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Purpose. To explore the effect of different anesthesia methods on emergence agitation (EA) and related complications in
postoperative patients with osteosarcoma. Methods. According to the order of admission, 115 patients requiring osteosarcoma
surgery treated in our hospital from January 2018 to December 2020 were selected as the research object and randomly divided
into the control group (n� 57, accepted the general anesthesia with tracheal intubation) and the experimental group (n� 58,
accepted the combined spinal-epidural anesthesia) to compare their anesthesia effect, incidence rates of agitation and com-
plications, and other indexes. Results. In terms of the hemodynamic indexes (MAP, HR, and CVP values), both groups had lower
ones at T1 than at T0, but the decline of the experimental group was generally lesser than that of the control group; at T2, no
statistical difference was shown within the experimental group’s indexes when comparing with those at T1, but the control group
obtained a significant increase; at T3 and T4, both groups had their hemodynamic indexes increased, but such increase within the
experimental group showed no statistical difference when comparing with those at T0, while the control group achieved obviously
higher values at T4 than at T0 (before the anesthesia); and the between-group difference in the hemodynamic indexes at T1 and T4
was significant. Compared with the control group, the experimental group achieved better VAS scores and anesthesia indexes and
lower incidence rates of EA and complications such as the hypoxemia, cardiovascular response, delayed recovery, and headache.
In addition, the differences in the incidence rates of hypotension and cognitive dysfunction between the two groups were not
statistically significant. Conclusion. When comparing with tracheal intubation general anesthesia, the combined spinal-epidural
anesthesia has a better effect in osteosarcoma surgery, with less hemodynamics influence on patients, reduced postoperative pain
and stress reaction, and lowered incidence rates of postoperative EA and complications, which is worthy of wide application in
clinical treatment.

1. Introduction

Osteosarcoma is a malignant bone tumor that involves the
cortical bone, marrow cavity, and periosteum and usually
occurs in proximal tibia, proximal humerus, and metaphysis
of the distal femur by the way of directly producing osteoid
tissue with tumor cells. It is often presented as grayish-red or
brownish-red spindle-shaped tumor with fish-like lesion
section [1–4]. *e main symptom of osteosarcoma is per-
sistent local pain, which may be aggravated with the

condition getting more serious, especially at night, and
accompanied with local masses in patients with severe
condition, leading to limited movement of peripheral joints.
In addition, increased temperature and venous engorgement
are often shown on the local skin. According to relevant
statistics, about 60% osteosarcoma patients are under the age
of 25, and the incidence rate is much higher in men than in
women with the male-female ratio of 3 : 2 [5–8]. *e causes
for the abnormal proliferation of the malignant tumor cells
are unknown. Currently, the treatment plan for
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osteosarcoma mainly covers preoperative chemotherapy,
surgical resection, and postoperative chemotherapy, of
which surgical resection is the critical part with the main aim
being complete resection of lesion and preservation of limb
function as far as possible [9–12]. Clinically, general anes-
thesia patients in the awakening period may be irritated by
operations such as tracheal intubation and suctioning and
thus are prone to increased heart rate and blood pressure,
which may further cause agitation and seriously affect the
postoperative rehabilitation effect. *erefore, the way of
controlling emergence agitation (EA) after anesthesia has
always been a research hotspot of clinical surgery. Combined
spinal-epidural anesthesia is an emerging anesthesia mo-
dality in recent years, which has advantages such as the fast
onset and good blocking effect. In addition, it ensures
prolonged surgical anesthesia, which meets the demand of
osteosarcoma surgery, but there are few related studies
currently. To solve the problem fundamentally, the effect of
different anesthesia methods on EA and related complica-
tions in postoperative patients with osteosarcoma was ex-
plored, and the summary results are as follows.

2. Materials and Methods

2.1. General Information. 115 patients with the need of
osteosarcoma surgery treated in our hospital from January
2018 to December 2020 were selected as the research object
and randomly divided into the control group (n� 57) and
the experimental group (n� 58) according to the order of
admission. *e comparison result of the baseline infor-
mation of patients between the two groups showed no
statistical significance (P> 0.05) and no influence on the
study of between-group difference (Table 1).

2.2. InclusionCriteria. *e inclusion criteria were as follows:
patients met the relevant indicators of osteosarcoma surgery;
the American Society of Anesthesiologists (ASA) grades
were I–III; patients had no history of relevant drug allergies;
patients had no mental or other cognitive impairment; and
the study was approved by the hospital ethics committee,
and patients’ family members signed the informed consent.

2.3. Exclusion Criteria. *e exclusion criteria were as fol-
lows: suffering from osteosarcoma combined with other
serious diseases of the brain, heart, kidney, and liver; taking
sedative medications chronically; with excessive surgical
time (>3 h); refusal to cooperate with the study; and in the
gestation period or lactation period.

3. Methods

Patients in both groups fasted for 8 hours before surgery.
After entering the operating room, patients had their venous
passage opened and inhaled oxygen, and their ECG, pulse,
and oxygen saturation were monitored, as well as their mean
arterial pressured (with radial artery catheterization) and
central venous pressure (with venipuncture catheter in the
right neck) before implementation of anesthesia.

Control group (under general anesthesia): after intravenous
infusion of 0.3µg kg−1 h−1 sufentanil and 4mgkg−1 h−1 pro-
pofol, patients fell asleep and underwent induction intubation
by injecting 0.15mg/kg of cisatracurium intravenously, which
was added during the surgery to maintain appropriate muscle
tone.

Experimental group (under combined spinal-epidural
anesthesia): before anesthesia, 0.3 µg kg−1 h−1 sufentanil and
4mg kg−1 h−1 propofol were injected intravenously for se-
dation and analgesia [13–16]. Patients were kept in lateral
position with the affected limb upward, the spinal L2-3 or L3-4
space was selected as the puncture point, routine disinfec-
tion and drape were performed, the infiltrated point was
under local anesthetic, and after breaking through the lig-
amentum flavum, the spinal needle was inserted; when the
cerebrospinal fluid flowed out, 2-3ml 0.5% ropivacaine was
injected, the spinal needle was withdrawn, the epidural
catheter was inserted, and the fixation was performed after
there was no cerebrospinal fluid and blood when pumping
back. During the surgery, 0.5% ropivacaine could be given
repeatedly and in small amount through the epidural
catheter according to patients’ condition. Patients in both
groups were given 4mg kg−1 h−1 propofol by intravenous
injection during the surgery to maintain appropriate se-
dation depth.

3.1. Observation Indexes. Hemodynamic indexes: the mean
arterial pressure (MAP), heart rate (HR), and central venous
pressure (CVP) of patients in both groups weremonitored in
the following time points: before anesthesia (T0), after
completion of anesthesia (T1), the start of surgery (T2), the
end of surgery (T3), and the end of anesthesia (T4).

VAS score: patients’ physical pain was evaluated by the
visual analog scale (VAS), with 0 point indicating no pain, 3
points or less indicating slight pain, 4–6 points indicating
tolerable pain but the patient’s sleep is affected, and 7–10
points indicating intolerably strong pain that seriously af-
fects the patient’s sleep and appetite.

Anesthesia indexes included the anesthesia onset time,
motor block recovery time, sensory block recovery time, and
postoperative awake time.

Grade of EA: grade 0 (no agitation) meant the patient
cooperated quietly; grade I (slight agitation) meant the
patient groaned intermittently; grade II (mild agitation)
meant the patient groaned constantly; and grade III (severe
agitation) meant the patient screamed and struggled
unremittingly.

Complications included hypoxemia, hypotension, car-
diovascular response, delayed recovery, cognitive dysfunc-
tion, and headache.

3.2. Statistical Processing. In this study, the data processing
software was SPSS20.0, the picture drawing software for data
was GraphPad Prism 7 (GraphPad Software, San Diego,
USA), items included were enumeration data and mea-
surement data, methods used were the X2 test, t-test, and
normality test, and differences were considered statistically
significant at P< 0.05.
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4. Results

4.1. Comparison of Hemodynamic Indexes between the Two
Groups. In terms of the hemodynamic indexes (MAP, HR,
and CVP values), both groups had lower ones at T1 than at
T0, but the decline of the experimental group was generally
lesser than that of the control group; at T2, no statistical
difference was shown within the experimental group’s in-
dexes when comparing with those at T1, but the control
group obtained a significant increase; at T3 and T4, both
groups had their hemodynamic indexes increased, but such
increase within the experimental group showed no statistical
difference when comparing with those at T0, while the
control group achieved obviously higher values at T4 than at
T0 (before the anesthesia); and the between-group difference
in the hemodynamic indexes at T1 and T4 was significant
(Figures 1–3).

4.2. Comparison of VAS Scores between the Two Groups.
*e VAS scores on pain of patients in the experimental
group were significantly lower than those of the control
group (P< 0.05), with statistically significant difference
(Figure 4).

4.3. Comparison of Anesthesia Indexes between the Two
Groups. *e anesthesia indexes of the experimental group
were significantly better than those of the control group
(P< 0.05), with statistical differences (Table 2).

4.4. Comparison of Incidence Rates of EA between the Two
Groups. *e incidence rate of EA of the experimental group
was significantly lower than that of the control group
(P< 0.05), with a statistically significant difference (Table 3).

4.5. Comparison of Incidence Rates of Complications between
the Two Groups. *e incidence rates of hypoxemia, car-
diovascular response, delayed recovery, headache, and other
complications of the experimental group were significantly
lower than those of the control group (P< 0.05), while there
was no statistical difference in the incidence rates of hy-
potension and cognitive dysfunction between the two
groups (P> 0.05) (Table 4).

5. Discussion

EA, a long-term focus in the field of clinical treatment, is a
common adverse effect after anesthesia that causes sym-
pathetic excitation and leads to increased blood pressure and
lack of oxygen to the brain. In addition, as it is also a poor
manifestation of mental disorders, patients with it mainly
show illogical thought, psychic inadequacy, often some
involuntary behaviors, and even mania in severe cases,
which will not only make the postoperative work of medical
and nursing staff more difficult but also change the he-
modynamic indexes of patients and even form patients’
tendency to violence such as spontaneous extubation. EA is
detrimental to patients’ physical recovery for it greatly

Table 1: Baseline information.

Category Control group (n� 57) Experimental group (n� 58) t/X2 P
Age (years) 23.4± 4.8 22.9± 4.2 0.5200 0.6044
Weight (kg) 64.8± 7.9 65.4± 8.1 0.3518 0.7259
Surgery time (min) 102.4± 11.6 103.1± 11.3 0.2867 0.7750
Anesthesia time (min) 138.5± 15.4 139.7± 16.8 0.3493 0.7277
Gender
Male 34 (59.65%) 36 (62.07%) 0.0707 0.790Female 23 (40.35%) 22 (37.93%)

ASA grade
I 11 (19.30%) 13 (22.41%) 0.1690 0.681
II 22 (38.60%) 21 (36.21%) 0.0701 0.791
III 24 (42.11%) 24 (41.38%) 0.0062 0.937
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Figure 1: Comparison of MAP between the two groups (‾x± s).
*e horizontal axis indicates the time points and the vertical axis
indicates theMAP level in mmHg;*eMAP of the control group at
T0, T1, T2, T3, and T4 was (78.15± 8.46), (72.13± 5.16),
(75.21± 6.17), (76.52± 3.65), and (82.29± 8.15), respectively. *e
MAP of the experimental group at T0, T1, T2, T3, and T4 was
(80.04± 6.25), (78.26± 5.33), (76.23± 6.14), (76.84± 6.17), and
(77.14± 6.61), respectively. ∗ from left to right indicates that the
differences in MAP at T1 and T4 between the two groups were
significant (t� 6.2647, 3.7248; P< 0.001, P � 0.0003). & indicates
that the difference in MAP at T0 and T1 within the control group
was significant (t� 4.6158, P< 0.001). && indicates that the dif-
ference in MAP at T1 and T2 within the control group was sig-
nificant (t� 2.9059, P � 0.0044). &&& indicates that the difference
in MAP at T0 and T4 within the control group was significant
(t� 2.6728, P � 0.0086).
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Figure 2: Comparison of HR between the two groups (‾x± s).*e horizontal axis indicates the time points and the vertical axis indicates the
HR in times/min. *e HR of the control group at T0, T1, T2, T3, and T4 was (76.59± 8.63), (67.89± 6.08), (70.05± 5.34), (74.21± 4.32), and
(82.25± 6.48), respectively. *e HR of the experimental group at T0, T1, T2, T3, and T4 was (76.45± 8.95), (72.31± 6.15), (71.43± 5.27),
(73.61± 5.45), and (75.17± 6.11), respectively. ∗ from left to right indicates that the differences in HR at T1 and T4 between the two groups
were significant (t� 3.8752, 6.0293; P � 0.0002, P< 0.001). & indicates that the difference in HR at T0 and T1 within the control group was
significant (t� 6.2583, P< 0.001). && indicates that the difference in HR at T1 and T2 within the control group was significant (t� 2.0228,
P � 0.0455). &&& indicates that the difference in HR at T0 and T4 within the control group was significant (t� 3.9817, P< 0.001).
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Figure 3: Comparison of CVP between the two groups (‾x± s). *e horizontal axis indicates the time points and the vertical axis indicated
the CVP level in cmH2O. *e CVP of the control group at T0, T1, T2, T3, and T4 was (8.46± 0.37), (7.97± 0.46), (8.23± 0.65), (8.25± 0.92),
and (8.71± 0.38), respectively. *e CVP of the experimental group at T0, T1, T2, T3, and T4 was (8.48± 0.38), (8.26± 0.35), (8.25± 0.37),
(8.32± 0.34), and (8.44± 0.33), respectively. ∗ from left to right indicates that the differences in CVP at T1 and T4 between the two groups
were significant (t� 3.8088, 4.0704, P � 0.0002, P< 0.001). & indicates that the difference in CVP at T0 and T1 within the control group was
significant (t� 6.2998, P< 0.001). && indicates that the difference in CVP at T1 and T2 within the control group was significant (t� 2.4721,
P � 0.0149). &&& indicates that the difference in CVP at T0 and T4 within the control group was significant (t� 3.5737, P � 0.0005).
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Figure 4: Comparison of VAS scores on pain between the two groups (‾x± s). *e horizontal axis indicates the VAS score, and the vertical
axis indicates the values.*eVAS score on pain of the control group was (5.52± 1.23).*e VAS score on pain of the experimental group was
(1.92± 0.04). ∗*e difference in the VAS scores on pain between the two groups was significant (t� 22.2798, P< 0.0001).
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reduces the compliance with treatment and easily leads to
various postoperative complications [17–20]. *ere are
many reasons why patients develop EA from anesthesia, but
postoperative pain is the main one. Patients after osteo-
sarcoma surgery often suffer from severe pain that will
increase the content of aldosterone, catecholamine, and
other substances in the body, leading to a rapid heartbeat
and possible cardiovascular diseases [13, 21, 22]. *erefore,
the effect of different anesthesia methods on postoperative
EA and related complications are mainly investigated by
retrospectively analyzing the clinical medical records of 115
patients requiring osteosarcoma surgery in our hospital.

*e study first focused on the influence of general an-
esthesia with tracheal intubation and combined spinal-
epidural anesthesia on the perioperative hemodynamic in-
dexes (MAP, HR, and CVP values) and concluded that both
groups had lower ones at T1 than at T0, but the decline of the
experimental group was generally lesser than that of the
control group, which was consistent with the report by
Kumar [23]; at T2, no statistical difference was shown within
the experimental group’s indexes when comparing with
those at T1, but the control group obtained a significant
increase; at T3 and T4, both groups had their hemodynamic
indexes increased, but such increase within the experimental
group showed no statistical difference when comparing with
those at T0, while the control group achieved obviously
higher values at T4 than at T0 (before the anesthesia); and the
between-group difference in the hemodynamic indexes at T1
and T4 was significant. *e results presented the influence of
the two anesthesia methods on patients’ perioperative stress
reaction, i.e., appropriate local anesthesia performed to the

patients in the experimental group after the completion of
general anesthesia could easily control the anesthetic plane
to a suitable level, and although they achieved lower he-
modynamic indexes, the decrease was slight, and they re-
stored to normal after the end of anesthesia; however, due to
the preoperative fasting required in the control group, lack
of circulation and use of induced drug conferred a state of
cardiovascular depression in patients. During surgery, as
patients in the experimental group had their anesthesia
plane fixed and their motor and sensory nerves innervating
the surgical area blocked completely, a satisfactory and
painless surgical environment with muscle relaxation was
presented, and a small amount of drug could be given re-
peatedly through the epidural catheter with the analgesic
and sedative effects lasted until patients regain conscious-
ness, thereby relieving circulatory depression; in the control
group, due to the fact that surgical skin incision produced a
corresponding stress response, various vital signs were
significantly elevated, which, combined with operations such
as suturing skin at the end of the surgery and the extraction
of the endotracheal tube after anesthesia, would cause he-
modynamic indexes to rise rapidly and fluctuate in a large
range. In addition, the VAS scores and anesthesia indexes of
the experimental group were significantly better than those
of the control group, the incidence rates of EA and com-
plications such as hypoxemia, cardiovascular response,
delayed recovery, and headache in the experimental group
were significantly lower than those of the control group, and
there was no significant between-group difference in the
incidence rates of hypotension and cognitive dysfunction,
indicating that the combined spinal-epidural anesthesia had

Table 4: Comparison of incidence rates of complications between the two groups ((n(%)).

Complication Control group (n� 57) Experimental group (n� 58) t P
Hypoxemia 16 (28.07) 2 (3.45) 13.2008 <0.001
Hypotension 4 (7.02) 5 (8.62) 0.4009 0.527
Cardiovascular response 13 (22.81) 1 (1.72) 11.9512 0.001
Delayed recovery 17 (29.82) 0 (0) 20.2990 <0.001
Cognitive dysfunction 21 (36.84) 19 (32.76) 0.2113 0.646
Headache 8 (14.04) 2 (3.45) 4.0583 0.044

Table 2: Comparison of anesthesia indexes between the two groups (‾x± s, min).

Index Control group (n� 57) Experimental group (n� 58) t P
Anesthesia onset time 16.8± 2.5 5.7± 1.6 28.4092 <0.001
Motor block recovery time 234.5± 17.3 130.2± 14.8 34.7613 <0.001
Sensory block recovery time 213.1± 12.7 154.3± 11.7 25.8293 <0.001
Postoperative awake time 7.8± 1.2 3.1± 1.1 21.9008 <0.001

Table 3: Comparison of incidence rates of EA between the two groups (n(%)).

Grade Control group (n� 57) Experimental group (n� 58) t P
0 36 (63.16) 50 (86.21)
I 13 (22.81) 5 (8.62)
II 5 (8.77) 2 (3.45)
III 3 (5.26) 1 (1.72)
Total incidence rate 21 (36.84) 8 (13.79) 8.0986 0.004
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a better effect and lower incidence rates of postoperative
complications, which was of significant value and meaning
to improve the prognosis effect. *is study is consistent with
the conclusion made by Smith et al. [16]. Compared with
general anesthesia, combined spinal-epidural anesthesia can
effectively reduce the incidence rates of EA after anesthesia
as well as complications while maintaining stable hemo-
dynamic indexes in patients undergoing osteosarcoma
surgery and has higher safety.

In conclusion, when comparing with tracheal intubation
general anesthesia, combined spinal-epidural anesthesia has
exact efficacy, unlimited anesthesia time, small dose of local
anesthetic, low incidence rate of poisoning by local anes-
thetic, and postoperative epidural analgesic effect, truly
realizing the “noncontact” lumbar anesthesia technology. It
has a better effect in osteosarcoma surgery, with less he-
modynamics influence on patients, reduced postoperative
pain and stress reaction, lowered incidence rates of post-
operative EA and complications, and better anesthesia in-
dexes, which is worthy of wide application in clinical
treatment. However, as it was a single-center study with
small sample size, the anesthesia management effect shall be
comprehensively observed and applied, and a multicenter
study with large sample size shall be conducted for further
confirmation.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

References

[1] M. Vasile, A. Nastro, and F. Lamonaca, “Measurement
method for the objective and early detection of the osteo-
sarcoma tumors,” Measurement, vol. 92, pp. 89–95, 2016.

[2] H. Sasaki, S. V. Iyer, K. Sasaki, O. W. Tawfik, and T. Iwakuma,
“An improved intrafemoral injection with minimized leakage
as an orthotopic mouse model of osteosarcoma,” Analytical
Biochemistry, vol. 486, pp. 70–74, 2015.

[3] L. Dalla Massara, H. P. Osuru, A. Oklopcic et al., “General
anesthesia causes epigenetic histone modulation of c-fos and
brain-derived neurotrophic factor, target genes important for
neuronal development in the immature rat Hippocampus,”
Anesthesiology, vol. 124, pp. 1311–1327, 2016.

[4] Y. Li, F. Liao, H. R. Xu, and X. H. Niu, “Is there a reliable
method to predict the limb length discrepancy after chemo-
therapy and limb salvage surgery in children with osteosar-
coma?” Chinese Medical Journal, vol. 129, pp. 1912–1916, 2016.

[5] Y. B. Se, D. G. Kim, S. H. Park, and H. T. Chung, “Radiation-
induced osteosarcoma after Gamma Knife surgery for ves-
tibular schwannoma: a case report and literature review,”Acta
Neurochirurgica, vol. 159, pp. 385–391, 2017.

[6] D. Vijayanarasimha, S. K. Nayanar, S. Vikram, V. M. Patil,
S. Babu, and B. Satheesan, “Clinico-pathological study of limb
salvage surgery for osteosarcoma: experience in a rural cancer
center,” Indian J Surg Oncol, vol. 8, pp. 136–141, 2017.

[7] T. Shimizu, Y. Fuchimoto, H. Okita et al., “A curative
treatment strategy using tumor debulking surgery combined
with immune checkpoint inhibitors for advanced pediatric
solid tumors: an in vivo study using a murine model of os-
teosarcoma,” Journal of Pediatric Surgery, vol. 53, pp. 2460–
2464, 2018.

[8] T. Higuchi, N. Yamamoto, H. Nishida et al., “Knee joint
preservation surgery in osteosarcoma using tumour-bearing
bone treated with liquid nitrogen,” International Orthopae-
dics, vol. 41, pp. 2189–2197, 2017.

[9] A. H. P. Loh, H. Wu, A. Bahrami et al., “Influence of bony
resection margins and surgicopathological factors on out-
comes in limb-sparing surgery for extremity osteosarcoma,”
Pediatric Blood and Cancer, vol. 62, pp. 246–251, 2015.

[10] S. Miwa, Y. Hiroshima, S. Yano et al., “Fluorescence-guided
surgery improves outcome in an orthotopic osteosarcoma
nude-mouse model,” Journal of Orthopaedic Research, vol. 32,
pp. 1596–1601, 2014.

[11] A. Takeuchi, N. Yamamoto, K. Hayashi et al., “Joint-pres-
ervation surgery for pediatric osteosarcoma of the knee joint,”
Cancer & Metastasis Reviews, vol. 38, pp. 709–722, 2019.

[12] D. L. Anghelescu, B. D. Steen, H. Wu et al., “Prospective study
of neuropathic pain after definitive surgery for extremity
osteosarcoma in a pediatric population,” Pediatric Blood and
Cancer, vol. 64, Article ID e26162, 2017.

[13] L. D. Martin, E. B. Grigg, S. Verma, G. J. Latham,
S. E. Rampersad, and L. D. Martin, “Outcomes of a failure
mode and effects analysis for medication errors in pediatric
anesthesia,” Paediatric Anaesthesia, vol. 27, pp. 571–580, 2017.

[14] M. Sashindranath, S. A. Sturgeon, S. French et al., “*e mode of
anesthesia influences outcome in mouse models of arterial
thrombosis,”Res Pract�rombHaemost, vol. 3, pp.197–206, 2019.

[15] F. Hemmerich, C. S. Weyland, S. Schönenberger et al., “Effect
of mode of anesthesia on radiation exposure in patients
undergoing endovascular recanalization of anterior circula-
tion embolic stroke,” Journal of Neurointerventional Surgery,
vol. 12, pp. 455–459, 2020.

[16] P. E. Smith, E. M. Hade, Y. Tan, L. K. Pandya, A. F. Hundley,
and C. O. Hudson, “Mode of anesthesia and major peri-
operative outcomes associated with vaginal surgery,” Int
Urogynecol J, vol. 31, pp. 181–189, 2020.

[17] Y. Lai, Y. Chia, C. Wen, H. Hsu, H. Chang, and W. Huang,
“Association between risk of neonatal pneumothorax and
mode of anesthesia for cesarean delivery at term: a nationwide
population-based retrospective cohort study,” International
Journal of Obstetric Anesthesia, vol. 30, pp. 80-81, 2017.

[18] I. Willfurth, N. Baik-Schneditz, B. Schwaberger et al., “Ce-
rebral oxygenation in neonates immediately after cesarean
section and mode of maternal anesthesia,” Neonatology,
vol. 116, pp. 132–139, 2019.

[19] N. Nguyen-Lu, J. C. Carvalho, J. Kingdom, R. Windrim,
L. Allen, and M. Balki, “Mode of anesthesia and clinical
outcomes of patients undergoing Cesarean delivery for in-
vasive placentation: a retrospective cohort study of 50 con-
secutive cases,” Canadian Journal of Anaesthesia, vol. 63,
pp. 1233–1244, 2016.

[20] Y. Pasternak, N. Miller, A. Asali et al., “Does music during
labor affect mode of delivery in first labor after epidural
anesthesia? A prospective study,” Archives of Gynecology and
Obstetrics, vol. 300, pp. 1239–1244, 2019.

[21] S.-J. Chen, C.-J. Peng, Y.-C. Chen et al., “Comparison of FFT
and marginal spectra of EEG using empirical mode decom-
position to monitor anesthesia,” Computer Methods and
Programs in Biomedicine, vol. 137, pp. 77–85, 2016.

6 Journal of Healthcare Engineering



[22] K. Siewruk, B. Lisowska, M. Sady et al., “Anesthesia concerns
for mesenchymal stem cells implantation into reproductive
tract and MRI evaluation in pigs as an animal mode,” Re-
production in Domestic Animals, vol. 54, p. 37, 2019.

[23] N. J. Kumar, B. George, and M. Sivaprakasam, “Development
of a load-cell based palpation sensor suitable for ophthalmic
anesthesia training,” Annu Int Conf IEEE Eng Med Biol Soc,
vol. 2018, pp. 929–932, 2018.

Journal of Healthcare Engineering 7


