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Incidence, risk factors,
management and prevention of
severe postoperative epistaxis
after endoscopic endonasal
transsphenoidal surgery: a single
center experience
Xiaohai Liu1†, Pengfei Wang2†, Mingchu Li1 and Ge Chen1*
1Department of Neurosurgery, Xuanwu Hospital Capital Medical University, Beijing, China, 2Department of
Neurosurgery, Hebei General Hospital, Shijiazhuang, China

Objective: Postoperative epistaxis is a very rare but severe complication after
endoscopic endonasal transsphenoidal surgery (EETS) that can lead to
catastrophic consequences. However, the incidence, risk factors, management
and prevention of postoperative epistaxis remain unclear.
Patients and methods: Consecutive patients with pituitary adenoma (PA), Rathke’s
cleft cyst, craniopharyngioma, or clival chordoma who received EETS in our
department between September 2020 and November 2022 were retrospectively
analyzed. The incidence, risk factors, management and prevention of
postoperative epistaxis were investigated and analyzed.
Results: A total of 557 consecutive patients who received EETS were included in this
study. Eight patients (1.4%) (7 PAs and 1 Rathke’s cleft cyst) experienced severe
postoperative epistaxis. The size of the PAs was 9.6 mm–46.2 mm, with a median
size of 22.1 mm. Epistaxis occurred 4 h to 30 days (median 14.5 days)
postoperatively. Bleeding was stopped in 3 patients after nasal packing with
iodoform gauze. The remaining 5 patients for whom nasal packing was
insufficient were all sent to the operating room, and posterior nasal septal artery
(PNSA) bleeding was identified and successfully treated with endoscopic bleeding
artery electrocauterization under general anesthesia. In the EETS, all 8 patients
had downward extension of the septal mucosal incision, in which 6 had
intraoperative bleeding of PNSA that were cauterized by bipolar diathermy. Four
patients had causative factors, including administration of antiplatelet agents,
Valsalva-like manoeuvre, nose blowing and removal of nasal packing, respectively.
No patients had recurrent epistaxis during the follow-up period.
Conclusion: Post-EETS epistaxis is a rare but severe complication that could lead to
catastrophic consequences, and one of the most common bleeding sources is the
PNSA. Endoscopic bleeding artery electrocauterization under general anesthesia
may be a safe, economic and effective measure for epistaxis refractory to nasal
packing. Avoiding excessive downward extension of the septal mucosal incision
could contribute to the prevention of postoperative epistaxis.

KEYWORDS

epistaxis, endoscopic endonasal transsphenoidal surgery, posterior nasal septal artery,
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Abbreviations

EETS, endoscopic endonasal transsphenoidal surgery; ER, emergency room; GTR, gross total resection; ICA,
internal carotid artery; OR, operation room; PA, pituitary adenoma; PNSA, posterior nasal septal artery.
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Introduction

Since its development in 1992 under a minimally invasive

strategy, the endoscopic endonasal transsphenoidal surgery (EETS)

has been commonly used for lesions in the sellar, suprasellar or

parasellar regions, including pituitary adenomas (PAs),

craniopharyngiomas, Rathke’s cleft cyst, meningiomas, and

chordomas (1, 2). Due to the complex anatomy of the sellar region

and characteristic nature of the lesions, the EETS also leads to a

higher risk of complications, such as neurovascular damage, skull

base repair failure and intracranial infection (3). Among the

complications of vascular damage, the most serious one is injury of

the internal carotid artery (ICA), which leads to disastrous

consequences if not treated properly (4). An uncommon but

serious vascular complication of EETS, which typically arises due to

intraoperative injury of the sphenopalatine artery and its branches

(5–8). Inadequate management of postoperative epistaxis can lead

to serious consequences, such as asphyxia and hypovolemia, even

hemorrhagic shock and death (9, 10). Nevertheless, it has been

reported that bleeding sites cannot be identified in some cases, the

effect of nasal packing is not completely satisfactory. In this study,

we retrospectively analyzed 8 consecutive cases of epistaxis

following EETS, investigating the incidence, risk factors,

management and prevention of post-operative epistaxis.
Patients and methods

Patients and surgical techniques

All patients with sellar lesions such as PA, Rathke’s cleft cyst,

craniopharyngioma, clival chordoma or cerebral fluid leakage who

underwent EETS in Beijing Xuanwu Hospital, one of the largest

tertiary referral centers in China between September 2020 and

November 2022 were retrospectively analyzed. All the patients

included had complete clinical, radiological, and biochemical data,

were treated with EETS and had at least 6 months of follow-up.

All EETS procedures were performed by authors Liu X and Ge

Chen using a Karl Storz endoscope through a binostril approach.

After general anesthesia and orotracheal intubation, the patients

were placed in supine position with the upper body elevated 20

degrees and the head turned 10 degrees toward the surgeon.

Both nostrils were washed with a topical vasoconstrictor. After

the preparation of nasal cavity using adrenaline-soaked cotton,

the middle turbinate was first pushed laterally to facilitate the

introduction of instruments. A wide sphenoidotomy was done

using Kerrison Rongeurs and high-speed diamond drills and the

sellar floor, clivus, carotid prominences, opticocarotid recesses

and planum sphenoidale were exposed. After tumor resection

and hemostasis, the skull base was reconstructed based on the

anatomical level. For patients received extended EETS procedures

with high-flow postoperative cerebrospinal fluid rhinorrhoea,

multilayer regimes were utilized with fat grafts, fascia lata grafts

and Hadad–Bassagasteguy vascularized septal flaps. For cases

with no perioperative CSF leak, only Gel foam and fibrin glue

were used to close the sella. The nasal cavity was packed with
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iodoform gauzes for additional support to the skull base

reconstruction if necessary, which was removed after 3–21 days.

Postoperative epistaxis was defined as severe, persistent or

recurrent arterial nosebleed which required therapeutic

intervention. Patients with limited nasal bleeding that required no

treatment were excluded. Patients who developed significant or

recurrent epistaxis requiring therapeutic intervention and

readmission to the hospital, either immediately after transnasal

transsphenoidal surgery or, up to 30 days postoperatively were

included. All the following data were collected: sex, age, pathology,

postoperative time course of epistaxis occurrence, epistaxis

inducements, bleeding arteries, managements, complications sand

follow-up time. The study was approved by the Research Ethics

Committee of Beijing Xuanwu Hospital, and informed consent

was obtained from all patients.
Treatment and follow-up

According to the standard procedure for postoperative epistaxis

in our center, nasal packing was performed for all patients as soon

as they arrived at the emergency room (ER), and intensive care was

given. If the nasal packing was insufficient and the nose bleeding

continued, the patients were taken to the operation room (OR)

and treated with endoscopic bleeding artery electrocauterization

under general anesthesia with endotracheal intubation. All

procedures were performed by a single surgeon (X. Liu). The

patient was placed in a supine position with the head elevated by

30 degree. First, blood clots in the nasal cavity were evacuated,

followed by a thorough endoscopic examination of both nasal

cavities to search for the bleeding site. Once the bleeding artery

was identified, it was electrocoagulated with bipolar diathermy.

Other suspicious bleeding points and the mucosal cut edge were

also coagulated. After completion of hemostasis, iodoform gauze

was used for nasal packing, which was removed under

endoscopic view after 3–7 days. Patients were followed up for 6–

22 months with particular attention given for any further epistaxis.
Results

Patient characteristics

A total of 557 patients with sellar lesions such as PA, Rathke’s

cleft cyst, craniopharyngioma or clival chordoma who underwent

EETS in Beijing Xuanwu Hospital between September 2020 and

November 2022 were retrospectively analyzed. Among them,

eight (1.4%) cases were identified as having postoperative

epistaxis, including 4 males and 4 females, with a median age of

47.12 years (27–70 years). Pathological results of the EETS

consisted of 8 PAs (2 somatotroph adenomas, 2 plurihormonal

PIT-1–positive adenomas, 1 thyrotroph adenoma 1 silent

corticotroph adenoma and 1 gonadotroph adenoma) and 1

Rathke’s cleft cyst. The size of the PAs was 9.6 mm–46.2 mm,

with a median size of 22.1 mm. Epistaxis occurred 4 h to 30 days

after EETS, with a median of 14.5 days (Table 1). Coagulation
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function test in all the 8 patients were normal. Five in 7 patients

with PAs were Knosp grade 3 while the other two were grade 1

or 2. The inducing factors for epistaxis included administration

of antiplatelet agents (ticagrelor plus aspirin) in 1 patient one

week after operation, nose blowing in 2 patients and removal of

nasal packing in 1 patient. One patient was infected with

COVID-19 during the pandemic, and the epistaxis occurred 30

days postoperatively during the upper respiratory tract infection,

including nasal dryness and cough, which could be the potential

cause of the nose bleeding. Among the remaining 3 patients, the

risk factors were still unknown. After careful review of the

surgical videos, we found all 8 patients had downward extension

of the septal mucosal incision, in which 6 had intraoperative

bleeding of posterior nasal septal artery (PNSA) that were

cauterized by bipolar diathermy. Detailed clinical characteristics

of all patients are shown in Table 1.
Treatment and follow-up

Intermittent nasal packing was performed in all 8 patients as

soon as they arrived at the ER, and the nose bleeding was

successfully stopped in 3 patients. The remaining 5 patients were

taken to the OR and PNSA was defined as the responsibility

vessel (4 left-sided/1 right-sided). Four in 5 patents identified

with responsible blood vessels were Knosp 3 grade at the same

direction. The bleeding artery was not clearly identified in the

other 3 patients, whose bleeding was stopped after nasal packing.

No patients experienced rebleeding during the follow-up period

(median 15.6 months).
Discussion

In addition to intraoperative ICA injury, postoperative epistaxis

is another uncommon but severe vascular complication of EETS,

with an incidence of 0.6%–3.3% (5, 6, 11–15). According to a

retrospective cross-sectional analysis of a total of 5,891 adult

patients with pituitary adenoma treated via endoscopic

transsphenoidal approach using the Nationwide Readmissions

Database between 2010 and 2015, the risk of postoperative

epistaxis was 0.71% (16). Without intermittent and proper

treatment, post-EETS epistaxis may result in several

complications, leading to serious consequences, such as asphyxia

and hypovolemia, even ischemic shock and death, not to

mention a relatively high medical expense (17). The risk factors

for post-EETS have not been well investigated and management

for epistaxis would be various, including nasal packing,

electrocauterization of the bleeding artery and endovascular

embolization (18). When the effect of nasal packing is not always

completely satisfying, especially for active arterial bleeding,

patients are taken to the OR and treated with endoscopic

bleeding artery electrocauterization or endovascular embolization

(19). Here, we reported 8 cases of epistaxis following EETS,

emphasizing the incidence, risk factors, management and

prevention of the condition in our center.
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In our series, the incidence of post-EETS was 1.4%, which is

relatively similar to that in previous reports (5, 6, 11–15).

Intraoperative injury of the sphenopalatine artery and its branches,

including direct injury and indirect retraction injury, is an

important cause of epistaxis following EETA (5, 6, 19–21). Other

vessels, including the ICA and posterior ethmoidal artery, have

only been sporadically reported (22, 23). The sphenopalatine

artery exits from the sphenopalatine foramen and supplies the

majority of the nasal mucosa; its two major branches are the

lateral nasal septal artery and PNSA (Figures 1A,B). The PNSA

runs along the anteroinferior wall of the sphenoid sinus and is

distributed on the posterior portion of the nasal septum (24). In

EETS, PNSA injury usually occurs when the sphenoidal ostium is

enlarged in an inferior direction, which is regarded as an

important risk factor for epistaxis (25). In the current series, the

same definitive bleeding source, the PNSA, was found in 5 of 8

patients. After careful review of the obvious surgical videos, we

found all 8 patients had downward extension of the septal

mucosal incision, in which 6 had intraoperative bleeding of PNSA

that were cauterized by bipolar diathermy. In our case series, the

mucosa was incised with a cryogenic plasma ablation probe, which

also produces simultaneous hemostasis (Figure 1C). Therefore, the

PNSA could be temporarily occluded during the incision phase of

the operation (Figure 1D). The pre- and post-operative MR scan

of the PA in case #2 were shown in Figures 1F,G. However, the

occlusion of the PNSA may have been incomplete and less target

than bipolar cauterization, which is a potential risk factor for

postoperative epistaxis (Figure 1E). For the 3 patients in whom

the responsible artery was not identified, the possibility of PNSA

injury could not be excluded. The 8 patients with epistaxis

consisted of 7 with PAs and 1 with a Rathke’s cyst, for whom

standard EETS instead of extended EETS was adopted. However,

four in 5 patents identified with responsible blood vessels were

Knosp 3 grade at the same direction, in which the septum incision

was extended inferiorly down and could easily injured PNSA.

Kenneth et al. suggested that direct intraoperative arterial

injury was the cause of immediate postoperative epistaxis, while

no definite cause of delayed postoperative epistaxis was identified

(5). In our series, 2 of the 8 patients developed epistaxis on the

day of surgery. Although there were no obvious causative factors

in these 2 patients, endotracheal extubation-induced cough and

Valsalva maneuvers have been considered to be inducements of

immediate postoperative epistaxis, as they may cause the rupture

of the unreliably coagulated PNSA and ultimately epistaxis. For

the 6 patients who had epistaxis 2 days postoperatively, the

causes were still obscure. According to Alzhrani et al., most

delayed epistaxis occurs 1–3 weeks after surgery (26). Wang et al.

reported that the potential causes for epistaxis were present at all

times within 10 weeks postoperation (15). During this time

period, a series of pathophysiological responses are activated,

including scab dissolution, mucosal edema, fibrous connective

tissue hyperplasia, and vascular remodeling in the operation area,

associated with an increased bleeding propensity (15). The peak

period for the onset of epistaxis is 6–20 days after surgery (15).

In our study, out of the 8 patients included, 6 had delayed

epistaxis. One patient developed epistaxis immediately after the
Frontiers in Surgery 04
iodoform gauze packing strips were removed on the 9th

postoperative day, and the other patient developed epistaxis on

the 29th postoperative day with no obvious causative factors.

One patient was infected with COVID-19, and epistaxis occurred

40 days postoperatively during the severe upper respiratory tract

infection, including headache, nasal dryness and cough, which

could be the potential cause of nose bleeding.

The site of bleeding was undefined in 3 of the 8 patients, whose

epistaxis was successfully treated with nasal packing. The epistaxis

was preceded by an administration of antiplatelet agents (ticagrelor

plus aspirin) in one patient one week after operation and a

Valsalva-like maneuver or nose blowing in two patients. All the

above factors are considered to induce epistaxis. Other risk

factors have also been reported, including secondary surgery, use

of a nasoseptal flap, pseudoaneurysm, and local infection (8, 23,

27, 28), which did not occur in our case series.

Once active epistaxis is confirmed, routine anterior nasal packing

is ineffective (8, 15). Because the bleeding source is usually the

sphenopalatine artery or its branches located in the posterior nasal

cavity. In contrast, epistaxis can likely be stopped by endoscopic

posterior nasal packing in some cases. However, it often reoccurred

after removal of the packing. For early postoperative epistaxis that

had not been successfully treated with nasal packing, Kenneth et al.

believed the patient should be taken to the OR for endoscopic

exploration to determine the source of bleeding so the bleeding

artery would be relatively easy to be identified (5).

In our present series, all 8 patients received endoscopic

posterior nasal packing and epistaxis in 3 patients was stopped,

while the nasal packing was not effective in remaining 5 patients.

So, endoscopic posterior nasal packing may not be a reliable

option for active epistaxis. For an endoscopic exploration under

local anesthesia, many patients cannot tolerate the surgery due to

fear and pain and a thorough endoscopic examination of both

nasal cavities to search for the bleeding site was not satisfying.

Furthermore, this can also lead to an acute increase in blood

pressure and exacerbate bleeding, making it much more difficult

to search for the bleeding source. If hemostasis cannot be

successfully achieved in a short period of time, the blood may

lead to airway obstruction and asphyxia without endotracheal

intubation. In contrast, these problems could be avoided under

general anesthesia, and there’s plenty of time to find the bleeding

artery and achieve successful hemostasis (29). During endoscopic

exploration of our 5 patients who required a second operation,

there are numerous blood clots in the nasal cavity and the nasal

mucosa was congested and edematous. After the blood clots were

cleared carefully, the bleeding artery was identified in all 5

patients, which was very difficult to achieve under local anesthesia.

Endovascular embolization has been considered an effective

treatment for epistaxis (5, 7, 8, 17, 21). However, angiography often

fails to find the bleeding artery, and empiric maxillary arterial

embolization is needed, which is associated with some

complications, such as cerebrovascular accident, hemiplegia,

ophthalmoplegia, facioplegia, epileptic seizure, and soft tissue

necrosis (17, 30). In addition, endovascular embolization is more

expensive than other treatments. Bleeding artery electrocauterization

can achieve more precise hemostasis and thus greatly attenuate
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FIGURE 1

Cadaveric view of the right posterior nasal septal artery (PNSA) and intraoperative view of the bleeding originated from the left PNSA of case 7. (A) The
right PNSA. (B) The right PNSA after opening the sphenoidal sinus. (C) The left PNSA was injured and identified as the bleeding source (white arrow).
(D) The PNSA was cauterized with a bipolar electrocoagulation forceps. (E) Hemostasis was successfully achieved. (F and G) pre-and post-operation MRI
scan of case 7. PNSA: posterior nasal septal artery; MT: middle turbinate; S: septum.

Liu et al. 10.3389/fsurg.2023.1203409
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FIGURE 2

MRI scan and intraoperative view of the epistaxis originated from the right posterior septal artery (PNSA) of case 4. (A and B) pre-and post-operation MRI
scan of case 4 (C) The right PNSA was identified as the bleeding source. (D) The PNSA was clamped and cauterized with a cryogenic plasma ablation
probe. (E) Hemostasis was successfully achieved. PNSA: posterior nasal septal artery; MT: middle turbinate.

Liu et al. 10.3389/fsurg.2023.1203409
complications due to occlusion of the maxillary artery. Hence, for

epistaxis that is refractory to nasal packing, we believe that

endoscopic bleeding artery electrocauterization should be

immediately performed under general anesthesia in the operating

room, regardless of the timing of the epistaxis. In addition,

although not seen in the current series, the bleeding artery may still

be difficult to identify even under general anesthesia in some cases.

Under such conditions, endoscopic sphenopalatine artery ligation

appears to be a better option. In comparison with endovascular

embolization, endoscopic sphenopalatine artery ligation has been

reported to have a comparable effect on epistaxis with fewer

complications and lower costs (31, 32).

Avoidance of intraoperative vascular injury is essential for

preventing postoperative epistaxis. During EETS, extended

sphenoidotomies are frequently required for sufficient exposure

and total resection of tumors. The PNSA crosses the lower

portion of the anterior wall of the sphenoid sinus and is located

in the mucosal layer (24). In our series, all 8 patients had
Frontiers in Surgery 06
downward extension of the septal mucosal incision, in which 6

had intraoperative bleeding of PNSA that were cauterized by

bipolar diathermy. Consequently, it is recommended that the

mucosa should be separated from the bony wall and turned

downward to obtain adequate exposure for tumor resection while

avoiding PNSA injury (6, 24).

In our cases, intraoperative arterial bleeding was controlled with

a cryogenic plasma ablation probe, which while highly effective and

safe has certain shortcomings as well. The tip of the probe is

relatively wide, so it may be difficult to establish hemostasis for

arteries in crevices or rugged surfaces. In contrast, a fine-tipped

bipolar electrocoagulation forceps can accurately clamp the

bleeding artery and thoroughly cauterize it (Figures 2A–C). The

pre- and post-operative MR scan of the PA in case #4 were shown

in Figures 2D,E. To the best of our knowledge, no previous

studies have compared the hemostatic efficacy of cryogenic plasma

ablation to bipolar electrocoagulation in EETA. Nevertheless, our

experience suggests that the combination of the two devices
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could provide better hemostatic effects by leveraging the advantages

of both.
Conclusion

PNSA is the most common bleeding source of sever

postoperative epistaxis following EETA. To prevent postoperative

epistaxis, the incision of the septal mucosa should not be

extended downward excessively, and intraoperative hemostasis

should be ensured by bipolar electrocoagulation. Once active

epistaxis is confirmed, the effect of nasal packing is less

favorable, while endoscopic bleeding artery electrocauterization

under general anesthesia may be a safe and effective measure.
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