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Abstract
Background: Critically-ill patients with coronavirus disease-2019 (COVID-19) and kidney dysfunction
often require tunneled hemodialysis catheter (TDC) placement for kidney replacement therapy (KRT),
typically under �uoroscopic guidance to minimize catheter-related complications. This entails
transportation of patients outside the intensive care unit (ICU) to a �uoroscopy suite, which may
potentially expose many healthcare providers to COVID-19. One potential strategy to mitigate the risk of
viral transmission is to insert TDCs at the bedside, using ultrasound (US) and anatomic landmarks only,
without �uoroscopic guidance.

Methods: We reviewed all COVID-19 patients in the ICU who underwent right internal jugular (RIJ) TDC
insertion at the bedside between April and December 2020. Outcomes included procedural complications
such as bleeding, venous air embolism, arrhythmias, pneumothorax and catheter tip malposition. TDC
insertion was considered successful if the catheter was able to achieve blood �ow su�cient to perform a
single hemodialysis treatment.

Results: We report a retrospective single-center case series of 25 patients with COVID-19 who had RIJ
TDCs placed at the bedside, 10 of whom underwent simultaneous insertion of small-bore RIJ tunneled
central venous catheters (T-CVC). Continuous veno-venous hemodialysis was the KRT modality employed
in all patients. A median catheter blood �ow rate of 200 ml/min (IQR:200-200) was achieved in all
patients without any deviation from the dialysis prescription. No catheter-related complications were
observed and none of the catheter tips were mal-positioned.

Conclusions: Bedside RIJ TDC placement in COVID-19 patients, using US and anatomic landmarks
without �uoroscopic guidance, may potentially reduce the risk of COVID-19 transmission amongst
healthcare workers without compromising patient safety or catheter function. 

Background
The global coronavirus disease-2019 (COVID-19) pandemic, caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has posed unique challenges for infection prevention and control
within healthcare facilities [1]. Critical care providers, in particular, are currently faced with multiple
challenges pertaining to the clinical management of patients with COVID-19 such as preventing infection
transmission, maintaining a safe work environment for the intensive care unit (ICU) staff, as well as
minimizing the stress on work force capacity and infrastructure [2].

Kidney involvement in critically-ill patients with COVID-19 is commonly observed [3], often requiring
placement of a tunneled hemodialysis catheter (TDC) to initiate kidney replacement therapy [4,5]. The
standard clinical practice for TDC placement involves using ultrasound and �uoroscopic guidance,
ensuring minimal immediate procedural complications with appropriate catheter-tip positioning in the
mid-right atrium [6]. This entails transporting the patient from the ICU to a �uoroscopy suite and
potentially exposing numerous health care professionals and ancillary staff to SARS-CoV-2 infected
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patients [2]. One potential strategy to limit the exposure of multiple hospital staff members to COVID-19
involves bedside placement of TDCs in the ICU under continuous cardiac monitoring, using anatomic
landmarks and ultrasound only, without �uoroscopic guidance [7].

However, it should also be acknowledged that the use of �uoroscopy reduces the risk of catheter
placement related complications [6], which contribute signi�cantly to patients’ morbidity and mortality as
well as increased economic burden to the society [8]. Consequently, bedside TDC placement using
anatomic landmarks should only be performed in well selected patients to ensure that we do not
compromise patient safety or quality of care in an attempt to reduce COVID-19 transmission amongst
health care personnel.

In this study, our objective was to evaluate the safety and effectiveness of bedside TDC placement
without �uoroscopic guidance in carefully selected patients with COVID-19. We hypothesized that
bedside TDC placement in select patients by experienced providers in the ICU utilizing ultrasound
guidance and anatomic landmarks, without having to transport SARS-CoV-2 infected patients to the
�uoroscopy suite, can be successfully accomplished without compromising patient safety or catheter
function.

Patients And Methods

STUDY DESIGN, LOCATION AND OUTCOMES
We report a retrospective single-center case series conducted at the Cleveland Clinic in Cleveland, Ohio.
The study protocol was reviewed and approved by the institutional review board at the Cleveland Clinic
and the protocol was exempted from the requirement for informed consent from patients since only de-
identi�ed data collected during hospital visits were included in the study.

The primary objectives of this study were to evaluate the safety and e�cacy of bedside TDC placement
in patients with COVID-19 in the ICU without �uoroscopic guidance, speci�cally investigating the
incidence of immediate procedure related complications and catheter dysfunction following TDC
insertion. Outcomes considered to evaluate the safety of bedside TDC insertion included incidence of
procedural complications such as bleeding, arterial puncture, venous air embolism, arrhythmias,
pneumothorax, hemothorax and catheter tip malposition [9,10]. The optimal position for the tip of the
TDCs was considered to be either within the mid-right atrium or at the junction of the superior vena cava
(SVC) and the right atrium as con�rmed with a post-procedure chest radiograph [11].

Outcomes considered to assess the e�cacy of bedside TDC placement included dialysis prescription
parameters such as blood �ow rate and ultra�ltration rate. TDC insertion was considered to be successful
when the catheter was able to sustain the prescribed blood �ow to perform either a single intermittent or
24 hours of continuous hemodialysis treatment.
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STUDY POPULATION AND SELECTION CRITERIA FOR TDC
INSERTION
We conducted a retrospective chart review of all adult patients with COVID-19 in the ICU who underwent
right internal jugular (IJ) TDC placement at the bedside utilizing anatomic landmarks and ultrasound
guidance between April 1st 2020 and December 31st 2020 at the Cleveland Clinic. The diagnosis of
COVID-19 infection was con�rmed with a positive nucleic acid ampli�cation test for SARS-CoV-2. Pre-
procedural inclusion and exclusion criteria for patients prior to TDC insertion are delineated in Table 1.

 

PROTOCOL FOR BEDSIDE TUNNELED DIALYSIS CATHETER
PLACEMENT
Consultations for tunneled dialysis access from the medical ICU were reviewed carefully by the ICU
procedural team to determine eligibility for bedside TDC insertion based on the patient selection criteria
mentioned in Table 1. After identi�cation of an appropriate candidate, the medical ICU procedure room
was noti�ed, and a cart with the necessary equipment and multiple lengths of TDCs was prepared.

The procedure was performed at the bedside using personal protective equipment (PPE) for COVID-19 as
per hospital policy and standard aseptic practices [12,13] by a trained attending proceduralist,
experienced with tunneled dialysis catheter placements under �uoroscopy, assisted by one procedure
nurse. Sedation for the procedure was managed by the attending physician and the patient’s bedside ICU
nurse. TDC placement into the right IJ vein was considered to be a safe initial protocol for bedside
insertion of TDCs under continuous cardiac monitoring without �uoroscopic guidance.

The protocol for right IJ TDC insertion using anatomic landmarks as previously published [14] can be
brie�y described as using the manubrial-sternal angle as the topographical landmark that corresponds to
the carina, with the insertion depth estimated by measuring the distance between the skin venipuncture
site 1–2 cm above the clavicle and a point 5 cm below the manubrial-sternal angle, and the catheter
length determined by adding the insertion depth to the tunnel length.

With the patient in supine position in their ICU bed, the right side of the neck and chest was prepared
using chlorhexidine prep and sterile drapes. The right IJ vein was identi�ed using a sterile ultrasound
probe and 2% lidocaine was injected at the puncture site. Using a micro-puncture set (21G needle, 4F
coaxial sheath and 0.018” wire), the right IJ vein was punctured under ultrasound guidance with
subsequent advancement of a 0.018" wire. The coaxial sheath was withdrawn and the 0.018” wire was
replaced with 0.035" wire under continuous cardiac monitoring to evaluate for cardiac ectopy, providing
indirect evidence of the location of the wire tip in the right atrium. Lidocaine was in�ltrated at the chosen
exit site and a small skin incision was made with the tunneled catheter advanced into the tunnel.
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Using Seldinger's technique, the venotomy was serially dilated and a peel-away sheath was advanced
and the wire withdrawn. The catheter was advanced by gradually peeling off the sheath. The threshold to
abandon the procedure was low if there was any di�culty advancing the wire or the dilators. All catheter
ports were checked for adequate �ow with a 10 ml syringe, �ushed and locked with 4% citrate solution
and sterile dressing was applied. The catheter tip position was con�rmed with a post-procedure portable
chest radiograph.

DATA ACQUISITION AND STATISTICAL ANALYSES
The Cleveland Clinic has utilized an electronic health record (EHR) for inpatient and outpatient care since
2001. Data gathered from the EHR included age at the time of TDC insertion, sex, race/ethnicity,
comorbidities, body mass index, reason for ICU admission, indication for TDC placement, use of anti-
platelet/anti-coagulant medications, the Acute Physiology and Chronic Health Evaluation (APACHE II)
score, catheter placement related complications and components of dialysis prescription.

Race/ethnicity was identi�ed based on self-description as recorded in the EHR, and was categorized as
Caucasian, African-American, Hispanic, Asian, or other (categorized as other when they were not
classi�ed as any of the aforementioned ethnicities or when race data were not available). Comorbid
conditions included hypertension, diabetes mellitus, dyslipidemia, malignancy, coronary artery disease,
cerebrovascular disease, end-stage liver disease, chronic kidney disease and congestive heart failure.

Catheter placement related complications included bleeding, inadvertent arterial puncture, venous air
embolism, arrythmias, pneumothorax, hemothorax and catheter malposition [9,10]. Procedure related
clinically signi�cant bleeding was de�ned as any bleeding requiring blood transfusions or any additional
and unexpected hemostatic measures [15]. The desired position for the catheter tip was considered to be
in the mid-right atrium or at the junction of the SVC and the right atrium and catheter malposition was
de�ned as either incorrect initial positioning of the catheter tip, displacement of the catheter tip after
placement, or folding/kinking of the catheter tip [11]. The complications observed in this study were
classi�ed according to the reporting standards of the American Society of Diagnostic and Interventional
Nephrology (ASDIN) [16].

The TDC placement procedure was classi�ed as successful if the catheter was able to achieve blood �ow
and circuit venous pressures su�cient to perform a single intermittent hemodialysis treatment or a 24-
hour treatment with continuous kidney replacement therapy without signi�cantly changing the dialysis
prescription. The components of the dialysis prescription included the choice of hemodialysis membrane,
dialysis session length, dialysate composition and temperature, blood �ow rate, amount and rate of
ultra�ltration, and method of anticoagulation.

Descriptive statistics of patient characteristics were presented in median and interquartile range for
continuous variables, and in frequencies and percentages for categorical variables.

Results
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BASELINE PATIENT CHARACTERISTICS
A total of 25 patients infected with COVID-19 who underwent right IJ TDC placement at the bedside in the
ICU between April 1st -December 31st 2020, utilizing only anatomic landmarks and ultrasound for real-
time guidance without �uoroscopy, were included in the analysis. 21 patients had clinically apparent
COVID-19 pneumonia at the time of TDC placement, requiring varying degrees of respiratory support
(mechanical ventilation [MV] [n = 11]; non-invasive ventilation [NIV] [n = 5]; high-�ow nasal oxygen [HFNO]
[n = 2] and nasal cannula [n = 3]); 4 COVID-19 infected patients did not exhibit any acute respiratory illness
and were admitted to the ICU for other indications including management of gastrointestinal bleeding (n 
= 2) and hepatorenal syndrome (n = 2). Tunneled central venous catheters (small bore [5 Fr]; single or
double lumen) for infusion were concomitantly inserted into the right IJ vein in 10 of these patients. The
patients in our cohort (Table 2) had a median age of 62 years (interquartile range [IQR]: 55–70), including
18 men (72%) and 16 African Americans (64%), with a median body mass index of 28.8 (IQR: 25.2–33.2)
kg/m2 and median APACHE II score of 22 (IQR: 19–25).

Baseline kidney function was available for all our patients, 11 of whom did not have a history of chronic
kidney disease with a baseline estimated glomerular �ltration rate (eGFR) of greater than or equal to 60
mL/min/1.73 m2. 8 and 5 patients had chronic kidney disease stages 3 (eGFR of 30–59 mL/min/1.73
m2) and 4 (eGFR of 15–29 mL/min/1.73 m2) respectively. Only one of our patients had been on
hemodialysis prior to hospitalization via a right upper extremity arteriovenous �stula and required TDC
insertion for initiation of continuous renal replacement therapy (CRRT). Other comorbid conditions
included diabetes mellitus (n = 12), hypertension (n = 18), congestive heart failure (n = 7) and end-stage
liver disease (n = 2).

CATHETER FUNCTION FOLLOWING BEDSIDE TDC
PLACEMENT
Patients in our series had their initial non-tunneled hemodialysis access replaced through a fresh
venipuncture with a TDC at bedside a median of 6 days (IQR: 4–7) after initiation of hemodialysis.
Continuous veno-venous hemodialysis (CVVHD) was the CRRT modality employed in all patients. Median
catheter blood �ow, dialysate �ow and ultra�ltration rates of 200 (IQR: 200–200) ml/min, 2000 (IQR:
1800–2300) ml/hour and 100 (IQR: 100–200) ml/hour were achieved respectively without any deviations
from the dialysis prescription (Table 3).

 

SAFETY OUTCOMES FOLLOWING BEDSIDE TDC
PLACEMENT
No catheter placement related complications including bleeding, arterial puncture, venous air embolism,
arrhythmias, pneumothorax or hemothorax were observed in our patients for the duration of their
hospitalization. None of the catheter tips were mal-positioned on post-insertion chest radiographs, with
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the tip located either in the mid-right atrium (n = 22) or at the junction of the SVC and the right atrium (n = 
3) (Table 3).

Discussion
Medical ICU practitioners and hospital administrators may prepare for a potential surge in critical care
capacity during the global COVID-19 pandemic by optimizing work�ows for rapid diagnosis, isolation,
clinical management as well as addressing concerns relating to supplies and infrastructure [17]. However,
these preparations must also focus on the ICU staff, including protection from nosocomial transmission
[18]. This is particularly crucial with hypoxic COVID-19 patients requiring non-invasive respiratory support,
including NIV and HFNO, since these may generate aerosols composed of small virus-containing
particles, depending on factors such as duration of use, oxygen �ow velocity, mask leakage as well as
patient coughing and cooperation [19]. Our study was conceptually innovative in attempting to explore
bedside TDC insertion as a viable alternative in order to help prevent hospital-acquired infections without
compromising patient safety or quality of care. We describe a series of 25 patients infected with COVID-
19 requiring kidney replacement therapy that underwent bedside placement of right IJ TDCs in the ICU,
using only ultrasound and anatomic landmarks without �uoroscopic guidance.

The standard of care for TDC insertion dictates that the procedure be performed under ultrasound and
�uoroscopic guidance to ensure fewer catheter placement related complications and adequate catheter
function [6]. Complications arising from TDC insertion including catheter related infections and
thrombosis contribute signi�cantly to patients’ morbidity and mortality at a considerable economic
burden on society [8, 20]. The hypercoagulable state of patients with COVID-19 also makes them
potentially more vulnerable to thrombotic complications and catheter occlusion [21, 22]. Furthermore, it is
important to ensure that the patients are comfortable whilst they are placed in the supine position in order
to improve cooperation during the procedure and reduce the risk of insertion failure or catheter mal-
positioning [23]. However, it may be challenging to provide a balanced analgesic strategy during TDC
placement to provide adequate discomfort relief whilst ensuring respiratory and cardiovascular stability,
especially in patients on respiratory support requiring conscious sedation. Therefore, we implemented
certain precautionary measures into our protocol for bedside TDC placement in patients with COVID-19 to
mitigate the risk of developing catheter related complications.

Firstly, we developed rigorous selection criteria for patients with COVID-19 under consideration for TDC
insertion in an attempt to identify ideal candidates. In addition to excluding patients with absolute
contraindications to TDC insertion including sepsis/bacteremia and uncontrolled coagulopathies [6], we
also did not attempt bedside TDC placement in patients with new onset cardio-respiratory instability or
with a history of central vein stenotic/occlusive disease.

Secondly, we selected the right IJ vein as the preferred site for bedside TDC placement to further try to
minimize the risk of catheter dysfunction and placement related complications. Blood �ow rates are
consistently higher with right-sided jugular venous catheters than with left sided catheters since
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placement of catheters into the left IJ vein requires that the catheter make two right angled bends as well
as an antero-posterior bend over the pulmonary arch prior to reaching the SVC [24]. There is additional
resistance to �ow not only from the multiple bends but also from the longer length of the catheter on the
left-side. A retrospective analysis of jugular venous catheters depicted that left-sided IJ venous catheters
had higher rates of infection (0.50 vs 0.27; P = .005) and catheter dysfunction (0.25 vs 0.11; P = .036)
compared with those inserted from the right [25]. Therefore, the longer path that a left sided catheter has
to traverse, predisposes it to developing catheter dysfunction as opposed to a right sided catheter, which
has a relatively shorter, less meandering course to the SVC.

Utilizing our protocol and implementing the aforementioned safety measures, we were successfully able
to place TDCs at the bedside in patients with COVID-19 requiring kidney replacement therapy and
achieved adequate catheter blood �ow rates without any deviation from the CVVHD prescription or
evidence of catheter occlusion/dysfunction. Furthermore, no catheter placement related complications
were observed and none of the catheter tips were mal-positioned on post-insertion chest radiographs. The
acute escalation in the proportion of critically ill COVID-19 patients with acute kidney injury and the
overwhelming need for urgent kidney replacement resources, coupled with the prospect of having to
transport all these patients outside the ICU to the �uoroscopy suite for TDC placement mandated the
consideration of bedside TDC insertion. In addition to protecting hospital personnel from COVID-19
exposure by limiting transportation needs, we further limited potential nosocomial transmission amongst
health care workers by eliminating the involvement of multiple teams for the procedure.

Moreover, we were able to concomitantly place tunneled central venous catheters (small bore [5 Fr]; single
or double lumen) along with TDCs in the right IJ vein in 10 of our patients, potentially further reducing
personnel exposure to COVID-19. The prospect of concomitant placement of multiple catheters in a single
central vein may ignite concerns regarding increased risk of catheter-related complications including
infections and thrombosis as well as puncture related complications such as pneumothorax.
Furthermore, with concomitant placement of a small-bore central venous catheter with a central
hemodialysis catheter, there may even be concerns regarding hemodialysis catheter dysfunction.
However, one retrospective analysis [26] compared patients who had undergone concomitant placement
of a hemodialysis catheter and a central venous catheter for infusion with patients who only had a
hemodialysis catheter placed in their right IJ vein. No signi�cant differences were found between the
aforementioned two groups of patients in the incidence of thrombosis (1.0 % vs 0.0%, p > 0.999), line
infection (2.1% vs 0.0%, p = 0.519), or line dysfunction (2.1% vs 0.0%, p = 0.516). No puncture related
complications such as pneumothorax were reported for either group. Therefore, even though multiple
catheters are not routinely placed in the same central vein, the simultaneous placement of multiple
catheters may be considered if necessary, without increasing the risk of complications.

It is encouraging to note that another case series at a tertiary community-based medical center has also
reported successful placement of 24 bedside TDCs by the institution’s vascular surgery department [27].
Only one patient out of the series developed a catheter placement related complication, which was
pneumothorax and cardiac tamponade. Some important distinctions between our studies include: (a)
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some of their TDC insertions utilized �uoroscopic guidance requiring movement of the patient to a
�uoroscopy compatible bed whereas only ultrasound was used in all our procedures for real-time
guidance (b) chest radiography was utilized at the time of sheath insertion in their series with a median
of 5 plain radiographs taken during TDC insertion, whilst only one post-procedure chest radiograph was
performed in our patients for con�rmation of catheter tip position (c) we have clearly stated the selection
criteria for patient candidacy for bedside TDC insertion to identify ideal candidates in an attempt to
mitigate the risk of catheter related complications (d) concomitant placement of TDCs and tunneled
central venous catheters in the right IJ vein was performed in our series.

Conclusions
In conclusion, preferential right IJ TDC placement at bedside in a carefully selected group of patients with
COVID-19, using ultrasound and anatomic landmarks without �uoroscopic guidance, may potentially
reduce the risk of transmission of COVID-19 amongst health care workers without compromising patient
safety or catheter function. Concomitant insertion of tunneled central venous catheters in the right IJ vein
may also be safely accomplished and further help limit personnel exposure to COVID-19.

Lessons learned from our experience are valuable to improving the safety of TDC placement in regions
where access to �uoroscopy may be limited. The standard teaching of utilizing both ultrasound and
�uoroscopy guidance for TDC placement creates an impediment to providing timely care and
dependence on other specialties [28]. Our experience with a carefully selected population may translate to
several other clinical scenarios − 1) limited access to �uoroscopy in resource limited countries; 2) regional
and local regulatory restrictions on �uoroscopy use by physicians other than radiologists; 3) preventing
transmission of infections including clostridium di�cile, vancomycin resistant enterococci and other
multi-drug resistant organisms; 4) patient related limitations precluding the use of �uoroscopy (e.g.
pregnancy); 5) challenges with transporting patients with di�cult body habitus (e.g. morbid obesity).
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Tables
Table 1: Pre-procedural Inclusion and Exclusion Criteria prior to TDC Insertion

TDC: Tunneled Hemodialysis Catheter; INR: International Normalized Ratio; TEG: Thrombo-elastography

1. Kang YG, Martin DJ, Marquez J, Lewis JH, Bontempo FA, Shaw BW Jr, et al. Intraoperative changes in
blood coagulation and thrombelastographic monitoring in liver transplantation. Anesth Analg.
1985;64(9):888–96.

Inclusion Criteria:

1. Con�rmation of patency of the right internal jugular vein via bedside ultrasound assessment

2. Appropriate withdrawal of anticoagulation (heparin and direct oral anticoagulants stopped 4 and
72 hours prior to the procedure respectively)

3. Arrangement of nothing by mouth status 4 hours prior to procedure

4. Appropriate blood product transfusions to keep platelet count greater than 20,000 k/uL, INR less
than 2 and normalize TEG parameters in patients with liver disease (reaction time less than 15 min, α-
angle greater than 45 degrees and maximum amplitude greater than 30 mm) to minimize risk of
procedure-related bleeding complications [1]

Exclusion Criteria:

1. History of thoracic central vein occlusive/stenotic disease

2. History of superior vena cava stent placement or recanalization

3. Hemodynamic instability de�ned as either a new requirement for vasoactive support or new-onset
cardiac dysrhythmia within 4 hours of scheduled TDC placement or increase in existing vasoactive
support of greater than 15 mcg of norepinephrine or greater than 150 mcg of phenylephrine within 2
hours of planned TDC insertion

4. Respiratory instability de�ned as an inability to maintain an oxygen saturation of greater than 90%
in the supine position, signi�cant risk of aspiration in the supine position or a recent increase in
oxygen requirements de�ned as an increment in FiO2 of greater than 20% within 4 hours of scheduled
TDC placement

5. Blood cultures negative for less than 48 hours prior to planned TDC insertion
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Table 2: Baseline Clinical Characteristics

eGFR: Estimated Glomerular Filtration Rate; IQR: Interquartile Range; APACHE II: Acute Physiology and
Chronic Health Evaluation II
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  All Patients (N = 25)

Age, median (IQR) 62.0 (55.0-70.0)

Male, n (%) 18 (72)

African American, n (%) 16 (64)

 

Status of COVID-19 Infection, n (%)

No Acute Respiratory Illness 4 (16)

Clinically Apparent COVID-19 Pneumonia 21 (84)

 

Comorbidities, n (%)

Hypertension 18 (72)

Diabetes Mellitus 12 (48)

Chronic Kidney Disease 14 (56)

Congestive Heart Failure 7 (28)

End-Stage Liver Disease 2 (8)

 

Body mass index, kg/m2, median (IQR) 28.8 (25.2-33.2)

 

Baseline eGFR (mL/min/1.73m2)

>60 11 (44)

30-59 8 (32)

15-29 5 (20)

<15 1 (4)

 

APACHE II Score, median (IQR) 22.0 (19.0-25.0)

Table 3: CVVHD Prescription and Tunneled Dialysis Catheter Outcomes

CVVHD: Continuous Veno-Venous Hemodialysis; IQR: Interquartile Range
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  All Patients (N = 25)

CVVHD Prescription, median (IQR)

Dialysate Flow Rate, mL/hour 2000 (1800-2300)

Blood Flow Rate, mL/minute 200 (200-200)

Ultra�ltration Rate, mL/hour 100 (100-200)

 

Tunneled Dialysis Catheter Tip Positioning, n (%)

Mid – Right Atrium 22 (88)

Superior Vena Cava – Right Atrium Junction 3 (12)

Catheter Malposition 0 (0)

 

Tunneled Dialysis Catheter Safety Outcomes, n (%)

Bleeding/ Arterial puncture 0 (0)

Venous Air Embolism 0 (0)

Arrhythmias 0 (0)

Pneumothorax/Hemothorax 0 (0)
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