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Background: Elderly patients with painless colonoscopy often complain listlessness, fatigue when they
left postanesthesia care unit (PACU). These patients also commonly occur hypotension during anesthesia.
However, intravenous infusion and blood volume assessment are seldom performed in elderly patients.
Therefore, we aimed to observe the effect of intravenous infusion and to explore the value of inferior vena
cava diameter (IVCD) measurement by ultrasound in rapid recovery.

Methods: Randomized, controlled, clinical trials, elderly patients (aged =60 years) with painless
colonoscopy were randomly divided into two groups: intravenous infusion versus no intravenous infusion was
administered procedure. The primary outcome observed was the time required for complete recovery from
anesthesia. Secondary outcomes included willingness to accept follow-up colonoscopy, discomfort symptoms,
changes in the inferior vena cava (IVC)-related parameters. Hypotension was defined as a >20% decrease
in systolic blood pressure (SBP) from baseline. The patients in the two groups were divided into non-
hypotensive and hypotensive subgroups, respectively. Receiver operating characteristic (ROC) curves were
used to determine the efficacy of the IVC-related parameters for predicting hypotension and the optimal
threshold.

Results: A total of 65 patients were enrolled, including 34 patients in the infusion group and 31 patients
in the conventional group. Administration of intravenous infusion reduced the time required for complete
recovery and increased the willingness to accept follow-up colonoscopy and reduced discomfort symptoms.
The IVC-related parameters were changed before and after bowel preparation and after reaching infusion
loading dose. The ROC curve was used to predict hypotension during anesthesia. The maximum value of
inferior vena cava diameter IVCD,,,,,) was the best predictive efficacy in the both groups [area under the
ROC curve (AUC) =0.839, AUC =0.877, respectively].

Conclusions: Intravenous infusion promotes the rapid recovery of elderly patients with painless

colonoscopy. Measurement of the IVCD,,,, can help to guide intravenous infusion.
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Introduction

The risk of colon cancer rises with age. Goh er al’s (1)
study of an Asian population shows that more than 70%
of colorectal cancer patients are over the age of 65 years.
Colonoscopy has high sensitivity for detecting colon
cancer and precancerous lesions, however, colonoscopy is
an invasive procedure and usually requires deep sedation.
Elderly patients who undergo painless colonoscopy often
complain of malaise, fatigue, when they left PACU.
Moreover, elderly patients who have been fasting and
bowel preparation are especially susceptible to developing
hypotension (2). Intravenous infusion is rarely administered
to elderly patients who receive painless colonoscopy in the
clinical setting, and the benefits of intravenous infusion on
rapid recovery after anesthesia have rarely been reported.

With the advancement of ultrasound technology, the
American Society of Ultrasound and the Emergency
Medicine Association specifically recommends the change
in the IVCD during the respiratory cycle evaluation blood
volume (3). The IVC is located in front of the thoracic 12
and lumbar 1 vertebral bodies. It has no venous valves and
is a highly compliant blood vessel spanning the liver and
diaphragm. During spontaneous breathing, the diameter of
the IVC changes due to changes in intrathoracic pressure
caused by inspiration and expiration (4). During inspiration,
negative pressure in the chest cavity increases and increases
venous return to the heart, causing the diameter of the
IVC to reduce. During expiration, negative pressure in the
chest cavity decreases and decreases venous return to the
heart, resulting in an increase in the diameter of the IVC.
Changes in the diameter of the IVC with spontaneous
breathing are especially obvious during hypovolemia.
However, while some studies (5,6) have assessed the IVC
to determine volume responsiveness, few studies have
investigated the rapid assessment of blood volume in elderly
patients undergoing painless colonoscopy using ultrasonic
measurement of the IVC diameter (IVCD). Therefore,
this study, enrolled elderly patients who would undergo
painless colonoscopy, aimed to observe the effects of
intravenous infusion and the application value of ultrasonic
measurement of the IVCD in the rapid recovery of these
patients.

We hypothesized that intravenous infusion was effective
for elderly patients undergoing painless colonoscopy in the
respect of rapid recovery and ultrasonic measurement of
the IVCD was valuable for the assessment. We present the
following article in accordance with the STARD reporting
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checklist (available at http://dx.doi.org/10.21037/apm-20-
2217).

Methods
General information

This study is a single-center, sing-blind prospective
randomized trial. All procedures performed in this study
involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). This
research was approved by the Medical Ethics Committee
of West China Hospital of Sichuan University (No. 421,
2018) and was registered at http://www.chictr.org.cn
(ChiCTR1800019595).

All patients or their guardians signed informed
consent before the commencement of the study. A total
of 65 elderly patients were selected for elective painless
colonoscopy at the Center for Digestive Endoscopy of West
China Hospital of Sichuan University between October
2018 and June 2019. There were 31 males and 34 females,
ranging in age from 60-80 years old. The patients all had
a body mass index (BMI) in the range of 18-25 kg/m’
and were American Society of Anesthesiologists (ASA)
grade I-III. The exclusion criteria were: (I) had fasted for
several days; (II) with arrhythmia or poor ultrasound image
quality; (III) with moderate to massive regurgitation or
stenosis of heart valves; (IV) with portal hypertension; (V)
increased intra-abdominal pressure; (VI) with high risk
of reflux aspiration; (VII) with ASA grade III who were
in an unstable state after treatment; (VIII) had tracheal
intubation under general anesthesia; (IX) had received
intravenous infusion before ultrasound. The withdrawal
criterion was the failure to complete bowl preparation as
prescribed.

All patients were randomly divided into two groups by
computer software. After bowel preparation, patients in
the infusion group received intravenous crystal solution
(compound sodium chloride). According to the 4-2-1
rehydration principle, the accumulated lost physiological
fluid requirements were calculated based on the last
fasting time. After the rapid infusion of one-half of the
physiological fluid requirements as the load, painless
colonoscopy was performed. Continuous infusion of the
physical fluid requirements per hour was maintained until
the patient left the PACU. Patients in the conventional
group underwent painless colonoscopy after the bowel
preparation without any liquid infusion (Figure I).
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Figure 1 Process of patient screening, registration, and randomization.
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Figure 2 Schematic diagram of the inferior vena cava diameter
(IVCD) in the long-axis view. Note: 1. IVCD,,,,: the maximum
value of IVCD measured during expiration in a single respiratory
cycle; 2. IVCD,;,: the minimum value of IVCD measured during

inspiration in a single respiratory cycle.

Ultrasonic measurement

Patients were placed in the supine position. After at least
5 minutes of quiet breathing, ultrasonic measurement of
the IVC was performed by a technician with 3 months
of training. The longitudinal sections under the standard
xiphoid process were usually measured by the Mindray M7
ultrasound diagnostic instrument and phased-array probe
with a frequency of 2.5-3.5 MHz. The images showed the
long axis of the IVC connecting to the right atrium. The
IVCD,,,, (it was defined as the maximum value measured
when IVCD increased during expiration) and IVCD,;, (it
was defined as the minimum value measured when IVCD
decrease during inspiration) were measured at the site 1-2 cm
distal to the IVC-hepatic vein junction (Figure 2). The IVC
was visualized and the images were frozen, and the distance
between the inner edges of the IVC walls was measured
by a scale in centimeters. The IVCD,,,, and IVCD,,;, were

measured in three consecutive respiratory cycles, and the
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Table 1 Discharge standards after anesthesia

Indicator Score Standard

Vital signs 2 Fluctuating within the 20% of preoperative

level
1 Between 20-40% of the preoperative level
0  40% of the preoperative level

Walk 2  Able to determine orientation and steady

gait

1 Able to determine orientation and/or steady
gait

0  Cannot meet any of above two items

Nauseaand 2 Rare

vomiting 1 Moderate
0  Severe
Pain 2 Rare
1 Moderate
0  Severe
Surgical 2  Rare
bleeding 1 Moderate
0  Severe

Note: 10 points is the highest score. Patients scoring =9 points
could be discharged.

mean values were calculated. The IVC collapse index
(IVC-CI) was calculated according to the following
equation: IVC-CI = IVCD,,,,— IVCD,;,)/IVCD,,,,, x100%.

Anesthesia

The patients in both groups were administered general
anesthesia after fasting for 10 hours. Intravenous access was
established on the back of the right hand. The patients were
placed in the left lateral position and the blood pressure
cuff was placed on the left upper arm. Nasal cannula oxygen
was given at 3 L/min. General anesthesia was induced with
0.1 pg/kg sufentanil and approximately 1-1.5 mg/kg
propofol. The colonoscope was inserted when the patient
reached Modified Observer’s Assessment of Alertness/
Sedation score (MOAA/S) <1 point (7) (patient showed
no response to the call or no response to the mild flapping
of the body) and no reflection of the eyelashes. If body
movement, eyebrow furrowing, blinking, or coughing was
observed, an additional 0.3 mg/kg propofol was injected
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intravenously to maintain the anesthesia.

Hypotension was defined as a reduction in systolic blood
pressure (SBP) of more than 20% from baseline. After the
completion of the colonoscopy, the patient was transferred
to the PACU to recover. When the Steward recovery score
was >4 points, patients could leave the PACU (8). Patients
were followed up after leaving PACU until they had made a
complete recovery from anesthesia, which was indicated by
the patients meeting the two following criteria: (I) a score
of >9 points on the Modified Post-Anesthetic Discharge
Scoring System scale (MPADSS) (9) (Table 1); and (1I)

recovery to their pre-bowel-preparation mental state.

Observation indicators

Data collection was planned before the study were
performed. The sex, age, BMI, duration of anesthesia,
anesthetic drugs, baseline blood pressure (BP), and heart
rate (HR) were collected for the two groups of patients.
The time required for complete recovery from anesthesia,
defined as the time interval between leaving the PACU
and meeting the two criteria for complete recovery after
anesthesia, was also recorded. When leaving the PACU,
patients were asked about their degree of acceptance,
which was defined as their willingness to accept follow-up
colonoscopy, as well as whether they had any uncomfortable
symptoms, such as thirst, nausea, vomiting, drowsiness,
anxiety, starvation, fatigue, and dizziness. The IVCD,,,,
IVCDmin, SBP, diastolic blood pressure (DBP), mean
arterial blood pressure (MBP), and HR of the two groups of
patients were recorded before and after bowel preparation
and after reaching the intravenous infusion loading dose,
The IVC-CI was also calculated. The BP values during
anesthesia were recorded. Hypotension was defined as a
reduction of >20% in SBP from baseline; the baseline value
of BP was defined as the BP before bowel preparation.

Statistical analysis

SPSS 22.0 (SPSS Inc. Released 2014. SPSS Statistics for
Windows, Version 22.0. Chicago: SPSS Inc.) was used for
statistical analysis. Quantitative data are described as the
mean = standard deviation. Inter-group comparisons were
performed using the #-test. Within-group comparisons
were conducted using paired z-tests. The Wilcoxon rank-
sum test was used for inter-group comparisons of variables
with non-normal distribution. Repeated-measures analysis
of variance (ANOVA) was used to compare the means of
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Basic information Infusion group (n=34) Conventional group (n=31) P

Sex (male/female, n) 1717 14/17 0.887
Age (years) 71.41x£7.27 71.61£7.77 0.914
BMI (kg/m?) 22.63+3.64 23.00+3.06 0.663
ASA (I/1I/111, n) 4/17/13 1/11/19 0.130
Duration of anesthesia (min) 30.01+£16.27 26.91+16.99 0.456
Sufentanil (ug) 6.53+1.48 6.23+1.20 0.387
Propofol (mg) 168.82+89.49 129.35+81.12 0.068
SBP (mmHg) 130.09+15.24 136.94+15.31 0.076
DBP (mmHg) 74.15+£12.74 78.61+10.28 0.127
MBP (mmHg) 92.79+11.88 98.05+9.83 0.058
HR (times/min) 77.03+16.75 83.52+12.57 0.085

BMI, body mass index [= body weight (kg)/height® (m)]; ASA, American Society of Anesthesia; SBP, systolic blood pressure; DBP, diastolic

blood pressure; MBP, mean arterial pressure; HR, heart rate.

the quantitative data based on repeated measurements,
and the least significant difference method was used for
pairwise comparisons. The chi-squared test was performed
to compare inter-group differences of qualitative data, and
the paired chi-squared test was used to compare the intra-
group differences before and after bowel preparation.
The count data are described as frequencies (percentages).
Correlations between IVC parameters and hypotension
were calculated using Pearson’s correlation analysis. The
best indicator for predicting intraoperative hypotension
was determined according to the value of the area under
the ROC curve (AUC), and the best diagnostic threshold
was selected at the point where the sum of sensitivity and
specificity was greatest in the ROC. AUCs were compared
with the Delong test. For all statistical analyses, P<0.05 was
considered statistically significant.

The sample size was calculated based on the time point
of complete recovery after anesthesia, and the time was
used as the main indicator of the outcome. According to
the preliminary experiment, the difference between the
times of the two groups was assumed to be 0.5 hours.
The probability of a type I error was set at 0.05, and the
probability of a type II error was set at 0.1. Besides, the
sample size of the two groups was assumed to be the same.
The calculation results showed that to achieve 90% power
in a test, a total of 36 cases were required. Considering a
dropout rate of 10%, the final sample size was 40 cases. The
following formula was used:

© Annals of Palliative Medicine. All rights reserved.

S (1]

where 8 is the difference in the time required for complete
recovery between the two groups in the preliminary
experiment; #, and #; correspond to the quantiles of type 1
and type 2 errors, respectively; and s is the standard deviation
of the full recovery time in the preliminary experiment.

Results
General information

A total of 79 patients were initially enrolled. Of them, 14
patients were excluded from the analysis (Figure 1), and 65
patients were eventually included and randomly divided into
two groups. There were 34 and 31 patients in the infusion
group and the conventional group, respectively. There were
no statistically significant differences found in sex, age,
BMI, ASA grade, duration of anesthesia, total amount of
anesthetic drugs, SBP, DBP, MBP, or HR between the two
groups (P>0.05, Table 2).

Comparison of the time required for complete recovery
from anesthesia, willingness accept to follow-up colonoscopy,
incidence of discomfort symptoms in the two groups

The time required for complete recovery from anesthesia
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Table 3 Comparison of time required for recovery from anesthesia between the two groups (¥+s)

Variable

Infusion group (n=34)

Conventional group (n=31) P

Time required for complete recovery from anesthesia (h)

0.97+0.91 2.25+2.08 0.002

Indicators are expressed as mean + standard deviation.
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Figure 3 Percentage of patients with follow-up acceptance and discomfort symptoms in both groups. Note: * indicates compared with

conventional group P<0.05.

was significantly shorter in the infusion group (P=0.002,
Table 3). There was a significant difference in the willingness
of the two groups to accept to follow-up colonoscopy
(P<0.001). The incidence of discomfort symptoms was
significantly reduced in the infusion group (P<0.001,
P<0.001, P=0.001, P=0.012, P=0.032, P=0.055, P=0.083,
Figure 3).

Comparison of IVCD,,,,, IVCD,,,,, IVC-CI, SBP, DBP,
MBP in the before and after bowel preparation and after
intravenous infusion of load in the two groups

After bowel preparation, the IVCD,,,, and IVCD,, of the
two groups were significantly smaller than those before
bowel preparation, while the IVC-CI was significantly
higher than that before bowel preparation (all P<0.001,
Figure 44,B). In the infusion group, the IVCD,,,
IVCD,,;, were significantly larger after reaching the
infusion load than they were after bowel preparation

and
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(P<0.001, P<0.001), and the IVC-CI was significantly lower
than it was after the bowel preparation (P<0.001, Figure
44). No significant change was observed in BP between
the two groups before and after bowel preparation or after
intravenous infusion of load (P>0.05, Table 4).

Comparison of reduction of SBE, DBP and MBP in the
hypotensive subgroups of the two groups

No significant difference was found in the reductions of
SBP, DBP, and MBP during anesthesia in the hypotensive
subgroups of the two groups (P=0.202, P=0.530, P=0.420,
Table 5).

Comparison of characteristics, baseline blood pressure,
and IVC-related parameters before anesthesia in the non-
bypotensive and bhypotensive subgroups

According to the definition of hypotension, the infusion
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Figure 4 Inferior vena cava-related parameters measured at each time point in both groups. (A) Inferior vena cava-related parameters
measured at various time points in the infusion group. Note: * indicates IVCD,,,, compared with that of before bowel preparation P<0.05; *
indicates TVCD,;, compared with that before bowel preparation P<0.05; * indicates IVC-CI compared with that before bowel preparation
P<0.05. (B) Inferior vena cava-related parameters measured at various time points in the conventional group. Note: * indicates IVCD,,,,
compared with that before bowel preparation P<0.05; * indicates IVCD,,;, compared with that before bowel preparation P<0.05; * indicates

IVC-CI compared with that before bowel preparation P<0.05. IVCD, inferior vena cava diameter; IVC-CI, inferior vena cava collapse index.

Table 4 Comparison of inferior vena cava-related parameters and blood pressure between the two groups before and after bowel preparation and
after reaching infusion loading dose

Infusion group Conventional group
Indicator After reaching
Before bowel After bowel | ) . Before bowel After bowel
. ) infusion loading F P ; ) t P
preparation preparation dose preparation preparation
IVCD,.x (cm) 1.51+0.39 1.25+0.37* 1.52+0.31 14.271 <0.001 1.45+0.40 1.23+0.47 3.28 <0.001
IVCD,,, (cm) 1.15+0.34 0.77+0.27* 1.17+0.28 27.261 <0.001 1.14 +0.43 0.82+0.45 449  <0.001
IVC-CI (%) 23+15 36+13* 22+11 12.966 <0.001 23+16 36+16 -3.64 <0.001

SBP (mmHg) 130.09+15.24 129.58 £17.82 129.09+15.29  0.277 0.759 136.94+15.31 140.52+19.32 -1.01 0.32
DBP (mmHg) 74.15£12.74 75.56+11.22 75.03+8.50 1.409 0.249 78.61+10.28  80.68+11.56 -0.93 0.36
MBP (mmHg) 92.79+11.88 93.68+12.51 93.05+9.00 1.407 0.249 98.05+9.83  101.51+11.06 -1.45 0.16

All parameters are presented as mean + standard deviation. *, indicates compared to that before bowel preparation P<0.001. IVCD,
inferior vena cava diameter; IVC-CI, inferior vena cava collapse index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP,
mean arterial pressure.

Table 5 Blood pressure reduction in patients with hypotension during general anesthesia

Indicator Infusion group (n=15) Conventional group (n=12) P

SBP reduction (%) 30.17+6.45 34.14+7.15 0.202
DBP reduction (%) 30.79+7.47 33.51+13.29 0.530
MBP reduction (%) 31.24+6.06 34.02+9.91 0.420

All indicators are expressed as mean + standard deviation. SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean arterial
pressure.
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Table 6 Comparison of characteristics, baseline blood pressure, and inferior vena cava parameters before anesthesia in the non-hypotensive and

hypotensive subgroups

Infusion group

Conventional group

Indicator Non-hypotensive (n=19) Hypotensive (n=15) P value Non-hypotensive (n=19) Hypotensive (n=12) P value
ASA (I/11/111) 3/9/7 1/8/6 0.714 0/9/10 1/2/9 0.126
Age (years) 70.63+7.12 72.40+7.58 0.489 70.37+8.23 73.58+6.86 0.269
Propofol (mg) 171.84+82.20 165.00+100.82 0.829 133.95+83.87 122.08+79.64 0.699
SBP (mmHg) 128.63+17.23 131.93+12.62 0.539 137.00+17.85 136.83+10.85 0.977
DBP (mmHg) 73.89+15.84 T4.47+7.72 0.899 78.89+9.92 78.17+11.26 0.851
MBP (mmHg) 92.14+£14.27 93.62+8.32 0.724 98.26+10.80 97.72+11.26 0.884
IVCD, o (€M) 1.67+0.25 1.32+0.27 <0.001 1.47+0.40 0.86+0.31 <0.001
IVCD,, (cm) 1.24+0.26 1.09+0.29 0.131 1.03+0.45 0.50+0.20 0.001
IVC-CI (%) 25+10 19+12 0.123 32+18 42+9 0.123

All indicators are expressed as mean + standard deviation. ASA, American Society of Anesthesia Classification; SBP, systolic blood
pressure; DBP, diastolic blood pressure; MBP, mean arterial pressure; IVCD, inferior vena cava diameter; IVC-CI, inferior vena cava

collapse index.

Table 7 Pearson correlation between each inferior vena cava-related parameters and the presence of hypotension

Infusion group (n=15)

Conventional group (n=12)

Parameter

r r P
IVCD, . -0.572 <0.001 -0.637 <0.001
IVCD,, -0.264 0.131 -0.577 <0.001
IVC-CI -0.278 0.123 0.293 0.123

IVCD, inferior vena cava diameter; IVC-CI, inferior vena cava collapse index.

group and the conventional group were divided into non-
hypotensive and hypotensive subgroups, respectively.
There was no significant difference found in terms of ASA
grade, age, total amount of propofol, or baseline blood
pressure between the two subgroups in either group (all
P>0.05). The IVCD,y,, of the patients with hypotension was
significantly lower than that of patients without hypotension
(P<0.001, P<0.001, Tirble 6).

Pearson correlation between each IVC-related parameters
and the presence of bypotension

Pearson’s correlation analysis showed that the correlation
coefficients of the IVCD,,,,, and IVCD,,;, in the hypotensive
subgroups in the infusion group and the conventional group
were r=-0.572 and r=-0.264, and r=-0.637 and r=-0.577,
respectively. The correlation coefficient between the IVC-

© Annals of Palliative Medicine. All rights reserved.

CI and hypotension in the infusion group was (r=-0.278),
and the correlation coefficient between the IVC-CI and
hypotension in the conventional group was r=0.293 (Table 7).

ROC analysis of various IVC-related parameters in
predicting hypotension

The efficacy of IVC-related parameters in predicting
hypotension was examined by ROC curve analysis. In the
infusion group, the results of ROC curve analysis showed
that the AUC values of the IVCD,,,, and IVCD,,,, were
0.839 (0.69, 0.99) and 0.739 (0.56, 0.92), respectively, which
showed IVCD,,, to have statistically significantly better
predictive efficacy than IVCD,;, (P=0.006). The difference
between the AUC values of IVC-CI and IVCD,,,, was not
statistically significant (P=0.262). The difference between the
AUC values of IVCD,;,, and IVC-CI was also not statistically
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Table 8 ROC analysis of various inferior vena cava parameters in predicting hypotension
Infusion group Conventional group

Parameter

IVCD IVCDin IVC-CI IVCD IVCDin IVC-CI
Optimal threshold value 1.25 0.78 0.39 1.23 0.82 0.37
Sensitivity 0.87 0.73 0.67 1 1 0.82
Specificity 0.84 0.79 0.59 0.79 0.68 0.61
AUC 0.839 0.739* 0.576 0.877 0.86 0.682*
95% confidence interval (0.69, 0.99) (0.56, 0.92) (0.37,0.78) (0.75, 1) (0.73, 0.99) (0.48, 0.88)

*, indicates compared with the IVCD,,,, of the same group, P<0.05. ROC, receiver operating characteristic; IVCD, inferior vena cava
diameter; IVC-CI, inferior vena cava collapse index; AUC, area under the ROC curve.
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significant (P=0.824). The optimal threshold value of the
IVCD,,., was 1.25 cm, which had a sensitivity of 87%
(0.7, 1.04) and a specificity of 84% (0.675, 1.005) (Table 8
and Figure 5A). In the conventional group, the results of
ROC curve analysis showed that the AUC values of the
IVCD,,,, and IVCD,,,, were 0.877 (0.75, 1) and 0.86 (0.73,
0.99), respectively. The AUC value of IVCD,,,,, showed it
to have statistically significantly better predictive efficacy
than IVC-CI (P=0.009). However, the difference between
the AUC values of IVCD,;, and IVC-CI was not statistically
significant (P=0.053), nor was the difference in the AUC
values of IVCD,,,, and IVCD_;, (P=0.661). The optimal
threshold value of the IVCD,,,, was 1.23 cm, which had a
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sensitivity of 100% (1, 1) and a specificity of 79% (0.607,
0.973) (1able 8 and Figure 5B).

Discussion

Fasting and bowel preparation are indispensable steps in
painless colonoscopy; however, they are also the main causes
of dehydration. The issue of rehydration can be easily
ignored due to the interventional procedure of digestive
endoscopy, which makes endoscopy more likely to aggravate
the degree of dehydration. Long-term dehydration not
only causes discomfort symptoms such as thirst, starvation,

anxiety, nausea, and vomiting, but it also increases the
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incidence of postoperative nausea and vomiting (2), which
can affect patients’ rapid recovery. Therefore, the effects
of intravenous infusion versus no intravenous infusion
on rapid recovery in elderly patients undergoing painless
colonoscopy were investigated.

A total of 65 patients were included for analysis in this
study (Figure I). There were no statistical different in general
information of patients in both groups (7able 2). The primary
outcome observed was the recovery time from anesthesia.
Compared with the conventional group, the infusion group
took a significantly shorter time to completely recover from
anesthesia (P=0.002, Table 3). According to the definition
of complete recovery from anesthesia, a modified post-
anesthetic discharge scoring system scale was adopted
for the follow-up after the patients had left the PACU (9)
(Table T). However, the scoring criteria, which evaluated vital
signs, walking status, nausea, and vomiting, did not assess
patients’ mental state. Therefore, in addition to the scoring
criteria, the patients’ mental state was continually observed to
ensure that they achieved complete recovery from anesthesia.
The factors affecting the time of recovery from anesthesia
may be as follows. Firstly, discomfort symptoms such as
thirst, dizziness, and drowsiness are independent factors
that prolong the time required to recover postoperatively
(10,11). Secondly, bowel preparation may lead to electrolyte
disturbance (12). Hypocalcemia, hypokalemia, and other
symptoms can cause general fatigue, apathy, and muscle tone
decline. These symptoms negatively affect patients’ mental
states, thereby prolonging the time for complete recovery
from anesthesia. Thirdly, kidney function decreases with
age, and bowel preparation causes dehydration, which results
in further damage to renal function (13), thus delaying the
excretion of anesthetic drugs.

In order to solve the problem of rapid recovery from
anesthesia, in the infusion group adopted two intravenous
infusion methods: rapid intravenous infusion and
maintenance intravenous infusion. Rapid intravenous infusion
method was that, physiological fluid loss was calculated
based on body weight and fasting time and half of the
physiological fluid lost (approximately 500 mL) was rapidly
supplied via intravenous infusion, which was completed in
about 30 minutes. Maintenance intravenous infusion method
to reduce the perioperative loss of physiological fluid, the
amount of physiological fluid lost per hour continued to be
supplemented via intravenous infusion during the surgical
period and in the PACU. The average infusion volume when
the patients left the PACU was 800 mL.

Preoperative fasting or bowel preparation caused
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physiological body fluid loss which is mainly composed of
extracellular fluids and a small amount of electrolytes. Crystal
fluid is often used to supplement the loss of physiological body
fluid in the clinical setting (14). In addition to price cheap,
compound sodium chloride injection contains sodium chloride
and other electrolyte components. Intravenous fluid not only
replenishes blood volume and maintains the balance of water
and electrolytes, but it also promotes the excretion of anesthetic
drugs. Therefore, intravenous infusion shortened the time to
complete recovery from anesthesia in elderly patients who were
treated with painless colonoscopy in this study.

A meta-study (15) suggested that dehydration symptoms
was occurred commonly in minor operations these include
thirst, drowsiness and dizziness. The administration of
500-1,000 mL of intravenous fluid was shown to improve
postoperative thirst, but it had no significant effect on
nausea, vomiting, drowsiness, or dizziness. However,
when a higher amount of intravenous fluid (>1,000 mL)
was administered, postoperative drowsiness, thirst,
dizziness, nausea, and subjective well-being were reportedly
improved. The secondary outcomes of this study included
the willingness to accept follow-up colonoscopy and the
incidence of discomfort symptoms. Figure 4 shows that
compared with the conventional group, willingness to
accept follow-up colonoscopy was significantly increased
in the infusion group (P<0.001), while the incidence of
discomfort symptoms (thirst, nausea, vomiting, drowsiness,
anxiety, and starvation) was significantly reduced (all
P<0.05). In this study, the administration of average 800
mL of intravenous fluids could, to a certain extent, improve
both the acceptance rate of follow-up colonoscopy and
dehydration symptoms. Our results regarding the incidence
of discomfort symptoms, such as thirst and mood changes,
were similar to those of Holte ez al. (15).

Preoperative fasting and bowel preparation are
considered to be causes of dehydration (6), which results in
hypovolemia. However, in the present day, there are many
indicators to assess blood volume in clinic, including stroke
volume variation, pulse pressure variation, and central
venous pressure (16). The acquisition of these indicators
not only requires special monitoring equipment, but also
involves invasive procedures, which limits the application
of these indicators outside the operating room. There are
some noninvasive methods to assess blood volume (17),
such as passive legs raising test (PLRT), end-expiratory
occlusion (EEQO). Both of the two methods are reversible
and temporary volume load. PLRT is suitable for patients
with spontaneous breathing, but need special position and
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raise the lower extremities. It is not convenient to clinical
operation. EEO is suitable for patients with mechanical
ventilation. The secondary outcomes of this study included
the use of ultrasound to measure the IVCD changes before
and after bowel preparation and after reaching the infusion
loading dose in all patients. Ultrasound showed that the
IVCD,,,. and IVCD,,,, were reduced, and the IVC-CI was
increased after bowel preparation in both groups, while BP
and HR showed no significant changes (Tzble 4, Figure 4).
After 500 mL of intravenous infusion in the infusion
group, ultrasound was immediately performed to measure
the IVCD. Compared with the same group after bowel
preparation, the IVCD,,,, and IVCD,;, were increased by
approximately 2.7 and 4 mm, respectively, and the IVC-CI
was decreased by 14%. These observations reflected the close
relationship between changes in IVCD and blood volume,
which is in agreement with the results of other studies
(5,18-20). Because the IVC has no valve and can easily
expand, its diameter varies with changes in blood volume.
When the blood volume is insufficient, the IVC is not
affected by the body's compensation (4). Therefore, in the
infusion group, the diameter of IVC changed immediately
after reaching the infusion loading dose, but the BP and HR
did not change significantly, which was similar to the findings
of Wo ez al. (21). In the clinical setting, noninvasive BP and
HR measurements are often used as basic hemodynamic
monitoring indicators for painless colonoscopy patients;
however, these indicators do not early identify hypovolemia
and volume reaction (22). Ultrasonic measurement of IVCD
is a non-time-consuming, simple, and repeatable procedure.
Therefore, it can be used as a noninvasive and reliable tool
for rapid assessment of blood volume in elderly patients who
undergo painless colonoscopy.

Although the IVCD measured by ultrasound (7able 4)
confirmed that the bowel preparation could cause
hypovolemia in elderly patients, the changes in IVC-
related parameters did not accurately delineate the value
of lost blood volume. When patients in the infusion group
were given a rapid intravenous infusion of about 500 mL,
the IVCD,,,, expanded by more than 15%, indicating
that it was volume responsive and was on the ascending
branch of the Frank-Staling curve. This observation
showed that the volume load was effective (22). During
anesthesia, there are often varying degrees of hypotension.
Usually, SBP below 90 mmHg, baseline BP lower by
20% or 30%, or MBP less than 50 mmHg is the standard
for hypotension (23). However, there is still no uniform
definition of hypotension. Considering that the included
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population is elderly patients who often have cardiovascular
and cerebrovascular diseases, it is necessary to maintain
relatively higher BP levels perioperatively in order to
ensure adequate perfusion of the vital organs with decreased
function. Therefore, in this study, hypotension was defined
as a reduction in SBP >20% relative to baseline for longer
than 2 minutes. In this study, it was not completely clear
whether volume load could effectively prevent hypotension
during anesthesia. The degree of BP reduction was also one
of the secondary outcomes. Hypotension occurred during
anesthesia in both groups; 15 cases occurred in infusion
group (SBP decreased by 30%), and 12 cases occurred in
the conventional group (SBP decreased by 34%), and there
was no statistically significant difference in the degree of BP
decrease in the hypotensive subgroups in the two groups
(1able 5). One reason for this result was that the long fasting
period and bowel preparation led to massive body fluid loss,
however, intravenous infusion (500 mL) could not fully and
effectively prevent hypotension during anesthesia. Another
possible reason is that larger intravenous infusion loads can
effectively prevent hypotension, but this needs to be further
investigated by expanding the sample size.

Hypotension during anesthesia is associated with factors
such as ASA grade, age, baseline BP, and use of propofol (24).
In this study, the infusion and conventional groups were
further divided into non-hypotensive and hypotensive
subgroups, and the factors that might affect blood pressure
were analyzed. It was found that the ASA grade, age, baseline
BP, and total amount of propofol administered showed
no statistically significant difference between the non-
hypotensive and hypotensive subgroups in either group.
However, the IVCD,,,,, of patients in hypotensive subgroup
was significantly smaller than that of the non-hypotensive
group (P<0.001, Table 6). Table 7 shows that hypotension
and the IVCD,,,, had maximal relevancy. Therefore, we
postulated that the most common cause of hypotension in
this study was related to blood volume during anesthesia.

Rapid intravenous infusion was designed to rapidly
replenish the blood volume and increase cardiac output.
In order to avoid injecting too much fluid in a short time,
which may easily cause adverse reactions in elderly patients,
such as pulmonary edema and heart failure, it is necessary to
identify factors that can help to predict hypotension during
anesthesia. The AUC of the IVCD,,, in patients with
hypotension indicated that it had the best predictive efficacy
(1able 8, Figure 5A,B). The optimal threshold value of the
IVCD,,,,, was 1.25 and 1.23 cm in the infusion group and the
conventional group, respectively. The optimal thresholds
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were close, suggesting that with or without intravenous
fluid, the IVCD criteria for predicting hypotension were
similar. The results of this study are similar to the findings
of Vieillard-Baron er al. (25), who reported that when the
optimal threshold value was <1.3 cm, the specificity of the
IVCD,,,, for predicting the volume response was 80%. If
the IVCD was measured by ultrasound before anesthesia in
elderly patients who were treated with painless colonoscopy,
hypotension was more likely to occur during anesthesia
when the IVCD,,,, was <1.25 or <1.23 c¢m. Ultrasound-
guided individual intravenous infusion can reduce the risk
of hypotension and has certain reference value.

Our study confirmed that appropriate intravenous infusion
could shorten the post-anesthesia recovery time and improve
the comfort of elderly patients who underwent painless
colonoscopy. Additionally, measurement of the IVCD by
ultrasound was an effective tool for assessing blood volume in
these patients. Therefore, IVCD,,,, could guide intravenous
infusion and was a good predictor of hypotension. This might
help guide the use of rehydration in patients undergoing
painless colonoscopy, especially for the elderly. Ultrasound
measurement of the volume of the inferior vena cava may
also be a suitable and convenient non-invasive monitoring
method, which could be used in clinical practice.

Certainly, this study has some limitations. Firstly, the
sedation level was determined according to the response of
the patients in this study. We recommend that bispectral
index monitoring system is used to achieve the target
sedation level in order to avoid the relative overdose of
anesthetic drugs when hypotension occurs. Secondly, we did
not compare electrolytes or renal function before and after
bowel preparation. These comparisons can provide evidence
to help explain one reason for prolonged time required
for postoperative recovery. Thirdly, when hypotension
occurred during anesthesia in patients who were in the
left lateral position and whose intestine was in a state of
inflation, the IVCD could not be accurately measured by
ultrasound during procedure. Fourthly, if colloidal solution
was selected as intravenous load, whether it could improve
the degree of BP drop during anesthesia remains to be
further explored. Finally, the optimal threshold of the
IVCD for hypotension in elderly patients who undergo
painless colonoscopy needs to be further investigated with a
larger sample size and more protocol designs.

In conclusion, intravenous infusion promoted the
rapid recovery of elderly patients who underwent painless
colonoscopy, and ultrasonic measurement of the IVCD,,,
helped to guide the intravenous infusion.
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