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The Cruciform Drain: A Technical Note on the Surgical Management of

Cystic Lesions of the Sella

Background: The postoperative recurrence of cystic lesions of the sella is frequent and may

require further surgery for re-drainage.

Objective: To tackle this problem, we propose to insert a small cross-shaped drain coursing
from the cyst lumen to the suprasellar cistern. At this early stage of innovation, the technique

is primarily intended for patients who present with a recurrence.

Methods: The cruciform drain is fashioned from the tip of a ventricular catheter and is inserted
under endoscopic vision. We retrospectively reviewed the pre- and postoperative records of

patients in whom this technique was implemented.

Results: A cruciform drain was placed in 5 patients since the introduction of the technique into
our practice in 2018. The use of the cruciform drain did not impact upon the expected surgical
workflow nor was it associated with adverse intraoperative events, but 3 patients did develop
a postoperative CSF leak that was successfully treated in all cases. None of the patients showed

re-collection of their cysts on early radiological follow-up.

Conclusion: The cruciform drain is intended to prevent the renewed build-up of cystic fluid by
allowing it to flow through and around the drain into the subarachnoid space. We have modified
our repair protocol in response to the observed high CSF leak rate, as a basis for further
development of the technique. Studies involving long-term follow-up will also be required to

assess its efficacy in reducing cyst recurrence.
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Introduction

The recurrence of cystic lesions of the sella after transsphenoidal drainage is frequent, with
rates of up to 40% in cases of Rathke’s cleft cysts (RCC) and sellar arachnoid cysts (AC)
having been reported in the literature.!"® Various measures have been proposed to address this
problem, including radical excision of the cyst wall”-® or simple fenestration of the cyst towards

the subarachnoid space.”!?

Radical cyst excision, however, is associated with a high risk of postoperative pituitary

dysfunction,*>13-17

and both radical cyst excision and simple fenestration come at the expense
of an increased risk of postoperative cerebrospinal fluid (CSF) leak.*!> Moreover, with regard
to cyst fenestration, it seems reasonable to posit that a more modest opening towards the
suprasellar cistern may be associated with a lesser risk of postoperative CSF leak. Yet, it is

similarly plausible that such an aperture comes at a risk of subsequent closure if it is too small,!!

thereby depriving the surgery of its intended effect.

With these considerations in mind, here we present our initial use of a small cross-shaped drain
in the surgical management of select cystic sellar lesions, with the aim of preventing cyst
recurrence by establishing a small but nonetheless long-term stoma between the cyst’s lumen
and the suprasellar subarachnoid space. The technique described in this report is at Stage 1 of
Surgical Innovation (i.e. Idea phase) according to the “Innovation, Development, Exploration,
Assessment and Long-Term Study (IDEAL) model” statements.!® As such it is intended as a
proof of feasibility and a report on initial outcome that will provide the basis for future

adaptations and work.



Methods
All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethical standards.

This retrospective study was registered as a Service Evaluation study with our institution’s

Clinical Audit Committee.

Where applicable, this report follows the “Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement” checklist!® and the “Innovation, Development,

Exploration, Assessment and Long-Term Study (IDEAL) model” statements.'®

Indications

The technique applies to recurrent cystic lesions with serous contents amenable to drainage
(RCC, AC), or eventually other select cases based on the surgeon’s assessment of the patient’s
radiological presentation and intraoperative findings (e.g. Patients 3 and 5, in Table 1). If the
cystic lesion is amenable to resection at a low risk of disturbance to the pituitary gland, this

approach is preferred, and no surgical adjunct is used.

Description of the Surgical Technique
All patients are operated through an endoscopic endonasal approach. Once upon the lesion, the
cyst is fenestrated largely over its antero-inferior aspect (Fig. 1A-C) and a smaller fenestration

is made in its supero-posterior aspect, into the suprasellar subarachnoid space (Fig. 1D).



We fashion the cruciform drain (Fig. 2) from the tip of a ventricular shunt catheter (Silverline®
Spiegelberg; Hamburg, Germany), by making a small vertical incision — in line with the long
axis of the drain — through which a second, smaller section of drain is then inserted. In fact,
any soft catheter with perforations can in theory be used for this purpose — including an external
ventricular drain. The advantage, however, of a shunt ventricular catheter here is that it is a

material that is licensed for permanent — rather than temporary — use.

The resulting, cross-shaped drain has holes along its length, and is introduced through both
fenestrations so as to straddle the cyst’s lumen and the suprasellar cistern (Fig. 3). The drain is
individually tailored to the sellar anatomy of a given patient and their cyst (Fig. 2). Its length
is customised so that it is not too short to retract into the cyst’s lumen and so fall backwards,
out of the fenestration; but at the same time not too long, in order to avoid it protruding through
the sellar floor and risking it being impacted deeper than intended into the subarachnoid space
during sellar reconstruction and graft application. The crosspiece lies transversally against the
cyst’s wall to prevent the drain from sliding in deeper. But it also acts as ballast to the drain,

preventing rotational movement and so preventing the drain from “wriggling” out of place.

For closure, fat, harvested from the abdomen, is placed over the sellar opening in such a way
as to plug it, but not as to fill the pituitary fossa. Fibrin glue is applied over this, and the process
is repeated with a second piece of fat. An interface of absorbable gelatin sponge is placed on
the surface of this graft, and ribbon gauze, doused in bismuth paste, is used for packing of the

nostril. A lumbar drain is inserted, to be removed five days after surgery.



Patients and data

All patients were included in whom a cruciform drain had been implanted since the
introduction of the technique by the senior author (NLD) in 2018. This retrospective cohort
study assessed whether the use of the cruciform drain was associated with adverse
intraoperative events, and reviewed patients’ demographic information and pre- and
postoperative clinical and radiological records for diagnosis of sellar pathology, pituitary
hormone deficiency, status of vision, postoperative CSF leak and its management, overall
performance status at the first postsurgical clinical follow-up (at 3 months), radiological
evolution of anterior optic pathway compromise and confirmation of the intended and non-

displaced position of the cruciform drain.

Results

These are summarised in Table 1.

Preoperative patient description (demographical, clinical and radiological)

Five patients were included. Three patients presented with visual field defects, and anterior
pituitary insufficiency (hypogonadism) was found in 2. Magnetic resonance imaging (MRI)
revealed suprasellar extension in all cases, causing compression of the anterior optic apparatus.
The diagnosis was RCC in 2 patients, AC in 2 patients, and non-functioning pituitary
macroadenoma with corticotroph expression in the remaining patient. Three lesions were
recurrent: One AC had previously been drained on three occasions (17, 10 and 6 years before
the surgery reported here), including once transcranially; The AC in the second patient had
recurred clinically and radiologically only six months after its initial simple drainage, also
through the transsphenoidal route; And one patient presented with a radiological recurrence of

a RCC operated nine years earlier.



Adpverse intraoperative events

Surgery was uneventful in all cases.

Postoperative CSF leak

Postoperatively, 2 patients presented with a CSF leak three days after the removal of their
lumbar drains, and both were successfully treated with another 5-day course of lumbar
drainage. One patient presented with a CSF leak following an outburst of sneezes a month after
his procedure and underwent a redo endoscopic transsphenoidal repair with a 5-day course of

lumbar drainage, with resolution of the leak.

Postoperative pituitary hormone deficiency

All but one patient were found to be adrenocorticotrophic hormone (ACTH) deficient on serum
cortisol dosage performed on postoperative day 2 (cut-off value of 350 nmol/L), and were
initiated on hydrocortisone replacement therapy. This was stopped in 1 patient who was
subsequently found to have sufficient ACTH reserve on endocrinological follow-up. No patient

developed diabetes insipidus.

Postoperative visual status

Improvement in vision was documented in all but 1 case with visual deficits: In this patient,
the preoperative visual field findings (bilateral tunnel vision) were not typical for chiasmatic
compression. Nonetheless, in the presence of a radiologically significant compression, surgery

had been offered to the patient.



Postoperative clinical and radiological follow-up

All patients were well on clinical follow-up at 3 postoperative months with a Karnofsky
performance score of 100 for Patients 1, 2, 4 and 5 and of 90 for Patient 3 who continued to
suffer from bilateral tunnel vision. A follow-up MRI was performed 6 months following
surgery (Fig. 4), showing for each case a successful decompression of the optic apparatus, no
radiologically identifiable complication and no displacement of the cruciform drain. Follow-

up is at 19 months at its current longest.

Discussion

Principle findings

With the frequent recurrence of sellar cystic lesions in mind, we propose to place a small trans-
cysto-cisternal drain through a fenestration towards the subarachnoid space, as an adjunct to
the transsphenoidal drainage of these lesions. Representing work at Stage 1 — Idea phase — of
Surgical Innovation (IDEAL model),'® here we demonstrate this technique’s feasibility and

discuss strategies to address the encountered shortcomings in the future.

Recurrence rates in the literature

The reported postoperative recurrence rates range from 10% to 40% for RCC!->7:13.15.17.20-26
and reach up to 50% for AC.? This wide variation in the literature may be related to differences
in surgical technique, to the absence of a clear definition of recurrence (radiological versus
symptomatic) and to falsely low rates advanced by studies with relatively short follow-ups.
Indeed, a clinically significant RCC recurrence can occur many years after surgery,' as is
illustrated by our Patient 2 (Table 1) who suffered a recurrence 9 years after her original

operation. Nonetheless, even when considering the lower range of reported rates, cyst

recurrence remains a frequent event.



Comparative review of reported surgical strategies devised to address recurrence

While simple drainage of the cyst through a transsphenoidal fenestration in its anterior wall is
considered the standard method of treating RCC!* and AC,? their recurrence rates have led
some to advocate an aggressive removal of the cyst’s walls.”®!* This more radical approach is
however associated with a greater incidence of both CSF leak and postoperative pituitary
dysfunction, with diabetes insipidus occurring in nearly half of patients, in contrast to 9% of
those undergoing non-radical resection.!” Other groups have therefore continued to support a
more conservative stance, considering redo drainage a lesser morbidity in the long-term.>!>27
Interestingly, some reports even challenge the rationale behind aggressive cyst wall resection,

having failed to find an association with a more favourable recurrence profile.!”-8

On a similar note, instilling absolute alcohol into a RCC’s lumen, with a view to induce
chemical ablation of its secretory cells, has not been shown to confer an advantage but does,
on the other hand, expose the patient to grave risks if a communication exists through the

arachnoid mater.!7-22

Alternative approaches have therefore explored means of avoiding aggressive stripping of the
cyst’s wall while ensuring its long-term drainage. One such method leaves the sellar floor
unrepaired to allow drainage of the cyst’s contents into the sphenoid sinus,?® while another
involves creating a communication with the suprasellar cistern, thereby allowing the cyst’s
contents to drain into the subarachnoid space instead.’!? The latter technique is obviously
associated with an increased risk of CSF leak. Moreover, although definitive evidence is
lacking, opinion holds that both openings ultimately seal themselves off through scarring,

possibly leading to recurrence nonetheless.”-!1-14



Yet other groups resort to cyst lumen obliteration, notably with autologous adipose tissue.?’-2-3

Filling the pituitary fossa with fat is thought to block it from re-accumulating with fluid in the
short term and to induce scarring in the long term that closes off communications with the
subarachnoid space presumed to be at the origin of AC. It can however be advanced that fat-
packing of the cyst’s cavity (— to be distinguished from sphenoid packing) constitutes in many
cases a partially blind re-filling of a space that the surgical intention was effectively to

decompress, and that its arguable advantages do not warrant its routine use.”!°

A recent publication from our group has shown that residual cystic formations are a very
frequent finding (45.9%) on first follow-up MRI performed at 3-6 months after transsphenoidal
surgery for RCC.?® This same study also identifies the presence of a residual cyst as the only
significant risk factor for disease recurrence, superseding surgical approach, extent of resection
and histological findings, none of which reached statistical significance.?® Moreover, 40% of
patients who underwent cyst resection harboured a residual cyst on their first follow-up MRI,
in contrast to 50% of patients who underwent a fenestration only. These results suggest that
although cyst resection comes at a noteworthy risk of postoperative morbidity (as discussed
above), it does not protect from the only presumed significant risk factor for cyst recurrence.
It is therefore conceivable that an in situ drain, ensuring a longstanding communication
between the cyst’s lumen and the subarachnoid space, may have a role to play in the long-term

management of these diseases.

Cruciform drain: Concept and findings
The novel concept that we describe here may well address a number of the shortcomings

discussed above. Similar to other techniques, it is also an attempt at avoiding the aggressive



removal of cyst walls. As a result, none of our patients developed a postoperative posterior
pituitary insufficiency. Of those who did develop a postoperative ACTH deficiency, it is
interesting to note that none harboured an AC, implicative of the inherently greater degree of

surgical manipulation involved in the surgery of RCC and pituitary macroadenomas.

In contrast to other techniques that also address the problem of cyst recurrence by establishing
a communication with the suprasellar subarachnoid space, here we use a small piece of tubing
with a therapeutic rationale similar to that underlying syringo-subarachnoid shunts®! (Fig. 5):
The in situ drain allows to siphon away the cyst’s eventual re-accumulated contents in a more
durable way than with an unaided cisternostomy. Other perceived advantages include the
possibility of tailoring a smaller posterior fenestration in the cyst wall than that previously
advocated, to a size approximating the drain’s diameter (Fig. 1D, Fig. 3B); the fact that the
indwelling transcisternal drain will prevent the small posterior fenestration from closing off;
and the fact that a small cisternostomy leads to less intracisternal disruption and therefore,

presumably, to less intracisternal arachnoid scarring.

Although the drain itself may clog up, as can be the case with other forms of shunt, there still
remains the possibility for fluid to circulate freely around the drain. Indeed, as illustrated in
Figures 1D and 3B, the posterior fenestration, although small, does not strangle the drain.
Furthermore, the drain’s transverse bar anchors it firmly in its trans-cysto-cisternal position,
and guards it from unintentionally sliding deeper into the subarachnoid space during packing.
The drain is individually fashioned so that only a small portion of it is in the subarachnoid
space. And, although the posterior fenestration is small, it remains a keyhole that is large
enough to endoscopically inspect the suprasellar space before drain insertion, in order to avoid

the theoretical risk of neurovascular injury. Neuronavigation — usually used during redo



surgeries in any case — can provide further insight into the position of neurovascular structures

lying in, and beyond, the suprasellar space.

The cruciform drain technique is primarily intended for recurrent cystic lesions of the sella
with serous contents — which typically represent AC and cases of RCC — and where previous
simple drainage failed to provide a durable solution as was the case in three of our patients (1
case of a third recurrence of an AC, 1 case of a first recurrence of an AC, and 1 case of a first
recurrence of a RCC). Eventual further candidates may be lesions that are intraoperatively felt
to be unamenable to resection at a low risk to the pituitary gland, but in which it is also felt that
simple drainage has achieved an insufficient decompression. For example, although a very rare
situation, we opted to insert a drain in a case of pituitary macroadenoma, on the basis of our
intraprocedural finding that its apical, suprasellar cystic portion failed to descend sufficiently,
and therefore might have continued to represent a threat to the patient’s vision in case the cyst

recollected.

On the other hand, we would not advise that a drain be used in cystic craniopharyngiomas due
to their association with chemical meningitis.>>3* It is however in any case unlikely that such
cysts — with their dense, oily contents — be suitable candidates for cruciform drain placement
due to the risk of blockage. Worthy of note, RCC can also present with chemical meningitis

but this is a very rare occurrence.%3

Our small cohort however experienced a high rate of postoperative CSF leak (Table 1). These
initial observations have rapidly prompted us to revise our protocol in favour of higher-grade
repair strategies as proposed in the graded approach by Dehdashti et al.,>> and notably to

employ nasoseptal flaps in the future as we otherwise would during extended endonasal



approaches. Notwithstanding, all our patients demonstrated full recovery when assessed at 3
postoperative months (Table 1). In all patients, MRI confirmed decompression of the anterior
optic apparatus, an unchanged position of the implanted cruciform drain and the absence of

radiologically discernible complications (Fig. 4).

Limitations

This work is only at Stage 1 of the IDEAL model (i.e. Idea phase).!® The intention of this report
is to illustrate the surgical feasibility of the cruciform drain technique and to propose a
therapeutic rationale for its use. Seeing that recurrence may take up to ten years to manifest,’
this report does not yet allow to draw conclusions on the technique’s ultimate efficacy in

preventing cyst recurrence in the long-term.

Conclusion

The use of the cruciform drain in the transsphenoidal management of cystic lesions of the sella
is intended as a novel technique to act as a long-term stoma between the cyst’s lumen and the
suprasellar CSF space with the aim of preventing cyst recurrence. Still at an early phase of
innovation, it is meant to address the shortcomings encountered with other reported methods
tackling the same problem. At this juncture, its indications concern recurrent cases of AC or
RCC primarily. It is readily available in any neurosurgical theatre, seeing that it is fashioned
from a ventricular catheter, and it does not impact on surgical workflow. The observed
postoperative CSF leak rate has prompted us to modify our primary repair protocol for future
cases and represents a basis for the technique’s further development. Its long-term effect on

cyst recurrence will need to be studied over several years.
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Table legend

Table 1. Patient demographic information, diagnoses and postoperative outcome.

Abbreviations: CSF cerebrospinal fluid; LD lumbar drain; KS Karnofsky performance score.

Figure legends

Figure 1. Transsphenoidal endoscopic view through right nostril of Patient 5 from Table 1. The
view is directed superiorly towards the suprasellar cystic portion of the tumour that still remains
intact and walled off. The cyst’s antero-inferior pseudocapsule is pierced with a pituitary knife
and its clear serous contents are voided (A-B). This opening into the inferior aspect of the cyst
is enlarged using a spatula dissector, allowing to visualise the supero-posterior aspect of the
cyst’s wall, adherent to arachnoid, in the depth (C). Again using a spatula dissector, a small
fenestration (seen in the depth at 3 o’clock) is gently created through the arachnoid into the
suprasellar subarachnoid space (D). It is through this fenestration that the tip of the cruciform

drain is inserted as illustrated in Figure 2B-C.

Figure 2. The cruciform drain is fashioned from the tip of a ventricular catheter, by making a
small vertical incision (along the drain’s long axis), through which a second smaller section of
drain is inserted. The steps are illustrated using (A) a Silverline® Ventricular Shunt Catheter
(Spiegelberg; Hamburg, Germany) seen in the figures that follow. The inset in panel (A) shows
the catheter’s whole length with its stylet in place. (B-C) The stylet is removed and the
catheter’s tip is cut to the estimated length required for the cruciform drain. This piece can be

brought into the surgical field for an in sifu assessment of length; it can be further shortened if



necessary. The length shown here (1.8 cm) is the length of the cruciform drain shown in Figures
3 and 5. The in situ assessment of the long-piece also allows to determine the position of the
crosspiece and counting the catheter tip’s holes can be used to aid in this. (D) A small vertical
incision is made through both walls of the drain. Here (as in Figures 3 and 5), it is centred on
the drain’s 5" hole and extends from its 4™ to its 6™ holes. (E) A smaller section of drain is cut
from the original catheter; it typically measures just under 1 cm although this too can be tailored
to the anatomical needs of the individual patient and their cyst. This piece is then transversally
introduced through the incision made in the drain’s long-piece. It can either be fitted through
manually or with the aid of the original catheter’s stylet (F-I). The inset in panel F shows the
cross-piece sheathed over the stylet first, following which the stylet is inserted through the
incisions made through the long-piece. The resultant cruciform drain is seen in (J), and the

insets show views of the drain from above and the side.

Figure 3. Same view in same patient, as described for Figure 1. The transnasal corridor is wide
enough to bring the resulting cross-shaped drain into the surgical field (A). The drain is inserted
into the suprasellar subarachnoid space (B-C) through the fenestration made in the cyst
illustrated in Figure 1D. The drain, with holes along its entire length, effectively straddles the

cyst’s lumen and the suprasellar cistern.

Figure 4. Preoperative (left panels) and postoperative MRI (coronal slices) performed at 3-6
months (right panels) for Patients 1 (A), 2 (B), 3 (C), 4 (D) and 5 (E) from Table 1,

demonstrating decompression of the anterior optic apparatus.

Figure 5. The trans-cysto-cisternal position of the cruciform drain can be appreciated on (A) a

reconstructed oblique coronal CT slice (with an anteroposterior view of the drain) windowed



for parenchyma, and on (B) a reconstructed oblique CT sagittal slice (with a left lateral view

of the drain) windowed for bone. Both CT slices are from the patient in Figures 1 and 2.
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