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Abstract Cerebral vasospasm (CVS) was described in
patients after trans-sphenoidal pituitary surgery due to
intra-operative trauma of arteries or blood clots around the
arteries of Willis’ circle. We consider that in the two presented cases the main cause of CVS in early postoperative
period was meningitis. Two patients with pituitary adenomas were operated with trans-sphenoidal approach. CVS
developed in early postoperative period. Meningitis was
revealed in both cases. CVS regressed only after successful
treatment of meningitis. In the first case empiric antibiotic
therapy was ineffective and CVS remained until Klebsiella
pneumonia was detected in CSF and specific therapy was
performed. In the second case empiric therapy was effective and CVS vasospasm regressed in 12 days. These cases
show that meningitis can be a leading cause of CVS in
early postoperative period in trans-sphenoidal pituitary
surgery. Adequate treatment of meningitis shortens duration of CVS in these patients.
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Introduction
Cerebral vasospasm (CVS) was described after transsphenoidal pituitary adenoma removal [1–4]. Possible
causes of CVS in these patients are intra-operative
trauma of arteries or blood clots around the arteries of
Willis’ circle. CVS can worsen outcomes, lengthen
postoperative treatment and it usually demands aggressive intensive care [5, 6]. Delayed treatment of CVS
leads to ischemic brain damage [6, 7]. We evaluate
postoperative meningitis as alternative cause of CVS in
patients operated with trans-sphenoidal approach [8, 9]:
intra-operative cerebral spinal fluid (CSF) leak occurs in
20–40% [10, 11]; postoperative CSF leak develops in
less than 2% [11]. Surgery by trans-sphenoidal
approach is relatively sterile. Intra- or postoperative
external lumbar or ventricular drainage insertion is
common in these patients. These factors increase the
probability of postoperative meningitis. The development of CVS in patients with meningitis was described
previously [12–16]. Both large and small arteries are
affected in meningitis [17, 18], and cerebral blood flow
autoregulation is impaired [19]. Adequate treatment of
CVS developed due to meningitis combines three main
targets:
1.
2.
3.

antibiotic therapy
preservation adequate cerebral perfusion pressure
avoidance of hypovolemia [20, 21].

We present two cases with CVS and meningitis after
trans-sphenoidal tumor removal.
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Fig. 1 MRI before operation (first case)

Case reports
First case
A 45-year-old man with endosuprasellar pituitary adenoma
(Fig. 1) underwent operation of trans-sphenoidal total
removal of the tumor. Intra-operative CSF leak happened.
For postoperative CSF leak prophylaxis, cranial base
reconstruction was performed and lumbar drainage was
inserted. Patient successfully recovered after operation.
Mild postoperative leukocytosis without its left shift was
revealed during 3 days. Febrile temperature and only mild
symptoms of meningism appeared on 4th postoperative
day. CSF was hemorrhagic with elevated CSF cell count up
to 336/lL with normal glucose and lactate levels (3.8 and
2.6 mmol/l, correspondingly). Transcranial Doppler (TCD)
revealed accelerated blood flow velocity up to 168/91 cm/s
in right MCA and 145/80 in left MCA. Lumbar drainage
was removed. Count of leukocytes normalized. On 7th p/o
day CSF cell count remained increased (243/lL), CSF
glucose and CSF glucose/plasma glucose ratio decreased
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(2.7/5.4 mmol/l). Temperature remained febrile. Postoperative meningitis was diagnosed. Ceftazidime (6 g/day),
vancomycin (2 g/day) were started. Blood flow velocity
continued to increase simultaneously (225/101 cm/s in
right MCA, 305/174 in left MCA). Fluid balance was
positive.
Nasal CSF leak appeared on 19th p/o day. Revision of
skull base and its reconstruction were performed transsphenoidally without delay. Antibiotic therapy was corrected peri-operatively: ceftazidime was replaced by
sulperason (4 g/day) in accordance to microbiological situation in our department. Lumbar drainage was inserted
intra-operatively again in order to decrease intracranial
pressure. Delirium developed postoperatively in the ICU.
Patient was sedated with propofol for synchronization with
mechanical ventilation and with haloperidol for delirium
treatment. Mechanical ventilation continued after operation
for 3 days. After regress of delirium symptoms he was
successfully extubated on the 23rd day. There was no
neurologic deterioration in comparison with preoperative
status, but mild meningism remained. Temperature was
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febrile. Leukocytosis (18.9 9 109/l) increased. Blood flow
velocity kept high (225/129 cm/s in right MCA, 180/105 in
left MCA), and there was elevated CSF cell count (88/lL)
with normal level of CSF glucose (3 mmol/l). SCT-angiography was performed. Two-sided spasm of supraclinoid
part of internal carotid artery (ICA) was revealed. Diameter
of right ICA was more narrowed then left one. Spasm
M1-segment of right middle cerebral artery (MCA) was
moderate. A1-segment of right anterior cerebral artery
(ACA) was narrowed, but it might not have been spasm; it
could have been hypoplasia. Right M2- and A2-segments
were not narrowed. Spasm of both M1-segment of MCA
and A1-segment of ACA was considerable. Left M2- and
A2-segments were not narrowed (Fig. 2).
Elevated CSF cell count and decreased glucose level in
CSF remained until the next antibiotic therapy correction.
Meropenem (6 g/day) was administrated when Klebsiella
pneumonia was detected in CSF on 39th day after operation. Therapy with meropenem was continued during
21 days. Gradually, in 15 days (64th day after operation)
CSF cell count decreased (13/lL), CSF glucose increased
(3.5 mmol/l) and velocity of blood flow normalized (117/
56 cm/s in right MCA, 107/51 in left MCA). Count of
leukocytes and temperature became normal.
SCT-angiography was repeated. Diameters of both ICA
and both M1-segments of MCA increased in comparison
with previous SCT (Fig. 3). However, mild narrowing of
both M1-segments remained. Thus, there was a positive
trend in diameter of cerebral arteries. This concurred with
decrease of blood flow velocity and with CSF
normalization.
Later ventriculoperitoneal shunt was performed. When
discharging from the institute patient was independent, but
disabled (Glasgow Outcomes Scale: 4).
Second case
A 52-year-old woman (Fig. 4) with giant endosupracellar
pituitary adenoma underwent operation of trans-sphenoidal
subtotal removal of the tumor. For postoperative CSF leak
prophylaxis, cranial base reconstruction was performed,
lumbar drainage was inserted. Patient recovered after
operation. Consciousness was clear. Mild postoperative
leukocytosis without its left shift was revealed after operation during 3 days. Temperature was normal. On the 4th
postoperative day delirium and respiratory insufficiency
developed. Patient was intubated and mechanically ventilated. CSF cell count was 10,800/lL, glucose was
0.1 mmol/l. TCD revealed accelerated blood flow velocity
in the left MCA up to 294/136 cm/s. Meningitis was
diagnosed. Lumbar drainage was removed and antibiotic
therapy with meropenem (6 g/day) and vancomycin
(2 g/day) was started without delay. Fluid balance was

positive for avoidance of hypovolemia. Blood pressure was
stable. Gradually patient improved. Leukocytosis, CSF cell
count and glucose level normalized in 15 days. CSF
compound normalized simultaneously with blood flow
velocity. Microbiological investigations of CSF were
negative. Antibiotic therapy continued for 21 days.
Unfortunately, we did not perform CT-angiography in this
case (Fig. 5).
Patient was discharged from the clinic without neurological deterioration (Glasgow Outcomes Scale: 5).

Discussion
To our knowledge this is the first report, which deals CVS
with postoperative meningitis in patients after pituitary
surgery.
Today it is accepted that the cause of CVS after transsphenoidal pituitary adenoma is intra-operative subarachnoid hemorrhage (SAH) [1–4]. Pathophysiology of CVS is
still unclarified. CVS commonly develops in patients with
aneurysmal SAH. Therefore, CVS is intensively studied in
this patient population. A lot of mechanisms are responsible for CVS: influence of the oxyhemoglobin, methemoglobin and other products of hemoglobin degradation to
vascular wall, activation of leucocytes and platelets in
subarachnoid space, decreased level of endothelial NO,
increased level of endothelin, proliferation of endothelial
and smooth muscle cells, impairment of cerebral vessels
innervation [22–24]. Cause-and-effect pathway is very
difficult in pathophysiology of CVS; however, it is evident,
that aneurysmal subarachnoid hemorrhage causes inflammation. It is proved by elevated level of proinflammatory
cytokines in CSF and cerebral interstitium [25–27].
Inflammation leads to oxidative stress with oxyhemoglobin
and methemoglobin formation and decrease level of
endothelium nitric oxide (NO) [28, 29]. Then free radicals
and deficit of endothelium NO lead to narrowing of cerebral vascular diameter and endothelium and smooth muscle
cell proliferation [22, 29].
We believe that CVS happens after SAH only if associated with inflammatory response. That is why CVS very
often develops in patients with aneurysmal SAH and much
more rare in patients with intracranial hemorrhage due to
another pathology (postoperative patients, hemorrhagic
stroke, rupture of arteriovenous malformation) [30–32].
The difference in the magnitude of inflammatory response
may explain why the severity of CVS varies in patients
with aneurysmal SAH. We know that inflammation exists
in the wall of unruptured aneurysm [33]. This process is
genetically determined [33]. Therefore, aneurysmal SAH
can be a trigger, which starts up genetically determined
inflammation. Simultaneously such products of
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Fig. 2 SCT-angiography,
demonstrated vasospasm
(first case)

Fig. 3 SCT-angiography,
demonstrated vasospasm
resolution (first case)
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Fig. 4 MRI before operation
(second case)

Fig. 5 Postoperative CT-scans
(second case)

hemoglobin degradation, as iron and bilirubin do not lead
to vasospasm [34]. Moreover, bilirubin acts against CVS as
a free radical scavenger and chain-breaking antioxidant
[34–36]. Oxy- and methemoglobin, products of oxidative

stress, lead to CVS [22, 28]. These facts show that the
presence of hemoglobin per se in subarachnoid space is not
sufficient for the development of CVS. Leucocytes and
platelets are, when not stimulated, relatively inert cells
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[22]. Inflammation is needed for the activation of these
cells [37, 38]. All these facts confirm the hypothesis that
CVS is the result of coexistence of SAH and inflammation.
The difference in the magnitude of inflammatory response
may be determined genetically; genetic polymorphism has
considerable importance[39]. Endothelial NO synthase
(eNOS) polymorphism can be impressive example [40].
NO produced by eNOS is a potent vasodilator, inhibitor of
inflammation, smooth muscle proliferation, and platelet
aggregation [41]. Endothelial NO synthesis is genetically
determined, and eNOS polymorphism contribute to individual variability in angiographic vasospasm [40]. Biological evidence from animals and humans suggests that
differential expression of eNOS leads to decreased NO
levels after SAH [42]. Specifically, the promoter -786T-[C
polymorphism has been associated with decreased eNOS
promoter activity [40, 43–45]. Thereby indispensable
condition of CVS development is combination of blood in
subarachnoid space, inflammation and specific types of
genetic polymorphisms.
The phenomenon of CVS after trans-sphenoidal pituitary adenoma resection was firstly described in 1980 [1].
The authors suggested that the cause of CVS, developed
within 7 days after first operation and on the next day after
second, was SAH with direct flow to the basilar cisterns or
direct influence of fat and synthetic material for skull base
plastics to the region of basilar cisterns. In spite of three
operations, CSF leak, and two insertions of ventricular
drainages the authors ruled out meningitis. This case is
very similar to ours. In our first case CVS was verified with
SCT-angiography, in the second, with TCD. CVS developed in early postoperative period—at 4th day after operation. Hypothetically CVS could be linked with
postoperative blood in subarachnoid space. However, CVS
continued longer than 60 days in the first case. Such long
vasospasm is uncommon for CVS due to blood in subarachnoid space. Besides CVS is relatively rare complication in postoperative period after brain tumor surgery
compared with aneurismatic subarachnoid hemorrhage
(SAH). Thus, blood per se in subarachnoid space is probably not the cause of CVS in our patient.
Different types of cerebral blood flow (CBF) alterations
were previously described in literature: stenosis of middle
and anterior cerebral arteries, impairment of autoregulation
of CBF, cerebral vasculitis, and both global and regional
CVS [12–19, 46, 47]. Meningitis determined vascular
events usually appear during a week and continue for
3 weeks, or longer [17]. Inflammation during meningitis
causes oxidative stress and decreased level of NO, produced by eNOS [48–52], like in aneurysmal SAH. Interestingly, in meningitis levels of NO, produced by neuronal
and inducible NO synthase (nNOS, iNOS), are increased
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[53, 54]. As opposed to NO produced by eNOS, NO produced by nNOS and iNOS, lead to additional brain damage
in meningitis [55]. Thereby there are pathophysiological
conditions for CVS development in meningitis. Severe
CVS can cause ischemic stroke. Some authors consider
ischemic brain injury as an early manifestation of meningitis [56].
We revealed meningitis in both cases, which was a
leading cause of CVS. However, presence of blood and its
clots in the subarachnoid space in patients with meningitis
can be an additional cause of CVS. In the second case
diagnosis of meningitis was undoubted. Adequate therapy
of meningitis allowed us to achieve regression of CVS
relatively quickly. An outcome was good. In the first case
adequate therapy of meningitis was procrastinated, because
the meningitis was unobvious and the microorganism was
more problematic. This lead to extension of CVS duration
and the outcome was worse. Careful maintenance of
positive fluid balance and avoidance of arterial hypotension
made it possible to prevent severe ischemic brain damage
in our patients.
These cases emphasize extreme difficulty of meningitis
diagnostics in postoperative neurocritical care patients.
Obviously clinical examination, CSF analysis and blood
inflammation markers test have low validity for diagnostics
of postoperative meningitis [21]. Consciousness can be
depressed due to surgery complications, such as postoperative hematoma, brain ischemia, hydrocephaly, etc.
[11, 57]. CSF is usually hemorrhagic, when CSF cell count
is increased and sometimes lactate can be increased too.
After neurosurgical operations levels of systemic markers
of inflammation increase in majority cases, because it is a
normal physiological response. Some authors even suggest
using cerebral microdialysis for meningitis diagnostics in
neurocritical care patient with CVS [57]. On the other hand
CVS is a rare phenomenon after pituitary surgery [4]. Thus,
we believe that if patient has CVS, signs of inflammatory
process in CSF and increased level of systemic markers of
inflammation in the blood, meningitis can be suspected.
Timely adequate therapy of meningitis is absolutely necessary in these clinical situations. In the setting of inadequate antibiotic therapy CVS will continue, and in spite of
aggressive intensive care ischemic brain injury will be
inevitable due to cell proliferation.

Conclusion
Meningitis can be a leading cause of vasospasm in early
postoperative period in trans-sphenoidal pituitary surgery.
If patient has vasospasm and signs of inflammation in CSF,
the therapy of meningitis should be start up without any
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delay. It can shorten duration of CVS in postoperative
meningitis after pituitary surgery.
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15. Merkelbach S, König J, Röhn S et al (2001) The use of clinical
scales in depicting cerebrovascular complications in bacterial
meningitis. J Neuroimaging 11(1):25–29
16. Pfister HW, Borasio GD, Dinagl U et al (1992) Cerebrovascular
complications of bacterial meningitis in adults. Neurology
42:1497–1504

17. Müller M, Merkelbach S, Huss GP et al (1995) Clinical relevance
and frequency of transient stenoses of the middle and anterior
cerebral arteries in bacterial meningitis. Stroke 26:1399–1403
18. Lu CH, Chang HW, Lui CC et al (2006) Cerebral haemodynamics in acute bacterial meningitis in adults. Q J Med
99:863–869
19. Møller K, Skinhøj P, Knudsen GM (2000) Effect of short-term
hyperventilation on cerebral blood flow autoregulation in patients
with acute bacterial meningitis. Stroke 31:1116–1122
20. Lennihan L, Mayer SA, Fink ME et al (2000) Effect of hypervolemic therapy on cerebral blood flow after subarachnoid
hemorrhage: a randomized controlled trial. Stroke 31:383–391
21. Ries S, Schminke U, Fassbender K et al (1997) Cerebrovascular
involvement in the acute phase of bacterial meningitis. J Neurol
244:51–55
22. Hansen-Schwartz J (2004) Cerebral vasospasm a consideration of
the various cellular mechanisms involved in the pathophysiology.
Neurocrit Care 1(2):235–246
23. Borel CO, McKee A, Parra A et al (2003) Possible role for
vascular cell proliferation in cerebral vasospasm after subarachnoid hemorrhage. Stroke 34:427–433
24. Mascia L, Fedorko L, Stewart DJ et al (2001) Temporal relationship between endothelin-1 concentrations and cerebral vasospasm in patients with aneurysmal subarachnoid hemorrhage.
Stroke 32:1185–1190
25. Muroi C, Mink S, Seule M et al (2011) Monitoring of the
inflammatory response after aneurysmal subarachnoid haemorrhage in the clinical setting: review of literature and report of
preliminary clinical experience. Acta Neurochir Suppl
110:191–196
26. Vecchione C, Frati A, Di Pardo A et al (2009) Tumor necrosis
factor-alpha mediates hemolysis-induced vasoconstriction and
the cerebral vasospasm evoked by subarachnoid hemorrhage.
Hypertension 54(1):150–156
27. Hanafy KA, Grobelny B, Fernandez L et al (2010) Brain interstitial fluid TNF-alpha after subarachnoid hemorrhage. J Neurol
Sci 291(1–2):69–73
28. Asano T (1999) Oxyhemoglobin as the principal cause of cerebral
vasospasm: a holistic view of its actions. Crit Rev Neurosurg
9:303–318
29. Provencio JJ, Vora N (2005) Subarachnoid hemorrhage and
inflammation: bench to bedside and back. Semin Neurol
25:435–444
30. Aoki N, Origitano TC, Al-Mefty O et al (1995) Vasospasm after
resection of skull base tumors. Acta Neurochir (Wien)
132(1–3):53–58
31. Gerard E, Frontera JA, Wright CB (2007) Vasospasm and cerebral infarction following isolated intraventricular hemorrhage.
Neurocrit Care 7:257–259
32. Hantson P, Forget P (2010) Reversible cerebral vasospasm,
multilobular intracerebral hemorrhages, and nonaneurysmal
subarachnoid hemorrhage: review of possible interrelationships.
Curr Pain Headache Rep 14(3):228
33. Pera J, Korostynski M, Krzyszkowski T et al (2010) Gene
expression profiles in human ruptured and unruptured intracranial
aneurysms: what is the role of inflammation? Stroke 41:224–231
34. Suzuki H, Muramatsu M, Kojima T et al (2003) Intracranial heme
metabolism and cerebral vasospasm after aneurysmal subarachnoid hemorrhage. Stroke 34:2796–2800
35. Macdonald RL, Weir BKA (1991) A review of hemoglobin and
the pathogenesis of cerebral vasospasm. Stroke 22:971–982
36. Gutteridge JMC (1992) Iron and oxygen radicals in brain. Ann
Neurol 32:S16–S21
37. Dumont AS, Dumont RJ, Chow MM et al (2003) Cerebral
vasospasm after subarachnoid hemorrhage: putative role of
inflammation. Neurosurgery 53:123–133

123

Neurol Sci
38. Osuka K, Suzuki Y, Tanazawa T et al (1998) Interleukin-6 and
development of vasospasm after subarachnoid haemorrhage. Acta
Neurochir (Wien) 140:943–951
39. Ducruet AF, Gigante PR, Hickman ZL et al (2010) Genetic
determinants of cerebral vasospasm, delayed cerebral ischemia,
and outcome after aneurysmal subarachnoid hemorrhage. J Cereb
Blood Flow Metab 30(4):676–688
40. Ko NU, Rajendran P, Kim H et al (2008) Endothelial nitric oxide
synthase polymorphism (-786T-[C) and increased risk of
angiographic vasospasm after aneurysmal subarachnoid hemorrhage. Stroke 39:1103–1108
41. McGirt MJ, Parra A, Sheng H et al (2002) Attenuation of cerebral
vasospasm following subarachnoid hemorrhage in mice overexpressing extracellular superoxide dismutase. Stroke
33:2317–2323
42. Hanggi D, Steiger HJ (2006) Nitric oxide in subarachnoid
haemorrhage and its therapeutics implications. Acta Neurochir
(Wien) 148:605–613 (discussion 613)
43. Yoshimura M, Nakayama M, Shimasaki Y et al (2000) A T-786[C mutation in the 50 -flanking region of the endothelial nitric
oxide synthase gene and coronary arterial vasomotility. Am J
Cardiol 85:710–714
44. Nakayama M, Yasue H, Yoshimura M et al (1999) T-7863-[C
mutation in the 50 -flanking region of the endothelial nitric oxide
synthase gene is associated with coronary spasm. Circulation
99:2864–2870
45. Nakayama M, Yoshimura M, Sakamoto T et al (2006) A-786T[C polymorphism in the endothelial nitric oxide synthase gene
reduces serum nitrite/nitrate levels from the heart due to an intracoronary injection of acetylcholine. Pharmacogenet Genomics
16:339–345
46. Møller K, Qvist T, Tofteng F et al (2004) Cerebral blood flow and
metabolism during infusion of norepinephrine and propofol in
patients with bacterial meningitis. Stroke 35:1333–1339

123

47. Katchanov J, Siebert E, Klingebiel R et al (2010) Infectious
vasculopathy of intracranial large- and medium-sized vessels in
neurological intensive care unit: a clinico-radiological study.
Neurocrit Care 12(3):369–374
48. Kastenbauer S, Koedel U, Becker BF et al (2002) Oxidative stress
in bacterial meningitis in humans. Neurology 58(2):186–191
49. Koedel U, Pfister HW (1999) Oxidative stress in bacterial meningitis. Brain Pathol 9(1):57–67
50. Barichello T, Savi GD, Simões LR et al (2010) Antibiotic therapy
prevents, in part, the oxidative stress in the rat brain after meningitis induced by Streptococcus pneumoniae. Neurosci Lett
478(2):93
51. Miric D, Katanic R, Kisic B et al (2010) Oxidative stress and
myeloperoxidase activity during bacterial meningitis: effects of
febrile episodes and the BBB permeability. Clin Biochem
43(3):246–252
52. Koedel U, Paul R, Winkler F et al (2001) Lack of endothelial
nitric oxide synthase aggravates murine pneumococcal meningitis. J Neuropathol Exp Neurol 60(11):1041–1050
53. Braun J (2009) Inducible nitric oxide synthase mediates hippocampal caspase-3 activation in pneumococcal meningitis. Int J
Neurosci 119(4):455–459
54. Paul R, Koedel U, Pfister HW (2005) Development of adjunctive
therapies for bacterial meningitis and lessons from knockout
mice. Neurocrit Care 2(3):313–324
55. Huang PL (1999) Neuronal and endothelial nitric oxide synthase
gene knockout mice. Braz J Med Biol Res 32(11):1353–1359
56. Perry JR, Bilbao JM, Gray T (1992) Fatal basilar vasculopathy
complicating bacterial meningitis. Stroke 23:1175–1178
57. Schlenk F, Frieler K, Nagel A et al (2009) Cerebral microdialysis
for detection of bacterial meningitis in aneurismal subarachnoid
hemorrhage patients: a cohort study. Crit Care 13(1):R2. doi:
10.1186/cc7689

