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INTRODUCTION: Near infrared spectroscopy (NIRS) monitoring of preterm kidney oxygenation is increasing. We sought to evaluate
kidney positioning and oxygenation differences between the right and left kidneys.

METHODS: Preterm neonates <32 weeks’ gestational age were enrolled in a prospective observational NIRS study. Two three-hour
epochs of simultaneous bilateral kidney monitoring were performed (5-8 days, 9-14 days). Point of care kidney ultrasound was
performed once between days 5 and 12.

RESULTS: There were no right-left differences in skin to superior kidney depth (0.39 and 0.38 cm; p = 0.62) or spine to kidney
distance (1.06 and 1.02 cm; p = 0.31). There was a difference in right-left skin to inferior kidney depth (2.15 and 2.04 cm; p = 0.02).
There was higher oxygenation in the left kidney compared to the right (65.6 vs. 62.7%, p < 0.01). Hourly individual differences of

>10% were seen in 37% of neonates.

CONCLUSIONS: Differences in kidney depth and right-left oxygenation exist in preterm neonates.
Journal of Perinatology (2025) 45:1456-1461; https://doi.org/10.1038/s41372-025-02358-2

INTRODUCTION

Critically ill preterm neonates frequently experience acute
kidney injury (AKI) in the neonatal intensive care unit (NICU),
which independently increases their risk of death and long-term
complications, including chronic kidney disease (CKD) [1-5].
Despite the significant short- and long-term detrimental effects
of AKI, there are currently no approved neonatal AKI therapies,
largely because there is not a diagnostic method to effectively
detect AKI prior to or at the time of injury [6]. One method to
identify kidney stress or early injury prior to permanent damage,
without reliance on blood sampling or urine collection, is using
non-invasive near-infrared spectroscopy (NIRS) monitoring of
kidney oxygenation [7]. NIRS is a continuous monitoring tool
already frequently used in the NICU and has been shown to be
safe in the neonatal population [8]. NIRS monitoring to detect
changes in kidney oxygenation in both preterm and term
neonates is being used with increasing frequency, and baseline
values in the first two weeks of life have been established
[9, 10].

Understanding the anatomic location of the kidneys in
neonates is essential to effectively use NIRS to measure kidney
oxygenation in preterm neonates. Typically, the right kidney is
lower in the abdomen, shifted medially, and is slightly smaller
when compared to the left kidney, due to displacement from the
liver [11]. Because of this anatomical asymmetry, it is possible the
right and left kidneys may have different regional tissue

oxygenation. In previous cerebral NIRS studies, simultaneous
tissue oxygenation of the right and left cerebral hemispheres has
differed by up to ten percentage points, suggesting that kidney
oxygenation may also have laterality differences [12]. To measure
kidney oxygenation, NIRS sensors are typically placed on either
the right or left flank horizontally between T12 and L2 [13]. In
neonatal studies, this placement has not yet been confirmed by
ultrasound imaging. Similarly, the depth of the kidney below the
skin is not known in preterm neonates of different sizes and
gestational ages. This is important to consider as the near infrared
light for the Medtronic INVOS machines with the neonatal sensor,
and the shallow sensor at 30 mm and deep sensor at 40 mm, are
reported to make an arc ~1.5-2cm deep [14, 15]. Establishing
right-left kidney oxygenation differences and kidney depth is
critical for developing accurate monitoring and treatment guide-
lines for the preterm population.

The aim of our study was to evaluate kidney oxygenation
monitoring with NIRS in preterm neonates born less than
32 weeks' gestation. We utilized a two-pronged approach -
evaluating simultaneous laterality differences in kidney oxygena-
tion between the right and left kidney and by determining the
depth of the kidney below the skin on the flank. We hypothesized
there would not be a clinically significant difference in the
averages of simultaneous kidney oxygenation values of the right
and left kidney and that the inferior aspect of some kidneys would
be less than two cm below the skin.
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Table 1. Demographics.

Gestational age (weeks)
Birth weight (grams)
Sex (male)
Small for gestational age
Ethnicity
Not Hispanic or Latino
Hispanic or Latino

Bilateral monitoring (n = 95)

29 (27,30)

1215 (943,1450)

55 (57.9%)
6 (6.3%)

76 (88.4%)
10 (11.6%)

Race
White 74 (86.0%)
Black or African American 9 (10.5%)
Asian 1 (1.2%)
Other race 2 (2.3%)
METHODS

This prospective observational study was performed at the level Ill NICU at
UnityPoint Health-Meriter Hospital (Madison, WI, USA) between 2021 and
2024. The study protocol and procedures were reviewed and approved by
the UW-Madison Health Sciences Institutional Review Board. The study
team implemented procedures in accordance with the ethical standards of
the relevant human subjects’ research oversight committees (institutional,
local, and national), including obtaining informed consent from each
participant’s legal guardian prior to enrollment. The sample size for the
study was based on a primary outcome of difference in kidney
oxygenation between participants with and without AKI (which will be
reported in a subsequent publication) while the outcomes for this
manuscript were secondary outcomes. No randomization procedures or
blinding were utilized for this study. This observational study was not
registered with clinicaltrials.gov.

Participants

Neonates born less than 32 weeks gestational age (GA) were approached
for informed parental consent. Exclusion of participants occurred if any of
the following criteria was met: 1) enrollment and placement of NIRS
sensors not possible by 96 h of life, 2) non-English or non-Spanish speaking
families, 3) refusal by attending physician, 4) Mothers unavailability to
participate in the consent process, 5) investigative team unavailable to
consent parent, 6) NIRS monitors unavailable, 7) Documented congenital
abnormality of the kidney or urinary tract (Defined as a major anomaly like
posterior urethral valves, cystic kidney disease, kidney dysplasia but
excluding fetal pyelectasis).

NIRS monitoring

Kidney oxygenation was measured on the right and left flank using
INVOS™ 5100C (Somanetics, Troy, MI, USA) NIRS monitors. These monitors
provide only one NIRS parameter, regional oxygenation as a percent
(Oxyhemoglobin/(Oxyhemoglobin + Deoxyhemoglobin) *100). The NIRS
sensor was placed over a Mepitel adhesive dressing to protect the
neonate’s skin per unit protocol for neonates born <34 weeks gestation.
Bilateral kidney tissue oxygenation was recorded in two epochs for 2-6 h
between the fifth and eighth days of age and again between the ninth and
fourteenth days of age. Bilateral monitoring was completed by placing
NIRS sensors on both the left and right flank simultaneously. Handling and
positioning of neonates was not restricted, and neonates were re-
positioned every 3-6 h per unit guidelines.

Ultrasound imaging

Between five to twelve days of age a point of care kidney ultrasound was
conducted by the PI of the study. Using a Sonosite Sl (FUJIFILM Sonosite,
Bothell, WA, USA) ultrasound machine, a linear probe was placed at T12-L2
underneath the bottom rib and above the iliac crest. Measurements of skin
to superior kidney, skin to inferior kidney, and spine to kidney were
performed. The GA, birthweight, and birth length were recorded and
analyzed with the ultrasound measurements.
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Ultrasound (n =101)
29 (27,30)
1260 (1030,1450)
58 (57.4%)
5 (4.9%)

91 (90.1%)
10 (9.9%)

87 (86.1%)
9 (8.9%)
2 (2.0%)
3 (3.0%)

Standard clinical care

The clinical management of each participant was decided by the attending
physician. Within the first 24 h of age, all preterm neonates have a basic
metabolic profile obtained which includes serum creatinine (sCr) to
monitor for imbalance of electrolytes and kidney function. This is repeated
at 48-72h of life and again at one week of age. In cases of a preterm
neonate being found at risk of AKI between days two and seven, more
frequent sCr monitoring occurs. Following the first seven days of age, the
attending physician determines if there is a need for additional sCr and
liver function tests. The neonate’s diapers are weighed at three or six-hour
intervals during nursing care sessions to determine urine output. Urine
output monitoring is changed to ‘diaper counts’ when off intravenous
fluids or diuretics.

Outcome measures

The primary outcome measure of this study was the difference in
simultaneous kidney oxygenation between the right and left kidneys.
Secondary outcome measures included comparison of simultaneous right
and left kidney oxygenation over the course of two separate epochs by GA
and by sex, as well as comparison of ultrasound measurements to GA,
birthweight, and birth length.

Statistical analysis

For all continuous variables, the median and interquartile range were
calculated. For categorical variables, the number and percent were calculated.
The non-parametric Wilcoxon matched pairs signed rank test was used to
determine differences in continuous variables for simultaneous oxygenation
monitoring. The Mann-Whitney test was used to compare right-left
ultrasound measurements and Spearman r correlation was used to compare
ultrasound measurements to birth weight, length, and GA. Differences in
percent of participants with kidney tissue between 1.5-2 cm on the right and
left were compared using a Fisher's exact test. Statistical analyses were
completed using GraphPad Prism, version 9 (GraphPad Software, Boston, MA,
USA). A p-value < 0.05 was considered statistically significant.

RESULTS

Right-left kidney oxygenation

Study participants and demographics. A total of 112 neonates
enrolled in the study. Demographics of these 112 neonates are
described in Table 1. Of these 112 patients, 95 underwent bilateral
kidney monitoring during the first time frame, and 70 of these 95
neonates underwent a second period of bilateral monitoring
(Fig. 1, Consort Diagram). On average, the neonates underwent
their first session of bilateral monitoring on day six and underwent
their second session on day eleven.

Simultaneous bilateral kidney oxygenation monitoring. Analysis of
the combined monitoring periods revealed higher oxygenation in
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Eligible
n=236

Agreed to talk to

research team

n=199

Consent Obtained Withdrawn
n=112 n=4

Ultrasound Performed Bilateral Monitoring Performed
n=101 n=87
Epoch 1 Epoch 2
n =87 n=78
Fig. 1 CONSORT diagram. The CONSORT diagram displays the number of eligible patients for the study and subsequently the number that

were ultimately included for both the ultrasound analysis and the bilateral monitoring analysis.

the left kidney compared to the right (65.57% (IQR 55.87-74.56)
vs. 62.0% (IQR 50.42-72.10), p <0.01). Analysis by epoch also
shows higher oxygenation in the left kidney (Epoch 1: 61.80% (IQR
51.87-71.10) vs. 57.88% (IQR 46.98-71.95), p<0.01; Epoch 2:
68.96% (IQR 59.88-76.45) vs. 65.96% (IQR 56.79-73.37), p < 0.01).

Analysis by GA showed higher kidney oxygenation on the left
for both <28 weeks GA and 28-31 6/7 weeks GA (<28 weeks:
58.36% vs. 48.97%, p <0.01; 28-31 6/7 weeks: 68.52 vs. 65.96,
p <0.01; Fig. 2). Analysis by sex showed higher kidney oxygena-
tion on the left for both males and females (males: 65.82% vs.
63.34%, p < 0.01; females: 65.41% vs. 61.03%, p = 0.03; Fig. 2).

Evaluation of simultaneous differences by hourly average
showed that 63% of neonates had less than a 10-point difference,
27.3% had between a 10-20-point difference, and 9.7% had a
greater than 20-point difference between their right and left
kidneys. These point differences are displayed as the number of
neonates in each category, followed by the percentages in
Table 2.

Point of care kidney ultrasound

Study participants and demographics. Of 112 neonates enrolled,
101 underwent ultrasounds to measure skin to superior kidney,
skin to inferior kidney, and spine to kidney distances. Ultrasound
was performed at a median of nine days of age. Eleven neonates
were unable to have an ultrasound performed due to clinical
instability or removal from the study. Demographics are displayed
in Table 1.

Ultrasound measurements. Analysis of the three measurements
revealed no significant differences in median right and left
measurements of skin to superior kidney depth (0.39cm (IQR
0.34-0.43) vs. 0.38 cm (IQR 0.32-0.43); p = 0.71) or spine to kidney
distance (1.06cm (IQR 0.94-1.16) vs. 1.02cm (IQR 0.87-1.16);
p = 0.33), but there was a difference in right-left skin to inferior
kidney depth (2.15 cm (IQR 1.95-2.29) vs. 2.04 cm (IQR 1.86-2.27);
p =0.02).
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Correlations of skin to superior kidney depth, spine to kidney
distance, and skin to inferior kidney depth to birth weight, birth
length, and GA are displayed in Table 3. The strongest correlations
were to birth weight and birth length, but GA also had significant
correlation for all measures except right kidney to spine length.

When comparing right and left kidneys, 26 of 101 (25%)
participants did not have right kidney tissue between 1.5 and 2 cm
while 42 of 101 (41%) did not have left kidney tissue between 1.5
and 2cm (p =0.03).

DISCUSSION

In this prospective study, we sought to evaluate kidney
oxygenation monitoring with NIRS in preterm neonates by
verifying kidney location and evaluating simultaneous laterality
differences in kidney oxygenation. Verifying NIRS monitoring as an
effective tool to measure kidney oxygenation is crucial to develop
monitoring and treatment guidelines in the future. In this study
our main finding is that the left kidney has higher oxygenation
than the right kidney by 3.5 percentage points on average. We
argue however, that although this difference is statistically
significant, it is unlikely to be clinically significant, unless using a
specific cut-off for treatment instead of an individual trend. Our
point of care ultrasound evaluation of the depth of the kidney in
preterm neonates of various gestational ages and weights reveals
that the kidney is located immediately under the thin preterm
skin, on average only 0.4 cm from the surface of the skin allowing
for easy detection of kidney oxygenation. However, in <32-week
gestational age preterm neonates, kidney tissue is located
between 1.5-2 cm deep 75% of the time on the right, and 59%
of the time on the left - so if sensor light travels over 2 cm deep,
there may be some detection of ‘peri-kidney’ oxygenation in a
minority of patients. Both findings are important contributions
towards validating the use of kidney oxygenation monitoring in
preterm neonates with NIRS and need to be considered when
utilizing NIRS monitoring in the NICU.

Journal of Perinatology (2025) 45:1456 — 1461
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B
Gestational Age =28 weeks

100 - p<0.03

80—
60 -
40 -
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Kidney Oxygenation (%)

100 -

Kidney Oxygenation (%)

Left
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Fig. 2 Gestational age and sex differences in right-left kidney oxygenation. This panel of figures demonstrates differences in right-left
kidney oxygenation by gestational age and by sex (A - Gestational age <28 weeks; B - Gestational age 228 weeks; C - Male; D - Female). There
are statistically significant differences between the right and left kidney in each of the analyses, with the right always being lower than the left

(Wilcoxon matched pairs signed rank test).

In aggregate, our study shows there is a difference in
oxygenation between the right and left kidney. This is similar to
previously reported differences in cerebral oxygenation between
the right and left hemispheres [12]. There are anatomical
explanations for finding differential oxygenation - the kidneys
are not located in the exact same location on each side of the
body and the aorta typically travels along the left side of the spine
— perhaps providing higher oxygenation and perfusion to the left
kidney [16]. Additionally, the left renal artery is typically shorter
and arises more cephalad compared to the right main renal artery,
likely due to aorta and kidney positions [17]. When evaluating
individual differences, our findings also suggest differential
oxygenation between the left and right kidneys. In fact, 37% of
neonates had a 1-h average that was >10 percentage points
different. This was most pronounced during the second monitor-
ing epoch, when 46% of neonates had a 1-hour average that was
>10 percentage points different. This indicates that individual
neonates may have a significant differential between right and left
kidney oxygenation - so if considering a work-up or treatment of
low kidney oxygenation, measurement of the opposite kidney
oxygenation is an important first step. For example, within our
study, there were twenty-six neonates who had one kidney below
50% and one above at the time of bilateral monitoring. If both
kidneys are not checked for oxygenation in these cases and a
treatment cut off of 50% is chosen, these neonates may not
receive treatment as quickly and efficiently as they need or they
could receive treatment that is not necessary.
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Potential explanations for why we found a significant differ-
ential in right-left kidney oxygenation may exist in our point of
care ultrasound findings. When considering depth of sensor light,
it is important to consider both the skin to superior kidney
distance as well as the skin to inferior distance. The skin to
superior kidney distance was found on average to only be 0.4 cm,
suggesting that kidney oxygenation should be easily detected and
not likely a problem even if preterm neonates develop a small
amount of skin edema. This contrasts with adult and pediatric
studies that have found that obesity and edema may significantly
limit the ability of NIRS to detect kidney oxygenation [18].
Regarding skin to inferior kidney depth, our findings suggest that
the deeper arc of light, that may go up to 2.cm deep, could be
detecting oxygenation of non-kidney tissues in 25% and 41% off
patients depending on the side. On the right side, this could be
either liver or large intestine, while on the left side this could be
the spleen, colon, or pancreas. There is a possibility that with
monitoring kidney oxygenation that the depth of light is not
exactly 2 cm, because the testing done on depth of penetration
was for cerebral oxygenation, but other testing on various tissues
suggests that scattering of light was similar even when not going
through the skull [14, 15]. Given the up to 41% of neonates in our
study had a kidney depth of less than 2 cm, future development of
sensors with either adjustable depth of arcs or a specific preterm
sensor with a maximum arc of less than 2 cm may improve the
consistency of kidney oxygenation detection. Future studies will
need to assess if changes in depth of monitoring results in
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Table 2. Point differences in right left kidney oxygenation.
<10 point difference
All data 104 (63.0%

Monitoring on days 5-8
44 (56.4%
26 (61.9%
83 (67.5%)

)

62 (71.3%)

Monitoring on days 9-14 )
)

Gestational age < 28 weeks

Gestational age > 28 weeks

Male 63 (67.0%)
Female 44 (62.0%)
Table 3. Ultrasound correlation.
Correlation (r)
Birth length Birth weight Gestational age
Skin to superior kidney (cm)
Right 0.44%* 0.44%* 0.34**
Left 0.59%* 0.56%* 0.52%*
Skin to inferior kidney (cm)
Right 0.75** 0.75%* 0.64**
Left 0.66** 0.63** 0.55%*
Kidney to spine (cm)
Right 0.24 0.25* 0.15
Left 0.40** 0.41%** 0.25*

*p < 0.05; **p < 0.01.

improved sensitivity or specificity detecting kidney stress or AKI in
this population.

Within this study, analysis by GA category (< or >28 weeks)
showed statistically significant differences between left and right
kidney oxygenation. However, the neonates born before 28-
weeks' gestation had overall lower kidney oxygenation with a
median of 58% and 49% for the left and right kidneys, as
compared to the neonates born at or after 28-weeks gestation,
who had medians of 68.5% and 66%. This trend is similar to
previous findings of our research group showing those with lower
GA have lower kidney oxygenation in the first week of age [19].
The etiology of this lower kidney oxygenation may be secondary
to decreased blood supply to the kidney in the lowest GA
neonates or due to higher extraction of oxygen by the kidney due
to decreased nephron endowment. With regards to trend in
kidney oxygenation over time, we found that kidney oxygenation
increased from the first week of age to the second week of age.
Kidney oxygenation between days five to eight were 62% and
58% for the left and right kidney while for days nine to 14 it was
69% and 66% respectively. Previous studies have not evaluated
how kidney oxygenation changes beyond seven days of age. This
pattern suggests that there is a slight increase in kidney
oxygenation in the second week of life compared to the first
week — perhaps due to improved kidney blood flow or decreased
oxygen consumption demands in the kidney. Further research is
necessary to evaluate how kidney oxygenation changes through-
out all post-menstrual ages in the NICU.

The advantage of our study was that it was prospective, and we
enrolled a large number of preterm neonates, but it did have a
few important limitations. First, not all infants were able to
undergo both epochs of bilateral monitoring due to either transfer
to another institution or medical instability. Second, although an
ultrasound was performed to assess kidney location, each time a
sensor was placed or moved by the nursing staff, an ultrasound
was not performed to ensure proper location so we cannot

SPRINGER NATURE

10-20 point difference >20 point difference

45 (27.3%) 16 (9.7%)
17 (19.5%) 8 (9.2%)
26 (33.3%) 8 (10.3%)
12 (28.6%) 4 (9.5%)
30 (24.4%) 10 (8.1%)
21 (22.3%) 10 (10.6%)
22 (31.0%) 5 (7.0%)

guarantee that during simultaneous bilateral monitoring the
sensors were in the exact appropriate position. We also did not
have a second member of the team perform ultrasound
measurements (to minimize unnecessary interruptions to partici-
pants) so cannot perform an interobserver reliability test. Third,
since most measurements were during daytime hours, we may
have missed any effect of the circadian rhythm on kidney
oxygenation. Additionally, we do not have detailed information
on nephrotoxins and other factors that may increase the risk of
AKI and affect kidney oxygenation. Similarly, we lack simultaneous
measurement of hemoglobin saturation to document that there
was no desaturation at the time of NIRS measurement. Finally, this
is a single center study with significant demographic homogeneity
that may not translate to other populations.

In conclusion, our findings suggest there may be differential
oxygenation between the right and left kidney and that current
neonatal sensors may detect more than just kidney oxygenation in
the smallest most preterm neonates. We found crucial oxygena-
tion differences of 10% or greater between the right and left
kidneys in 37.0% of the neonates monitored in this study. As a
result, when determining future treatment protocols for abnormal
kidney oxygenation, it is important to include checking the
oxygenation of both kidneys as part of the protocol. This study
provides useful information to consider when developing
monitoring and treatment guidelines for kidney oxygenation in
the NICU.

DATA AVAILABILITY

Data is available for sharing upon reasonable requests to the corresponding author
and completion of appropriate data sharing agreements with the University of
Wisconsin-Madison.

REFERENCES

1. Jetton JG, Boohaker LJ, Sethi SK, Wazir S, Rohatgi S, Soranno DE, et al. Incidence
and outcomes of neonatal acute kidney injury (AWAKEN): a multicentre, multi-
national, observational cohort study. Lancet Child Adolesc Health. 2017;1:184-94.

2. Charlton JR, Boohaker L, Askenazi D, Brophy PD, D'Angio C, Fuloria M, et al.
Incidence and risk factors of early onset neonatal AKI. Clin J Am Soc Nephrol.
2019;14:184.

3. Harer MW, Charlton JR, Tipple TE, Reidy KJ. Preterm birth and neonatal acute
kidney injury: implications on adolescent and adult outcomes. J Perinatol.
2020;40:1286-95.

4. Askenazi DJ, Heagerty PJ, Schmicker RH, Griffin R, Brophy P, Juul SE, et al. Pre-
valence of acute kidney injury (AKI) in extremely low gestational age neonates
(ELGAN). Pediatr Nephrol. 2020;35:1737-48.

5. Meena J, Kumar J, Kocharlakota JP, Gupta H, Mittal P, Kumar A, et al. Acute kidney
injury in neonates: a meta-analysis. Pediatrics. 2024;154:€2023065182.

6. Zappitelli M, Ambalavanan N, Askenazi DJ, Moxey-Mims MM, Kimmel PL, Star RA,
et al. Developing a neonatal acute kidney injury research definition: a report from
the NIDDK neonatal AKI workshop. Pediatr Res. 2017:82:569-73.

7. Harer MW, Chock VY. Renal tissue oxygenation monitoring-an opportunity to
improve kidney outcomes in the vulnerable neonatal population. Front Pedia-
trics. 2020;8:241.

8. Kooi EMW, Mintzer JP, Rhee CJ, Ergenekon E, Schwarz CE, Pichler G, et al. Neo-
natal somatic oxygenation and perfusion assessment using near-infrared

Journal of Perinatology (2025) 45:1456 — 1461



spectroscopy: part of the series on near-infrared spectroscopy by the European
Society of Paediatric Research Special Interest Group “Near-Infrared Spectro-
scopy”. Pediatr Res. 2024;96:1180-94.

9. Bruckner M, Wolfsberger CH, Dempsey EM, Liem KD, Lemmers P, Alderliesten T,
et al. Normal regional tissue oxygen saturation in neonates: a systematic quali-
tative review. Pediatr Res. 2024;96:844-55.

10. Harer MW, Rumpel JA, Stoops C, Slagle CL, Liberio B, Daniel J, et al. Current state
of renal NIRS monitoring in the NICU: results from a CHNC Survey. J Perinatol.
2023;43:1047-9.

11. Soriano RM, Penfold D, Leslie SW. Anatomy, Abdomen and Pelvis: Kidneys. In:
StatPearls. Treasure Island, FL: StatPearls Publishing; 2025.

12. Lemmers PM, van Bel F. Left-to-right differences of regional cerebral oxygen
saturation and oxygen extraction in preterm infants during the first days of life.
Pediatr Res. 2009;65:226-30.

13. Marin T, Williams BL. Renal oxygenation measured by near-infrared spectroscopy
in neonates. Adv Neonatal Care. 2021;21:256-66.

14. Hongo K, Kobayashi S, Okudera H, Hokama M, Nakagawa F. Noninvasive cerebral
optical spectroscopy: depth-resolved measurements of cerebral haemodynamics
using indocyanine green. Neurol Res. 1995;17:89-93.

15. Jacques SL. Optical properties of biological tissues: a review. Phys Med Biol.
2013;58:R37-61.

16. Frimann-Dahl J. Normal variations of the left kidney. An anatomical and radi-
ologic study. Acta Radio (Stock). 1961;55:207-16.

17. Triantafyllou G, Paschopoulos I, Wegiel A, Olewnik £, Tsakotos G, Zielinska N, et al.
The accessory renal arteries: A systematic review with meta-analysis. Clin Anat.
2024. Pub ahead of print.

18. Hogue CW, Levine A, Hudson A, Lewis C. Clinical applications of near-infrared
spectroscopy  monitoring in  cardiovascular  surgery.  Anesthesiology.
2021;134:784-91.

19. Harer MW, Condit PE, Chuck JE, Lasarev MR, Chock VY. Renal oxygenation
measured by near-infrared spectroscopy in preterm neonates in the first week.
Pediatr Res. 2022;92:1744-8.

AUTHOR CONTRIBUTIONS

MWH contributed to the conception, design of the work, acquisition, analysis and
interpretation of data, drafting of the manuscript, and critical review of the
manuscript. KW contributed to the design of the work, acquisition, analysis and
interpretation of the data, drafting and critical review of the manuscript. LG
contributed to the design of the work, acquisition, analysis and interpretation of the
data, drafting and critical review of the manuscript. SS contributed to the design of
the work, acquisition of the data, and critical review of the manuscript. CN

Journal of Perinatology (2025) 45:1456 — 1461

M.W. Harer et al.

contributed to the design of the work, acquisition of the data, and critical review of
the manuscript. MB contributed to the design of the work and critical review of the
manuscript. EA contributed to the design of the work and critical review of the
manuscript. AB contributed to the design of the work, acquisition of the data, and
critical review of the manuscript. PC contributed to the design of the work,
interpretation of the data, and critical review of the manuscript.

COMPETING INTERESTS

All authors declare no real or perceived conflicts of interest that could affect the
study design, collection, analysis and interpretation of data, writing of the report, or
the decision to submit for publication. For full disclosure, we provide here an
additional list of other author's commitments and funding sources that are not
directly related to this study: MWH has KL2 funding through UL1TR002373 and
KL2TR002374.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to
Matthew W. Harer.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

SPRINGER NATURE


http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Evaluation of kidney oxygenation monitoring with near infrared spectroscopy in preterm neonates: kidney location, depth, and laterality differences
	Introduction
	Methods
	Participants
	NIRS monitoring
	Ultrasound imaging
	Standard clinical care
	Outcome measures
	Statistical analysis

	Results
	Right-left kidney oxygenation
	Study participants and demographics
	Simultaneous bilateral kidney oxygenation monitoring

	Point of care kidney ultrasound
	Study participants and demographics
	Ultrasound measurements


	Discussion
	References
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




