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The Failing Kidney Allograft

Peemai Amornkanjanawat, Suwasin Udomkarnjananun

Division of Nephrology, Department of Medicine, Faculty of Medlcine, Chulalongkorn University, Bangkok, Thailand

Abstract

The number of kidney transplant recipients returning to dialysis after graft failure is steadily increasing. Patients
with a failing kidney allograft face a heightened risk of complications from chronic kidney disease (CKD), renal
replacement therapy, immunosuppressive drugs, infections, and cardiovascular disease. The management of these
patients is highly complex, particularly concerning immunosuppressive drug use. Discontinuing these drugs can lead
to chronic rejection, graft intolerance syndrome, or increased sensitization. Currently, management approaches for
these patients vary considerably. This article reviews the current knowledge on caring for patients with failing kidney
allografts, including the ideal timing and modality of dialysis reinitiation, retransplantation, and the management of

immunosuppression during graft failure.

Keywords: renal transplantation; KT; dialysis; ESKD; ESRD; RRT
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Fibroblast Growth Factor-23 and Cardiovascular
Disease in Chronic Kidney Disease
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Abstract
Cardiovascular disease is the leading cause of death in patients with chronic kidney disease (CKD). Fibroblast
growth factor 23 (FGF23) is a medium-sized uremic toxin that begins to accumulate as early as CKD stage 2, increasing
progressively as glomerular filtration rate declines. This accumulation results from both increased production and
reduced clearance of FGF23. The molecule binds to receptors on cardiac myocytes, triggering fibrotic signaling
pathways that lead to myocardial hypertrophy and fibrosis. This cardiac remodeling heightens the risk of arrhythmias,
heart failure, and cardiovascular mortality in CKD patients. Although significant progress has been made in understanding
the regulation and biological actions of FGF23, effective treatments to reduce FGF23 levels or reverse cardiac
remodeling remain limited. This article reviews the current understanding of FGF23 regulation and explores potential

strategies to reduce its levels in order to improve cardiovascular outcomes in patients with CKD.
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FGF23, fibroblast growth factor 23; NaPi, sodium dependent phosphate transporter protein; 1,25(0H)D,

1,25 dihydroxyvitamin D; iCa, ionized calcium; PTH, parathyroid hormone
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FGF23, fibroblast growth factor 23; FGFR, fibroblast growth factor receptor; NaPi, sodium dependent phosphate

transporter protein; MAPK, mitogen-activated protein kinases; NFAT, nuclear factor of activated T cell
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FGF23 fidufiu FGFRE azasduanaiiivisesuunadouniely
wadndmioslaiuty fnafivauusswesnisvnived
ndaifeiilaosdns (ventricular contraction) usilu
vyveaesilisy FGF23 Wuszernauiu adreduitela
Gesaiifissdy Fer23 ludenguiussasnamu ndurili
Annsdsdyanariusaadeunsluwadfineundly fua
Tinmavasvesniuidoilatosisanas

{083a1NN13ANYINTTUIAINGINUINTEAY FGF23
udonfigatuiinasomanduierlaiesdsdne uazndw
dowilavisasdnenund sisludsernsitaly duaelsel
Fo%a waritherlenidendeiniadlaiion orfiiu n1sfinw
Tudszinaanigeuidni TnedinsAnauuszansmluluguy
Wuszeznan 10 T nuinguussensiisl FGF23 Tuidengs
wduiusiuinanduitleilariesdrsieiutu msdush
vosnduilevilafesdsdianas wagnsieuveand u
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wfsnanduiferilaviesdsdedosar 5 wanifinlonia
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wonidendeiniedlaifion mnmafnululssmadiunuii
52U FGF23 figetufuiusfuananduilowlafesansdneg”

kAN FGF23 luidonfigedulugtaelsalnGossdainly
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XLHR fifinnazaavoan uanainiluguielsalnGosds

wuiinisanaseslusiulaals (Klotho) Falunuindfysie
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AITViRAEIALAIAUAY LazuAaRaNazaluNTviaan
1dem (vascular calcification)
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Y94 FGF23 mansiinnnziaafisuavauluniivasaidon
Tnen1sUTzLlumenINTIdAsURLAT WUIINZLAATY
azauluntdimasndonaziiauduiusduszaunoaina
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Wiuaran1annow (premature ventricular contraction)”
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A1519% 2 MsSnwieanszau fibroblast growth factor 23%
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AsananaaaluaInis

Diorioetal®| 32 51 3048 | Very low protein diet ansziu FGF23 Sovay 34
1 dUans (0.3 g/kg/d) + ketoanalogs vs. | ansgaudsuneainniovay 12
Low protein diet (0.6 g/kg/d) |anUSunameaslullaaniziovay 34
Moe etal” | 9 918 3246 |Vegetarian diet vs. ansziuTsuneaminionas 8

1 Ui Meat-based diet ansediu FGF23 Seeay 27
nau meat-based Ansiu@Suneanuay FGF23

Sevelamer wag Lanthanum

Oliveira® 40 518 35+16 | Sevelamer vs. anUsunaleawinlutaayseuay 41
6 dUa% Calcium acetate lyanseavdSunaana
anseRu FGF23 Saeay 47
Chue® 109 519 50+13 |Sevelamer vs. ylansediu FGF23, FSumloawi,
36 dUAN Placebo warUSunameamnludaaniy
ansysiu FGF23 Tunguinfudseniuen
1nAINSPYaY 80
Isakova® 39 578 38+7 |Lanthanum vs. ans¥eu FGF23 Sagay 35
12 dUm Placebo laansyaudsuneanuasUSunamlpamslutaaniy
Ix* 205 518 32 Nicotinamide vs. lalanseau FGF23 uazdSuneainn
12 heu Lanthanum vs. Lanthanum anUSunaneawinlullaaniysesay 12
Placebo
Block™ 162 919 Jeuy | Tenapanor vs. anszau FGF23 Sovay 9-27

4 dUai | Wendem |Placebo

Ferric citrate

Blocketal”| 141 51 24+10 |Ferric citrate vs. anseRu FGF23 Sa8ay 34
12 dUa Placebo ansyauTSuaansavay 13
anUsunaleawinlutaaizsesay 39

Blocketal®| 199 518 14+4  |Ferric citrate vs. anseRu FGF23 Saway 8
9 LU Standard of care anomsNsiUanaknule
ANBMIINITUBULTINEIUA

Intensified dialysis

Zaritsky™ 78 978 s8¢ |Short daily dialysis J¥PU FGF23 ﬁﬂﬂ’iﬂiuﬂfju in-center dialysis
3hou | Weonden |[(5-6 times/week) vs. (823 vs 2521 RU/ml)

In-center dialysis
(3 times/week)

Krijger*® 404 518 5%8%  |Online hemodiafiltration vs. |aAszAu FGF23 Sagay 11 Aalfiou
19 Wenidem | High flux hemodialysis
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Calcimimetics

Moe™ 2,98551 | Sz8g  |Cinacalcet vs. anszeu FGF23 Souay 59 (FidUamiil 20 uaz 100)
49 weoniden |Placebo lunguitseau FGF23 anaslaunniniesas 30

sgandnsnsdedinanniilavgaiudsundu
Sowaz 43, lspnlalasnasnldoniovas 34,
wagihladumaisesay 31

Wolf *° 1,706 578 svgy | Etelcalcetide vs. Etelcalcetide ansenyu FGF23 Sauay 56-68

27 §asi | Wenden |Cinacalcet vs. Cinacalcet ansgdu FGF23 Sesay 41
Placebo

FGF23, fibroblast growth factor 23; eGFR, estimated glomerular filtration rate
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Probiotics in Chronic Kidney Disease:
Harmonizing Gut Health for Kidney Benefit
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Abstract

Chronic Kidney Disease (CKD) poses a significant global health challenge, necessitating innovative strategies to
complement conventional treatments. This article explores the intricate relationship between gut health and renal
function, specifically investigating the potential role of probiotics in managing CKD. The article explains the gut-kidney
axis, emphasizing how imbalances in gut bacteria (dysbiosis) can accelerate CKD progression. The review describes
the fundamental mechanisms by which probiotics influence the gut microbiome and discusses their ability to
potentially mitigate the effects of dysbiosis. We examine clinical trial data to demonstrate the effectiveness of
probiotics in potentially improving kidney function, reducing inflammation, and enhancing overall health among CKD
patients. Challenges such as the variability in probiotic strains and potential side effects are also addressed. Finally,
the article discusses the integration of probiotics into traditional CKD management approaches for a comprehensive

therapeutic strategy.
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Abstract

Background: Research indicates that the intravascular administration of contrast agents during computed tomography
(CT) procedures may lead to Contrast-Associated Acute Kidney Injury (CA-AKI). The prevalence and associated risk
factors for CA-AKI vary among different populations, particularly in individuals with pre-existing kidney disease.
Methods: This retrospective cohort study included patients with an estimated glomerular filtration rate (eGFR)
between 15 and 59 mL/min/1.73 m2 who received intravenous contrast medium (CM) for CT between October 2021
and September 2024. The prevalence of CA-AKI in patients with kidney disease was evaluated, and associated risk
factors were analyzed.

Results: A total of 655 patients met the inclusion criteria. Among them, 58 patients (8.58%) developed
CA-AKI. Baseline demographic characteristics were not significantly different between the CA-AKI and non-CA-AKI
groups. However, the CA-AKI group had significantly higher proportions of patients with chronic kidney disease
(CKD) stage G3b and G4, current use of diuretics and vasopressors, multiple exposures to CM within 72 hours, and
concurrent acute kidney injury (AKI). Multivariate analysis identified CKD stage G3b (odds ratio [OR] 2.75; 95%
confidence interval [Cl], 1.26-6.00; p = 0.011) and current AKI (OR 3.99; 95% Cl, 1.89-8.42; p < 0.001) as significant
factors associated with the development of CA-AKI.

Conclusions: CKD stage G3b and current AKI were significantly associated with an increased risk of CA-AKI. Therefore,

caution is warranted when administering CM to patients with these conditions.

Keywords: CIN; renal failure; acute renal failure; kidney failure; contrast-induced nephropathy
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Introduction

Currently, radiographic imaging with contrast
medium (CM) through computed tomography (CT)
scans is essential for diagnosing and planning the
treatment of various diseases. Previous studies have
shown that the injection of contrast agents through the
bloodstream during CT scans can lead to acute kidney
injury (AKI), known as Contrast-Associated Acute Kidney

Injury (CA-AKI)."” The incidence rate of CA-AKI ranges from

6% to 24%, varying across different studies and
populations. The primary risk factor for CA-AKI is the
estimated glomerular filtration rate (eGFR), with additive
risk factors including advanced age, pre-existing kidney
dysfunction, chronic diseases such as diabetes, chronic
kidney disease (CKD), and hemodynamic instability before
receiving contrast agents. The type and amount of CM
or multiple CM administrations within 72 hours may

increase the risk of CA-AKI.>** There are currently numerous
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guidelines to prevent CA-AKI following the intravascular
administration of contrast agents for CT scans.

Rajavithi Hospital is the largest hospital under the
Department of Medical Services, Ministry of Public
Health, Bangkok, Thailand. It receives referrals from
provincial hospitals, resulting in a high volume of
patients receivingintravenous CM for CT scans. Many
patients have reduced kidney function based on blood
tests before CM administration, putting them at high
risk for CA-AKI. These patients must be assessed by
nephrologists to prevent this condition before contrast
administration."***

Previous studies have shown that AKI following the
administration of contrast agents during CT scans is
associated with an eGFR less than 30 ml/min/1.73 m2."®
However, some research shows no evidence of CA-AKI
regardless of CKD stage.”™ Current guidelines recommend
various measures to prevent CA-AKI in patients with CKD,
but the specific eGFR threshold for this condition varies.
The Kidney Disease Improving Global Outcomes (KDIGO)
2012 guidelines' recommend monitoring for CA-AKI when
eGFR is less than 60 ml/min/1.73 m2. However, the
American College of Radiology (ACR) 2023 guidelines’
and Japan’s national guidelines suggest monitoring
for CA-AKI when eGFR is less than 30 ml/min/1.73
m2.° Additionally, the European Society of Urogenital
Radiology (ESUR) 2018 guidelines recommend different
thresholds for monitoring CA-AKI depending on the route
of contrast administration. * For intra-arterial contrast
administration or patients in critical care units, monitoring
for CA-AKI is recommended when eGFR is less than 45
ml/min/1.73 m2. For intravenous contrast administration,
monitoring is recommended when eGFR is less than
30 ml/min/1.73 m2.

From the differing guidelines and the large volume
of patients at Rajavithi Hospital, many patients require
consultation with nephrologists before administering
contrast agents or might experience delays in necessary
diagnostic procedures involving CT scans. Some patients
may develop CA-AKI without receiving appropriate
preventative measures. This study examines the factors

influencing CA-AKI in patients with an eGFR of less than

60 ml/min/1.73 m® who received intravenous contrast
agents for CT scans at Rajavithi Hospital. The goal is to
develop appropriate guidelines to prevent CA-AKI in
Rajavithi Hospital in the future.

Material and methods

This retrospective single-center cohort study was
conducted at Rajavithi Hospital. It included patients with
kidney disease defined as chronic kidney disease (CKD)
stage IlI-IV and those with acute kidney injury who
underwent computed tomography (CT) with iodinated
contrast media between October 2021 and September
2024. The study was approved by the Ethics Committee
of Rajvithi Hospital. Written informed consent was not

required.

Study population

Eligible participants were adults aged 18 years or
older with an estimated glomerular filtration rate (eGFR)
between 15-59 ml/min/1.73 m?2. Patients were excluded
if baseline serum creatinine data within 3 months or
follow-up data 48-72 hours after contrast administration
were unavailable, if they were undergoing kidney
replacement therapy, or if they were pregnant.

Patients were classified as having AKI if their serum
creatinine increased by >0.3 mg/dL from baseline
during CM exposure. CKD was defined as a preexisting
estimated glomerular filtration rate (eGFR) of 15-59 ml/
min/1.73 m? within three months before CM exposure.
Stable CKD was defined as a <0.3 mg/dL change in serum

creatinine from baseline during CM exposure.

Outcomes

The primary outcome of the study was to determine
the prevalence of contrast-associated acute kidney injury
(CA-AKI) following intravascular contrast administration
in patients with kidney disease. The secondary outcome
was to identify factors associated with the development
of CA-AKI in this population. CA-AKI was defined as serum
creatinine increase > 0.3 mg/dL within 48 - 72 hours after

intravascular CM exposure
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Contrast media

Contrast media used in the study included iso-osmolar
contrast media (IOCM), such as iodixanol (Visipaque), and
low-osmolar contrast media (LOCM), including iopamiro,
ioversol (Optiray), and iohexol (Omnipaque). The amount
of CM used for CT scans was based on the type of
imaging and patient body weight. For CT of the brain, head,
and neck, 50 ml of CM was administered. For CT of the
chest, upper abdomen, or whole abdomen, 80 ml was
used. In CT angiography (CTA) of the brain, neck, chest,
or abdomen, patients weighing less than 80 kg received
80 ml, while those weighing 80 kg or more received
100 ml of CM.

Sample size calculation

The sample size was calculated using the estimated
single proportion formula (Wayne WD, 1995)," based
on a reported 21.2% prevalence of acute kidney injury
after contrast media administration in patients with eGFR
< 60 ml/min/1.73 m?, as reported by McDonald et al.
(2017). To ensure sufficient power and account for a 20%
margin of error and potential missing data, the final target

sample size was determined to be 436 patients.

Statistical analysis

Descriptive statistics were used to summarize baseline
demographic data, with categorical variables presented
as numbers and percentages. Continuous variables
were expressed as mean and standard deviation for
normally distributed data, and as median, minimum,
maximum, and interquartile range (IQR) for non-normally
distributed data.

For inferential statistics, categorical variables were
analyzed using the Chi-square or Fisher’s exact test.
For continuous variables, the Paired t-test was used
for normally distributed paired data, and the Wilcoxon
Signed Rank test for non-normal paired data. For
independent groups, the Student’s t-test was applied
for normally distributed data, and the Mann-Whitney

U-test for non-normally distributed data. Pearson’s

correlation was used to assess relationships between
continuous variables such as age, serum creatinine, and
eGFR. Factors associated with CA-AKI were analyzed
using multiple logistic regression, with results presented
as adjusted odds ratios and 95% confidence intervals.
A p-value of less than 0.05 was considered statistically
significant, and all analyses were conducted using SPSS
Statistics version 29.0.2.0.

Results

One thousand one hundred seventy-one patients
met the inclusion criteria. After applying the exclusion
criteria, 516 patients were excluded, including 321
patients with missing data, 176 patients who received
kidney replacement therapy, 10 patients who had
undergone kidney transplantation, and nine patients with
end-stage kidney disease who had not yet undergone
dialysis. Therefore, 655 patients were included in the
final analysis. Among these, 58 patients were diagnosed
with CA-AKI, accounting for 8.9% of the study population
(Figure 1).

The baseline characteristics between the AKl and no
AKI eroups showed no significant differences in age, sex,
body mass index, blood pressure, preexisting diseases,
hemoglobin, hematocrit, types of intravenous (IV) fluid,
and N-acetylcysteine administration before CM exposure,
and types of CM used. The proportions of patients with
stable CKD stages G3b and G4, current use of diuretics
and vasopressor agents during CM exposure, multiple CM
exposures within 72 hours, current AKI, and admission
to critical care units and emergency rooms during CM
exposure, as well as baseline serum creatinine before
CM exposure were significantly higher in the AKI group
compared to the non-AKI group. Conversely, there
was a substantially higher proportion of current use of
angiotensin-converting enzyme inhibitors (ACEls),
metformin, stable CKD stage G3a, and admission in the
outpatient departments, as well as higher serum albumin

level in the non-AKl group (Table 1).
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1,171 patients with eGFR
15-59 mU/min/1.73 m* and
received intravascular CM

516 were excluded
321 Missing data
176 kidney replacement therapy
10 kidney transplantation
9 end-stage kidney disease

655 eligible patients

58 (8.9%) CA-AKI

Figure 1 Study Flow Diagram

597 (91.1%) No CA-AKI

eGFR, estimated glomerular filtration rate; CM, contrast media; CA-AKI, contrast-associated acute kidney injury

Table 1 Baseline demographic and laboratory data of all patients

Parameters
Age, year 66.93+14.86 68.76+£12.26 0.288
Sex, n (%) 0.167
« Female 33 (56.9%) 283 (47.4%)
- Male 25 (43.1%) 314 (52.6%)
Body mass index (kg/m?) 23.64+4.62 23.41+4.61 0.757
Systolic blood pressure (mmHg) 131.04+26.52 133.12+21.43 0.571
Diastolic blood pressure (mmHg) 74.63+16.8 74.89+13.29 0.909
Preexisting disease, n (%)
« Hypertension 38 (65.5%) 371 (62.1%) 0.613
» Diabetes mellitus 20 (34.5%) 154 (25.8%) 0.153
» Solid malignancy 12 (20.7%) 143 (24%) 0.577
« Hematologic malignancy 3(5.2%) 15 (2.5%) 0.237
» Cirrhosis 1 (1.7%) 15 (2.5%) 0.71
« Chronic kidney disease stages 43 (74.1%) 462 (77.4%) 0.574
- G3a 15 (25.9%) 297 (49.7%)
- G3b 21 (36.2%) 122 (20.4%)
- G4 7(12.1%) 43 (7.2%)
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Table 1 Baseline demographic and laboratory data of all patients (Continued)

Parameters

Non-AKI

(n=597)

Current medications, n (%) 22 (37.9%) 170 (28.5%) 0.131
« Angiotensin-Converting Enzyme Inhibitor 2 (3.4%) 53 (8.9%) 0.031*
- Continued 1(1.7%) 20 (3.4%)
- Withdrew 1 (1.7%) 26 (4.4%)
« Angiotensin Il Receptor Blocker 7(12.1%) 55 (9.2%) 0.960
- Continued 2 (3.4%) 23 (3.9%)
- Withdrew 5 (8.6%) 24 (4%)
+ Metformin 2 (3.4%) 53 (8.9%) 0.031*
- Continued 0 (0%) 19 (3.2%)
- Withdrew 2 (3.4%) 24 (4%)
« Sodium-Glucose Cotransporter 2 Inhibitors 0 (0%) 3(0.5%) 0.53
- Continued 0 (0%) 2(0.3%)
- Withdrew 0 (0%) 1(0.1%)
« Diuretics 13 (22.4%) 59 (9.9%) 0.026*
- Continued 8 (13.8%) 29 (4.9%)
- Withdrew 5 (8.6%) 27 (4.5%)
Wards, n (%) <0.001*

 Qutpatient department

10 (17.2%)

215 (36%)

» Emergency room

15 (25.9%)

109 (18.3%)

« Critical care unit 4 (6.9%) 6 (1%)
« General ward 29 (50%) 267 (44.7%)
IV fluid before CM exposure, n (%) 0.313
- No 19 (32.8%) 236 (39.5%)
e Yes 39 (67.2%) 361 (60.5%)
Types of IV fluid before CM exposure, n (%) 0.087
« Normal saline 25 (43.1%) 281 (47.1%)
« Acetar/Ringer’s lactate 7(12.1%) 41 (6.9%)
» Isotonic bicarbonate 1(1.7%) 1 (0.2%)
» 5% glucose in NSS/0.45% NSS 6 (10.3%) 38 (6.4%)
N-acetylcysteine before CM exposure 30 (51.7%) 351 (58.8%) 0.297
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Table 1 Baseline demographic and laboratory data of all patients (Continued)

Parameters

Non-AKI

(n=597)

Vasopressor during CM exposure 7 (12.1%) 9 (1.5%) <0.001*
Multiple CM exposures within 72 hours 2 (3.4%) 3 (0.5%) 0.014*
Injection site, n (%) 0.065
« Intravenous 56 (96.6%) 592 (99.2%)
« Intraarterial 2 (3.4%) 5(0.8%)
Types of Imaging, n (%) 0.006"
« Computed tomography 42 (72.4%) 519 (86.9%)
« Computed tomography angiography 14 (24.1%) 73 (12.2%)
« Angiogram 2 (3.4%) 5(0.8%)
Types of contrast media, n (%) 0.811
« Low osmolar 6 (10.3%) 56 (9.4%)
« Iso-osmolar 52 (89.7%) 541 (90.6%)
 Low osmolar 0.285
- lopamiro 0 (0%) 5(0.8%)
- lohexol (Omnipaque) 6 (10.3%) 39 (6.5%)
- loversol (Optiray) 0 (0%) 12 (2%)
Stable chronic kidney disease stages <0.001*
- G3a 5 (8.6%) 262 (43.9%)
« G3b 11 (19%) 101 (16.9%)
- G4 5 (8.6%) 34 (5.7%)
Current AKI during CM exposure 35 (60.3%) 151 (25.3%) <0.001*
Hemoglobin (g/dL) 10.49+2.84 11.02+2.27 0.170
Hematocrit (%) 32.45+8.49 33.56+6.89 0.255
Serum albumin (g/dL) 3.21+0.9 3.63+0.74 0.001*
Serum creatinine before CM exposure (mg/dL) 1.8+£0.57 1.52+0.51 <0.001*
eGFR before CM exposure (ml/min/1.73m?) 35.91+11.28 44.08+11.34 <0.001*
Death within 30 days 23 (39.7%) 36 (6%) <0.001*
RRT within 30 days 6 (10.3%) 1 (0.2%) <0.001*

IV, intravenous; CM, contrast media; NSS, normal saline; AKI, acute kidney injury; eGFR, estimated glomerular filtration

rate; RRT, renal replacement therapy. *p-value < 0.05
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Univariate analysis of associated factors of CA-AKI  Table 2 Univariate analysis of associated factors for

revealed CKD stages G3b/G4, current AKI, current use of  contrast-associated acute kidney injury (continued)

diuretics and vasopressors, multiple CM exposures within

Parameters | OR 95%ClI | p-value
72 hours, types of imaging, admission wards, baseline + Angiotensin Il Receptor
serum albumin, creatinine, and eGFR before CM exposure Blocker 0.98 (0.38, 2.53) | 0.960
as significant predictors for CA-AKI (Table 2). « Metformin 0.22 (0.05, 0.98) | 0.047*
* Diuretics 272 (1.1, 6.73) 0.031*
Table 2 Univariate analysis of associated factors for Wards
contrast-associated acute kidney injury . Outpatient department Reference 1
Parameters OR 95%ClI | p-value « Emergency room 234 (1.11,4.9) 0.025*
Age, years 0.99 (0.97, 1.01) | 0.288 » Critical care unit 2.96(1.29,6.8) | 0.011%
Sex (%) « General ward 14.33 (3.48, 59.01) | <0.001*
« Female Reference 1 Intravenous fluid before
- Male 068 (04, 118) | 0169 | [exposure
Body mass index (ke/m?) | 1.01(0.95,1.08) | 0.756 Mo Reference L
Systolic blood pressure 098 101 . . Yes . 1.34 (0.76, 2.38) 0.314
(mmHg) o ' E@Zigg:ﬁfée'”e before| 75 (0.4, 1.29) | 0.299
(Drfr;tgg)c e vasopressor during (M g 97(3 21, 25.08) | <0.001*
Underlying diseases expo.sure
. Diabetes mellitus 151 (0.86, 2.68) | 0.155 xiﬁﬁtif%% frxsposwes 7.07 (116, 43.21) | 0.034*
« Solid malignancy 0.83(0.43, 1.61) | 0577 Route of contrast media
« Hematologic malignancy | 2.12 (0.59, 7.54) | 0.247 « Intravenous Reference 1
* Hypertension 1.16 (066, 2.04) | 0.613 + Intraarterial 1.23(0.8,223) | 0.089
« Coronary artery disease | 0.84 (0.45, 1.55) | 0.574 Types of Imaging
« Cirrhosis 0.68 (0.09, 5.25) 0.712 . Computed tomography Reference 1
Sth;rgoer;m kidney disease . gs;qoztgzi;omography 237 (1.23, 4.55) | 0.010%
~G3a Reference L - Angiogram 4.94 (0.93, 26.25) | 0.061
- G3b 3.41 (1.7, 6.83) 0.001* Types of contrast media
-G4 3.22(1.24,8.35) | 0.016* « Low osmolar Reference 1
3??:;?;2;082;: kidney « Iso-osmolar 0.9 (0.37, 2.18) 0.811
- No chronic kidney Hemoglobin (g/dL) 0.91 (0.8, 1.02) 0.098
disease Reference 1 Hematocrit (%) 0.98 (0.94, 1.02) | 0.254
_G3a 0.1 (0.04, 0.27) |<0.001* Serum albumin (g/dL) 0.51(0.36, 0.72) |<0.001*
-G3b 0.59 (0.29, 1.2) 0.146 Serum creatinine before 211 (141, 3.16) | <0.001%
- G4 079 (029, 2.17) | 0658 | [ exposure (mg/dL)
(e::gssnjreA fl curing €11 4.49 (2.57,7.85) | <0.001* ?rgFL/F:nti)r?;?;e?ﬁnhg)exposwe e e
Curartt mradiestione IV, intravenous; CM, contrast media; AKI, acute kidney
. : . ) injury; eGFR, estimated glomerular filtration rate; OR, odds
ésg;?;eenliﬂigggyemng 0.22(0.05,0.98) | 0.047% ratio; Cl, confidence interval. *p-value < 0.05
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For multivariate logistic regression analysis, those with
a p-value < 0.1 from univariate analysis and other relevant
factors, such as preexisting diseases, were included as
covariates. It was found that baseline CKD stage G3b and
current AKI status were significant predictors of CA-AKI. The
adjusted odds ratios were 2.75 (95% Cl 1.26-6.0, p=0.011)
for CKD stage G3b and 3.99 (95% ClI 1.89-8.42, p <0.001)
for current AKI status. (Table 3).

Table 3 Multivariate logistic regression analysis of associated

factors for contrast-associated acute kidney injury

Adjusted OR

In the subgroup analysis of stable CKD patients,
univariate analysis identified diabetes mellitus,
hematologic malignancy, CKD stages, current diuretic
use, admission to the critical care unit, baseline serum
creatinine, and eGFR before CM exposure as significant
predictors of CA-AKI (Table 4). Multiple logistic regression
showed that hematologic malignancy and CKD stage
G3b were significant independent predictors for CA-AKI.
Factors included in the analysis were diabetes mellitus,
hematologic malignancy, CKD, ward status, and eGFR
before CM exposure. The adjusted odds ratios were 11.3
(95% Cl 1.5-85.2, p=0.019) for hematologic malignancy, and
4.49 (95% Cl 1.02-19.78, p=0.047) for CKD G3b (Table 5).

Table 4 Univariate analysis of associated factors for
contrast-associated acute kidney injury in the subgroup

of stable chronic kidney disease patients

Parameters 95%Cl p-value
Preexisting diseases
« Diabetes mellitus 1.5 (0.71, 3.17) 0.284
« Chronic kidney disease
stages
-G3a Reference 1
-G3b 2.75(1.26, 6) 0.011*
- G4 2.79(0.99, 7.87) | 0.053
g;’;f:&r:” during CM 3.99 (1.89, 8.42) | <0.001*
Current medication
- Diuretics 1.81(0.73, 4.45) | 0.197
Zi;‘;ffrzsor during €M1 5 15 (0.35, 12.99) | 0.406
Mutiple CM expostres | .07 (0.25, 67.0) | 0327
Route of contrast media
* Intravenous Reference 1
« Intraarterial 1.11 (0.08, 15.42) | 0.938
Types of Imaging
» Computed tomography Reference 1
: gsgopg‘:;i;omography 0.54 (0.23,1.29) | 0.168
* Angiogram NA 1
Serum albumin (g/dL) 0.82 (0.5, 1.33) 0.412

CM, contrast media; AKI, acute kidney injury; eGFR,

estimated glomerular filtration rate; OR, odds ratio; Cl,

confidence interval. *p-value < 0.05.

Parameters | OR 95%CI | p-value
Age, year 1.01 (0.97, 1.05) | 0.651
Sex (%)
- Female Reference 1
- Male 0.51 (0.2, 1.25) | 0.138
Body mass index (kg/m?) | 0.92 (0.81, 1.05) | 0.238
(Srilwsrlol—tilgc) blood pressure 1(0.98, 1.03) 0.652
(Drfr;tag)c blood pressure | 95 (0,94, 1.02) | 0.252
Preexisting diseases
« Diabetes mellitus 2.17(0.89, 5.3) | 0.089
« Solid malignancy 1.8(0.73,4.48) | 0.204
+ Hematologic malignancy |5.86 (1.14, 30.16)| 0.034*
« Hypertension 2.09 (0.69, 6.35) | 0.192
« Coronary artery disease N/A 1
« Cirrhosis 1.75(0.22, 14.27)| 0.599
« Chronic kidney disease
stages
-G3a Reference 1
- G3b 5.71 (1.93, 16.83)| 0.002*
-G4 7.71(2.12, 28) | 0.002*
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Table 4 Univariate analysis of associated factors for
contrast-associated acute kidney injury in the subgroup

of stable chronic kidney disease patients (continued)

Parameters | OR 95%CI | p-value

Current medications

Engyme mbitor VA | 098

rAngiotensin [l Receptor | 1.44 (038, 5.44) | 0.587

ocker

» Metformin N/A 0.998

« Diuretics 4.01 (1.47,10.98)| 0.007*
Admission wards

« Outpatient department Reference 1

- General ward 2.55(0.87, 7.49) | 0.088

« Emergency room 3.92(0.89, 17.26)| 0.071

« Critical care unit 39.2 (4.56, 337.06)| 0.001*
Intravenous fluid before CM
exposure

* No Reference 1

« Yes 1.47 (0.6, 3.56) | 0.396
Types of IV fluid before CM
exposure, n (%)

« Normal saline 0.62 (0.07, 5.34) | 0.662

« Acetar/Ringer’s lactate Reference 1

« Isotonic bicarbonate N/A 0.998

.o .

Sgents | wa |
g'\jf;gg;ff:i”e before | 093 (0,37, 236) | 0.878
Muttiple CM exposures 9 67 (0,86, 113.50)| 0.066
Injection site, n (%)

« Intravenous Reference 1

* Intraarterial N/A 0.999
Types of Imaging, n (%)

» Computed tomography Reference 1

: gs;%gssytomography 115 (0.33, 4.03) | 0.831

+ Angiogram 0(0, 1) 0.999
Types of contrast media, n (%)

» Low osmolar Reference 1

« Iso-osmolar 0.72 (0.16, 3.25) | 0.670

Table 4 Univariate analysis of associated factors for
contrast-associated acute kidney injury in the subgroup

of stable chronic kidney disease patients (continued)

Parameters | OR 95%ClI | p-value
Current AKI during CM N/A 1
exposure
Hemoglobin (g/dL) 0.95(0.77,1.18) | 0.656
Hematocrit (%) 1(0.94, 1.08) 0.898
Serum albumin (g/dL) 0.63(0.34, 1.14) | 0.124
Serum creatinine before N
G opesure (sl 2.17 (1.08, 4.36) | 0.029
eGFR before CM exposure N
(mU/min/1.73m?) 0.94 (0.91, 0.98) | 0.001

IV, intravenous; NSS, normal saline; CM, contrast media;
AKI, acute kidney injury; eGFR, estimated ¢lomerular
filtration rate; OR, odds ratio; Cl, confidence interval.

*p-value < 0.05.

Table 5 Multivariate analysis of associated factors with
CA-AKI in the subgroup of stable CKD patients

Adjusted OR

Parameters 950 p-value
Preexisting disease
« Diabetes mellitus 2.07 (0.75, 5.7) 0.161
« Hematologic malignancy | 11.3 (1.5, 85.2) | 0.019*
« Chronic kidney disease
stages
- G3a Reference 1
-G3b 4.49 (1.02, 19.78) | 0.047*
- G4 5.37 (0.4, 72.58) 0.206
Wards
« Outpatient department Reference 1
- General ward 2.3(0.71, 7.44) 0.164
« Emergency room 4.21(0.85, 20.76) | 0.077
« Critical care unit 9.53(0.76, 119.85) | 0.081
;ﬁiﬁjf;i?f SRS 099 (0.92, 1.08) | 0.887

CM, contrast media; eGFR, estimated glomerular filtration

rate; OR, odds ratio; Cl, confidence interval. *p-value < 0.05.
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This study found that the 30-day mortality rate in
the AKI group was 39.7%, predominantly affecting those
with current AKI at 69.6%. Among patients with stable
CKD who died, many had accompanying conditions
such as cancer or sepsis. In contrast, the non-AKI group
had a mortality rate of 6%. The study observed renal
replacement therapy (RRT) within 30 days in the AKI group
at a rate of 10.3%, with 50% of these patients having
current AKI during CM exposure. In the stable CKD group,
three cases requiring RRT were noted: The first case

involved a patient with sepsis, indicated for hemodialysis

due to volume overload, who subsequently died. The
second case involved a patient with metastatic breast
cancer, sepsis, and liver failure, indicated for hemodialysis
due to severe metabolic acidosis. The third case involved
a patient with CA-AKI along with NSAIDs, ciprofloxacin, and
cotrimoxazole exposure, requiring hemodialysis due to
uremia. This patient was able to discontinue hemodialysis
within two weeks, with kidney function returning to
baseline. In the non-AKI g¢roup, 0.2% of patients
underwent RRT, with the patient also presenting with
sepsis (Table 6).

Table 6 Associations between stable chronic kidney disease stages and contrast-associated acute kidney injury

with mortality and renal replacement therapy

Dead within 30 days

RRT within 30 days

Parameters
AKI (n=23) |Non-AKI (n=36) Non-AKI (n=1)
Stable CKD stages, n (%) 6 (26.1%) 16 (44.4%) 3 (50.0%) 1 (100%)
» G3a 1 (4.3%) 9 (25.0%) 2 (33.3%) 0 (0%)
* G3b 4 (17.4%) 4(11.1%) 1 (16.7%) 1 (100%)
« G4 1 (4.3%) 3 (8.3%) 0 (0%) 0 (0%)
Current AKI before CM exposure, n (%) 16 (69.6%) 16 (44.4%) 3 (50.0%) 0 (0%)

CKD, chronic kidney disease; AKI, acute kidney injury; CM, contrast media

Discussion

The prevalence of CA-AKI currently demonstrates
variability across different patient populations. In this
study, the CA-AKI prevalence was 8.9%, encompassing
patients with eGFR ranging from 15 to 59 ml/min/1.73
m?, who underwent CT with CM exposure in outpatient
and inpatient settings, including those with existing AKI.
This finding closely aligns with the research by Kidoh in
Japan, which reported a similar CA-AKI prevalence of
9.1% among patients with eGFR between 15 and 60 ml/
min/1.73 mz."

The multivariate analysis revealed no significant
associations between CA-AKI and baseline patient
characteristics, including age, gender, and regular medi-
cations such as diuretics, metformin, and vasopressor
agents. Previous CKD stage G3b (eGFR 30-44 ml/min/1.73

m?) and current AKl emerged as statistically significant
factors. These findings align with Davenport’s study,
which demonstrated that patients with eGFR < 30 ml/
min/1.73 m” were significantly impacted by CA-AKI, while
those with eGFR 30-44 ml/min/1.73 m” showed a trend
towards significance.’ In our study, 50% of patients with
CKD stage G3b also had current AKl, and approximately
28% of those with CKD stage G4 experienced current AKI.
This high comorbidity likely explains why only CKD stage
G3b significantly influenced CA-AKI in our analysis.
Previous studies in patients in the ICU suggested that
current AKI did not impact CA-AKI. Still, these studies
potentially introduced selection bias by including both
patients who received and did not receive CM. Patients
might have been excluded from CM administration in

cases of severely reduced kidney function.”” Conversely,

https://he01.tci-thaijo.org/index.php/JNST/index

J Nephrol Soc Thail 2025; 31(3): 231-243 241



Meepornbucha et al.

our study found that current AKI significantly influenced
CA-AKI occurrence. While the precise mechanism of kidney
function deterioration after CM exposure remains unclear,
pre-existing AKI warrants careful monitoring.

In a subgroup analysis of stable CKD patients,
multivariate analysis revealed CKD stage G3b and
hematologic malignancy as key factors affecting CA-AKI.
Prior research has demonstrated that multiple myeloma
may elevate CA-AKI risk, particularly in patients with
compromised kidney function, hypercalcemia, or dehy-
dration."**

A key strength of this study is its comprehensive data
collection from a major referral center in Thailand. The
research provides a more representative snapshot of
clinical practice by including patients with reduced eGFR
across both inpatient and outpatient settings, including
those with existing AKI. This diverse patient population
enhances the study’s external validity, capturing a broader
range of kidney function scenarios that more closely mir-
ror real-world conditions.

However, the inclusion of patients with AKI prior to CM
administration means that observed increases in serum
creatinine after CT may be attributable to the underlying
kidney injury rather than to the contrast agent itself. The
high incidence of CA-AKI reported in this study is likely
influenced by the focus on hospitalized patients, most of
whom had documented serum creatinine measurements
after contrast exposure. In contrast, follow-up data on
kidney function are limited in the outpatient setting.

In conclusion, patients with CKD stage G3b and
concurrent AKI are at particularly high risk for CA-AKI.
Careful management and appropriate protective
measures are essential when CM exposure is required in

these individuals
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Furosemide Stress Test for Evaluating
Renal Recovery During Continuous

Renal Replacement Therapy: A Protocol-Based
Pilot Randomized-Controlled (FST-STOP) Trial
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Abstract

Background: The optimal timing for discontinuing continuous renal replacement therapy (CRRT) remains
uncertain. There is limited data on the use of the furosemide stress test (FST) to assess recovery from renal tubular
dysfunction. This study aimed to determine whether FST could facilitate earlier discontinuation of renal replacement
therapy (RRT).

Methods: Critically ill patients with stage 3 acute kidney injury (AKI) who had received CRRT for at least 48 hours were
enrolled and randomized 1:1 to either a protocol-based FST (PB-FST) group or standard care. The primary outcome
was successful RRT discontinuation.

Results: Twenty-four patients were enrolled, with a mean age of 70.3+15.6 years and a median baseline estimated
glomerular filtration rate (eGFR) of 57.5 mL/min/1.73 m? (interquartile range: 47.5-77). CRRT was successfully
discontinued in 6 of 12 patients (50%) in the PB-FST group and 4 of 12 patients (33.3%) in the standard care group
(P = 0.408). By day 2, urine output was 990 mL/day in the PB-FST group compared to 372.5 mL/day in the standard
care group (P = 0.299); by day 5, it increased to 1427.5 mL/day and 932.5 mL/day, respectively (P = 0.386).
Conclusions: PB-FST may be feasible for assessing renal recovery during CRRT. However, the small sample size may

limit the statistical power of the findings.
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Background

Renal replacement therapy (RRT) is a mainstay
treatment for patients with severe acute kidney injury
(AKI) and end-stage renal disease. In particular, AKl affects
50-60% of patients in intensive care units (ICU),"* and
10-15% of those need RRT.” Continuous renal replacement
therapy (CRRT) is one of the modalities used to treat
critically ill patients with hemodynamic instability, which

covers 70% of acute RRT in the ICU.*"

The optimal time to initiate CRRT has been well
established. It has been shown that patients who perform
CRRT early experience a similar mortality outcome
compared with those who perform late CRRT.®’
Conversely, a higher mortality rate was observed in
patients who were more delayed in CRRT initiation.*

However, prolonged CRRT can cause adverse events,
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including hypotension, electrolyte abnormalities, acid-base
disturbances, hypothermia, catheter-related blood-
stream infection (CRBSI), new-onset thrombocytopenia,
new-onset anemia, and arrhythmia.'" Little is known
regarding the optimal time or criteria to stop CRRT. Urine
volume and serum creatinine levels fluctuate gradually
in individuals with AKI. As a result, furosemide has been
applied in a validated test known as the furosemide stress
test (FST) to assess renal tubular function.”

The FST is being used to assess whether patients with
AKI have the potential to initiate CRRT.">"™ Nevertheless,
no prior study has used this test to assess renal
tubular function while the kidney is recovering. In the
protocol-based FST versus standard care for evaluating
renal recovery during CRRT (FST-STOP) trial, we investi-
gated whether FST enhanced early RRT discontinuation

compared to standard care.

Methods

Study design

This prospective, open-label, randomized, placebo-
controlled trial was conducted at the Chiang Mai University
Hospital, Chiang Mai, Thailand, from June 2023 to February
2024. The study was approved by the Institutional Review
Board of the Faculty of Medicine, Chiang Mai University
(study code MED-2566-0034). All participants or legally
related relatives had written informed consent.

Participants and randomization

Participants were randomized 1:1 to either the
protocol-based furosemide stress test (PB-FST) or standard
care. Randomization was done using permuted blocks of
size four without additional stratification. Eligible criteria
included patients age >18 years, AKI stage 3 based on
kidney disease improving global outcomes classification'
and CRRT initiation at least 48 hours in the medical

or surgical ICU. Non-investigator nephrologists had
permission to initiate and adjust the modality of CRRT.
Exclusion criteria consisted of high-dose vasopressors
(defined as norepinephrine >0.5 mcg/kg/min, epinephrine
>0.5 mcg/kg/min, or dopamine =10 mcg/kg/min), severe
electrolyte imbalance (defined as serum potassium >6.5
mmol/L, serum potassium <2.5 mmol/L, serum bicarbonate
<12 mmol/L, or arterial blood pH <7.2), urine output
>2,100 mL/day, obstructive uropathy, chronic kidney
disease (CKD) stage 5 or ESRD, kidney transplantation,
RRT during the previous 14 days, require RRT to eliminate
drugs or toxins, furosemide administration during CRRT,
furosemide allergy, central venous pressure <5 mmHg or
pulse pressure variation >13%, expected death within 24
hours and pregnancy or breastfeeding.

The baseline creatinine value was defined as the
lowest value within 365 days before admission in the
electronic medical record. In patients without previous
creatinine recording, the following formula was applied:
creatinine (in meg/dL) = 0.74-0.2 (if female) + 0.08 (if black)
+0.003 x age (in years), presuming normal baseline renal
function.’

Intervention

The PB-FST group received a furosemide dosage of
1.5 mg/kg intravenously (IV), and urine output was
observed for the next 2 hours. Participants with a
urine volume greater than 200 mL were allowed to
discontinue CRRT; those with less than 200 mL continued
the treatment. For the patients who are required to
continue receiving CRRT, the dose of furosemide should
be raised to 250 mg IV every 6 hours and their urine should
be recorded every 2 hours afterward. After receiving
furosemide for 48 hours, discontinue the medication
if the urine output is less than 200 mL within 2 hours
(Figure 1).
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Furosemide 1.5 mg/kg IV

Urine >200 mlin 2 hrs
after received furosemide

yes

» discontinued CRRT

no y

6 hrs after the prior dose, furosemide 2.5 mg/kg IV
(maximum 250 mg IV drip in 1 hr)

Urine >200 ml in 2 hrs
after received furosemide

yes
» discontinued CRRT

no

6 hrs after the prior dose, furosemide 3.5 mg/kg IV
(maximum 250 mg IV drip in 1 hr)

A

6 hours after prior dose,
furosemide 250 mg IV drip in no
1 h every 6 hours

A

Urine >200 mlin 2 hrs
after received furosemide

yes
discontinued CRRT

\/

(Total 48 hours)

A

Figure 1 Dose of furosemide and urine output monitoring in the protocol-based furosemide stress test group.

CRRT, continuous renal replacement therapy; hr, hour; IV, intravenously

In the standard care group, the nephrologists and
critical care physicians provided furosemide at any dose or
not at all. Participants in both groups obtained additional
treatment according to the guidelines.

Outcomes measurement

The primary outcome was successful discontinuation
of RRT, defined as cessation of continuous CRRT within 48
hours after randomization without restarting any form of
RRT within the following five days. Secondary outcomes
included all-cause mortality at 30 days, RRT dependence
at 30 days, total days of RRT use, urine output on days
2 and 5 after randomization, length of hospital stay,
length of ICU stay, number of ventilator-free days,
the dose of furosemide administered before CRRT
discontinuation, and the maximum dose of furosemide
that failed to achieve CRRT discontinuation. Safety
assessments, including laboratory monitoring, were also

conducted.

Statistical analysis

According to the pilot study estimation, the sample
size was at least 40 cases among patients with AKI
requiring CRRT for at least 48 hours, divided into 20 cases
per group. The 95% confidence interval was determined
with a power of 80%."

Analysis adhered to the basis of intent-to-treat.
Information about patients should be described using
descriptive statistics. Continuous variables are summarized
with means with the corresponding standard deviation
or standard error (mean+SD), median, and interquartile
range (IQR) as appropriate. Categorical variables are given
as proportions or percentages as appropriate. Continuous
variables were compared using the Student’s t test or
the Mann-Whitney U test, and categorical variables were
compared using the Chi-square test or Fisher’s exact test.
To determine risk factors that differ between groups and
either raise or lower the likelihood of RRT discontinuation,

we used odds ratios and 95% relative confidence intervals.
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Significant variables will be assessed through univariate
analysis and multivariate logistic regression to verify
the distinct risk factors between groups. A statistically
significant correlation in this trial is defined by
achieving a P-value of <0.05. All statistical analyses
were performed using Stata software, version 17.0
(StataCorp LLC, USA).

Results

Study participants

During the study, 92 participants received CRRT; 59
patients were eligible for inclusion, and 24 underwent
randomization (Figure 2). Among the randomized
participants, 24 (100%) completed the study. The
median follow-up was 30 days (IQR, 19-45) for the patients

in the two treatment groups.

92 Patients received CRRT

33 Patients did not meet the eligible criteria

A\

Y

1 Age <18 years old
32 Received CRRT less than 48 hrs

59 Met the inclusion criteria

35 Were excluded
6 Recieved high-dose vasopressors
4 urine output 22,100 ml/day
13 CKD stage 5 or ESRD

\

\/

2 kidney transplant recipients

5 Received RRT during the previous 14 days
1 Received furosemide during CRRT

2 CVP <8 mmHg or PPV 213 percent

2 expected survival <24 hrs

24 Underwent randomization

v

'

12 Were assigned to PB-FST

12 Were assigned to standard care

'

'

12 Completed the trial

12 Completed the trial

Figure 2 Study Flow Diagram

CRRT; continuous renal replacement therapy; CKD, chronic kidney disease; ESRD, end-stage renal disease; CVP, central

venous pressure; PPV, positive pressure ventilation; PB-FST, protocol-based furosemide stress test

Baseline characteristics of all patients are shown in
Table 1. The primary cause of hospitalization was sepsis
(37.5%), with a median sequential organ failure assessment
(SOFA) score of 13 (IQR, 12-15). The etiology of AKI was
due to hemodynamic acute tubular necrosis (ATN) in
all patients (100%). The main indication for initiating

CRRT was volume overload (58.3%). The median

norepinephrine dose was 0.21 mcg/kg/min (IQR, 0.1-0.44).
At the time of randomization, the median urine volume
was 117.5 mL/day (IOR, 27.5-447.5), and 90% of patients
had a 6-hour urine creatinine clearance of less than 12
mL/min. All baseline characteristics were comparable

between the two groups.
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Table 1 Baseline characteristics of all patients

Table 1 Baseline characteristics of all patients (continued)

PB-FST Standard PB-FST Standard
Parameters (N = 12) care Parameters (N = 12) care
- (N =12) - (N =12)
Age, yr 72.8+13.8 67.8+17.6 Initial mode for CRRT, no (%)
Male sex, n (%) 9 (75) 8 (66.7) + CVWH 1(8.3) 2(16.7)
Body-mass index, kg/m’ 23.2+4.5 22.4+2.9 « CWHD 3(25) 1(8.3)
Serum creatinine before 11403 14406 CUlEE 8 (66.7) 9 (75)
admission, mg/dL o - Initial anticoagulant for CRRT, n (%)
eGFR .before ad2m|55|on - 60 (49.5, 82)| 55 (37, 75) - None 8 (66.7) 7(58.3)
mU/min/1.73 m
+ Heparin 3 (25) 2(16.7)
Preexisting conditions, n (%)
« Regional citrate 1(8.3) 3(25)
« Cardi lar di * 1(8.3 4(33.3
ardiovascuiar disease ®.3) (33.3) Initial prescribed dose of 3044.3 3040
« Diabetes mellitus 4 (33.3) 5 (41.7) CRRT - mUkg/hr - -
« Hypertension 6 (50) 9 (75) Vasopressor before start of
yp CRRT. n (%) 8 (66.7) 11 (91.7)
o C 25
aneer S o « Norepinephrine - mcg/kg/ 0.21 0.21
« Chronic lung disease 2 (16.7) 1(8.3) min (0.12,0.49) | (0.1,0.3)
sl * Epinephrine - mcg/kg/min (0.02'03.15) (0.02'05.07)
« RAS inhibi 2 4 (33.
> inhibitors 3 25) (33.3) Vasopressors after 48 hrs of
N %) 5(41.7) 8 (66.7)
+ SGLT2 inhibitors 0(0) 2(16.7) CRRT, n (%
« Metformin 3 (25) 1(8.3) « Norepinephrine - mcg/ke/ 0.08 0.13
min (0.04,0.1) | (0.08, 0.23)
* Furosemide 163 2167 Respiratory support after 48 hrs of CRRT, n (%)
« Spironolactone 0(0) 2(16.7) « Non-invasive respiratory 00 S (6
Admission category, n (%) s
+ COVID-19 infection 2 (16.7) 2 (16.7) « Mechanical ventilation 12 (100) 10 (83.3)
) CVP after 48 hrs of CRRT ,mmHg 9+2.1 10.2+4.9
- Coronary artery disease 2 (16.7) 2 (16.7)
Laboratory after 48 hrs of CRRT
« Sepsis 5(41.7) 4(33.3)
. 26.5 33.5
. Surgery 3 (25) 4(33.3) « Blood urea nitrogen, mg/dl (17.5, 32) (26.5, 51)
SOFA score* 12.5(11, 13.5) [ 14.5 (12, 18) » Serum hemoglobin, ¢/dL 9.1+2 9.2+1.4
Indication for CRRT, n (%) « Serum sodium, mmol/liter | 137.3+2.5 136.3+3
+ Acidosis 2(16.7) 2(16.7) * Serum potassium, mmol/ | 5, 5 4 3.940.6
liter S R
« Volume overload 7 (58.3) 7 (58.3)
« Serum bicarbonate, mmol/
« Uremia 3(25) 3 (25) liter 22.1%3.3 AU
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Table 1 Baseline characteristics of all patients (continued)

PB-FST Standard
Parameters (N = 12) care
. (N=12)
Urine volume before start of 845 542.5
CRRT, ml/day (517.5,1117.5) | (250, 1447.5)
Urine volume after 48 hrs of 295 55
CRRT, ml/day (22.5, 480) |(27.5, 297.5)

6-hour urine creatinine clearance after 48 hrs of CRRT, n (%)°

e <12 ml/min 9 (90) 9 (90)

e >12 ml/min 1 (10) 1 (10)

PB-FST, protocol-based furosemide stress test; CRRT,
continuous renal replacement therapy; CVVH, continuous
venovenous hemofiltration; CVVHD, continuous veno-
venous hemodialysis; CVVHDF, continuous venovenous
hemodiafiltration; CVP, central venous pressure; eGFR,
estimated glomerular filtration rate

Cardiovascular disease was defined as a history of any one
or more of the following conditions: valvular heart disease,
coronary artery disease, or congestive heart failure.
SOFA scores on the Sequential Organ Failure Assessment
(SOFA) range from 0-24, with higher scores indicating more
severe disease and a higher risk of death.

Non-invasive ventilation included a nasal oxygen cannula,
a non-rebreather oxygen mask with bag, a high-flow nasal
cannula, continuous positive airway pressure, and bilevel
positive airway pressure.

“Data regarding 6-hour urine creatinine clearance were
available for 20 of 24 patients (83.3%).

Primary and Secondary Outcomes

Successful RRT discontinuation occurred in 6 of 12
patients (50%) in the PB-FST group and in 4 of 12 patients
(33.3%) in the standard care group (P = 0.408) (Table 2
and Figure 3). Deaths at 30 days occurred in 66.7% of
the patients in both groups. RRT dependence at 30 days
occurred in 41.7% of the PB-FST group and 66.7% of the
standard care group (P = 0.219). The duration of RRT was
5 days in the PB-FST group and 6 days in the standard
care group (P = 0.336).

The PB-FST group had more urine volume at day 2
(990 mL/day) compared to the standard care group
(372.5 ml/day) (P = 0.299) and day 5 (1427.5 mL/day and
932.5 mL/day, P = 0.386) (Figure 4). These differences
did not reach statistical significance. The length of
hospital and ICU stays and ventilator-free days, were
also not statistically different.

The dose of furosemide before stopping CRRT or the
maximum dose of furosemide that was unable to stop
CRRT was higher in the PB-FST group (1,000 mg/day)
than in the standard care group (500 mg/day) (P = 0.182)
(Table 2).

Safety outcomes and adverse events

CRBSI occurred in only one patient (8.3%) in the
standard care group, whereas polyuria occurred in
2 patients (16.7%) in the PB-FST group. The incidences
of hyponatremia, hypernatremia, hypokalemia,
hyperkalemia, hypomagnesemia, hypermagnesemia,
hypophosphatemia, and hyperphosphatemia at day 2

or 5 were similar between the two groups (Table 3).

Discussion

The FST-STOP trial is a pilot randomized controlled
study designed to evaluate the feasibility of successful
RRT discontinuation. Although the differences were not
statistically significant due to the small sample size, the
PB-FST group showed a 12% higher rate of successful
RRT discontinuation than the standard care group.
Additionally, patients in the PB-FST group exhibited greater
urine output on days 2 and 5, more ventilator-free days,
reduced dependence on RRT, fewer days of RRT use,
and shorter hospital stay. However, these trends did not
reach statistical significance, likely due to the limited
sample size.

Furosemide acts from the lumen to inhibit the sodium/
potassium/chloride cotransporter (NKCC2) in the thick
ascending limb of the loop of Henle. It also blocks sodium
chloride reabsorption via an NKCC2 splice variant in the
macula densa, disrupting tubuloglomerular feedback and
helping maintain the glomerular filtration rate despite

ongoing diuresis. Inhibition of sodium chloride entry into
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Since the thick ascending limb reabsorbs 20-25% of the

filtered sodium load, furosemide is a potent diuretic that

macula densa cells also triggers volume-independent
renin release from the juxtaglomerular apparatus, acti-
vating the renin-angiotensin-aldosterone system (RAS).  effectively promotes urine output.”’

Table 2 Primary and secondary outcomes

Standard care

Variable (N = 12) P-value

Primary outcome

Successful RRT discontinuation, n (%) 6 (50) 4 (33.3) 0.408
Secondary outcome

Death from any cause at 30 days, n (%) 8 (66.7) 8 (66.7) 1.000
RRT dependence at 30 days, n (%) 5(41.7) 8 (66.7) 0.219
Duration of RRT, days 5(4, 7.5) 6 (4.5, 10) 0.336
Urine volume at day 2, mL/day 990 (347.5, 2307.5) 372.5(67.5, 1372.5) 0.299
Urine volume at day 5, mlL/day 1427.5 (135, 2530) 932.5 (140, 1500) 0.386
Length of hospital stay, days 28 (17.5, 70) 30 (18.5, 39.5) 0.583
Length of ICU stay, days 23.5(11, 29.5) 23.5(13.5, 37.5) 0.773
Ventilator-free days, days 5 (0, 28.5) 2.5 (0, 6) 0.401
S;Ziirgtfirfllj;?ifhr?ﬁZ/z(;;?‘re e 1000 (525, 1000) 500 (0, 1000) 0.182

“Dose of furosemide before stopping CRRT, or the maximum dose of furosemide, was unable to stop CRRT

RRT, renal replacement therapy; ICU, intensive care unit; PB-FST, protocol-based furosemide stress test

[ PB-FST [ Standard care
5 60 P=0.408 7000 990 vs 372.5; P=0.299  1427.5 vs 932.5; P=0.386
50% (6/12) o~
£ 2
< 40 _é 5000
Q0 5 £
E , 33.3% (4/12) g 4000
qg % 3000
on
g 2 = 2000
5 £ = x
o 10 S 1000
&
O 0 P - p— —
PB-FST Standard care urine volume at day 2 urine volume at day 5
Group of Patients Days after Randomization

Figure 3 Successful discontinuation of renal Figure 4 Urine volume at day 2 and day 5

replacement therapy PB-FST, protocol-based furosemide stress test

PB-FST, protocol-based furosemide stress test
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Table 3 Adverse events

Adverse events

Standard care

(N )

Catheter-related bloodstream infection — no. (%) 0(0) 1(8.3) 1.000
Polyuria - no. (%) 2 (16.7) 0 (0) 0.478
Hyponatremia — no. (%)

. day 2 3(25) 3 (25) 1.000

« day 5 3 (25) 5(41.7) 0.386
Hypernatremia - no. (%)

» day 2 2 (16.7) 0 (0) 0.478

. day 5 4 (33.3) 0 (0) 0.093
Hypokalemia - no. (%)

- day 2 5(41.7) 4 (33.3) 0.673

. day 5 4.(33.3) 1(8.3) 0.317
Hyperkalemia - no. (%)

. day 2 0 (0) 0 (0) =

. day 5 0 (0) 1(8.3) 1.000
Hypomagnesemia - no. (%)

« day 2 (8.3) 0(0) 1.000

« day 5 (8.3) 0(0) 1.000
Hypermagnesemia - no. (%)

. day 2 6 (50) 5 (41.7) 0.682

. day 5 5(41.7) 6 (50) 0.682
Hypophosphatemia — no. (%)

. day 2 3(25) 4 (33.3) 0.653

« day 5 2 (16.7) 2 (16.7) 1.000
Hyperphosphatemia — no. (%)

- day 2 0 (0) 2 (16.7) 0.478

« day 5 1(8.3) 4 (33.3) 0.317

PB-FST, protocol-based furosemide stress test

Prolonged CRRT can cause several adverse events.!!
According to the 2012 KDIGO guidelines for AKI, RRT
should be discontinued when it is no longer required.”®
However, this recommendation lacks specific guidance.
CRRT weaning involves evaluating hemodynamic stability,
volume status, solute control, daily obligate inputs, and
the need to improve patients’ mobility. Assessing the
degree of kidney recovery is essential to CRRT weaning.
The response to furosemide serves as a functional test,
requiring the integrity of multiple nephron components—

from glomerular filtration to proximal tubular secretion

and luminal patency.”

A previous systematic review and meta-analysis demon-
strated that the administration of furosemide at any
time was associated with increased urine output and
a shorter duration of RRT, findings consistent with our
trial.2! Moreover, a single-center randomized controlled
trial investigated patients who received continuous infu-
sions of furosemide (0.5 mg/kg/h) after the completion
of continuous venovenous hemofiltration (CVVH). The
results showed an increase in urine volume, but no

improvement in the rate of renal recovery.?? In contrast,
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our trial provided specific indications of successful RRT
discontinuation, which may be attributed to a higher bolus
dose of furosemide that produced greater urine output
and supported the decision to discontinue CRRT.

Currently, the findings from our trial support those of
a recent large retrospective observational cohort study,
which showed that furosemide use was associated with
increased ventilator-free and RRT-free time.?2 Our trial also
demonstrated no major safety concerns with furosemide
use, suggesting that PB-FST may be a practical tool in
clinical settings.

A key strength of this study is that it is the first
randomized controlled trial to utilize furosemide as a
PB-FST during CRRT across a broad spectrum of baseline
CKD severity, contributing to earlier discontinuation of
CRRT. However, the major limitation is the small sample
size, due to a short enrollment period, which may
have limited the statistical significance of the results.
Additionally, other confounding factors common in
critically ill patients—such as sepsis or fluid status—can
influence mortality, hospital outcomes, and urine output.

In conclusion, this study suggests PB-FST is feasible
for assessing renal recovery during CRRT. However, the
small sample size may limit the statistical power of these

findings.
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Gadolinium-Associated Acute Kidney Injury:
A 10-Year Single-Center Retrospective
Cohort Study

Saravanee Ariyanopparut', Wanniya Meenune', Ponprom Srisakorn’
'Division of Nephrology, Department of Internal Medicine, Rajavithi Hospital, Bangkok, Thailand
“Division of Radiology, Department of Radiolosy, Rajavithi Hospital, Bangkok, Thailand

Abstract

Background: In studies conducted in Europe and the United States, gadolinium-associated acute kidney injury
(GA-AKI) has been reported in high-risk patients after receiving gadolinium-based contrast agents (GBCAs). Currently,
there is no data available on Asian populations to confirm these findings.

Methods: A retrospective cohort study of chronic kidney disease patients with an estimated glomerular filtration
rate (eGFR) < 60 ml/min/1.73m’ who received GBCAs from 2013 to 2023 at a tertiary care hospital. The outcomes
were the incidence of GA-AKI and the associated risk factors.

Results: Among the 182 patients, the incidence of GA-AKI was 4.4%. Although the GA-AKI group had significantly
higher age (> 65 years) (OR 6.374; 95% Cl 0.720-56.426, p=0.096), diastolic blood pressure > 80 (OR 6.148; 95% Cl
1.111-34.008, p=0.037) and eGFR <30 ml/min/1.73m” (OR 7.920; 95% CI 1.642-38.196, p=0.010). The ROC curve
analysis for predicting GA-AKI scored 2 out of 3, with a sensitivity of 87.5% and a specificity of 78.2%.

Conclusions: The incidence of GA-AKI was low. The associated factors included older age, higher diastolic
blood pressure, and eGFR < 30 ml/min/1.73m’.
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Introduction

Radiological diagnostic tools have been used for
diagnosing and monitoring treatment outcomes in medicine
for a long time. These tools have been continuously
developed to reduce side effects caused by the radiation
and iodine-based contrast agents associated with acute
kidney injury. This development led to the creation of
magnetic resonance imaging (MRI) machines. In 1988, the
Food and Drug Administration (FDA) approved the use of
gadolinium injection in conjunction with MRI diagnostics
to enhance diagnostic efficiency’. Gadolinium is primarily

eliminated through the kidneys. According to the guidelines

of the European Society of Urogenital Radiology (ESUR)
in 2018° and the American College of Radiology (ACR)
in 2024°, the risk of nephrotoxicity from gadolinium
injection is low if the appropriate dosage is used, i.e.,
less than or equal to 0.3 millimoles per kilogram of body
weight. However, some studies support the occurrence
of nephrotoxicity from gadolinium injections in high-risk
patients, such as those with heart disease, diabetes, or
hypertension. Most studies on the nephrotoxicity of
Gadolinium-Based contrast agents (GBCAs) have been
conducted in Europe and the United States*”. There is a

lack of research on Asian populations to confirm these
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findings. Therefore, the present study investigated the
prevalence of acute kidney injury (AKI) associated with

GBCAs and the associated risk factors.

Materials and methods

Study design and population

We extracted data from a retrospective single-center
cohort using electronic medical records (n = 3,634).
Chronic kidney disease (CKD) patients with an eGFR of
60 ml/min/1.73m2 or below who received GBCAs from
2013 to 2023 at Rajavithi Hospital, a tertiary care hospital
in Bangkok, Thailand, as shown in Figure 1. This study

was approved by the Institutional Review Board of the

Research Ethics Committee of Rajavithi Hospital (IRB No.
004/2568). Written informed consent was waived.

The inclusion criteria were as follows: (1) non-dialysis
CKD with an eGFR < 60 ml/min/1.73m? for more than
3 months, (2) adults aged 18 years or older, and (3) those
who received GBCAs. The exclusion criteria included:
(1) post-kidney transplant status, (2) receiving dialysis,
(3) history of nephrectomy or having a single kidney,
(4) administration of GBCAs within the past 7 days, and
(5) lack of available inpatient or outpatient data. GBCAs
refer to contrast agents used in conjunction with MRI.
They are classified into two types based on their structure:

linear GBCAs and macrocyclic GBCAs.

All patients undergoing MRI with Gadolinium in Rajavithi Hospital
between January 2013 - December 2023

N = 3,634
333  Age <18 years
2,918 GFR >60
|2 KT recipients
11 RRT
3 Nephrectomy
185  Missing data
182 kidney disease patients
GA-AKI No GA-AKI
(N =28) (N =174)

Figure 1 Study flow diagram

GA, Gadolinium; AKI, acute kidney injury; RRT, renal replacement therapy; KT, kidney transplant

Outcomes

The outcomes of the present study were the incidence
of gadolinium-associated acute kidney injury (GA-AKI),
characterized by an increase in serum creatinine of 0.3
me/dL or >1.5 times from baseline within 48-72 hours
following GBCA administration®, and the identification of
associated risk factors.

Sample size calculation

The sample size for this study was calculated based

on a previous study by Takahashi et al. (2018), which
reported a 14.8% incidence of gadolinium-induced
nephrotoxicity in pre-dialysis chronic kidney disease
patients. With a significance level of 0.05 and a margin
of error not exceeding 20% of the incidence rate, the
required sample size was determined to be 536. To account
for an estimated 20% rate of missing data, the final target

sample size was adjusted to 644 participants’.

https://he01.tci-thaijo.org/index.php/JNST/index

J Nephrol Soc Thail 2025; 31(3): 255-263 + 2571



Ariyanopparut et al.

Statistical analysis

Categorical variables were compared using the
Chi-square or Fisher’s exact test, while continuous
variables were analyzed using the independent t-test.
Univariate and multivariate logistic regression analyses
were performed to identify factors associated with
gadolinium-associated acute kidney injury (GA-AKI), with
results reported as adjusted odds ratios and 95%
confidence intervals. Selected variables were used to
develop a predictive scoring system for GA-AKI, and its
performance was evaluated using receiver operating
characteristic (ROC) curve analysis. All statistical analyses
were conducted using IBM SPSS Statistics version 26, and
a p-value of less than 0.05 was considered statistically

significant.

Results

A total of 3,634 CKD patients with eGFR < 60 ml/
min/1.73m’ received GBCAs between 1 January 2013 and
1 January 2023. Three thousand four hundred fifty-two
patients were excluded due to the following reasons:
eGFR 260 ml/min/1.73m* (n=2,918), kidney transplant

status (n=2), renal replacement therapy (n=11),

nephrectomy or single kidney disease (n=3), age <18
years (n=333), and missing data (n=185), resulting in 182
patients finally recruited (Figure 1).

Baseline characteristics are shown in Table 1. The
mean age was 65.53+14.62 years, with a significantly
higher age in the AKI group (70.13+4.94 years) compared
to the non-AKl group (65.32+14.89 years, p=0.037).
The mean eGFR was 44.83+11.04 ml/min/1.73m?,
with a significantly higher percentage of eGFR <30 ml/
min/1.73m’ in the AKl group (50%) compared to the
non-AKI group (10.3%, p=0.001). A higher percentage of
patients in the AKI group had diastolic blood pressure
above 80 mmHg (85.5%) compared to the non-AKI group
(53.1%, p=0.028). There were no statistically significant
differences between the two groups in terms of
underlying diseases, potential nephrotoxic drugs
received concurrently (ACEi, ARB, metformin, SGLTZ2i,
diuretic, aminoglycoside, NSAIDs), or types of GBCASs.

The incidence of GA-AKl was 4.4%, as shown in Table 2.
The eGFR pre- and post-administration of gadolinium-
based contrast agents declined by 12.75+11.08 in the
AKl group, compared to an improvement of 11.89+18.23
in the non-AKI group (p <0.001).

Table 1 Baseline characteristics and laboratory data of all patients

Characteristics

Total (n=182)

AKI (n=8)

Non-AKI (n=174)

p-value

Female, n (%) 100 (54.9%) 5(62.5%) 95 (54.6%) 0.732
Age, years 65.53+14.62 70.13+4.94 65.32+14.89 0.037*

« Age > 65 years, n (%) 100 (54.9%) 7 (87.5%) 93 (53.4%) 0.058
Body weight, ke 60.98+13.24 59.5+12.92 61.03+13.3 0.821
Height, cm 159.32+13.15 157.33+8.74 159.37+13.26 0.792
Body mass index, kg/m’ 23.77+4.44 24.79+8.56 23.75+4.36 0.690
Systolic blood pressure, mmHg 133.2+24.41 147.87+30.2 132.5+23.99 0.082
Diastolic blood pressure (DBP), mmHg 77.03+14.81 87.12+18.47 76.55+14.51 0.048*

« DBP > 80 mmHg, n (%) 67 (36.8%) 6 (75%) 61 (35.1%) 0.028*
Underlying diseases, n (%)

+ Diabetes mellitus 44 (24.2%) 2 (25%) 42 (24.1%) 1

« Diabetic nephropathy 8 (4.4%) 1 (12.5%) 7 (4%) 0.307

+ Diabetic retinopathy 5(2.7%) 1(12.5%) 4 (2.3%) 0.203

« Peripheral arterial disease 3 (1.6%) 0 (0%) 3 (1.7%) 1

258 U Nephrol Soc Thail 2025; 31(3): 244-254

https://he01.tci-thaijo.org/index.php/JNST/index




Original Article JNST

Table 1 Baseline characteristics and laboratory data of all patients (Continued)

Characteristics Total (n=182) NN GES)) Non-AKI (n=174) p-value

« Hypertension 82 (45.1%) 4 (50%) 78 (44.8%) 1

« Cirrhosis 9 (4.9%) 1 (12.5%) 8 (4.6%) 0.339

« Heart failure 4 (2.2%) 0 (0%) 4 (2.3%) 1

« Urological cancer 6 (3.3%) 0 (0%) 6 (3.4%) 1

« Non-urological cancer 37 (20.3%) 0 (0%) 37 (21.3%) 0.363
Medications, n(%)

o ACEi 13 (7.1%) 0 (0%) 13 (7.5%) 1

* ARB 12 (6.6%) 1(12.5%) 11 (6.3%) 0.427

+ Metformin 15 (8.2%) 0 (0%) 15 (8.6%) 1

e SGLT2i 1 (0.5%) 0 (0%) 1 (0.6%) 1

« Diuretics 17 (9.3%) 0 (0%) 17 (9.8%) 1

« Aminoglycoside 2 (1.1%) 0 (0%) 2 (1.1%) 1

» NSAIDs 12 (6.6%) 1 (12.5%) 11 (6.3%) 0.427
Types of gadolinium, n (%)

» Linear non-ionic 15 (8.2%) 2 (25%) 13 (7.5%) 0.133

« Linear ionic 111 (61%) 4 (50%) 107 (61.5%) 0.713

» Cyclic non-ionic 10 (5.5%) 0 (0%) 10 (5.7%) 1

« Cyclic ionic 46 (25.3%) 2 (25%) 44 (25.3%) 1
Blood urea nitrogen, meg/dL 24.11+14.9 19.38+9.98 24.34+15.08 0.359
Creatinine, meg/dL 1.53+0.72 2.46+2.01 1.49+0.59 0.213
CKD Stage, n (%)

« CKD stage 3a 112 (61.5%) 2 (25%) 110 (63.2%) 0.056

+ CKD stage 3b 51 (28%) 3 (37.5%) 48 (27.6%) 0.693

e CKD stage 4 13 (7.1%) 2 (25%) 11 (6.3%) 0.133

» CKD stage 5 2 (1.1%) 1 (12.5%) 1 (0.6%) 0.086
eGFR, ml/min/1.73m? 44.83+11.04 33.63+17.51 45.34+10.44 0.101
GFR < 30 mlU/min/1.73m’, n (%) 22 (12.1%) 4 (50%) 18 (10.3%) 0.001*
Serum bicarbonate, mmol/L 23.13+4.39 24.43 + 4.61 23.07+4.38 0.425
Serum phosphorus, mmol/L 3.75+1.24 3.63+0.9 3.75+1.26 0.843
Serum albumin, g¢/L 3.64+0.82 3.69+0.41 3.64+0.83 0.875
Hemosglobin, g/dL 11.16+2.53 12.57+2.07 11.1+2.53 0.165
Fasting blood sugar, mg/dL 145.48+118.85 107+21.21 146.27£119.92 0.646

ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; CKD, chronic kidney disease; eGFR,

glomerular filtration rate estimated by Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation; NSAIDs,

nonsteroidal anti-inflammatory drugs; SGLT2i, sodium glucose co-transporter subtype 2 inhibitors
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Table 2 Laboratory data pre- and post-administration of gadolinium-based contrast agents

Parameters Al (n=182) N GEL)) Non-AKI (n=174)

Pre-contrast BUN 24.11+14.9 19.38+9.98 24.34+15.08 0.359
Post-contrast BUN 19.93+11.35 23.63+10.23 19.75+11.4 0.348

« Change in BUN -4.74+11.42 4.25+8.4 -5.2+11.39 0.022*
Pre-contrast Cr 1.53+0.72 2.46+2.01 1.49+0.59 0.213
Post-contrast Cr 1.34+0.7 3.16+1.97 1.25+0.45 0.029%

« Change in Cr -0.19+0.56 0.71+0.67 -0.23+0.52 <0.001*
Pre-contrast eGFR 44.83+11.04 33.63+17.51 45.34+10.44 0.101
Post-contrast eGFR 55.64+21.03 20.88+10.78 57.24+19.99 <0.001*

» Change in eGFR 10.81+18.66 -12.75+11.08 11.89+18.23 <0.001*

BUN, blood urea nitrogen; Cr, creatinine; eGFR, glomerular filtration rate estimated by Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) equation

Multivariate logistic regression analysis was
conducted to identify risk factors associated with
GA-AKI. Statistically significant factors identified
included age >65 years, diastolic blood pressure (DBP)
>80 mmHg, and eGFR <30 ml/min/1.73m? as shown
in Table 3. The accuracy of the risk score was tested

using the ROC analysis and evaluating the area under

the curve, as shown in Figure 2. The risk score comprised
three variables: age >65 years, DBP < 80 mmHg, and
eGFR <30 ml/min/1.73m?, with a value of 1 if the factor
was present and 0 if it was absent. A score of 2 out of 3
predicted GA-AKI with a sensitivity of 87.5% and a
specificity of 78.2% (Table 4).

Table 3 Multivariate analysis of factors associated with gadolinium-associated acute kidney injury

95% Confidence Interval

Adjusted Odds Ratio

Age >65 6.374 0.720 56.426 0.096 1
DBP >80 6.148 1.111 34.008 0.037* 1
eGFR <30 7.920 1.642 38.196 0.010* 1

DBP, diastolic blood pressure; eGFR, gslomerular filtration rate
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Sensitivity

AUC =0.862 (95% CI: 0.752 to 0.973)

p=0.001
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2 Receiver operating characteristic curve analysis

AUC, area under the curve; Cl, confidence interval

Table 4 Predicted values at different cut-off points

Cut-off ‘ Sensitivity ‘ Specificity ‘ PPV ‘ NPV ‘ Accuracy ‘ ‘ Youden index
0 100.0% 0.0% 4.4% N/S 4.4% 1.00 N/A 0.000
1 100.0% 27.0% 5.9% 100.0% 30.2% 1.37 0.00 0.270
2 87.5% 78.2% 15.6% 99.3% 78.6% 4.01 0.16 *0.657
3 25.0% 97.7% 33.3% 96.6% 94.5% 10.88 0.77 0.227

PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio

Discussion

This study found that the incidence of GA-AKI was
4.4%, which aligns with previous studies in Europe and
America, where the reported range is from 3.5% to 28%'***.
The incidence of GA-AKI is lower than in the previous
study, likely due to a higher baseline eGFR. However,
it can be observed that in the group that developed
GA-AKI, the eGFR values were similar to those in the
previous study. Several associated factors are described
in earlier studies, both for iodine-based and GBCAs.
In the subgroup analysis, we first focused on patient
factors, including sex, age, underlying diseases, and current
medications. Second, we examined the characteristics of
GBCAs, such as drug structure. In our study, patients only

received gadolinium via the venous route, so we could

not identify differences associated with the arterial
route. According to the ESUR 2018 and ACR 2024
guidelines, a low incidence of GA-AKI is observed with
a gadolinium dose lower than 0.3 millimole per kilogram
of body weight. In our center, we used a dose range of
0.1-0.2 millimole per kilogram of body weight. Third, we
analyzed baseline laboratory data before contrast
administration, including creatinine, estimated glomerular
filtration rate, serum bicarbonate, serum phosphate,
serum albumin, hemoglobin level, and proteinuria.

In the univariate analysis, we found that age >65 years,
diastolic blood pressure >80 mmHg, and an eGFR <30 ml/
min/1.73m?’ are factors associated with the development
of GA-AKI. This observation suggests that functional
renal dysfunction may be attributed to the physiologic

https://he01.tci-thaijo.org/index.php/JNST/index
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consequence of aging and the use of nephrotoxic drugs
in the past in older patients, which are not used in the
present. Upon reviewing previous studies on blood
pressure and changes in renal function, elevated systolic
blood pressure and/or pulse pressure, indicative of arterial
stiffness, were associated with a more rapid decline
in kidney function. In contrast, this association was not
observed in the isolated high diastolic blood pressure
group. As in previous literatures”, a greater reduction in
eGFR is associated with a higher risk of GA-AKI. However,
there was no significant difference in chronic kidney
disease risk factors, including diabetic nephropathy and
hypertension. hsan Erglin et al. retrospectively studied 91
patients with chronic kidney disease stages 3 and 4, with
a mean eGFR of 33 mL/min/1.73m? and demonstrated
GA-AKlin 11 of 91 patients (12.1%), defined by an increase
in creatinine level of more than 0.5 mg/dL within 24-72
hours. They identified risk factors including advanced
age, diabetic nephropathy, low hemoglobin levels, and
low serum albumin levels. In contrast to our study, we
could not demonstrate an association between GA-AKI
and baseline hemoglobin or serum albumin levels. To date,
the American College of Radiology divides gadolinium-
based contrast agents into Group |, Group II, and Group Il
agents according to their molecular structure, distinguishing
between cyclic and linear forms. Group Il agents are
recommended for use due to their lower nephrotoxicity™.
However, our study could not find statistically significant
results, possibly due to the limitation that linear agents
are not currently in use.

This study has several limitations inherent to its
retrospective design. Notably, the absence of a control
group and the failure to achieve the calculated sample
size may compromise the robustness of the findings. The
insufficient sample size was primarily due to substantial
missing data. Despite these constraints, our analysis
identified factors associated with GA-AKI in patients of
advanced age, those with moderate to severe renal
insufficiency, and those with elevated diastolic blood
pressure. Based on these associations, we developed
a risk score incorporating three variables: age >65, DBP
>80 mmHg, and eGFR < 30 ml/min/1.73m2. A score of

2 out of 3 was predictive of GA-AKI. However, the
occurrence of only eight AKI events limits the study’s
statistical power and may preclude a reliable multivariable
analysis.

In conclusion, our study demonstrated an incidence
of GA-AKI of 4.4%. Subgroup analysis revealed that age
>65 years, DBP >80 mmHg, and an eGFR <30 ml/
min/1.73m’ were associated with a higher likelihood
of developing GA-AKI. The predicted risk score may be
applicable in clinical practice, and one of the three
modifiable factors associated with GA-AKI is elevated
diastolic blood pressure (above 80 mmHg). Better control
of diastolic blood pressure is therefore likely to provide
more benefits than risks for patients. However, given
the limitations of this dataset, particularly the relatively
small number of patients who developed GA-AKI in
the study, the scoring system may be prone to
overprediction. A well-designed and longer prospective

study may be required to validate this hypothesis.
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Comparative Anatomy of the Right and Left
Internal Jugular Veins: Implications for
Optimal Central Venous Catheter Placement
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Abstract

Background: Central venous catheters are essential for dialysis, with the internal jugular vein (1JV) being the
preferred access site. Recognizing anatomical variations of the IJV is crucial to avoid accidental arterial puncture.
This study aims to describe anatomical variations of the right and left 1JVs.

Methods: We retrospectively reviewed neck CT scans from 123 patients who underwent imaging at our hospital
between January 1, 2015, and December 31, 2019. We recorded the bilateral 1JV diameter, depth from the skin,
distance to the common carotid artery (CCA), and the IJV’s positional relationship to the CCA. The IJV’s position
relative to the CCA was classified as lateral, anterior, anterolateral, medial, or posterior, based on its location at the
level of the cricoid cartilage.

Results: Most 1JVs (90.24%) were positioned lateral to the CCA, with the left side demonstrating greater
anatomical variation. The left 1JV overlapped the CCA more frequently than the right in the anterolateral position,
and only left JVs were found in the anterior position. Right 1JVs were larger in 85.4% of patients, with a significantly
greater mean diameter (16.04+3.51 mm vs. 12.57+3.30 mm, p <0.001) and were more superficial (13.06+3.46 mm vs.
14.28+3.26 mm, p <0.001) compared to the left.

Conclusions: Due to less anatomical variability and a more favorable puncture site, the right 1JV is generally more

suitable for vascular access than the left.

Keywords: double lumen catheter; hemodialysis; TCC; tunneled cuffed catheter

Corresponding author: Parichat Tanmit @ HOE
BY NC ND

Email: paricta@kku.ac.th, pari.tanmit@email.com

All material is licensed under terms of
the Creative Commons Attribution 4.0

Received: 29 June 2025; Revised: 16 July 2025; Accepted: 20 July 2025 International (CC-BY-NC-ND 4.0)
https://doi.org/10.63555/jnst.2025.280631 fense s ohenise sated

264 U Nephrol Soc Thail 2025; 31(3): 264-270 https://he01.tci-thaijo.org/index.php/JNST/index



Short Communication JNST

nsAnwIlIauisunansimauadvaantiane,
v v v = | <

AazeILazdeta: taduuuimaeluns

laaaarunaanidane lval

a S

9y 53ananaa, Un3v1a auling, Naas Ae1yde, KR 99AENS, MIAYY dananadal,
qivYn Uszia3gasygy, lvegns sulwaia

NIATVIFBEAITNT AQSUNNEAIFRNS UNIINYIALYDULAY

unAnge

und: angaiunasadenmdiunansiiniusiiudmsunisenls naeadendine (internal jugular vein, V) 18u
Fumisifeslilunadrdaaenien wazsududomauisnnunainuatenanisiniaveanaendeniifiotoiu
nsunsnanadvasaidonuadasgtivg msdnwiiinguszasdiiessuisarumarnvaieniniginavemaondend
AoYABITNS

s2f8uABHde: nefnwidibumsfinymurmudeyadinedoundssuau 123 s Aldfumanmaenusdaouinmesusnmne
Fausufl 1 uns1e ne. 2558 e 31 Sunaw wa. 2562 lastufindeyaruinduiuguinanseavaeaidensaoiiaesdig
ANUANINHIMIT TEEEMINVABATALAIALTFAR kaLFLUIYBIIARAERAMABIEUTUTADALEOALAIATLIAN RS9
dwiuduniemasndensnefonaenidenunnlsin lneduundumiadu dudrs (ateral) dumin (anterior)
shumthidesdng (anterolateral) #uly (medial) w3asumds (posterion) UsziliufiszAunsegnesulasaoss

HaN13338: viaeadenminediulng (90.24%) agniwiudisveasniienuainilsin lngnasaidendined1ade
WARIANVAINYANEVBIAMILMUININNTT aeadenined s elinsteuriuiunaenidenunialsintudiunsanunii
dosinatesnininaen wuvasmdendiaedreireiduiioglusumisiundy weondendiaodisndivusluginy
(85.4%) laeflvwaduniugudnatsunnssiuegalidedfny (16.04+3.51 uy. Weudy 12.57+3.30 1y, p <0.001) @
ogiundn (13.06+3.46 usl. Uiy 10.28+3.26 11, p <0.001)

ayU: vaeaidenmastnsmnyandmiunsdhimasaidennnniniide iesnnfienuvanamanemaneiniatiesnin
wardiumisiidesuesensunsnn

o o w & ° 2 v & =~ 2 v = o 1
ANEIALY: ADALABARNIAD, Wamaammmmaﬂmmam; WE]ﬂLa@@I‘, m&lm; NAALADANFIUNAN; msm‘m/\laﬂlm

Background as diabetes and hypertension.” The decision to implement

In 2019, the global burden of chronic kidney disease  hemodialysis is based on clinical situations and laboratory
was estimated to account for 41.5 million cases." The  status. For emergency conditions, the optimal mode of
increasing burden of kidney impairment is attributed toan  hemodialysis care involves central venous double-lumen

aging society and the rising prevalence of risk factors such  catheter cannulation.” The placement of a dialysis
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catheter is a necessary initial step in starting renal
replacement therapy in acute settings. The potential
insertion sites of dialysis catheters to access the
intravascular space for renal replacement therapy include
the internal jugular, subclavian, and femoral veins.*
Complications from vascular access in dialysis patients
are a significant cause of morbidity and mortality. Overall,
central venous catheterization-related complications are
reported in 5 to 19 percent of cases.” Subclavian venous
catheterization is not recommended due to the associated
risk of severe acute complications, such as hemothorax,
pneumothorax, incompressible vascular hemorrhage, and
subsequent venous stenosis.*’ The internal jugular vein
(IJV) is a common site for catheter insertion. However,
the IV is located adjacent to the common carotid artery
(CCA), and complications may arise from the cannulation
procedure, such as accidental carotid arterial puncture
with serious consequences, including massive bleeding,
carotid pseudoaneurysm, arteriovenous fistula, and
stroke.® Successful catheterization relies on a thorough
understanding of the anatomy of the neck. Anatomic
variations in the size and location of the internal jugular
vein may lead to increased procedural complications.’
This study aimed to analyze the anatomical variations of
the bilateral internal jugular veins and their relationship

to the common carotid artery.

Materials and Methods

Study design and study population

Aretrospective review was conducted on 123 patients
over the age of 18 from a general hospital cohort who
underwent a computed tomography angiography scan
of the neck at Srinagarind Hospital of Khonkaen University
between January 1, 2015, and December 31, 2019.
Patients with known abnormal neck anatomy, neck
tumors, previous neck surgery or trauma, or neck radiation
were excluded from this study.

The study was approved by the Center for Ethics in
Human Research at Khon Kaen University (KKUEC), with
the committee’s reference number HE631566. All patient
identifiers were removed following data collection from
medical records. Informed consent was waived due to the
retrospective nature of the study. The study was conducted
in accordance with the Declaration of Helsinki.

Measurements

We measured the bilateral diameter of the 1JVs, their
depth from the skin surface at the level of the cricoid
cartilage, and the shortest linear distance between the
IJVs and CCAs. The reference points for determining the
IJVs’ location were the CCAs at the same level of the axial
slice at the level of the cricoid cartilage. The measurement
was performed by a qualified surgeon.

We classified the locations into five categories: lateral,

anterolateral, anterior, medial, and posterior (Figure 1)1

@@%@@

Lateral Anterolateral

overriding 250%

Anterior

Medial Posterior

« Lateral: The JV is positioned lateral to the CCA.
« Anterolateral: The 1JV lies anterolateral to the CCA, partially overlapping by 50-99%.

« Anterior: The 1JV is located directly anterior to the CCA, with complete (100%) overlap.
» Medial: The DV is positioned medial to the CCA.
« Posterior: The CCA lies anterior to the IJV, with complete (100%) overlap.

Figure 1 Schematic showing the anatomical relationship between the internal jugular vein and the common carotid

artery (A: Common carotid artery, V: Internal jugular vein).
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Statistical analysis

The sample size for this study was determined based
on existing literature, requiring a total of 84 cases."
Continuous variables are presented as means with
standard deviations. Comparisons of continuous data
were performed using either the Student’s t-test or
the Mann-Whitney U-test, as appropriate. Categorical
variables were compared using the Chi-squared test or
Fisher’s exact test. Statistical analyses were conducted
using IBM SPSS Statistics, Version 28. A p-value of less than

0.05 was considered statistically significant.

Results
A total of 123 cases with 246 1JVs were evaluated and

analyzed retrospectively. Eighty-six cases (69.92%) were

indicated in Table 2. The smallest recorded diameter
was 6.1 mm on the right side and 5.43 mm on the left.
There was significantly more distance between the 1JV
and CCA walls on the right side. The number of cases
with a distance of less than 1 mm from 1JV to CCA was
higher on the left side. In the neutral position of a
neck CT scan, most of the 1)V is located at the lateral
aspect of the CCA on both sides, followed by the
anterolateral position. The left IJV overlaps the CCA in
the anterolateral position more than the right. We
found the anterior position of the IJV only on the left
side (Table 3).

Table 1 Demographic data of all patients

Parameters | Values
male. The patients’ ages ranged from 18 to 84 years old,
with a mean age of 53.32+15.34 years (Table 1). In most Age (year), mean (SD) °3.32+15.343
cases (105 out of 123, or 85.4%), the diameter of the right | Sex, n (%)
internal jugular vein (1JV) was larger than that of the left. * Male 86 (69.9)
This difference in diameter was statistically significant, as » Female 57(30.1)
Table 2 Characteristics of the internal jugular vein
Parameters ‘ Right (n = 123) ‘ Left (n = 123) ‘ P
Diameter (mm, mean+SD) 16.04+3.51 12.57+3.30 <0.001
Number of the right IJV larger than the left, n (%) 105/123 (85.4%) =
Depth from skin surface (mm, mean+SD) 13.06+3.46 14.28+3.26 <0.001
Relative distance from CCAs (mm, mean+SD) 1.61+0.72 1.32+0.54 <0.001
Distance <1 mm away from CCAs, n (%) 15 (12.2%) 28 (22.8%) -

Table 3 Anatomical relationship between the internal jugular vein and the common carotid artery

Position of the internal jugular vein Right (n = 123) Left (n = 123) Total %
Lateral, n (%) 119 (96.7%) 103 (83.7%) 90.24%
Anterolateral, n (%) 4 (3.3%) 17 (13.8%) 8.54%
Anterior, n (%) - 3(2.4%) 1.22%

Medial, n (%)

Posterior, n (%)
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Discussion

Central venous catheterization is crucial for providing
acute hemodialysis via a catheter. It is also essential
to administer intravenous fluid resuscitation for
hemodynamically unstable patients. Proper placement
of the catheter requires anatomical knowledge and
good surgical techniques. Complications from this
procedure can lead to life-threatening conditions such
as vascular injury, uncontrolled hemorrhage, stroke, or
hemopneumothorax.'

The most suitable location for puncture to insert
the catheter is at the level of the cricoid cartilage due
to the superficial and relatively bulkier nature of the
IJV at this point.”> We rely on the anatomical landmarks
of the 1JV and CCA at the level of the cricoid cartilage
for guidance. Compared to ultrasonography, a CT scan
offers advantages by eliminating operator-dependent
variations, no external compression to the veins as is done
during ultrasound, and allowing for the assessment of any
anatomical irregularities in the head and neck that might
affect the characteristics of the vessels."

There are circumstances under which ultrasonography
may be unavailable, especially in emergency central
venous access. The technique utilizing external
anatomical landmark guidance for accessing the
IJV is considered safe. The anatomical landmark for
central venous access is usually deemed reliable.”"
Nonetheless, anatomical variations of the 1JV may arise,
resulting in potential risks of complications.

Anatomic variability has been implicated as the
cause of difficulty in cannulation. Both variations in
size and location of the 1JV may result in complications
following external landmark-guided cannulation.”” The
failure rate of JV cannulation in general medical and
surgical patients has been estimated to be between 4.7%
and 17.6%, and the complication rate has been reported
to be between 3.9% and 14.3%."° During central venous
placement, preventing arterial puncture and cannulation
is essential to minimize serious sequelae. Ultrasound has
been used to assess the normal 1JV anatomy and guide
safe venous access.”” The information derived from this

study can potentially enhance the success rates of venous

catheter placement for hemodialysis while concurrently
decreasing procedural complications.

The literature shows a lower anatomical variation
of the right 1JV than that of the left JV.”** The size of
the right and left 1JV is often asymmetrical due to more
drainage of blood through the right dural venous sinuses
than through the left. The right JV is often larger than
the left IJV.”” This study demonstrates that the right
IJV manifested a significantly larger diameter and a more
superficial position, facilitating the puncture technique.
The findings of this study are consistent with the
CT-evaluated IJV anatomy of Maneenai et al', which
also indicates that the right 1JV is located more
superficially (16.3+4.2 mm vs. 17.0+4.4 mm) and has
a greater diameter compared to the left UV (14.9+4.0
mm vs. 11.6+3.8 mm, p < .0001). Another retrospective
evaluation using CT imaging has also reported that the
mean right JV diameter was 14.1 mm compared to the
mean left 1JV diameter of 11.74 mm.”

Additionally, the right 1JV exhibits less variation in its
anatomical position, particularly located at the lateral
aspect of the CCA (96.7% vs 83.7%), resulting in a reduced
risk of CCA injury if the cannulating needle traverses the
IJV compared to the anterolateral or anterior positions.
Another CT imaging also manifested the majority of IJVs
in the lateral position (85.2%), with the left IJV position
varying more than the right side in relation to the CCA.

The excessive head rotation during IJV catheterization
revealed a predisposition to the increasing overlap of
the IV over the CCA. A study simulating a 60-degree
rotation of the neck reported that the incidence of
patients with the CCA overlapped by the IJV after
simulated rotation significantly increased (from 20%-30%
to 50%).”* The findings emphasize the need to avoid
extreme head rotation during puncture. Moreover, the
right internal jugular vein (1JV) presents a more direct and
efficient pathway to the superior vena cava and the right
atrium.” The associated risk of pneumothorax is notably
reduced due to the lower position of the pleural dome
on the right side.” Furthermore, the likelihood of injuring
the thoracic duct on the right side remains minimal.”® The

study revealed that the difficulty of JV cannulation was
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significantly greater on the left side than the right across
all positions of head rotation”

In conclusion, different anatomical variations of the
IJVs can occur, increasing the potential for complications
when placing a hemodialysis catheter. It is crucial to be
aware of these variations. In general, the right IJV is
considered more suitable for access than the left side
due to its tendency to have less anatomical variation and

a more feasible location for puncture.
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High-Volume Plasma Exchange for Dengue
Hemorrhagic Fever Complicated by Acute Renal
Failure and Fulminant Hepatic Failure

Rathanon Leevongsakorn, Kavita Jintanapramote

Renal Unit, Department of Internal Medicine, Bhumibol Adulyadej Hospital, Royal Thai Air Force, Bangkok, Thailand

Abstract

Dengue hemorrhagic fever is a tropical disease caused by the dengue virus and transmitted by Aedes
mosquitoes. The disease is spreading across the tropical and subtropical regions of the world, and Thailand is
currently experiencing a major outbreak. While a substantial number of patients who are infected with dengue might
not have any signs or symptoms, a certain number of patients may develop severe dengue or dengue shock
syndrome. Acute kidney failure and acute liver failure are uncommon complications of dengue hemorrhagic fever,
however, both are usually fatal. At present, there is an absence of an established strategy for managing acute liver
failure in individuals with dengue infection. Plasma exchange is the preferred therapeutic technique for treating
patients with acute liver failure who have not received a liver transplant. This article presents a case study and a
review of the literature on dengue hemorrhagic fever complicated by acute renal and hepatic failure. High-volume
plasma exchange has shown favorable outcomes, promoting recovery of kidney and liver function and enabling safe

hospital discharge.
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HUS, hemolytic uremic syndrome
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QRECHITY ‘ 312U (518) ‘ aula (%) ‘ AST §4(%) ‘ ALT g4 (%) ‘ TB &4 (%) ‘ Alb i1 (%)
Bandyopadhyay et al 110 79.1 92.7 78.2 4.5 66.4
Kittitrakul et al 127 34.6 88.2 69.3 N/A N/A
Saha et al 570 28.6 N/A N/A N/A N/A
Roy et al 120 80.8 94.2 89.2 N/A N/A
Nascimento et al 68 N/A 83.8 73.5 N/A 35.3
Karoli et al 138 N/A N/A 92.0 48.0 N/A
Lee et al 690 N/A 86.0 46.0 N/A N/A
Jagadishkumar et al 110 79.0 93.6 78.2 N/A N/A
Parkash et al 699 N/A 95.0 86.0 N/A N/A
Trung et al 644 34.8 97.0 97.0 N/A N/A
Wong and Shen 127 11.8 90.6 1.7 13.4 N/A
Uehara et al a1 10.0 80.5 61.0 N/A 48.4
ltha et al a5 N/A 96.0 96.0 30.0 76.0
Fernando et al 55 36.4 90.1 81.8 3.6 2.7
Souza et al 1585 N/A 63.4 45.0 N/A N/A
Kuo et al 270 N/A 93.3 82.2 7.2 N/A

ARLUAYLI9n Leowattana W, Leowattana T. Dengue hemorrhagic fever and the liver. World J Hepatol. 2021 Dec
27;13(12):1968-76

AST, aspartate aminotransferase; ALB, Albumin; ALT, alanine aminotransferase; TB, total bilirubin

M3 6 guAnsiveINMTAnnERuNedsunduLarsnsINsdetinluitielsaliidensenfiinedunedeundusiume

n1sAnwn UIUYTTYING guAn1sal (%) aNTIA8 (%)
Teerasarntipan et al ne 2,311 (Eﬂ‘mj) 0.71 58.82
Devarbhavi et al 03 10,108 (f{lviey) 0.35 58.3
Laoprasopwattana et al Iy 3,630 (1hin) 1.1 68.3
Trung et al RuAU 644 (§lngy) 0.77 20
Kye Mon et al ng 1,926 (81y =15 U) 0.31 66.7

ARKUAYI9IM Leowattana W, Leowattana T. Dengue hemorrhagic fever and the liver. World J Hepatol. 2021 Dec
27;13(12):1968-76
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