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Assessing Hemodialysis Access Failure Risk in Subjects Based on COVID-19
Status

COVID-19 Durumuna Goére Hemodiyaliz Erisim Sorunu Riskinin Degerlendirilmesi

Ali BULUT? Aydin GUCLU? Bekir BULUT?®

oz

Amag: COVID-19 nedeniyle yogun bakima kabul edilen hastalarda %30'a varan oranda trombotik komplikasyonlar bildirilmistir.
Bununla birlikte, COVID-19'lu kisilerde hemodiyaliz erisim sorununa iligkin veriler sinirlidir. Bu ¢alisma, 6zellikle COVID-19 du-
rumu agisindan hemodiyaliz erisim sorunu sikligini ve belirleyicilerini aragtirmay1 amaglamustir.

Aragclar ve yontem: Bu ¢ok merkezli kesitsel ¢alisma, kalici hemodiyalize giren kisiler arasinda yuriitildii. Hastalar erigim sorunu
olan ve olmayanlar olarak iki gruba ayrildi. Caligmanin birincil sonug Slgiitleri, iki grup arasindaki hasta 6zellikleri, laboratuvar 6lgtim-
leri ve COVID-19 porzitifligindeki farkliliklard:. Tkincil sonug 6lgiisii, hemodiyaliz erisim basarisizligi ile bagimsiz olarak iliskili fak-
torlerin tanimlanmasi olarak tanimlandi.

Bulgular: 26 (%12.2) hastada hemodiyaliz erisim sorunu olustu. Tip 2 diyabet (%76.9'a [n=20] kars1 %50 [n=93], p=0.018), diyaliz
sirasinda hipotansiyon (%88.5'e [n=23] kars1 %58.1 [n=108], p=0.006) ve COVID-19 pozitifligi (%73.1’e [n=19] kars1 %15,1 [n=28],
p<0.001) erisim sorunu olan hastalarda anlamli olarak daha sikt1. Cok degiskenli lojistik regresyon, bu faktorlerin {igiiniin de bagimsiz
olarak daha yiiksek hemodiyaliz erisimi basarisizlig1 olasilig: ile iliskili oldugunu gosterdi.

Sonu¢: Hemodiyaliz erisim sorunu, COVID-19'lu kisilerde COVID-19 olmayanlara gore daha sik goriilmektedir.

Anahtar Kelimeler: bobrek; diyaliz; koronaviriis; ttkanma
ABSTRACT

Purpose: Thrombotic complications have been reported in up to 30% of patients admitted to the intensive care unit for COVID-19.
However, data on hemodialysis access failure in patients with COVID-19 are limited. This study aimed to investigate the frequency
of hemodialysis access failure and its determinants, especially with respect to COVID-19 status.

Materials and Methods: This multi-center cross-sectional study was conducted among subjects undergoing permanent hemodialysis.
Patients were divided into two groups, those with and without access failure. The primary outcome measures of the study were differ-
ences in patient characteristics, laboratory measurements and COVID-19 positivity between the two groups. The secondary outcome
measure was defined as the identification of factors independently associated with hemodialysis access failure.

Results: Hemodialysis access failure occurred in 26 (12.2%) patients. Type 2 diabetes (76.9% [n=20] vs. 50% [n=93], p=0.018),
hypotension during dialysis (88.5 [n=23] vs. 58.1% [n=108], p=0.006) and COVID-19 positivity (73.1% [n=19] vs. 15.1% [n=28],
p<0.001) were significantly more frequent among patients with access failure. Multivariable logistic regression showed that all three
factors were independently associated with a higher likelihood of hemodialysis access failure.

Conclusion: Hemodialysis access failure is encountered more frequently in patients with COVID-19 compared to those without
COVID-19.
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INTRODUCTION

The number of patients with chronic kidney disease (CKD)
is increasing worldwide, largely in correlation with the age
and the prevalence of type 2 diabetes. About 10% of the
general population is estimated to be affected by CKD.!
Advances in medical care and access to hemodialysis have
reduced mortality from CKD; however, the effect of the
COVID-19 pandemic on hemodialysis use and its success

requires investigation.

Subjects with an estimated glomerular filtration rate <30
mL/min/1.73 m? are generally considered for initiation of
hemodialysis.? Patients undergoing renal replacement
therapy are scheduled for hemodialysis thrice weekly. Cre-
ation of a native primary arteriovenous fistula (AVF) is the
access of choice due to favorable survival characteristics
and low complication rates.® In patients who are not can-
didates for fistula creation due to poor vascular character-
istics or advanced heart failure, catheters are used to main-
tain hemodialysis, and thus, the patency of hemodialysis
access is critical for such patients.* Access failure may lead
to insufficient hemodialysis and ultrafiltration which can
promote life-threatening complications.> However, both
AVFs and catheters are prone to failure due to various
causes. Thrombosis is the leading cause of access failure,
accounting for 65-85% of cases in which permanent ac-

cess loss occurs.®

COVID-19 is a systemic disease that primarily affect the
lungs and is closely associated with various impacts on
other systems,”® including the hematopoietic system and
coagulation systems. In fact, thrombotic complications
have been reported in up to 30% of patients admitted to the
intensive care units (ICU) for COVID-19.° Thrombosis of
intravenous catheters or extracorporeal circuits and arterial
vascular occlusive events have also been reported in sub-
jects with COVID-19.%9 However, data concerning hemo-
dialysis access failure in subjects with COVID-19 are lim-
ited.

This study aimed to investigate the frequency of hemodi-
alysis access failure and its determinants during the

COVID-19 pandemic, including patients from five centers.

MATERIALS and METHODS

This multi-center cross-sectional study was conducted
among subjects undergoing permanent hemodialysis at
Kirsehir Training and Research Hospital, Kaman State
Hospital, Mucur State Hospital, Kozanoglu Hemodialysis
Center, and Kirsehir Hemodialysis Center between March
2020 and March 2022. All subjects provided written in-
formed consent. The study was approved by Ahi Evran
University Ethics Committee (approval number: 2021-
04/41) and was conducted in accordance with the tenets of
Helsinki Declaration.

Demographic data including age, sex, comorbid diseases,
current anticoagulant and antiaggregant medication use,
anticoagulation during hemodialysis, duration of hemodi-
alysis, type of access and access site, duration of the ac-
cess, presence of hypotension during hemodialysis, pres-
ence of recent hospitalization, and laboratory test results,
COVID-19 PCR (Polymerase Chain Reaction) test results
were recorded for all subjects. Hypotension during hemo-
dialysis was defined as a recurrent drop in systolic blood
pressure below 90 mmHg or at least 20 mmHg with ac-
companying clinical symptoms.'! Subjects were divided
into two groups according to the presence or absence of
access failure: Group 1 included subjects without access
failure (n=186) and Group 2 included subjects with hemo-

dialysis access failure (n=26).

The primary outcome measure of the study was to deter-
mine the differences in demographic and clinical charac-
teristics, laboratory measurements and COVID-19 PCR
test positivity between subjects with and without hemodi-
alysis access failure. The secondary outcome measure was
to identify factors independently associated with hemodi-

alysis access failure.

Statistical Analysis

All analyses were performed using IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp., Armonk, NY,
USA), with a 5% alpha error probability to determine sig-
nificance. For the normality check, the histogram and Q-Q
plots were used. Data are given as mean+standard devia-
tion or median (1st quartile-3rd quartile) for continuous

variables according to the normality of distribution and as
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frequency (percentage) for categorical variables. Continu-
ous variables were analyzed with the Student's t-test or
Mann-Whitney U test, depending on the normality of dis-
tribution. Categorical variables were analyzed using chi-
square tests or Fisher's exact tests. Multivariable logistic
regression analysis (forward conditional method) was per-
formed to determine factors independently associated with
hemodialysis access failure. Nagerkerke R2 was given to
represent explained variability in the dependent variable
by the logistic regression model. Stacked bar chart was
used to describe the data as a figure.

RESULTS

A total of 212 patients (mean age 64.70+14.15 years,
62.3% male) undergoing permanent hemodialysis were in-
cluded in the study. Hemodialysis access failure occurred
in 26 (12.2%) patients. Subjects with and without hemodi-
alysis access failure were similar with respect to age, sex,
and the presence of hypertension, hyperlipidemia, previ-
ous cerebrovascular event, malignancy, coronary artery
disease, heart failure, and chronic obstructive pulmonary
disease. However, type 2 diabetes was more frequent in
subjects with hemodialysis access failure compared to
those without access failure (76.9% vs. 50%, p=0.018).

The two groups were similar with regard to the use of as-
pirin, clopidogrel, warfarin and low-molecular-weight
heparin. 80.2% of the study population received weight ad-
justed unfractionated heparin and 14.6 % of the study pop-
ulation received low-molecular weight heparin during he-
modialysis. The median duration of hemodialysis was 34
(14.5-76) months. The median duration of hemodialysis
was significantly shorter in subjects with hemodialysis ac-
cess failure compared to those without hemodialysis ac-
cess failure (18.5 [10-46] months vs. 36.5 [16-80] months,
p=0.026).

AVF was used for hemodialysis in 66.5% of the study pop-
ulation and the remaining 33.5% of the subjects underwent
hemodialysis through catheters. In subjects with hemodi-
alysis access failure, the use of catheters instead of AVF
was more frequent compared to those without hemodialy-
sis access failure (69.2% vs. 28.5%, p<0.001). The median
duration of hemodialysis was 25.5 (13-49) months. Re-
ported hypotension was more frequent among subjects

with hemodialysis access failure compared to those with-
out hemodialysis access failure (88.5 vs. 58.1%, p=0.006).
PCR test positivity for COVID-19 was also more frequent
in subjects with hemodialysis access failure compared to
those without hemodialysis access failure (73.1% vs.
15.1%, p<0.001) (Figure 1). Leukocyte count (3.90 [3.48-
5.32] x 108 vs. 5.59 [3.86-7.30] x 102, p=0.004), neutrophil
count 2.56 [2.19-2.97] x 103 vs. 3.30 [2.37-4.88] x 103,
p=0.002), and lymphocyte count 0.74 [0.44-1.01] x 103 vs.
1.17 [0.80-1.61] x 108, p<0.001) were significantly lower
among subjects with hemodialysis access failure compared
to those without hemodialysis access failure (Supplement
Table 1).
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Figure 1. COVID-19 PCR test results with regard to hemodialysis
access failure (chi-square = 41.209, p<0.001).

Multivariable logistic regression analysis had revealed
that, patients with diabetes mellitus had 4.506-fold higher
risk for access failure than other patients had (OR: 4.506,
95% Cl: 1.344 - 15.111, p=0.015). Patients with a catheter
had a 4.031-fold higher risk of access failure than patients
with an arteriovenous fistula had (OR: 4.031, 95% ClI:
1.334-12.181, p=0.013). Patients who had hypotension at-
tacks during hemodialysis had a 4.003-fold higher risk for
access failure than other patients (OR: 4.003, 95% CI:
1.016-15.773, p=0.047). COVID-19 positive patients had
a 12.458-fold higher risk for access failure than COVID-
19 negative patients had (OR: 12.458, 95% CI: 3.910-
39.690, p<0.001). In addition, low lymphocyte count was
independently associated with the access failure (p=0.017)
(Table 2). Other variables included in the analysis, age
(p=0.618), sex (p=0.566), duration of dialysis (p=0.241),
white blood cell count (p=0.451), neutrophil count
(p=0.189), lymphocyte percentage (p=0.820), hospitaliza-
tion (p=0.144) were found to be insignificant. Nagelkerke
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R2 was 0.522 so logistic regression model has good per-

formance to explain hemodialysis access failure.

Table 2. Significant factors independently associated with the hemodialysis access failure, multivariable logistic regression analysis.

B coefficient Standard error p Exp(B) 95.0% CI for Exp(f)
Diabetes mellitus 1.505 0.617 0.015 4.506 1.344 15.111
Type of access, Catheter 1.394 0.564 0.013 4.031 1.334 12.181
Hypotension during hemodialysis 1.387 0.700 0.047 4.003 1.016 15.773
COVID-19 PCR test positivity 2.522 0.591 <0.001 12.458 3.910 39.690
Lymphocyte (x103) -1.294 0.541 0.017 0.274 0.095 0.791
Constant -4.327 0.939 <0.001 0.013

Cl: Confidence Interval, Nagelkerke R2=0.522

DISCUSSION

This study shows that subjects with hemodialysis access
failure are more likely to be diabetic, to have catheters for
hemodialysis, more often experience hypotension during
hemodialysis, and more frequently have positive COVID-
19 PCR test. The duration of hemodialysis is shorter in
subjects with hemodialysis access failure compared to
those without failure. Subjects who have diabetes, those
undergoing hemodialysis with a catheter, and those with
hypotension during hemodialysis have considerably ele-
vated risk for access failure. Moreover, subjects with a
positive COVID-19 test have a 12-fold increased risk of

hemodialysis access failure.

Patency of the access site is critical for subjects undergo-
ing hemodialysis. Several factors have been shown to be
associated with hemodialysis access failure.* The leading
cause of hemodialysis access failure in subjects with an
AVF is thrombosis, accounting for 65-85% of such cases.
Thrombosis also constitutes the most frequent cause of
malfunction in subjects undergoing hemodialysis through
catheters.®

Diabetes has been shown to be a frequent cause of access
failure both in subjects with AVFs and catheters. Subjects
without diabetes have 60% lower risk of catheter malfunc-
tion compared to those with diabetes.’? A recent meta-
analysis of 23 studies, including 930 diabetic and 3137
non-diabetic patients undergoing hemodialysis through an
AVF, have reported an increased rate of hemodialysis ac-
cess failure in diabetic subjects compared to non-diabet-
ics.’® Consistent with previous data, our findings demon-
strated an increased risk of hemodialysis access failure in

a pooled population of subjects with catheters and AVFs.

COVID-19 patients have been reported to be at an in-
creased risk for venous thromboembolism, which is also a
feature of various diseases in which uncontrolled inflam-
mation is observed.*15 Thromboembolism occurs in up to
1/3 of COVID-19 patients.'® The combined impact of sys-
temic inflammation, abnormal coagulation, and multior-
gan dysfunction is believed to promote thrombosis through
oxidative stress and other mechanisms,'> which has been
demonstrated particularly in subjects with COVID-19.Y
Elevated fibrinogen and D-dimer levels in subjects with
COVID-19 are indicators for the risk of thromboembolic
events.'® COVID-19 associated coagulopathy is character-
ized by mild thrombocytopenia, mildly prolonged pro-
thrombin time, increased fibrinogen and raised D-dimer
(resembling sepsis-induced coagulopathy) and dissemi-
nated intravascular coagulation.*® Direct invasion of endo-
thelial cells by SARS-CoV-2 or the inflammatory process
promoted by COVID-19 damages the endothelium. This
condition has been demonstrated to result in a self-sustain-
ing vicious cycle of endothelial injury,° which has been
suggested to trigger microthrombosis in patients with
COVID-19.2* Disruption of intercellular junctions during
COVID-19 in conjunction with endothelial dysfunction
exposes subendothelial tissue factor and collagen, further
activating coagulation.?? Moreover, fibrinolysis is also re-
duced in subjects infected by SARS-CoV-2, particularly
through the release of plasminogen activator inhibitor-1,

which inhibits conversion of plasminogen to plasmin.?

The consequences of increased thrombosis in COVID-19
have been reported in distinct patient subsets. The risks for
venous thromboembolism, thromboembolic stroke, myo-
cardial infarction, peripheral arterial embolism, and pul-

monary embolism are increased in subjects with COVID-
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19.2428 Moreover, limited data indicate that hemodialysis
access may be complicated by COVID-19.2%% Qur find-
ings clearly indicate that hemodialysis access failure is en-
countered more commonly among subjects with COVID-
19 compared to those without COVID-19. Moreover,
COVID-19 infection appears to lead to an extreme in-
crease in the likelihood for hemodialysis access failure.
Given recent findings of increased thrombosis in subjects
with COVID-19, intensifying anticoagulant management
in subjects undergoing hemodialysis should be considered.

This study has some limitations to be mentioned. The lim-
ited sample size and low number of patients with hemodi-
alysis access failure is a drawback to be noted. Moreover,
the cross-sectional design of the study limits generaliza-
tion of our results to all COVID-19 patients undergoing
hemodialysis. Nevertheless, we believe that this study pro-
vides insight into the risk of hemodialysis access failure in
the COVID-19 era, which is critical in subjects with CKD.

In conclusion, hemodialysis access failure is more fre-
quently encountered among subjects with COVID-19
compared to those without COVID-19. Although other
factors, such as diabetes and hypotension, also increase
failure risk, the presence of COVID-19 leads to a 12-fold
increase in the likelihood for hemodialysis access failure.
It is essential to provide meticulous management of anti-

coagulation in this particular patient subset.

Conflict of Interest

The authors declare that there is not any conflict of interest

regarding the publication of this manuscript.

Ethics Committee Permission

The study was approved by the Ahi Evran University Et-
hics Committee (approval number: 2021-04/41) and was
conducted in accordance with the Helsinki Declaration.

Authors’ Contributions

Concept/Design: AB, AG, BB. Data Collection and/or
Processing: AB, AG, BB. Data analysis and interpretation:
AB, AG, BB. Literature Search: AB, AG, BB. Drafting
manuscript: AB, AG, BB.

REFERENCES

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

Bikbov B, Purcell CA, Levey AS, et al. Global,
regional, and national burden of chronic kidney
disease, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. The lan-
cet. 2020;395(10225):709-733.

Cabrera VJ, Hansson J, Kliger AS, Finkelstein
FO. Symptom management of the patient with
CKD: the role of dialysis. Clin J Am Soc Neph-
rol. 2017;12(4):687-693.

Hakim RM, Himmelfarb J. Hemodialysis access
failure: a call to action-revisited. Kidney Int.
2009;76(10):1040-1048.

Koirala N, Anvari E, McLennan G. Monitoring
and surveillance of hemodialysis access. Semin.
Interv. Radiol. 2016;33(1):25-30.

Allon M, Bailey R, Ballard R, et al. A multidis-
ciplinary approach to hemodialysis access: pro-
spective evaluation. Kidney Int. 1998;53(2):473-
479.

Quencer KB, Friedman T. Declotting the throm-
bosed access. Tech Vasc Interv Radiol. 2017;
20(1):38-47.

AlSamman M, Caggiula A, Ganguli S, Misak M,
Pourmand A. Non-respiratory presentations of
COVID-19, aclinical review. Am J Emerg Med.
2020;38(11):2444-2454.

Silistre ES, Hatipoglu HU, Yesilbas O, Gurbuz
FS, Ozturk E, Yalcinkaya A. Investigating the
psychological impact of COVID-19 on
healthcare workers in the intensive care unit. J
Surg Med. 2022;6(1):29-35.

Gupta A, Madhavan MV, Sehgal K, et al. Extrap-
ulmonary manifestations of COVID-19. Nat.
Med. 2020;26(7):1017-1032.

Terpos E, Ntanasis-Stathopoulos I, Elalamy I, et
al. Hematological findings and complications of
COVID-19. Am J Hematol. 2020;95(7):834-847.
Sulowicz W, Radziszewski A. Pathogenesis and
treatment of dialysis hypotension. Kidney Int.
2006;70:36-39.

Wang K, Wang P, Liang X, Lu X, Liu Z. Epide-
miology of haemodialysis catheter complica-
tions: a survey of 865 dialysis patients from 14
haemodialysis centres in Henan province in
China. BMJ Open. 2015;5(11):e007136.

Yan'Y, Ye D, Yang L, et al. A meta-analysis of
the association between diabetic patients and
AVF failure in dialysis. Renal Failure.
2018;40(1):379-383.

Colling ME, Tourdot BE, Kanthi Y. Inflamma-
tion, Infection and Venous Thromboembolism.
Circ Res. 2021;128(12):2017-2036.

Samadi A, Sabuncuoglu S, Samadi M, et al. A
comprehensive review on oxysterols and related
diseases. Curr Med Chem. 2021;28(1):110-136.
Klok F, Kruip M, Van der Meer N, et al. Inci-
dence of thrombotic complications in critically ill
ICU patients with COVID-19. Thromb Res.
2020;191:145-147.

Tang N, Li D, Wang X, Sun Z. Abnormal coag-
ulation parameters are associated with poor prog-
nosis in patients with novel coronavirus pneumo-
nia. J Thromb Haemost. 2020;18(4):844-847.
Tang N, Bai H, Chen X, Gong J, Li D, Sun Z.
Anticoagulant treatment is associated with de-
creased mortality in severe coronavirus disease
2019 patients with coagulopathy. J Thromb Hae-
most. 2020;18(5):1094-1099.

Loo J, Spittle DA, Newnham M. COVID-19, im-
munothrombosis and venous thromboembolism:
biological mechanisms. Thorax. 2021;76(4):412-
420.

273



20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

Ahi Evran Med J. 2023;7(3):269-274

Yalcinkaya A, Samadi A, Lay I, Unal S, Sabun-
cuoglu S, Oztas Y. Oxysterol concentrations are
associated with cholesterol concentrations and
anemia in pediatric patients with sickle cell dis-
ease. Scand J Clin Lab Invest. 2019;79(6):381-
387.

Ackermann M, Verleden SE, Kuehnel M, et al.
Pulmonary vascular endothelialitis, thrombosis,
and angiogenesis in Covid-19. N Engl J Med.
2020;383(2):120-128.

Gale AJ. Continuing education course# 2: current
understanding of hemostasis. Toxicol Pathol.
2011;39(1):273-280.

Whyte CS, Morrow GB, Mitchell JL, Chowdary
P, Mutch NJ. Fibrinolytic abnormalities in acute
respiratory distress syndrome (ARDS) and versa-
tility of thrombolytic drugs to treat COVID-19. ]
Thromb Haemost. 2020;18(7):1548-1555.
Merkler AE, Parikh NS, Mir S, et al. Risk of Is-
chemic Stroke in Patients with coronavirus dis-
ease 2019 (COVID-19) versus Patients with In-
fluenza. JAMA Neurol. 2020;77(11):13661372.
Solomon MD, McNulty EJ, Rana JS, et al. The
Covid-19 pandemic and the incidence of acute
myocardial infarction. N Engl J Med. 2020;383
(7):691-693.

Porfidia A, Pola R. Venous thromboembolism in
COVID-19 patients. J Thromb Haemost.
2020;18(6):1516-1517.

Mestres G, Puigmacia R, Blanco C, Yugueros X,
Esturrica M, Riambau V. Risk of peripheral arte-
rial thrombosis in COVID-19. J Vasc Surg.
2020;72(2):756-757.

Lax SF, Skok K, Zechner P, et al. Pulmonary ar-
terial thrombosis in COVID-19 with fatal out-
come: results from a prospective, single-center,
clinicopathologic case series. Ann Intern Med.
2020;173(5):350-361.

Cho MS, Javed Z, Patel R, et al. Impact of
COVID-19 pandemic on hemodialysis access
thrombosis. J Vasc Access. 2022;11:1-7.
Ouyang J, Bajracharya S, John S, et al. Clotting
of Hemodialysis Access in Patients with
COVID-19 in an Inner-City Hospital. Nephron.
2022;146(2):179-184.

274



