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Abstract

Hypotension following induction of general anaesthesia has been shown to result in increased complications and
mortality postoperatively. Patients admitted to the hospital undergoing urgent surgery are often fasted from

fluids for significant periods compared to elective patients subject to Enhanced Recovery After Surgery protocols
despite guidelines stating that a two-hour fast is sufficient. The aim of this prospective, observational study was

to compare fasting times and intravascular volume status between elective surgery patients subject to enhanced
recovery protocols and inpatient, urgent surgery patients and to assess differences in the incidence of post-induction
hypotension. Fasting data was obtained by questionnaire in the preoperative area in addition to inferior vena cava
collapsibility index, a non-invasive measure of intravascular volume. Blood pressure readings and drug administration
for the ten minutes following induction were obtained from patients’ charts. Inpatients undergoing urgent surgery
were fasted significantly longer than enhanced recovery patients and had lower intravascular volume. However, no
difference was found in the incidence of post-induction hypotension.
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This study was designed to compare fasting Introduction
practices between inpatient and elective surgery
patients and assess for subsequent differences in
intravascular volume and post-induction
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post-induction hypotension. There is evidence from
multiple studies that MAP readings below 65 mmHg or
a 20% reduction from baseline can increase the risk of
kidney and myocardial injury (Salmasi et al 2017, Walsh
et al 2013). Therefore, it is crucial to identify patients
who may be predisposed to post-induction hypotension
preoperatively.

Because intravascular volume status has significant
implications for changes in blood pressure, perioperative
fluid management is critical in mitigating hypotension
following induction (Simpao et al 2020, Szabo et al
2023). The American Society of Anesthesiologists’ (ASA
2017) current guidelines allow intake of clear fluids up to
two hours prior to the induction of general anaesthesia
However, actual fasting times are often greatly extended
for inpatients undergoing emergency surgery when the
time to surgery is often longer than anticipated and
practitioners are conservative with fluid administration
(EI-Sharkawy et al 2020). Conversely, patients
undergoing elective surgery are often encouraged to
consume clear liquids up to two hours before surgery
through ERAS protocols which involve patients drinking a
carbohydrate-rich beverage prior to presenting for
surgery.

While identifying patients at risk for post-induction
hypotension is clearly important to postoperative
outcomes, doing so is often complicated by the
invasiveness of traditional techniques, such as central
venous or pulmonary artery catheterisation and
arterial line pulse pressure variation, to assess
intravascular volume status. As a result, measurement
of inferior vena cava (IVC) collapsibility index by
bedside ultrasound has been proposed as a safer
alternative. This metric is compatible with
measurements of central venous pressure (CVP) and
high IVC collapsibility has been demonstrated to
predict hypotension upon induction of general
anaesthesia which may make it a valuable screening
tool preoperatively (Ciozda et al 2015, Zhang &
Critchley 2016).

Despite guidelines encouraging clear fluid intake up
to two hours prior to surgery, fasting times continue to
be extended, especially for inpatients undergoing
emergency surgery (EI-Sharkawy et al 2020).
However, no evidence could be found in the literature
showing differences in intravascular volume status or
incidence of post-induction hypotension between
patients undergoing emergency surgery and those
having elective procedures subjected to ERAS
protocols. Therefore, this study aimed to compare
fasting times between these groups and intravascular
volume status utilising non-invasive, ultrasound-
measured IVC collapsibility. Secondarily, we assessed
for subsequent episodes of post-induction
hypotension and its ability to be predicted by IVC
collapsibility as reported in previous studies (Zhang &
Critchley 2016).

Methods

Study population and exclusion criteria

Institutional approval was obtained for this study
through the University of North Carolina at Chapel Hill
IRB (IRB 22-0730) and written, informed patient
consent was obtained from all participants. Sample
size estimates were based on power analysis of a
previously collected dataset from a pilot study of 14
patients comparing IVC collapsibility of inpatient,
urgency surgery patients and elective, ERAS patients
at Duke University Hospital. Using an o of 0.05 and
80% power, a total of 26 patients were required in
each group. This study enrolled 57 patients from 1
June to 1 August 2022 at UNC Hospitals aged 18 or
older who had been admitted to the hospital at least
12 hours before surgery or were undergoing an
elective procedure utilising the ERAS protocol. Patients
were excluded from participation in the study if they:
did not follow hospital inpatient nothing by mouth
(NPO) guidelines as per standard of care; did not
follow ERAS protocol guidelines; lacked the capacity to
provide consent; had preexisting severe vascular or
valvular disease, had preexisting right-sided heart
failure and had taken angiotensin-converting enzyme
(ACE) inhibitors within the past 24 hours; or were
undergoing cardiac surgery, pregnant, or requiring
BiPap, continuous positive airway pressure (CPAP) or
mechanical ventilation.

Fluid questionnaire and IVC
collapsibility measurements

In the preoperative holding area, patients were asked
when their last oral fluid intake was within a one-hour
window (two-three hours, three-four hours, four-five
hours ago, etc) and if they were currently thirsty. In
addition, IV fluid administration for inpatients was
recorded for the 12 hours prior to surgery. Ultrasound
measurements were made in the preoperative holding
area using either a Kosmos handheld or a Sonosite
X-Porte ultrasound. Before measuring the IVC, either a
parasternal long axis or subxiphoid heart view was
obtained to assess heart function qualitatively. A
subcostal view of the IVC was then obtained with its
junction with the right atrium in view. M-mode was
used to record the diameter of the IVC in the long axis
approximately 2-3 cm from the right atrial junction as
the patient was instructed to take a sniff in through
their nose to collapse the IVC, as shown in Figure 1.
These measurements were taken three times for each
patient and used to calculate mean IVC collapsibility
using the formula (lvcmax diameter IVCmin diameter)/
IVC,, .\ diameter LONEitudinal M-mode measurements
were confirmed when possible with an additional
measurement of collapsibility in the short-axis view to
confirm that the IVC was being measured at the widest
point.



Wrobel et al.

M: G:50 2D: G:50
Gen DR:0

SonoSite
P19xp/5-1 Cardiac
MI:1.2 TIS: 0.9 THI

Figure | This image shows the M-mode measurement of a
highly collapsible IVC. The minimum diameter coincides with
the decrease in vessel calibre associated with the patient sniffing
in through their nose.

Post-induction measurements

General anaesthesia was induced using UNC Hospitals’
institutional standard of care and was not adjusted for the
purposes of this study. Medications and dosages used for
the induction of general anaesthesia were recorded. After
induction of anaesthesia, patients’ blood pressure was
monitored via invasive or non-invasive methods at the
discretion of the attending anaesthesiologist and according
to the requirements of the surgery. Blood pressure data and
drug administration were then pulled from the anaesthesia
record for the ten minutes following induction. For the
purposes of this study, post-induction hypotension was
defined as a drop in MAP below 65mmHg, a decrease in
MAP of 20% compared to the pre-induction baseline, or the
administration of vasopressors including phenylephrine,
ephedrine or norepinephrine.

Data analysis

The Kolmogorov-Smirnov test was used to compare the
distributions of ASA status between ERAS patients and
inpatients. T-test was used to compare mean IVC
collapsibility and fasting time between the two study
groups (inpatient and ERAS). Chi-square test was used to
study the association between post-induction hypotension
and study groups. Logistic regression was used to
evaluate the association between IVC collapsibility and
post-induction hypotension. These analyses were
conducted using R (version 4.2.2). Finally, a receiver-
operating characteristic curve was created to assess the
ability of IVC collapsibility to predict post-induction
hypotension in Microsoft Excel Version 2304. All
outcomes were defined prior to initiation of recruitment.

Results

Recruitment and demographics

A total of 72 patients were approached for recruitment
and ultimately 57 patients consented to participate in
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Table | Demographic breakdown of study participants

Age (years)

Mean 553
Standard deviation 16.5
Sex
Male 25 (47.2%)
Female 28 (52.8%)
Race
African American 14 (26.4%)
Asian 1 (1.9%)
Caucasian 37 (69.8%)
Native American 1 (1.9%)
BMI
Mean 26.7
Standard deviation 6.65

BMI: body mass index.

the study. Of these 57 patients, four were excluded
from all analyses: two patients because of failure to
adhere to ERAS protocol fluid intake, one patient
because their surgery was cancelled after the
consenting process, and one because the patient was
unable to answer fluid intake questions or be scanned
due to insufficient time available in the preoperative
area. Of the remaining 53 patients, three were
excluded from comparisons of IVC collapsibility
between groups due to poor image quality, but were
included in the comparison of fasting times and post-
induction hypotension. Additional demographic
information is provided in Table 1, and recruitment and
exclusion are shown in Figure 2. Finally, we found no
significant difference in the distribution of ASA status
between groups (p=1).

Fluid questionnaire and IVC

collapsibility

The mean fasting time for oral fluid intake was
significantly longer for the inpatient group (13.7
hours) compared to the ERAS group (2.56 hours;

p <0.001) and reported thirst was more prevalent in
the inpatient group (80.0% versus 28.0%,

p <0.001). The mean IVC collapsibility index in the
inpatient, urgent group (56.8%) was found to be
significantly higher than that of the ERAS group
(40.0%; p <0.001).

Post-induction hypotension

The incidence of post-induction hypotension

(MAP <65 mmHg, drop in MAP of 20% from baseline,
or the use of inotropes or vasopressors) during the
ten minutes following the induction of general
anaesthesia was higher in the inpatient group
(69.2%) compared to the ERAS group (44.4%).
However, this difference was not statistically
significant (p=0.123).
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Figure 2 This flowchart illustrates the total recruitment for the study and the reasons for exclusion from certain aspects of data

collection.
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Figure 3 This receiver-operating characteristic curve shows
the change in sensitivity of IVC collapsibility for predicting
hypotension as a function of | —specificity, or false-positive rate.
Three IVC collapsibility values are provided for reference on the
curve and the area under the curve (AUC) is provided.

Relationship between IVC collapsibility
and post-induction hypotension

Logistic regression to test the marginal association of
IVC collapsibility and post-induction hypotension yielded
an odds ratio of 1.03. However, this relationship was
not statistically significant (p=0.106). A power analysis
of marginal association was performed and
demonstrated a sample size of 75 subjects was
necessary to achieve a power of 90%. In addition, a
receiver-operating characteristic curve was created to
further assess the ability of IVC collapsibility to predict
post-induction hypotension as shown in Figure 3.

Access to research data

The data underlying this research can be accessed
through the link to the Figshare repository provided
alongside this article.

Discussion

We found that IVC collapsibility was significantly higher in
the inpatient, urgent surgery group compared to the ERAS

group (p <0.001). The American Society of
Echocardiography endorses the use of IVC collapsibility in
the assessment of volume status and clinical studies
have demonstrated its utility in estimating CVP (Ciozda

et al 2015, Rudski et al 2010). However, the variation in
volume status between these groups as measured by IVC
collapse is not unexpected due to the drastic difference in
fasting times. Despite research as far back as the 1980s
demonstrating that prolonged fasting from clear fluids
has little to no utility in reducing the incidence of
aspiration under general anaesthesia, we found inpatient,
urgent surgery patients fasted for 13.7 hours on average
compared to only 2.56 hours for ERAS patients (Fawcett
& Thomas 2018, Maltby et al 1986).

Not only does prolonged fasting and hypovolemia
directly impact patient discomfort, reported thirst was
52% (p <0.001) more prevalent in the inpatient, urgent
group, it has serious implications for patients’ risk of
postoperative complications and mortality. A 2013
study of 34 hospitals found that although emergency
general surgery cases made up only 11% of
procedures, they accounted for 47% of surgical
mortality, and a review published just last year suggests
that outcomes have not improved reporting that
emergency surgeries represent over 50% of surgical
mortality nationwide (Ross et al 2022, Smith et al
2013). While preoperative volume status is only one of
many variables that may account for the vast disparity
in operative outcomes between emergent and elective
cases, it represents a concrete area for improvement.

Although the association between IVC collapsibility and
post-induction hypotension has been previously
described, this relationship and differences in the
incidence of post-induction hypotension have not been
fully explored between elective surgeries and urgent,
inpatient surgeries. While a previous single-centre study
of 90 elective surgery patients found increased IVC
collapsibility to be a reliable predictor of post-induction
hypotension with an odds ratio of 1.17 and area of 0.90
under the receiver-operating characteristic curve, we
found IVC collapsibility to be less predictive with an
odds ratio of 1.03 that was not statistically significant
(p=0.106) and area under the curve of 0.63 (Zhang &
Critchley 2016). This may be due, in part, to the
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relatively small sample size of our study. Consequently,
we performed a retrospective power analysis
demonstrating that a sample size of 75 participants
would be needed to achieve a statistical power of 90%.
While the results of this study may call into question the
relative accuracy of IVC collapsibility’s ability to predict
post-induction hypotension, we found it to be a
relatively simple, time-effective and non-invasive
bedside test. Of the total 57 patients recruited, only one
patient was unable to be scanned due to time
constraints in the preoperative area, and of 53 patients
scanned, image quality was insufficient to measure
collapsibility in only three patients.

In addition, we found that although hypotension was
much more prevalent in the inpatient group, 69.2%,
compared to the ERAS group, 44.4%, this was not
statistically significant (p=0.123). Although this
difference lacked statistical significance, a greater than
20% difference in incidence suggests there may be a
clinically significant difference in the distribution of
hypotensive episodes between these groups that
warrants further investigation with a larger cohort.
While a potential confounder for the comparison of
hypotension between these groups could have been a
difference in the degree of systemic illness, we found
no significant difference in the distribution of ASA
status between groups suggesting this was not
necessarily the case. Aside from sample size, the
definition of post-induction hypotension may have been
another limitation to this and other studies on the topic.
Despite numerous studies showing the detrimental
effect of low blood pressure while under general
anaesthesia both before and after surgical incision on
postoperative complications and mortality, few agree on
what measurements define post-induction and
intraoperative hypotension (Bijker et al 2007, Monk

et al 2015, Salmasi et al 2017, Walsh et al 2013). To
standardise future studies and clarify practice
guidelines for anaesthesia providers, a clear threshold
needs to be defined for clinically significant hypotension
in the operative and perioperative periods.

In conclusion, this study found fasting times to be
drastically different between inpatient, urgent surgery
patients and patients subject to ERAS protocols. This is
likely due in large part to ERAS patients being
encouraged to drink a carbohydrate-rich beverage two
hours before surgery. In addition, we observed a lower
average IVC collapsibility in ERAS patients indicating
greater intravascular volume compared to urgent
surgery patients. However, no statistically significant
difference was observed in the incidence of post-
induction hypotension between these groups nor was
IVC collapsibility found to be a significant predictor of
subsequent hypotension. While this study demonstrates
a clear and significant difference in fasting practices
between the study groups and intravascular volume
status, further investigation is needed to determine
whether this plays a role in the prevalence of

post-induction hypotension and whether IVC
collapsibility can serve as an effective screening tool.
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