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Objective : Early descent of the diaphragm sellae (DS) during endoscopic endonasal transsphenoidal surgery (EETS) for pituitary 
macroadenoma surgery is occasionally a troublesome event by blocking the surgical field. Here we introduce an alternative 
technique with the new pituitary retractor and present our clinical experiences.
Methods : We designed a simple and rigid pituitary retractor with the least space occupation in the nasal cavity to be compatible 
in EETS. The pituitary retractor was held by external holder system to support the herniated DS stably. We retrospectively reviewed 
a clinical 22 cases of pituitary macroadenomas underwent EETS using the pituitary retractor.
Results : The pituitary retractor stably pushed up the herniated DS in all cases, and the surgeon proceeded the procedure with 
bimanual maneuver. The pituitary retractor was helpful to remove tumors around the medial cavernous sinus and behind the DS 
in 16 and seven cases, respectively. In four cases, the meticulous hemostasis was completed with the direct visualization by the 
DS elevation with this retractor. Gross total tumor resection was performed in 20/22 patients (91%). The impaired visual function 
and hypopituitarism were improved in 18/20 (90%) and 7/14 (50%) patients after surgery, respectively. There was no complication 
related with the pituitary retractor.
Conclusion : During EETS for pituitary macroadenomas, the novel pituitary retractor reported in this study is a very useful 
technique when the herniated DS block the surgical field and bimanual maneuver. This pituitary retractor can help to result in the 
excellent surgical outcomes with minimal morbidity.
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INTRODUCTION

Since the first introduction of endoscopic surgery for pitu-

itary adenoma, the technique has rapidly advanced with the 

work of many pioneers over the last few decades7,13,24). This has 

allowed endoscopic surgery to become a standard method for 

pituitary adenomas worldwide8,26). Endoscopy offers better vi-

sualization of the surgical field with superior close-up and 

panoramic views, which results in better surgical resections 

and outcomes6,22). However, neurosurgeons require a learning 
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period to adapt to endoscopic surgery18,27).

During pituitary surgery, descent of the diaphragm sellae 

(DS) is occasionally encountered. This can block access for 

remnant tumor or cause cerebrospinal fluid (CSF) leak due to 

uneventful rupture of the DS9). To prevent early descent of the 

DS, resection of pituitary tumors is generally performed in a 

sequential manner from the inferior part to the lateral part 

and finishing with the superior part15). Nonetheless, early de-

scent of the DS can be encountered commonly, especially in 

large pituitary tumors4,12). Most neurosurgeons use cottonoid 

patties to push up the herniated DS and visualize the surgical 

field. This method is useful if the DS has low pressure and a 

small degree of descent. However, additional hands are occa-

sionally required with a suction cannula or ring currette to 

support redundant DS which surpasses cottonoid patties2,14). 

This makes it difficult to ensure meticulous bimanual maneuver.

To support for the herniated DS stably without the aid of 

additional hands, we devised a newly designed pituitary re-

tractor for endoscopic endonasal transsphenoidal surgery 

(EETS). In this report, we first report the application of this 

new pituitary retractor for the complete bimanual maneuver 

during EETS and present clinical cases. We also discuss the 

advantages and limitations of this pituitary retractor.

MATERIALS AND METHODS

This study was approved by the Ethical Institutional Review 

Board (IRB) of Incheon St. Mary’s Hospital (IRB No. OC20RAS10113) 

and the informed consent was waived by the regulation of 

IRB.

Concept and design of a pituitary retractor
The concept for the pituitary retractor was very simple : it 

should stably support the herniated DS with minimal distur-

bance in narrow nasal corridor (Fig. 1). The retractor should 

A B

Fig. 1. Schematic illustration of pituitary retractor. A : Early descent of the diaphragma sellae (DS) into sella turcica may obscure the remaining tumor. B : 
With rigid support of pituitary retractor (asterisk), the DS can be elevated to reveal the concealed tumor. The remaining tumor is easily removed under 
direct visualization without the interruption of the ballooned DS. T : tumor.

A B

Fig. 2. Application of new pituitary retractor. A : The metallic pituitary retractor is composed of three parts. Inner part (I) has a narrow and long spatula 
with slightly angled head to create a working space in the sellar cavity. The middle shaft is a slender rod with a right angle to avoid interference with 
instruments passing through the nostril. The outer part (O) is thin for fixation to the holding system. B : Pituitary retractor is introduced into left nostril 
and moved in the cephalic direction to create a working space below the pituitary retractor. The outer part is fixed with the Greenberg holder system 
(Codman, Dorchester, MA, USA). With fixation of the pituitary retractor, tumor resection is performed with bimanual maneuver. 
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occupy the least space possible in the surgical route and sella 

cavity because instruments passaged in the narrow nostril 

during endoscopic endonasal approach. The retractor should 

also be fixed to the external device at the outside of the nose 

to remain unaffected by pulsatile movement of the DS. Addi-

tionally, it should be easy to operate and widely applicable. 

The author designed a pituitary retractor based on these ideas. 

A pituitary retractor is composed of three parts : inner part, 

shaft, and outer part. The inner part for support the descent 

of DS is slightly angled to create a working space below the re-

tractor in the sella cavity. The middle shaft is slender and bent 

at a right angle outside the nose to avoid interference with in-

struments passing through the nostrils. The outer part is f lat-

tened to be held with a Greenberg holder system (Codman, 

Dorchester, MA, USA) (Fig. 2).

Surgical procedures
EETS for pituitary adenoma has been described in many 

previous literatures6,13), and we followed the general proce-

dures for bi-nostril EETS. A rigid endoscope (MINOP 

TREND, Aesculap, Tuttlingen, Germany; Image 1, Karl Storz 

GmbH, Tuttlingen, Germany) was introduced through the 

right nostril and handled by the assistant surgeon. Principal 

surgeon performed the procedures to open the sphenoid sinus 

with suction and instruments through both nostrils. The 

sphenoid mucosa was denuded at sella and para-sella areas to 

identify bony landmarks. Wide bony removal of the sella floor 

was performed to include the tuberculum sella, dependent on 

extension of the pituitary adenoma. Tumor resection started 

at the inferior portion and was followed by the lateral portion. 

After sufficient decompression, the upper portion of the tu-

mor attached to the DS was removed. When the DS prema-

turely descended to the sella cavity, tumor resection was at-

tempted with the use of cottonoid patties to push up the DS. 

Despite this effort, a pituitary retractor was introduced 

through the left nostril when the descent of DS blocked the 

surgical field with the insufficient elevation with cottonoid 

patties alone. After the pituitary retractor was placed under 

the DS in the sella cavity and then pushed up toward the ce-

phalic direction to create a working space in the sella cavity, it 

was held and fixed to a Greenberg holder system. With the 

properly placed pituitary retractor, the procedure could be 

performed in the bimanual procedure with increased maneu-

verability. This allowed wider working space without the in-

terruption of the pulsatile DS movement. The operative field 

was re-explored to identify the remaining tumor, especially 

around both medical cavernous sinuses and behind the DS, 

and the remnant tumor was removed under direct visualiza-

tion in bimanual maneuver by principal surgeon. After tumor 

removal, the sellar floor was reconstructed with a fibrin seal-

ant patch, Tachosil (Baxter Healthcare Co., Deerfield, IL, 

USA). Abdominal facia and nasoseptal flap were used in cases 

with intraoperative CSF leakage. Continuous lumbar drainage 

for CSF diversion was also performed in selective cases with 

high-flow CSF leakage.

Patient population
The pituitary retractor was used in 22 patients who under-

went EETS for pituitary adenomas. Patient medical records 

were retrospectively reviewed, including clinical data, endo-

crine evaluation, visual assessment, and magnetic resonance 

(MR) images. The surgical notes and recorded operation vid-

eos were also reviewed. Descent of the DS was investigated 

and classified based on a grade system as suggested by Abdel-

maksoud et al.1) : I, intrasellar view is 100% clear without de-

scent of the DS; II, intrasellar view is 100% clear but with re-

markable descent of the DS; III, intrasellar view is not clear 

unless the DS is pushed up by surgical instruments and cotton 

patties; IV, intrasellar view is not clear even with attempts to 

push up the descended DS; and V, herniating DS is out of the 

bone. Ophthalmologic examinations of best-corrected visual 

acuity (VA) and Humphrey visual fields (VF) were analyzed 

according to guidelines of the German Ophthalmological So-

ciety10).

The median age of included patients was 56 years (range, 

31–72), and the male to female ratio was 2.1. Clinical diagno-

ses were nonfunctional pituitary adenomas in 19 patients, pi-

tuitary apoplexy in two, and prolactinoma in one. The preop-

erative median diameters were 25.5 mm (range, 16–34) in 

width and 27.5 mm (range, 11–42) in height. According to 

modified Knosp’s classification, seven patients had grade I, 

seven patients had grade II, and eight patients had grade IIIa. 

Fourteen patients had preoperative hypopituitarism, while 

seven patients showed normal pituitary hormone status and 

one patient had hyperprolactinemia. Twenty patients had vi-

sual impairment with median VA score of 10 (range, 0–57) 

and VF score of 20 (range, 0–48) (Table 1).
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RESULTS

Usefulness of pituitary retractor and extent of 
resection

DS descent was considered grade III in nine patients, grade 

IV in five patients, and grade V in eight patients during tumor 

resection. With the help of the pituitary retractor, inspection 

and tumor removal around the medial cavernous sinus was 

performed in 16 cases. This procedure was performed by bi-

manual maneuver with an aspiration cannula on the surgeon’s 

left hand and ring curette on the right hand without the inter-

ruption of the herniated DS. The retractor also acted as coun-

ter-traction to the DS descent, and remnant tumor or capsule 

behind redundant DS was also removed in seven cases. In four 

cases, the pituitary retractor was used to investigate the bleed-

ing site with direct visualization and the meticulous hemosta-

sis was completed with a bipolar coagulator or hemostatic 

materials.

Among a total of 22 patients, grossly total tumor resection 

was completed in 20 patients and subtotal resection was per-

formed in two patients who underwent the operation in the 

early period of pituitary retractor usage. One patient with 

grade IIIa by modified Knosp’s classification had tumor re-

maining around the right cavernous sinus, possibly due to 

scant opening of the dura (case No. 2). The other patient 

showed the tumor remained in the antero-superior portion on 

postoperative MR images and it was presumed that pituitary 

retractor concealed the remnant tumor because it should be 

positioned at the same area (case No. 4).

Clinical outcome of patients
Intraoperative CSF leakage occurred in five patients, with 

high-f low leaks in two and low-f low leaks in three. All pa-

tients with high-flow CSF leak underwent reconstruction of 

the sella floor with abdominal fascia and nasoseptal flap and 

had continuous lumbar drainage of 10 mL per hour for 7 days 

postoperatively. One patient was required urgent reoperation 

due to postoperative hematoma at the surgical field (case No. 

5). One patient was re-explored due to delayed CSF rhinorrhea 

14 days after operation despite the low-flow CSF leakage in 

the first operation (case No. 7). During the median follow-up 

period of 6 months (range, 1–29), postoperative visual func-

tion improved in 18 patients. One patient who underwent re-

operation for postoperative hematoma had deteriorated VA. 

Two other patients with normal visual function preoperatively 

and one other patient with blindness due to pituitary apoplexy 

showed no change in vision. Postoperative hormonal function 

of the pituitary gland was assessed for a median of 6 months 

(range, 1–38). Among 14 patients with preoperative hypopitu-

itarism, three patients were within normal limits and four pa-

tients showed partial improvement of hormonal status post-

operatively. One prolactinoma patient with 284.9 ng/mL of 

serum prolactin showed a normal prolactin level of 0.99 ng/mL  

at 2 days postoperative. There was no change of hormonal sta-

tus in 13 patients, including seven with normal function and 

six with hypopituitarism. One patient with hypogonadism 

showed postoperative panhypopituitarism; this was the same 

patient with deteriorated VA.

Illustrative case

Case No. 17
A 46-year-old male patient visited the emergency room of 

our hospital due to headache, decreased VA and incomplete 

third cranial nerve palsy with preserved pupil size. The patient 

only had light perception in the right eye, while he had 0.6 

corrected VA in the left. On initial MR images, a 21×29×28 

mm-sized pituitary tumor with the invasion to right cavern-

ous sinus was shown. The patient underwent EETS, and the 

tumor was removed starting with internal decompression 

from the inferior portion. During the sequential tumor resec-

tion, the early descent of the DS was evented, and the cotton 

patties were attempted to support it, but the surgical field was 

blocked. Then, the pituitary retractor was introduced as de-

scribed above to make the clear surgical field without the in-

terruption of herniated DS and to ensure the bimanual ma-

neuver. With the pituitary retractor, the remained tumor 

around the medial cavernous sinus was removed with suction 

cannula and ring curette under direct visualization. By using 

the counter-traction function of the pituitary retractor, the 

tumor capsule behind the DS was also removed with sharp 

dissection. Postoperative MR images demonstrated no re-

maining tumor (Fig. 3 and Supplementary Video 1). After the 

operation, the neurologic symptoms improved dramatically, 

and the patient showed 0.5/1.0 corrected VA and normal func-

tion of the third cranial nerve.
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DISCUSSION

The DS anatomically consists of two thin layers of dura ma-

ter, the meningeal and periosteal layers. The meningeal layer 

extends to cover the lateral wall and roof of the cavernous si-

nus superficially and the periosteal layer continues to the deep 

layer covering the lateral wall of the cavernous sinus3,28). Dur-

ing pituitary adenoma resection, the DS tends to descend to-

ward the sella turcica in different patterns. Guinto Balanzar et 

al.11) reported that the type of DS descent was related to tumor 

volume on microscopic findings. Asymmetric descent of the 

DS into the sella turcica was shown in large pituitary adeno-

mas and was also related to the greatest risk of residual tumor 

in the surgical bed. However, the volume and height of the tu-

mor above the diaphragm opening, not tumor volume and 

height, were reported to be more important determining fac-

A B C

D E F

G H I

Fig. 3. Case No. 17. A : Pituitary macroadenoma compresses optic nerve superiorly and extends laterally to the right superior cavernous compartment 
over the intracavernous ICA. B : The diaphragma sellae (DS, black asterisk) balloons out into the sella cavity during tumor removal. C : Tumor removal is 
proceeded using cottonoid patties to support the DS. However, the remaining tumor is not clearly identified due to the pooled blood and the limited 
maneuverability. D and E : A rigid pituitary retractor supports the DS stably, and the tumor around the right cavernous sinus is removed with a bimanual 
maneuver. F : Sharp dissection between the DS (black asterisk) and tumor capsule (black arrowhead) is performed under the DS. G : Hemostasis with 
surgicel is performed with bimanual maneuver under direct visualization. H : After the completion of tumor removal, the DS occupies the sella cavity 
where the rigid pituitary retractor is removed. I : On postoperative magnetic resonance image, the remaining tumor is not visible and the compressed 
optic chiasm is relieved. 
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tors of DS descent on endoscopic findings. With larger pitu-

itary adenomas, the DS may stretch above the diaphragm 

opening. This stretched DS is more liable to be redundant and 

prolapse during tumor resection. Additionally, residual tumor 

is mainly dependent on invasion to the cavernous sinus, not 

degree of DS descent1).

Descent of the DS into the operative field is a challenge to 

surgeons during EETS for pituitary adenoma. It is unclear 

what really descends in the surgical bed at the end of surgical 

resection for a pituitary adenoma because the descended 

structure consists of one or more of the following structures : 

arachnoid membrane, DS, pituitary capsule, adenoma pseu-

docapsule, and/or f lattended pituitary gland. However, we 

have referred to this surgical landmark as DS in this study. 

This redundant DS can increase the difficulty of the operative 

procedure by impeding proper exploration of the surgical 

field. It also limits the amount of comfortable working space 

and bimanual maneuvers2,5,12,14). CSF diversion with intraop-

erative lumbar drainage was evaluated regarding effectiveness 

in extent of resection by preventing bulging of the DS. Al-

though intraoperative lumbar drainage was effective in pre-

venting CSF leaks, the effect on extent of resection was debat-

ed and the herniated DS might increase the risk of CSF 

leak16,20,23).

Neurosurgeons usually push up DS descent with cottonoid 

patties2,14). However, this can limit the bimanual maneuver-

ability of instruments. A blind procedure is still possible de-

pending on the degree of redundant DS. Kobayashi et al.17) re-

ported the microscopic transsphenoidal surgery performed 

with a self-retraining retractor, which was similar concept of 

our pituitary retractor. The bulging DS was retracted by the 

specially designed spatula and the surgeon could continue the 

procedure with both hands. However, their system can be ap-

plicable to only microscopic transsphenoidal approach be-

cause the speculum and the large corridor are mandatory. 

Prevedello et al.25) used the “Q-tip” cotton swab to elevate the 

herniated DS gently during the endoscopic endonasal proce-

dures. Its fine and long rod allowed it to be inserted through 

one nostril and make the appropriate space for the free move-

ment of instruments during endoscopic surgery. However, a 

well-trained assistant surgeon is necessary because it should 

be held by one of surgeons. Kutlay et al.19) published the alter-

native technique for early DS descent. The authors used trans-

parent strips of polypropylene as a self-retraining retractor. 

The strip was cut and tailored to fit the sella opening, and free 

tips of the strip were outside of the sphenoid sinus. Although 

successful results were reported, only three cases were report-

ed. However, it is questionable how to remove the tumor cap-

sule attached to the behind of descent DS. The free tips of strip 

outside of the sphenoid sinus is appeared to be able to interfere 

the movement of instruments in the narrow nostril. Addition-

ally, it is concerned about the safety of the neurovascular 

structures due to the possibility of over-compression by strips 

itself.

We designed a new pituitary retractor for EETS that could 

be applied regardless of the degree of DS descent. This retrac-

tor stably supported the herniated DS with rigid metallic ma-

terial held by the external holder system in all cases. It created 

a comfortable working space, allowing the surgical procedure 

to proceed without interruption by pulsation of the DS. This 

was helpful for removal of the remaining tumor by bimanual 

maneuver when the surgical field with pooled blood and/or 

CSF, especially around the medial cavernous sinus. Because 

the rigid pituitary retractor positioned at the superior area 

prevented downward movement of the DS, the remaining tu-

mor behind the DS could be removed with sharp dissection 

by counter-traction. The bleeding point was highlighted with 

the aspiration cannula, and more meticulous hemostasis was 

performed under direct visualization. However, the retractor 

had some limitations. If the tumor was remained at the an-

tero-superior portion of the DS, it could be masked by the ele-

vated pituitary retractor due to be positioned at the same area. 

After this early experience, the antero-superior portion of the 

tumor was removed prior to application of the pituitary re-

tractor. However, this procedure could increase the risk of 

CSF leak due to dehiscence between the DS and dura mater, 

even if low-flow CSF leakage occurred. The pituitary retractor 

also required a wide opening of the sella floor to prevent diffi-

culty maneuvering instruments below the retractor. Despite 

these limitations, the pituitary retractor had more advantages 

because it allowed neurosurgeons to be free from DS descent 

and was easily applicable in EETS for large pituitary adeno-

mas.

According to the systemic review about the surgical out-

come for pituitary macroadenomas, a residual tumor rate of 

10% to 36%. Visual function and hypopituitarism were im-

proved in 75% to 91% and in 30% to 50% of surgically treated 

patients, respectively. A total complication rate was 7.1%, with 
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CSF leak (4.7%), meningitis (2.0%), and vision deterioration 

(2.0%)21). In our study, grossly total resection was completed 

in 20/22 patients (91%) with pituitary macroadenomas. 18/20 

patients (90%) with impaired visual function and 7/14 pa-

tients (50%) with hypopituitarism were improved during the 

postoperative period. Surgically related complication was 

evented in 2/22 patients (9.1%), but it was not related with pi-

tuitary retractor. 

CONCLUSION

Early DS descent is a challenge during EETS for pituitary 

macroadenoma. Although cottonoid patties are occasionally 

helpful, they do not allow bimanual maneuver, if the DS has 

high falling pressure or if redundant DS surpasses the cotto-

noid patties. A new pituitary retractor reported in this study 

stably supports herniated DS and allows tumor removal with 

minimal risk by ensuring meticulous bimanual maneuver. 

This breakthrough allows neurosurgeons to be free from DS 

descent. It enhances the advantages of endoscopic surgery, 

such as excellent illumination, high magnification, and a pan-

oramic view of the surgical area. This new pituitary retractor 

can also be helpful in the successful surgical results and the 

low morbidity, especially for the less experienced neurosur-

geons.
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