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Near-infrared spectrometry: the future of renal graft
perfusion monitoring?
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Cévni komplikace predstavuji jednu z hlavnich komplikaci transplantace ledvin (renal transplantation,
RTx). Cévni komplikace, k niz dojde v prvnich nékolika hodinach nebo dnech po RTx, mlize zdvaznym
zpUsobem ohrozit funkci renalniho $tépu (renal graft, RG), a dokonce vést k jeho ztraté. Blizka infracervend
spektrometrie (near-infrared spectrometry, NIRS), s jejiz pomoci se méfi perfuze RG a saturace kyslikem,
predstavuje nové se prosazujici a perspektivni diagnostickou metodu. Podle riiznych studii koreluji vysledky
parametr( NIRS v redlném case s vysledky parametr( vysetieni RG dopplerovskym ultrazvukem (DU). Vzhle-
dem k dalSimu technickému pokroku v této oblasti by se NIRS mohla stat v budoucnu zlatym standardem
pro monitorovéni RG a pfipadné nahradit metodu DU. Metoda NIRS by rovnéz mohla vyloucit nepresnosti
a diskrepance s vysledky DU, pfipisované na konto |ékare-operatora jako lidského faktoru, tedy zkusenosti
personalu provadéjiciho vysetieni DU rendlniho stépu.

© 2021, CKS.

ABSTRACT

Vascular complications are one of the major complications in renal transplantation (RTx). Early vascular
complication occurring within a few hours or days after RTx can severely compromise renal graft (RG) func-
tion and can even lead to a transplanted renal graft (RG) loss. Near-infrared spectrometry (NIRS) measuring
of RG perfusion and oxygen saturation is a newly emerging and promising diagnostic procedure. Based on
various studies, real-time NIRS parameters correlate with Doppler’s ultrasonography (DU) RG parameters.
With further advancements in technology, NIRS has a very high chance of becoming a gold standard in the
monitoring of renal transplants in the future and potentially replacing today’s Doppler ultrasonography.
Furthermore, NIRS will potentially eliminate the inaccuracies and discrepancies caused by a physician-oper-
ating factor when compared to DU, i.e. the experience of the staff performing the DU examination of RG.

Review

and decreased cardiac output. Arterial or vein thrombo-
sis is the leading cause of these events usually occurring
due to technical problem besides hyper-acute rejection

Renal transplantation (RTx) is the treatment of choice
for patients with the end-stage renal disease with the
offering of improved quality of life relative to dialysis.’
Vascular complications after RTx are still one of the
major concerns with an incidence ranging from 1-9%
accompanied by increased morbidity and mortality.??
Early vascular complication occurring within a few
hours or days after RTx can severely compromise graft
function and can even lead to a transplanted renal graft
(RQG) loss.* The causes of the various vascular complica-
tions in renal transplants are multifactorial: technical
errors, recipient-related factors such as atherosclerosis

or thrombophilia.> Vascular complications occur more
frequently in grafts from deceased donors from living
donors.® Therefore, periprocedural/early postoperative
monitoring after RTx is essential to prevent RG damage
or even graft loss.

To date, the monitoring of graft perfusion has been
achieved through a comprehensive evaluation of clinical
indicators, biochemical markers, and Doppler ultrasono-
graphy (DU). Clinical indicators and biochemical markers
have a low negative predictive value with low accuracy
in predicting vascular complications. DU is an accurate
method for evaluating blood flow in RG. However, its
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reproducibility is significantly physician dependent. Fur-
thermore, it does not allow for continuous RG perfusion
monitoring.’

Over the past years, several ultrasound-based tech-
niques had emerged such as tissue stiffness assessment
and contrast-enhanced ultrasonography assessing the
renal micro-vascularisation. New ultrasensitive Doppler
techniques improve the detection of slow blood flow
and can be used alone or after administration of contrast
agents. Regardless of these improvements in ultrasono-
graphy, DU still remains the gold standard in non-invasive
RG monitoring after RTx up to date.®® With the advance-
ments in technology, new technical procedures are fin-
ding their way into clinical practice.

Near-infrared (NIRS) spectroscopy had shown a great
potential in paediatric as well as adult RTx. NIRS is a real-
-time, non-invasive technique for monitoring tissue oxy-
genation. In general, most biological tissue is relatively
transparent to infrared light in the range closest to the
visual spectrum (700-1,000 nm). All NIRS devices emit li-
ght in the near-infrared spectrum and analyse photons
returning to the transducer.’ The physiological principle
is the detection of a change in the spectrum of infrared
light reflected from the tissue depends on the relative
concentration of oxygenated and deoxygenated haemo-
globin.

The major advantage of NIRS is the ability to predict
hypoxia-induced tissue damage sooner than venous satu-
ration or lactate.®'" Renal time oxygen saturation is a re-
liable predictor for acute kidney injury and is a precise
marker of acute kidney hypoperfusion.®'? NIRS can diffe-
rentiate RG dysfunction caused by hypoperfusion arising
from vascular complication or suboptimal circulatory hae-
modynamic parameters.'

It is believed that the depth of an organ measured
from the skin surface has an effect on the oxygen satu-
ration measurement accuracy.' The proposed maximum
depth for accurate oxygen saturation measurement by
Epstein et al. is 8 cm." Malakasioti et al. demonstrated
that within the proposed maximum depth of the RG me-
asured from the skin, no significant difference in tissue
oxygenation index between the upper and lower poles
of RG is observed. This supports the feasibility of NIRS
monitoring across patients of different age, body habitus
for RG placement.'” The reproducibility of NIRS measure-
ments can be significantly increased with the use of diffe-
rent channels for monitoring.'

Application of NIRS is early post-RTx period for eva-
luation of oxygen adequacy at a microvascular level.
The sensitivity of NIRS for cortical blood flow greatly
exceeds DU. DU has very limited application beyond ar-
cuate vessels which reduces an early detection of early
intrarenal involvement.’ This is particularly useful in
paediatric RTx, where an adult kidney is transplanted.
Large volumes of intravenous fluid and inotropes are
used to ensure RG perfusion, both of which can re-
sult in adverse effects if not implemented carefully."”
Renal oximetry values in paediatric patients after RTx
with delayed graft function are similar to those from
recipients with good function. Thus, NIRS values play
a crucial role in differentiating perfusion related causes
of graft dysfunction.’ This caused some researchers to

believe that NIRS could be used in the postoperative
period in paediatric patients as a guide to fluid ma-
nagement decisions.” The reproducibility of oxygen
saturation of the RG plays a significant role in paediat-
ric patients due to the specifications mentioned abo-
ve and nuances associated with adult kidney placed in
a paediatric patient.™

As every new emerging technical innovation with
application in medicine, research on animal models
is necessary fortis future advancements and develop-
ment. There is a limited number of papers assessing op-
tical measuring methods with applications in renal oxy-
gen perfusion monitoring.” Vaughan demonstrated
that if tissue’s strong light scattering is not taken into
account, only the qualitative estimates of the changes
in oxygenation are measured.? The study by Krause et
al. used a commercially available reflection spectrome-
ter to monitor relative changes of haemoglobin per ti-
ssue volume and oxygen saturation in haemoglobin in
the renal cortex of rats upon administration of contrast
agents.?! Grosenic et al. showed in an experimental rat
model significantly faster detection of renal hypo-per-
fusion by NIRS than by DU while simulating renal artery
or vein occlusion.? The latest experimental work invol-
ving NIRS as RG perfusion monitoring by Maly et al.
demonstrated the feasibility and reproducibility with
100% sensitivity of NIRS for renal transplant perfusion
monitoring in swine renal auto-transplantation expe-
rimental model when detecting a decreasing RG per-
fusion.?

Conclusion

NIRS measuring of RG perfusion and oxygen saturation
is a newly emerging and promising diagnostic procedu-
re. Based on various studies, real-time NIRS parameters
correlate with DU RG parameters. With further advan-
cements in technology, NIRS has a very high chance of
becoming a gold standard in the monitoring of renal
transplants in the future and potentially replacing to-
day’s Doppler ultrasonography. Furthermore, NIRS will
potentially eliminate the inaccuracies and discrepancies
caused by a physician-operating factor when compared
to DU, i.e. the experience of the staff performing the DU
examination of RG.
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