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Carotid artery corrected flow time and respiratory variation
of blood flow peak velocity for prediction of hypotension after
induction of general anesthesia in adult patients undergoing
emergency laparotomy for peritonitis: A prospective,
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Abstract

Background and Aims: Doppler waveform analysis of carotid artery has been found to predict fluid responsiveness in patients
undergoing elective surgeries. We evaluated the role of carotid artery corrected flow time (FTc) and respiratory variation of blood
flow peak velocity (8V,,,) in predicting post induction hypotension in patients undergoing emergency laparotomy for peritonitis.
Material and Methods: Adult patients (n = 60) with perforation peritonitis undergoing emergency laparotomy under general
anesthesia (GA) were recruited in this prospective, observational study. Carotid ultrasonography was performed pre-induction,
to determine FTc and 8V _,. Post-induction hemodynamic parameters were recorded for 5 minutes. Spearman’s rank correlation
coefficient was used to determine the relationship between hypotension and carotid artery measurements.

Results: Post-induction hypotension occurred in 48.3% of patients. The carotid artery FTc was significantly lower (P = 0.008)
in patients who developed post-induction hypotension, but 8V, was statistically similar (P = 0.62) in both groups. Spearman’s
rank correlation coefficient revealed a statistically significant correlation between FTc and systolic blood pressure (SBP) change
at one-minute post induction (2 = —0.29, P = 0.03); however statistical significance were not achieved at 2 minutes and
3 minutes (P = 0.05 at both time points). Carotid artery FTc had an area under the receiver operating characteristic (AUROC)
curve (95% CI) of 0.70 (0.57-0.84) to predict post-induction hypotension and best cutoff value of 344.8 ms with a sensitivity
and specificity of 61% and 79%, respectively. Carotid artery oV, had an AUROC curve (95% CI) of 0.54 (0.39-0.69) to predict
post-induction hypotension and best cutoff value of 7.9% with a sensitivity and specificity of 62% and 55%, respectively.
Conclusion: Carotid artery FTc and 0V, are not reasonable predictors of hypotension in patients undergoing emergency
laparotomy for perforation peritonitis.
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Introduction

Blood pressure perturbations during general anesthesia (GA)
in adult patients are common, and incidence of intraoperative
hypotension depends on the definition used. A review of the
hemodynamic records of more than 4000 patients revealed that
around 10% of the patients developed severe hypotension after
induction of GA.!"! Another observational study reported that
incidence of intraoperative hypotension was 36.5% in patients
undergoing elective non-cardiac surgery.”! A fall in blood
pressure below the auto-regulation threshold of a particular
organ is associated with decreased tissue oxygen delivery.
Intraoperative hypotension is thus found to be an independent
risk factor for acute myocardial infarction, stroke, acute kidney
injury, and prolonged hospital stay.!'>7!

Patients undergoing surgery are at a risk of developing
hypovolemia due to multiple reasons including preoperative
routine fasting and bowel preparation, which increases the risk
of intraoperative hypotension.®® A number of studies evaluated
various hemodynamic parameters before induction of GA to
identify patients at risk of hypotension. Zhang et al.™ reported
that preoperative hypovolemia identified by the inferior vena
cava (IVC) collapsibility index and IVC diameter predicts
post-induction hypotension. Recently, pupillary diameter and
the area of internal jugular vein in Trendelenburg position
were found to be predictors of hypotension after induction
of GA.U"'"1 However, none of the previous studies were
conducted in patients undergoing emergency surgeries. In
fact, patients undergoing emergency laparotomy following
peritonitis carry a high risk of developing hypotension and
increased perioperative morbidity and mortality.

Carotid artery corrected flow time (FT) and respirophasic
variations in the carotid artery blood flow peak velocity (5Vpeak)
measured using Doppler were found to be predictors of fluid
responsiveness in spontaneously breathing patients. They
also predicted the risk of hypotension after induction of GA
in patients undergoing elective surgery.!'>'* We hypothesize
that carotid artery F'Ic could be a predictor of hypotension
after induction of GA in patients undergoing emergency
laparotomy for peritonitis.

Material and Methods

After receiving Institutional Ethics Committee
approval, Date: 02-11-2018, Ethical approval Number:
(IEC-574/02.11.2018) and obtaining informed consent from
the participants, 60 patients were recruited in this prospective,

observational study. Adult patients (aged between 18 and
65 years) with American Society of Anesthesiologists (ASA)

Physical Status (PS) I-III, undergoing emergency laparotomy
for proven or clinically suspected peritonitis under GA were
recruited. This study was registered in the National Clinical Trial
Registry of India (www.ctri.nic.in, CTRI/2019/04/018483).
Patients with known peripheral arterial disease or atherosclerosis,
pregnancy, BMI >30 kg/m?, ASA PS IV or higher, history
of previous neck surgery, cardiomyopathy, arrhythmias,
hemodynamic instability requiring inotropes/vasopressors, or
refusal to participate were excluded.

Upon arrival in the preoperative holding area, 3-lead
electrocardiography (ECG), pulse oximetry, and non-invasive
blood pressure monitoring were commenced. Patients were
placed in supine position with nothing kept under their head.
Ultrasound measurements of the carotid artery were then
obtained 10 minutes prior to the induction of GA. FTc and
)\ e WETE measured using carotid ultrasonography, as previously
described by Blehar et al.!" and Song et al.!'* Both parameters
were measured by either of the three investigators (CAK, RT,
or ARC) using an ultrasound device (SonositeM-Turbo™
Ultrasound System, SonoSite, Inc. Bothell, WA, USA) with
a linear 613 MHz transducer. Investigators who collected
Doppler data did not have access to the hemodynamic data
at the time of induction of GA. All measurements were taken
thrice over three consecutive cardiac cycles, and an average was
used. F'Tc was calculated by dividing the flow time by the square
root of the cycle time. Maximum and minimum peak systolic
velocities were obtained in a single respiratory cycle, and 6Vpeak
was calculated as follows: (maximum peak velocity — minimum
peak velocity)/[ (maximum peak velocity + minimum peak

velocity)/2] X 100.

In the operating room 3-lead ECG, pulse oximetry, and
non-invasive blood pressure measurements were obtained.
A 20-G arterial catheter was inserted in the radial artery
under local anesthesia, and beat-to beat arterial blood
pressure monitoring was instituted. Following this, anesthesia
was induced with 2 mcg/kg of intravenous fentanyl and
0.2-0.3 mg/kg of etomidate. Endotracheal intubation with
appropriately sized cuffed tube was facilitated by 1.2 mg/kg
of intravenous rocuronium. At the time of induction, all
patients received around 200—250 ml of crystalloid. Further
management was as per the attending anesthesiologist’s
discretion. A modified rapid sequence induction and
intubation was performed in all patients. Heart rate, systolic
blood pressure (SBP), diastolic blood pressure (DBP), and
mean arterial pressure (MAP) were recorded for 5 minutes

after induction of GA.

Sample size estimation
The sample size was estimated using easyROC v. 1.3, a
web-based tool that works on the R- platform.!"”! Kim et al.l'?
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reported in 2018 that the area under the curve (AUC) for
95% confidence interval (CI) was 0.82 for carotid F'Ic to
predict fluid responsiveness in neurosurgical patients. We
assumed that F'Tc might have a lower predictive validity of 0.7
for post-induction hypotension. Based on this result, a sample
of 54 patients (considering one-third of all patients would
develop hypotension) achieved 80% power and probability
of 0.05 for rejecting null hypothesis. Assuming a dropout of
10%, 60 patients were recruited in this study.

Statistical analysis

The lowest SBP and MAP recorded after induction was
used to calculate the percentage decrease in SBP and MAP
from baseline in each patient. The percentage changes
in heart rate (HR) from baseline level, either increase
or decrease, were also calculated, and the largest change
was used for analysis. Data were presented as median and
interquartile range (IQR) for continuous variables and as
absolute numbers or percentages for categorical variables.
The development of clinically significant hypotension after
induction was analyzed with respect to patient characteristics,
hemodynamic data, and carotid artery measurements using
Mann—Whitney U test or %? test, where appropriate.
Spearman’s rank correlation coefficient was used to test
the relationship between the carotid artery measurements
and percentage decrease in MAP from baseline level after
induction of GA. Hypotension was defined as a 30%
reduction in SBP or 20% reduction in MAP from the
baseline or as an absolute SBP <90 mm Hg and MAP <65

mm Hg within 3 minutes after induction of GA.

ROC curve analysis with 95% CI was performed to determine
the ability of the two ultrasound-derived parameters, F'Tc and
6Vpeak, to predict hypotension after induction of GA for all
patients. A comparison of the two ROC curves was done using
the nonparametric technique described by DelLong et al.['%
The optimal cutoff values were identified as the values that
maximize the Youden index (sensitivity + specificity — 1).['7

Results

Of the sixty-eight patients evaluated for inclusion in this
study, sixty patients were finally recruited (n = 60)
with a median (IQR) age of 40.5 (32-54) years. The
proportion (95% CI) of patients who developed hypotension
after induction of anesthesia was 48.3% (35.9-60.9). Baseline
demographic parameters of the patients are presented in Table 1.
Pre-induction SBP, DBP, and MAP were similar in patients
who developed hypotension and those who did not (P = 0.06,
P = 0.50, and P = 0.08, respectively; Mann—Whitney U
test). However, patients who developed hypotension had a
significantly higher pre-induction heart rate (median [IQR]
105 [88-118] vs 95 [86-102]; P = 0.03). Carotid
artery F'Ic was significantly lower (P = 0.008) in patients
who developed post-induction hypotension, but 8V . was

peak

statistically similar (P = 0.62) in both the groups.

Spearman’s rank correlation coefficient revealed a statistically
significant correlation between carotid artery F'Ic and
change in SBP at | minute after induction of anesthesia
(? = —0.29, P = 0.03); however, statistical significance was
not achieved at 2 minutes and 3 minutes (P = 0.05 at both
the time points). A significant correlation was found between
decrease in MAP at 1, 2, and 3 minutes, and carotid artery
Flc (P =0.02, P = 0.04, and P = 0.007, respectively).
Scatter plot showing the correlation between decrease in SBP
and MAP with carotid artery F'Ic is provided in Figure 1.

Carotid artery F'Tc had an area under the receiver operating
characteristic (AUROC) curve (95% CI) of 0.70
(0.57-0.84) to predict post-induction hypotension. The best
cutoff value of carotid artery F'Tc was 344.8 ms with a sensitivity
and specificity of 61% and 79%, respectively [Figure 2].
Carotid artery 5Vpeak had an AUROC (95% CI) of 0.54
(0.39-0.69) to predict post-induction hypotension and
best cutoff value of 7.9% with a sensitivity and specificity

Table 1: Baseline demographic parameters of the patients (Data presented as mean [SD], median [IQR], or proportions)

All patients (n=60) Hypotension (n=29) No hypotension (n=31) Significance

Age (y) 40.5 (32-54) 42 (32-54) 38 (32-50) P=0.83
BMI (kg/m?) 23.6 {21.3-24.9) 23.6 (21.2-26) 23.5 (21.3-24.8) P=0.59
Sex (Male/Female) 37/23 20/9 17/14 P=0.26
ASA PS (I E/IL E) 28/32 12/17 16/15 P=0.43
Baseline SBP (mm Hg) 126 (118-130) 128 (122-131) 122 (114-130) P=0.06
Baseline DBP (mm Hg) 84 (75-91.5) 85 (80-90) 82 (73-93) P=0.50
Baseline MAP (mm Hg) 93 (87-98.55) 95 (90-98) 90 (85-99) P=0.08
Baseline Heart 97 (88-109.5) 105 (88-118) 95 (86-102) P=0.03
Rate (bpm)

Carotid FTc (ms) 324.9 (307.2-365.2) 316.3 (304.3-334.9) 352.8 (316.7-379.7) P=0.008
Peak velocity 8 (5.4-13.7) 7.5 (4.5-13.5) 9.4 (5.8-13.9) P=0.62

variation (%)
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Figure 1: Receiver operating characteristic curve showing sensitivity and specificity of carotid artery corrected flow time to predict post-induction hypotension
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Figure 2: Receiver operating characteristic curve showing sensitivity and specificity of carotid artery peak velocity variation to predict post-induction hypotension

of 62% and 55%, respectively [Figure 3]. However, carotid
artery F'Tc had higher AUROC than 6Vpeak for predicting
post-induction hypotension (P = 0.01).

Discussion

In our study, nearly half of the patients undergoing emergency
laparotomy for peritonitis developed post-induction hypotension.
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We observed that carotid F'Ic and 5Vpeak as assessed by Doppler
ultrasonography (USG) did not predict hypotension after
induction of GA in patients undergoing emergency laparotomy
for peritonitis. And the patients who developed hypotension
had a significantly higher heart rate than patients who did not.

Patients undergoing emergency laparotomy have increased
risk of developing post-induction hypotension due to the
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Figure 3: Scatterplot showing correlation between decrease in systolic blood pressure at 1 minute, 2 minute, and 3 minutes (upper panel) and decrease in mean
arterial pressure at 1 minute, 2 minute, and 3 minute (lower panel) with carotid artery corrected flow time

vasodilatory effects of the anesthetic agents in the background
pre-existing hypovolemia and impaired compensatory
response.”'8'”1 Hypotension due to various reasons leading
to tissue hypoperfusion increases postoperative morbidity and
mortality. Therefore, assessing the intravascular volume status
will guide in the administration of adequate fluid to prevent
hypotension as the preoperative volume status may vary in
different patients.

Recently, several bedside USG modalities for assessing
volume status have been introduced.”'¥ Extensive studies
were conducted on [VC USG but with conflicting results
in spontaneously breathing patients and limited utility in
patients with increased right-sided heart pressures.!'%20:21]
Certain drawbacks such as diversity of the methods used, lack
of evidence-based cutoffs, and technical difficulty in obese
patients limited the use of [VC USG."?? Blehar et al.l'”
were the pioneers in assessing the intravascular volume status
measuring Flc in the carotid artery using USG. As the
carotid artery is superficial and easily accessible, F'Ic can
be quickly measured and is not affected by spontaneous

breathing.['?'4

Our study observed that F'Tc and 6Vpeak did not predict
hypotension; this is in contrast to previous studies reported
earlier. Blehar et al.'"® demonstrated that low FTc indicated
volume depletion, and intravenous fluid administration in

dehydrated patients resulted in significant increase in Flc.
Carotid flow time in spontaneously breathing patients as
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observed by Kim et al.""? also reported that F Tc was predictive
of fluid responsiveness. They found that increase in stoke
volume index (SVI) after fluid challenge correlated with F'Tc
and 6Vpeak values before fluid challenge and changes in F'lc
and 6Vpeak caused by fluid challenge.

In patients with peritonitis, there is excessive production
of inflammatory mediators and development of systemic
inflammation that leads to vasodilatation and increased
microcirculatory flow.?* Our study population consisted of
patients with perforation peritonitis with a decreased systemic
vascular response due to the presence of a generalized
inflammation. It i1s worth mentioning that F'Ic is affected
by both preload and afterload. A normal F'Ic may be due
to a combination of a low preload and a higher-than-normal
afterload. Due to the release of pro-inflammatory mediators
and nitric oxide (NO), these patients are found to have
a decreased systemic vascular resistance along with a
normal or increased cardiac output even though the systolic
function is compromised due to poor contractility.”* The
cardiac output is maintained by increasing the heart rate
despite the increased left ventricular end-systolic volume
and left ventricular end-diastolic volume, which can explain
the tachycardia in our study in patients who developed
hypotension post induction.?” Previous studies have been
conducted in elective surgeries where carotid artery F'Tc was
found to be a predictor of post-induction hypotension.?® QOur
study could not corroborate the same findings probably due to
the altered vascular physiology seen in perforation peritonitis
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patients due to the generalized systemic inflammation. The
FTc 1s affected by ventricular preload, cardiac contractility,
and systemic vascular resistance (SVR). Thus, factors
affecting preload and afterload would alter the FTc.?”
Apart from this, patients with peritonitis usually have
tachypnea and increased respiratory drive, which could
have contributed to the lower diagnostic accuracy of carotid
artery 6Vpeak to predict post-induction hypotension. Previous
existing study using carotid Doppler—derived parameters to
predict fluid responsiveness have been conducted in patients
undergoing elective surgeries. And no study has been
carried out in emergency surgeries where the body’s normal
physiological response may have been altered due to systemic
inflammation. The limitation of our study is that it is from a
single center, which may reduce the generalizability. Further
research with a larger sample size is needed to determine
fluid responsiveness in the group of patients undergoing
emergency surgeries where excessive fluid administration
may be harmful.

Conclusion

FTc and 6Vpeak as measured by carotid Doppler test did
not significantly predict hypotension in patients undergoing
emergency laparotomy for perforation peritonitis. Further
randomized, controlled studies are required to assess the
intravascular volume status to observe if F'Ic and 6Vpea
predict hypotension in this group of patients.

K can

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Reich DL, Hossain S, Krol M, Baez B, Patel B Bernstein A, et al.
Predictors of hypotension after induction of general anesthesia.
Anesth Analg 2005;101:622-8.

2. Jor O, MacaJ, Koutna J, Gemrotova M, Vymazal T, Litschmannova M,
et al. Hypotension after induction of general anesthesia:
Occurrence, risk factors, and therapy. A prospective multicenter
observational study. J Anesth 2018;32:673-80.

3.  Bijker JB, van Klei WA, Vergouwe Y, Eleveld DJ, van Wolfswinkel L,
Moons KG, et al. Intraoperative hypotension and 1-year mortality
after noncardiac surgery. Anesthesiology 2009;111:1217-26.

4. Reich DL, Bodian CA, Krol M, Kuroda M, Osinski T, Thys DM.
Intraoperative hemodynamic predictors of mortality, stroke, and
myocardial infarction after coronary artery bypass surgery. Anesth
Analg 1999;89:814-22.

5. Walsh M, Devereaux PJ, Garg AX, Kurz A, Turan A, Rodseth RN, et al.
Relationship between intraoperative mean arterial pressure and
clinical outcomes after noncardiac surgery: Toward an empirical
definition of hypotension. Anesthesiology 2013;119:507-15.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lienhart A, Auroy Y, Péquignot E Benhamou D, Warszawski J,
Bovet M, et al. Survey of anesthesia-related mortality in France.
Anesthesiology 2006;105:1087-97.

Monk TG, Saini V; Weldon BC, Sigl JC. Anesthetic management
and one-year mortality after noncardiac surgery. Anesth Analg
2005;100:4-10.

Charlson ME, MacKenzie CR, Gold JB Ales KL, Topkins M,
Shires GT. Preoperative characteristics predicting intraoperative
hypotension and hypertension among hypertensives and diabetics
undergoing noncardiacsurgery. Ann Surg 1990;212:66-81.
Zhang J, Critchley LA. Inferior vena cava ultrasonography before
general anesthesia can predict hypotension after induction.
Anesthesiology 2016;124:580-9.

Okamura K, Nomura T, Mizuno Y, Miyashita T, Goto T.
Pre-anesthetic ultrasonographic assessment of the internal jugular
vein for prediction of hypotension during the induction of general
anesthesia. J Anesth 2019;33:612-9.

Miyazaki R, Sumie M, Kandabashi T, Yamaura K. Resting pupil size
is a predictor of hypotension after induction of general anesthesia.
J Anesth 2019;33:594-9.

Kim DH, Shin S, Kim N, Choi T, Choi SH, Choi YS. Carotid
ultrasound measurements for assessing fluid responsiveness
in spontaneously breathing patients: Corrected flow time and
respirophasic variation in blood flow peak velocity. Br J Anaesth
2018;121:541-9.

Blehar DJ, Glazier S, Gaspari RJ. Correlation of corrected flow
time in the carotid artery with changes in intravascular volume
status. J Crit Care 2014;29:486-8.

Song Y, Kwak YL, Song JW, Kim YJ, Shim JK. Respirophasic carotid
artery peak velocity variation as a predictor of fluid responsiveness
in mechanically ventilated patients with coronary artery disease.
Br J Anaesth 2014;113:61-6.

Goksuluk D, Korkmaz S, Zararsiz G, Karaagaoglu AE. easyROC:
An interactive web-tool for ROC curve analysis using R language
environment. R J 2016;8:213-30.

DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing
the areas under two or more correlated receiver operating
characteristic curves: A nonparametric approach. Biometrics
1988;44:837-45.

Youden WJ. Index for rating diagnostic tests. Cancer 1950;3:32-5.
Lonjaret L, Lairez O, Minville V, Geeraerts T. Optimal perioperative
management of arterial blood pressure. Integr Blood Press Control
2014;7:49-59.

Latson TW, Ashmore TH, Reinhart DJ, Klein KW, Giesecke AH.
Autonomic reflex dysfunction in patients presenting for elective
surgery is associated with hypotension after anesthesia induction.
Anesthesiology1994;80:326-37.

Airapetian N, Maizel J, Alyamani O, Mahjoub Y, Lorne E, Levlard M,
et al. Does inferior vena cava respiratory variability predict fluid
responsiveness in spontaneously breathing patients? Crit Care
2015;19:400.

Long E, Oakley E, Duke T, Babl FE. Does respiratory variation
in inferior vena cava diameter predict fluid responsiveness:
A systematic review and meta-analysis. Shock 2017;47:550-9.
Muller L, Bobbia X, Toumi M, Louart G, Molinari N, Ragonnet B,
et al. Respiratory variation in inferior vena cava diameter to
predict fluid responsiveness in spontaneously breathing patients
with acute circulatory failure: Need for cautious use. Crit Care
2012;16:188.

Milic L, Grigorov I, Krstic S, Ceranic MS, Jovanovic B,
Stevanovic J, et al. Serum level of HMGB1 protein and
inflammatory markers in patients with secondary peritonitis:
Time course and the association with clinical status. J Med
Biochem 2017;36:44-53.

Journal of Anaesthesiology Clinical Pharmacology | Volume 39 | Issue 3 | July-September 2023 449



24.

25.

26.

450

Chowdhury, et al.: Carotid flow time and hypotension in emergency surgery

Chakraborty RK, Burns B. Systemic inflammatory response
syndrome. In: StatPearls. Treasure Island (FL): StatPearls
Publishing; 2020.

Greer JR. Pathophysiology of cardiovascular dysfunction in sepsis.
BJA Educ 2015;6:316-21.

Maitra S, Baidya DK, Anand RK, Subramanium R, Bhattacharjee S.
Carotid artery corrected flow time and respiratory variations of peak

27.

blood flow velocity for prediction of hypotension after induction of
general anesthesia in adult patients undergoing elective surgery:
A prospective observational study. J Ultrasound Med 2020;39:721-30.
Singer M, Allen MJ, Webb AR, Bennett ED. Effects of alterations
in left ventricular filling, contractility, and systemic vascular
resistance on the ascending aortic blood velocity waveform of
normal subjects. Crit Care Med 1991;19:1138-45.

Journal of Anaesthesiology Clinical Pharmacology | Volume 39 | Issue 3 | July-September 2023



