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Abstract
Background We discuss the anesthetic outcome in morbidly
obese patients under the enhanced recovery after surgery
(ERAS) protocol. Our evidence-based clinical pathways focused
on prehabilitation and included interventions like aggressive pre-
operative optimization of medical comorbidities, familiarizing
with perioperative protocols, thromboprophylaxis, opioid free
multimodal analgesia, and early ambulation.
Methods We did a retrospective analysis of prospectively
collected data of 823 patients who underwent laparoscop-
ic bariatric surgery. Our goal was to assess the effects of
BMI on the recovery and anesthetic outcome parameters,
under the categories of severely obese (SeO: BMI
<39.9 kg/m2), morbidly obese (MO: BMI 40–49.9 kg/
m2), super-morbidly obese (SMO: BMI 50–59.9 kg/m2),
and super-super morbidly obese (SSMO: BMI >60 kg/
m2). Time to ambulate (TA) was the primary variable.
Results Requirement for non-invasive ventilation (NIV)
was the only significant predictor of TA and discharge
readiness (DR); the DR was further affected by functional
capacity and presence of chest pain. Our analysis

indicated that each unit increase in BMI (kg/m2) contrib-
utes to increase in ambulation time by 1.24 min (95 % CI:
0.648 to 1.832 min; P < 0.001) and DR by 0.52 h (95 %
CI: 0.435 to 0.606 h; P < 0.001). The odds ratio for
requirement for NIV (per unit change in BMI) was
1.163 (CI: 1.127/1.197; P < 0.001).
Conclusions Aggressive preoperative optimization can
avert effects of BMI on anesthetic outcome. Practice of
prehabilitation and preoperative optimization of comor-
bidities using evidence-based clinical pathways can com-
plement the principles of ERAS in patients undergoing
bariatric surgery to facilitate their discharge readiness.
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Background

Enhanced recovery after surgery/anesthesia (ERAS) proto-
cols have caused a paradigm shift in surgical care by atten-
uating perioperative stress, resulting in safer outcome.
However, extension of the benefits of these protocols to
the morbidly obese patients will require their evidence-
based modification.

The existing literature focuses on surgical outcome
parameters, with gross scarcity of anesthetic outcome
data for the obese, particularly for super-morbidly obese
and super-super morbidly obese, whose number is also
fast increasing [1–5]. Here, we discuss the anesthetic
outcome data following evidence-based clinical path-
ways focused on prehabilitation, preoperative optimiza-
tion, and ERAS.
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Early ambulation after surgery is a significant part of
enhanced recovery after surgery program [6, 7].
However, there is paucity of literature to support its
relevance in the obese.

Our goal was to assess the effects of BMI on the
recovery and anesthetic outcome parameters. Patients
were categorized into severely obese (SeO: BMI
<39.9 kg/m2), morbidly obese (MO: BMI 40–49.9 kg/
m2), super-morbidly obese (SMO: BMI 50–59.9 kg/m2),
and super-super morbidly obese (SSMO: BMI >60 kg/
m2).

The primary objective was to assess the effect of
BMI on time to ambulate (TA) and the secondary ob-
jective was to assess and compare the outcome param-
eters between the BMI groups.

The primary variable was time to ambulate and the
secondary variables were discharge readiness (DR), oc-
currence of arrhythmias, hypoxia, dyspnea, hypotension,
persistent tachycardia, neuropathy/neuropraxia, postoper-
ative nausea and vomiting (PONV), chest pain, back-
ache, pneumonitis, stroke, delayed emergence, re-intuba-
tion, and unplanned intensive care unit (ICU) admission.

Methods

With Institutional Ethics Committee approval (CTRI/2016/
04/006887), we retrospectively analyzed prospectively col-
lected outcome data from consecutive adult patients who
underwent laparoscopic bariatric surgery at our center be-
tween August 2013 and March 2015.

All patients of either gender, more than 18 years of age and
body mass index (BMI) >35 kg/m2 who underwent laparo-
scopic bariatric surgery were included in the study. Patients
undergoing revision and metabolic surgery were excluded.

Complete electronic record system for obese patients was
initiated in August 2013 at our institute. A total of 823 con-
secutive patients met the eligibility criteria in the given period
and were included in the study. For this given number of
patients, the power for detecting a difference of 35 min in
mean ambulation time in six pairwise comparisons was found
to be 96 %.

The perioperative protocol was standardized and all pa-
tients underwent preoperative assessment by an anesthesi-
ologist 10 to 15 days preoperatively. The same clinical
team of five surgeons and three anesthesiologists provided
the perioperative care to all patients. Most patients
attended a preoperative support group meeting and were
counseled by the dietician, psychiatrist, and physician
wherever appropriate.

Data was collected on age, gender, BMI, pre-existing co-
morbidities, and prevalence of obstructive sleep apnoea
(OSA), based on the STOPBANG scoring system [7],

preoperative (non-invasive ventilation) NIV requirement,
and functional capacity (walking with support, WS) from the
electronic records.

Patients were counseled to practice deep breathing
and strengthening exercises of upto 20 to 40 min per
day. They were familiarized about early ambulation in
the postoperative period [6, 7]. The time lapse between
reaching the post anesthesia care unit (PACU) and the
beginning of unsupported ambulation upto 20 m in the
PACU or with walker (WS) was documented as Time to
Ambulate (TA) [8–10].

Anesthesia protocol was as per Fig. 1. Patients were
extubated at BIS >70, after return of jaw tone and airway
reflexes. No sugammadex was used in any patient. Presence
of arrhythmias, hypoxia, dyspnea, neuropathy/neuropraxia,
PONV, chest pain, backache, delayed emergence, re-intuba-
tion, unplanned intensive care unit (ICU) admission, and any
hemodynamic instability were addressed as complications and
collated.

In the postoperative period, the SpO2 was maintained
around preoperative or baseline levels using oxygen supple-
mentation or NIVas appropriate desaturations below baseline,
and non responsive to oxygen therapy/NIV was defined as
hypoxemia. Patients were allowed to suck ice cubes and start
clear liquids within 6 h. Patients, who could tolerate feeds had
no postoperative nausea vomiting, were hemodynamically
stable, had stable hematocrit, could walk without support,
and did not have any signs of hypoxemia were defined dis-
charge ready (DR).

Statistical Analysis

The analysis was done in two different ways. The first analysis
considered BMI as such with no grouping to indicate how
post-op recovery is affected by per unit rise in BMI. Logistic
regression was run for qualitative dependents such as require-
ment for tramazac hydrochloride (TMZ), to give odds ratio
(OR) per unit of BMI with its P-value, and 95 % confidence
interval (CI). For quantitative dependents such as ambulation
time, least square regression was run, limiting linear formwith
its statistical significance.

The second analysis considered BMI in groups, namely,
<40, 40.00–49.99, 50.00–59.99, and 60+, respectively, called
severely obese, morbidly obese, super-morbidly obese, and
super-super morbidly obese. In this analysis, the statistical
significance of the relation between BMI group and qualita-
tive outcome such as TMZ requirement, were investigated by
cross-tabulation and chi-square test. For quantitative outcome
such as ambulation time, analysis of variance (ANOVA) was
done to find statistical significance of the difference in mean
levels in different BMI groups. For all quantitative outcomes,
mean, SD, and 95 % CI for mean were calculated. A further
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post-hoc analysis was done by Tukey test to find if any par-
ticular BMI group had a different outcome.

All statistical tests were carried out at two-tailed 5 % level
of significance, although exact values have been reported.
SPSS 16.0 was used for analysis.

Results and Observations

Our study included 823 patients who underwent laparoscopic
bariatric surgery. There was a preponderance of female

patients in all BMI groups except the SSMO group
where 58.8 % of the patients were male (P = 0.04)
(Table 1). The groups were not significantly different
for incidence of hypertension, diabetes mellitus, and os-
teoarthritis. Cardiomyopathy, coronary artery disease,
preexisting arrhythmia, and nephropathy also did not
differ (P > 0.05) across the BMI groups (Table 2).
However, there was significant difference in the preva-
lence of OSA (as per STOPBANG >5) viz. SeO:
10.7 %; MO: 36.7 %; SMO: 76.8 %; SSMO: 92.6 %;
(P < 0.001).

Fig. 1 Evidence-Based Clinical
pathways applied for enhanced
recovery after surgery in the
bariatric patients in this study
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Table 1 Patient characteristics
BMI group SeO MO SMO SSMO Overall P value

n 28 442 285 68 823

BMI kg/m2 (mean ± SD) 39.6 ± 0.4 45 ± 3 54 ± 3 65 ± 4 49.7 ± 7

Mean age (years)
(mean ± SD)

43 ± 13 41 ± 12 43 ± 12 42 ± 11 42 ± 12

Male/female (%) 28.6 44.6 45.6 58.8 45.6 0.041*

Bypass n (%)

Sleeve gastrectomy n (%)

Others n (%)

19(67.9) 360(81.4) 220(77.2) 24 (35.3) 623(75.8) <0. 001*
6(21.4) 69(15.6) 62(21.8) 38(55.9) 175(21.1)

3(10.7) 13(2.9) 3(1.1) 6(8.8) 25(3.0)

Anesthesia duration

(Minutes)

(Mean ± SD)

158 ± 36.5 183 ± 37 180 ± 46 159 ± 41 179 ± 41 <0.001*

Values are expressed as n (%). Severely obese (SeO BMI < 39.9 kg/m2 ), morbidly obese (MO: BMI 40–49.9 kg/
m2 ), super-morbidly obese (SMO: BMI 50–59.9 kg/m2 ), and super-super morbidly obese (SSMO: BMI >60 kg/
m2 )

SD standard deviation

*P < 0.05 considered statistically significant

Table 2 Preoperative comorbid
conditions BMI group SeO MO SMO SSMO Overall P value

Number 28 442 285 68 823

Hypertension

n (%)

16(57.1) 241(45.5) 161(56.5) 46(67.6) 464(56.4) 0.247

Diabetes mellitus

n (%)

13(46.4) 208(47.1) 112(39.3) 29(42.6) 362(44.0) 0.226

Severe OSA

(STOPBANG >5)

3(10.7) 162(36.7) 219(76.8) 63(92.6) 447(54.3) <0.001*

NIV

n (%)

0(0.0) 25(5.7) 42(14.7) 40(58.8) 107(13.0) <0.001*

RVSP 30–40

n (%)

0(0.0) 2(0.5) 7(2.5) 4(5.9) 13(1.6) 0.012*

Nephropathy

n (%)

0(0.0) 15(3.4) 8(2.8) 3(4.4) 26(3.2) .721

CMP

n (%)

2(7.1) 15(3.4) 12(4.2) 3(4.4) 32(3.9) 0.750

Arrythmias

n (%)

0(0.0) 2(0.5) 2(0.7) 2(2.9) 6(0.7) 0.150

CAD

n (%)

2(7.1) 6(1.4) 3(1.1) 0(0.0) 11(1.3) 0.051

Neuropathy

n (%)

2(7.1) 3(0.7) 3(1.1) 2(2.9) 10(1.2) 0.012*

Osteoarthritis

n (%)

14(50) 218(49.3) 149(52.3) 38(55.9) 419(50.9) 0.719

Walks with support (WS)

n (%)

2(7.1) 10(2.3) 32(11.2) 7(10.3) 51(6.2) .001*

Hypothyroid

n (%)

1(3.6) 12(2.7) 40(14.0) 0(0.0) 53(6.4) 0.000*

Values are expressed as n (%). Severely obese (SeO BMI < 39.9 kg/m2 ), morbidly obese (MO: BMI 40–49.9 kg/
m2 ), super-morbidly obese (SMO: BMI 50–59.9 kg/m2 ), and super-super morbidly obese (SSMO): BMI >60 kg/
m2

SD standard deviation,OSA obstructive sleep apnea,NIV non invasive ventilation,RVSP right ventricular systolic
pressure, CMP cardiomyopathy, CAD coronary artery disease

*P < 0.05 considered statistically significant

OBES SURG (2017) 27:560–568 563



There was also significant difference in the frequency of
OSA patients requiring NIV in the preoperative period across
the BMI groups, viz. SeO:0%;MO: 5.7 %; SO: 14.7 %; SSO:
58.8 %; (P < 0.001). The overall prevalence of OSA in the
study groups was 54 % with maximum in SSMO group,
(Table 2).

There was a distinctive difference in prevalence of pa-
tients walking with support (WS), preoperative neuropa-
thy, hypothyroid, and patients having (right ventricular
systolic pressure) RVSP in the range of 30–40 across the
BMI groups (Table 2). The number of preoperative co-
morbid conditions was also different across the BMI
groups, with the number increasing significantly with in-
creasing BMI, (Fig. 2).

Ten patients had preoperative neuropathy of which 2
were in SeO, 3 in MO, 3 in SMO, and 2 were SSMO
(P = 0.012).

Two patients had ankylosing spondylitis, 2 had
paraparesis and 1 patient had a preoperative correction
of meningomyelocele with paraparesis. However, none
of these patients had any aggravation of neuropathic
symptoms in the postoperative period. Some developed
postoperative neuropraxia (1 in SeO, 14 in MO, 17 in
SMO, and 3 in SSMO: P = 0.325) that resolved unevent-
fully within 24 h. Others developed intractable backache
in the first 6 h of surgery, which resolved within 24 h on
conservative management.

Some patients (2 in SeO, 15 in MO, 12 in SMO, and
3 in SSMO; P = 0.75) had preexisting cardiomyopathy
(CMP), of which two were TMT positive and six had
coronary stent in-situ and two had persistent atrial fibril-
lation. None of them showed any aggravation of symp-
toms in the perioperative period. One patient of the MO
group had sudden onset of dyspnea on the first postop-
erative day, associated with right ventricular pressure of
80 mmHg but no hypoxemia. This patient was further

managed in the intensive care unit. All other patients
were electively monitored in the high dependency unit
(HDU), for 24 h postoperatively.

There was significant difference in the anesthesia
duration across the groups, with maximum duration in
the SSMO group; (SeO: 158 ± 36.5; MO: 183 ± 37;
SMO: 180 ± 46; SSMO: 159 ± 41; P < 0.001: overall
duration = 179 ± 41 in minutes). Owing to technical
constraints, most patients in the SSMO underwent
laparoscopic sleeve gastrectomy, which is a briefer pro-
cedure. This is performed as a bridging surgery for
SSMO, in our center.

TAP block under ultrasound guidance was attempted
in all patients. Wound infiltration (bupivacaine 0.25 %)
was administered when muscle planes could not be iden-
tified for the TAP block. There was a significant differ-
ence in the success of the TAP block across the groups
with a significantly higher number of patients requiring
wound inf i l t ra t ion in the SSMO group: (Odds
Ratio = 1.095; CI 1.038/1.056;P = 0.001). However,
the requirement of rescue analgesic, i.e., tramazac hydro-
chloride (TMZ) in the PACU, was negligible and did not
differ between the BMI groups: Odds Ratio = 0.999; CI
(0.957/1.043;P = 0.97).

Extubation could be accomplished in 100 % of the patients
across all groups and none of the patients required
reintubation. (Table 3).

Our results showed that TA and DR are significantly
different across BMI groups (Table 4). Pairwise multiple
comparisons by Tukey test showed that this was mostly
due to higher mean TA in the SSMO group, but mean
DR was significantly different in almost every group.
(Table 4).

As per least square regression, each unit increase in
BMI (kg/m2) contributes to increase in ambulation time
by 1.24 min (95 % CI: 0.648 to 1.832 min; P < 0.001)
and DR by 0.52 h (95 % CI: 0.435 to 0.606 h;
P < 0.001) Table 4. This could be attributed to greater
prevalence of patients walking with support in the
higher BMI (SMO and SSMO) groups (SeO: 7 %,
MO: 2.3 %, 32 in SMO: 11.2 %, and SSMO: 10.3 %;
P = 0.000).

It was remarkable to note that there was statistically
significant difference in the number of desaturation ep-
isodes requiring NIV support across the BMI groups
(SEO:0 %, MO: 9.5 %, SMO: 19.3 %, and SSMO:
77.9 %; P < 0.001); however, all these episodes could
be managed uneventfully, (Tables 3 and 5). There was
significant difference in intraoperative ventilatory adjust-
ments, chest pain, persistent tachycardia, and postopera-
tive neuropraxia across the BMI groups (Table 3,
Fig. 3). Overall, number of adverse events was more
in the higher BMI groups.

Fig. 2 This figure represents average number of comorbidities (Y axis)
across the BMI groups expressed in kg/m2 (X axis) and clearly depicts
higher number of comorbidities in high BMI segments
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On multivariable logistic regression analysis of preopera-
tive variables, we found that requirement of NIV was the only
significant predictor of TA and DR, the latter was also affected
by requirement for support for walking,WS. The DRwas also

significantly prolonged in patients who walked with support
WS, and had chest pain. The odds ratio for requirement of
NIV (per unit change in BMI) was 1.163 (CI: 1.127/1.197;
P < 0.001), Table 6.

Table 4 Tukey’s test
Time to ambulate (minutes)

Over-all SeO MO SMO SSMO

823 28 437 284 65

Mean ± SD 158.9 ± 60.9 155.2 ± 65.9 156 ± 56 156.2 ± 64.1 191.6 ± 67.3

95 % Confidence interval 154.8, 163.1 132.8, 177.5 150.4, 161.6 149.2, 163.2 177.3, 205.9

SeO – P > 0.05 P > 0.05 P = 0.036

MO P > 0.05 – P > 0.05 P < 0.001*

SMO P > 0.05` P > 0.05 – P < 0.001*

SSMO P = 0.036 P < 0.001* P < 0.001* –

Discharge Readiness (hours)

Over-all SeO MO SMO SSMO

Mean ± SD 30.5 ± 9.3 27.4 ± 6.4 28.1 ± 6.7 31.5 ± 8.7 43.3 ± 15.7

95 % Confidence Interval 29.9, 31.14 24.3, 30.6 27.3, 28.9 30.5, 32.5 41.2, 45.2

SeO – P = 0.975 P = 0.069 P < 0.001*

MO P = 0.975 – P < 0.001* P < 0.001*

SMO P = 0.069 P < 0.001* – P < 0.001*

SSMO P < 0.001* P < 0.001* P < 0.001* –

Values are expressed as n (%). Severely obese (SeO BMI < 39.9 kg/m2 ), morbidly obese (MO: BMI 40–49.9 kg/
m2 ), super-morbidly obese (SMO: BMI 50–59.9 kg/m2 ), and super-super morbidly obese (SSMO): BMI >60 kg/
m2

SD standard deviation

*P < 0.05 considered statistically significant

Table 3 Postoperative events
BMI group SeO MO SMO SSMO Overall P value

N 28 437 284 65 823

TAP block n (%) 28(100) 406(92.9) 163(57.4) 61(93.8) 658(80.8) <0.001*

Hypoxemia below baseline
(requiring NIV) n (%)

0(0.0) 42(9.5) 55(19.3) 53(77.9) 150(18.2) <0.001*

Persistent tachycardia n (%) 2(7.1) 2(0.5) 6(2.1) 2(2.9) 12(1.5) 0.018*

Chest pain n (%) 0(0.0) 14(3.2) 26(9.1) 12(17.6) 52(6.3) <0.001*

Postop arrythmias n (%) 0(0.0) 2(0.5) 0(0.0) 0(0.0) 2(0.2) 0.628

Paraesthesias/neuropraxia 1(3.6) 14(3.2) 17(6.0) 3(4.4) 35(4.3) 0.325

Postop nephropathy (n)% 0(0.0) 4(0.9) 1(0.4) 0(0.0) 5(0.6) 0.638

Backache 0(0.0) 14(3.2) 9(3.2) 5(7.4) 28(3.4) 0.212

Re-intubation 0 0 0 0 0

Failure to extubate on OT Table 0 0 0 0 0

Unplanned ICU admission 0 0 0 1 1

Dyspnea or suspected Pulmonary
embolism

0 1 0 0 1

Values are expressed as n (%). Severely obese (SeO BMI < 39.9 kg/m2 ), morbidly obese (MO: BMI 40–49.9 kg/
m2 ), super-morbidly obese (SMO: BMI 50–59.9 kg/m2 ), and super-super morbidly obese (SSMO): BMI >60 kg/
m2

SD standard deviation, TAP Transversus Abdominis Plane Block, NIV non-invasive ventilation

*P < 0.05 considered statistically significant
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Discussion

Though some studies have assessed the feasibility of
fast track surgery in patients undergoing bariatric sur-
gery [1–5], the main finding of our study is that the
degree of obesity (as assessed by BMI) influences the
postoperative course and the anesthetic outcome of the
patients. Though the frequency of comorbid conditions
and postoperative adverse outcomes vary significantly
across the BMI groups, with prehabilitation and aggres-
sive preoperative optimization of each comorbidity, it is
possible to avert their influence on anesthetic outcome.

Though there was no difference in the anesthetic
management in the patients, there was significant differ-
ence in some anesthetic outcomes across the BMI
groups.

Though some studies have reported that there is no
additional risk with increasing BMIs, our study clearly
indicates that several comorbid conditions may show
significantly higher prevalence with increasing BMI
(Figs. 2 and 3).

This could be attributed to greater prevalence of OSA,
with higher BMI. Most notably, it is the presence of OSA
and requirement for NIV that is likely to affect the time to
ambulate and discharge readiness. Some recent studies
have demonstrated high incidence of postoperative
cardio-pulmonary events in patients with OSA; none of
the patients in our study had any evidence of any such
event [8].

Early ambulation can be considered to be the single
most important determinant of patient safety and reflec-
tion of enhanced recovery programs. Though there is
limited evidence to support exact mechanisms by which
it acts, it is the most significant prophylactic measure
following surgery. Besides promoting early gut motility,
it contributes by improving diaphragmatic excursions,
subsequent decrease in pulmonary atelectasis, and also
preventing the development of deep venous thrombosis.
However, there is lack of consensus about the exact def-
inition of early ambulation. Our results clearly demon-
strate that BMI significantly influences the TA and DR;
presence of OSA and NIV requirement are strong predic-
tors of them. Though the desaturation events differed
widely across the groups, no patient had intractable hyp-
oxemia. This could be attributed to opioid free analgesia
and aggressive preoperative optimization [11–14].

Laparoscopic bariatric surgery can be associated with
moderate to severe pain, and effective opioid free anal-
gesia is essential to facilitate and expedite postoperative
recovery and prevent opioid related misadventures. TAP
block has proven to be efficacious as a part of multi-
modal analgesia. This was attempted in all patients and
helped in reducing the requirement for postoperative
opioids, promoting early ambulation, and preventing
opioid related nausea and vomiting. However, in some
patients, it was a technical challenge to execute the
block. In these patients, the surgical ports were infiltrat-
ed with local anesthetics [15].

Thromboembolic complications continue to be the
most dreaded cause of postoperative morbidity and mor-
tality in morbidly obese patients. Immediate postopera-
tive ambulation has proven to be a significant step to
prevent this [5, 6].

All patients received low molecular weight heparin
the evening prior to surgery, which continued into the
postoperative period for 10 days. Sequential compres-
sion device was an additional measure during periods
of immobility. All patients followed frequent leg exer-
cises or walks. Above knee TED stockings were provid-
ed an evening prior to surgery and continued upto
10 days postoperatively [16–18].

The focus of our clinical pathways was to optimize
the oxygen reserves, provide thromboprophylaxis, and
prevent any possible regurgitation and aspiration.

Fig. 3 This figure represents average number of adverse events (Y axis)
across the BMI groups expressed in kg/m2 (X axis) and clearly depicts
higher number of adverse events s in high BMI segments

Table 5 Effect of BMI on
primary outcomes (Univariate
analysis)

Postoperative outcome Regression coefficient 95 % Confidence interval P value

Time to ambulate (minutes) 1.24 (0.648–1.832) <0.001*

Discharge readiness (hours) .521 (0.435–0.606) <0.001*

*P < 0.05 is statistically significant
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Our preparations started with counseling the patient
at the time of preoperative assessment and familiarizing
them with the issues of their limited oxygen reserves.

There was stress on deep breathing exercises, spirom-
etry, leg exercises, frequent ambulation, sleeping in
propped up position, etc [19, 20]. This further helps in
improving pulmonary functions by mobilization of mu-
cous secretions. Optimizing the oxygen reserves contin-
ued into the induction, intraoperative, and postoperative
period.

Patients were positioned on ramp on the operation theater
tables [21–23]. All pressure points were well taken care of.
Preoxygenation was with FiO2 1.0 with CPAP of 5 to
10 mmHg. PEEP of 5 mmHg was administered throughout
the intraoperative period.

Recruitment maneuver was performed prior to
extubation, and all patients underwent extubation after
return of airway reflexes, swallowing, and jaw tone
[24–27]. Anesthesia was titrated to maintain a BIS of
40–60 in the intraoperative period and extubation was
performed at a BIS of >70.

Care was taken to prevent rhabdomyolysis. All the
pressure points were well padded, and in case the sur-
gery extended more than 4 h, surgeon was requested to
deflate the carboperitoneum for at least 10 min to allow
circulation in compressed areas [28–31]. Fluids were
administered as per goal directed therapy [32].

Faster emergence, opioid free pain management, and
early ambulation are closely knit and would extend
greater benefit to this sub-population. Research shows
that morbidity and mortality of obese is markedly
higher and different from the non obese [33, 34].

However, in our patients by rigidly following our clin-
ical pathways and adequately optimizing all comorbidi-
ties, we could obviate the adverse events.

Evidence on ERAS suggests a multimodal approach
to minimize surgery and anesthesia related stress and a
close collaboration between caregivers on perioperative
protocols.

Though cost benefits have been the driving force be-
hind this concept, the obese will clearly draw greater
clinical benefits. Practice of prehabilitation and preoper-
ative optimization of comorbidities using evidence-based
clinical pathways can complement the principles of
ERAS in patients undergoing bariatric surgery and con-
tribute to improvement in the anesthetic outcomes, min-
imize the short-term morbidities, and facilitate discharge
readiness.
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Table 6 Multivariable regression
of preoperative variables Dependent Significant predictor in the

model
Regression
coefficient

95 % Confidence
interval

P value

Time to ambulate
(minutes)

Requiring preop NIV 17.801 5.462–30.139 0.005*

Discharge readiness
(hours)

Requiring preop NIV 6.189 4.328–8.050 <0.001*

With support 3.767 1.171–6.363 0.005*

Multivariable regression of postoperative variables

Dependent Significant predictor in the
model

Regression
coefficient

95 % Confidence
interval

P value

Time to ambulate
(minutes)

Requiring multiple ventilatory
Adjustments

50.373 17.001–83.745 0.003*

Requiring NIV 12.737 1.959–23.516 0.021*

Discharge readiness
(hours)

Requiring NIV 4.891 3.282–6.501 <0.001*

Chest pain 5.896 3.359–8.433 <0.001*

Requiring multiple ventilatory
adjustments

9.330 4.347–14.313 <0.001*

NIV non-invasive ventilation

*P < 0.05 is statistically significant
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