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Among the major complications of transsphenoidal surgery, less attention has been given to severe post-
operative epistaxis, which can lead to devastating consequences. In this study, we reviewed 551 consec-
utive patients treated over a 4 year period by the senior author to evaluate the incidence, risk factors,
etiology and management of immediate and delayed post-transsphenoidal epistaxis. Eighteen patients
(3.3%) developed significant postoperative epistaxis – six immediately and 12 delayed (mean postoper-
ative day 10.8). Fourteen patients harbored macroadenomas (78%) and 11 of 18 (61.1%) had complex
nasal/sphenoid anatomy. In the immediate epistaxis group, 33% had acute postoperative hypertension.
In the delayed group, one had an anterior ethmoidal pseudoaneurysm, and one had restarted anticoagu-
lation on postoperative day 3. We treated the immediate epistaxis group with bedside nasal packing fol-
lowed by operative re-exploration if conservative measures were unsuccessful. The delayed group
underwent bedside nasal hemostasis; if unsuccessful, angiographic embolization was performed. After
definitive treatment, no patients had recurrent epistaxis.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Transsphenoidal surgery is a well-established approach to sellar
and parasellar lesions, notably pituitary adenomas. The endoscopic
technique popularized by Carrau and Jho, Cappabianca and many
others, has afforded improved outcomes as a result of superior illu-
mination and panoramic visualization of the pathology [1,2]. Still,
major complications, including cerebrospinal fluid leak, internal
carotid artery injury and infection can significantly impact surgical
outcomes. Much attention has been given to the recognition and
management of internal carotid artery injury leading to stroke,
pseudoaneurysm formation, and subarachnoid hemorrhage [3–8].
Little attention, however, has been given to severe postoperative
epistaxis, which typically originates from the external carotid sys-
tem and can lead to devastating consequences. This is the one
major complication that can be more common after endoscopic
as compared to microscopic transsphenoidal surgery. We aimed
to study the incidence, potential risk factors, etiology and sequen-
tial management of post-transsphenoidal surgery epistaxis for
pituitary lesions in a large series of patients, operated upon by a
single surgeon (E.R.L.). An algorithm for stepwise management of
this complication is offered.
2. Methods

A retrospective medical record review was conducted on all
endoscopic and microscopic transsphenoidal operations performed
by the senior author (E.R.L.) at the Brigham and Women’s Hospital
in Boston, Massachusetts from 1April 2008 through 31 July 2012.
The Institutional Review Board approved this study (protocol num-
ber 2012-P-001513/10. Inclusion criteria were defined as patients
who developed significant epistaxis that required a therapeutic
intervention, either immediately after a transnasal transsphenoidal
operation or with epistaxis in a delayed fashion, up to 30 days after
surgery, resulting in readmission to the hospital. Patients with self-
limiting minor nose bleeds were excluded. Baseline demographics
and clinical history, including pathology and preoperative and post-
operative imaging findings, were recorded. Timing of epistaxis,
treatment and intraoperative and angiographic findings were also
obtained. Categorical variables were compared using Fisher’s exact
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test and continuous variables were compared using a two-sided
t-test. Differences were considered statistically significant if
p < 0.05.

2.1. Endovascular embolization procedure

Standard angiographic techniques were used for patients
undergoing endovascular embolization under local or general
anesthesia. Selective injections of the common and external carotid
circulation were used to determine if an angiographically visible
cause of epistaxis could be identified, such as a pseudoaneurysm,
or branch cutoffs with and without extravasation. Not infre-
quently, no specific target was identified and empiric embolization
of both internal maxillary arteries (IMAX) was performed as in the
representative case shown in Figure 1.

3. Results

3.1. Background and clinical history

Out of 551 transsphenoidal operations, 18 (3.3%) patients devel-
oped significant postoperative epistaxis (Table 1). By technique, this
occurred after 16 of 457 (3.5%) purely endoscopic cases, one of 34
(2.9%) surgeries with the operating microscope, and one of 58
(1.7%) endoscopic-assisted microscopic cases. Six occurred immedi-
ately, and 12 occurred in delayed fashion at a mean postoperative
day of 10.8 (range, day 3–28). The majority of patients were men
(61%); five had a history of hypertension (19%) and only one had a
history of anti-platelet and anti-coagulant use. No patient had an
underlying coagulopathy demonstrated on clinical history or bio-
chemically. The majority of patients presented with an endocrinop-
athy (44%) followed by visual changes (39%) and/or headache (33%).
There was no significant difference in demographics or clinical his-
tory between the groups with immediate or delayed epistaxis.

3.2. Pathology and anatomy

Fourteen of 18 patients harbored macroadenomas (78%). The
most common tumor type was null cell (33% of cases); however
there was no significant difference in tumor types between
patients with immediate and delayed epistaxis (Table 2). Overall,
16/18 patients (89%) had a post-sellar sphenoid sinus [9]. Eleven
of the 18 (61.1%) had difficult or complex nasal and/or sphenoid
anatomy: seven patients had friable mucosa (39%), three patients
had a complex sphenoid sinus (17%), and two had a significant
obstructive septal deviation (11%) requiring more than the usual
Fig. 1. After an initial common carotid artery run, this pre-embolization lateral ext
microcatheter was then advanced into the internal maxillary artery (lateral view, arrow
pledgets (Pfizer, New York, NY, USA) with control angiography demonstrating no further o
carotid artery injection).
mucosal dissection. Seven of the 18 (39%) patients had a small
nasal aperture. There were no recurrent or reoperative patients
sustaining this complication. Sinus anatomy and sphenoid type
did not significantly differ between patients with immediate and
delayed epistaxis.

3.3. Surgical technique

With regard to the details of the surgery (Table 3), the majority
of patients were treated via the endoscopic technique (89%). Use of
the three-dimensional endoscope represents an evolution to the
adoption of this technique later in the study period. There was
no significant difference in mean estimated blood loss and cerebro-
spinal fluid leak rates between patients with immediate and
delayed epistaxis. No patient with immediate epistaxis had nasal
packing placed at the end of the procedure.

Management strategies differed between immediate and
delayed epistaxis (Fig. 2). Management of those with immediate
postoperative epistaxis while in the recovery room involved bed-
side nasal packing followed by prompt re-exploration in the oper-
ating room if not successful. For patients with delayed epistaxis,
the Otorhinolaryngology (ORL) service was consulted, and they
performed bedside maneuvers including endoscopic packing, bal-
loon tamponade, silver nitrate application and/or electrocautery.
If these measures were not successful, then angiography followed
by embolization was performed.

3.4. Postoperative course in immediate epistaxis

Two of the six patients with postoperative immediate epistaxis
had developed acute hypertension while in the recovery room
(33%). Five were treated with immediate nasal packing with Mer-
ocel (Medtronic Xomed Surgical Products, Jacksonville, FL, USA)
which was successful in two patients (40%). The remaining three
patients, along with another patient with a known, coagulated
injury to the sphenopalatine artery (SPA) were taken to the operat-
ing room. In the latter case, the patient had an episode of acute
hypertension followed by massive epistaxis followed by hypoten-
sion requiring transfusion. This was the only patient with immedi-
ate epistaxis requiring a transfusion. Of the remaining three
patients who returned to the operating room, two had definitive
bleeding from the SPA while the other had a generalized, nasal
mucosal ooze with no underlying coagulopathy or other obvious
cause, controlled with SurgiFlo (Johnson & Johnson Wound Man-
agement, Somerville, NJ, USA) and tamponade. All patients who
returned to the operating room were treated with thrombin
ernal carotid artery angiogram confirmed no obvious source of bleeding (A). A
, B). Embolization proceeded with polyvinyl alcohol particles followed by Gelfoam
pacification of the distal internal maxillary artery (C, arrow, lateral view of common



Table 1
Demographics and clinical history of epistaxis patients

Entire group POD0 epistaxis Delayed epistaxis p value

Patients 18 6 12
Mean age (SD, range) 46.5 (18.4, 21–79) 55 (21.5, 19–79) 42.3 (16.0, 21–72) 0.17
Males 11 (61%) 3 (50%) 8 (67%) 0.63
HTN history 5 (28%) 3 (50%) 2 (17%) 0.27
Coagulopathy 0 0 0
Antiplatelet use 2 (11%) 1 (17%) 1 (8%) 1.0
Anticoagulants 1 (6%) 0 1 (8%) 1.0

Symptoms
Endocrinopathy 8 (44%) 3 (50%) 5 (42%) 1.0
Visual changes 7 (39%) 1 (17%) 6 (50%) 0.32
Headache 6 (33%) 1 (17%) 5 (42%) 0.60
Incidentaloma 2 (11%) 2 (33%) 0 0.10

HTN = hypertension, POD0 = postoperative day zero (immediate), SD = standard deviation.

Table 2
Pathology and anatomy of epistaxis patients

Entire group POD0 epistaxis Delayed epistaxis p value

Patients 18 6 12

Tumor type
Null cell 6 (33%) 3 (50%) 3 (25%) 0.34
Rathke cleft cyst 4 (22%) 0 4 (33%) 0.25
Acromegaly 3 (17%) 0 3 (25%) 0.51
Prolactinoma 2 (11%) 1 (17%) 1 (8%) 1.0
TSH-adenoma 1 (6%) 1 (17%) 0 0.33
Gonadotropinoma 1 (6%) 1 (17%) 0 0.33
Craniopharyngioma 1 (6%) 0 1 (8%) 1.0

Mean tumor size, cm (SD) 1.82 (0.97) 1.78 (0.97) 1.84 (1.02) 0.91
Micro (<1 cm) 4 (22%) 1 (17%) 3 (25%) 1.0
Macro (>1 cm) 14 (78%) 5 (83%) 9 (75%) 1.0

Small nasal cavity 7 (39%) 1 (17%) 6 (50%) 0.32
Friable mucosa 3 (17%) 2 (33%) 1 (8%) 0.25

Sinus anatomy
Polyps 3 (17%) 1 (17%) 2 (17%) 1.0
Complex sphenoid 3 (17%) 0 3 (25%) 0.51
Obstructive septal deviation 2 (11%) 1 (17%) 1 (8%) 1.0

Sphenoid type
Presellar 0 0 0
Sellar 2 (11%) 2 (33%) 0 0.10
Post-sellar 16 (89%) 4 (67%) 12 (100%) 0.10
Conchal 0 0 0

Re-operation 0 0 0

POD0 = postoperative day zero (immediate), SD = standard deviation, TSH = thyrotropin stimulating hormone.

Table 3
Details of surgery of epistaxis patients

Entire group POD0 epistaxis Delayed epistaxis p value

Patients 18 6 12

Technique
Endoscopic 2D 14 (78%) 5 (83%) 9 (75%) 1.0
Endoscopic 3D 2 (11%) 1 (17%) 1 (8%) 1.0
Microscopic 1 (6%) 0 1 (8%) 1.0
2D Endo + Microscope 1 (6%) 0 1 (8%) 1.0

Mean EBL, cc (SD) 75 (69) 97 (87) 72 (63) 0.80
EBL >100 cc 4 (22%) 1 (17%) 3 (25%) 1.0

CSF leak 6 (33%) 2 (33%) 4 (33%) 1.0
Nasal packs placed at end of operation 4 (22%) 0 4 (33%) 0.25

CSF = cerebrospinal fluid, EBL = estimated blood loss, POD0 = postoperative day zero (immediate), SD = standard deviation, 2D = two-dimensional, 2D Endo + Micro-
scope = combination of two-dimensional endoscopic and microscopic technique, 3D = three-dimensional.
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material along freshly cut mucosal edges (SurgiFlo) and had Mero-
cel nasal packs placed. This approach was successful in all four
patients. The mean duration of this cohort’s hospital stay was
4.5 days (median 4 days).
3.5. Postoperative course in delayed epistaxis

Among patients with delayed epistaxis, the mean postoperative
bleed day was 10.8 days (median 7 days). Attributable causes were



Fig. 2. This flowchart represents the management strategy used in our series of 18 patients who were treated for severe epistaxis after transsphenoidal surgery. ‘‘Primary’’
and ‘‘secondary’’ refer to whether a bedside procedure was utilized as first-line or second-line treatment. IR = interventional neuroradiology, OR = operating room,
ORL = otolaryngology.

Fig. 3. This lateral angiogram after a common carotid injection demonstrates the
anterior ethmoidal pseudoaneurysm; because it arose from the ophthalmic artery,
treatment required further balloon tamponade followed by nasal packing.
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identified in two patients – one patient had resumed anticoagula-
tion therapy and another harbored an anterior ethmoidal artery
pseudoaneurysm. Of the 12 patients with delayed epistaxis, two
had a self-limited course (17%) and did not require readmission
to the hospital. Of the remaining 10 patients, seven patients were
initially packed, three with Merocel packing, one with Rapid Rhino
packs (Arthrocare, Knaresborough, UK), two with dissolvable pack-
ing (Nasopore, Stryker Corporation, Kalamazoo, MI, USA) and one
with Vaseline gauze (Unilever, Rotterdam, Netherlands). Four of
the seven packed patients (57%) had successful epistaxis treatment
upon initial packing (two with Merocel, one with Rapid Rhino, one
with Nasopore). One of the seven packed patients rebled after
embolization of the bilateral IMAX but had an untreated anterior
ethmoidal pseudoaneurysm (Fig. 3), and was successfully treated
with balloon tamponade (Epistat; Medtronic Xomed Surgical Prod-
ucts, Jacksonville, FL, USA) for 8 hours followed by Merocel pack-
ing. One patient who also had failed bedside cauterization was
successfully treated after repacking with dissolvable packing mate-
rial. The one patient unsuccessfully packed with Vaseline gauze
underwent bedside intranasal balloon tamponade followed by
embolization. Overall, five of seven (71%) packed patients did not
require embolization and were treated with bedside procedures
alone.

Five patients were treated with embolization of the bilateral
IMAX (Fig. 1, Table 4). Two of these patients had unsuccessful
direct intranasal balloon tamponade without packing, one patient
had an attempted silver nitrate cauterization, and two had
attempted but unsuccessful packing. In four patients, embolization
was successful, and in the other patient an anterior ethmoidal
pseudoaneurysm was identified (Fig. 3). The bilateral IMAX were
empirically embolized. Given its anterior location, open operative
approaches were considered, but a repeat bedside procedure with
Epistat was employed and was successful. None of these patients
required re-operation or re-exploration. No patient had recurrent
epistaxis and there were no complications from either the bedside
or the interventional procedures.



Table 4
Patients undergoing attempted endovascular embolization for epistaxis

Patient Initial attempted
packing

Embo date (relative to
surgery)

Angiographic findings Embolized vessels Embo
materials

Result

1 Merocela 6 Anterior ethmoidal artery
pseudoaneursym

Bilateral IMAX PVA and
Gelfoamb

Successful after balloon
packing

2 Balloon, Surgicelc 5 No extravasation or
pseudoaneurysm

Bilateral IMAX Coils Successful

3 Balloon 3 No extravasation or
pseudoaneurysm

Bilateral IMAX PVA and
Gelfoamb

Successful

4 Cautery 28 No extravasation or
pseudoaneurysm

Bilateral IMAX, nasal branch
of facial

PVA and
Gelfoamb

Successful

5 Balloon 8 No extravasation or
pseudoaneurysm

Bilateral IMAX PVA and
Gelfoamb

Successful

a Medtronic Xomed Surgical Products, Jacksonville, FL, USA.
b Pfizer, New York, NY, USA.
c Johnson & Johnson Medical, Piscataway, NJ, USA.

Embo = embolization, IMAX = internal maxillary artery, ORL = otolaryngology, PVA = polyvinyl alcohol particles.
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As compared to 1/6 patients with immediate postoperative epi-
staxis requiring a blood transfusion (17%), two with delayed epi-
staxis required a blood transfusion (17%, p = 1.0). The mean
hemoglobin drop did not differ between these two groups (3.3
and 3.1 g/dL, respectively, p = 0.77).
4. Discussion

Historically, it has been reported that severe epistaxis occurs
with an incidence ranging from 0.4–7% after microscopic trans-
sphenoidal surgery for pituitary lesions [7,10]. Among more con-
temporary series of endoscopic transsphenoidal surgery, the
reported incidence of significant epistaxis remains low, at 0.6–
1.4% [3,4,6]. Uncontrollable and/or massive epistaxis is potentially
fatal and necessitates prompt diagnosis and management. Vascular
complications caused by injury to the internal carotid artery have
been reported more extensively. Besides massive bleeding in the
operative field, these injuries can present with intracranial hemor-
rhage, obtundation and/or cranial nerve deficit. Few case reports
and series during the past 10 years, however, describe such mas-
sive postoperative epistaxis, particularly after endoscopic trans-
sphenoidal surgery.

Complex nasal and sphenoid sinus anatomy, including redun-
dant mucosa, highly vascular and friable mucosa, large septal devi-
ations, septal spurs and complex sphenoid septations can make
endoscopic transsphenoidal surgery challenging, and pose higher
risks for postoperative epistaxis [11]. A majority of the patients
who developed epistaxis had anatomical features that may have
obscured the often hidden SPA and its posterior nasoseptal branch
in the infero-lateral quadrant of the anterior sphenoid sinus. Ordi-
narily, careful submucosal injection with lidocaine/epinephrine
solution during the approach and careful hemostasis in every stage
of the operation suffice to prevent postoperative epistaxis.

We have recently adopted the ‘‘rescue flap’’ technique [12] dur-
ing the nasal approach whereby the mucosal pedicle of the SPA and
its nasoseptal branch are subperiosteally dissected inferolaterally
in order to isolate and separate these vessels. A wide sphenoidot-
omy can then be performed, without causing inadvertent injury
of the SPA or its branches. Another alteration in our technique
involves coagulating with monopolar cautery the superior edge of
the ‘‘rescue flap’’ if not used for reconstruction. There is some
thought that the sublabial approach lends itself to less risk of injur-
ing the SPA or its posterior nasoseptal branch, and therefore less
epistaxis [13]. As long as there is a conscious effort to mobilize
the pedicle and submucosally dissect it away from the sphenoid
rostrum, then injury to the SPA and its branches should be minimal.
In fact, after adopting this technique, we have had no instances of
postoperative epistaxis in the last year (105 endoscopic cases). This
is a good example of the so-called ‘‘learning curve’’ that occurs with
the adoption of new concepts and techniques.

Hypertension is generally viewed as a risk factor for spontane-
ous epistaxis and persistent epistaxis [14,15]. We noted that two of
the six patients with immediate postoperative epistaxis developed
acute hypertension while recovering; in this setting, epistaxis may
very well be a manifestation of end-organ injury to fragile nasal
mucosal vessels. Hypertension is also an independent risk factor
for persistent spontaneous epistaxis; Terakura et al. conclude that
management of hypertension for persistent epistaxis is critical in
the emergency room setting [15]. We feel it is imperative to tightly
control blood pressure, particularly in the immediate postopera-
tive period.

We discovered that significant post-transsphenoidal epistaxis
presents in two ways: either immediately after surgery, likely
due to a direct injury to a nasal vessel, or in a delayed manner from
an unknown cause, but usually from indirect injury or pseudoan-
eurysm formation. We explored the differences between the
groups, and found the etiology of the epistaxis to differ signifi-
cantly. Spontaneous epistaxis is common and usually arises in
the anterior septal area (Little’s area) which is supplied by
branches of the external carotid: the SPA, descending palatine
and superior labial artery, as well as the anterior and posterior eth-
moidal branches [16,17]. Epistaxis after endoscopic transsphenoi-
dal surgery is inherently different in etiology from spontaneous
nasal bleeding; the end branches of the ophthalmic and particu-
larly the IMAX are exposed to surgical trauma which can result
in posterior epistaxis. During intraoperative exploration, we
encountered three obvious sources of bleeding from the SPA
branches. Among those with delayed epistaxis, one patient had
bleeding from an anterior septal branch, and the other had an ante-
rior ethmoidal pseudoaneurysm, managed by ORL, as it could not
be safely embolized. The majority of patients who underwent angi-
ography had no definitive specific bleeding source, a common fea-
ture in evaluation for epistaxis [17].

In reviewing our series of post-transsphenoidal epistaxis, we
were able to develop a step-wise algorithm (Fig. 4). Adequate
resuscitation and maintenance of intravascular volume must
always be assured initially. In managing patients with immediate
postoperative epistaxis after transsphenoidal surgery, unless
unstable, bedside packing should be attempted. If unsuccessful,
then prompt re-exploration in the operating room to target the
source of bleeding should be done. At this time, the operative field
is still fresh, unobstructed and suspected vessels are typically vis-
ible, not retracted, and still accessible. Immediate postoperative
epistaxis was controlled with packing in the recovery room in
two of six patients (33%) but required intraoperative cauterization



Fig. 4. This flowchart represents our proposed algorithm for treatment of post-transsphenoidal severe epistaxis. IMAX = internal maxillary artery, IR = interventional
neuroradiology, IV = intravenous, IVF = intravenous fluids.
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of the SPA and its branches in four of these six patients (67%).
Although initially controlled before the end of the operation, an
organized clot or thrombus over an injured branch may have
de-stabilized due to acute hypertension or any number of valsalva
episodes during extubation or in recovery. We recommend strict
control of coughing, vomiting and any valsalva maneuver particu-
larly in the immediate postoperative period, to prevent risk of
thrombus displacement. The high failure rate of anterior packing
in this group is expected, given the likely location of a bleeding
source in the posterior septal area.

In managing patients with delayed epistaxis, stabilizing the
patient is also first and foremost; this may require blood pres-
sure control, intravenous hydration, blood transfusion and possi-
ble coagulopathy reversal while in the emergency room. All
patients should be cross-matched for potential transfusion and
checked for coagulopathy. Mucosal healing and scarring has
occurred by this time. Also any sellar or skull base reconstruc-
tion is at risk, and so re-operative repair should be avoided if
possible. Initial bedside procedures starting with nasal packing
should be initiated. We have found this often to be successful
alone (30%), whether it be with Merocel packing or Rapid Rhino
packs. No cases of intranasal balloon tamponade, whether alone
or with nasal packing, were ultimately successful and therefore
we do not recommend this method as first-line treatment. Silver
nitrate cautery was unsuccessful whether used alone or in com-
bination with nasal packing. Both balloon tamponade and/or
cautery may be used as an adjunct to precise nasal packing or
as secondary techniques. If bedside procedures are unsuccessful,
then endovascular embolization is a well-known, safe and effica-
cious manner to treat epistaxis. Four of five cases of endovascu-
lar embolization were successful. In all successful cases, there
was no obvious extravasation or specific offending artery identi-
fied: all had bilateral IMAX vessels embolized. The one unsuc-
cessful case involved initial nasal packing and embolization
followed by intranasal balloon tamponade. This patient had a
pseudoaneurysm of the anterior ethmoidal artery, a vessel pre-
cluding safe embolization. No patients required subsequent oper-
ative treatment and there was no recurrence of epistaxis.

Historically, embolization for spontaneous epistaxis is suc-
cessful in 71–97% of patients [17–19]. Endovascular embolization
following transsphenoidal surgery for epistaxis has been
reported to be effective after nasal packing fails [20]. Nishioka
et al. reported patients with massive epistaxis following
uneventful microscopic transsphenoidal surgery (one with endo-
scopic assistance): one patient with severe epistaxis on postop-
erative day 8 after uneventful surgery was controlled only
after bilateral IMAX embolization with polyvinyl alcohol (PVA)
particles after failed posterior nasal gauze packing [13]. The sec-
ond patient developed severe epistaxis on postoperative day 13
that was initially managed with nasal gauze packing, only to
recur 7 days later requiring emergent angiography and bilateral
IMAX embolization, without demonstration of a specific source
of bleeding. Cockroft et al. reported two patients, one macro-pro-
lactinoma resected sublabially with delayed epistaxis and a left
SPA pseudoaneurysm treated with PVA, and a 40-year-old
woman with Cushing’s disease who had undergone a transsphe-
noidal adenomectomy with delayed epistaxis on postoperative
day 15, with an abnormal midline septal vessel that self-
occluded during angiography [21]. Both cases were re-
operations.

Ethmoidal artery pseudoaneurysms can be challenging to
treat when the source of massive epistaxis, as was in one of
our patients. Embolization of an anterior ethmoidal pseudoaneu-
rysm has been described in case reports, though there is sub-
stantial risk to vision. In 1992 Moser et al. reported two
patients treated with embolization for anterior ethmoidal aneu-
rysms, one with a prosthetic eye and the other whose vision
was sacrificed to prolong life [22]. Sédat et al. presented a case
report of successful embolization of a similar pseudoaneurysm,
commenting that, ‘‘Distal catheterisation at least beyond the sec-
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ond portion enables safe embolization’’ [23]. Selcuk et al. also
described treating a post-nasogastric tube anterior ethmoidal
pseudoaneurysm with n-butylcyanoacrylate-histoacryl (25%) suc-
cessfully without mention of the patient’s vision afterward; they
conclude that embolization beyond the retinal portions of the
ophthalmic artery can be achieved safely [24]. Our patient’s
pseudoaneurysm could not be safely treated endovascularly.
With more advanced endonasal endoscopic techniques, ligation
of the anterior ethmoidal artery may be feasible and in some
instances may be preferable to using an external incision.

Recently, Thompson et al. described their incidence and man-
agement of epistaxis in endoscopic skull base surgery and found
10 of 330 patients (3%) required treatment either in the clinic or
the emergency room within 30 days; there were 14 epistaxis
events overall [25]. None of their patients was embolized. The
majority of events were controlled with simple packing and five
were surgically controlled; they eloquently evaluated risk factors,
including smoking habits, but only found that being male, older
and having hypertension were potential risk factors, and that absti-
nence from alcohol was a protective factor in a significant way
[25]. Our data are consistent, with an overall incidence of epistaxis
of 3.3%. Our management algorithm, however, differs; we treat epi-
staxis operatively only immediately after initial surgery, and rec-
ommend bedside procedures and endovascular embolization
when epistaxis occurs in a delayed fashion.

In summary, patients with significant epistaxis immediately
postoperatively should have attempted anterior/posterior nasal
packing, and if this proves unsuccessful they should be returned
promptly to the operating room. Those with delayed epistaxis
should have attempted bedside packing and/or intranasal balloon
tamponade and cauterization. If unsuccessful, then endovascular
embolization is the next step for definitive treatment. This man-
agement strategy has proven to be effective.
5. Conclusions

Our study aimed to review the incidence of epistaxis in our
transsphenoidal surgery series and to describe our management
algorithm. Our series, in part, reflects the so-called ‘‘learning
curve’’ with most of the epistaxis procedures occurring early dur-
ing the endoscopic experience. Severe epistaxis can occur either
immediately or in a delayed fashion. Immediate epistaxis can be
due to arterial injury, mainly to the SPA and its septal branches,
for which we recommend operative re-exploration and treatment.
Delayed epistaxis, on the other hand, often has no obvious etiology.
For this, we recommend bedside intranasal tamponade and/or
nasal endoscopic cautery and interventional embolization if these
measures are unsuccessful.
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