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Abstract
Background

Operations performed with the patient in the prone position can pose a significant challenge to
the anesthesiologist. Hypotension is a commonly encountered complication. Intravascular
volume depletion and decreased cardiac output secondary to decreased preload are thought to
be the most likely cause of hypotension in the prone position. Measurement of inferior vena
cava (IVC) diameter via point-of-care ultrasound examination (POC_US) has been used to
provide an estimate of intravascular volume status. However, this measurement is most often
obtained with the patient in the supine position.

Materials and methods

In this study, we describe a technique for evaluating IVC diameter via POC_US in the prone
position. Right lateral long axis imaging of the IVC was used to assess the intravascular volume
status of 10 patients undergoing lumbar spine surgery in the prone position. In addition, we
used a non-invasive measure of cardiac output to correlate changes in IVC width with changes
in cardiac output.

Results

Images of the IVC in the prone position were obtainable in all 10 patients. IVC diameter
increased in six out of 10 patients on going from supine to prone position. The increase in IVC
diameter corresponded to an increase in cardiac output, measured noninvasively in five out of
the six patients.

Conclusions

Our findings indicate that POC_US examination of the IVC is possible in the prone position.
Further study of a larger patient population could demonstrate the utility of this technique in
assessing intravascular volume status in patients undergoing surgery in the prone position.
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Hypotension in prone patients is a common problem encountered by anesthesiologists in the
operating room. The reasons for this are likely multifactorial, but decreased stroke volume and
cardiac output are the most commonly cited causes. Hypovolemia can exacerbate the
hypotension phenomenon. One study has demonstrated a 24% decrease in the cardiac index
when going from the supine to the prone position [1]. These hemodynamic derangements are
likely due to decreased venous return and ventricular compliance. A study using
transesophageal echocardiography suggests that the optimization of intravascular and the use
of the Jackson frame may be useful in preventing and treating this condition [2]. Prevention of
hypotension in the prone position is of great importance, given the association with potentially
devastating complications such as perioperative visual loss.

Point-of-care ultrasound (POC_US) has been applied in perioperative medicine [3-4] Its
examination of the inferior vena cava (IVC) can assist in predicting the volume status.
Hypovolemic patients presenting to the emergency department have consistently smaller IVC
diameters as compared with ones in euvolemic patients [5]. In addition, hypovolemic patients
undergoing hemodialysis show an exaggerated collapse response during respiratory cycles [6]. It
has also been reported that the IVC diameter in combination with low mean arterial pressure

on admission can predict long-term mortality in patients admitted to the hospital for acute
heart failure [7].

However, the IVC diameter is affected by several other factors such as intra-abdominal pressure
and right atrial pressure [8-9]. A patient’s position may also affect the diameter of the IVC. For
example, authors have demonstrated that IVC dimensions are larger in the supine position as
compared with ones in the left lateral position [10].

Several techniques for acquiring views of the IVC have previously been described, with varying
rates of inter-rater reliability. One study showed that inter-rater reliability was highest for B-
mode measurement of IVC diameter using the sub-xiphoid transabdominal long-axis view and
lowest when using M-mode to calculate collapsibility indices [11].

The right lateral ultrasound view has been successfully used to estimate the diameter of IVC in
pregnant women [12]. American Society of Echocardiography guidelines suggest that IVC is
best assessed via the subcostal window in supine and spontaneously breathing patients [13].
However, previous studies have shown that changes in IVC diameter may be useful in
predicting fluid responsiveness in mechanically ventilated patients as well [14].

In this brief report, we describe a novel technique for measuring IVC diameter in the prone
position and attempt to correlate changes in the IVC diameter with the noninvasive
measurement of cardiac index in patients undergoing lumbar spine surgery.

Materials And Methods

In all patients, standard induction was performed with fentanyl, propofol, and rocuronium,
with dosing left to the discretion of the attending anesthesiologist. All patients were then
intubated via direct laryngoscopy. Anesthesia was maintained with sevoflurane and analgesic
medications chosen by the attending anesthesiologist. The patients were carefully placed in a
prone position by operating room staff. All patients were extubated at the completion of

surgery.

The ultrasound images were obtained with LOGIQe echography (GE Healthcare, Illinois, United
States). The 3S-RS probe with abdomen setting was placed at the patient’s right upper abdomen
mid axillary line. Right lateral long axis IVC images were obtained from 10 patients (Figures
1A-1B). To avoid the discrepancy in IVC changes between spontaneous breathing and
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mechanical ventilation, all images were obtained during mechanical ventilation. The specific
time points included: after induction/intubation, supine position (Supine); before incision,
prone position (Prone 1); and after closing, prone position (Prone 2). The diameter of the IVC
was measured at the junction of the IVC and hepatic vein with M-mode (Figure 1B). All
ultrasound examinations were completed by an expert in IVC ultrasounds. All patients were
hemodynamically stable and had no support with any vasoactive agents at the time point of
ultrasonography. The compressibility index (CI) was not measured. This is due to the fact that
Cl is not reliable and applicable during mechanical ventilation.

FIGURE 1: Right lateral long axis IVC probe position (A) and
VC imaging (B)

Hep V: Hepatic Vein. RA: Right Atrial. IVC: Inferior Vena Cava

ClearSight (Edwards Lifesciences Corp, Irvine, CA, US) is a continuous noninvasive
hemodynamic monitor that uses a volume clamp and physical methods. We further used
ClearSight Volume View to validate the changes in volume status obtained by the
ultrasonographic measurement of the IVC. The ClearSight data were obtained at the time of the
ultrasonography. The ClearSight data were blind to the person who was performing the
ultrasound measurement.

Results

We successfully obtained ultrasound images of all 10 patients in the prone position. Figures
1A-1B show the probe position and image acquisition.

To evaluate the diameter of the IVC in different positions, we compared the diameters of the
IVC in the supine and prone positions. We found that the diameters increased with time in six
of the 10 patients. This increase was not associated with the patient’s body mass index (BMI).
We further evaluated if the ultrasound exam of the IVC in the prone position can be validated
by other non-invasive monitors. We used ClearSight Volume View in patients #4 to #10. We
found that the diameter of IVC increased in five of the six patients over the course of surgery,
which corresponded to increases in cardiac index measured by using ClearSight Volume View
(Table 1).
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Supine Prone 1 Prone 2 (o | Cl2
#1 2.1 25
#2 1.7 2.1
#3 1.9 2.1
#4 1.8 22
#4 2.0 2.0 2.3 2.1 34
#5 1.8 2.0 2.0 2.3 2.0
#7 1.8 2.0 2.1 2.8 34
#8 2.2 22 2.7 4.0 5.8
#9 2.0 2.0 2.1 2.8 4.1
#10 2.35 2.35 2.92 2.7 4.3

TABLE 1: Comparison of diameters

Supine: After induction and intubation
Prone 1: Prone position before the incision
Prone 2: Prone position after the closing
CI1: Cardiac index of Prone 1

Cl2: Cardiac index of Prone 2

Discussion

Measurement of the IVC via POC_US for guiding intravascular volume resuscitation is
traditionally performed in the supine position. The most commonly used view is the subcostal
view in the sagittal plane. Although the subcostal view is likely superior, a prior study has
shown that the right lateral long axis view may be used [15]. Because the subcostal view is
impossible to obtain in the prone position, we have attempted to demonstrate the utility of the
right lateral long axis view in assessing intravascular volume status in prone patients. To our
knowledge, there are no previous studies documenting the use of IVC POC_US in assessing
intravascular volume status in the prone position.

The right lateral long axis IVC ultrasound view was compared with the subcostal view in a
previous study [16]. The right lateral long axis view may underestimate the changes in volume
status as compared to the subcostal view. This is due to the fact that the IVC may collapse and
expand to a different degree along its anterior-posterior and medial-lateral axes. The right
lateral view measures the medial-lateral diameter while the subcostal view measures the
anterior-posterior diameter. In our study, we used the right lateral view to measure the IVC
diameter in both supine and prone positions. We further used ClearSight to validate that the
medial-lateral diameter changes are consistent with the patient’s volume status.
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A previous study attempted to evaluate the IVC diameter in the prone position using the
subcostal view in healthy volunteers [17]. The diameter of the IVC was correlated to the
abdominal pressure and weight force of the upper thorax. The diameter increased when the
position was changed from the standing to the prone position. No comparison was done on
diameter changes from the supine to the prone position. In addition, the study was done with
volunteers on a flat, hard table that had a 10 cm opening at the upper abdomen/lower chest to
facilitate ultrasound examination. In our study, the patients were on the Jackson table. The
Jackson table allows the abdomen to hang freely, resulting in decreased compressive forces and
effects on hemodynamic parameters when compared to other prone operating tables. Our study
indicated that the IVC diameter increased with the position changes from the supine to the
prone position. This may be due to less compression of IVC during the prone position with a
free-hanging abdomen. Several studies had shown that the collapsibility index (CI, IVC max -
IVC min/IVC max) during spontaneous respiration could predict the volume status and
correlate with central venous pressure (CVP). CI measurement was not reliable and applicable
during mechanical ventilation15. The study presented here is conducted entirely during
mechanical ventilation. Therefore, CI was not measured.

We have demonstrated that the right lateral view of the IVC is obtainable in the prone position.
However, it is difficult to interpret the utility given the small number of patients in the study. In
several of our patients, an increase in the diameter of IVC corresponded to an increase in
cardiac index measured non-invasively, which potentially signifies ongoing fluid resuscitation.
Thus, one might speculate that trending changes in IVC width might be an effective means of
guiding resuscitation in prone surgery. In conclusion, the measurement of IVC width with
point-of-care ultrasound using the right lateral long axis view is possible in the prone position.
Further study of a larger patient population can potentially demonstrate the utility of this
technique in assessing intravascular volume status in patients undergoing surgery in the prone
position.

Conclusions

Our findings indicate that POC_US examination of the IVC is possible in the prone position.
Further study of a larger patient population could demonstrate the utility of this technique in
assessing intravascular volume status in patients undergoing surgery in the prone position.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. West Virginia
University Institutional Review Board (IRB) issued approval IRB1809266408. The written
informed consent was waived by the IRB. Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with
the ICMJE uniform disclosure form, all authors declare the following: Payment/services info:
All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that
might have an interest in the submitted work. Other relationships: All authors have declared
that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Backofen JE: Hemodynamic changes with prone positioning during general anesthesia .
Anesth Analg. 1985, 64:194.
2. Barbier C, Loubiéres Y, Schmit C, Hayon ], Ricome J-L, Jardin F, Vieillard-Baron A: Respiratory

2019 Hensley et al. Cureus 11(5): e4601. DOI 10.7759/cureus.4601 50f 6


https://scholar.google.com/scholar?q=intitle:Hemodynamic changes with prone positioning during general anesthesia

Cureus

changes in inferior vena cava diameter are helpful in predicting fluid responsiveness in
ventilated septic patients. Intensive Care Med. 2004, 30:1740-1746. 10.1007/s00134-004-
2259-8

3. Howell S, Bennion D, Wang H: Application of focused assessment ultrasound in trauma to
perioperative medicine. A tool to quickly diagnose postoperative hemorrhage. Anesthesiology.
2018, 129:333. 10.1097/ALN.0000000000002170

4. Cannon ], Sizemore D, Zhou Y, et al.: Perioperative point-of-care ultrasound training: a
survey of anesthesia academic programs in United States and China. ] Anesth Perioper Med.
2018, 5:61-69. 10.24015/JAPM.2018.0030

5. Dipti A, Soucy Z, Surana A, Chandra S: Role of inferior vena cava diameter in assessment of
volume status: a meta-analysis. Am ] Emerg Med. 2012, 30:1414-1419.
10.1016/j.ajem.2011.10.017

6. Brennan JM, Ronan A, Goonewardena S, et al.: Handcarried ultrasound measurement of the
inferior vena cava for assessment of intravascular volume status in the outpatient
hemodialysis clinic. Clin ] Am Soc Nephrol. 2006, 1:749-753. 10.2215/CJN.00310106

7. Torres D, Cuttitta F, Paterna S, Garofano A, Conti G, Pinto A, Parrinello G: Bed-side inferior
vena cava diameter and mean arterial pressure predict long-term mortality in hospitalized
patients with heart failure: 36 months of follow-up. Eur ] Intern Med. 2016, 28:80-84.
10.1016/j.jim.2015.11.029

8. Gosink BB: The inferior vena cava: mass effects . AJR Am J Roentgenol. 1978, 130:533-536.
10.2214/ajr.130.3.533

9. Mookadam F, Warsame TA, Yang HS, Emani UR, Appleton CP, Raslan SF: Effect of positional
changes on inferior vena cava size. Eur ] Echocardiogr. 2011, 12:322-325.
10.1093/ejechocard/jer018

10. Finnerty NM, Panchal AR, Boulger C, et al.: Inferior vena cava measurement with ultrasound:
what is the best view and best mode?. West ] Emerg Med. 2017, 18:496-501.
10.5811/westjem.2016.12.32489

11. Fields JM, Catallo K, Au AK, Rotte M, Leventhal D, Weiner S, Kua BS: Resuscitation of the
pregnant patient: what is the effect of patient positioning on inferior vena cava diameter?.
Resuscitation. 2013, 84:304-308. 10.1016/j.resuscitation.2012.11.011

12. LangRM, Badano LP, Mor-Avi V, et al.: Recommendations for cardiac chamber quantification
by echocardiography in adults: an update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. Eur Heart ] Cardiovasc Imaging. 2015,
28:233-271. 10.1093/ehjci/jev014

13.  Dharmavaram S, Jellish WS, Nockels RP, et al.: Effect of prone positioning systems on
hemodynamic and cardiac function during lumbar spine surgery: an echocardiographic study.
Spine. 2006, 31:1388-1393. 10.1097/01.brs.0000218485.96713.44

14. ShahR, Spiegel R, Liu C, Crnosija I, Ahmad S: Relationship between the subcostal and right
lateral ultrasound views of inferior vena cava collapse. Chest. 2018, 153:939-945.
10.1016/j.chest.2017.10.002

15.  Mintz GS, Kotler MN, Parry WR, Iskandrian AS, Kane SA: Real-time inferior vena caval
ultrasonography: normal and abnormal findings and its use in assessing right-heart function.
Circulation. 1981, 64:1018-1025.

16. HoJ, Dawes DM, Moore JC, Caroon LV, Minera JR: Effect of position and weight force on
inferior vena cava diameter - implications for arrest-related death. Forensic Sci Int. 2011,
212:256-259. 10.1016/j.forsciint.2011.07.001

17. Varish H, Kumar V, Anand R, Chhapola V, Kanwal SK: The correlation between inferior vena
cava diameter measured by ultrasonography and central venous pressure. Indian ] Pediatr.
2017, 84:757-762. 10.1007/s12098-017-2433-y

2019 Hensley et al. Cureus 11(5): e4601. DOI 10.7759/cureus.4601 6 of 6


https://dx.doi.org/10.1007/s00134-004-2259-8
https://dx.doi.org/10.1007/s00134-004-2259-8
https://dx.doi.org/10.1097/ALN.0000000000002170
https://dx.doi.org/10.1097/ALN.0000000000002170
https://dx.doi.org/10.24015/JAPM.2018.0030
https://dx.doi.org/10.24015/JAPM.2018.0030
https://dx.doi.org/10.1016/j.ajem.2011.10.017
https://dx.doi.org/10.1016/j.ajem.2011.10.017
https://dx.doi.org/10.2215/CJN.00310106
https://dx.doi.org/10.2215/CJN.00310106
https://dx.doi.org/10.1016/j.ejim.2015.11.029
https://dx.doi.org/10.1016/j.ejim.2015.11.029
https://dx.doi.org/10.2214/ajr.130.3.533
https://dx.doi.org/10.2214/ajr.130.3.533
https://dx.doi.org/10.1093/ejechocard/jer018
https://dx.doi.org/10.1093/ejechocard/jer018
https://dx.doi.org/10.5811/westjem.2016.12.32489
https://dx.doi.org/10.5811/westjem.2016.12.32489
https://dx.doi.org/10.1016/j.resuscitation.2012.11.011
https://dx.doi.org/10.1016/j.resuscitation.2012.11.011
https://dx.doi.org/10.1093/ehjci/jev014
https://dx.doi.org/10.1093/ehjci/jev014
https://dx.doi.org/10.1097/01.brs.0000218485.96713.44
https://dx.doi.org/10.1097/01.brs.0000218485.96713.44
https://dx.doi.org/10.1016/j.chest.2017.10.002
https://dx.doi.org/10.1016/j.chest.2017.10.002
https://www.ncbi.nlm.nih.gov/pubmed/7285290
https://dx.doi.org/10.1016/j.forsciint.2011.07.001
https://dx.doi.org/10.1016/j.forsciint.2011.07.001
https://dx.doi.org/10.1007/s12098-017-2433-y
https://dx.doi.org/10.1007/s12098-017-2433-y

	Assessment of Volume Status During Prone Spine Surgery via a Novel Point-of-care Ultrasound Technique
	Abstract
	Background
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	FIGURE 1: Right lateral long axis IVC probe position (A) and VC imaging (B)

	Results
	TABLE 1: Comparison of diameters

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


