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[Abstract] Objective To evaluate the value of Knosp classification and cavernous sinus zoning in
the diagnosis of pituitary adenoma invasiveness and the significance of endoscopic transnasal surgery for
pituitary adenomas. Methods There were 75 cases with pituitary adenomas of Knosp grade 3-4 (44 cases
of Knosp grade 3 and 31 cases of Knosp grade 4) who were performed endoscopic transnasal surgery from
July 2015 to June 2017 in our hospital. Based on coronal MRI of sellar region in patients with Knosp 3
pituitary adenomas, the ratio R of distance from the middle point of internal carotid artery (ICA) cavernous
sinus segment to the upper part of anterior clinoid process segment and vertical distance from the furthest
point of tumor invasion to the line was calculated and analyzed statistically. According to cavernous sinus
zoning under endoscope and involvement of medial wall of cavernous sinus, patients with Knosp grade 3
pituitary adenomas were further divided into Knosp grade 3A (invasive and non -invasive) and 3B by
invading different cavernous spaces. The total removal rate of tumor was reviewed by MRI in sellar region
after operation. Results Among 75 cases, 36 were classified as Knosp grade 3A in 44 cases of Knosp
grade 3 pituitary adenomas, including 12 cases of invasive pituitary adenomas (mainly involving posterior
superior space of cavernous sinus and affecting oculomotor nerve) and 24 cases of non-invasive pituitary
adenomas (the tumor pushed against the medial wall of cavernous sinus, presenting "pseudoinvasion"). The

ratio R of invasive pituitary adenomas was significantly smaller than non-invasive pituitary adenomas (1.28 =
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0.18 vs. 1.74 £ 0.27; t =5.275, P =0.000). The Knosp grade 3A was divided into 2 groups according to the
median value of ratio R: < 1.59 group (17 cases) and > 1.59 group (19 cases). The invasion rate of ratio
R = 1.59 group was higher than that of > 1.59 group (12/17 vs. 0/19; Fisher’s exact probability, P =0.000).
The total resection rate of 75 cases was 72% (54/75), among which the total resection rate of Knosp grade 3
was 84.09% (37/44), and rate of Knosp grade 4 was 54.84% (17/31). The average follow-up period was

(14.84 + 5.66) months, and no one case relapsed. Conclusions

The calculation of ratio R in preoperative

coronal MRI helps to evaluate the invasion degree of Knosp grade 3A pituitary adenomas. Combined with

artificial division of cavernous sinus, it has guiding significance in endoscopic transnasal surgery for

pituitary adenoma removal.
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Figure 2 The whole cavernous sinus is divided into four
intervals (orange circle indicated anterior inferior, yellow
circle indicated posterior inferior, green circle indicated
posterior superior, red circle indicated anterior superior
spaces. The orange, yellow and green lines indicated
anterior inferior, posterior inferior, posterior superior spaces
in MRI. Blue line indicated horizontal segment of ICA,
which was adjacent to inferior hypophysial artery).
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Table 1. Comparison of ratio R between the invasive
group and non-invasive group of Knosp grade 3A (x +5)
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iz 24 1.74 £0.27

5.275 0.000
Z7E4 12 1.28+0.18

B 1 3 DR R A 3 5 T W, ab Sy 850 P4 30 K o 400 52
B2 RS B A b s R ed o IR 16 5%
12 78 B dE 25 & ab MY 3 HLIE B, ab/ed BD A HG{E R
la MR AGMWEESE  1b BRI ST 4200
A MIEEH R A R AR IR %

Figure 1 Coronal enhanced T/WI in sellar region,
ab was the distance between the midpoints of
cavernous sinus segment and the superior clinoid
process segment of ICA, and cd was the vertical
distance from the furthest point of parasellar
invasion to the ab. The ab/cd was ratio R. The
tumor on the left intruded into the right cavernous
sinus (Panel la). The tumor on the right pushed
against the medial wall of the left cavernous sinus,
presenting "pseudoinvasion" (Panel 1b).
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Table 2. Comparison of the invasion rate between ratio
R =< 1.59 group and >1.59 group [case (%)]
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Figure 3 A 51 -year-old male patient with clinically diagnosed as nonfunctional pituitary adenoma (Knosp grade 3A) underwent
transnasal endoscopic pituitary adenoma resection. Tumor pushed against the medial wall of cavernous sinus (Panel 3a). Collapsed
sellar diaphragm and intact medial wall of cavernous sinus could be seen after removal of tumor (Panel 3b). Anatomical images of the
posterior superior space of cavernous sinus from a 30° endoscopic perspective (Panel 3¢). Surgical images of the posterior superior
space of cavernous sinus from a 30° endoscopic perspective (Panel 3d).
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Figure 4 A 62-year-old female patient was clinically diagnosed as nonfunctional pituitary adenoma (Knosp grade 3B). MRI of sellar
region before and after operation and endoscopic findings during operation Preoperative sagittal contrast-enhanced T,WI showed round-
like tumor with uneven enhancement (arrow indicates), optic chiasma elevation, and enlargement of pituitary fossa (Panel 4a).
Preoperative coronal contrast - enhanced T:WI showed that the tumor invaded the wall of left ICA with uneven enhancement (arrows
indicate; Panel 4b, 4c¢). Under the endoscope, the tumor invaded the anterior inferior space of cavernous sinus, broke through the
medial wall of cavernous sinus, and entered the cavernous sinus (Panel 4d). Under endoscope, cavernous sinus lateral wall fissure and
the structure of cavernous sinus septum could be seen after removal of tumor (Panel 4e). Postoperative sagittal contrast-enhanced T/WI
showed that the tumor was basically completely resected and replaced with tamponade. External mucosal flap was shown as even
enhancement (arrow indicates, Panel 4f). Postoperative coronal contrast-enhanced T/WI showed that the tumor was basically completely
resected and replaced with tamponade. External mucosal flap was shown as even enhancement (arrows indicate; Panel 4g, 4h).
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as nonfunctional pituitary adenoma with a small amount of cystic change (Knosp grade 4). MRI of sellar region before and after
operation and endoscopic findings during operation Preoperative coronal contrast-enhanced T/WI showed that the tumor components
showed leaf-like uneven enhancement (arrows indicate), wrapped around the left ICA, and the cystic part squeezed the third ventricle
(Panel 5a-5d). Sellar floor and cavernous sinus were exposed under the endoscope during operation (Panel 5e). Intraoperative
endoscope showed the tumor wrapped around the left ICA, and mainly invaded the posterior superior and posterior inferior spaces of
cavernous sinus (Panel 5f). Postoperative coronal contrast-enhanced T/WI showed that the tumor was basically completely resected and
replaced with tamponade. External mucosal flap was shown as even enhancement (arrows indicate; Panel 5g-5j).
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Figure 5 A 53-year-old female patient was clinically diagnosed
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