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Abstract

Delayed cerebral ischemia (DCI) or vasospasm following transsphenoi-
dal surgery (TSS) is a life-threatening and life-altering event that could 
potentially cause devastating complications, neurological morbidity, 
and high mortality. Herein, we report the case of a 16-year-old woman 
without a marked medical history and unusual complications after TSS 
for pituitary adenoma resection who developed cerebral vasospasm and 
infarction after TSS. To the best of our knowledge, this is the first case 
involving a patient under 18 years old and requiring thrombectomy after 
TSS. Additionally, we present our review of published case reports to 
underline the most often presentation characteristics, the interval between 
TSS and vasospasm, and therapeutic management. With respect to our 
case, we analyzed 27 cases of TSS complicated by symptomatic vasos-
pasm. We include only pituitary adenoma resection and exclude other 
causes. The mean age was 47.33 ± 15.22 years at the time of surgery, and 
the male-to-female ratio was roughly equal among cases (female: 51.9%). 
Following surgery, 85.2% of patients experienced subarachnoid hemor-
rhage (SAH), and 22.3% experienced cerebrospinal fluid (CSF) leakage. 
The mean clinical presentation time of vasospasm ranged from 3 to 13 
(mean: 7.5 ± 2.6) days after TSS. At discharge, 51.8% of cases at least 
had one neurologic complication, including six dead patients (18.5%). A 
high index of suspicion for vasospasm has been recommended because 
of the diverse symptoms of this rare condition and the high mortality rate.
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Introduction

Pituitary adenomas are among adults’ most frequently occur-

ring primary intracranial tumors, with an estimated overall 
prevalence of 16.7% [1]. A common and well-tolerated proce-
dure for removing pituitary adenomas is endoscopic endonasal 
surgery (EES). EES commonly encounters diabetes insipidus, 
epistaxis, hyposmia, and cerebrospinal fluid (CSF) leakage 
[2]. Cerebral vasospasm is a frequent possibility of subarach-
noid hemorrhage (SAH) in around 67% of cases [3], with al-
most a third of them susceptible to disability and fatality [4, 5], 
despite advances in diagnostic and management techniques. 
Vasospasm’s mechanisms are unclear; extravascular clots, in-
herited factors, and dysfunctional autoregulation may play a 
role [6]. Beyond SAH, vasospasm has also been reported as 
a rare possible complication of cranial tumor resection [7, 8] 
following transsphenoidal surgery (TSS), particularly pituitary 
adenoma resection.

Herein, we present a 16-year-old female patient with a 
subsequent stroke resulting from cerebral vasospasm after pi-
tuitary adenoma resection who had not experienced other post-
operative complications. In this case report, we argue that it is 
essential to maintain a constant threshold for acute vasospasm 
in patients that have undergone TSS. In addition, we summa-
rize our review of published pituitary adenoma case reports 
to highlight the most common presentation characteristics, 
the interval between TSS and vasospasm, and the therapeutic 
management of these cases.

Case Report

Patient information and clinical findings

A 16-year-old female patient without marked past medical 
history presented with headache, left visual defect for about 
2 months. The neurosurgery team evaluated her and magnetic 
resonance imaging (MRI) with T1, T2 with contrast confirmed 
a large heterogeneously enhancing mass centered within the 
sella extending into the suprasellar cistern measuring 2.1 × 3.3 
× 3.3 cm favoring pituitary adenoma (Fig. 1). The intervention 
was planned with microscopic TSS. There was neither a CSF 
leak during the operation nor an SAH during or following TSS. 
The endocrinal postoperative evaluation showed no abnormal 
findings (thyroid-stimulating hormone (TSH), adrenocortico-
tropic hormone (ACTH), cortisone, growth hormone (GH), 
follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), and prolactin (PRL)). After 3 days post-operation, the 
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patient was discharged from the hospital. On a postoperative 
day 5 (POD) afternoon, she presented to the emergency room 
(ER) with acute right-sided weakness, numbness, facial droop, 
and headache (National Institutes of Health Stroke Scale 
(NIHSS) 8). She also complained of severe generalized throb-
bing headache (4/10 - 10/10) with nausea in the last 2 days 
before admission.

Diagnostic assessment and therapeutic intervention

Due to new symptoms, she was evaluated through computed 
tomography (CT) of head and CT angiography (CTA) which 
revealed the occlusion of the left middle cerebral artery (MCA), 
M1 segment (Fig. 2a) with possible vasospasm in the proxi-
mal M1. Based on CT-ASPECTS and last known well, she 
underwent a successful thrombectomy (TICI3) (Fig. 2c). Af-
ter transfer to the neuro-intensive care unit (NICU), all stroke 
and hyper-coagulopathy workups were done, and the results 
were unremarkable. Transthoracic echocardiogram (TTE) and 
transesophageal echo (TEE) did not show any abnormal find-
ings. Transcranial Doppler (TCD) on the first day following 
thrombectomy revealed an increase in the mean blood flow 
velocity in the terminal internal carotid artery (t-ICA) (175 
cm/s), M1 segment (200 m/s) and anterior cerebral artery, A1 
segment (ACA) (180 cm/s) on the left side, which was consist-
ent with severe vasospasm (Lindegaard ratio (LR): 8) (Fig. 3). 
During admission in the NICU, TCD findings confirmed the 
worsening of vasospasm in the left and right M1, left A1 and 
terminal ICA segments, with consistent cross-filling through 
the anterior communicating artery. On the first week of admis-
sion to the NICU, the patient underwent cerebral angiography 

and was treated locally with intra-arterial (IA) verapamil two 
times. Meanwhile, she experienced three episodes of deterio-
ration with word-finding difficulty and worsening right-sided 
weakness (NIHSS increased from 3 to 8) with no significant 
change in CT perfusion (CTP). Her symptoms were very per-
fusion/blood pressure-dependent with dramatic response to 
elevated blood pressure on each episode. The patient was on 
high-dose vasopressors and nimodipine and her neurologic 
exam was stable (NIHSS: 2) as long as her blood pressure 
stayed above 120 mm Hg.

On POD 9, the patient became sudden onset aphasic, flac-
cid (1/5) on the right side and developed posturing on the right 
upper and lower limbs with a gaze to the left side (NIHSS: 22). 
The head CT perfusion showed a large perfusion deficit (Tmax 
> 6 s) in the left MCA territory (> 100 cc) with no significant 
core in cerebral blood flow (CBF). Given the confirmed va-
sospasm in the left ICA/MCA segments (indicated by cerebral 
angiography) and CTP findings, the neurosurgery team decid-
ed to perform hemi-craniotomy (HC) to prevent large MCA 
infarctions. It should be noted that throughout these episodes 
of deterioration, the patient did not experience any clinical sei-
zure activity and the electroencephalogram (EEG) monitoring 
ruled out the epileptiform activity or electrographic seizure.

Follow-up and outcomes

HC was performed successfully, and in between, she was stable 
with mild dysarthria, facial droop and drifted in the left arm 
(NIHSS: 3). On the third week of admission, the mean flow 
velocity (MFV) and LR in A1 and M1 segments consistently 
improved on both sides. The first and second follow-up brain 
MRI revealed acute infarction in the left MCA distribution (Fig. 
2d), and the last MRI on the fourth week did not show any new 
infarcted area. By POD 30, the patient was discharged to the re-
habilitation center with NIHSS 2 (dysarthria and facial palsy).

Literature review

We searched the literature for all published cases of symptomatic 
vasospasm after TSS for sellar or suprasellar tumor resections. A 
search of Medline/PubMed and Google Scholar was conducted 
using the following search terms: “vasospasm” combined with 
“pituitary”, “transsphenoidal”, and “adenoma”. Medical subject 
headings (MeSH) are used to search PubMed. To find additional 
pertinent publications, we manually searched the references sec-
tions of the retrieved articles. This study only includes patients 
who have undergone pituitary adenoma resection and excludes 
patients who have undergone meningioma, craniopharyngioma, 
and other tumor resections. We also excluded articles published 
in languages other than English.

Discussion

Besides our patients, we also identified 27 cases of pituitary 
adenoma and 17 publications [6, 9-24] related to this condi-

Figure 1. MRI with T1 with contrast showing a large heterogeneously 
enhancing mass centered within the sella extending into the supra-
sellar cistern measuring 2.1 × 3.3 × 3.3 cm in maximum dimensions. 
MRI: magnetic resonance imaging.
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tion. To the best of our knowledge, this is the first patient under 
18 years old in our literature review who also has undergone a 
thrombectomy in her admission after uncomplicated TSS. Ta-
ble 1 presents summarized data and analysis of these 27 cases.

According to Table 1, the age ranged from 16 to 75 (mean: 
47.33 ± 15.22) years at the surgery time, and the male-to-fe-
male ratio was roughly equal among cases (female: 51.9%). 
The POD after TSS ranged from 3 to 13 (mean: 7.5 ± 2.6) 
days. We have found that vasospasm occurs more frequently 
in anterior versus posterior circulations. Compared to the other 
arteries, ACA was the most involved artery (72%), and multi-
ple territories vasospasm (ACA, MCA, and ICA) was reported 
in 36% of all cases. The data show that unilateral vasospasm 

has been detected more frequently than bilateral spasm (64% 
vs. 36%) (Table 1).

Aphasia, change in mental status, hemiparesis, and weak-
ness are the common symptoms reported in patients with va-
sospasm (Table 1). A significant proportion of patients had 
SAH (85.2%) and CSF leakage (22.3%) after the TSS, and 
both have been noticed as possible etiology of vasospasm 
(Table 1). Meningitis is suspected as an underlying cause in a 
few cases [15]. Regarding outcome, 51.8% of patients at least 
suffer from minor neurological complications in discharge, in-
cluding six dead patients (18.5%).

The location and vascular encasement are the leading play-
ers in terms of preoperative factors. Previous cases emerged 

Figure 2. (a) CT angiography of head showing spasm in the proximal left M1 segment and middle M1 occlusion. (b) CT perfusion 
showing infarcted core in about 74 and 84 mL penumbra. (c) Cerebral angiography with successful recanalization. (d) Hyperin-
tensity in the FLAIR sequence compatible with acute stroke. (e) Diffusion restriction in the left temporal lobe is consistent with 
acute stroke. CT: computed tomography.
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that tumors located in the sella region with suprasellar exten-
sion are likely to develop vasospasm [6, 21-25]. Adjacency to 
Willis’ circle, particularly in vessel encasement or displace-
ment, makes this location vulnerable. Vasospasm following 
surgery is significantly more likely to occur when there is 
vascular encasement or narrowing on preoperative imaging, 
regardless of the location of the tumor [26, 27].

Regarding post-TSS vasospasm risk factors, direct me-
chanical trauma to arteries [28], disturbed vascular tone [29], 
presence of SAH, hypothalamus sympathetic activation in-
duced by manipulation [30, 31], meningitis, and irritation 
of vessels by excessive packing material [9, 15] have been 
recognized. Budnick et al reviewed the 34 cases of all-cause 
post-TSS vasospasm, including pituitary adenoma. They re-
ported that SAH proceeded with the onset of symptomatic va-
sospasm in a large proportion (70.6%) of their patients [23]. 
Even though our patient did not suffer complications follow-
ing surgery, including SAH or CSF leakage, our literature re-
view found that 85.2% of those pituitary adenoma patients 
who experienced vasospasm post-TSS had SAH. Based on 
Kelly et al’s study [32] of 528 SAH patients with different 
etiologies, 58.5% of them experience cerebral vasospasm 
after the SAH. The clinical outcome of in-hospital mortality 
might be affected by SAH incidence. The study performed by 
Arboix et al on 184 SAH patients found that those who died 

within 72 h after symptoms onset had more progressive defi-
cits, seizures, altered consciousness, limb weakness, sensory 
involvement, and basal ganglia hematoma than those without 
early death [33].

Regarding treatment, the approach to post-TSS vasospasm 
has been reported to be similar to post-SAH vasospasm. The 
treatment involves hyperdynamic treatments (hemodilution, 
hypertension, and hypervolemia) and intraarterial calcium 
channel blockers, such as verapamil and nimodipine. In our 
case, she had a dramatic response to vasopressor and elevated 
blood pressure, but in the long period after diagnosis (21 days). 
In our analysis, 18.5% of patients die from cerebral vasospasm 
following surgery for pituitary adenoma resection. Increasing 
awareness regarding post-TSS vasospasm may be helpful to 
diagnosis and treatment promptly and reduce mortality and 
morbidity in these cases.

This case report contains the following limitation: accord-
ing to TCD findings, which confirmed prolonged extensive va-
sospasm in multiple territories (started from the first day after 
admission), in our opinion, the ischemic stroke resulted from 
severe spasms in the proximal M1 segment (which was shown 
in the first CTA on admission and confirmed in the follow-
up cerebral angiography). Even so, we could not rule out the 
possibility that the patient’s ischemic stroke was caused by a 
thrombus secondary to another undetermined stroke etiologies 

Figure 3. TCD findings showed increased mean flow velocity in both M1 and A1 segments on the left side with the Lindegaard 
ratio within the range of moderate to severe vasospasm. TCD: Transcranial Doppler.
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in young adult.
To the best of our knowledge, this is the first case report on 

a patient under 18 years old who experienced cerebral vasos-
pasm after uncomplicated TSS. It is crucial to consider cerebral 

vasospasms early post-procedure to provide effective treatment 
and improve clinical outcomes following delayed cerebral is-
chemia and vasospasm following TSS. Clinicians should raise 
awareness of this condition among their post-TSS patients, es-
pecially in pediatrics, as it manifests in several ways.

Learning points

To our knowledge, this is the only case of a patient under 18 
years old requiring thrombectomy after TSS. Vasospasm and 
delayed cerebral ischemia are life-threatening outcomes that 
may result from TSS.

The diagnosis of cerebral vasospasm should be consid-
ered in individuals experiencing unexplained postoperative 
neurological symptoms even with an unremarkable brain CT 
scan.

The location, vascular encasement, and adjacency to the 
circle of Willis will significantly increase the risk of post-TSS 
vasospasm.
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Table 1.  Clinical Characteristics of Reported Post-TSS Vasos-
pasm Cases

Clinical characteristics Patients (N = 27) (n (%))
Age (years) (mean) 47.33 ± 15.22
Gender (n (%))
  Female 14 (51.9)
  Male 13 (48.1)
SAH/hemorrhage
  No 4 (14.8)
  Yes 23 (85.2)
CSF leak
  No 21 (77.7)
  Yes 6 (22.3)
Presentation time (days) 7.5 ± 2.6
Vasospasm clinical manifestation
  Hemiparesis 7 (25.9)
  Aphasia 9 (33.3)
  Mental status deterioration 7 (25.9)
  Weakness 9 (33.3)
Vessels implicated
  ICA 16 (64)
  MCA 15 (60)
  ACA 18 (72)
  PCA 1 (4)
  PComA 1 (4)
  ICA, ACA and MCA 9 (36)
  Diffuse 2 (7.4)
  Unilateral 16 (64)
  Bilateral 9 (36)
Infarction
  No 9 (33.3)
  Yes 18 (66.7)
Craniotomy
  No 22 (81.5)
  Yes 5 (18.5)
Outcome
  Complete remission 13 (48.2)
  Incomplete remission 9 (33.3)
  Death 5 (18.5)

SAH: subarachnoid hemorrhage; CSF: cerebrospinal fluid; ACA: ante-
rior cerebral artery; ICA: internal carotid artery; MCA: middle cerebral 
artery; PCA: posterior cerebral artery; PCommA: posterior communi-
cating artery; TSS: transsphenoidal surgery.
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ed from referenced studies, and those studies may be reviewed 
for specific details of their data collection.
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