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ABSTRACT

Mitral valve replacement (MVR) is a surgical procedure to treat mitral regurgitation (MR). As there is an increase in
the afterload in the postoperative period, patients tend to have low cardiac output syndrome. This condition may
limit oxygen delivery to body tissues. Improved venous saturation has been linked to positive neurological outcomes.
Near-infrared spectroscopy (NIRS) is the new technique to monitor regional oxygenation in real time. This study
reports on four patients who underwent MVR due to a combination of severe mitral stenosis (MS) and mild MR. All
patients had complaints of dyspnea on exertion to unbearable chest pain. Physical and work-up examination led to
a diagnosis of decompensated heart failure, concomitant valve disorder, fluid overload, and cardiomegaly.
Preoperative catheterization to stratify the risks of the procedure was done on all four patients. The surgery planned
was cardiopulmonary bypass (CPB) with standard monitoring and additional NIRS measurement. The measurement
of mean arterial pressure (MAP) and NIRS were tightly monitored and maintained in each patient, with the use of
vasoactive agents. All four patients suffered unstable hemodynamics and were admitted to intensive care unit with
the support of mechanical ventilation and other supportive therapies. Cerebral perfusion can reach the baseline
normal value even though in low cardiac output syndrome, and NIRS can predict the outcome of the patients better
than the conservative monitoring.
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1. INTRODUCTION

The retrograde movement of blood, called mitral
regurgitation (MR), from the left ventricle (LV) into the
left atrium (LA) via the mitral valve (MV) produces a
systolic murmur which is best heard at the apex of the
heart with propagation to the left axilla. It is the most
prevalent valvular anomaly in the world, affecting
around 2% of the population and increasing in incidence
with age.!
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The degree, chronicity, comorbidities, and the cause of
MR determine whether it should be treated medically or
surgically. Surgical intervention is required in patients
with acute, symptomatic MR or an effective regurgitant
orifice of at least 40 mm?, Patients with deteriorated LV
function or an end-systolic diameter of 4.5 cm may also
benefit from MR surgery. Patients with primary severe
MR require surgery if their ejection fraction is greater
than 30% and they are symptomatic or asymptomatic
with an EF of 30-60%. Mitral valve repair goal is to have
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an adequate surface area of mitral valve leaflet
coaptation (between 5 to 8 mm is ideal) and proper
annular dilatation.?

Mitral stenosis (MS) is the most common valve disorder
associated with rheumatic fever. Symptoms that arise
depend on the severity of MS, including fatigue and
dyspnea at first, then can cause paroxysmal nocturnal
dyspnea, orthopnea, and shortness of breath at rest. The
mortality rate alone is about 1% in mild MS and 5- 15%
in severe MS. The left ventricular function progressively
deteriorates in chronic MR. Progressive left ventricular
dilatation raises wall tension, increasing systolic wall
stress and afterload. The left ventricular after load
increases rapidly following MVR without retaining the
mitral valve system, and the left ventricle's response to
this shift is dependent on annulo-ventricular continuity.
Due to the low impedance route into the Left atrium is
eliminated, the afterload is increased while the preload is
reduced. This might be exacerbated by a residual
gradient across the prosthesis, which could explain why
many of these patients have "low cardiac output” despite
a decent prosthetic performance.?

This malfunction may limit oxygen delivery to body
tissues and maintaining venous saturation has been
linked to positive neurological outcomes. As a result,
achieving particular hemodynamic targets linked to
oxygen supply should be part of postoperative intensive
care in order to enhance patient outcomes.® However, It
is difficult to adequately measure the condition of tissue
oxygenation. The use of common hemodynamic
indicators to assess tissue blood flow, such as blood
pressure and pulse oximetry, is less than reliable. There
might be microcirculatory perfusion deficits despite a
seemingly normal macro perfusion. Nonetheless,
microcirculation is difficult to assess at the bedside, and
tissue perfusion is difficult to quantify using normal
physiological monitoring methods. Other monitoring
modalities used routinely in the critical care setting, in
addition to blood pressure and heart rate, include
intermittent measurement of serum lactate level, central
venous pressure, and mixed venous oxygen saturation
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(Sv0y).# All of them have flaws and may not give a real-

time and/or precise evaluation of tissue oxygenation
status and may be insufficient for recognizing high-risk
scenarios. Using devices that measure cardiac output by
transpulmonary thermodilution (TPTD) or assess
regional oxygenation using near-infrared spectroscopy
(NIRS), technological improvements might provide new
techniques of closer monitoring. The use of NIRS for
combined cerebral and renal tissue oxygen saturation
monitoring was associated with central venous oxygen
saturation and cardiac output; poor cardiac output
detection was associated with a distinct spectroscopic
pattern in NIRS.3

In cardiac surgery, NIRS has conventionally been used
to assess cerebral oxygen saturation, especially in
congenital cardiac surgery and cardiac bypass surgery. It
is presently being developed for noncardiac operations
as well as a range of electrophysiology and critical care
circumstances. Over the last decade, it has acquired
recognition in the intensive care community.*We present
four cases in which NIRS was successfully used.

2. CASE SERIES
2.1. Case-1

A 59-year-old female patient with severe MS and
moderate MR was posted for mitral valve replacement
(MVR). The patient had symptoms of chest pain that
started 2 months back. There was a previous history of
pulmonary tuberculosis cured with medication. There
was a history of non-hemorrhagic stroke in August 2021,
but currently no neurological deficit was found. NIRS
value = Left 62, Right 40.

From the pre-surgery PA chest X-ray, cardiomegaly
(CTR 62%) was found with left atrial hypertrophy
(LAH), left wventricular hypertrophy (LVH) and
pulmonary edema. Her echocardiography showed severe
MS, moderate MR; mild pulmonary regurgitation (PR),
atrial regurgitation (AR), tricuspid regurgitation (TR);
spontaneous echo contrast (SEC) (+) in LA, and
thrombus (+) in LAA.

Table 1: Characteristics of Case 1 (male, 59-year-old)

Parameter Intraoperative Postoperative 1st Day Postoperative
NIRS L63, R59 L62, R58 L64, R61
Hemodynamic BP78/44 mmHg BP 71/49 mmHg BP 84/49 mmHg
MAP 55 mmHg MAP 55 mmHg MAP 60 mmHg
Support e Dobutamine 7.5 ¢ Dobutamine 7.5 e Norepinephrine 0.2
pg/kg/min pg/kg/min pg/kg/min
e Dopamine 7 pg/kg/min e Dopamine 7 pg/kg/min
o Norepinephrine 0.2 ¢ Norepinephrine 0.2
pg/kg/min pg/kg/min
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Table 2: Characteristics of Case 2 (female, 66-year-old)

Parameter Intraoperative Postoperative 1st Day Postoperative
NIRS L69, R64 L69, R62 L66, R63
Hemodynamic BP 84/54 mmHg BP 79/48 mmHg, BP 116/68mmHg,
MAP 64 mmHg MAP 58 mmHg MAP 84 mmHg
Support e Dopamine 7 pg/kg/min e Dobutamine 7.5 pg/kg/min e Norepinephrine 0.1
e Dopamine 7 pg/kg/min Hg/kg/min

e Norepinephrine 0.2 pg/kg/min

Catheterization laboratory result was normal coronary
angiography, heavy MS, MR Grade 111 with BMW/MVR
advice.

During surgery with CPB time 115 min; clamp time 93
min; EF value 36%; SVR 1300 Co 2.7, with blood
pressure 78/44 mmHg; MAP 55 mmHg; NIRS = Left 63,
Right 59, using dobutamine, dopamine, norepinephrine,
and morphine infusions. After surgery the patient was
shifted to the intensive care unit (ICU) with a mechanical
ventilator and unstable hemodynamics.

In post operative period, the blood pressure only reached
to 72/44 mmHg and the MAP was maintained at about
53 mmHg; and NIRS = L 64, R 59, with supportive
inotropics dobutamine 7.5 pg/kg/min, dopamine 7
pg/kg/min, norepinephrine 0.2 pg/kg/min and morphine
15 pg/kg/min. Even though the MAP was under 60
mmHg but the NIRS values could still be maintained at
over the baseline NIRS L 63, R 59. At night the patient
became restless and hemodynamically unstable. Her BP
was 71/44 mmHg; MAP 55 mmHg; NIRS = L 62, R 58.
laboratory results Hb 9.6, HT 28 Al 17,200 platelets
65000 and given albumin 5% 250 ml, and morphine was
reduced to 10 pg/kg/ h. After administration of albumin
BP was 84/49 mmHg, and NIRS = L 64, R 61 (Table 1).

Next day after surgery the patient was fully awake, and
the MAP gradually rose back to > 65 mmHg,
Echocardiography results; LVEF 36% and the NIRS was
still the same L 64, R 60. She was extubated and moved
to the cardiac HCU in a stable condition without
vasoactive and inotropic support (Table 1).

2.2. Case-2

A 59-year-old female with severe MS and moderate MR,
was scheduled for MVR. She complained of dyspnea on
exertion, but no history of chest pain or palpitations.
Patient had chronic hypertension, and routinely received
spironolactone 25 mg/day, bisoprolol 5 mg/day,
furosemide 40 mg/day, warfarin 2 mg/day, and
candesartan 4 mg/day. Physical examination revealed
widened heart border, irregularly heart sounds and
pansystolic murmur (4/6).
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Echocardiography resulted in severe MS, moderate MR,
mild PR and TR, spontaneous echo contrast (SEC) (+),
and soft thrombus in LAA. Preoperative coronary
angiography was normal. Patient was informed about the
procedure and written informed consent was obtained.

The surgery was planned under GA with
cardiopulmonary bypass (CPB). The CPB time was 283
min, clamp time 205 min, EF value 36%, blood pressure
84/54 mmHg with NIRS = L69, R64, using heparin 7500
IU, dopamine 7 pg/kg/min, morphine 10-20 pg/kg/min,
atracurium 10 pg/kg/min, and dexamethasone 5 mg.
Patient was admitted to ICU postoperatively on
mechanical ventilation (Table 2).

First day postoperative on routine monitoring showed
unstable hemodynamics (BP 79/48 mmHg, MAP 58,
SVR 1409, CO 2.7 and NIRS = L69, R62) with support
using dobutamine, dopamine, and norepinephrine to
maintain NIRS values according to baseline. Patient was
extubated on first day postoperative and with
uncompromised hemodynamic (BP 116/68 mmHg,
MAP 84, NIRS = L66, R63) with support of vasoactive
agent (Table 2).

2.3. Case-3

An 18-year-old male with severe MR due to prolapse A2,
A3, P3 and mild tricuspid regurgitation, was scheduled
for MVR. He complained of chest pain for the last couple
of months. Patient had a history of rheumatic heart
disease. Physical examination revealed rales on the lung
bases, irregularly heart sounds and pansystolic murmur
(4/6). Workup examination showed pulmonary edema,
bilateral pleural effusion, and cardiomegaly (CTR 65%).
Echocardiography result showed severe MR, mild AR
and TR. Preoperative coronary angiography was normal.

CPB was planned under GA. The CPB time was 110
min, clamp time 85 min, with blood pressure 94/64
mmHg (MAP 74), NIRS = L60, R63 on dobutamine 7.5
pag/kg/min, dopamine 7 pg/kg/min, norepinephrine 0.2
pag/kg/min, morphine 10-20 pg/kg/min, dexamethasone
10 mg, and paracetamol 1 gram.
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Table 3: Characteristics of Case 3 (male, 18-year-old)

Parameter Intraoperative Postoperative 1st Day
Postoperative
NIRS L60, R63 L58, R60 L61, R63
Hemodynamic BP 94/74 mmHg BP 84/46 mmHg BP 93/54 mmHg
MAP 74 mmHg MAP 60 mmHg MAP 67 mmHg
Support e Dobutamine 7.5 pg/kg/min e Dobutamine 10 pg/kg/min o Norepinephrine 0.2
e Dopamine 7 pg/kg/min e Dopamine 10 pg/kg/min Hg/kg/min

¢ Norepinephrine 0.2 pg/kg/min

¢ Norepinephrine 0.2 pg/kg/min

On the first postoperative day on routine monitoring, he
had unstable hemodynamics (blood pressure 89/46
mmHg, MAP 60, SVR 1409, CO 2.7 and NIRS = L58,
R60) with support using dobutamine, dopamine, and
norepinephrine infusions to maintain NIRS values
according to baseline. Patient was extubated on first
postoperative day with uncompromised hemodynamics
(blood pressure 93/54 mmHg, MAP 67, NIRS = L61,
R63) with support of vasoactive agent (Table 3).

2.4. Case-4

A 51-year-old female with severe MS, mild MR, severe
TR, mild AR and PR was scheduled for MVR. She
complained of dyspnea on exertion and unexplained
fatigue with palpitation (NYHA 1I). Patient was fitted
with mitral valve prosthesis and had a history of heart
disease for 7 y, for which she took ramipril 10 mg/day,
furosemide 40 mg/day, bisoprolol 5 mg/day, warfarin 4
mg/day and spironolactone 50 mg/day. Patient was
categorized as overweight (BMI 25.3 kg/m?). Physical
examination revealed widening heart border, pansystolic
murmur (3/6), and diastolic murmur at apex (2/4)). There
was cardiomegaly with all chambers dilated; with mitral
valve prosthesis, and the apex projected at thoracic
vertebra 7. Electrocardiography showed first degree
atrioventricular block, right axis deviation, right
ventricular hypertrophy, and incomplete right bundle
branch block. Echocardiography revealed severe MS,
severe TR, aortic-pulmonary regurgitation and mild MR
and LV concentric remodeling (EF 57%) with high
probability of pulmonary hypertension. Preoperative

angiography concluded normal coronaries with MS CPB
was planned to undergo general anesthesia. The CPB
time was 111 min, clamp time 80 min, with blood
pressure 90/50 mmHg (MAP 95), and NIRS = L60, R63.
Drugs used included heparin, dopamine, morphine,
dexamethasone, plasbumin 20% 100 ml and paracetamol
1 gram/8 h.

On first postoperative day the patient had unstable
hemodynamics (BP 89/46 mmHg, MAP 60 mmHg, and
NIRS = L68, R65) with support using dobutamine,
dopamine, norepinephrine to maintain NIRS values
according to baseline. Patient was extubated
hemodynamic status stabilized (BP 100/80 mmHg, MAP
130 mmHg, NIRS = L70, R69) on vasoactive agents
(Table 4).

3. DISCUSSION

The NIRS-derived regional oxygen saturation (rSO-)
value reflects local oxygen delivery and consumption.
NIRS can track regional perfusion in many organ
systems, such as the brain, kidney, and gut. MAP, arterial
partial pressure of CO, (PaCO,), cerebral metabolism
and autonomic nervous system are believed to be the
main regulators of cerebral blood flow (CBF).
Maintaining CBF is critically important for brain
function and tissue viability, especially for patients in the
critical care unit. Continuous bedside monitoring of CBF
could improve outcome by providing the ability to detect
any signs of impaired CBF in the patients and allow for
suitable interventions to prevent ischemia before
permanent tissue damage occurs.® Baseline cerebral

Table 4: Characteristics of Case 4 (female, 51-year-old)

Parameter Intraoperative Postoperative 1st Day Postoperative
NIRS L60, R63 L68, R65 L70, R69
Hemodynamic  BP 90/50 mmHg BP 89/46 mmHg BP 100/80 mmHg

MAP 95 mmHg MAP 60 mmHg MAP 130 mmHg

Support e Dopamine 7 pg/kg/min

e Dobutamine 10 pg/kg/min
e Dopamine 10 pg/kg/min
¢ Norepinephrine 0.2 pg/kg/min

e Dobutamine 10 pg/kg/min
e Dopamine 10 pg/kg/min
¢ Norepinephrine 0.2 pg/kg/min
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oximetry normal values range from 60% to 80%;
however, lower values of 55-60% are not considered
abnormal in some cardiac patients.

During anesthesia, MAP is often around 50 mmHg
meaning that it remains unknown whether CBF is
maintained, when an evaluation of CBF, e.g. by NIRS
seems desirable.” NIRS is sensitive to changes in PaCO»,
detects hypoxemia, identifies cerebral autoregulation as
well as regional distribution of CBF.® Measurement of
MAP and the ratio of splanchnic tissue oxygen (StO-s)
to simultaneously measured cerebral tissue oxygen
(StO-c) during and after surgery can reduce the risk of a
neurological deficit event because it can be a marker of
reduced perfusion to the brain.68-10

NIRS use mathematical algorithms involving subtraction
of values obtained from the emitters near and far from
the photodetector to limit contamination from
extracranial blood, and obtains a reading representative
of cerebral oxygenation values and can be a more
representative marker than MAP values regarding state
of brain perfusion."

These four cases show that in patients who had blood
pressure and MAP less than 65, the NIRS showed values
in accordance with normal baseline values. Cerebral
perfusion can reach the baseline normal value even
though in low cardiac output syndrome, and NIRS can
predict the outcome of patient better than conservative
monitoring.

4. CONCLUSION

Cerebral oximetry with near infra-red spectroscopy
(NIRS) is useful for identifying real-time StO2c in the
cerebrum, and to take appropriate measures to avoid
poor neurological outcomes.
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