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The search for clinical markers to detect and monitor 
acute kidney injury (AKI) as early as possible has 
been the focus of interest of investigators all around 

the world. The predictive value of serum creatinine, the 
most widely used variable to monitor renal function as an 
early marker of AKI, is rather poor.1

The ultrasound assessment of renal artery flow has been 
shown to be highly sensitive and specific in the early detec-
tion of AKI.2,3 On the basis of Doppler measurements of 
renal artery velocities, the resistive index (RI) is calculated 
as: RI = (peak systolic velocity – minimum diastolic veloc-
ity)/peak systolic velocity; and the pulsatility index (PI) is 
calculated as: PI = (peak systolic velocity – minimum dia-
stolic velocity)/mean velocity.4

These indices are associated with resistance to flow distal 
to the point of measurement, with a higher value indicating 
increased resistance.2 However, they are affected by several 
interrelated variables (Table 1). The range of values of RI and 
PI in normal subjects is approximately 0.64 to 0.704,10 and 
0.93 to 1.25,4 respectively. Bossard et al.3 recently reported 
that RI values >0.79 measured postoperatively in cardiac 
surgical patients predicted the onset of AKI, with values 
>0.83 predicting the need for dialysis. It may be worthwhile 
monitoring these indices in patients undergoing cardiopul-
monary bypass having a higher risk of AKI (e.g., valvular 
surgery, prolonged bypass times, age >65 years)11 and those 
with preexisting comorbidities (e.g., decreased left ventricu-
lar ejection fraction, diabetes, borderline renal function).12

Most of the studies assessing these indices were done 
using transcutaneous ultrasound, which is not feasible to 
perform in the operating room. Transesophageal echocar-
diography (TEE) is an alternative.

We present a technique to image the left kidney and 
measure the RI and PI with TEE. As reported by Yang et 
al.,13 and consistent with our own experience, imaging of 
the right kidney is difficult because it lies too low inside 
the abdominal cavity, farther away from the esophagus. We 
therefore describe a technique to locate the left kidney.

METHODS
Sonography of the Left Kidney: How Does the 
Normal Kidney Look Using TEE?
It is essential for the inexperienced echocardiographer to be 
able to identify and differentiate the left kidney from closely 
related intra-abdominal organs. Figure 1 depicts the ana-
tomical relationship between the left kidney and the related 
organs. Figure 2 demonstrates the transverse and longitudi-
nal sonographic images of the left kidney in 2 dimensions 
and with color flow Doppler (CFD).

The Technique
We used a standard ultrasound machine (Philips HD 11 XE; 
Philips, Bothell, WA), a multiplane TEE probe, and a lower 
frequency (5 MHz) to better visualize the deeper intra-
abdominal organs. Although the left kidney can be located, 
it may be impossible to obtain adequate images of the renal 
vasculature using standard cardiac presets. Therefore, a 
vascular preset becomes an essential prerequisite to ensure 
optimum visualization of the renal vasculature and allow 
for automated measurement of RI and PI.

The probe is advanced approximately 30 cm from the 
upper incisor teeth, and a standard midesophageal 4-cham-
ber view is obtained. Starting from the 4-chamber view, the 
probe is advanced a further 8 to 10 cm to lead it through  
the short abdominal part of the esophagus eventually into 
the stomach and anteflexed to obtain a midpapillary trans-
gastric short-axis (TG SAX) view. The esophagus lies ini-
tially along the right side of the descending aorta, then runs 
in front, and eventually a little left of the aorta. We believe 
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Monitoring the renal arterial Doppler flow velocity indices, the resistive index and pulsatility 
index, with ultrasound may help predict renal dysfunction. However, such monitoring has been 
done intermittently by transcutaneous ultrasound in the postoperative intensive care setting. In 
the operating room, transesophageal echocardiography (TEE) is an alternative to transcutane-
ous ultrasound for obtaining indices of renal perfusion. However, it is difficult to locate the right 
kidney using TEE. We propose a new technique to locate the left kidney that, in our experience, 
is simple and easy to perform. We believe, starting from a transgastric left ventricular short-axis 
view, turning left to locate the abdominal aorta, and following it to the origin of the left renal 
artery may help locate the left kidney faster than previously described techniques. We also 
propose a new technique to monitor these Doppler indices using TEE during the intraoperative 
period.  (Anesth Analg 2013;116:549–54)
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that considerable ease in locating the left kidney occurs if the 
performer uses a simple maneuver we termed as the cork-
screw technique (Fig. 3) (Video 1, see Supplemental Digital 
Content 1, http://links.lww.com/AA/A498) because of the 
TEE probe manipulations required to obtain the view. The 
direction of the turns of the probe to reach the left kidney 
follow a “corkscrew” pattern using the following steps:

•	 STEP 1: Obtain a TG SAX view (Point A).
•	 STEP 2: Turn the probe 90 to 270 degrees toward the 

LEFT until the SAX view of the descending aorta 
is imaged. The aorta is imaged anterior to the oval 
hypoechogenic vertebral body (Fig. 1)—(Point B).

•	 STEP 3: Advance the probe (4–6 cm) following the 
aorta to the origin of the left renal artery (Point C). Use 
CFD to image the blood flow in left renal vessels.

•	 STEP 4: Following the left renal artery, turn the probe 
RIGHT 90 degrees until the left kidney is visualized 
(Point D).

It is important to note that after an approximately 90- to 
270-degree turn from TG SAX view, the transducer directly 
faces the aorta. Following it to the origin of the left renal 
artery, a turn of the probe to the right will help locate the 
left kidney. In cases where the origin of the left renal artery 
(from the aorta) cannot be located, a blind 90-degree right 
turn with probe advanced 4 to 6 cm beyond Point B may 
help locate the left kidney.

It is crucial to recognize the spleen and differentiate 
it from the left kidney. The concave inner border of the 
spleen comes in relation with the convex outer border of 
the left kidney. The spleen can be located by turning the 
probe farther to the right from the position where the SAX 
view of the left kidney is obtained. The spleen is uniformly 
hypoechogenic in contrast to the kidney, which has a cen-
tral echogenic pelvis and hypoechogenic peripheral cortex, 
surrounded by the brightly echogenic fascia of Gerota and 
perinephric fat pad (Fig. 1B). In cases in which the echo-
cardiographer experiences difficulty locating the spleen by 
merely turning the probe to the right, gently withdrawing 
the probe a few centimeters while turning it to the right 
may help locate the splenic vessels under CFD, which can 
be traced up to the splenic hilum to locate the concave inner 
border of the spleen.

The probe is finely adjusted until a clear image of the 
left kidney is obtained. CFD (Nyquist limit 15–20 cm/s) is 
used to visualize the renal vasculature. The kidney being 
one of the most vascular organs clearly stands out when 
CFD is used. Placing a CFD over the mid portion of the kid-
ney body and varying the probe angle (0–30 degrees) may 
help visualize both the aorta and the left kidney simultane-
ously (Video 2, see Supplemental Digital Content 2, http://
links.lww.com/AA/A499). Approximately 10% to 30% 
of individuals have multiple renal arteries (most common 
occurrence being another additional vessel) on each side.14 
On reaching the hilum, the main renal artery divides into 
segmental branches that give rise to the interlobar arteries 
that divide again forming the arcuate arteries at the corti-
comedullary junction. The arcuate arteries traveling across 
the renal pyramids give rise to the interlobular arteries 
(Video 3, see Supplemental Digital Content 3, http://links.
lww.com/AA/A500). With experience, one may be able to 
distinguish the branches from the main renal artery taking 
into consideration the relative size, order, and sequence of 
the branching. Once a clear view of the vessels is obtained, 

Table 1. Factors Known to Increase Resistive 
Index/Pulsatility Index

Altered physiologic states3 Disease conditions5–9

1. � Vasoconstrictive states, e.g., 
hypocapnia

1. � Chronic renal disease
2. � Hydronephrosis

2. � Bradycardia 3. � Renal vein thrombosis
3. � Hypotension or hypertension 4. � Renal artery stenosis

5. � Significant aortic regurgitation

Figure 1.  A, The figure demonstrates the anatomical relationships of the left kidney, aorta, inferior vena cava (IVC), and the vertebral body. The 
vertebral body appears as a hypoechogenic transversely oriented oval structure. The left kidney is seen left and lateral to the vertebral body, 
aorta just anterior, and the IVC anterolateral to it. The vertebral body creates an acoustic shadow. The 2 round structures at this depth (aorta 
and IVC) can be differentiated by: (1) their relative position, and (2) Doppler tracing (pulsed-wave Doppler). B, Lateral to the convex-shaped left 
kidney is the concave inner border of the spleen. The 2 organs have different echogenicity: the kidney has a brightly echogenic central zone 
(pelvis) in contrast to the hypoechogenic peripheral cortex, whereas the spleen is uniformly hypoechogenic. A modest right turn of the probe 
from the view seen in (A) may help obtain the view seen in (B).

http://links.lww.com/AA/A498
http://links.lww.com/AA/A499
http://links.lww.com/AA/A499
http://links.lww.com/AA/A500
http://links.lww.com/AA/A500
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Figure 2.  A, The convex outer border of the left kidney at transverse plane (multiplane angle at 0 degrees) is C shaped. The peripheral cor-
tex has a grainy texture and is surrounded by strongly echogenic fascia of Gerota and perinephric fat pad. The central aspect consisting of 
the calyces, pelvis, and renal sinus fat is more echogenic than the cortex. B, A color Doppler flow sector is placed on the hilum to visualize 
blood flow. C, The left kidney at longitudinal plane (multiplane angle at 90 degrees) appears “football” shaped. The hilum is seen facing the 
transesophageal echocardiography transducer. The upper pole lies to the right of the image and the lower pole to the left. D, Placing a color 
flow Doppler window over the hilum allows visualization of the renal vessels. Occasionally, the splenic vessels may be found lying close to the 
renal hilum. The splenic vessels lie at right angles to the direction of the renal vessels at the hilum of the left kidney.

Video 1.  Steps of the corkscrew technique (see text for description).

Video 2.  Aorta (short-axis view), left renal artery, and left kidney. 
The video demonstrates the course of the main renal artery from its 
origin (aorta) until it bifurcates into 2 major branches at the hilum 
of the kidney. The renal vein is seen immediately above and adjoin-
ing the renal artery. The vein is slightly larger in caliber (compared  
with the artery) and appears blue throughout its entire course sig-
nifying flow toward the inferior vena cava and away from the probe. 
Splenic artery can be seen immediately above the renal vein.
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pulsed-wave Doppler is used to differentiate the main renal 
artery from the vein 1 to 2 cm before the hilum (Fig. 4).

The cursor is placed on the main renal artery (small gate, 
1.2–1.8 mm is preferable) until a clear flow velocity waveform 
is obtained. When using the vascular preset, activation of the 
software will automatically trace the spectral Doppler enve-
lopes (Video 4, see Supplemental Digital Content 4, http://
links.lww.com/AA/A501) and calculate the Doppler indices 
RI and PI. In case the automated software is unavailable in the 
ultrasound platform, the indices may be able to be calculated 

after manually tracing the Doppler envelopes using the for-
mulae mentioned previously following these steps (Fig. 5):

•	 STEP 1: Obtain a good quality arterial Doppler flow 
velocity waveform and freeze it.

•	 STEP 2: Use calipers to measure the peak systolic 
velocity (1.13 m/s) and the minimum diastolic veloc-
ity (0.250 m/s). Trace the waveform manually to obtain 
the mean velocity (0.402 m/s).

To obtain a mean value, the Doppler indices are mea-
sured over 3 to 5 cardiac cycles, and the average value is 
calculated. The TEE probe can be withdrawn to monitor the 
cardiac function and can be readvanced to locate the left 
kidney and renal artery at will. Because the corkscrew tech-
nique is simple, relocating the left kidney and continuing 
renal monitoring should not be difficult.

DISCUSSION
Although automated (or manual) calculation of the indices 
is possible, a few words of caution can help to obtain correct 

Figure 3.  The corkscrew technique (see text for description).

Figure 4.  A, The characteristic renal arterial flow velocity pattern 
recorded with Doppler tracing (pulsed-wave Doppler [PWD]) has 
a sharp systolic upstroke and diastolic antegrade flow without 
reversed flow. The highest point of the waveform is peak systolic 
flow velocity (S) and the trough is the minimum diastolic flow veloc-
ity (D). Digitizing and integrating the area under the Doppler flow 
curves (over 3–5 consecutive cardiac cycles) helps obtain the mean 
velocity. B, The characteristic biphasic renal venous flow velocity 
pattern recorded with PWD typically consists of a systolic peak dur-
ing ventricular systole (S), a diastolic peak (D) during passive filling 
of the ventricles and a diastolic nadir (red arrow) reflecting atrial 
contraction.

Video 3.  The “typical” renal vascular pattern (see text for descrip-
tion). To have a detailed look at the renal vascular architecture, it is 
essential to use the “zoom” function and set the Nyquist limit low 
(15–20 cm/s or even lower, if necessary).

http://links.lww.com/AA/A501
http://links.lww.com/AA/A501
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measurements and avoid unnecessary errors. It is manda-
tory to have a clear and continuous display of the velocity 
waveforms. Too much variability among individual wave-
forms (e.g., arrhythmias) can lead to error in calculation. 
Variability is more of an issue when relying on data gener-
ated by the automatic tracking system, whereas in the oper-
ator-selected waveforms it is up to the operator to choose 
comparable, similar waveforms. Data can be accepted as 

correct if the automated tracing of the waveform is perfectly 
aligned along its margin (Video 4, see Supplemental Digital 
Content 4, http://links.lww.com/AA/A501). The best way 
to obtain correct measurements is to ensure good quality 
waveform display by optimizing depth, adjusting gain, 
and placing the Doppler gate directly in the center of the 
renal artery. Although we record the Doppler indices from 
the main renal artery, these indices convey similar informa-
tion when derived from branches of the renal artery.15 It is 
important to ensure that the measurements are taken from 
the renal and not from another artery, for example, splenic 
artery, which can be accomplished by tracing the renal 
artery from its origin to the hilum before taking Doppler 
measurements.

There are safety concerns over the prolonged use of 
Doppler ultrasound.16 We limit our use of automated mon-
itoring to a few seconds at a time and routinely keep the 
power at its lowest limits without compromising on image 
quality. It is not possible to calculate total renal blood flow 
from a branch artery, but monitoring the Doppler indices 
may help to closely monitor renal perfusion.

Although the corkscrew technique helps to locate the left 
kidney with relative ease, locating the left renal artery can 
be a limiting factor because it may not always be possible to 
locate its origin from the aorta. Further studies are needed 
to evaluate the effectiveness of this technique in helping 
inexperienced echocardiographers locate the left kidney, to 
assess the intraoperative role of renal perfusion monitoring, 
and to investigate whether such monitoring has any clear 
advantage in predicting AKI at the earliest stage.  E
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Figure 5.  Steps to obtain the indices (resistive index [RI], pulsatility index [PI]) manually using standard cardiac presets. A good quality arte-
rial Doppler flow velocity waveform is obtained and the screen frozen. The calipers are used to measure the peak systolic velocity (1.13 m/s), 
the minimum diastolic velocity (0.250 m/s), and the waveform traced manually to obtain the mean velocity (0.402 m/s).

Video 4.  Automated renal perfusion monitoring. Video demonstrat-
ing the automated display of the renal Doppler flow velocity indices. 
A continuous clear flow velocity waveform display is seen here where 
the individual waveforms are clearly delineated and the shapes and 
sizes of individual waveforms are similar to each other. The auto-
mated tracing (pale blue line) is perfectly aligned along the border of 
the waveforms ensuring the automated measurements of the flow 
velocity indices are correct. Mechanical index (MI) and soft tissue 
thermal index (TIS) displayed on the top right of the screen follow the 
output display standard recommended by the United States Food 
and Drug Administration as a measure to ensure safety while moni-
toring with ultrasound.
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