to determining the presence or absence of residual tumor, early scans can also
evaluate the volume of the resection cavity and the presence and quantity of post-operative
hematoma in a way that avoids high costs of an intraoperative MRI. Following
transsphenoidal surgery for pituitary macroadenomas, patients with pre-operative visual
complaints are not always improved after surgery, and sometimes they are worsened. In
these situations, the surgeon must decide if a new hematoma has maintained or increased
compression on the optic apparatus. Our volumetric measurements demonstrate that a
decrease in cavity volume almost always occurs after successful transsphenoidal surgery.
This finding is quite different from prior reports that only measured diameter and found little
noticeable change in the majority of patients (2, 10). Hence, if an early MRI scan shows an
increase in cavity volume and vision is worse or not improved compared with before
surgery, early re-operation may be warranted to further decompress the chiasm. On the other
hand, unchanged vision or even slight worsening in the face of a decreased cavity volume
may warrant careful observation since long-term improvement may occur.

Another use for early post-operative MRI scans would be to detect the presence of
significant residual tumor that might warrant early reoperation. It is easier to do a re-
operation immediately after surgery, when the scar has not formed around the nasoseptal
flap and fat graft. Such a philosophy motivates the justification of intraoperative MRI
scanning (1, 12). However, such a situation did not occur in our series since all patients had
adequate tumor removal and decompression of the optic apparatus. We attribute this result
to our use of extended endoscopic techniques (3, 5, 12, 15). With regards to the issue of
cost, one could argue that the cost of an additional early scan does not justify its use in the
absence of visual worsening since the re-operation rate is low if vision remains stable. This
is a reasonable argument. As such, we only recommend early scans in the following
situations; 1) If vision is worse, the scan is useful since a larger or stable cavity size and
persistent chiasmal compression should be explored to decompress the chiasm. If the cavity
is smaller, re-exploration will not likely improve vision. 2) If vision is not improved, a scan
that shows a larger cavity size and persistent chiasmal compression should have exploration
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to decompress the chiasm. If the cavity is smaller, re-exploration will not likely improve
vision. 3) If there is a suspicion of residual tumor and re-operation would be considered,
then early high resolution imaging can be very sensitive to residual tumor which, if found,
can guide additional early re-operation.

Conclusion

Early high-resolution volumetric MRI scanning is highly sensitive and specific for
determining the presence of residual tumor after transsphenoidal surgery. Such information
is valuable with regards to patient counseling and determining the interval of follow-up
scans. While persistent cavity enlargement may warrant re-operation in the face of visual
deterioration, cavity shrinkage predicts visual improvement even in the face of early
deterioration, which may also spare patients additional unnecessary surgery. This paper
attempts to demonstrate the accuracy of early high resolution volumetric MRI scanning.
While cost may prohibit its use routinely, it may be indicated in certain situations.

Abbreviations

MRI Magnetic resonance imaging

SPGR spoiled gradient recalled echo

FSE fast spin echo

DWI diffusion weighted imaging

FLAIR fluid attenuated inversion recovery

FOV field of view

SD standard deviation

MR magnetic resonance
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Figure 1.
The change sella cavity volume measured in cm3on preoperative (pre-op), early (median 2.0

days), and late MRI (median 3.6 months). Pre-operative cavity volume was the volume of
the tumor while the post-operative cavity volume was the volume of residual tumor plus the
volume of the resection cavity. Bolded line signifies average. X-axis is not drawn to scale. 3
cases intentionally excluded from the figure due to high tumor volumes.
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Cavernous Sinus Infiltration N =
Greater or equal to 98% resection  Complete Series N = 40 8

No Cavernous Sinus Infiltration

Early MRI 30 2
Late MRI 29 1
Specificity (false positives) 91% (1) 86% (1)
Sensitivity (false negatives) 100% (0) 100% (0)
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