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Abstract

Heart surgery in patients from high-altitude areas is more challenging than usual. Few studies have
been published on this issue, and none of them have discussed the effect of an altitude change
(from high to low altitude) on a patient’s physiology or its effects on a patient’s perioperative
management. Here, we present the case of a 46-year-old man who was a long-time resident of
Tibetan area in Sichuan (altitude >3000 m) who underwent Stanford type A aortic dissection
emergency surgery on the plain. Anesthetic management occurred through monitoring of the
bispectral index (BIS) and transesophageal echocardiography (TEE), and we used a relatively loose
fluid hydration strategy. The surgery was performed using cardiopulmonary bypass (CPB), deep
hypothermia (DH), and selective antegrade cerebral perfusion. The most prominent anesthesia
challenges for these patients are physiological changes due to habitation in an high-altitude envi-
ronment (chronic hypoxemia), which can cause hyperhemoglobinemia, polycythemia, hyper-
coagulable blood, and even pulmonary hypertension, cor pulmonale, or congestive heart failure.
Optimized perioperative management and close cooperation among the entire cardiac medical
team were the key factors in the successful management of this rare case.
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Introduction

Human habitation in high-altitude environ-
ments may result in respiratory, cardiovas-
cular, and hematological changes in
relation to the oxygen uptake and trans-
port. A sudden altitude change may lead
to distribution of physiological function.
A rapid or recent ascent into these environ-
ments may lead to high-altitude diseases
such as high-altitude cerebral edema, pul-
monary edema, and acute and chronic
mountain sickness syndrome with head-
ache, dizziness, fatigue, and insomnia.’
However, long-term residency in high-
altitude areas activates gene-coding pro-
grams for proteins that are involved in
oxygen transport, blood vessel growth,
and erythropoiesis, thus leading to unique
physiological respiratory, circulatory, and
hematological system phenotypes.>
Previous studies have shown that the effects
of anesthesia and surgery on the hemody-
namics are distinctly different compared
with those from individuals who live at
low altitudes.™* There are increased periop-
erative risks and complications of a high-
altitude-area inhabitant who wundergoes
surgery in a low-altitude area, and it is sug-
gested to give these patients 3 to 5 days
before surgery to de-acclimate.>®

Stanford type A acute aortic dissection is
a life-threatening emergency that requires
swift open surgical repair on cardiopulmo-
nary bypass (CPB).” Thus, cardiac
emergency surgeries on patients from
high-altitude areas are even more challeng-
ing. In this study, we report the case of a

patient who resided in a high-altitude area
who underwent Stanford type A aortic dis-
section emergency surgery in a low-altitude
area. This case report will add to the limited
body of knowledge on the anesthetic peri-
operative management strategy in these
patients.

Case report

A healthy 46-year-old man was transferred
to our center (Chengdu, China, 500 m above
sea level) 52 hours after the onset of acute
chest and upper abdominal pain. His medi-
cal history was normal. Noteworthy was the
fact that he had lived in the Tibetan area of
Sichuan (at an altitude >3000 m) since
childhood and was transferred to a low-
altitude area for only 3 hours, without a
chance to acclimate to the altitude change.
Upon the ambulance’s arrival and after the
initial examination, the patient’s heart rate
was 92 beats per minute (bpm), blood pres-
sure was 165/95 mmHg (systolic/diastolic),
respiratory rate was 22 breaths per minute,
and the oxygen saturation was 92%
(Fi0,=21%). There was also no sign of
jugular venous distension or swelling in his
legs. The 12-lead electrocardiogram (ECG)
indicated a sinus rhythm with a rate of 92
bpm, and there was no sign of ST elevation,
pathologic Q-spikes, or dysrhythmia. The
blood test yielded a red blood cell (RBC)
count of 7.97 x 10'%/L, hematocrit (Hct)
level of 74.7%, and a hemoglobin concen-
tration of 249 g/L. These values were all
much higher than those of people who live
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in low-altitude areas. The white blood cell
count and platelet results were unremark-
able. The coagulation tests showed an
increase in the D-dimer concentration of
6.5mg/L and in the fibrin degradation prod-
uct (FDP) concentration of 18.3 mg/L. The
cardiac enzyme levels were not increased,
high-sensitivity troponin T was 5.1ng/L,
creatine kinase-MB (CK-MB) was 1.6ng/
mL, and type B natriuretic peptide (BNP)
was 95.8 pg/mL. In the emergency depart-
ment, we performed a bedside transthoracic
echocardiography (TTE), which unexpect-
edly revealed dilation of the aortic root
with a sign of dissection. TTE demonstrated
a mild degree of left ventricular (LV) hyper-
trophy, LV systolic function with an ejec-
tion fraction of 64%, and normal valve,
atria, and right ventricular functions.
ECG-gated computed tomography angiog-
raphy (CTA) demonstrated that the dissec-
tion initially manifested from the aortic
root, and it also showed the involvement
of the aortic arch that extended in the infe-
rior direction to the descending and abdom-
inal aortae (Figure 1a and b). The maximum
abdominal aorta diameter was 27 mm, and
the celiac trunk, superior mesenteric artery,
and the left renal artery arose from the true
lumen, whereas the right renal and inferior

mesenteric artery arose from the false
lumen. There were no perfusion deficits in
the kidneys.

The patient spent 6 hours in the emer-
gency center where he underwent a preop-
erative examination and basic treatment, he
was transferred to the operating room on
blood pressure-lowering treatment (nicardi-
pine), and his blood pressure, ECG, and
oxygen saturation (SPO,) were monitored.
Subsequently, his left radial and left dorsal
arteries were catheterized following the
administration of a local anesthesia to mon-
itor arterial pressure invasively. The arterial
pressure before induction was 95/57 mmHg
with a heart rate of 90bpm. Anesthetic
induction was performed by intravenous
injection of midazolam (0.1-0.2mg/kg),
etomidate (0.3 mg/kg), sufentanil (1-2pg/
kg), and cisatracurium (0.15mg/kg), in
accordance with the guidance for the bis-
pectral index (BIS). An endotracheal tube
(7.5#) was placed, and anesthesia was main-
tained with sevoflurane (1.5%-2.5%),
sufentanil (1-2pg/kg/hour), and dexmede-
tomidine (0.4 ug/kg/hour), together with
intermittent intravenous of cisatracurium.
Mechanical ventilation was performed
with a respiration ratio from 1:1.5 to
1:2.0, the respiration rate in the range of

Figure |. CTA showing the dissection from the aortic root (a) that extended in the inferior direction to
the descending and abdominal aorta (b); and intraoperative TEE (c) image showing aortic root dilation.
CTA, computed tomography angiography; TEE, transesophageal echocardiography.
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10 to 12 breaths per minute, and end-tidal
carbon dioxide pressure (PetCO,) main-
tained in the range of 35 to 40 mmHg (1
mmHg=0.133 kPa). After anesthetic induc-
tion, a triple-lumen central venous catheter
was placed in the vena cava through the
right internal jugular vein. Nasopharyngeal
and rectal temperatures were monitored.
Intraoperative transesophageal echocardiog-
raphy (TEE) revealed aortic root dilation
with a sign of dissection (Figure 1c).

Compound sodium chloride solution,
hydroxyethyl starch 130/0.4, and blood
products were used for intraoperative fluid
infusion. Stanford type A aortic dissection
surgery (ascending aortic replace-
ment + aortic arch replacement + descending
aortic stent implantation) was performed
with CPB, deep hypothermia, and selective
antegrade cerebral perfusion. The vasoactive
drugs, norepinephrine, epinephrine, and
nitroglycerin were used to maintain stable
hemodynamics. CPB lasted for 215 minutes.
The intubated patient was transferred to the
intensive care unit (ICU) after surgery. The
endotracheal tube was removed after the
patient awoke, spontaneous breathing
improved, and arterial blood gas showed sat-
isfactory oxygenation and hemodynamic sta-
bility. The postoperative course in the ICU
was stable, and there were no complications.
Epinephrine and norepinephrine infusions
were discontinued within 24 hours post-
ICU admission. The TTE conducted on
postoperative day (POD) 3 did not identify
any obvious abnormalities in the artificial
blood vessels. The patient was discharged
from the hospital on POD 7, and he lived
in a low-altitude area for 2 weeks before he
returned to his permanent residence in the
local Tibetan area.

Discussion

This is a rare case of a patient who had been
a long-time inhabitant in a high-altitude area
who underwent emergency surgery for

Stanford type A aortic dissection. Long-
term residency in high-altitude areas leads
to unique physiological respiratory, circula-
tory, and hematological system phenotypes.
Sudden altitude changes may lead to distri-
bution of physiological functions. There is
no published literature that discusses the
altitude change (from high to low altitude)
and its effect on the patient’s physiology as
well as its effects on the patient’s periopera-
tive management. In the present study, we
summarized the physiological changes that
occur to acclimate a person to a hypoxemic
environment, reviewed the cases that
reported surgery and complications in

high-altitude inhabitants, and suggested
perioperative  management for  these
patients.

Physiological changes in response
to high altitude

High-altitude areas have a low-ambient
barometric pressure, which leads to a
decrease in the partial pressure of oxygen,
and this results in hypobaric hypoxemia.
Key physiological changes in high-altitude
residents are shown in Figure 2.
Hyperhemoglobinemia and polycythemia
develop in response to facilitated loading of
O, in the lung. Platelets are also activated
and lead to increased blood coagulability.
Hypoxic pulmonary vasoconstriction is a
vasomotor response to alveolar hypoxia; it
increases pulmonary vascular resistance and
contributes to significant pulmonary hyper-
tension. Studies have shown that high-
altitude-area residents have a larger lung
volume with increased vital and total lung
capacities.®® For the cardiovascular system,
systemic blood pressure and LV systolic
function increase in response to hypoxia
during early adaptation, and mild to moder-
ate hypertension and LV myocardial hyper-
trophy may occur with chronic habitation.
Cardiac and cerebral blood flow is
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Figure 2. Key physiological changes in high-altitude residents.

selectively  increased. Previous studies
showed that Tibetan highlanders achieved
normal O, delivery because of a ten-fold
increase in the plasma concentration of cir-
culating nitric oxide (NO), which leads to
vasodilation and increased tissue blood
flow.'® Some serious cases may lead to cya-
nosis, cor pulmonale, and congestive heart
failure.'! In the present case, the patient
did not have any severe complications such
as pulmonary hypertension and heart failure
described above. The laboratory tests dem-
onstrated that hyperhemoglobinemia and
polycythemia (RBC was 7.97 x 10"?/L and
the hemoglobin concentration was 249 g/L)
had developed, and the blood was in a
hypercoagulable state (D-dimer of 6.5mg/L
and FDP 18.3mg/L). In the acute phase of
aortic dissection, the non-endothelial false
lumen surface thrombosis activated coagula-
tion and caused an increase in D-dimer. D-
dimer (>0.5mg/L) is recommended as a
diagnostic biomarker of aortic dissection.'?
However, a previous study also showed
higher D-dimer levels in high-altitude-area

inhabitants.'® These multiple factors might
cause the increased coagulation markers
that were observed in our patient.

Surgery in high-altitude
inhabitants

Table 1 shows a summary of the cases that
reported surgery and complications in high-
altitude inhabitants. Pan et al.” and Li
et al.® showed the increased perioperative
risks and complications for high-altitude-
area inhabitants who underwent surgery in
a low-altitude area. Zhang et al.'* reported
that living in a moderate high-altitude area
(~1800 m) may mimic the hypoxic precon-
ditioning and decrease the incidence of ICU
admission and postoperative  serious
adverse events in older patients.

Perioperative management for
high-altitude inhabitants

In the preoperative period, early diagnosis
of aortic dissection is important.'”> In the
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(faster recovery, less PONV)
Higher risk of postoperative

cardiac dysfunction

TIVA is superior to CIVIA
ICA

CH decrease pSAEs

Findings

Samples
304

80

7

Age
(mean,
years)
79

34
2-12
6

Altitude
(where patients
lived)

~2000 m
~3000 m
~3500 m

~ 3000 m

(where patients
underwent surgery)

Altitude
1850 m
~3000 m
~200 m
~500 m

Surgery type
Tonsillectomy

HA
LG
Cardiac

Research type
Retrospective
Prospective

Retrospective

Summary of surgery or complications in high-altitude inhabitants.
Case report

Author
Li et al.b

HA, hip arthroplasty; CH, chronic hypoxemia; pSAEs, postoperative serious adverse events; LG, laparoscopic gynecological; TIVA, totally intravenous anesthesia; CIVIA,

combined intravenous—inhalation anesthesia; PONYV, postoperative nausea/vomiting; ICA, intraoperative cardiac arrest; -, no data.

2017  Zhang et al.'

2017 Xuetal?
2017 Panetal®

Table I.
Year
2003

present case, the patients’ hemodynamic
parameters were stable. Because of his
poor medical condition in the high-
altitude area, he was transferred to our
cardiac center and was managed by experi-
enced teams. As discussed above,
hyperhemoglobinemia, polycythemia,
hypercoagulable blood, pulmonary hyper-
tension, cyanosis, cor pulmonale, and con-
gestive heart failure need to be evaluated
when patients are from high-altitude areas.

For the Stanford type A aortic dissec-
tion, emergency surgical treatment with
CPB is an important rescue strategy to
save the lives of patients with increased
cerebral injury and other life-threatening
risks. In the present case, the induction pro-
cess was stable, and it was conducted in
accordance with BIS guidelines. Previous
studies reported that high-altitude dwellers
require significantly larger amounts of
intravenous anesthetic propofol (rather
than sevoflurane) to achieve a similar
target BIS during both the induction and
maintenance phases of anesthesia. This phe-
nomenon may be a result of the higher car-
diac output in the high-altitude area. In the
present case, we did not find any difference
in propofol use compared with the normal
population.

Hyperhemoglobinemia and polycythe-
mia are most common among high-
altitude residents. Thus, blood protection
and volume management strategies for
these patients need to be discussed. The
changes in RBC, Hct, and hemoglobin are
listed in Table 2. Hyperhemoglobinemia
can cause cerebral infarction, and there is
a positive linear correlation between hemo-
globin levels and risk factors for ischemic
stroke.'® In the present case, the patient’s
blood was in a hypercoagulable state.
Thus, we adopted a relatively loose fluid
therapy strategy, and crystal or colloidal
fluids were infused at a rate of 10 mL/kg/
hour. CPB perfusion also required a hydra-
tion strategy, and hemoglobin was
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Table 2. Red blood cells, hematocrit, and hemoglobin at different time points.

Red blood cells (10'?/L)

Hematocrit (%) Hemoglobin (g/L)

Preoperative 797
After induction (data from ABG) -
Before CPB (data from ABG) -
CPB (data from ABG) -
After CPB (data from ABG) -
POD | 4.93
POD 5 4.45

74.7 249
75.6 256.7
67.6 239.6
53.5-39.2 182-153
38 140
37.8 121

414 144

ABG, arterial blood gas analysis; CPB, cardiopulmonary bypass; POD, postoperative day.

maintained at levels that were decreased by
30% compared with basal levels. Heparin
was routinely used in cardiac surgery, and
it played an important role in regulating
blood viscosity. Blood protection and
volume management also depended on the
heart and respiratory function, peripheral
vascular resistance, and laboratory test
results. TEE or TTE are helpful for evalu-
ating volume states and heart function. We
will apply these techniques in the future.
In the present case, general deep hypo-
thermia (DH) (20-25°C) and arrested circu-
latory CPB were used to reduce the
metabolic rate and oxygen consumption,
and the DH period was approximately 35
minutes. Cerebral protection was achieved
by the bilateral antegrade cerebral perfu-
sion (approximately 25 minutes, cerebral
blood flow around 5-10mL/kg/minute)
via the innominate artery and left
common carotid artery. For patients with
hypercoagulability, measures should be
taken to control the coagulation state to
avoid thrombosis, which may cause neuro-
logical complications such as cerebral
infarction. Tranexamic acid was reported
to increase the incidence of stroke, and it
should be used with caution in this kind
of patient.'” DH that lasts more than 45
minutes could result in significantly
increased brain injury. Furthermore, long-
term CPB induced by DH can lead to seri-
ous systemic inflammatory response.

Recently, moderate hypothermia (MH)
(25-28°C) due to anesthesia has been
encouraged by some scholars.'®' Future
studies should investigate if MH is better
for the reduction of the risk of neurological
disorders and other complications than DH
in this type of population. No neurological
complications occurred in this patient case
after 6 months of follow-up. Studies suggest
that monitoring cerebral saturations using
regional cerebral oxygen saturation (rScO»)
are more appropriate for assessing the
brain oxygen supply and demand, and if
the dissection impacts spinal function,
somatosensory- and motor-evoked poten-
tial monitoring are needed.*”

In postoperative management, the focal
aim of the ICU treatment was to achieve
hemodynamic and organ functional stabili-
ty. The catalytic activity and expression of
certain cytochrome P450 isoenzymes at high
altitudes are modified and lead to relative
changes in drug metabolism and pharmaco-
kinetics.?! Thus, the patient’s recovery from
anesthesia must be carefully managed.
During follow-up, it is better for these
patients to stay at low altitudes for a
period of time to decrease the potential risk
for physiological changes, which may harm
the heart in its fragile postsurgical state.

In summary, for patients who have been
long-time inhabitants of a high-altitude
area and who undergo surgery in a low-
altitude area, the most prominent
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anesthesia challenges are the physiological
changes due to habitation in chronic
hypoxemia. The detailed preoperative eval-
uation should consider hyperhemoglobine-

mia, polycythemia, hypercoagulable
blood, pulmonary hypertension, cyanosis,
cor pulmonale, and congestive heart

failure. Optimized perioperative manage-
ment and close cooperation among the
entire cardiac medical team were the key
factors the in successful management of
this rare case.
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