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Abstract

Abnormal hemodynamics during extirpation of a para-medulla oblongata (MO) tumor is common and may
be associated with direct vagal stimulation of the medullary circuit. However, resection of tumors on the
dorsal MO may also induce hemodynamic instability without direct vagal stimulus. The objective of this
study was to examine the characteristics of hemodynamic instability unrelated to vagal stimulus during
dissection of an intra-fourth ventricular tumor with attachment to the dorsal MO. A retrospective analysis
was performed in 13 patients. Abnormal hemodynamics were defined as a > 20% change from the means
of the intraoperative mean arterial pressure (MAP) and heart rate (HR). Relationships of intraoperative
hemodynamics were evaluated with various parameters, including the volume of the MO. Six patients
(46.2%) had intraoperative hypertension during separation of the tumor bulk from the dorsal MO. The
maximum MAP and HR in these patients were significantly greater than those in patients with normal
hemodynamics (116.0 + 18.0 mmHg versus 85.6 + 6.5 mmHg; 124.3 + 22.8 bpm versus 90.5 + 14.7 bpm).
All six cases with abnormal hemodynamics showed hemodynamic fluctuation during separation of the
tumor bulk from the dorsal MO. The preoperative volume of the MO in these patients was 1.11 cc less
than that in patients with normal hemodynamics, but the volume after tumor resection was similar in the
two groups (5.23 cc and 5.12 cc). This suggests that the MO was compressed by the conglutinate tumor
bulk, with resultant fluctuation of hemodynamics. Recognition of and preparation for this phenomenon

are important for surgery on a tumor located on the dorsal MO.
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Introduction

Sudden fluctuations in blood pressure (BP) and
heart rate (HR) are commonly seen during manipula-
tion of a para-medulla oblongata (MO) tumor. This
phenomenon is not well understood, but could be
due to excitatory or destructive stimulation of the
MO inducing instability in the cardiovascular system,
since the neurogenic vasomotor center is located in
the MO.>9 Essential hypertension has been associ-
ated with chronic elevation of sympathetic tone due
to continuous compression of the pressor center
in the rostral ventrolateral MO (RVLM) by vessels,
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a phenomenon known as neurogenic hyperten-
sion.111132532) Several reports have also suggested a
relationship between hypertension and posterior fossa
tumors,*1%21:37) with hypertension caused by damage
of the vasomotor center due to direct compression
of the MO. In most cases, vascular translocation or
tumor resection leading to decompression of the
MO has resulted in improvement of hypertension
and tachycardia.*10:12:16:37)

The mechanism of abnormal hemodynamics
may be related to direct or indirect excitatory or
inhibitory stimulation of the dorsal MO during
extirpation of an intra-fourth ventricle tumor.
A direct effect on the RVLM may not occur due
to the difference between the actual location and
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the surgical view. The goal of the current study
was to examine the characteristics of instability in
the cardiovascular system during resection of an
intra-fourth ventricle tumor located on the dorsal
surface of the MO.

Materials and Methods

This study was performed as a retrospective review
of clinical records and anesthesia charts of patients
in our hospital with an intra-fourth ventricle tumor
with attachment to the dorsal region of the MO
shown on magnetic resonance imaging (MRI) from
2003 to 2009. Tumor removal was performed with a
midline suboccipital or lateral suboccipital approach
with electrophysiological monitoring of the cranial
nerves from VI to XII for functional preservation
and somatosensory evoked potential and auditory
brainstem response monitoring of the brain stem
and VIII nerve function. Final diagnoses were made
by a pathologist at Yamaguchi University Hospital
using surgical specimens and based on World Health
Organization (WHO) criteria.

Surgery was performed under total intravenous
anesthesia, such as propofol combined with remifen-
tanil. The intravenous concentration of propofol
was not monitored because real-time feedback of
intravenous anesthetics is technically difficult.
Therefore, the anesthesiologist monitored the anes-
thetic depth with reference to data from a target
controlled infusion system, which can maintain
the intravenous concentration at a target level by
automatically regulating the drug infusion velocity
using a computer. The anesthesiologist also deter-
mined the anesthetic depth from parameters such
as BP, HR, body temperature, urinary volume, and
blood gas analysis. The stability of the depth of
anesthesia during microscopic surgery was main-
tained in all cases.

BP was monitored using an intraarterial catheter
or automated cuff inflation device at the discretion
of the anesthesiologist during the operation. Mean
arterial pressure (MAP) was estimated using measured
systolic and diastolic BPs by subtracting the diastolic
pressure from the systolic pressure, multiplying by
one-third, and then adding the diastolic pressure.
Since 2009, MAP was automatically calculated by
a computer in the anesthesia system. The mean
intraoperative MAP (mMAP) and mean HR (mHR)
were calculated using averages of stable BP and HR
over a 10-min period from the start of microsurgery
without a period of fluctuating BP or HR. Abnormal
hemodynamics (abnormal hypertension or hypotension
and tachycardia or bradycardia) were defined as a
> 20% change from mMAP and mHR. Based on this

criterion, the patients were divided into those with
abnormal and normal hemodynamics for analysis.

MRI was performed with a Toshiba Visart 1.5T
MRI scanner beginning in January 2003. Slice thick-
ness was calculated from the distance between scans
using contiguous 6.0-mm slices from the skull base
to the vertex, which is parallel to the orbitomeatal
line. Tumor volume was calculated by multiplying
the maximum dimension of each of three orthogonal
views and dividing by two for the lesion with
enhancement on gadolinium-enhanced T1-weighted
MRI (Gd-MRI). The resection rate was calculated by
subtracting the postoperative tumor volume from the
preoperative tumor volume, dividing by the preop-
erative tumor volume, and then multiplying by 100.

The volume of the MO was measured using the
established protocol from a previous volumetric
study.???®) The border between the pons and the
MO was defined by a plane parallel to the upper
rim of the pons-lower edge of the inferior colliculus
plane, touching the lower rim of the pons. For the
inferior border, a plane parallel to the mammillary
body-posterior commissure plane was aligned as
the posterior edge of the foramen magnum. These
lines were manually outlined on each Gd-MRI slice.
MR images of the MO determined as above were
reconstructed at each slice thickness and transferred
to a workstation (AZE Virtual Place FujinRaijin,
AZE, Marunouchi Chiyoda-ku, Tokyo) for calcu-
lation of the MO volume using the voxel count
method.?#-24262734) In this method, the input profile
of a slice is displayed by window processing and
sequencing of points. The number of voxels in the
region is then calculated. The volume of the MO
was obtained by multiplying the number of voxels
by the precalculated volume of a voxel. Volumetric
quantification of the MO was performed by two
examiners blinded to the clinical data using MRI
taken at admission and 3 months after the operation.

Statistical analyses were performed by Fisher
exact test (for nonordered variables), Mann—Whitney
U test, paired t-test, and two sample t-test (for
ordered variables). A value of p < 0.05 was consid-
ered significant in all analyses. Multivariate analysis
was not performed due to the small number of
patients in the study.

Results

The 13 patients in the study had a mean age
(= SD) (SD: standard deviation) of 16.6 = 15.4
years and 6 (46%) were male. All patients were
shown to have an intra-fourth ventricular tumor
with attachment to the dorsal region of the MO on
Gd-MRI. Six patients (46.2%) showed elevation of
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MAP or HR of > 20% from mMAP or mHR during
surgery and were classified as having abnormal
hemodynamics. The other seven patients had normal
hemodynamics during the procedure. None of the
13 cases had abnormal hypotension or bradycardia
in our series. The abnormal hemodynamics were
controllable by regulating the depth of anesthesia
and administration of antihypertensive drugs such
as Ca blockers and B-blockers. The duration of the
abnormal increase in MAP or HR was 44.8 + 25.3
min (29-95 min), after which the parameter stabi-
lized within the normal range.

There were no significant differences between
patients with abnormal and normal hemodynamics
in age (10.5 + 5.6 years old versus 21.9 + 19.4 years
old), male gender (4/6 [66.7%] versus 2/7 [28.6%]),

Table 1 Demographic and clinical characteristics of
patients

p value
Characteristic A B (univariate
analysis)
Age (year)
Range 6-21 4-61 NS
Average/Median 10.5/8.5 21.5/19.4
Men:Women, n 4:2 2:5 NS
WHO classification (%)
Grade I 3 (50%) 4 (57.1) NS
Grades II-IV 3 (50%) 3 (42.9)
Preoperative tumor
volume (cc)
Range 2.51-48.3 7.9-89.2 NS
Average 29.0 38.7
Tumor removal rate
> 95% 6 (100%) 4 (57.1%) NS
<95% 0(0.0%) 3 (42.9%)
Preoperative volume of
medulla (cc)
Range 3.08—4.42 4.3-5.3 0.019
Average 3.75 4.87

Postoperative volume
of medulla (cc)

Range 4.21-6.56 4.36-5.85 NS
Average 5.23 5.12
Intraoperative mMAP 115.8 124.3 NS
(mmHg)
Intraoperative mHR 85.6 90.5 NS
(bpm)

A: group in which the rate of change from mMAP or mHR
is 20% or more, B: group in which the rate of change from
mMAP or mHR is 20% or less, NS: not significant, WHO:
World Health Organization, mMAP: mean of mean arterial
pressure, mHR: mean of heart rate.
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and WHO classification Grade I (3/6 [50%] versus
4/7 [57.1%]) and Grades II-IV (3/6 [50%] versus 3/7
[42.9%]), or in preoperative tumor volume, tumor
resection rate, or pathological diagnosis (Tables 1
and 2). In patients with abnormal hemodynamics,
the mean duration from the start of microsurgery
until an episode of hemodynamic fluctuation was
121.6 + 35.7 min, consistent with the period of
extirpation of the tumor bulk from the dorsal MO
(Table 2).

The intraoperative mMAP and mHR in all cases
were 80.0 + 8.43 mmHg and 78.8 + 13.2 bpm,
respectively. No patients had a history of cardio-
vascular disease, hypertension, or stroke; and no
intraoperative arrhythmia, myocardial ischemia, or
abnormal hypotension or bradycardia was seen on
electrocardiograms under monitoring by an anes-
thesiologist. There was no significant difference in
intraoperative mMAP and mHR between the two
groups (Table 1 and Fig. 1A). However, the maximal
MAP and HR were significantly higher in patients
with abnormal hemodynamics (116.0 = 18.0 mmHg
versus 85.6 + 6.5 mmHg, p < 0.005; 124.3 + 22.8 bpm
versus 90.5 + 14.7 bpm, p < 0.01) (Fig. 1B). The
maximal MAP and HR in these patients were also
significantly higher than mMAP and mHR (p < 0.05
and p < 0.01) (Fig. 2A). In contrast, there was no
significant difference between maximal MAP and
mMAP or between maximal HR and mHR in patients
with normal hemodynamics (Fig. 2B).

The preoperative volume of the MO in patients
with abnormal hemodynamics was significantly
smaller than that in those with normal hemodynamics
(Table 1; p = 0.019). In patients with abnormal
hemodynamics, the postoperative volume of the
MO was significantly larger than the preoperative
volume (5.23 + 0.88 cc versus 3.75 = 0.55 cc, p =
0.026) (Fig. 3A), whereas there was no significant
pre- to postoperative volume change in patients with
normal hemodynamics (4.87 + 0.41 cc versus 5.12
+ 0.61 cc, p = 0.16) (Fig. 3B). The percentage pre-
to postoperative volume change was significantly
greater in patients with abnormal hemodynamics
compared to those with normal hemodynamics (40.1
+ 19.0% versus 5.28 + 10.0%, p < 0.002) (Fig. 3C).

Ilustrative case (Case 2 in Table 2): A 10-year-
old girl had suffered from aggravated nausea and
vomiting for 2 months and was referred to our
hospital. Her nausea and appetite loss persisted after
admission, but no neurological deficit was apparent,
including in cerebellar function. All vital signs were
unremarkable. Gadolinium-enhanced MRI showed
a heterogeneously enhanced, poorly circumscribed
mass lesion with partial cyst formation located
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Table 2 Intraoperative cardiovascular hemodynamics

Duration of

Case Sex/ Pathological Volume of Removal Mean of Mean of Maximal A (%A) A (%A) rocedure
age diagnosis  tumor (cc) rate MAP HR MAP/HR MAP HR p (min)
1 M/7 CPP 2.5 >95% 62.7 +2.5 55.0+1.1 92.3/88 29.6 (46.7) 33.2 (60.0) 55
2 F/10 AE 17.4 >95% 89.8+4.5 63.6 +1.1 125/149 35.2 (39.2) 68.4 (84.9) 125
3 F/20 Ep 17.1 >95% 73.5+2.4 65.4 + 1.6 81/70 7 (10.5) 8 (9.03) -
4 M/21 He 46.4 >95% 86.0+2.6 81.0+ 3.9 131/133 43.7 (50.0) 51.4 (63.0) 140
5 M/27 Ep 40.7 >95% 80.3 +3.8 88.5 +2.2 88.2/95 2.40 (2.80) 13.2 (16.1) -
6 M/12 CPP 31.5 >95% 75.1+2.0 88.7 + 3.0 97.4/113 21.3(28.0) 26.8 (31.1) 135
7 F/6 Ep 48.3 > 95% 88 + 2.8 83.0+2.9 114/118 28.7(33.6) 38.4 (48.2) 145
8 F/24 Ep 27.2 <95% 83.7+2.9 86.6 + 4.4 91.3/90.5 7.76(9.29) 3.98 (4.60) -
9 F/61 He 25.1 <95% 85.7 + 3.7 61.6 +2.9 90.9/72 10.2 (12.6) 10.8 (17.6) -
10 F/11 He 63.7 <95% 88.3+2.4 86.9+ 2.2 92/95 4.6 (5.26) 12.6 (15.3) -
11 M/7 AE 27.9 >95% 92.0+2.7 86.3 +1.9 153/160 66.6 (77.1) 84.2 (111.1) 135
12 F/6 Ep 7.9 >95% 71.7+1.1 92+1.1 76.9/101 4.48(6.19) 10.6 (11.7) —
13 M/4 AA 89.2 >95% 68.9+19 103.9+2.4 78.6/110 9.31(13.4) 8.0(7.84) -

AA: anaplastic astrocytoma, AE: anaplastic ependymoma, CPP: choroid plexus papilloma, AHR: delta between intraoperative
maximal HR and mHR, AMAP: delta between intraoperative maximal MAP and mMAP, %AHR: percent value of AHR for mHR,
%AMARP: percent value of AMAP for mMAP, Ep: ependymoma, He: hemangioblastoma. Duration of procedure: duration from
start of microsurgery to episode of abnormal hemodynamics. Underlined entries indicate that abnormal cardiovascular hemody-
namics occurred during the operation.
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Fig. 1 Comparison of intra-
operative mMAP and mHR (A)
and maximal MAP and HR
(B) between patients with
abnormal and normal hemody-
namics. *p = 0.002, **p = 0.008.
HR: heart rate, MAP: mean
arterial pressure, mMAP:
mean intraoperative MAP,
mHR: mean HR.

Fig. 2 Elevation of intraop-
erative BP and HR in patients
with abnormal (A) and normal
(B) hemodynamics. BP: blood
pressure, HR: heart rate, MAP:
mean arterial pressure. *p =
0.02, **p = 0.009.
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Fig. 4 A-E: Preoperative (A: axial view, B: sagittal view) and postoperative (C: axial view, D: sagittal view)
gadolinium-enhanced magnetic resonance imaging (MRI) and (E) anesthesia chart in an illustrative case. E:
Bilateral-facing black arrows indicate a period of fluctuating blood pressure (BP) and heart rate (HR), and the
black arrow indicates the points of maximal MAP and HR. ARTd: diastolic arterial pressure, ARTm: mean of
arterial pressure, ARTs: systolic arterial pressure, NBPd: noninvasive diastolic blood pressure, NBPm: mean of
noninvasive blood pressure, NBPs: noninvasive systolic blood pressure.
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behind the brain stem (Fig. 4A, B). The results of
laboratory tests, including for tumor markers, were
within the normal range. The mean preoperative
BP and HR were 104.8 + 3.8/74.9 = 8.7 mmHg
and 63.6 + 1.14 bpm, which were also within normal
ranges. The preoperative volume of the tumor and
MO were 17.4 cc and 3.08 cc, respectively (Table 2
and Fig. 3A; line with squares; m). The patient
underwent bilateral suboccipital craniectomy for
total removal of the tumor. It was difficult to
detect the border between the tumor bulk and
arachnoid plane and to separate the tumor from
the parenchyma of the dorsal MO because of tight
adhesion. During manipulation of the dorsal side
of the MO, BP and HR suddenly increased to
170/102 mmHg (MAP = 125 mmHg) and 149 bpm,
respectively, without any apparent reason (Fig. 4E).
Thereafter, BP and HR were stabilized by the
anesthesiologist, and the postoperative course has
been stable to date. Postoperative MRI indicated
total tumor resection (approximately 98%) with
transient mild right abducens nerve palsy and lower
cranial nerve palsy neurologically (Fig. 4C, D).
The postoperative volume of the MO was 4.99 cc,
which represented an increase of 1.91 cc (62.0%)
compared to the preoperative volume (Fig. 3A;
line with squares; m).

Discussion

In the present study, 46% of patients who under-
went surgical resection of a brain tumor exhibited
fluctuating cardiovascular hemodynamics when the
dorsal side of the MO was manipulated to extirpate
the tumor. The anesthesia chart and operation video
showed that no factors affected the cardiovascular
hemodynamics other than the actual microsurgical
manipulation; that is, mechanical stimulation of the
dorsal MO influenced the hemodynamics directly.
The time of hemodynamic fluctuation was also
consistent with the period of tumor manipulation.
It is common knowledge among neurosurgeons that
resection of a paramedullary tumor can affect the
BP or HR, as discussed above. Jannetta and Gendell
postulated that compression of the pressor center
in the RVLM results in chronic overstimulation of
the sympathetic nervous system, leading to systemic
(essential) hypertension.'® Direct compression of
the RVLM by blood vessels and the tumor bulk
can also induce hypertension.*!%121637) However, all
cases in our series underwent surgery for tumors
located on the dorsal side of the MO and none
required manipulation on the ventral to lateral side.
Therefore, we suggest that direct manipulation of
the dorsal MO can induce fluctuating cardiovascular

hemodynamics.

The medullary circuit related to cardiovascular
control involves the nucleus of the solitary tract
(NTS), the nucleus ambiguous, and the rostral and
caudal ventrolateral MO." The NTS, which is located
dorsal to the MO, is the site of the first synapse
of the viscerosensory afferents in the brain stem,
including those related to cardiovascular barorecep-
tors and chemoreceptor afferents. From the NTS,
baroreceptor afferent signals project to the caudal
ventrolateral MO (CVLM).??33%) The CVLM inhibits
neurons in the RVLM that innervate preganglionic
sympathetic neurons involved in controlling the
heart and vascular beds.*®19202829 In considering
this neurogenic vasomotor center, we suggest that
stimulus of the NTS by operative manipulation
affects the cardiovascular control mechanism and
then elicits the elevation of BP or HR. Suppressive
stimulation or interruption of the afferent synapse to
the NTS induces NTS inactivation, which induces
inhibition of CVLM activation and then inhibition
of RVLM suppression from the CVLM. Consequently,
the RVLM could be activated chronically and could
then induce intermediolateral nucleus activation,
sympathetic overactivity, and finally systemic hyper-
tension and tachycardia.!”

Previous reports support this speculative mecha-
nism, as follows. In animal models, hypertension
can be produced by damage to the brain stem,
especially the NTS bilaterally.>*® Disinhibition of
the RVLM via deactivation of the CVLM by elec-
trolytic lesions, injections of a GABAA receptor
agonist, or blockade of GABAergic transmission in
the RVLM also results in sustained sympathoexci-
tation and increases arterial pressure and HR.27:39
Furthermore, blockade of the NTS with injections of
a glutamatergic antagonist that induces deactivation
of the CVLM also produces sympathoexcitation and
increases the arterial pressure and HR.'® We previ-
ously reported a rare case that exhibited continuous
hypertension and tachycardia after fourth ventricular
tumor resection; in this case we also suggested an
etiology in which, directly or indirectly, NTS injury
induced systemic sympathoexcitation based on the
persistent high level of blood catecholamines after
the operation.'”

We next considered the possibility that the volume
of the MO was reduced due to compression by the
tumor bulk, which could reflect the degree of adhe-
sion between the dorsal MO and tumor tissue. This
adhesion could also reflect the difficulty of surgical
resection with minimal injury to the medullary
parenchyma, which could influence the medullary
circuit in the sympathetic mechanism. In fact, the
preoperative volume of the MO in patients with
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abnormal hemodynamics was less than that in
patients with normal hemodynamics. However, the
volume recovered by 39.5% after tumor removal
in patients with abnormal hemodynamics was
5.23 + 0.88 cc, which was similar to that in patients
with normal hemodynamics (5.12 = 0.61 cc). Thus,
cases with a small preoperative volume could be
prone to intraoperative cardiovascular fluctuation
(Table 1 and Fig. 3A, B). The volume of the MO
has previously been reported to be 5.0-6.0 cc, with
larger volumes in men than in women and without
an age difference.?” Therefore, this volume is rela-
tively constant among individuals, and age-related
atrophy may not occur because the MO has regions
associated with vital functions such as survival and
breathing and is continuously used.??

In the current study, the mean preoperative volume
of the MO in patients with abnormal hemodynamics
was 3.75 cc, indicating compression by the tumor
bulk. However, there was no significant relation-
ship between the preoperative tumor volume and
intraoperative cardiovascular fluctuation. BP and HR
did show a tendency to fluctuate when complete
tumor resection was achieved, but this relationship
was not significant (Table 1). These findings suggest
that the effect on BP or HR depends on the degree
of adhesion of the tumor bulk and the medullary
parenchyma or distribution of feeding arteries; that
is, on the surgical difficulty, rather than the tumor
bulk volume. We tried to evaluate surgical diffi-
culty using categories such as the presence of the
arachnoid plane, blood transfusion, and operation
time, but it was difficult to determine a significant
difference and omit personal bias (data not shown).

No case in our series showed sudden hypotension
or bradycardia. However, an excitative stimulus
administered to the NTS could induce an inhibitive
stimulus in the cardiovascular system and result in
these events or even possible cardiac arrest. Thus,
preparation for temporary cardiac pacing during the
operation should be made in advance.

There are some limitations to this study. The
small number of patients is consistent with a case
series and prevented calculations using multivariate
linear regression models. In turn, this did not allow
statistical verification of the independent effect of
factors after adjustment for unknown confounders.
A sample size of about 10-fold higher would be
required to perform multivariate analysis.* Thus,
establishment of the association and interaction
between confounders and abnormal hemodynamics
in tumor resection will require accumulation of
further cases of intra-fourth ventricular tumors
with dorsal MO attachment. However, the rarity
of these cases makes this difficult, and thus our
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current results are of value as a basis to propose a
plausible critical hypothesis.

Within these limitations, the results of the study
suggest an important role for the nucleus of the solitary
tract, which is involved in the medullary circuit related
to neurogenic cardiovascular control, in intraoperative
hypertension and tachycardia during extirpation of an
intra-fourth ventricular tumor with dorsal MO attach-
ment. It is vital for surgeons and anesthesiologists to
recognize that sympathetic excitation or inhibition can
be elicited via the neurogenic vasomotor center when
planning surgery for this kind of tumor.
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