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Abstract

Uromodulin (Umod) is a protein produced exclusively in the
kidneys, and it is the most abundant protein in human urine.
Scientific studies show that it can be a valuable diagnostic tool
in monitoring kidney function. Clinical applications of Umod
are probably wider. One of them is the role of a biomarker in
cardiac surgery-associated acute kidney injury (CSA-AKI). Data
from scientific studies indicate that a lower level of Umod in
urine prior to surgery is associated with a higher risk of de-
veloping CSA-AKI after the procedure. A higher serum Umod
level is suspected to be a good prognostic factor in the context
of renal healing. It seems that the current state of knowledge
supports the protective role of Umod in the course of AKI.
Large, multi-center clinical trials would allow for the consolida-
tion of preliminary scientific data and a more accurate under-
standing of the role of Umod as a CSA-AKI biomarker.
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Introduction

Uromodulin (Umod), also called the Tamm-Horsfall pro-
tein (THP), is a long-known glycoprotein that is the most
abundant physiological urine protein. It is produced exclu-
sively within the kidneys, mainly by the epithelial cells of the
thick ascending limb of the loop of Henle (TAL). A significant
amount is secreted by the apical membrane of cells into the
lumen of the renal tubules. Due to basolateral secretion, the
protein from the renal interstitium enters the bloodstream
in a small amount [1-3]. Many physiological functions have
been attributed to Umod, including participation in the pre-
vention of urinary tract infections and maintenance of water

Streszczenie

Uromodulina (Umod) jest biatkiem produkowanym wytgcznie
w nerkach, a wydzielana do moczu stanowi w nim najobfitsze
biatko. Badania naukowe dowodzg, Zze moze stanowi¢ wartos-
ciowe narzedzie diagnostyczne w monitorowaniu funkcji ne-
rek. Korelacje i wynikajace z nich kliniczne zastosowania Umod
moga by¢ prawdopodobnie szersze. Jednym z nich jest rola
biomarkera w ostrym uszkodzeniu nerek zwigzanym z opera-
cjami kardiochirurgicznymi (CSA-AKI). Dane pochodzgce z ba-
dan naukowych wskazuja, ze nizsze stezenie Umod w moczu
przed operacja wiaze sie z wiekszym ryzykiem rozwoju CSA-
-AKI. Przypuszcza sie takze, ze wyzsze stezenie Umod w surowi-
cy u pacjentéw z rozpoznanym powiktaniem jest dobrym czyn-
nikiem rokowniczym w procesie zdrowienia nerek. Wydaje sie,
ze obecny stan wiedzy potwierdza poglad ochronnej roli tego
biatka w przebiegu AKI. Potrzebne s3 duze, wieloosrodkowe
badania kliniczne, ktérych wyniki pozwolityby na konsolidacje
wstepnych danych naukowych oraz na doktadniejsze poznanie
i opisanie roli Umod jako biomarkera CSA-AKI.

Stowa kluczowe: uromodulina, biatko Tamma-Horsfalla, ostre
uszkodzenie nerek zwigzane z operacjami kardiochirurgiczny-
mi, choroby nerek.

and electrolyte homeostasis [4-6]. Currently, on the diagnos-
tic market, there are tests enabling quantitative determina-
tion of this parameter in urine (urinary uromodulin — uUmod)
or in the blood (serum uromodulin — sUmod) using immuno-
enzymatic techniques [7]. Recent scientific studies support
the huge potential of using uromodulin as a biomarker of
renal function. The positive association of estimated glomer-
ular filtration rate (eGFR) values with sUmod and uUmod
levels has been described, although in this application the
correlation of sUmod seems to be stronger [8]. Despite the
fact that clinical use in particular types of kidney dysfunction
still requires further and more accurate development, the
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current state of knowledge shows THP to be a very valuable
tool that could complement traditional renal parameters.
Associations between protein concentration and individual
metabolic syndrome parameters were also described, as well
as the use in estimating the risk of mortality among patients
with cardiovascular diseases [9, 10].

Patients with cardiovascular diseases sometimes re-
quire surgical intervention, most often due to developed
and advanced coronary artery disease (CAD). People under-
going cardiac surgery are a special group of patients bur-
dened with many risk factors for postoperative complica-
tions. One of them is acute kidney injury (AKI), defined as
a clinical syndrome characterized by the sudden develop-
ment of renal impairment. Early diagnosis allows the imple-
mentation of an appropriate therapeutic process [11]. For
this reason, a parameter whose value changes before the
development of AKl is intensively sought. It is possible that
such a biomarker would allow the selection of patients at
the highest degree of risk after surgery, to whom special
attention should be paid and who should be monitored
more frequently. The association of uromodulin with AKI
appears to have a complex pathophysiological background,
as yet not fully understood. Nevertheless, scientific studies
are increasingly emphasizing the role of this parameter as
a predictor of AKl in patients after cardiac surgery. The ob-
jective of this review is to analyze available evidence of uro-
modulin as a biomarker of AKI in cardiac surgery patients.
The work was based on the PubMed and Google Scholar
databases, mainly on articles published in the last 5 years.

Recognition of acute kidney injury

According to the definition of KDIGO 2012 (Kidney Dis-
ease Improving Global Outcomes), the diagnosis of AKI can
be made if at least one of the following criteria is present [11]:
* Increase in serum creatinine by > 0.3 mg/dl (26.5 umol/l)

within 48 hours;

e Increase in serum creatinine by > 1.5 times the initial
value, confirmed or suspected to have occurred in the
last 7 days;

¢ Urine volume < 0.5 ml/kg/h for 6 hours.

The same guidelines developed a 3-step scale of AKI se-
verity based on an increase in serum creatinine and/or a de-
crease in diuresis [11]. It is recommended to actively search
for the root cause of AKl in every patient. For the purpose of
risk assessment, possible exposure and vulnerability states
for the occurrence of a non-specific AKI incident have been
described. Among them, cardiac surgery especially with the
use of cardiopulmonary bypass (CPB), or the use of radio-
contrast agents during procedures such as coronarography,
were mentioned. In addition, among patient-dependent fac-
tors, the presence of chronic kidney disease (CKD) is indicat-
ed as a state of increased susceptibility [11]. The spectrum of
symptoms and their severity in the course of AKl is relatively
broad, depending on the primary cause or clinical condition
of the patient. Laboratory abnormalities may be the only
impairment that is transient and resolves without complica-
tions. However, in some patients, the recovery process may
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be unsuccessful and AKI may become the starting point for
the development of CKD [12].

Cardiac surgery-associated acute kidney injury

Many different procedures are performed in cardiac
surgery departments. Among them, the most common are
methods of surgical treatment of advanced CAD, mainly
coronary artery bypass grafting (CABG) in extracorporeal
circulation. Each operation is fraught with the possibility
of complications, including infectious and blood loss relat-
ed complications. One of the challenges in medical prac-
tice is cardiac surgery-associated acute kidney injury (CSA-
AKI). It is estimated that this complication affects about
30% of adults [13] and about 50% of pediatric patients [14].
CSA-AKI (even in its mild form) is independently associat-
ed with increased perioperative mortality, adverse overall
short- and long-term prognosis, prolonged hospitalization,
higher costs of care, and an increased risk of developing
CKD and hypertension [15-18]. About 1-5% of patients
may require renal replacement therapy, which significantly
worsens the prognosis [19]. The pathophysiology of CSA-
AKl is currently not fully explained. It is considered to be
very complex and multifactorial, and the impact of indi-
vidual variables can be different for each patient (Table 1)
[19, 20]. On this basis, recommendations to avoid the use
of nephrotoxic drugs, the shortest possible use of extra-
corporeal circulation techniques and control of hemody-
namic equalization in patients undergoing heart surgery
seem justified [20].

Despite the multitude and complexity of risk factors
(Table 1), difficulties in eliminating them all and the lack
of effective prevention of the disorder, it seems reasonable
to identify patients with an increased likelihood of devel-
oping CSA-AKI. There is no specific prophylaxis, but after
selecting patients at increased risk of this complication, fre-
quent monitoring of cardiac and kidney function would be

Table I. Pathophysiology of CSA-AKI [19, 20]

1 Genetic factors — individual variation

2 The effect of exogenous toxins — the use of nephrotoxic,
radiocontrast agents or nephrotoxic drugs

3 The phenomenon of vasoconstriction and kidney
hypoperfusion — leads to a decrease in glomerular filtration
and renal tubular damage:
¢ Hemodynamic imbalance — low blood pressure, low
cardiac output

e The use of CPB (and other forms of extracorporeal
circulation) — increased risk of hemolysis, and thus
the production of free radicals and damage caused by
hemoglobin released into the blood

¢ Development of the systemic process of oxidative stress
and inflammation

» Neurohormonal factors (sympathetic activation, activation
of the renin-angiotensin-aldosterone system)

4 Ischemia-reperfusion injury (IRI) mechanism — sudden
reperfusion after a period of ischemia stimulates local
inflammatory processes in the kidney, production of reactive
oxygen species and damage and death of renal tubular cells
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Table Il. Risk factors of CSA-AKI [11, 14, 19]

Patient-related
factors

Female gender

Advanced age (pediatric patients — age
under 2 years)

¢ Chronic diseases: chronic kidney disease
(CKD), chronic obstructive pulmonary disease
(COPD), diabetes, heart failure, live failure
History of previous surgery (including cardiac
surgery)

Surgery-related
factors

Type of surgery

CPB duration over 100-120 minutes

Use of contrast agents and/or nephrotoxic
drugs

Cross-clamp time

Postoperative
factors

States of low cardiac output
Hypovolemia, low blood pressure
Sepsis

Atheroembolism

Use of nephrotoxic drugs

desirable, which would translate into the earlier diagnosis
of AKI and faster use of available forms of treatment [19].
This prompted scientists to actively search for biomarkers
of renal tubular function in the perioperative period, which
could identify patients from high-risk groups [21].

Uromodulin level in cardiac patients

In the search for an AKI predictor, the researchers’ atten-
tion focused on, among others, neutrophil gelatinase-asso-
ciated lipocalin (NGAL) determinations in urine and blood
plasma in the early postoperative phase [22, 23]. There are
probably more substances with similar applications — inter-
leukin-18 (IL-18) in urine or kidney injury molecule-1 (KIM-1)
glycoprotein in the blood seems to show a potential con-
nection with the prediction and early diagnosis of AKI [24,
25]. The use of biomarkers that predict the occurrence of
CSA-AKI in the preoperative period seems to be extremely
important. Uromodulin, also called Tamm-Horsfall protein,
seems to fulfill this criterion.

Studies by El-Achkar et al. on the role of uromodulin in
the in vivo-induced ischemia-reperfusion mechanism (IRI)
of the kidneys in a mouse model have become the basis
of interest in this glycoprotein in the context of risk strati-
fication of AKI development after cardiac surgery. In their
experiments, the researchers found that Umod knockout
(Umod -/-) mice had higher peak serum creatinine [26] and
a greater range of histological damage in the S3 segment of
proximal tubules [27], compared to wild type mice. Molecu-
lar studies have also shown that Umod expression increas-
es within 48 hours after IRl and that there is a redirection of
protein from TAL cells towards the basolateral membrane
and renal interstitium. This redistribution of uromodulin
may translate into an increase in its serum concentration,
which could probably be used as a prognostic marker for
assessing recovery in AKI [28]. Therefore, it seems very likely
that in states of acute injury of the kidneys, uromodulin has
a protective effect — it strongly suppresses inflammation in
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the renal interstitium, reduces the extent of damage of the
renal tubules and accelerates the healing process [28, 29].

Previous studies have assessed the role of preoperative
uUmod level value in determining the risk of developing CSA-
AKl in the postoperative period. One of them, performed by
Garimella et al.,, included a large group of 218 adults undergo-
ing on-pump cardiac surgery [30]. AKI was diagnosed in 29%
of patients, although the diagnosis was extended to 72 hours
(relative to 48 hours recommended by the KDIGO) due to the
expected postoperative decrease in serum creatinine due to
pre-operative hemodilution. The uromodulin to creatinine ra-
tio was determined in pre-operative urine samples and had
a median of 10 ug/g. Considering the multidimensional pro-
file of risk factors, the analysis showed that a lower urinary
uUmod to creatinine ratio was associated with a higher risk
of developing AKI. Each lower standard deviation was associ-
ated with a higher corrected peak blood creatinine concen-
tration during 72-hour postoperative follow-up (0.07 mg/dl
on SD; 95% confidence interval, 0.02 to 0.13) [30].

In the pediatric patient population, the incidence of AKI
after cardiac surgery appears to be higher. Bennett et al. in
a group of children undergoing CPB surgery, diagnosed AKI
in up to 47% [14]. Umod determinations were carried out
in the urine, and the lowest measured pre-operative pro-
tein quartile had about 132 times greater risk of develop-
ing a complication compared to the highest quartile. The
average uUmod levels were significantly higher in children
without AKI compared to those in whom this complication
developed (13.7 pg/mlvs. 4.739 pug/ml). Based on the results
of the study, the protective role of uromodulin and the po-
tential use of its preoperative concentration as a predictor
of CSA-AKI can be confirmed.

The association of uromodulin with AKI appears to have
a complex pathophysiological background, as yet not fully
understood. It is very likely that Umod has local protective
and anti-inflammatory effects on the renal tubules and the
renal interstitium in acute injury states, which has been
confirmed in in vivo studies using the IRl model [28, 29]. AKI
is one of those clinical conditions in which transient THP
deficiency develops [29, 31]. Based on scientific evidence,
our current state of knowledge allows us to determine the
presumed and preliminary role of Umod as an AKI biomark-
er, in particular in CSA-AKI (Figure 1). Scientific studies have
shown a correlation between a lower uUmod level and
a higher risk of development and a greater likelihood of
AKI diagnosis [14, 30]. It is also possible that the degree of
THP deficiency correlates with the severity of the disorder.
It seems that a higher level of sUmod can be a good prog-
nostic factor for a successful and faster recovery process
[28]. Additionally, it is pointed out that serial determination
of Umod level may provide more information and allow for
better understanding and monitoring of the course of the
disease [31]. It is also worth noting that all the associations
of THP level so far described with various stages of AKI
diagnostics do not indicate specific numerical values and
norm limits, but only the ratio of the Umod level quartiles
relative to each other (lower/higher) in a clinical trial.
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4 uUmod in the
perioperative
determination is
Urinary associated with
uromodulin — ? risk of AKI development
uUmod
— Patients with diagnosed
The application AKI have 4 uUmod
of Umod as an compared to healthy one
AKI biomarker
Serum T sUmod is considered
uromodulin — +— a good prognostic factor
sUmod for the recovery process

Figure 1. Application of uromodulin as an AKI biomarker (in the
example of the CSA-AKI model) [14, 28, 30, 31]

As mentioned before, diagnosed chronic kidney disease
(CKD) is a condition of increased susceptibility to the devel-
opment of a non-specific AKI incident [11]. Determination
of uromodulin level can be a valuable diagnostic tool and
a supplement for standard monitoring of renal function,
while the correlation of sUmod level in this aspect seems
stronger than for uUmod [8]. Umod concentration is also
associated with the degree of metabolic control of diabetes
(diabetes is a risk factor for CKD) [32]. For these reasons,
we can assume that patients undergoing cardiac surgery
may benefit from serial measurements of THP level. This
is not related to the role of this protein as a CSA-AKI bio-
marker, but it is related to prophylaxis in the form of moni-
toring the course of kidney diseases, which can directly or
indirectly increase the risk of AKI as a complication of the
surgery. One more association can be found in the use of
uromodulin in patients undergoing cardiac surgery. A sci-
entific study by Delgado et al. on a large population of over
3,000 participants undergoing coronary artery angiography
showed that higher levels of sUmod are associated with
a lower incidence of cardiovascular disease (hypertension,
heart failure, diabetes) and a lower rate of 10-year mor-
tality. On this basis, researchers speculate that uromodu-
lin can be successfully used to predict cardiovascular risk
while being a marker of kidney health [33].

Conclusions

AKl is a serious complication of cardiac surgery. It is as-
sociated with prolonged hospitalization, the risk of devel-
oping CKD in the future, and higher mortality rate. Identi-
fying patients with risk of developing AKI is an important
step to minimize this postoperative complication. The de-
termination of urinary Umod as a renal tubular biomarker
may be valuable in stratifying the hazard ratio in the preop-
erative period, as well as in monitoring the process of renal
healing. It seems to be possible to identify patients from
a high-risk group for occurrence of CSA-AKI, which could
translate into attempts to minimize the impact of modifi-
able risk factors and initiate early treatment. In addition,
sUmod levels could probably be used in prognosis in the
context of the recovery process in already developed dis-
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orders. Large, multicenter clinical trials using both types of
tests (in urine and in blood serum) performed serially in
the pre- and postoperative periods would be very helpful in
better understanding the role of uromodulin as a CSA-AKI
biomarker.
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