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Introduction and importance: Multiple sclerosis is known to be associated with both sympathetic and parasympathetic
cardiovascular autonomic dysregulation. Thus, patients with multiple sclerosis comorbidity represent a potentially challenging patient
population in cardiac surgery, especially in on-pump operations. Despite this, very little is known about the hemodynamics during
cardiopulmonary bypass and the optimal perfusion strategy for patients with multiple sclerosis undergoing cardiac operations.
Case presentation: In this report, the authors describe a patient with relapsing-remitting multiple sclerosis, who underwent
successful triple valve operation for aortic and mitral stenosis and tricuspid valve insufficiency. Distinct blood pressure variations in
form of temporary pressure dips were noted during total cardiopulmonary bypass time as well as during the reperfusion period.
Clinical discussion: Pressure variations were not attributable to surgical, pharmacological or perfusion-relatedmanoeuvres. Thus,
they most likely represent symptoms of cardiovascular autonomic dysregulation manifesting during cardiopulmonary bypass. In this
patient, blood pressure variations terminated spontaneously and remained within an acceptable range without external correction.
Conclusions: When treating patients with multiple sclerosis comorbidity, the potential pressure variability due to cardiovascular
autonomic dysregulation should be taken into consideration to avoid increased blood pressure volatility due to overcorrection or
undercorrection during cardiopulmonary bypass.
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Introduction

Multiple sclerosis is the most common demyelinating neurologi-
cal disorder and is frequently associated with cardiovascular
autonomic dysregulation[1]. With increasing incidence and pre-
valence worldwide[2–4], it has become a non-negligible comor-
bidity in the cardiac surgery patient population as well. Especially
orthostatic blood pressure dysregulation and altered blood
pressure response to sympathetic or parasympathetic stimuli have
been described[5]. Thus, patients with multiple sclerosis as a
comorbidity are at least theoretically at higher risk for blood
pressure dysregulation during cardiac surgery, especially when
extracorporeal bypass is used. In contrast to that, multiple
sclerosis associated blood pressure variation during cardio-
pulmonary bypass has not been reported to date.

Case presentation

We present the case of a 60-year-old white female patient who
underwent mechanical aortic and mitral valve replacement, as
well as tricuspid valve reconstruction in cardioplegic arrest for
third grade aortic and mitral valve stenosis and tricuspid valve
insufficiency. She was referred to our specialized cardiac surgery

HIGHLIGHTS

• Since multiple sclerosis is the most common demyelinating
neurological disorder, the majority of cardiac surgeons will
sooner or later be challenged to operate on a patient with
multiple sclerosis comorbidity.

• Multiple sclerosis is known to be associated with cardio-
vascular autonomic dysregulation, which may be relevant
for blood pressure management during cardiopulmonary
bypass.

• In the case presented here, periodical blood pressure dips
were noted during total cardiopulmonary bypass and
during reperfusion in a patient with multiple sclerosis
comorbidity undergoing triple valve surgery.

• Blood pressure variations may be attributable to auto-
nomic cardiovascular dysregulation as a symptom of the
multiple sclerosis comorbidity.

• Surgeons, anesthesiologists, and perfusion specialists treat-
ing patients with multiple sclerosis comorbidity need to be
aware of the potential pressure variability due to cardio-
vascular autonomic dysregulation during cardiopulmon-
ary bypass to avoid blood pressure volatility resulting from
over- or undercorrection.

aDivision for Cardiothoracic, Transplantation and Vascular Surgery and bDepartment
of Anesthesiology and Intensive Care Medicine, Hannover Medical School,
Hannover, Germany

Sponsorships or competing interests that may be relevant to content are disclosed at
the end of this article.

Published online 15 January 2024

*Corresponding author. Address: Hannover Medical School, OE 6210, Carl-Neuberg-
Str. 1, Hannover, Germany. Tel.: +495 115 321 454; fax: +495 115 321 436.
E-mail: helms.florian@mh-hannover.de (F. Helms).

Received 11 November 2023; Accepted 3 January 2024

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. This is an
open access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially without permission from the
journal.

Annals of Medicine & Surgery (2024) 86:1700–1703

http://dx.doi.org/10.1097/MS9.0000000000001716

’Case Report

1700



centre by her general physician and presented with progressive
shortness of breath over the last 6 months. The patient’s height
was 180 cm and her weight was 80 kg resulting in a Body-mass-
index of 24.7 kg/m². Upon admission in the clinic, a sinus rhythm
with a pulse frequency of 68 bpm and a blood pressure of 132/82
were found in the initial diagnostics. Transthoracic echocardio-
graphy revealed a preserved left ventricular systolic function with
a left ventricular ejection fraction of 55%. Mitral valve stenosis
with a functional opening area of 0.68 cm², combined aortic
stenosis and insufficiency with a functional opening area of
1.00 cm², and grade 3 tricuspid valve insufficiency were found.
There were no echocardiographic signs of pulmonary hyperten-
sion with a systolic pulmonary artery pressure of 18 mmHg.
Cardiac index at rest was 1.9l/min/m². Preoperative coronary
angiography revealed coronary sclerosis without significant ste-
noses. The patient was diagnosed with relapsing-remitting mul-
tiple sclerosis 20 years ago and was currently asymptomatic
regarding the neurologic pathology under interferon beta treat-
ment. She reported that she had not experienced symptomatic
episodes of relapse within the last two years before surgery. Her
further medical history was significant for hypothyroidism that
was supplemented with Levothyroxine, and arterial hypertension
that was treated with Candesartan and Metoprolol. She had not
undergone previous surgical interventions and family and social
history were without relevant findings. Furthermore, she reported
that she had not experienced any symptomatic blood pressure
variations to that point. She was employed in an office job and
had two vaginal births without complications. Her family history
was insignificant for multiple sclerosis or cardiovascular diseases.
This case report is reported in line with the SCARE 2023
Criteria[6].

Interferon therapy was continued unchanged during the pre-
and perioperative course. The lead surgeon of the procedure was
a senior cardiovascular surgeon with extensive experience in the
management of complex valvular heart diseases. The patient was
placed in supine position. Continuous invasive blood pressure
monitoring via the right radial artery was performed. For
anaesthesia induction, 50 mg Rocuronium bromide as well as
Etomidate and Midazolam was used. Balanced anaesthesia with
Sevoflurane and Propofol was performed. Concerning catecho-
lamine therapy, Norepinephrine administration remained
unchanged at 200 µg/h during the operation and the early post-
operative period until extubation. According to the standard
protocol in our centre, no routine near-field infrared spectroscopy
monitoring was performed. Full median sternotomy was per-
formed. Total cardiopulmonary bypass was initiated following
standard aorto-bicaval cannulation. Non-pulsatile cardio-
pulmonary bypass with a target flow of 4.66 l/min and mild
hypothermia at a minimum temperature of 32°C was used.
During total cardiopulmonary bypass, blood pressure variations
were noted which appeared in the form of pressure drops of
varying amplitude in a nearly periodic manner with dips after 2,
7, 12, 17, 23, and 28 min of total bypass time (Fig. 1A). These
blood pressure variations were not attributable to surgical man-
oeuvres, cardioplegia, or variations in cardiopulmonary bypass
perfusion rates. Likewise, no changes were made in the applica-
tion rates of catecholamines or other potentially blood pressure-
modifying drugs during total cardiopulmonary bypass time.
Following the dips, blood pressure spontaneously rose back
within one minute, again without any surgical, pharmacological,
or perfusion-related intervention.

A similar phenomenon was observed during the reperfusion
period (Fig. 1B). Here, pressure dips were noted at 7, 15, and
31 min of reperfusion. During that period, no surgical man-
oeuvres were performed and cardiopulmonary bypass perfusion
rate remained stable.

Total bypass time was 174 min. After weaning from cardio-
pulmonary bypass, no blood pressure fluctuations were observed
and the further operative course was uneventful. and extubated
on the first postoperative day. Postoperative hemodynamics and
valve functions were satisfactory. Postoperative continuous
invasive blood pressure monitoring was continued for the first 16
h after surgery. During this period, blood pressure remained
within normal limits without relevant variations or dips. Except
for a postoperative delirium, which resolved spontaneously
within 3 days, there were no signs of adverse neurological events
or relapse in the further postoperative course and the patient
adhered sufficiently to the measures for postoperative mobiliza-
tion and physical rehabilitation. From the perspective of the
patient, the surgical and perioperative course was satisfactory.
She was discharged from our centre on the eighth postoperative
day with a normotensive blood pressure of 131 over 60 mmHg.
As post interventional considerations, close blood pressure
monitoring during possible subsequent cardiac and non-cardiac
operations was recommended to the patient and stated in the
clinical report.

Figure 1.Blood pressure trends during the first 50min of total cardiopulmonary
bypass (A) and during reperfusion (B). Mean pressure (red line), as well as the
pressure range between the minimum and maximum pressure (blue shading)
were recorded for every minute by invasive blood pressure measurement.
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Discussion

Cardiovascular autonomic dysfunction in multiple sclerosis has
been shown to be attributable to central nervous lesions one hand[1]

and the peripheral autonomic nervous system due to altered
parasympathetic baroreflex response and dysregulated sympathetic
vasoconstriction on the other hand[7]. Both mechanisms may also
explain the blood pressure variations observed in our patient dur-
ing cardiopulmonary bypass. In the absence of other potential
causes of temporary blood pressure variations, we conclude that
the observed pressure fluctuations are most likely due to cardio-
vascular autonomic dysfunction in the context of multiple sclerosis,
which becomes apparent during cardiopulmonary bypass. In our
patient, cardiovascular autonomic dysfunction was not clinically
evident prior to cardiac surgery. This is consistent with discoveries
by Nordenbo and colleagues and Linden and colleagues who have
shown that autonomic cardiovascular dysfunction can remain
subclinical in patients with multiple sclerosis[8,9].

To our knowledge, this is the first description of increased
blood pressure variability during cardiopulmonary bypass in the
setting of multiple sclerosis. The exact processes underlying this
phenomenon cannot be deducted from a case report and further
research is needed to understand the exact pathophysiological
mechanisms in this overall rare patient collective. Nonetheless,
this example shows that multiple sclerosis as a systemic disease
may influence intraoperative hemodynamics and thus needs to be
taken into consideration when planning surgery for patients with
a positive history for multiple sclerosis. This is of particular
importance in the field of cardiovascular surgery, when extra-
corporeal perfusion is necessary, since maintaining a sufficient
perfusion pressure during bypass is especially relevant for cere-
bral and renal perfusion[10,11]. In our patient, pressure variations
did not require external pharmacological or perfusion-related
corrections. Thus, knowledge of the possibility of the occurrence
of usually transitory pressure variations in multiple sclerosis
patients may also help to avoid hypervigilant overcorrection of
the blood pressure during bypass. For this, a thorough assessment
of the past medical history including the family history with
respect to multiple sclerosis is essential[12]. Nevertheless, in
another case report, Nikai and colleagues demonstrated the
potential danger associated with vascular dysregulation of mul-
tiple sclerosis for patients undergoing cardiac surgery. They
reported a patient with primary progressive multiple sclerosis
who had an uncomplicated intraoperative course with uneventful
cardiopulmonary bypass but who presented postoperatively with
blood pressure fluctuations and eventually a lethal low-output
syndrome, which the authors attributed to multiple sclerosis
comorbidity[13].

Conclusion and learning points

Cardiac surgeons, anesthesiologists, and perfusion specialists
treating patients with multiple sclerosis comorbidity need to be
aware of the potential pressure variability due to cardiovascular
autonomic dysregulation during cardiopulmonary bypass.
Increased intraoperative blood pressure volatility resulting from
both, overcorrection and undercorrection, should be avoided in
this challenging patient population.
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