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ABSTRACT

Background. The coronavirus disease (COVID) pandemic has resulted in a major disruption in healthcare that has
affected several medical and surgical specialties. European and American Vascular Societies have proposed deferring the
creation of an elective vascular access (VA) [autologous or prosthetic arteriovenous fistula (AVF) or arteriovenous graft
(AVG)] in incident patients on haemodialysis (HD) in the era of the COVID pandemic. The aim of this study is to examine
the impact of the COVID pandemic on VA creation and the central venous catheter (CVC)-related hospitalizations and
complications in HD patients dialyzed in 16 Spanish HD units of three different regions.
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Methods. We compared retrospectively two periods of time: the pre-COVID (1 January 2019–11 March 2020) and the
COVID era (12 March 2020–30 June 2021) in all HD patients (prevalent and incident) dialyzed in our 16 HD centres. The
variables analysed were type of VA (CVC, AVF and AVG) created, percentage of CVC in incident and prevalent HD
patients, CVC-related hospitalizations and complications (infection, extrusion, disfunction, catheter removal) and
percentage of CVC HD sessions that did not reach the goal of Kt (>45) as a marker of HD adequacy.
Results. A total of 1791 VAs for HD were created and 905 patients started HD during the study period.
Patients who underwent vascular access surgery during the COVID period compared with pre-COVID period were
significantly younger, with a significant decrease in surgical activity to create AVFs and AVGs in older HD patients (>75
and >85 years of age). There was a significant increase in CVC placement (from 59.7% to 69.5%; P < 0.001) from the
pre-COVID to the COVID period. During the COVID pandemic, a significantly higher number of patients started HD
through a CVC (80.3% versus 69.1%; P < 0.001). The percentage of CVC in prevalent HD patients has not decreased in the
19 months since the start of the pandemic [414 CVC/1058 prevalent patients (39.4%)]. No significant changes were
detected in CVC-related hospitalizations between the pre-COVID and COVID periods. In the COVID period, a significant
increase in catheter replacement and the percentage of HD session that did not reach the HD dose objective (Kt > 45)
was observed.
Conclusions. COVID has presented a public health system crisis that has influenced VA for HD, with an increase in CVCs
relative to AVFs. A decrease in HD sessions that did not reach the HD dose objective was observed in the COVID period
compared with a pre-COVID period.

GRAPHICAL ABSTRACT
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INTRODUCTION

A new severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)-induced pneumonia appeared in late November 2019 in
Wuhan,China andwas named coronavirus 2019 disease (COVID-
19) by the World Health Organization (WHO) on 11 February,
2020 [1]. The world is experiencing its third major epidemic of

coronavirus infections [2]. Haemodialysis (HD) patients have a
high risk of severe COVID, with an incidence of 16.7% and a
mortality rate of 30.8% during the first pandemic wave in Spain
[3]. The COVID pandemic has resulted in a major disruption in
the healthcare system that has affected several medical and
surgical specialties [4, 5]. In an effort to address the burden
of COVID disease and the demand for healthcare resources,
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FIGURE 1: Waves of the COVID pandemic in Spain.

elective procedures were deferred or suspended [6]. European
and American vascular societies in the era of the COVID pan-
demic have recommended classifying operations into urgent,
emergent and elective based on the nature of their pathology
[7, 8]. Based on this, they proposed to defer the creation of an
elective vascular access (VA), either an autologous or prosthetic
arteriovenous fistula (AVF) or arteriovenous graft (AVG) for in-
cident patients on HD, and revision for VA malfunction/steal in
prevalent patients on HD. The potential benefit of early perma-
nent VA has had to be weighed against the downside of poten-
tially exposing patients to the virus and consuming valuable re-
sources, including operating rooms, staff and personal protec-
tion equipment. However, most nephrologists believe that the
procedures that guarantee AVFs or AVGs for HD patients should
not be postponed [9]. No data have been published on the real
effect that this measure has had on the proportion of central
venous catheters (CVCs) in HD patients. The aim of this study
was to examine the impact of the COVID pandemic on VA cre-
ation and the CVC-related hospitalizations and complications in
HD patients dialyzed in our HD units in several Spanish regions
during the pandemic.

MATERIALS AND METHODS

Patients and variables

A retrospective study of the pre- versus post-COVID pandemic
was performed on all HD patients from our 16 centres in three
geographical regions of Spain [Madrid (9 centres, 848 patients);
Galicia (3 centres, 169 patients) and Castilla-León (4 centres, 119
patients)] from 1 January 2019 to 31 June 2021. All dialysis pa-
tients (incident and prevalent) in these 16 centreswere included.

The period of the study included two similar time periods:
pre-COVID period (1 January 2019–11 March 2020; 15 months)
and COVID period [12 March 2020 (the date of announcement
of the coronavirus pandemic by the WHO)–30 June 2021; 15
months). To determine the ability to reverse the situation in the
medium term, we analysed the percentage of CVCs in prevalent
HD patients in the last period after the pandemic (1 July–30 Oc-
tober 2021).

In the evolution of the COVID pandemic in Spain, five periods
(waves) are indicated (Figure 1) [10]:

• First period: From the start of the pandemic until 21 June
2020, the date on which the state of alarm in Spain ended
once the first epidemic wave of COVID ended.

• Second period: From 22 June to 6 December 2020, the inflec-
tion points of the 14-day cumulative incidence (AI) of COVID
cases, between the second and third epidemic period.

• Third period: From 7 December 2020 to 14 March 2021, the
inflection points of the AI to 14 days of COVID cases, between
the third and the fourth epidemic period.

• Fourth period: From 15 March to 19 June 2021, the inflection
points of the AI to 14 days of COVID cases, between the fourth
and the fifth epidemic period.

• Fifth period: From 20 June to 13 October 2021, the inflection
points of the AI to 14 days of COVID cases, between the fifth
and the sixth epidemic period [10].

• A wave was defined both as a rapid exponential increase and
a rapid decrease in cases.

We analysed the type of consecutive VAs created (CVC, AVF,
AVG), AVF location [radiocephalic AVF/ brachiocephalic AVF),
VA in prevalent and incident HD patients, patient demograph-
ics (age, sex) and comorbidities (diabetes mellitus (DM)], urgent
versus scheduled entry on hemodialysis, CVC-related hospital-
izations, CVC-related complications (infection, disfunction, CVC
removal, extrusion) and hemodialysis adequacy [percentage of
patients who reach the Kt goal (Kt > 45)].

Statistical analysis

The demographic and baseline characteristics of the study pop-
ulations were compared using the Pearson’s chi-squared test
for categorical variables, Student’s t-test (parametric) or Mann–
Whitney U test (non-parametric) for continuous variables, or
one-way analysis of variance for multiple comparisons. Nor-
mality of distribution was assessed by the Kolmogorov–Smirnov
test. Continuous variables were reported as mean (standard
deviation) or median (interquartile range), as appropriate.
Categorical variables were reported as number (percentage). All
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Table 1. Type of vascular access for HD created in the pre-COVID and COVID period and CVC prevalence in incident and prevalent HD patients

Type of access Pre-COVID period COVID period P-value

Consecutive VA created, n (%) 930 VA 861 VA <0.001
CVC 555 (59.7) 598 (69.5)
AVF 321 (34.5) 224 (26)
AVG 54 (5.8) 39 (4.5)
VA in incident HD patients, n (%) 447 patients 458 patients <0.001
CVC 309 (69.1) 368 (80.3)
AVF 131 (29.3) 81 (17.7)
AVG 7 (1.9) 9 (2)
VA in prevalent HD patients, n (%) 1083 patients 1343 patients <0.001
CVC 372 (34.4) 494 (36.83)
AVF 663 (61.2) 804 (59.8)
AVG 48 (4.4) 45 (3.3)

FIGURE 2: Vascular access created in pre-COVID and COVID period (P < 0.001).

P-values were two-sided. Statistical significance was set at P <

0.05. Statistical analyses were performed using SPSS Statistics
version 20 (IBM, Armonk, NY, USA).

RESULTS

Vascular access creation in the pre-COVID and COVID
period

We included 1791 VAs for HD created in 1136 prevalent and inci-
dent patients between 1 January 2019 and 31 June 2021 divided
into two periods: 930 (51.9%) during the pre-COVID period and
861 VA (48.1%) during the COVID pandemic.

There was a significant increase in CVC placement (from
59.7 to 69.5%) and consequently a significant decrease in AVF
creation (from 34.5 to 26%) during the pandemic time pe-
riod (P < 0.001) compared with the pre-COVID period (Table 1,
Figure 2). No changes in the distribution of AVF radiocephalic

AVF/brachiocephalic AVFwere observed between the pre-COVID
(57.8/58.9%) and COVID period (42.1/41.1%) (P = 0.670).

In all, 14 centres suspended or delayed AV creation and 2
maintained AV surgical activity. The centres that maintained
surgical activity, as expected, obtained similar results in the per-
centage of catheters (60.5% versus 62%) and the number of AVFs
created (32% versus 29.1%) in the pre-COVID and COVID period
(P = 0.733), while the rest decreased AVF creation (30.5% versus
24%) and increased CVC placement (59.5% versus 72.2%) (P <

0.001).
Figure 3 shows the evolution of the type of vascular access

for HD according to different waves of COVID. As of the first
quarter of 2020, when the COVID pandemic began, an increase
in the percentage of patients who started HD with catheters
and a decrease in the number of AVFs created was observed.
A change in the trend of performance of VA was observed
in the second and fifth waves, as we recorded a reduction of
the difference between CVC and AVF, which denotes a discreet
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FIGURE 3: Evolution of the type of VA for HD according to different waves of COVID (P < 0.001).

Table 2. Patients’ demographics according to date of VA creation (pre-COVID versus COVID period)

Characteristics Pre-COVID COVID Total P-value

N (%) 614 (54) 628 (55.2) 1136 (100)
Age (years), mean ± SD 67.9 ± 14.5 65.9 ± 14.6 66.9 ± 14.6 0.003
Age >75 years, n (%) 339 (36.1) 261 (29.7) 600 (33) 0.004
Age >85 years, n (%) 77 (8.2) 39 (4.4) 116 (6.4) <0.001
Sex, n (%) 0.160
Male 611 (65) 598 (68.1) 1209 (66.4)
Female 329 (35) 280 (31.9) 609 (33.5)

DM, n (%) 0.722
Yes 235 (27.6) 221 (28.4) 456 (28) 0.722
No 616 (72.4) 557 (71.6) 1173 (72)

Values in bold are statistically significant.

recovery of surgical activity, that was more accentuated in the
fifth wave.

Vascular access in prevalent and incident patients in
the pre-COVID and COVID period

A significantly higher number of incident patients started HD
through a CVC (80.3% versus 69.1%) (Table 1) and the preva-
lence of CVC increased significantly in the COVID period (Table 1)
(34.4% versus 36.8%) (P < 0.001). The percentage of CVC in preva-
lent HD patients did not decrease until 19 months after the start
of the pandemic [414 CVC/1058 prevalent patients (39.4%)].

Patient demographics and comorbidities in the
pre-COVID and COVID period

The demographic parameters and comorbidities of patientswho
underwent VA surgery are shown in Table 2. Patients who un-
derwent VA surgery during the COVID period compared with

those who did not were significantly younger (65.7±14.5 versus
67.9±14.6 years; P= 0.002).No significant differenceswere found
in relation to sex or the presence of DM.

Urgent versus scheduled entry on HD in the pre-COVID
and COVID period

A higher percentage of patients started HD urgently in the
COVID period compared with the pre-COVID period (44.3% ver-
sus 34.2%; P = 0.030). No statistical differences were observed
in patients referred from advanced chronic kidney disease
(ACKD) consultation and crash landers between the two periods
(Table 3).

Hospitalizations and complications from vascular
access

Several complications (bloodstream infection, extrusion and
disfunction), including lower dialysis efficacy, were associated
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Table 3. Urgent versus scheduled entry on HD in the pre-COVID and COVID period

Entry on HD
Pre-COVID

[n = 447(49.4%)]
COVID

[n = 458 (50.6%)]
Total

[n = 905 (100%)] P-value

Started urgent HD, n % 153 (34.2) 203 (44.3) 356 (39.3) 0.030
ACKD consultation, n (%) 52 (33.9) 90 (44.3) 142 (39.8) 0.249
Crash landers, n (%) 101 (66) 113 (55.6) 214 (60.1)
Started scheduled HD, n (%) 294 (65.7) 255 (55.6) 549 (60.6)

Values in bold are statistically significant.

Table 4. Complications related to VA in the pre-COVID and COVID period

Complications
Pre-COVID period

(n = 1083)
COVID period
(n = 1343) P-value

Hospitalizations and rate of hospitalization
(hospitalization/patient/year), n/N (%) 928/1083 (0.85) 930/1343 (0.69)

0.152

Hospitalizations related to vascular access 98/1083 (0.0009) 84/1343 (0.0007)
Other hospitalizations 830/1083 (0.76) 846/1343 (0.62)

Incidences during HD related to use of
catheter/number of prevalent catheters, n/N (%)
Bloodstream infection 26/372 (6.9) 32/494 (6.4) 0.683
Extrusion 5/372 (1.5) 7/494 (1.4) 0.458
Disfunction 16/372 (43) 20/494 (40) 0.254
Catheter removal 16/372 (4.3) 30/494 (6) 0.034

Percentage of HD sessions with Kt > 45, n/N (%) 116622/153404 (76) 141789/190201 (74.5) <0.001
HD sessions with Kt > 45, n/N (%)

CVC 33277/51041 (65.2) 40563/65009 (62.4) <0.001
AVF 15616/88924 (82.4) 19970/110626 (81.9) 0.004
AVG 3073/12450 (75.3) 3711/13623 (72.8) <0.001

with the use of CVCs (Table 4). No significant changes were de-
tected in CVC-related hospitalizations and complications be-
tween the pre-COVID and COVID periods (Table 4). During the
COVID period, a significant increase in catheter replacement and
the percentage of HD sessions that did not reach the Kt objective
(Kt > 45) were observed (Table 4).

DISCUSSION

The most relevant finding during the COVID pandemic was the
change in the type of VA performed. A significant increase in the
placement of CVCs and a decrease in the creation of autologous
AVs and/or prostheses was observed during the COVID period
compared with the pre-COVID period. This suggests that CVCs
were the chosen VA in patients who required the initiation of
dialysis during the COVID pandemic.

The decrease in the creation of autologous fistulas and pros-
theses was motivated by the suspension or delay of any sched-
uled surgical activity and the consideration of fistula surgery as
a non-urgent surgical activity [7, 8]. In our study, 14 centres sus-
pended or delayed AV creation and only 2 maintained AV surgi-
cal activity. Centres that suspended VA surgery during the pan-
demic showed worse results and a significant increase in the
percentage of CVCs compared with centres that did not suspend
surgical activity. During the COVID period, performing elective
procedures such as VA creation for HD was reduced or ceased
[11, 12]. Furthermore, the change in nephrology activity from
face-to-face outpatient visits to virtual ones [13] also probably
contributed to the use of CVCs due to the transient loss of close

follow-up of some patients and the need to use CVCs for ur-
gent admission to HD. In our study, a greater number of patients
started HD urgently.

Sex and DM did not influence the impact of COVID on VA. In
patients who underwent VA surgery during the COVID period,
a significant decrease in surgical activity was seen in older HD
patients (>75 and >85 years of age) was observed in COVID com-
pared with the pre-COVID period. Higher mortality by COVID in
older HD patients [14] could have contributed to the lower age of
incident patients in the COVID period.

Quality results of VA have been affected during the COVID
period. A significantly higher percentage of incident and preva-
lent patients were dialyzed through a CVC, far from the objec-
tive proposed by Spanish guidelines (<25% for CVC and >75%
for AVF) [16]. The AVF offering was already suboptimal prior to
the pandemic in our patients [17], but the situation worsened
substantially afterward.

The importance of a functioning VA for kidney patients with
HD is a widely accepted fact and is endorsed not only by the
Spanish Clinical Guide for Vascular Access for Haemodialysis
[18], but also by several worldwide guidelines [19, 20].

The clinical guidelines establish that AVF and AVG (when the
former is not possible) are the VAs of choice over CVC for sev-
eral reasons [21]. Having a catheter at some point in their life
means a lower survival for that individual compared with those
who did not [22]. This could have a detrimental impact on dial-
ysis patients’ outcomes in the near future and needs to be ad-
dressed urgently. Keeping the use of CVCs to a minimum, with
the goal of creating the; right access, in the right patient, at the
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right time, for the right reasons; is mandatory [20, 23]. In our
study, any significant increase in CVC-related hospitalizations
and complications during the 15 months of follow-up was ob-
served. Hygienic precautions for preventing viral transmission
have been reinforced and probably the greater implementation
of hygienic precautions in the dialysis setting during the COVID
pandemic is behind improvement of the problem of CVC-related
bloodstream infections [24].

Nevertheless, a secondary effect of the increase in CVC use is
the lower delivered HD dose,which can determineworse clinical
outcomes in the near future [25, 26].

One of the difficulties that we found in this post-COVID era
is the need to solve all the delayed interventions and the poor
follow-up of chronic patients. It is clear that in the most acute
phases of the pandemic, the suspension of surgery made sense
(it was necessary to convert the resuscitation units in the in-
tensive care unit), however, VA surgery can be performed on an
outpatient basis, outside of the hospital, and does not require
admission, general anaesthesia or resuscitation or a respirator.
The high proportion of CVCs makes it compulsory to establish
strategies to reverse this situation. These strategies may require
the pooling of resources andmanagement of both public and pri-
vate capacities as well as assessing the problem from a regional
geographic perspective of providing health services for patients
with ACKD, not just in a group or in a hospital.

VA interventions should be performed in an outpatient set-
ting rather than a hospital setting due to the lower risk of expo-
sure. The intervention allows patients to receive uninterrupted
dialysis and alleviates new interventions and unnecessary hos-
pital admissions [27, 28].

Our study has some limitations, such as its retrospective de-
sign. Nevertheless, we did not exclude any patient and we ob-
tained information from our structured health medical record
with a prospective collection of all data related to VA.Our results
may not be representative of the situation in all health systems
or countries, but this is the first analysis specifically aimed at de-
scribing the negative impact of COVID on VA management and
warning on it.

In conclusion,COVIDhas presented a public health crisis that
has influenced VA for HD with an increase in CVCs with respect
to AVFs. Not preserving VA surgery during the COVID pandemic
will have a significant impact for a long period of time. As can be
seen in our results, the percentage of catheters did not decrease
until 19 months after the start of the pandemic. Because AVFs
can take ≥6months to mature, it is foreseeable that it will take a
long time to reverse the situation even after the crisis has abated.

The assumption that VA is a planned elective procedure is
the problem.

Collaborative formulas between nephrologists and vascular
surgeons, as well as between the public and private sectors, are
necessary to ensure the adequate provision of VA for HD, of the
best quality and with the greatest safety at this time.
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