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Article history Acute kidney injury (AKI) is a reiterated kind of organ injury in acute
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interleukin-18 (IL-18) is involved in the detection of AKI in AHF patients.
Serum and urine PENK and IL-18 levels for all healthy and AHF patients
were tested via enzyme-linked immunosorbent assay (ELISA). The
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Acute heart failure In conclusion, the level of PENK and IL-18 is significantly increased in
Proenkephalin AHF, suggesting that PENK and IL-18 are a good indicator for detection of
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Introduction

Zinc oxide (Zn0) is an inorganic metal oxide that
Acute kidney injury (AKI) that occur during heart
failure (HF) has been categorized as a cardio renal
syndrome (CRS) type 1 [1]. CRS was first
presented by Ronco et al. (2008) as an endeavor
to expound the discourse between the heart and
kidneys, recognized as a pathophysiologic illness
of the heart and kidneys in which chronic or acute
dysfunction of one organ may result in chronic or
acute dysfunction of the other. CRS has five
categories. The first, third and fifth types of CRS [ 2-
4] Proenkephalin (PENK) have lately been utilized
as a precise biomarker for kidney function and
heart failure [5-6]. Also, IL-18 has been identified
as a robust biomarker for cardiovascular disease
and acute heart Failure [7-8].

Proenkephalin is an endogenous opiate peptide
that has cardiac depressant impacts, such as
lessening  heart rate and  restraining
norepinephrine secretion, as well as reforming
kidney function by increasing urinary output and
renal blood flow. It is a stable alternative to
enkephalin [9-10]. The biologically
enkephalin is hard to measure because of its short
half-life and the lack of stability after collation.
PENK possesses a long half-life in vivo, is stable
after collation, and its levels are not affected by
gender or age, acting as a befitting alternative to
its biologically active counterparts for critically
poor patients. [11].
Proenkephalin (PENK)
peptide spilled from preproenkephalin A that is
associated with enkephalin peptides. Enkephalins
are connected with opiate receptors, and they are
yielded in the central nervous system, kidneys,
intestine, muscles, lung, and heart. PENK has many
characteristics of an exemplary Glomerular
filtration (GFR) biomarker; it is endogenous and
freely filtered by the glomeruli due to its little
molecular size (4.5 k Da) [9].

Research has highlighted a method to measure
patients with acute coronary syndromes, and to

active

is an internal mono

identify strong predictor of cardiovascular death,
Cytokines happen through the
atherosclerotic plaque destabilization. Circulating
interleukin (IL)-18 levels can be identified as an
important mediator of the

effects on

innate immune

response. High circulating levels of IL-18 can be
found in patients with acute coronary syndromes,
and can be identified as a potent predictor of acute
heart failure and cardiovascular death [12- 13].
More lately, the plant with serum IL-18 levels are
correlated with metabolic risk factors, including
waist circumference, body mass index (BMI), and
fasting triglyceride (TG), high-density lipoprotein-
(HDL-C), and insulin levels and
glucose as well as systolic and diastolic blood
pressure (BP) [12].

Interleukin (IL)-18, originally identified as an
interferon (IFN)-¥-inducing factor in Kupffer cells
and macrophages, plays a major role in the
inflammatory cascade and in the processes of
innate and acquired immunities owing to its
ability to stimulate I[FN-¥ production in T natural
killer cells and lymphocytes that is deemed to play
a pivotal role in atherosclerotic plaque rupture.
Moreover, IL-18 has a part in upholding IL-12 to
boost the development of T helper 1 (TH1)
responses [14].

cholesterol

Materials and methods

Subjects

The research was carried out with 45 control
subjects and also 45 acute heart failure (AHF)
patients with the age ranging 35 to 68 years old.
The control group was considered as non-diabetic.
There was also no record of drinking or
consuming alcohol. Patients selected
randomly selected from those who attended
Baghdad Teaching Hospital/Medical City and
Yarmouk Hospital. Blood and urine samples were
collected and a well-structured questionnaire,
including age, gender, smoking and BMI, was filled
in after a full clinical examination by the
consultants. Acute heart failure patients were
determined.

were

Methods

Blood samples (8 ml) were collected from 90
people; after being placed in a centrifuge at 3500
rpm for 10 minutes, the serum was frozen at 80 °C
for detection and the same condition was taken for
urine samples (8 ml) from 90 people, taken on the
first morning in a clean container free of any
detergents. And. IL-18 and PENK levels in serum
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and urine samples were examined by enzyme-
linked immunosorbent assay kits supplied by
Melsin (China). A spectrophotometer was used to
measure lipids and renal creatinine.

Statistical analysis

To analyze the data, SPSS-22 was used. The data
were expressed as +SD. Statistical
significance the difference in the mean of a normal
distribution quantitative variable was evaluated
through an analysis Fisher exact. P-value < 0.05
was considered as significant. Receiver operating
characteristic (ROC) curves were utilized to
analyze the early diagnostic value of urine IL-18
and PENK levels for AHF.

means

Results and Discussions

Description of the groups of AHF and healthy
control

Table 1 shows the mean values (* SD), the extent
and distribution of the studied groups (number
and percentage), age (in years), gender, and
smoking and disease stages.

The mean values of + SD for age for the healthy
group and the AHF were 50.689 + 7.954 and
51.200 £ 7.497, respectively. The results were not
significant between the groups (P> 0.05) between
the mean values of (+ SD) for age in the studied
groups. However, we noticed that patients with
AHF were the most common among the elderly.
The Gender ratio of the two groups was 40.54%
for male and 56.603% for female and 59.46% for
male and 43.396% for female for the healthy
group and the AHF, respectively. The results
significant (P>0.05) difference
between the gender ratio in the studied groups;
men were higher than women in general. Smoking
results were not significant (P> 0.05), and
considering this variable, we noticed that it was
higher in the group of patients.

The stage percentage in the studied groups was
the result of highly significant differences (P<
0.05) between the stages shared by the studied
groups. The stages depend on the result of the
eGFR test and how well the kidneys are filtering
waste and extra fluid from the blood.

showed no

Tablel: The mean (* SD) values and Distribution (number and percentage) for some epidemiological variables
and healthy groups with AHF

G1 G2 Total
Variables | Cats. P value
N K2 I N | %
Age (years) b 50.689+ 7.954 (37-67) | 51.200+7.497 (40-68) | (50.94£7.69)37-68 | 0.755NSA
Gend M 15 40.54 22 59.46 37 41.11 0.134NSA
n r .
endera F 30 | 56.603 23 43396 | 53 58.89
. 0 35 53.030 31 46.97 66 73.33 0.340NS”
Smoking a
1 10 41.67 14 58.333 24 26.667
I 45 100.00 0.00 0.00 45 50.00
11 0 0.00 42 100.00 42 46.67 .
Stage C 0.000Sig*
Illa 0 0.00 1 100.00 2 1.11
[1Ib 0 0.00 100.00 1 2.22

a=chi square b =Two sample T test C=Fisher exact

Also, as presented in Table 2, the results were
significant (P < 0.05) for (BMI and WHR). The body

mass index (BMI) is higher in AHF than the healthy
ones, also Waist-to-hip Ratio (WHR).

Table 2: Mean values (+SD) and distribution (number and percentage) of BMI and WHR variables for patient

group and healthy group
Groups Min Max. Mean +SD P value
Healthy 17.306 39.136 27.524 6.160 ]
BMI 0.001 Sig*.
AHF 22.173 44.259 32.036 6.301
Healthy 0.700 1.010 0.832 0.118 )
WHR 0.038 Sig*.
AHF 0.743 0.992 0.880 0.097

*=significant at p<0.05., *=not significant at p >0.05
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As can be seen in Table 3, the results were that of healthy group except for eGFR which is
significant (P < 0.05) for uric acid, urea, s.cr, ACR higher in healthy group than that of AHF group.
and eGFR. The mean in AHF group is higher than
Table 3: Mean #* SD and range of renal function parameter for the Healthy group and acute kidney
injury (AKI) in patients’ acute heart failure (AHF) group and healthy group

Minimum | Maximum Mean +SD P value
- Healthy 3.100 6.120 4377 | 1.186 R
Uricacid AHF 1.020 8.830 5060 | 1530 | %000
Urea Healthy 17.000 32.000 | 22867 | 4855 | oo
AHF 10.000 43.000 | 26933 | 7.703
Healthy 0.510 0.840 0661 | 0.114 .
s¢r AHF 0.780 2.560 0966 | 0359 | %000
Albumin- Creatinine ratio (ACR) | caity 4.545 27397 | 14143 | 8926 | 50
AHF 22.883 | 364.078 | 63.649 | 74.379
Healthy 90.749 | 145.860 | 113.768 | 19.821 .
e GER AHF 27.492 90544 | 77.979 | 13616 | 2000

*=significant at p<0.05., *=not significant at p >0.05
significance (p >0.05). The mean in AHF group was

Lipid profile
higher than that of the healthy group.

Based in Table 4, the result serum lipid profile is

significant (p<0.05) except for HDL with no

Table 4: Mean * SD value and their range of serum lipid profile for acute kidney injury (AKI) in patients’ acute
heart failure (AHF) group and healthy group

Minimum Maximum Mean +SD P value

CHO Healthy 141.000 288.000 172.400 36.053 0,000 Sig"
AHF 112.000 274.000 204.333 31.210

HDL Healthy 25.000 70.000 44467 12.185 0.416 NS
AHF 31.000 58.000 46.222 7.693

Healthy 66.000 130.000 103.467 17.078 .

LDL AHF 40.000 169.000 117.222 31.798 0.012 Sig*.

Healthy 8.000 65.000 23.267 13317 .

VLDL AHF 19.000 70.000 41.889 12.824 0.000 Sig™.

Healthy 40.000 324.000 115.933 66.251 .

TG AHF 96.000 351.000 209.333 64.166 0.000 Sig™.

*=significant at p<0.05., *=not significant at p >0.05.

PENK (Serum and Urine) and 1lI-18 (Serum and
Urine) levels

Table (5) shows that the result of PENK (serum

and urine) and IL-18(serum and urine) is

significant (p<0.05); the mean in AHF group was

higher than that of healthy group.

Table 5: Mean +SD value and their range of PENK (serum and urine) and IL-18(serum and urine) for
acute kidney injury (AKI) in patients acute heart failure (AHF) and Healthy

Groups Minimum Maximum Mean *SD P value
L18 Ser Healthy 3.574 48.328 16.793 10.219 0.000*
AHF 117.460 802.700 305.575 161.551
L18 U Healthy 4521 47335 18.257 9.333 L onor
AHF 118.000 802.800 306.630 162.858 '
Healthy 22.810 66.494 42.500 8.964 .
PENK ser AHF 377.830 808.300 609.180 162.753 0.000
DENK U Healthy 22.477 69.103 46,919 9.031 0.000%
AHF 399.860 802.800 610.944 151.708 '

*=significant at p<0.05., *=not significant at p >0.05.
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ROC area under the curve

Based on Table 6, ROC analysis showed that PENK
(serum and urine) (AUC) is (1) specificity =%100
and sensitivity=%97.8. Considering the value of
PENK by 800 pg/ml, test value higher than 800
Pg/mlis considered abnormal case whereas above
this value points to the healthy subjects as shown
in Figure 1 and Table 6. IL-18 (serum and urine)
(AUC) is (1) specificity =%100 and sensitivity =

%95.6. Considering the value of IL-18 by 320
pg/ml, test value higher than 320 Pg/ml is
considered abnormal case whereas above this
value represents the healthy subjects as shown in
Figure 1 and Table 6 as sensitive indicators of AHF,
suggesting that PENK (serum and urine) and IL-18
(serum and urine) may be a potentially useful
biomarker in early diagnosis of AKI for patients
AHF.

Table 6: ROC for PENK (serum and urine) and IL-18(serum and urine) between AHF group and healthy group

Area Under the Curve
Groups
Test Result Variable(s) | Area | %sensitivity | %specificity | P value
Control from AHF PENK ser (pg/ml) 1 97.8 100 0.000 Sig*.
Control from AHF PENK U (pg/ml) 1 97.8 100 0.000 Sig*
Control from AHF of IL-18 ser (pg/ml) 1 95.6 100 0.000 Sig*
Control from AHF of IL-18 U (pg/ml) 1 95.6 100 0.000 Sig*
*=significant at p<0.05., *=not significant at p >0.05.
ROC Curve
Source of the Curve
1.0 — IL-18 ser
IL-18 U
—— PENK ser
— PENKU
0.87 — Reference Line
E— —

1 - Specificity

Diagonal segments are produced by ties.

Figure 1: ROC curve displaying the trade-off between sensitivity (rate of true positive) and rate of false positive

(1-specificity) for PENK (serum and urine) and IL-18 (serum and urine) concentration when used to acute
kidney injury (AKI) in patients’ acute heart failure AHF with healthy controls

As clear from Table 1, the result is no significant (P
>(0.05) but considering that patients were older
than healthy people, they are more susceptible to
diseases [15]. Also, the gender ratio in the studied
groups was not significant (P > 0.05), but the
results were slightly higher in men than in women,
suggesting that men and women are more likely to
develop heart diseases, also women are more
likely to develop heart diseases [16]. Further, men
are more likely to die from heart disease [17]. Note
that the samples were not equal. The result for the

smoking was no significant (P >0.05) but we
noticed that the percentages of patient groups
who smoke were higher compared with healthy
people. Smoking is the main cause of heart disease
[18]. While the stage ration in the studied groups
the result was highly significant (p <0.05) as
anticipated, the incidence increased in patients
with eGFR < 60mL/min/1.73 m2 due to the lower
renal functional reserve produced by the HF itself
or due to co-morbidities and age, which increased
the risk of renal functional deterioration. [19- 20].
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As can be seen in Table 2, the result was significant
(p <0.05) in BMI and WHR; the more people gain
weight, the more susceptible they are to diseases
[21-22]. In Table 3, the kidney function results
were significant (p < 0.05); when a person suffers
from heart failure, the kidneys are affected, thus
kidney function is affected, leading to the rise in
the level of uric acid, urea, serum creatinine, and
ACR [23-26]. As for eGFE, the level of renal
clearance was low in case of the kidneys and heart
diseases [20].

Based on Table 4, the results of serum lipid profile
were significant (p < 0.05) except HDL whose
result was not significant (P >0.05) which was
higher in patients groups than in healthy groups
[27- 28]. Lipids causes the heart disease that lead
to the kidney disease. Clinical studies strongly
suggest that hyperlipidemia
glomerulosclerosis and tubulointerstitial fibrosis
and induce renal injury harm [29]. As illustrated in
Table 5, the results were significant (p < 0.05) as
the level of PENK increased compared with
healthy levels, since PENK (serum and urine) is a
biomarker of the renal heart [6- 30]. IL-18 (serum
and urine) was significant (P < 0.05) as the level of
IL-18 in AHF patients was higher compared with
healthy groups [8- 31].

As clear from Table 6, the result of the significant
level of PENK was obtained at (P < 0.000). ROC
analysis showed that PENK was a sensitive
indicator of AHF, suggesting that serum and urine
may be an advantageous biomarker for diagnosis
of AKI in AHF patients [30, 32-33]. The results
were also significant (P < 0.000) for IL-18 (serum
and urine) [8, 34, 35].

can cause

Conclusion

In summary, as far as the research to screen for
acute kidney injury (AKI) in patients with acute
heart failure (AHF) is considered, the available
evidence indicates that PENK and IL-18 are a more
accurate biomarkers for detecting acute kidney
injury than the current methods. However, further
investigations with a large number of patients
enrolled for a longer noting period are required to
confirm previous findings in AHF.

Acknowledgments

The researchers extend their thanks to Baghdad
Teaching Hospital / Medical City, Yarmouk
Hospital and everyone who contributed to this
research.

ORCID:
Baydaa Hamad Obid
https://www.orcid.org/0000-0002-9280-4596

References

[1]. McCullough P.A., Ronco C,, Crit. Care Nephrol,
2019, 257 [Crossref], [Google Scholar], [Publisher]
[2]. Chen Y.T, Jenq C.C., Hsu C.K,, Yu Y.C., Chang
C.H,, Fan P.C,, Pan H.C., Wu LLW,, Cherng W.]., Chen
Y.C., BMC Nephrol, 2020, 21:207 [Crossref],
[Google Scholar], [Publisher]

[3]. Odutayo A., Wong CX., Farkouh M., Altman
D.G., Hopewell S., Emdin C.A., Hunn B.H., J. Am. Soc.
Nephrol, 2017, 28:377 [Crossref], [Google
Scholar], [Publisher]

[4]. Medi¢ B., Rovcanin B. Basta Jovanovi¢ G,
Radojevié-gkodrié S., Prostran M., BioMed Res. Int.,
2015, 2015 [Crossref], [Google Scholar],
[Publisher]

[5]. Hartman S.J., Zwiers A.J., Van De Water N.E,,
van Rosmalen ]., Struck J., Schulte ]., Hartmann O.,
Pickkers P., Beunders R., Tibboel D., Schreuder
M.F., Clin. Chem. Lab. Med., 2020, 58:1911
[Crossref], [Google Scholar], [Publisher]

[6]. Jantti T., Tarvasmaki T., Harjola V.P., Pulkki K.,
Turkia H., Sabell T. Tolppanen H. Jurkko R,
Hongisto M., Kataja A., Sionis A., Ann. Intensive
Care, 2021, 11:25 [Crossref], [Google Scholar],
[Publisher]

[7]. Evans ]., Collins M., Jennings C., van der
Merwe L. Soderstrom I, Olsson T., Levitt N.S.,
Lambert E.V., Goedecke J.H., Eur. J. Endocrinol.,
2007, 157:633 [Crossref], [Google Scholar],
[Publisher]

[8]. Virzi G.M., Breglia A., Brocca A. de Cal M,
Bolin C., Vescovo G., Ronco C., Cardiorenal Med.,
2018, 8:321 [Crossref], [Google Scholar],
[Publisher]

[9]. Emmens ].E., Ter Maaten ].M., Brouwers F.P.,
Kieneker L.M., Damman K., Hartmann O., Schulte .,
Bakker S.J., de Boer R.A., Voors A.A,, Clin. Cardiol.,

443 |[Page


https://www.orcid.org/0000-0002-9280-4596
https://doi.org/10.1016/B978-0-323-44942-7.00044-3
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Acute+Kidney+Injury+in+Heart+Failure.&btnG=
https://www.sciencedirect.com/science/article/pii/B9780323449427000443?via%3Dihub
https://doi.org/10.1186/s12882-020-01872-z
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Acute+kidney+disease+and+acute+kidney+injury+biomarkers+in+coronary+care+unit+patients.+BMC+nephrology.+2020+Dec%3B+21%3A1-1+&btnG=
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-020-01872-z#citeas
https://doi.org/10.1681/ASN.2016010105
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=AKI+and+long-term+risk+for+cardiovascular+events+and+mortality.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=AKI+and+long-term+risk+for+cardiovascular+events+and+mortality.+&btnG=
https://jasn.asnjournals.org/content/28/1/377
https://doi.org/10.1155/2015/854070
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Kidney+injury+molecule-1+and+cardiovascular+diseases%3A+from+basic+science+to+clinical+practice&btnG=
https://www.hindawi.com/journals/bmri/2015/854070/
https://doi.org/10.1515/cclm-2020-0381
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Proenkephalin+as+a+new+biomarker+for+pediatric+acute+kidney+injury%E2%80%93reference+values+and+performance+in+children+under+one+year+of+age.+&btnG=
https://www.degruyter.com/document/doi/10.1515/cclm-2020-0381/html
https://doi.org/10.1186/s13613-021-00814-8
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Predictive+value+of+plasma+proenkephalin+and+neutrophil+gelatinase-associated+lipocalin+in+acute+kidney+injury+and+mortality+in+cardiogenic+shock.+&btnG=
https://annalsofintensivecare.springeropen.com/articles/10.1186/s13613-021-00814-8
https://doi.org/10.1530/EJE-07-0463
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+association+of+interleukin-18+genotype+and+serum+levels+with+metabolic+risk+factors+for+cardiovascular+disease.+&btnG=
https://eje.bioscientifica.com/view/journals/eje/157/5/633.xml
https://doi.org/10.1159/000492602
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Levels+of+proinflammatory+cytokines%2C+oxidative+stress%2C+and+tissue+damage+markers+in+patients+with+acute+heart+failure+with+and+without+cardiorenal+syndrome+type+1.+&btnG=
https://www.karger.com/Article/Abstract/492602

Saleh B.H.O., et al./ Chem. Methodol, 2022, 6(6) 438-445

2021, 44:1662
[Publisher]
[10]. Beunders R., Struck J.,, Wu A.H., Zarbock A.,
Di Somma S., Mehta R.L., Koyner ].L., Nadim M.K,,
Maisel A.S., Murray P.T. Neath S.X,, J. Appl. Lab.
Med., 2017, 2:400 [Crossref], [Google Scholar],
[Publisher]

[11]. Khorashadi M., Beunders R., Pickkers P,
Legrand M., Nephron, 2020, 144:655 [Crossref],
[Google Scholar], [Publisher]

[12]. Blankenberg S., Tiret L., Bickel C., Peetz D.,
Cambien F., Meyer ]., Rupprecht H.]., Circulation,
2002, 106:24 |[Crossref], [Google Scholar],

[Crossref], [Google Scholar],

[22]. GaoF.,Wan]., XuB., WangX., Lin X., WangP.,
Obes. Facts, 2020, 13:344 |[Crossref], [Google
Scholar], [Publisher]

[23]. Okazaki H., Shirakabe A., Kobayashi N., Hata
N., Shinada T. Matsushita M. Yamamoto Y.
Shibuya J., Shiomura R., Nishigoori S., Asai K, J.
Cardiol, 2016, 68:384 |[Crossref], [Google
Scholar], [Publisher]

[24]. Lan Q., Zheng L., Zhou X., Wu H., Buys N., Liu
Z., Sun ]., Fan H., Front. Cardiovasc. Med., 2021,
8:478 [Crossref], [Google Scholar], [Publisher]
[25]. Ngoc-Hoa C., Open Heart, 2020, 7:e001173
[Crossref], [Google Scholar], [Publisher]

[Publisher]

[13]. Reina-Couto M., Pereira-Terra P., Quelhas-
Santos ], Silva-Pereira C., Albino-Teixeira A., Sousa
T., Front. Physiol, 2021, 12 [Crossref], [Google
Scholar], [Publisher]

[14]. Angelova P., Kamenov Z., Tsakova A., El-
Darawish Y. Okamura H. Aging Male, 2018,
21:130 [Crossref], [Google Scholar], [Publisher]
[15]. Butrous H., Hummel S.L., Can. J. Cardiol,
2016, 32:1140 [Crossref], [Google Scholar],

[26]. Mok Y., Ballew S.H., Sang Y., Grams M.E,,
Coresh ], Evans M., Barany P., Arnlév]., Carrero].].,
Matsushita K., J. Am. Heart Asso., 2019, 8:e010546
[Crossref], [Google Scholar], [Publisher]

[27]. Halldin A.K., Lissner L. Lernfelt B,
Bjorkelund C., BMJ Open, 2020, 10:e036709
[Crossref], [Google Scholar], [Publisher]

[28]. Zheng Q., Yang H., Liu W., Sun W,, Zhao Q,,
Zhang X., Jin H., Sun L., BM] open, 2019, 9:e030919
[Crossref], [Google Scholar], [Publisher]

[Publisher].

[16]. Bozkurt B. Khalaf S. Methodist DeBakey
Cardiovasc. J., 2017, 13:216 [Crossref], [Google
Scholar], [Publisher]

[17]. Lee ]J.H., Bae D.H., Hwang K.K,, Cho M.C,, J.
Card. Fail, 2019, 25:S93 [Crossref], [Google
Scholar], [Publisher]

[18]. Kamimura D., Cain L.R.,, Mentz R.J.,, White
W.B.,, Blaha M., DeFilippis A.P., Fox E.R,
Rodriguez C.J., Keith R.J., Benjamin E.J., Butler J.,
Circulation, 2018, 137:2572 [Crossref], [Google

[29]. Agrawal S., Zaritsky ].J., Fornoni A., Smoyer
W.E., Nat. Rev. Nephrol., 2018, 14:57 [Crossref],
[Google Scholar], [Publisher]

[30]. Emmens J.E., Ter Maaten ].M., Damman K.,
van Veldhuisen D.J., de Boer R.A, Struck ],
Bergmann A., Sama LE., Streng KW., Anker S.D,,
Dickstein K., Circ Heart Fail, 2019, 12:e005544
[Crossref], [Google Scholar], [Publisher]

[31]. Parikh C.R., Abraham E. Ancukiewicz M.,
Edelstein C.L., J. Am. Soc. Nephrol., 2005, 16:3046
[Crossref], [Google Scholar], [Publisher]

Scholar], [Publisher]

[19]. Holgado ].L., Lopez C., Fernandez A., Sauri L.,
Uso R, Trillo ].L., Vela S., Nufiez J., Redon |., Ruiz A,
ESC Heart Fail.,, 2020, 7:415 [Crossref], [Google
Scholar], [Publisher]

[20]. Lofman 1, Szummer K. Hagerman I,
Dahlstréom U., Lund L.H., Jernberg T., Open Heart,
2016, 3:e000324 [Crossref], [Google Scholar],
[Publisher]

[21]. Suthahar N., Meems L.M., Withaar C., Gorter
T.M.,, Kieneker L.M., Gansevoort R.T., Bakker S.J.,
van Veldhuisen D.J., de Boer R.A,, Sci. Rep., 2022,
12:1 [Crossref], [Google Scholar], [Publisher]

[32]. Molvin ]., Jujic A., Navarin S., Melander O.,
Zoccoli G, Hartmann O., Bergmann A., Struck J.,
Bachus E., Di Somma S., Magnusson M., Open Heart,
2019, 6:e001048 [Crossref], [Google Scholar],
[Publisher]

[33]. Hassan M.M., Arnob A.S, Ahmed AMH,
Rahman A.K., Akbar A.A,, Jabin P., Khan S.B,, Singha
AK, Tahora S., Karim A.N., Arch. Nephrol. Urol,
2021, 4:71 |[Crossref], [Google Scholar],
[Publisher]

[34]. Washburn K.K., Zappitelli M., Arikan A.A.,
Loftis L., Yalavarthy R., Parikh C.R., Edelstein C.L.,
Goldstein S.L., Nephrol. Dial. Transplant., 2008,
23:566 [Crossref], [Google Scholar], [Publisher]

444 |[Page



https://doi.org/10.1002/clc.23729
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Proenkephalin+and+the+risk+of+new%E2%80%90onset+heart+failure%3A+data+from+prevention+of+renal+and+vascular+end%E2%80%90stage+disease&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/clc.23729
https://doi.org/10.1373/jalm.2017.023598
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Proenkephalin+%28PENK%29+as+a+novel+biomarker+for+kidney+function.+&btnG=
https://academic.oup.com/jalm/article/2/3/400/5587614
https://doi.org/10.1159/000509352
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Proenkephalin%3A+a+new+biomarker+for+glomerular+filtration+rate+and+acute+kidney+injury&btnG=
https://www.karger.com/Article/FullText/509352
https://doi.org/10.1161/01
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Interleukin-18+is+a+strong+predictor+of+cardiovascular+death+in+stable+and+unstable+angina&btnG=
https://www.ahajournals.org/doi/full/10.1161/01.CIR.0000020546.30940.92
https://doi.org/10.3389/fphys.2021.746494
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Inflammation+in+Human+Heart+Failure%3A+Major+Mediators+and+Therapeutic+Targets&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Inflammation+in+Human+Heart+Failure%3A+Major+Mediators+and+Therapeutic+Targets&btnG=
https://www.frontiersin.org/articles/10.3389/fphys.2021.746494/full
https://doi.org/10.1080/13685538.2017.1401993
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Interleukin-18+and+testosterone+levels+in+men+with+metabolic+syndrome&btnG=
https://www.tandfonline.com/doi/full/10.1080/13685538.2017.1401993
https://doi.org/10.1016/j.cjca.2016.05.005
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Heart+failure+in+older+adults&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0828282X16300873
https://doi.org/10.14797/mdcj-13-4-216
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Heart+failure+in+women&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Heart+failure+in+women&btnG=
https://journal.houstonmethodist.org/article/10.14797/mdcj-13-4-216/
https://doi.org/10.1016/j.cardfail.2019.07.267
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Gender+Disparity+in+Acute+Heart+Failure%3A+Insights+from+Korean+Acute+Heart+Failure+%28KorAHF%29+Registry&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Gender+Disparity+in+Acute+Heart+Failure%3A+Insights+from+Korean+Acute+Heart+Failure+%28KorAHF%29+Registry&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1071916419310425
https://doi.org/10.1161/CIRCULATIONAHA.117.031912
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Cigarette+smoking+and+incident+heart+failure%3A+insights+from+the+Jackson+Heart+Study.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Cigarette+smoking+and+incident+heart+failure%3A+insights+from+the+Jackson+Heart+Study.+&btnG=
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.117.031912
https://doi.org/10.1002/ehf2.12595
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Acute+kidney+injury+in+heart+failure%3A+a+population+study.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Acute+kidney+injury+in+heart+failure%3A+a+population+study.+&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/ehf2.12595
http://dx.doi.org/10.1136/openhrt-2015-000324
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Prevalence+and+prognostic+impact+of+kidney+disease+on+heart+failure+patients&btnG=
https://openheart.bmj.com/content/3/1/e000324.abstract
https://doi.org/10.1038/s41598-021-02409-6
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Relative+fat+mass%2C+a+new+index+of+adiposity%2C+is+strongly+associated+with+incident+heart+failure%3A+data+from+PREVEND.+&btnG=
https://www.nature.com/articles/s41598-021-02409-6
https://doi.org/10.1159/000507708
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Trajectories+of+Waist-to-Hip+Ratio+and+Adverse+Outcomes+in+Heart+Failure+with+Mid-Range+Ejection+Fraction&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Trajectories+of+Waist-to-Hip+Ratio+and+Adverse+Outcomes+in+Heart+Failure+with+Mid-Range+Ejection+Fraction&btnG=
https://www.karger.com/Article/FullText/507708
https://doi.org/10.1016/j.jjcc.2016.04.013
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+prognostic+impact+of+uric+acid+in+patients+with+severely+decompensated+acute+heart+failure.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+prognostic+impact+of+uric+acid+in+patients+with+severely+decompensated+acute+heart+failure.+&btnG=
https://www.journal-of-cardiology.com/article/S0914-5087(16)30074-0/fulltext
https://doi.org/10.3389/fcvm.2021.614117
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+Value+of+Blood+Urea+Nitrogen+in+the+Prediction+of+Risks+of+Cardiovascular+Disease+in+an+Older+Population.+&btnG=
https://www.frontiersin.org/articles/10.3389/fcvm.2021.614117/full
https://doi.org/10.1136/openhrt-2019-001173
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Renal+kinetics+in+acute+heart+failure+&btnG=
https://openheart.bmj.com/content/7/1/e001173
https://doi.org/10.1161/JAHA.118.010546
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Albuminuria+as+a+predictor+of+cardiovascular+outcomes+in+patients+with+acute+myocardial+infarction.+&btnG=
https://www.ahajournals.org/doi/10.1161/JAHA.118.010546
https://doi.org/10.1136/bmjopen-2019-036709
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Cholesterol+and+triglyceride+levels+in+midlife+and+risk+of+heart+failure+in+women%2C+a+longitudinal+study%3A+the+prospective+population+study+of+women+in+Gothenburg.+&btnG=
https://bmjopen.bmj.com/content/10/6/e036709
https://doi.org/10.1136/bmjopen-2019-030919
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Comparative+efficacy+of+13+immunosuppressive+agents+for+idiopathic+membranous+nephropathy+in+adults+with+nephrotic+syndrome%3A+a+systematic+review+and+network+meta-analysis.+&btnG=
https://bmjopen.bmj.com/content/9/9/e030919.abstract
https://doi.org/10.1038/nrneph.2017.155
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Dyslipidaemia+in+nephrotic+syndrome%3A+mechanisms+and+treatment.+&btnG=
https://www.nature.com/articles/nrneph.2017.155
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005544
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Proenkephalin%2C+an+opioid+system+surrogate%2C+as+a+novel+comprehensive+renal+marker+in+heart+failure&btnG=
https://www.ahajournals.org/doi/10.1161/CIRCHEARTFAILURE.118.005544
https://doi.org/10.1681/ASN.2005030236
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Urine+IL-18+is+an+early+diagnostic+marker+for+acute+kidney+injury+and+predicts+mortality+in+the+intensive+care+unit&btnG=
https://jasn.asnjournals.org/content/16/10/3046
https://doi.org/10.1136/openhrt-2019-001048
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Bioactive+adrenomedullin%2C+proenkephalin+A+and+clinical+outcomes+in+an+acute+heart+failure+setting&btnG=
https://openheart.bmj.com/content/6/2/e001048
https://doi.org/10.26502/anu.2644-2833038
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Proenkephalin+is+an+Early+Biomarker+to+Predict+Septic+Acute+Kidney+Injury+among+Patients+in+Intensive+Care+Unit.+&btnG=
https://www.fortunejournals.com/articles/proenkephalin-is-an-early-biomarker-to-predict-septic-acute-kidney-injury-among-patients-in-intensive-care-unit.html
https://doi.org/10.1093/ndt/gfn031
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Urinary+interleukin-18+is+an+acute+kidney+injury+biomarker+in+critically+ill+children&btnG=
https://academic.oup.com/ndt/article/23/2/i/1854948

Saleh B.H.0.,, et al./ Chem. Methodol, 2022, 6(6) 438-445
[35]. LiuY., Guo W., Zhang J., Xu C,, Yu S., Mao Z,
Wu ], Ye C,, Mei C., Dai B., Am. J. kidney Dis., 2013,
62:1058 [Crossref], [Google Scholar], [Publisher]

HOW TO CITE THIS ARTICLE

Baydaa Hamad Obid Saleh, Fayhaa M. Khaleel. Assessment of Proenkephalin (PENK) and Interleukin -18(IL-18)
Biomarkers for Detection of Acute Kidney Injury in Patient with Acute Heart Failure. Chem. Methodol., 2022, 6(6) 438-445
https://doi.org/10.22034/CHEMM.2022.328692.1438

URL: http://www.chemmethod.com/article 148291.html

445 | Page


https://doi.org/10.1053/j.ajkd.2013.05.014
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Urinary+interleukin+18+for+detection+of+acute+kidney+injury%3A+a+meta-analysis.&btnG=
https://www.ajkd.org/article/S0272-6386(13)00909-8/fulltext
https://doi.org/10.22034/CHEMM.2022.328692.1438
http://www.chemmethod.com/article_148291.html

