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Ζntroduction
Globally, more than 300.000 patients with end-stage renal disease (ESRD) rely on 

a hemodialysis (HD) access for renal replacement therapy (RRT) (1). At the end 

of 2019, over 5300 patients were registered in the Netherlands as being ‘under 

treatment by means of HD’ (2). Individuals harbouring a HD access require 

continuous attention as these fragile patients face a high risk of life threatening 

complications, hospitalization and early mortality (3,4).

If HD cannot be avoided, approximately 90% of the ESRD patients choose 

to receive a HD access compared to some 10% favoring peritoneal dialysis. Of 

DOO GL΍ HUHQW +' DFFHVV W\SHV� D QDWLYH DUWHULRYHQRXV DFFHVV �$9$� LV SUHIHUUHG 

among nephrologists and vascular surgeons due to its relatively low frequency 

of complications and high patency rate as compared to central venous catheters 

(CVC) or arteriovenous grafts (AVG) (5,6). By far the most popular native AVA is the 

radiocephalic arteriovenous access (RC-AVA). This access was introduced in 1966 

by the triumvirate Brescia, Cimino and Appel (7). Since then, the RC-AVA continues 

to be the method of choice as endorsed by international guidelines (1,5). If RRT is 

imminent and a patient prefers a AVA construction, it is investigated whether a 

5&�$9$ DW WKH ZULVW LV SRVVLEOH DQG VWDQGV D IDLU FKDQFH RI VXɝ  FLHQW PDWXUDWLRQ�

)igure �� A triumvirate of specialists who introduced the popular Cimino-Brescia AVA 
(radiocephalic RC-AVA) in 1966 (Brescia, Cimino & Appel (A). Schematic overview of a RC-AVA 
DW WKH ZULVW LQ D VLGH�WR�VLGH FRQȴ JXUDWLRQ �%�� 

A. B.
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1The arm is inspected for vein visibility, radial artery pulsatility and hand circulation 

(1,5). Furthermore, epifascial venous diameters are measured using Duplex 

analysis, since an AVA that is constructed with a small diameter vein may mature 

LQVXɝFLHQWO\ ������ 8OWLPDWHO\� WKHVH ȴQGLQJV PD\ JXLGH WKH YDVFXODU VXUJHRQ LQ WKH 

preoperative phase in estimating whether creation of a RC-AVA is likely successful.

&urrent Saradigm shift Ȇfrom distal to Sro[imalȇ
The number of ESRD patients is steadily increasing (Figure 2). In the year of 2018, 
WKH LQFLGHQFH LQ WKH 8QLWHG 6WDWHV H[FHHGHG ������� IRU WKH ȴUVW WLPH HYHU ����� 
Rates of elderly patients developing ESRD have displayed the most rapid increase. 
For instance, in 2009 37% of patients receiving RRT were 65 years and older. By the 
end of 2019, this portion of elderly patients had increased to 45%, a percentage 
that is four times higher than thirty years ago in the Netherlands (2).

ΖQ PRVW RI WKHVH HOGHUO\ SDWLHQWV� UHQDO LQVXɝFLHQF\ LV FDXVHG E\ K\SHUWHQVLRQ� 
diabetes and/or arteriosclerosis (or a combination thereof) (10). As these patients 
frequently also have distal blood vessels of low quality, creation of a RC-AVA may 
not be possible. As a consequence, a more proximal AVA (BC-AVA) located at the 
HOERZ LV JUDGXDOO\ EHFRPLQJ WKH ȴUVW FKRLFH $9$ �������� $OWKRXJK D SUR[LPDO $9$ 
demonstrates a high chance of successful maturation, long term complications 
VXFK DV KHPRGLDO\VLV DFFHVV�LQGXFHG GLVWDO LVFKHPLD �+$Ζ'Ζ� DQG KLJK ȵRZ �+)$� 
KLJK ȵRZ DFFHVV� DUH ORRPLQJ ���Ȃ����

3otential roles of ȴnger Sressures �3dig� in access worNuS 
of future +' Satients"
A concise preoperative strategy for choosing the ‘right AVA for the right patient’ 
is essential. Intuitive is to identify a site at the arm having the most suitable 
DUWHULDO LQȵRZ DQG DQ RSWLPDO YHQRXV RXWȵRZ� )LQJHU SOHWK\VPRJUDSK\ LV D VLPSOH 
bedside modality that is utilized for determining blood pressure in the digits of the 
hand. When combined with a brachial pressure measurement, a digital brachial 
index (DBI) can be obtained (ratio between systolic Pdig divided by Pbrach art). A DBI 
WKHRUHWLFDOO\ UHȵHFWV WKH FRPELQHG TXDOLW\ RI DOO DUWHULHV DORQJ WKH DUP�KDQG D[LV 
(and possibly also the quality of the overall circulation). 

The potential prognostic value of a Pdig in the preoperative workup of a HD 

access is largely unknown. The European Society of Vascular Surgery (ESVS) as 

well as the latest Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines
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1only recommend non-invasive ultrasound as the modality optimizing HD access 

VWUDWLȴFDWLRQ� DSDUW IURP D GHWDLOHG SDWLHQW KLVWRU\ WDNLQJ DQG SK\VLFDO H[DPLQDWLRQ 

(1,5). A measurement of a Pdig is not considered, also as the number of studies on 

its role regarding crucial outcomes measures such as patency, HAIDI and mortality 

is scarce. To date, a small body of access studies just focused on a relationship 

between Pdig DQG SUHVHQFH RI +$Ζ'Ζ ���Ȃ���� 

It is well known that cardiovascularly compromised HD patients with severely 

sclerotic arteries are prone to develop stenosis or thrombosis of their AVA. 

Previous studies in patients who were scheduled for access surgery found that the 

DUWHULDO ZDOO FDOFLȴFDWLRQV LQ WKH ORZHU DUP YDVFXODWXUH ZHUH DVVRFLDWHG ZLWK ORZHU 

primary as well as secondary access patency rates. However, a simple bedside 

WRRO HYDOXDWLQJ GHJUHH RI FDOFLȴFDWLRQ LV ODFNLQJ ���Ȃ���� 2QH PLJKW K\SRWKHVL]H 

that a Pdig �DQG '%Ζ� SRVVLEO\ UHȵHFWV WKH GHJUHH RI DUWHULDO ZDOO FDOFLȴFDWLRQV DQG 

may be associated with long-term AVA patency rates. However, the role of a Pdig

measurement as a factor predicting access patency is unknown. 

Can Pdig Sredict hand ischemia after access construction"
Some HD patients develop HAIDI (Figure 3). Symptoms initially include a cold and 

crampy hand of the dialysis arm. However, unbearable pain and even necrosis 

PD\ RFFXU DW D ODWHU VWDJH �������� +$Ζ'Ζ FDQ D΍HFW XS WR ��� RI WKH JHQHUDO +' 

population (13,23,24). The incidence of HAIDI is rising due to the current paradigm 

shift favoring a more proximal BC-AVA.

The pathophysiology of HAIDI is partly uncovered. Due to increased arm 

EORRG ȵRZ IROORZLQJ +' DFFHVV FUHDWLRQ� DXJPHQWHG VKHDU VWUHVV ZLOO OHDG WR 

compensatory remodeling of the arm arteries aimed at maintaining an adequate 

perfusion pressure of the hand (25,26). However, individuals with severely 

VFOHURWLF DUWHULHV �RIWHQ LQ FRPELQDWLRQ ZLWK GLDEHWHV� ZLOO OLNHO\ KDYH LQVXɝFLHQW 

remodeling capacity thus failing to adapt to a changed hemodynamic environment 

(13). As a consequence, gradual loss of perfusion pressure towards the periphery 

(hand) may occur. When this drop in arm blood pressure is augmented due to 

WXUEXOHQW ȵRZ DW WKH $9$ DQDVWRPRWLF VLWH �ȆSUHVVXUH VLQNȇ�� GLVWDO K\SRSHUIXVLRQ 

PD\ IXUWKHU EH LQWHQVLȴHG� ΖQ UHODWLYHO\ KHDOWK\ +' LQGLYLGXDOV� WKH K\SRSHUIXVLRQ 

is compensated for by opening collateral arteries. However, collateral perfusion 

FDSDFLW\ LQ HOGHUO\ GLDEHWLFV PD\ EH LQVXɝFLHQW OHDGLQJ WR GLVWDO LVFKHPLD�  
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)igure �� 7\SH � +$Ζ'Ζ RI PLGGOH ȴ QJHU LQ D SDWLHQW ZLWK D %&�$9$�

ΖQ HDUOLHU GD\V� WKH �PRGLȴ HG� $OOHQ 7HVW �)LJXUH �� ZDV VXJJHVWHG DV D VZLIW 

bedside technique for determining collateral perfusion of a hand. If hand pallor 

persisted after releasing of a compressed ulnar artery while digitally occluding the 

UDGLDO DUWHU\� FROODWHUDO SHUIXVLRQ YLD WKH XOQDU DUWHU\ ZDV GHHPHG LQVXɝ  FLHQW DQG 

an RC-AVA (compromising blood pressure in the radial artery) was not advised. 

However, several studies found that this Allen test, when performed prior to 

access creation, lacked prognostic accuracy in predicting HAIDI later on because 

RI D KLJK LQWHUREVHUYHU ELDV ���Ȃ���� 2QH PLJKW K\SRWKHVL]H WKDW DQ LQDGHTXDWH 

FROODWHUDO SHUIXVLRQ DV UHȵ HFWHG E\ DQ LQFUHDVHG 3dig drop during an Allen test may 

predict HAIDI. However, studies combining a measurement of Pdig and an Allen test 

in the preoperative workup of patients scheduled for an AVA were not performed.
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1)igure �� Edgar Van Nuys Allen with his Test (A). Practical application of the Allen Test. 
3HUVLVWHQW EODQFKLQJ RI WKH UDGLDO SRUWLRQ RI WKH KDQG VXJJHVWV LQVXɝFLHQW FROODWHUDOL]DWLRQ 
via the ulnar system (B). 

     

Possible associations between Pdig� +$Ζ'Ζ and cardiovascular 
mortality"
A general HD population displays a relatively high mortality rate (up to 20% per 
year), most often due to cardiovascular causes (2,10). An earlier meta-analysis of 
ESRD patients found that an ankle-brachial index (ABI; systolic blood pressure at 
DQNOH DUWHU\ GLYLGHG E\ V\VWHPLF V\VWROLF EORRG SUHVVXUH DW DUP� UHȵHFWHG ORQJ�
term survival in an U-shaped manner (30). Similarly, it can be hypothesized that 
ESRD patients having an abnormal Pdig or increased Pdig drop after the Allen test 
also have an increased risk of cardiovascular death. Some think that presence of 
�GLVWDO� DWKHURVFOHURVLV DQG LQVXɝFLHQW FROODWHUDO SHUIXVLRQ FDQ EH FRQVLGHUHG DV D 
surrogate marker of suboptimal cardiac health. In addition, it is unknown whether 
survival in patients with severe HAIDI is even more compromised compared to HD 
patients with a normal hand perfusion. 
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+igh )low $ccess �+)$�� &ontroversies in deȴnition and 
management 
$ PLQLPDO ������� /�PLQ DFFHVV ȵRZ �4a� LV UHTXLUHG IRU H΍HFWLYH +' ������� 2FFDVLRQDOO\� 
Qa can increase inappropriately over time which may lead to systemic complications 
such as high-output cardiac failure (HOCF). An uncontrolled Qa rise may be hazardous, 
especially in HD patients who often are already burdened with cardiovascular disease.  

When an AVA develops Qa of 1.0-1.5 L/min, or when the Qa to cardiac output 

ratio >20%, a High Flow Access (HFA) is at hand according to international guidelines 

on vascular access management (1,5). However, literature studying the association 

between height of Qa and cardiovascular complications is controversial. Some 

VWXGLHV VXJJHVWHG WKDW D +)$ FDQ KDYH D VLJQLȴFDQW H΍HFW RQ WKH FDUGLRYDVFXODU 

system and a higher Qa may lead to a greater risk of cardiac decompensation 

(15,33,34). In addition, cardiac output and Qa are closely related (33). It is also 

known that people with HOCF of various etiologies have an approximately 

three times higher risk of death compared to people without (35). On the other 

hand, HD patients with a Qa <1 L/min have a greater risk of both overall and 

cardiovascular death compared to patients with Qa values   between 1 and 2 L/min 

(36). Furthermore, no relationship was found between Qa >2 L/min as measured 

GXULQJ WKH YHU\ ȴUVW KDHPRGLDO\VLV VHVVLRQ DQG PRUWDOLW\ ����� $OO RI WKHVH VWXGLHV 

LQGLFDWH WKDW WKH FOLQLFDO VLJQLȴFDQFH RI 4a LQ +' SDWLHQWV LV LOO�GHȴQHG�

-oint 0odelling $SSroach for analy]ing 4a 

It is important to realize that Qa LQ DQ LQGLYLGXDO SDWLHQW FDQ ȵXFWXDWH VXEVWDQWLDOO\ 
over time (38). Studies on the relationship between height of Qa and HFA are 
JHQHUDOO\ OLPLWHG WR ȆVQDSVKRWVȇ RI DFFHVV ȵRZ �H�J� RQH RU WZR FRQVHFXWLYH 4a

measurements). However, cardiac reserve may possibly become exhausted due to 
long-term exposure to large Qa TXDQWLWLHV �DQG LWV ȵXFWXDWLRQV�� ΖQ DGGLWLRQ� DOO VWXGLHV 
failed to consider the natural course of Qa and possible measurement errors. 

$ UHFHQW VWXG\ HYDOXDWLQJ WKH UHVSRQVH WR GUXJV DQG ULVN RI VLGH H΍HFWV IRXQG 
that the use of longitudinal survival models are promising for analyzing these 
complex associations (39). This ‘Joint Modelling Approach’ may prove worthwhile 
for studying potential relations between Qa and adverse outcomes. Consequently, 
VXFK QRYHO G\QDPLF VWDWLVWLFDO WHFKQLTXHV PLJKW LGHQWLI\ REMHFWLYH FULWHULD GHȴQLQJ 
a HFA requiring treatment. However, a Joint Modelling Approach was never utilized 
for studying long term exposure to Qa and survival in a general HD population.
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1:hat is the most oStimal treatment for +)$"
International guidelines currently fail to provide criteria for Qa reducing 

interventions in HFA. A poll at the Charing Cross 2021 Meeting revealed that 

consensus regarding Qa reduction of a HFA >1500 mL is lacking (Figure 5). In daily 

SUDFWLFH� GLDJQRVLQJ D +)$ DQG WLPLQJ RI ȵRZ UHGXFWLRQ VXUJHU\ DUH EDVHG RQ FOLQLFDO 

experience and best judgement. An evidence based Qa monitoring scheme is yet 

to be validated. In addition, the Qa reduction technique with the most promising 

ORQJ�WHUP UHVXOWV LV WR EH LGHQWLȴHG� $Q RYHUYLHZ UHJDUGLQJ WKH FRPSOHWH VSHFWUXP 

of surgical techniques for Qa reduction might be a step contributing to such an 

optimal HFA treatment scheme.

)igure �� Audience poll at Charing Cross 2021 questioning Qa reduction in asymptomatic 
HFA.

Ζs a more Sro[imal %&�$9$ the Eest Ȇsecond choiceȇ"
A RC-AVA at the wrist continues to be the access of choice because of its low rate 

of complications such as HAIDI and HFA. As mentioned earlier, a RC-AVA is not 

always feasible because of unsuitable distal vasculature, especially in an elderly, 

diabetic and cardiovascular burdened HD population. Three earlier studies 
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concluded that a more proximal BC-AVA in the elbow should become the access of 

ȴUVW FKRLFH LQ RFWRJHQDULDQV GXH WR LWV EHWWHU SDWHQF\ ���Ȃ���� $Q\ FOLQLFLDQ VKRXOG 

MXGJH WKH SURV DQG FRQV RI WKH VSHFWUXP RI 557ȇV WKDW EHVW ȴWV WKH LQGLYLGXDO 

patient. Nevertheless, survival is likely the most important parameter guiding such 

D SDUDPRXQW FKRLFH� &XUUHQW OLWHUDWXUH FRQVLVWHQWO\ ȴQGV WKH ORZHVW PRUWDOLW\ 

rates in AVA’s in comparison with AVG’s or CVC’s. Interestingly, it is unknown 

what impact AVA location (distal vs. proximal, or wrist vs elbow) has on long-term 

cardiovascular mortality.

$ims of the thesis
The general aim of this thesis is to study the prognostic roles of finger pressures 

and AVA flows in hemodialysis patients.

SSeciȴc aims regarding roles of ȴnger Sressures �3dig� 
1. To determine a possible association between a preoperative digital 

brachial index (DBI) and two-year AVA patency in HD patients.

2. To study whether a preoperative Allen Test combined with Pdig

measurements may predict the onset of postoperative hand ischemia 

(HAIDI) in HD patients.

3. To determine if altered values of Pdig are associated with cardiovascular 

mortality in HD patients.

4. To evaluate whether a preoperative Allen Test can predict long-term 

mortality after AVA construction in HD patients.

5. To investigate whether patients with severe HAIDI have a limited survival 

compared to patient with normal hand perfusion.

SSeciȴc aims regarding role of $9$ flow �4a)
6. To determine a possible association between Qa and survival of HD 

patients.

7. 7R VWXG\ ZKHWKHU $9$ ORFDWLRQ LQȵXHQFHV PRUWDOLW\ UDWHV LQ +' SDWLHQWV� 

8. To evaluate the spectrum of surgical techniques for Qa reduction in HD 

SDWLHQWV ZLWK KLJK ȵRZ $9$�
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1Thesis outline
Creating an optimal AVA is often a challenge whereas maintaining its patency is 

even more demanding. After two years, approximately half of all AVA’s have failed. 

Unfortunately, a simple bedside method for predicting long-term patency before AVA 

creation is currently lacking. At present, a preoperative workup including an evaluation 

of the venous vasculature is standard procedure, but a Pdig (and its derivative, DBI, 

GLJLWDO EUDFKLDO LQGH[� SRVVLEO\ UHȵHFWLQJ WKH RYHUDOO DUP FLUFXODWLRQ LV QRW FRQVLGHUHG 

as a means of predicting access patency. In chaSter �� we discuss the potential role of 

a preoperative DBI measurement for determining 2-year AVA patency.

Hemodialysis access-induced distal ischemia (HAIDI) is a drastic complication 

following access construction that may occur in up to 20% of patients. It is 

FKDUDFWHUL]HG E\ SDLQ DQG FUDPSV LQ WKH GLDO\VLV KDQG� $PSXWDWLRQ RI ȴQJHUV RU KDQG 

is required in severe cases. The incidence of HAIDI is rising due to the contemporary 

shift favoring more proximally located AVA’s. Previously, the Allen Test was utilized for 

evaluating the hand circulation prior to AVA creation. However, a high interobserver 

bias precluded the practical application of this test. We studied whether a combined 

Allen test-Pdig measurement was able to predict the onset of severe HAIDI (chaSter �). 

Populations with ESRD requiring HD display high mortality rates due to 

concurrent cardiovascular disease. After four years, just half of a general HD 

population is still alive. However, individual variability is substantial. Therefore, 

UHFRJQL]LQJ IDFWRUV WKDW LQȵXHQFH VXUYLYDO LV FUXFLDO IRU DGHTXDWHO\ FRXQVHOOLQJ 

prospective HD patients. Measurements of Pdig of the foot were found to predict 

mortality in patients with intermittent claudication due to atherosclerosis. A 

diminished peripheral collateral circulation might be an expression of comprised 

cardiovascular health. In chaSter �, we discuss the potential association between 

preoperative DBI values and cardiovascular mortality in a HD population. 

&haSter � discusses if a preoperative Allen Test combined with Pdig was 

associated with mortality in HD patients. 

Recent studies suggested that HAIDI patients have higher mortality rates 

compared to HD patients without, possibly due to the overall presence of 

generalized atherosclerosis. In chaSter �� we compare survival rates of HAIDI 

patients with controls.

$W SUHVHQW� DQ HYLGHQFH�EDVHG GHȴQLWLRQ RI D Ȇ+)$ UHTXLULQJ WUHDWPHQWȇ LV 

lacking. Most of the pertaining studies base their advice on the absolute height 

of a single Qa measurement. In chaSter �, we investigated potential associations 
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between various novel aspects of Qa and survival in a HD population by utilizing a 

unique statistical ‘Joint Modelling Approach’. 

6WXGLHV RQ PRUWDOLW\ UDWHV RI SRSXODWLRQV XVLQJ GL΍HUHQW PRGHV RI +' �&9&� 

$9*� $9$� FRQVLVWHQWO\ ȴQG WKH KLJKHVW VXUYLYDO UDWHV LQ SDWLHQWV ZLWK D QDWLYH $9$� 

However, it is unknown if location of AVA (wrist, elbow) is associated with survival. 

In chaSter �, we studied whether survival of patients with an wrist-based native 

$9$ LV GL΍HUHQW FRPSDUHG WR SDWLHQWV KDYLQJ DQ HOERZ�EDVHG $9$�

Some HD patients have an AVA that continues to mature leading to an 

LQDSSURSULDWHO\ KLJK ȵRZ DFFHVV� $W SUHVHQW� JXLGHOLQHV DGYLVH WR LQLWLDOO\ PRQLWRU 

a high Qa access (HFA). If signs of cardiac overload occur, Qa reduction may be 

considered. Hitherto, the most optimal surgical method for Qa reduction is 

LOO�GHȴQHG� &haSter � provides a scoping review on the spectrum of surgical 

techniques for Qa reduction of a HFA.

A summarizing discussion, conclusions and future perspectives are provided 

in chaSter ��. In chaSter ��, we discuss the impact of the present dissertation. 

&haSter �� includes a Dutch summary. Finally, acknowledgements and curriculum 

vitae of the author are provided.
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$Estract
Objective
Aim of the present study was to assess whether a single measurement of a digital 
EUDFKLDO LQGH[ �'%Ζ� UDWLR V\VWROLF ȴQJHU SUHVVXUH�V\VWHPLF SUHVVXUH� UHȵHFWLQJ 
the arm’s circulation was associated with access patency in severe chronic kidney 
GLVHDVH �&.'� SDWLHQWV VFKHGXOHG IRU DUWHULRYHQRXV ȴVWXOD �$9)� VXUJHU\�

Methods
A bilateral DBI was obtained using digital plethysmography just prior to constructing 
WKH SDWLHQWȇV ȴUVW $9) EHWZHHQ -DQXDU\ ���� DQG 'HFHPEHU ���� LQ RQH FHQWHU� 
$ '%Ζ EHWZHHQ ��Ȃ��� ZDV FRQVLGHUHG QRUPDO� ZKHUHDV YDOXHV <80% (low) or 
≥100% (high) were termed abnormal. DBI values ipsilateral to the AVF were used 
for analysis. Primary and secondary access patency rates were calculated according 
to published standards and were compared using standard statistical techniques. 

Results
Data sets of 163 patients were obtained (female, n= 69, age 71 ±12 years). Median 
follow-up was 40 weeks (range 0-104 weeks, follow-up index 99% ±1). Patients 
with abnormal preoperative DBI values had lower two-year primary patency 
rates (low DBI 25% ±11; high DBI 28% ±6; normal DBI 49% ±8; p=.018). Following 
correction for age, sex, hypertension, diabetes mellitus, cardiovascular disease, 
smoking status and history of an ipsilateral central venous catheter, an adjusted 
model demonstrated that abnormal DBI values conferred an increased risk for 
primary failure (Low DBI <80% HR 2.25 [1.13-4.48]; High DBI ≥100% HR 1.74 [1.06-
2.85], both p<.030). Patients with a low preoperative DBI displayed a diminished 
VHFRQGDU\ SDWHQF\ �+5 ���� >���������@� S ������ &RQYHUVHO\� GLDPHWHUV RI RXWȵRZ 
veins did not determine access patency. 

Conclusion
Patients with abnormal DBI values prior to AVF construction for hemodialysis 
have lower two-year access patency rates compared to patients with a normal 
'%Ζ� 3OHWK\VPRJUDSKLF ȴQJHU PHDVXUHPHQWV PD\ KDYH D UROH LQ WKH SUHRSHUDWLYH 
counselling of severe CKD patients requiring an AVF.

.eywords
Chronic hemodialysis; Digital brachial index; Patency; Vascular access 
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Ζntroduction
Maintaining access patency is a major challenge for vascular surgeons involved 

in hemodialysis (HD) management. Following construction, autogenous arteriove-

QRXV ȴVWXODV �$9)� PD\ LQLWLDOO\ IDLO WR PDWXUDWH RU GHYHORS WKURPERVLV RU VWHQRVLV 

over time. After two years,  just about half of AVFs were patent according to a 

recent review (1). A repetitively malfunctioning AVF is a burden for patients and 

caretakers (2,3). If untoward events are not timely recognized, an occluded access 

ZLOO OHDG WR KLJK PRUELGLW\ UDWHV DQG LQFUHDVHG KHDOWK FDUH FRVWV ��Ȃ���

A number of factors determining patency following AVF construction were 

LGHQWLȴHG ��Ȃ���� <RXQJ DJH DQG DEVHQFH RI FRPRUELGLWLHV VXFK DV GLDEHWHV 

FRQWULEXWH WR KLJK SDWHQF\ UDWHV� EXW WKHVH SDUDPHWHUV FDQQRW EH PRGLȴHG� 7KH 

FRUUHFW FKRLFH RI DQ DGHTXDWH GLDPHWHU RI WKH DFFHVVȇ YHQRXV RXWȵRZ WUDFW LV 

thought to contribute to the most optimal type of access, however its value for 

predicting a successful AVF is controversial (11). Nevertheless, several guidelines 

suggested the use of veins with a minimal 2.0-2.5 mm diameter for a radiocephalic 

AVF (RC-AVF) or a 3 mm diameter for a brachiocephalic AVF (BC-AVF) (8,9). 

Whereas the importance of the venous vasculature in access surgery may 

seem limited, the role of the arterial vasculature in the preoperative strategy 

of AVF surgery is unclear. Some advised to evaluate the arterial condition using 

UDWHV RI FDOFLȴFDWLRQ EHIRUH FKRRVLQJ W\SH RI DFFHVV �������� 7KLV DSSURDFK PD\ 

VHHP EHQHȴFLDO DV WKH SUHVHQFH RI DUWHULDO ZDOO FDOFLȴFDWLRQV ZDV IRXQG WR UHGXFH 

SULPDU\ DQG VHFRQGDU\ DFFHVV SDWHQF\ UDWHV ���Ȃ���� +RZHYHU� VLPSOH DQG 

FRQYHQLHQW PHWKRGV IRU LGHQWLI\LQJ WKHVH FDOFLȴFDWLRQV KDYH \HW WR EH YDOLGDWHG� 

Finger plethysmography is a simple technique that is used to determine 

blood pressure in the digits of the hand (15,16). A digital-brachial index (DBI, 

V\VWROLF ȴQJHU SUHVVXUH GLYLGHG E\ V\VWROLF EUDFKLDO DUWHU\ SUHVVXUH� SRWHQWLDOO\ 

UHȵHFWV WKH TXDOLW\ RI WKH DUP FLUFXODWLRQ �������� 3ULRU VWXGLHV KDYH VKRZQ 

that suboptimal digital pressures are associated with long-term cardiovascular 

mortality, suggesting that inferior arterial quality in the distal portions of the 

ERG\ PLJKW EH D UHȵHFWLRQ RI D VXERSWLPDO RYHUDOO FDUGLRYDVFXODU KHDOWK ���Ȃ���� 

However, whether DBI could be utilized as a modality for the prognosis of long-

term access patency is unknown. Therefore, the aim of the present study was to 

determine whether a value of DBI in patients with severe chronic kidney disease 

�&.'� SULRU WR UHFHLYLQJ WKHLU ȴUVW $9) ZDV UHODWHG ZLWK WZR�\HDU DFFHVV SDWHQF\�
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0aterials and 0ethods
*eneral information and standard worNuS
CKD stage IV or V patients possibly requiring a HD access were referred to our 

vascular outpatient department by one of our nephrologists. A standardized 

preoperative workup entails history taking and examination of both arms and 

KDQGV LQFOXGLQJ UDGLDO DQG XOQDU DUWHU\ SDOSDWLRQ� $ SOHWK\VPRJUDSKLF ȴQJHU 

pressure measurement was performed to determine the risk of post-operative 

hand ischemia. A bilateral Duplex ultrasound (DUS) determined diameters of 

both lower arm and upper arm veins. Based on these results, patients were 

counselled by one of four vascular surgeons on the pros and cons of access type 

and preferred location. Following informed consent, patients usually received the 

operation some 2-6 weeks later. 

$GXOW SDWLHQWV ZKR UHFHLYHG WKHLU ȴUVW $9) FRQVWUXFWLRQ LQ WKH XSSHU 

extremity in Máxima Medical Center (MMC, Veldhoven, the Netherlands) between 

January 2009 and December 2017 were eligible for this retrospective study. 

Patients with reliable values of digital plethysmography obtained within 6 months 

prior to access construction were included for analysis. Since plethysmography 

is considered a non-invasive stress-free modality which is standard care at our 

department, the Medical Research Involving Human Subjects Act (Dutch WMO) did 

not apply to the study and additional patient consent was not required as decided 

by the medical ethical committee of MMC.

)inger SlethysmograShy and venous ultrasound
A vascular laboratory technician performed digital plethysmography (Nicolet 

9DVRJXDUG  � 0+]� 6FLPHW� %ULVWRO� 8.� WR REWDLQ V\VWROLF ȴQJHU SUHVVXUHV �3dig, mmHg) 

RI ERWK PLGGOH RU LQGH[ ȴQJHUV� $ SKRWR SOHWK\VPRJUDSKLF VHQVRU ZDV SODFHG RQ 

WKH GLVWDO SKDODQ[ DQG DQ LQȵDWDEOH FX΍ ZDV ZUDSSHG DURXQG WKH SUR[LPDO SKDODQ[� 

2QFH D VWDEOH VLJQDO ZDV REWDLQHG� WKH GLJLWDO FX΍ ZDV LQȵDWHG XQWLO D PD[LPXP 

SUHVVXUH RI ��� PP+J ZDV UHDFKHG� 7KH FX΍ ZDV WKHQ JUDGXDOO\ GHȵDWHG XQWLO 

D SXOVDWLOH VLJQDO UHDSSHDUHG UHȵHFWLQJ WKH V\VWROLF GLJLWDO SUHVVXUH� 7KH '%Ζ ZDV 

FDOFXODWHG E\ GLYLGLQJ WKH KLJKHVW V\VWROLF ȴQJHU SUHVVXUH E\ WKH V\VWROLF SUHVVXUH 

obtained from one of both brachial arteries having the highest pressure. 

Venous DUS (Aplio-XG Diagnostic Ultrasound System SSA-790A, Toshiba 

America Medical Systems, Inc, USA) was performed by a dedicated vascular 
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laboratory technician. Patients were positioned upright with the elbow at a 45 

degree angle and the arm cushioned. Inner diameters of the median cubital vein, 

lower arm and upper arm basilic and cephalic vein were obtained of both arms. 

)ollow uS
)ROORZLQJ VXUJHU\� DFFHVV ȵRZV ZHUH PHDVXUHG � WR � ZHHNV SRVWRSHUDWLYHO\ 
(HD03, Transonic Systems IN, New York, USA) according to KDOQI guidelines (9). 
Weekly multidisciplinary meetings were held to discuss patients with complicated 
+' VHVVLRQV LQFOXGLQJ WKRVH H[KLELWLQJ VXEVWDQWLDO FKDQJHV LQ DFFHVV ȵRZ RU 
pressures (9). DUS was performed if a stenosis was suspected. If required, 
angioplasty was performed within 2-4 days. 

Data collection
General patient characteristics, comorbidities, smoking status, use of anticoagulants 
DQG VWDWLQV� UHVXOWV RI ȴQJHU SOHWK\VPRJUDSK\ DQG YHQRXV DUP '86� WLPLQJ DQG W\SH 
RI ȴUVW YDVFXODU DFFHVV FRQVWUXFWLRQ DQG FXUUHQW +' VWDWXV �\HV�QR� ZHUH UHWULHYHG 
IURP GLJLWDO SDWLHQW ȴOHV �+L; ���� &KLS6RIW %�9�� $PVWHUGDP� 7KH 1HWKHUODQGV� 
)LQ3UR'% ���� 0HG9LVLRQ $*� 8QQD� *HUPDQ\�� &RPRUELGLWLHV ZHUH GHȴQHG DV 
follows: diabetes mellitus (diagnosis type 1 or 2 diabetes mellitus or currently using 
antihyperglycemic medication), hypertension (previous diagnosis of hypertension 
or use of antihypertensive medication), cardiovascular disease (prior diagnosis of 
angina pectoris, acute coronary syndrome, CABG, diagnostic imaging with signs of 
(prior) infarction or ischemia, ischemic stroke or transient ischemic attack, ≥70% 
stenosis of an arterial segment of the peripheral arteries or ≥50% stenosis in the 
coronary artery lumen, history of intermittent claudication, ischemic pain during rest, 
ischemic tissue loss, prior peripheral artery intervention or bypass, or demonstrated 
absolute toe pressure of <40 mmHg). The Dutch Nephrology guidelines, based on 
ICD-10 diagnoses, were used to classify causes of renal failure (21). 

Patients were grouped into three categories of DBI values, that is low
(<80%), normal (80-99%), or high (≥������ 7KHVH FXW�R΍ YDOXHV ZHUH DGDSWHG IURP 
SUHYLRXV VWXGLHV ZKHUH JURXSV ZHUH GHȴQHG LQ DQDORJ\ WR VWXGLHV IRFXVHG RQ 
DQNOH�EUDFKLDO LQGH[ YDOXHV  ������Ȃ���� 7KH ORZHU OLPLW LV YDOLGDWHG E\ WKH 'XWFK 
Guidelines on Vascular Access Management (25). DBI values of 100% and higher 
were considered contra-intuitive, since there is always a gradual loss of mean 
arterial pressure (MAP) towards peripheral portions of the arm (22).
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DBI values and vein diameters of the access arm were used for analysis. 

Based on recent ESVS vascular access guidelines, veins were considered adequate 

when the following minimum diameter criteria were met: Cephalic vein ≥2.0 mm 

for RC-AVF and ≥3.0 mm for BC-AVF; median cubital vein ≥3.0 mm for Gracz-AVF; 

basilic vein ≥3.0 mm for brachiobasilic AVF (BB-AVF) (8).

A follow up index, the ratio between the investigated and potential follow-up 

period, was calculated as proposed (26). Date of AVF construction was used as the 

study’s starting date. FU was terminated after two years or at December 31, 2017. 

Patients were considered “lost to follow up” if they had permanently moved to 

another dialysis facility during the observation period. For these patients, the date 

of last known alive was used. 

'eȴnitions of study outcomes
3ULPDU\ DV ZHOO DV VHFRQGDU\ SDWHQF\ ZHUH GHȴQHG DFFRUGLQJ WR WKH 6RFLHW\ IRU 

9DVFXODU 6XUJHU\ UHSRUWLQJ VWDQGDUGV ����� 3ULPDU\ SDWHQF\ ZDV GHȴQHG DV WKH 

LQWHUYDO EHWZHHQ $9) FUHDWLRQ DQG WKH ȴUVW UH�LQWHUYHQWLRQ IRU G\VIXQFWLRQ� WKH 

WLPH RI PHDVXUHPHQW RI SDWHQF\ RU WKH WLPH RI LWV DEDQGRQPHQW� 7KH GHȴQLWLRQ RI 

secondary patency was the time from AVF placement until access abandonment 

after one or more interventions, or the time of measurement of patency including 

achievement of a censored event (death, change of HD modality, loss to follow-

up). 

Statistical analysis
Statistical analyses were performed using SPSS version 25 (IBM SPSS Inc., Chicago, 

IL, USA). Cohort demographics were displayed as mean ± standard deviation (SD), 

or counts (percentages) if appropriate. Patient variables were tested for normality 

and expressed as mean ± standard error of the mean (SEM). DBI values were 

depicted as percentages. Variances between groups were analyzed with Fischer’s 

exact test, Pearson’s chi-square test or independent sample T-test as appropriate. 

Time-to-event calculations for primary and secondary patency were 

DQDO\]HG ZLWK .DSODQ 0HLHU DQG VXUYLYDO DQDO\VLV� 3RWHQWLDO JURXS GL΍HUHQFHV ZHUH 

estimated using the Log-Mantel Cox test. Univariate Cox-Regression analysis was 

XVHG WR GHWHUPLQH IDFWRUV SRWHQWLDOO\ LQȵXHQFLQJ SDWHQF\� 5LVN IDFWRUV DVVRFLDWHG 

with patency were included in the multivariate analysis using Cox proportional 
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hazards models (7,8,28). In this multivariate model, missing values of venous 

diameters were included and labeled as “unknown’ in order to prevent case 

GURSSLQJ� 2XWFRPHV ZHUH GLVSOD\HG DV +D]DUG UDWLR ����&RQȴGHQFH LQWHUYDO >+5 

95%-CI]. P�YDOXHV ���� ZHUH FRQVLGHUHG VWDWLVWLFDOO\ VLJQLȴFDQW� 

Results
*eneral 
%HWZHHQ ���� DQG ����� D WRWDO RI ��� SDWLHQWV UHFHLYHG WKHLU ȴUVW +' DFFHVV 

in our institution. During this nine-year observation period, digital pressure 

measurements were performed in 179 patients of which 16 patients were excluded 

(technically failed study according to vascular technician n=9, arteriovenous graft 

Q �� ȴQJHU SUHVVXUH REWDLQHG >6 months n=3, leg access n=1). Therefore, a total of 

��� SDWLHQWV IXOȴOOHG VWXG\ FULWHULD� &RPSOHWH VHWV RI YHLQ GLDPHWHUV UHDGLQJV ZHUH 

present in 121 patients (74%). 

A total of 80 patients (49%) received a wrist-based AVF (79 RC-AVF, 1 Basilico-

ulnar AVF) whereas 83 (51%) had elbow-based AVF’s (21 BC-AVF, 52 Gracz-AVF, 

10 BB-AVF) (Table I). Patient demographics are presented in Table I. Patients in 

the low DBI group (<80%) were older, more often of female sex, displayed lower 

ȴQJHU SUHVVXUHV� PRUH IUHTXHQWO\ VX΍HUHG IURP GLDEHWHV DQG KDG UHFHLYHG PRUH 

tunneled CVC’s compared to patients in the normal (80-99%) and high (≥100%) 

DBI groups. Median follow-up was 40 weeks (range 0-104 weeks) with a follow-up 

index of 99% ±1. 

ΖQ WKH ȴUVW WZR SRVWRSHUDWLYH \HDUV� �� SDWLHQWV ����� UHTXLUHG LQYDVLYH 

procedures for patency preservation. A total of 125 percutaneous transluminal 

angioplasties (PTA) were performed in 34 patients and 25 thrombectomies in 17 

additional patients. Furthermore, 31 AVFs required surgical revision to facilitate 

maturation.

3atient characteristics in relation to '%Ζ
Mean preoperative DBI was 98% ±18. Females had lower values compared to 

males (93% ±2 vs. 101% ±2, p=.003). Lower DBIs were also detected in diabetic 

patients (92% ±2 vs. 101% ±2, p=.002). However, values in patients with or without 

D KLVWRU\ RI &9' ZHUH VLPLODU �ERWK ��� s��� +\SHUWHQVLRQ GLG QRW LQȵXHQFH '%Ζ 

values (hypertension: 98% ±2 vs. normotension: 100% ±3, p=.554). 
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Table I. Characteristics of three DBI (digital brachial index) groups of CKD patients prior to 
primary hemodialysis access construction (n=163).

&haracteristic Total 
cohort
1  ���

1ormal '%Ζ 
������ 
1  ��

Low DBI 
���� 
1  ��

+igh '%Ζ 
Ȳ���� 
1  ��

p

Age (years, ±SD) 71 ±12 72 ±11 77 ±9 69 ±13 .016
Gender female (%) 69 (42) 35 (52) 12 (55) 22 (30) .012
Diabetes Mellitus (%) 61 (37) 28 (42) 13 (59) 20 (27) .015
Cardiovascular disease (%) 93 (57) 37 (55) 13 (59) 43 (58) .992
Hypertension (%) 131 (80) 53 (79) 20 (91) 58 (78) .406
Primary renal disease (%) n/a

Glomerulonephritis/sclerosis 27 (17) 11 (16) 3 (14) 13 (18)
Pyelonephritis 3 (2) 1 (2) 0 2 (3)
Hypertension 19 (12) 5 (8) 2 (9) 12 (16)
Renal vascular disease 19 (12) 11 (16) 0 8 (11)
Diabetes 40 (25) 16 (24) 8 (36) 16 (21)
Miscellaneous 48 (29) 19 (28) 8 (36) 21 (28)
Unknown 7 (4) 4 (6) 1 (5) 2 (3)

Statin use (%) 107 (66) 44 (66) 17 (77) 46 (62) .424
Anticoagulant use (%) 104 (64) 40 (60) 14 (64) 50 (68) .665
Prior tunneled CVC (%)
         Ipsilateral to AVF

34 (21)
3 (2)

17 (25)
0

6 (27)
2 (9)

11 (15)
1 (1)

.021

Smoking (%) 84 (52) 32 (48) 13 (59) 39 (52) .808
Former 41 (25) 17 (25) 4 (18) 20 (27)
Active 43 (26) 15 (22) 7 (31) 19 (26)

AVF type (%) n/a
Wrist-based 80 (49) 34 (51) 11 (50) 35 (47)
Elbow-based 83 (51) 33 (49) 11 (50) 39 (53)

Hemodialysis initiated (%) .527
Yes 113 (74) 46 (69) 14 (64) 53 (72)
No 40 (26) 21 (31) 8 (36) 21 (28)

First post-operative Qa (ml/min, ±SEM) 1101 ±69 1106 ±97 1032 ±148 1118 ±117 .920
Vein diameter (mm, ±SEM)
         Wrist-based AVF 2.4 ±0.1 2.4 ±0.1 2.8 ±0.2 2.2 ±0.1 .065
         Elbow-based AVF 2.5 ±0.2 2.4 ±0.3 2.4 ±0.3 2.6 ±0.3 .828
Preoperative blood pressures 
(mmHg, ±SEM)

Systolic brachial artery pressure 158 ±2 161 ±4 166 ±8 154 ±3 .130
Systolic digital pressure 154 ±3 147 ±4 116 ±8 172 ±3 <.001

6'� VWDQGDUG GHYLDWLRQ� &9&� FHQWUDO YHQRXV FDWKHWHU� $9)� $UWHULRYHQRXV ȴVWXOD� 6(0� 
Standard error of the mean; n/a, not applicable. Qa� +HPRGLDO\VLV DFFHVV EORRG ȵRZ�

3rimary Satency
Overall one- and two-year primary patency rates were 43% ±4 and 35% ±4, 
respectively. After two years, the groups with abnormal DBIs had the lowest primary 
patency (low DBI 25% ±11, high DBI 28% ±6, normal DBI 49% ±8; p=.018; Figure 1a).
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)igure �� Primary (A) and secondary (B) access patency in relation to preoperative DBI 
in CKD patients (n=163). NAR, number at risk; SEM, standard error of the mean. Dotted 
OLQHbUHSUHVHQWV 6(0 ! ����

Secondary Satency
After one and two years, secondary patency rates were 75% ±4 and 72% ±4, 
UHVSHFWLYHO\� $IWHU WZR \HDUV� JURXS GL΍HUHQFHV ZHUH QRW VWDWLVWLFDOO\ VLJQLȴFDQW 
(p=.118; Figure 1b). However, a strong trend favoring a normal DBI was present 
(normal DBI 82% ±5 vs low DBI 55% ±13, p=.055; normal DBI vs. high DBI 69% ±6, 
p=.085; Figure 1b). 
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3reoSerative vein diameters
A total of 47% patients had inadequate venous diameters (<2 mm and <3 mm 

FXW�R΍ SRLQWV� UHVSHFWLYHO\� ZKHUHDV ��� KDG YDOXHV DERYH FXW�R΍ SRLQWV ���� 

However, venous diameters did not determine outcome as the two-year primary 

SDWHQF\ ZDV VLPLODU LQ ERWK JURXSV �DERYH FXWR΍ ��� s� YV� EHORZ FXWR΍ ��� s�� 

p=.264, Figure 2a). 6HFRQGDU\ SDWHQF\ UDWHV DOVR GLG QRW GL΍HU EHWZHHQ SDWLHQWV 

ZLWK DGHTXDWH DQG LQDGHTXDWH PLQLPDO YHLQ GLDPHWHUV �DERYH FXWR΍ ��� s� YV� 

EHORZ FXWR΍ ��� s�� S ����� )LJXUH �E�� 

)igure �� Primary (A) and secondary (B) patency in relation to preoperative vein diameters. 
NAR, number at risk; SEM, standard error of the mean.
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)actors determining access Satency
In univariate analysis, abnormal preoperative DBI values were associated with 

lower primary patency rates (Low DBI <��� +5 ���� >����Ȃ����@� S ����� +LJK 

DBI ≥100% HR 1.89 [1.17-3.05], p=.009, Table II). Following correction of generally 

accepted confounders such as age, sex, hypertension, diabetes mellitus, CVD, 

smoking status, RC-AVF, inadequate venous diameter and history of an ipsilateral 

CVC in a multivariate model, abnormal DBI values were the only independent 

predictors of primary patency (Low DBI <80% HR 2.25 [1.13-4.48], p=.022; High 

DBI ≥100% HR 1.74 [1.06-2.85], p=.029, Table II).

Table II. Factors determining primary access patency (Cox proportional hazards models).

8nivariate analysis 0ultivariate analysis
9ariaEle HR ��� &l p HR ��� &l p
Age 0.99 0.98-1.01 .402 1.00 0.98-1.02 .624
Female sex (vs. male) 1.417 0.92-2.19 .116 .78 0.48-1.27 .310
Hypertension 1.02 0.61-1.71 .940 1.07 0.61-1.87 .805
Diabetes Mellitus 0.77 0.49-1.20 .249 .815 0.49-1.35 .429
Cardiovascular disease 0.99 0.65-1.51 .967 1.12 0.69-1.83 .639
Smoking 0.79 0.52-1.20 .270 0.68 0.43-1.09 .108
Wrist-based AVF (vs. elbow-based 
AVF)

1.45 0.95-2.21 .085 1.42 0.84-2.37 .187

History of ipsilateral CVC 1.36 0.33-5.55 .667 0.93 0.21-4.14 .926
Inadequate vein diameter 1.32 ����Ȃ���� .270 1.57 0.93-2.65 .090
DBI <80% 1.93 1.01-3.70 .048* 2.25 1.13-4.48 .022*

80-99% (Ref)
Ȳ���� 1.89 1.17-3.05 .009* 1.74 1.06-2.85 .029*

$9)� DUWHULRYHQRXV ȴVWXOD� &9&� FHQWUDO YHQRXV FDWKHWHU� &O� FRQȴGHQFH LQWHUYDO� +5� KD]DUG 
ratio, DBI, Digital-brachial index. 

7DEOH ΖΖΖ GHSLFWV DQ XQLYDULDWH DQDO\VLV UHJDUGLQJ IDFWRUV LQȵXHQFLQJ VHFRQGDU\ 

patency rates. Following correction for the confounders mentioned earlier, a 

multivariate analysis found that a low DBI was associated with an increased risk of 

secondary failure (HR 2.86 [1.08-7.59], p=.035; Table III).
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Table III. Cox proportional hazards model on secondary patency.

8nivariate analysis 0ultivariate analysis
9ariaEle HR ��� &l p HR ��� &l p
Age 0.99 0.97-1.02 .465 0.99 0.97-1.02 .690
Female sex (vs. male) 1.74 0.88-3.44 .109 0.54 0.26-1.15 .110
Hypertension 0.83 0.39-1.75 .625 0.97 0.44-2.14 .945
Diabetes Mellitus 1.04 0.55-1.98 .904 1.14 0.53-2.42 .741
Cardiovascular disease 0.82 0.44-1.54 .533 0.94 0.46-1.91 .867
Smoking 0.77 0.41-1.44 .407 0.68 0.34-1.35 .267
Wrist-based AVF (vs. elbow-
based AVF)

1.83 0.97-3.47 .064 2.33 1.06-5.13 .035*

History of ipsilateral CVC 0.05 0.00-1409.94 .563 00 0.00-0.00 .981
Inadequate vein diameter 1.56 ����Ȃ���� .257 2.14 0.96-4.78 .063
DBI <80% 2.40 0.95-6.09 .064 2.86 1.08-7.59 .035*

80-99% (Ref)
Ȳ���� 1.90 0.89-4.03 .096 1.65 0.75-3.63 .214

$9)� DUWHULRYHQRXV ȴVWXOD� &9&� FHQWUDO YHQRXV FDWKHWHU� &O� FRQȴGHQFH LQWHUYDO� +5� KD]DUG 
ratio, DBI, Digital-brachial index.

Discussion
Earlier studies suggested a role of a digital brachial index (DBI) in the assessment of 

hand ischemia and in predicting mortality in severe CKD patients (15,16,18,22,29). 

The aim of the present study was to determine whether values of DBI that were 

REWDLQHG EHIRUH FUHDWLRQ RI DQ DUWHULRYHQRXV ȴVWXOD �$9)� IRU KHPRGLDO\VLV �+'� 

were related to patency. The results indicate that patients with either low DBI 

values (<80%) or abnormally elevated values (≥100%) had lower two-year primary 

patency rates compared to patients with a normal DBI. In contrast, preoperatively 

PHDVXUHG GLDPHWHUV RI RXWȵRZ YHLQV GLG QRW SUHGLFW DFFHVV SDWHQF\� 7KH FXUUHQW 

results may suggest a potential role of a DBI using a simple plethysmographic 

measurement in the preoperative strategy of access surgery.

In the preoperative counselling process, arm vein diameter determination 

is advocated as an important step in choosing the optimal access type. However, 

the literature on the relationship between vein diameters and successful AVF 

maturation is controversial. Earlier studies indicated that preoperative vein 

mapping using duplex ultrasound (DUS) increased number of AVF’s relative to 

grafts and reduced immediate failure rates (30,31). A recent study by Wilmink 

et al. demonstrated that vessel diameter criteria are of limited predictive value 

����� 2QH RWKHU VWXG\ DOVR GLG QRW ȴQG D UHODWLRQ ZLWK PDWXUDWLRQ RU SDWHQF\ UDWHV 
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����� &RQYHUVHO\� 0LVVNH\ HW DO� VKRZHG WKDW YHQRXV RXWȵRZ GLDPHWHUV <3.0 mm 

predicted low RC-AVF patency rates whereas a <��� PP YHQRXV RXWȵRZ GLDPHWHU 

was also related to lower BC-AVF secondary patency rates (33). The present study 

XVLQJ YHQRXV '86 FXW�R΍ YDOXHV DV SURSRVHG E\ WKH ���� (696 JXLGHOLQHV GLG 

QRW ȴQG DQ\ FRUUHODWLRQ ZLWK DFFHVV SDWHQF\ ���� &RQVLGHULQJ DOO RI WKHVH VWXGLHV 

suggest that venous diameters are not crucial in predicting short or long term AVF 

success.  

6WXGLHV RQ WKH TXDOLW\ RI WKH DUWHULDO LQȵRZ WUDFW LQ UHODWLRQ WR DFFHVV 

SDWHQF\ DUH VFDUFH� 2QH UHSRUW HYDOXDWHG WKH H΍HFW RI UDGLRJUDSKLFDOO\ YLVLEOH 

UDGLDO DUWHU\ FDOFLȴFDWLRQV LQ SDWLHQWV ZLWK 0¸QFNHEHUJ VFOHURVLV UHFHLYLQJ 5&�$9) 

VXUJHU\� ΖQGLYLGXDOV ZLWK FDOFLȴHG DUWHULDO ZDOOV KDG VXEVWDQWLDOO\ ORZHU WZR�\HDU 

primary patency rates compared to those without (36% vs 72%) (14). A second 

VWXG\ DOVR IRXQG WKDW D KLJKHU GHJUHH RI YDVFXODU FDOFLȴFDWLRQV ZDV DVVRFLDWHG 

ZLWK DQ LQFUHDVHG ULVN RI DFFHVV IDLOXUH �PRGHUDWH FDOFLȴFDWLRQV� +5 ����� 

VHYHUH FDOFLȴFDWLRQV� +5 ����� ����� 2QH VWXG\ XVHG PLFURVFRSLF H[DPLQDWLRQV 

RI SUHRSHUDWLYHO\ REWDLQHG DUWHULDO PLFUR�FDOFLȴFDWLRQV ����� 3DWLHQWV ZKR ZHUH 

SRVLWLYH IRU DUWHULDO PLFUR�FDOFLȴFDWLRQV KDG D PRUH WKDQ ��� KLJKHU UDWH RI $9) 

failure. Although these studies may underscore the importance of a preoperative 

arterial quality assessment, the proposed methodologies are invasive, labor 

intensive, costly and patient unfriendly. 

7KH SRWHQWLDO UROH RI D GLJLWDO�EUDFKLDO LQGH[ LQ DFFHVV VXUJHU\ LV LOO�GHȴQHG� 

Interestingly, normal values were never established. Therefore, the consequences 

of abnormally low values are unclear. Nevertheless, one may speculate that DBI 

values <���� UHȵHFW WKH SUHVHQFH RI DWKHURVFOHURVLV DORQJ WKH EUDFKLDO�WR�GLJLWDO 

artery tract. The role of abnormally elevated DBI values (≥100%) is even more 

puzzling. In analogy to elevated ankle-brachial indices, one might hypothesize 

that a DBI ≥���� LQGLFDWHV DXJPHQWHG YDVFXODU VWL΍QHVV DQG GHFUHDVHG YDVFXODU 

compliance, possibly caused by persistent oxidative stress and chronic  arterial 

ZDOO LQȵDPPDWLRQ  �������� 3K\VLRORJLFDO ODZV GLFWDWH WKDW V\VWROLF EORRG SUHVVXUHV 

in distal portions of extremities in a normal situation are equal or somewhat lower 

compared to proximal pressures. Therefore, abnormally elevated DBI values are 

SRVVLEO\ D UHȵHFWLRQ RI D SRRU V\VWHPLF DUWHULDO YHVVHO TXDOLW\ ��������

$UWHULDO ZDOO FDOFLȴFDWLRQV DUH QRW OLPLWHG WR GLVWDO DUWHULHV EXW OLNHO\ 

represent atherosclerotic damage of the entire cardiovascular system. Abnormal 

'%Ζ YDOXHV SRVVLEO\ UHȵHFW DQ LQFUHDVHG DWKHURVFOHURWLF EXUGHQ DQG DXJPHQWHG 
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YDVFXODU VWL΍QHVV RU D FRPELQDWLRQ WKHUHRI OHDGLQJ WR LQFUHDVHG FDUGLDF ZRUNORDG 

and compromised coronary artery perfusion. Interestingly, cardiac changes in 

the blood volume with each heartbeat are mirrored in the shape  of the photo-

plethysmography waveform. Photoplethysmographic (PPG) signal analysis has 

the ability to detect changes in systolic arterial blood pressure and vascular tone 

(36). In most cases of our study, patients with abnormal DBI values displayed a 

vasoconstrictive PPG waveform pattern (Figure 3). These abnormal waveforms 

have a lower PPG amplitude and a fused notch compared with a normal pattern, 

PHDQLQJ WKDW WKHUH LV D GHFUHDVHG EORRG ȵRZ� 7KHVH SKHQRPHQD PD\ VXJJHVW 

that DBI values are associated with cardiac pump function and potentially have 

WKH DELOLW\ WR UHȵHFW WKH RYHUDOO FDUGLRYDVFXODU KHDOWK RI DQ LQGLYLGXDO�

)igure �� Characteristics of a normal PPG waveform (A & B) and an abnormal PPG waveform 
in a patient with a severely diminished DBI (C).

The literature on risk factors associated with hemodialysis access failure is 

diverse. One study found that old age, diabetes, smoking and presence of RC-AVF 

were associated with low six months primary patency rates (7). Conversely, a current 

guideline included a study reporting that only presence of CVD, time to access 

utilization and earlier CVC were factors determining patency rates (37). The present 

study analyzed all of these aforementioned parameters. Surprisingly, only abnormal 

DBI values were associated with a low primary patency rate, whereas presence of 

RC-AVF and low DBI values were independent risk factors of diminished secondary 

patency. However, it must be appreciated that access patency is a complex outcome 

SDUDPHWHU WKDW LV LQȵXHQFHG E\ D ZLGH UDQJH RI IDFWRUV� 

7KH FXUUHQW VWXG\ LV WKH ȴUVW WR LQYHVWLJDWH WKH UROH RI D SUHRSHUDWLYH 

DBI as a factor contributing to a successful access on the long-term. If the 
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UHVXOWV RI WKH SUHVHQW VWXG\ DUH FRQȴUPHG LQ RWKHU SRSXODWLRQV� D ELODWHUDO '%Ζ 

measurement may aid in selecting the optimal hemodialysis therapy in severe 

CKD patients. First, DBI measurements might help choosing the preferred arm. If 

DBI values are abnormal and vessel diameters are suboptimal in a non-dominant 

arm, a patient may be advised to receive an AVF construction in the dominant arm 

if these parameters are better. Secondly, abnormal DBI values may determine 

location of access construction in an arm. Whereas a distal AVF is normally chosen, 

a severely abnormal DBI might tip the balance towards a more proximal AVF since 

this type of access has superior long-term patency (28). However, it should be 

realized that an arm harboring a proximal AVF is more prone to develop hand 

ischemia, likely so if DBI values are low to begin with. In addition, DBI values may 

contribute to an optimal patient selection. High DBI values carry the highest risk of 

associated cardiovascular mortality. Therefore, fragile CKD patients with vascular 

polymorbidity presenting with a DBI of ≥100% possibly require a more thorough 

cardiovascular evaluation prior to access surgery. In patients with an unfavorable 

ULVN SURȴOH� D &9& PD\ EH SUHIHUUHG� +RZHYHU� LW PXVW EH DSSUHFLDWHG WKDW VHOHFWLQJ 

WKH PRVW LGHDO WUHDWPHQW IRU IXWXUH +' SDWLHQWV LV DOZD\V LQȵXHQFHG E\ D FRPSOH[ 

interrelated set of risk factors. Therefore, management should always be tailored 

to an individual patient. 

This study has several limitations including its retrospective design and 

restricted number of patients. Since DBI values were used to assess the risk of 

post-operative hand ischemia, access construction in the arm with a suboptimal 

DBI may have been avoided. Grouping DBI into three classes may seem arbitrarily 

as normal DBI values were never established. A previous study at our institute 

demonstrated that values of <80% or ≥100% were associated with lower survival 

rates. Furthermore, it was reasoned that DBI values ≥100% are abnormal since 

systolic pressures cannot increase along the arm-hand axis, whereas a 80% lower 

limit was proposed in earlier studies as well as in the Dutch guidelines on vascular 

DFFHVV PDQDJHPHQW ������Ȃ���� 7KH SUHVHQW VWXG\ GLG QRW LQFOXGH DUWHULDO '86 

in the analysis, due to limited data. Current recommendations regarding arterial 

diameters are controversial (11,30,33,38). Prospective studies should determine 

whether arterial DUS is superior to digital plethysmography in predicting access 

patency.

In conclusion, severe CKD patients having abnormal DBI values prior to the 

ȴUVW $9) FRQVWUXFWLRQ VXVWDLQ DQ LQFUHDVHG ULVN RI DFFHVV IDLOXUH ZLWKLQ WZR \HDUV� 
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7KLV H΍HFW PD\ RFFXU LQGHSHQGHQW RI WKH SUHVHQFH RI JHQHUDOO\ DFFHSWHG ULVN 

factors of access failure. Future prospective trials should determine the role of 

digital plethysmography as a bedside tool for access surgery.
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$Estract
Objective
The Allen Test is a simple bedside method for determining hand perfusion. Earlier 
studies in hemodialysis (HD) patients found that an Allen Test before access 
construction did not predict hand ischemia later on. The study aimed to assess 
ZKHWKHU DQ $OOHQ WHVW FRPELQHG ZLWK ȴQJHU SOHWK\VPRJUDSK\ EHIRUH DFFHVV 
surgery has a potential to predict the onset of severe hemodialysis access induced 
distal ischemia (HAIDI).

Methods
3ULRU WR WKH ȴUVW DFFHVV FRQVWUXFWLRQ LQ FKURQLF NLGQH\ GLVHDVH �&.'� SDWLHQWV� 
V\VWROLF ȴQJHU SUHVVXUHV �3dig, mmHg) were obtained using plethysmography at 
rest and following serial compression of the radial and ulnar artery. A drop in Pdig

(∂Pdig� ZDV FDOFXODWHG DV WKH GL΍HUHQFH EHWZHHQ 3dig-rest and Pdig-compression. Severity 
of postoperative HAIDI was graded as suggested by a 2016 consensus meeting. 
Patients with a severe type of HAIDI (grade 2b-4, intolerable pain, invasive 
treatment required) were compared with controls not having HAIDI. 

Results
$ WRWDO RI ��� &.' SDWLHQWV �DJH �� s��� ��� PDOHV� UHFHLYLQJ WKHLU ȴUVW DFFHVV 
EHWZHHQ -DQXDU\ ���� DQG 'HFHPEHU ���� LQ RQH FHQWHU IXOȴOOHG VWXG\ FULWHULD� 
Ten patients (10%) developed severe HAIDI 14 ±5 months after access construction. 
Prior to access creation, all HAIDI patients demonstrated a radial or ulnar dominant 
hand perfusion pattern compared to just 57% in controls (p=.010). Compression 
resulted in an almost two-fold greater ∂Pdig in patients with severe HAIDI (51 ±8 
mmHg vs. 27 ±3 mmHg, p=.005). A 40 mmHg ∂Pdig FXW�R΍ YDOXH GHPRQVWUDWHG 
RSWLPDO WHVWV FKDUDFWHULVWLFV� �VHQVLWLYLW\ ���� VSHFLȴFLW\ ���� 339 ���� 139 ���� 
indicating a 10 times greater risk of developing severe HAIDI.

Conclusion
Finger plethysmography quantifying ∂Pdig during an Allen test prior to access 
creation may identify patients who have a substantially increased risk of developing 
severe hand ischemia following hemodialysis access surgery.

.eywords
Digital Brachial Index; vascular access; chronic hemodialysis; HAIDI; Hand ischemia
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Ζntroduction
Adequate maturation of an autologous arteriovenous access (AVA) is a prerequisite 
IRU H΍ HFWLYH KHPRGLDO\VLV �+'� ��Ȃ��� ΖQ VRPH +' SDWLHQWV� WKH SUHVHQFH RI DQ $9$ 
may lead to diminished perfusion of the ipsilateral hand (5). HD access-induced distal 
LVFKHPLD �+$Ζ'Ζ� PD\ D΍ HFW XS WR ��� RI JHQHUDO +' SRSXODWLRQV ��Ȃ��� 6\PSWRPV 
vary from a cold hand to rest pain, or even tissue loss (Figure 1) (6,9,10). A recent 
consensus meeting graded type of HAIDI as ‘severe’ if ischemic symptoms were 
intolerable and revascularization was required (Type 2b-4, Inston et al.; 7). Incidence 
rates of HAIDI are nowadays rising due to aging diabetic populations with kidney 
failure having poor lower arm vessels (5). In these patients, a brachial artery based 
AVA may be preferred but at the expense of a higher risk of developing HAIDI (8). 

)igure ��  )LQJHU SOHWK\VPRJUDSK\ LQ W\SH � +$Ζ'Ζ RI PLGGOH ȴ QJHU�

Before HD access creation, an assessment of risk factors associated with HAIDI 
such as female sex and diabetes mellitus as well as a physical examination are 
performed. Although this workup may identify clues pointing towards an increased 



Chapter 3

50

risk of hand ischemia, a predictive test is currently lacking. In earlier days, an Allen 
test was proposed as a bedside method determining perfusion reserve of the hand 
in patients who were planned for a radiocephalic (RC-) AVA (11). If pallor persisted 
after releasing a compressed radial artery, collateral perfusion via the ulnar artery 
ZDV GHHPHG LQVXɝFLHQW SUHFOXGLQJ WKH FRQVWUXFWLRQ RI DQ 5&�$9$ ����� +RZHYHU� D 
high interobserver bias prevented the general use of this preoperative test (13,14). 

6\VWROLF ȴQJHU SUHVVXUHV �3dig), or its derivative DBI (digital brachial index, 
Pdig/Systolic brachial pressure) are found to objectively assess diminished 
GLJLWDO SHUIXVLRQ RQFH +$Ζ'Ζ KDV GHYHORSHG ���Ȃ���� 3DWLHQWV ZKR UHTXLUH KDQG 
revascularization for severe (type 2b-4) HAIDI exhibited DBI values well below 0.6 
(normal >0.8) (6,15). Immediately after a successful operation, DBI values normalized 
(19). It is unknown whether (changes in) Pdig GXULQJ DQ $OOHQ WHVW UHȵHFW WKH DUWHULDO 
reserve capacity of a future dialysis hand. 

Therefore, the aim of the present pilot study was to determine whether 
changes in Pdig during an Allen test prior to access construction predicted onset of 
severe postoperative HAIDI. 

0aterial and 0ethods
*eneral information and standard worNuS
This observational cohort study was conducted in one center (Máxima MC, Veldhoven, 
the Netherlands), a Dutch hospital with a dialysis ward accommodating approximately 
100 chronic HD patients. Patients with CKD who choose to undergo HD are referred 
by the nephrologist to our vascular outpatient department. During the preoperative 
counselling process, a patient history is obtained by one of four vascular surgeons 
followed by bilateral arm and hand inspection for signs of prior trauma or surgery, 
venous congestion or ischemia. Epifascial veins, radial and ulnar arteries are palpated. 
Arterial and venous vasculature of both arms are visualized with Duplex sonography 
(Nicolet Vasoguard, VIASYS Healthcare, USA). Pdig using plethysmography are obtained 
at the discretion of the vascular surgeons. Based on this information, the optimal arm 
and AVA location are discussed followed by HD access construction within 6 weeks.

)inger SlethysmograShy and lower arm vessel dominance
Pdig RI LQGH[ DQG�RU PLGGOH ȴQJHU ZHUH DVVHVVHG ELODWHUDOO\ E\ DQ H[SHULHQFHG 
vascular technician using digital plethysmography (Nicolet Vasoguard 8 MHz, 
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Scimet, Bristol, UK). On the palmar portion of the distal phalanx, a plethysmographic 
VHQVRU ZDV SODFHG� ZKLOH DQ LQȵDWDEOH FX΍ ZDV ZUDSSHG DURXQG WKH SUR[LPDO 
phalanx. The room temperature was maintained constant at 20 degrees Celsius. 
7KH FX΍ ZDV LQȵDWHG XS WR ��� PP+J DQG JUDGXDOO\ GHȵDWHG XQWLO D SXOVDWLOH VLJQDO 
UHDSSHDUHG UHȵHFWLQJ V\VWROLF 3dig (in mmHg, Figure 1). A bilateral plethysmographic 
measurement during the Allen test takes approximately 15 minutes.

3OHWK\VPRJUDSKLF PHDVXUHPHQWV ZHUH SHUIRUPHG LQ WULSOLFDWH� $ ȴUVW 
Pdig was determined at rest approximately 30 seconds after application of the 
plethysmographic sensor. A second Pdig was obtained after 15 seconds of radial 
DUWHU\ FRPSUHVVLRQ E\ WKH YDVFXODU WHFKQLFLDQȇV LQGH[ ȴQJHU� $ WKLUG 3dig was 
repeated 15 seconds after release. After 30 seconds, measurements of Pdig were 
repeated following compression and release of the ulnar artery. 

7KH GL΍HUHQFH EHWZHHQ 3dig at rest and compression was termed ∂Pdig. If ∂Pdig

values after radial (or after ulnar artery) compression were >�� PP+J GL΍HUHQW 
compared to resting values, a patient had radial artery dominance (or ulnar artery 
dominance) (20). If ∂Pdig values were <�� PP+J GL΍HUHQW� WKH SDWLHQW KDG FR�
dominance. The highest ∂Pdig value ipsilateral to the future HD access location was 
used for analysis. 

Study criteria
Eligible were CKD patients >18 years who were diagnosed with stage IV or V renal 
disease, who received their primary HD access between January 2009 and December 
2018 in our institution and who had undergone Pdig measurements <6 months before 
access construction. Only patients undergoing an initial access procedure were 
considered eligible for study participation. Exclusion criteria were an incomplete set 
of plethysmography measurements, or when test results were considered erroneous 
by the vascular technician (e.g., in case of incompressible arteries).

Since digital plethysmography is considered a non-invasive stress-free test 
that is standard care at our vascular clinic, the medical ethical committee of 
Máxima Medical Center judged that the rules of the Medical Involving Human 
Subjects Act (Dutch WMO) did not apply to our study protocol.

'iagnosis of severe +$Ζ'Ζ �7ySe �E���
Follow up of access functioning is standardly performed as suggested by KDOQI 

(4). Patients reporting symptoms suggestive of HAIDI are discussed in weekly 
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meetings attended by a nephrologist, vascular surgeon, vascular technician, 

radiologist and vascular nurses. If HAIDI is likely on the basis of history (pain, cold 

hand, cramps, loss of strength, diminished sensibility) and physical examination 

(pallor, ulcers, weakened or absent radial pulsation), the patient undergoes digital 

plethysmography. HAIDI is diagnosed if history and physical examination are 

consistent with hand ischemia in combination with abnormally low Pdig or DBI 

values (3,4,15,21,22). HAIDI is graded as severe (type 2b-4) if pain is intolerable 

and invasive treatment is required as suggested by a 2016 consensus meeting (7). 

Additional imaging with MR-angiography or Seldinger is performed in patients with 

HAIDI grade 2b or higher, unless a stenosis is considered improbable as judged 

LQ \RXQJ SDWLHQWV� 6XFFHVV DIWHU LQWHUYHQWLRQ IRU +$Ζ'Ζ ZDV DUELWUDULO\ GHȴQHG DV 

postoperative resolution of ischemic complaints, an increase in Pdig and freedom 

from additional interventions for HAIDI later on. 

'ata collection and deȴnitions
Patient characteristics, comorbidities including diabetes mellitus, cardiovascular 

disease (CVD), hypertension, smoking status, statin and/or anticoagulants use, date 

and type of primary HD access construction, initiation of HD (yes, no) and Pdig values

ZHUH REWDLQHG IURP HOHFWURQLF SDWLHQW ȴOHV �+L; ���� &KLS6RIW %�9�� $PVWHUGDP� 7KH 

Netherlands; FinProDB 7.9, MedVision AG, Unna, Germany). The date of primary HD 

access construction served as the study starting date. To estimate the completeness 

of the study, a follow up index (FUI) was calculated as the ratio between the 

investigated and potential FU period (23). FU was terminated after death or 

December 31, 2018. Patients transferred to a dialysis center other than MMC were 

deemed loss to FU. For this group, “date last known alive” was used.

Statistical analysis
Statistical analyses were performed using SPSS 25 (IBM SPSS Inc., Chicago, IL, 

USA). Baseline characteristics were shown as mean ± standard deviation (SD) 

or counts (percentages) when appropriate. Outcomes were tested for normality 

and displayed as mean ± standard error of the mean (SEM). Patients who did 

QRW GHYHORS +$Ζ'Ζ GXULQJ WKH VWXG\ SHULRG VHUYHG DV FRQWUROV� *URXS GL΍HUHQFHV 

were tested with the Fischer’s exact test, independent sample T-test or Pearson’s 

chi-square test when appropriate. A receiver operating characteristic curve was 
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FRPSXWHG IRU GHWHUPLQLQJ RSWLPXP FXW�R΍ YDOXHV IRU ∂Pdig. A relative risk (RR) on 

SRVW�RSHUDWLYH +$Ζ'Ζ ZDV FDOFXODWHG ZLWK D ����FRQȴGHQFH LQWHUYDO >55 ����&Ζ@� 

P�YDOXHV ���� ZHUH FRQVLGHUHG VWDWLVWLFDOO\ VLJQLȴFDQW� 

Results
A total of 123 patients receiving a primary HD access between January 2009 and 

December 2018 underwent the plethysmographic tests panel in a single institution. 

As 18 of these were excluded due to incompressible digital arteries, a total of 

��� SDWLHQWV IXOȴOOHG VWXG\ FULWHULD �DJH �� s��� ��� PDOHV� )8Ζ ��� s��� 2I WKHVH 

105 patients (Table I), 10 patients (10%) were diagnosed with severe (type 2b-4) 

Table I. Characteristics of cohorts developing HAIDI, or not.

&haracteristic HAIDI 
n ��

&ontrols
n ��

7otal cohort
n ���

P

Age (years, ±SD) 74 ±13 69 ±13 70 ±13 .267
Sex, male (%) 5 (50) 64 (67) 69 (65) .271
Diabetes Mellitus (%) 4 (40) 40 (42) 44 (42) .898
Cardiovascular disease (%) 7 (70) 49 (52) 56 (53) .267
Hypertension (%) 8 (80) 79 (83) 87 (83) .801
Etiology of renal disease (%)

Glomerulonephritis/sclerosis
Pyelonephritis
Hypertension
Renal vascular disease
Diabetes
Polycystic
Miscellaneous
Unknown

- 3 (30)
- 1 (10)
- 0 (0)
- 2 (20)
- 3 (30)
- 0 (0)
- 1 (10)
- 0 (0)

- 14 (15)
- 2 (2)
- 12 (13)
- 9 (10)
- 25 (26)
- 2 (2)
- 27 (28)
- 4 (4)

- 17 (16)
- 3 (3)
- 12 (11)
- 11 (11)
- 28 (27)
- 2 (2)
- 28 (27)
- 4 (4)

.396

Statin use (%) 6 (60) 63 (66) 69 (66) .655
Anticoagulant use (%) 7 (70) 53 (56) 60 (57) .428
Smoking (%)

Former
Active

5 (50)
- 3 (30)
- 2 (20)

49 (52)
- 19(25)
- 30(32)

54 (51)
- 22 (21)
- 32 (30)

.759

Primary AVA type (%)
RC-AVA*
BC-AVA
BB-AVA
UB-AVA
BT
AVG

- 4 (40)
- 6 (60)
- 0 
- 0 
- 0
- 0 

- 56 (59)
- 31 (33)
- 3 (3)
- 1 (1)
- 1 (1)
- 3 (3) 

- 60 (57)
- 37 (35)
- 3 (3)
- 1 (1)
- 1 (1)
- 3 (3)

.586

HD initiated (%) 9 (90) 58 (63) 67 (63) .082
Months on HD 
(mean ±SEM)

14 ±5 17 ±2 17 ±2 .571

AVA, arteriovenous access; RC, radio-cephalic; BC, brachio-cephalic; BB, brachio-basilic; UB, 
ulnar-basilic; BT, Basilic transposition; AVG, arteriovenous graft; * RC-AVF was standardly 
constructed at the wrist.
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HAIDI, approximately 14 ±5 months after access construction. Not one of the 105 

SDWLHQWV VX΍HUHG IURP 5D\QDXGȇV V\QGURPH� +$Ζ'Ζ GHYHORSHG LQ � SDWLHQWV XVLQJ 

their primary AVA, in 3 patients using a second AVA, and in one patient using a 

third AVA, all on the ipsilateral side. All HAIDI patients received invasive treatment 

as dictated by the consensus meeting. 

A 100% success rate was attained after revision for HAIDI. All HAIDI patients 

experienced symptom relief whereas Pdig increased from 57 ±15 to 118 ±22 

PP+J� 6LJQLȴFDQW GL΍HUHQFHV UHJDUGLQJ GHPRJUDSKLFV DQG KLVWRU\ EHWZHHQ 

HAIDI patients and controls were not observed (Table I). 

3ULRU WR WKH SDWLHQWȇV ȴUVW DFFHVV FRQVWUXFWLRQ� VHULDO UDGLDO DQG XOQDU DUWHU\ 

compression revealed that almost half (46%) of all 105 patients displayed radial 

artery dominance. In contrast, just 16% displayed ulnar artery dominance whereas 

38% had a co-dominant hand perfusion pattern (Table II). Interestingly, not a single 

patient developing severe HAIDI had co-dominance compared to 42% of controls 

(p=.010). HAIDI patients had an almost two-fold greater ∂Pdig (HAIDI: ∂Pdig 51 ±8 

mmHg vs. Controls: ∂Pdig 27 ±3 mmHg, p=.005). 

Table II.  Hand perfusion patterns and Pdig before access construction in patients who 
developed HAIDI compared to controls.

&haracteristic HAIDI 
n ��

&ontrols
n ��

7otal cohort
n ���

P

+and Serfusion Sattern (%) 
Radial dominance
Ulnar dominance
Co-dominance

9 (90)
1 (1)
0 

39 (41)
16 (17)
40 (42)

48 (46)
17 (16)
40 (38)

.010*

Systolic brachial artery pressure 161 ±10 162 ±3 162 ±3 .926
Pdig 171 ±8 153 ±3 155 ±3 .089
Digital brachial Index (DBI, %) 108 ±6 96 ±2 97 ±2 .078
ȧ3dig 51 ±8 27 ±3 29 ±3 .005*
ȧ'%Ζ  ��� 33 ±5 17 ±2 19 ±2 .006*

ȧ3dig� GL΍HUHQFH EHWZHHQ 3dig at rest and during compression 

Furthermore, two of the 18 patients (11%) who displayed incompressible 

digital arteries prior to primary AVA construction developed HAIDI, a percentage 

that is comparable in patients having compressible arteries (10%). Preoperative 

plethysmographic characteristics of all 10 patients who developed severe HAIDI 

are depicted in Table III.
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Table III. Preoperative plethysmographic data in patients who developed severe type 2b-4 
HAIDI after HD access construction.

N. Pdig
SreoS

DBI
���

ȧ3dig
SreoS 

ȧ'%Ζ
SreoS

'ominance )irst 
Access 

Pdig�
oSen

Pdig�
&omS

HAIDI 
grade

Ζntervention

1 112 82 11 8% Radial RC-AVA 20 * 2b Ligation

2 183 109 17 10% Radial RC-AVA * * 2b RUDI

3 153 134 41 36% Ulnar RC-AVA 23 110 2b PTA 
Subclavian 
artery

4 177 83 41 19% Radial BC-AVA * 152 2b SBL

5 159 126 47 37% Radial RC-AVA 81 112 2b RUDI

6 188 95 47 24% Radial BC-AVA 115 192 4a SBL

7 188 104 67 37% Radial BC-AVA 54 115 3 BT2

8 195 112 76 44% Radial BC-AVA * * 2b SBL

9 174 115 80 53% Radial BC-AVA 47 100 3 RUDI

10 179 122 84 57% Radial BC-AVA * 124 2b RUDI

Pdig presented in mmHg;
Preop, preoperative;
AVA, arteriovenous access;
RC, radio-cephalic;
BC, brachio-cephalic;
Comp, compressed;
58'Ζ� UHYLVLRQ XVLQJ GLVWDO LQȵRZ�
PTA, percutaneous transluminal angioplasty; 
SBL, side branch ligation; 
*unreliable signal;
1 Pdig at the time of diagnosis HAIDI
2 BT was planned but patient died unexpectedly.

3redictive accuracy of ȧ3dig

$ 52&�DQDO\VLV LGHQWLȴHG D �� mmHg ∂Pdig FXW�R΍ YDOXH KDYLQJ RSWLPDO SUHGLFWLYH 

FKDUDFWHULVWLFV �VHQVLWLYLW\ ���� VSHFLȴFLW\ ���� 339 ���� 139 ���� �)LJXUH ��� 7KH 

AUC was 0.77 ±0.07 [CI 0.63-0.91, p=.005]. These data indicate that CKD patients 

who demonstrate a ∂Pdig of >40 mmHg before access creation have a 10 times 

greater chance [RR 10.00, CI 2.25-44.39] of developing severe HAIDI after primary 

HD access construction.
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)igure �� Receiver operating characteristic (ROC) curve illustrating that a 40 mmHg ȧ3dig
FXW�R΍ YDOXH RSWLPDOO\ SUHGLFWV VHYHUH +$Ζ'Ζ �Q ��� SDWLHQWV��

Discussion
Incidence rates of hemodialysis access-induced distal ischemia (HAIDI) are 

nowadays increasing due to aging diabetic populations requiring an access 

that is constructed with lower arm vessels of limited quality (4,24,25). Hitherto, 

an objective test predicting onset of HAIDI is lacking. Earlier studies revealed 

WKDW ORZ V\VWROLF ȴQJHU SUHVVXUHV �3dig� XVLQJ ȴQJHU SOHWK\VPRJUDSK\ UHȵHFW 

LQVXɝFLHQW GLJLWDO SHUIXVLRQ LQ SDWLHQWV RQFH +$Ζ'Ζ KDV GHYHORSHG ���Ȃ���� 7KH 

present study determined whether digital plethysmographic testing prior to the 

ȴUVW DFFHVV FRQVWUXFWLRQ FRXOG SUHGLFW VHYHUH +$Ζ'Ζ� 7KH UHVXOWV LQGLFDWH WKDW DOO 

patients who developed severe HAIDI had a radial (or ulnar) artery dominant 

hand perfusion pattern. In addition, they had an almost two-fold greater ∂Pdig

following compression. Consequently, a 40 mmHg ∂Pdig FXW�R΍ YDOXH FRQIHUUHG 

D �� WLPHV KLJKHU ULVN RQ GHYHORSLQJ VHYHUH +$Ζ'Ζ� ΖW LV FRQFOXGHG WKDW ȴQJHU 

plethysmography with arterial compression tests prior to access creation may 

identify patients having an additional risk of developing severe hand ischemia.
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Risk factors for chronic HAIDI are diabetes, earlier ipsilateral HD accesses, 
female sex, hypertension, central and peripheral arterial disease and smoking 
����������� 0RUHRYHU� D SUR[LPDOO\ ORFDWHG +' DFFHVV PD\ GHYHORS KLJKHU ȵRZV 
and consequent lower digital pressures (6,8). HAIDI symptoms only arise once 
FRPSHQVDWRU\ FROODWHUDO ȵRZ IDLOV WR PDLQWDLQ DGHTXDWH SHULSKHUDO SHUIXVLRQ 
pressures (6,27). In the present study, incidence of these known risk factors was 
similar in patients with HAIDI and controls suggesting a role of other causes.

ΖV KDQG SHUIXVLRQ SDWWHUQ DQ XQLGHQWLȴHG IDFWRU FRQWULEXWLQJ WR WKH RQVHW RI 
+$Ζ'Ζ" 7KH OLWHUDWXUH LQGLFDWHV WKDW SDOPDU DUFK LQȵRZ LV PRUH RIWHQ GRPLQDWHG 
by the radial artery than the ulnar artery in most individuals (28,29). For instance, 
a 55% radial dominance versus a 33% ulnar dominance was found (20). A 41% 
radial dominance versus a 17% ulnar dominance rate was demonstrated in our 
95 controls. Interestingly, all 10 patients developing severe HAIDI showed a single 
forearm artery dominance (radial or ulnar) pattern and displayed a two-fold 
greater ∂Pdig as compared to the control group. Conversely, not a single HAIDI 
patient had a co-dominant pattern indicating that collateral capacity may already 
be suboptimal before access creation, albeit asymptomatic. When the dominant 
artery is chosen for construction of the AVF, perfusion pressure distal to the 
arteriovenous anastomosis may drop occasionally leading to hand ischemia if 
the non-dominant artery, possibly burdened with atherosclerosis, fails to provide 
VXɝFLHQW FROODWHUDO FLUFXODWLRQ� 6HOHFWLYH IRUHDUP DQJLRJUDSKLF LPDJLQJ PD\ KDYH 
LGHQWLȴHG DWKHURVFOHURWLF ORZHU DUP DUWHULHV EXW ZDV QRW SHUIRUPHG� 

The present study may have clinical consequences. HAIDI is a dreadful 
complication occurring in up to 20% of brachial artery-based AVA’s and in 2% of 
wrist-based AVA’s (Figure 1; 5,6,8,9,30). When not timely recognized, tissue loss or 
even hand amputation may be required (10). Therefore, weighing risk factors prior 
to access construction is a key factor in HAIDI management. This study suggests 
that patients who demonstrate a >40 mmHg ∂Pdig have a ten times higher risk 
RI GHYHORSLQJ VHYHUH +$Ζ'Ζ DIWHU WKHLU ȴUVW DFFHVV FUHDWLRQ� 7KHVH ȴQGLQJV 
must be discussed during the preoperative counselling process. Moreover, 
plethysmography during an Allen test may aid in selecting the most appropriate 
access arm. For instance, if both arms are equally suitable, the side with the lowest 
∂Pdig and codominant arteries may be preferred. However, access management 
should always be tailored to the needs of an individual CKD patient.

The present study is limited due to its retrospective design, a small number 
of severe type 2b-4 HAIDI patients, data heterogeneity and inability to correct for 
potential confounders. 
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As 2 of 4 vascular surgeons did not participate in the study because of a 

turnover in the team, just 123 patients (41%) of all 300 primary AVA’s created during 

the study period were eventually included, possibly excluding potentially eligible 

patients. Each potential HAIDI patient is discussed in a weekly multidisciplinary 

PHHWLQJ� 7KHUH LV QR LQGLFDWLRQ WR VXJJHVW WKDW +$Ζ'Ζ UDWHV GL΍HU DPRQJ WKH IRXU 

surgeons who are involved in the standard care of these patients. In addition, 

digital pressures that were obtained prior to access construction were only 

XVHG IRU VWXG\ SXUSRVHV DQG GLG QRW LQȵXHQFH FKRLFH RI DFFHVV W\SH RU ORFDWLRQ� 

6LQFH WKLV LV WKH ȴUVW VWXG\ LQYHVWLJDWLQJ WKH DVVRFLDWLRQ EHWZHHQ ∂Pdig and HAIDI, 

LW FDQ EH FRQVLGHUHG DV D SLORW FRQFHSW IRU IXWXUH SURVSHFWLYH WULDOV FRQȴUPLQJ 

WKH SUHVHQW ȴQGLQJV� )XUWKHUPRUH� LPDJLQJ RI ORZHU DUP DQG KDQG YDVFXODWXUH 

was not performed. Normal values of (∂)Pdig were never established precluding 

comparison with other studies. 

In conclusion, preoperative plethysmography during an Allen test may 

identify patients having an increased risk of developing severe HAIDI in the years 

DIWHU WKHLU ȴUVW +' DFFHVV FRQVWUXFWLRQ� 7KH UROH RI WKLV WHVW PRGDOLW\ UHTXLUHV 

FRQȴUPDWLRQ LQ D ODUJHU SRSXODWLRQ�  
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To the Editor:

We applaud the recent article in the Journal of Vascular Surgery by Yadav et al.  

demonstrating a reliable method for predicting the emergence of HAIDI.1 This 

ZHOO�GHVLJQHG VWXG\ HPSKDVL]HG WKH LGHQWLȴFDWLRQ RI SDWLHQWV ZLWK DUWHULDO LQȵRZ 

to the hand limited to a single vessel, most often the radial artery. As the authors 

stated, hand ischemia following a vascular access procedure is not rare. Less 

VHYHUH V\PSWRPV� QRW UHVXOWLQJ LQ VSHFLȴF WUHDWPHQW� FDQ RFFXU LQ XS WR ��� RI 

patients.2

The clinical emergence of HAIDI may be multifactorial, requiring the surgeon 

to be familiar with a variety of procedural options for resolution of ischemia while 

maintaining a functional access. We focus preoperatively on identifying individuals 

at high risk for HAIDI and plan strategies for avoiding these complications.3 When 

DXGLEOH GRSSOHU ȵRZ LQ WKH SDOPDU DUFK�V� GLVDSSHDUV ZLWK FRPSUHVVLRQ RI WKH 

UDGLDO DUWHU\ �PRGLȴHG $OOHQȇV WHVW�� ZH RIWHQ FUHDWH D bSUR[LPDO XOQDU DUWHU\ LQȵRZ 

DUWHULRYHQRXV ȴVWXOD LQ VXFK SDWLHQWV ZKHUH WKH UDGLDO DUWHU\ LV WKH RQO\ SDWHQW 

vessel to the hand.4

We hope the authors will comment on prevention of HAIDI in selected 

SDWLHQWV LGHQWLȴHG LQ WKHLU VWXG\ E\ XVLQJ VXFK D VWUDWHJ\� 
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To the Editor:

We thank Dr. Jennings and Dr. Mallios for their interest in our study dealing with 

prediction of hemodialysis access induced distal ischemia (HAIDI). Our pilot study 

suggests that patients who developed severe HAIDI (type 2b-4, invasive treatment 

required) after arteriovenous access (AVA) construction had compromised 

ȆFROODWHUDO UHVHUYHȇ DV VKRZQ GXULQJ WKH SUHRSHUDWLYH ZRUNXS XVLQJ PRGLȴHG 

Allen’s test combined with digital plethysmography.1

We are delighted to further comment on the contention stating ‘to prevent 

is better than to cure’. To begin with, a decision on AVA type and location is, in 

SDUW� JXLGHG E\ LGHQWLȴFDWLRQ RI PRGLȴDEOH DQG QRQ�PRGLȴDEOH ULVN IDFWRUV RI 

HAIDI including earlier surgery, type of AVA, female gender, obesity, diabetes, 

cardiovascular disease and palmar arch anatomy. If construction of a wrist-based 

access is not feasible, Jennings and Mallios earlier reported that AVA construction 

ZLWK D SUR[LPDO UDGLDO RU XOQDU DUWHU\ LQȵRZ VRXUFH VKRZV SURPLVLQJ ORQJ�WHUP 

patency rates and is associated with a lower risk of HAIDI.2 In addition, they advised 

WR XVH WKH GLVDSSHDUDQFH RI DQ DXGLEOH 'RSSOHU ȵRZ VLJQDO RYHU WKH SDOPDU 

arch following radial artery compression as a parameter of the hand’s collateral 

capacity.3 7KLV HOHJDQW EHGVLGH PHWKRG LV DOVR EHQHȴFLDO IRU GHWHUPLQLQJ SDOPDU 

arch dominance, but may be subjective to a learning curve and observer bias 

in less experienced hands. Moreover, anatomy of palmar arches varies widely. 

ΖGHDOO\� HɝFDF\ RI WKLV WRRO FRXOG LQFUHDVH RQFH VXSSOHPHQWHG ZLWK VLPXOWDQHRXV 

plethysmographic digital pressure measurements providing an objective 

SDUDPHWHU RI DOWHUHG ȴQJHU SHUIXVLRQ� 

If radial or ulnar artery occlusions are suspected, ultrasound (or angiography) 

DORQJ WKH HQWLUH OHQJWK RI IRUHDUP YHVVHOV PD\ VXSSRUW D FKRLFH RI RSWLPDO LQȵRZ 

artery.4 ΖQ DOO FDVHV LI IHDVLEOH� D ZULVW�EDVHG $9$ UHPDLQV WKH ȴVWXOD RI FKRLFH� QRW 

only because of the lowest risk on HAIDI, but also because of superior patient 

survival rates compared to more proximal access types.5 Possibly, a wrist based-

AVA may be constructed on the dominant arm. If not recommended, an AVA with 

SUR[LPDO DUWHU\ LQȵRZ LV D UHOLDEOH $9$ W\SH ZLWK SURPLVLQJ ORQJ�WHUP RXWFRPHV 

and low risk of post-operative HAIDI.



Invitational letter from the Editor

69   

3.2

5eferences
1. <DGDY 5� *HUULFNHQV 0:0� 7HLMLQN -$:� 6FKHOWLQJD 050� 6\VWROLF ȴQJHU SUHVVXUHV GXULQJ 

an Allen test before hemodialysis access construction predict severe postoperative 
hand ischemia. J Vasc Surg. 2021 Dec;74(6):2040-2046.

2. -HQQLQJV :&� 0DOOLRV $� 0XVKWDT 1� 3UR[LPDO UDGLDO DUWHU\ DUWHULRYHQRXV ȴVWXOD IRU 
KHPRGLDO\VLV YDVFXODU DFFHVV� - 9DVF 6XUJ� ���� -DQ���������������b

3. -HQQLQJV :&� 0DOOLRV $� 3UR[LPDO XOQDU DUWHU\ DUWHULRYHQRXV ȴVWXOD LQȵRZ LV DQ 
uncommon but useful vascular access option. J Vasc Access. 2017 Nov 17;18(6):488-491.

4. -HQQLQJV :&� 3DUNHU '(� &UHDWLQJ DUWHULRYHQRXV ȴVWXODV XVLQJ VXUJHRQ�SHUIRUPHG 
ultrasound. J Vasc Access. 2016 Jul 12;17(4):333-9.

5. Yadav R, Gerrickens MWM, Vaes RHD, Scheltinga MRM. Lower Cardiovascular Mortality 
Rates in Haemodialysis Patients with Radial Artery Based Fistulas. Eur J Vasc Endovasc 
Surg. 2021 Dec;62(6):1004-1005.





Chapter 4

Abnormal digital brachial index prior to 

hemodialysis access construction is associated 

with increased cardiovascular mortality

An observational cohort study

Reshabh Yadav,1 Michael WM Gerrickens,1 Joep AW Teijink,2 Marc RM Scheltinga 1  

1 Department of Surgery, Máxima Medical Center, Veldhoven, The Netherlands
2 Department of Vascular Surgery, Catharina Hospital, Eindhoven, The Netherlands

Published in Hemodialysis International
Volume 24, Issue 3, P335-343, May 14, 2020

Impact Factor: 1.8



Chapter 4

72

$Estract
Objective
An abnormal ankle-brachial index indicating presence of peripheral arterial 

disease (PAD) is known to predict mortality in end-stage renal disease (ESRD). 

+DQG LVFKHPLD� UHȵHFWHG E\ ORZ ȴQJHU SUHVVXUHV� LV DOVR D IDFWRU DVVRFLDWHG ZLWK 

increased mortality in patients undergoing hemodialysis (HD). Aim of the present 

study is to determine whether an abnormal digital brachial index in ESRD patients 

prior to HD access surgery is related to lower survival rates.

Methods
$ GLJLWDO EUDFKLDO LQGH[ �'%Ζ� V\VWROLF ȴQJHU SUHVVXUH�V\VWROLF EUDFKLDO DUWHULDO 

pressure) was obtained using digital plethysmography in ESRD patients before 

construction of a primary HD access between January 2009 and December 2018 

in a single center. Patients were grouped based on categories of DBI (low <80%, 

normal 80-99%, high ≥100%). Overall and cardiovascular mortality were assessed 

ZLWK WKH (5$�('7$ FODVVLȴFDWLRQ V\VWHP �(5$�('7$ FRGHV ��� ������ ��� DQG ������ 

���� )DFWRUV SRWHQWLDOO\ LQȵXHQFLQJ VXUYLYDO UDWHV ZHUH DQDO\]HG XVLQJ VWDQGDUG 

statistics. 

Results
Follow-up was available in 199 patients (female n= 80; age 70 years ±12; follow-

up index 99% ±1). Overall 2- and 4-year survival were similar among DBI groups 

Moreover, 2- and 4-year freedom from cardiovascular death were also not 

GL΍HUHQW �ORZ '%Ζ ��� s� DQG ��� s��� QRUPDO '%Ζ ��� s� DQG ��� s�� KLJK '%Ζ 

74% ±6 and 61% ±7). Followingcorrection for age, diabetes mellitus, cardiovascular 

GLVHDVH DQG VPRNLQJ� D KLJK '%Ζ FRQIHUUHG D VLJQLȴFDQWO\ LQFUHDVHG ULVN RI 

FDUGLRYDVFXODU PRUWDOLW\ �+5 ���� >���� Ȃ����@� S ����� DQG D WUHQG WRZDUGV KLJKHU 

RYHUDOO PRUWDOLW\ �+5 ���� >���� Ȃ ����@� S ������ 

Conclusion
ESRD patients with an abnormally elevated DBI before HD access creation have 

DQ LQFUHDVHG ULVN RI FDUGLRYDVFXODU PRUWDOLW\ LQ WKH ȴUVW IRXU SRVWRSHUDWLYH \HDUV� 

.eywords
Digital pressure; ischemia; vascular access; chronic hemodialysis; survival analysis
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Ζntroduction
Hemodialysis (HD) in patients with end stage renal disease (ESRD) is associated with 

a poorer survival compared to ESRD patients not yet requiring HD. Cardiovascular 

disease (CVD) is considered the primary cause of death among HD patients (1). 

Despite an overall limited survival in a general dialysis population, individual 

variability is substantial (2). Therefore, recognizing factors predicting survival may 

aid in the approach of these fragile patients including the decision on type of HD 

access and further HD management (3,4).

Since mortality in HD is often determined by the patient’s cardiovascular 

condition, it is worthwhile to identify factors associated with poor cardiovascular 

health (5,6). Values of ankle pressures and ankle-brachial indices (ABI) were related 

to cardiovascular and overall mortality in patients with chronic kidney disease in a 

8�VKDSHG PDQQHU ���� ΖQFLGHQWDO GDWD VXJJHVWHG WKDW KDQG LVFKHPLD� DV UHȵHFWHG 

E\ GLPLQLVKHG ȴQJHU SUHVVXUHV �RU GLJLWDO EUDFKLDO LQGH[� '%Ζ� ZDV DVVRFLDWHG ZLWK 

D OLPLWHG VXUYLYDO LQ D +' SRSXODWLRQ ������ %DVHG RQ WKHVH ȴQGLQJV� WKH SUHVHQW 

study aimed to determine whether the presence of an abnormal DBI in ESRD 

patients prior to receiving a HD access was associated with increased mortality 

UDWHV GXULQJ WKH ȴUVW \HDUV RI GLDO\VLV� :H K\SRWKHVL]HG WKDW� LQ DQDORJ\ WR DQNOH 

pressures, a similar U-shaped relationship between DBI and survival was present. 

0aterial and 0ethods
This retrospective cohort study included patients who received a HD access 

between January 2009 and December 2018 in the Máxima Medical Center 

(MMC; Veldhoven, the Netherlands), a hospital in a semirural environment 

accommodating approximately 200.000 patients. At present, our dialysis facility 

harbors some 120 patients on chronic HD. 

Patients who are referred to our vascular outpatient clinic by a nephrologist 

because of stage IV or V renal disease and who may wish to receive a HD access 

undergo a standard work-up protocol with a medical history and physical 

examination including inspection of the arm and hand and radial and ulnar 

artery palpation. Vein mapping of both arms using Duplex-sonography (Nicolet 

Vasoguard, VIASYS Healthcare, USA) is routinely performed and contributes to the 

decision for an appropriate type of access. 
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Finger pressures (Pdig� PP+J� RI WKH PLGGOH DQG�RU LQGH[ ȴQJHU RI ERWK 

hands are obtained using digital plethysmography (Vasoguard Nicolet 8 MHz, 

6FLPHW� %ULVWRO� 8.� E\ DQ H[SHULHQFHG YDVFXODU ODERUDWRU\ WHFKQLFLDQ� $Q LQȵDWDEOH 

FX΍ LV SODFHG DURXQG WKH SUR[LPDO SKDODQ[ ZKLOH D SKRWR SOHWK\VPRJUDSK\ VHQVRU 

LV DWWDFKHG WR WKH GLVWDO SKDODQ[� 2QFH D VWDEOH VLJQDO LV DWWDLQHG� WKH GLJLWDO FX΍ LV 

LQȵDWHG XS WR D PD[LPXP SUHVVXUH RI ��� PP+J XQWLO WKH V\VWROLF DUWHULDO VLJQDO 

GLVDSSHDUV� 7KH FX΍ LV WKHQ JUDGXDOO\ GHȵDWHG XQWLO D SXOVDWLOH VLJQDO UHDSSHDUV 

UHȵHFWLQJ WKH V\VWROLF GLJLWDO SUHVVXUH� 3DWLHQWV ZHUH FRXQVHOOHG RQ WKH SURV DQG 

cons of various types of access. Following informed consent, they usually receive 

the operation within 6 weeks after the outpatient department evaluation. 

Study inclusion criteria were adult patients (> 18 years), stage IV or V ESRD, 

FRQVWUXFWLRQ RI D SULPDU\ +' DFFHVV� DQG DYDLODELOLW\ RI ȴQJHU SUHVVXUHV WKDW ZHUH 

measured within 6 months prior to access construction. 

The medical ethical committee of MMC decided that the rules laid down in 

the Medical Research Involving Human Subjects Act (Dutch WMO) did not apply to 

the study protocol as plethysmography is considered a stress-free non-invasive 

imaging modality which is currently standard of care in our institution.

'ata collection and deȴnitions
Patient demographics, comorbidities, smoking status, use of statin and/or 

anticoagulants, type and timing of primary access construction, HD status (yes, no) 

DQG ȴQJHU SUHVVXUHV ZHUH FROOHFWHG UHWURVSHFWLYHO\ IURP HOHFWURQLF SDWLHQW ȴOHV 

(HiX 6.1, ChipSoft B.V., Amsterdam, The Netherlands; FinProDB 7.9, MedVision 

$*� 8QQD� *HUPDQ\�� &DXVH RI UHQDO IDLOXUH ZDV FODVVLȴHG DFFRUGLQJ WR 'XWFK 

Nephrology guidelines based on ICD-10 diagnoses (5). A DBI was calculated as the 

V\VWROLF SUHVVXUH RI WKH LQGH[ ȴQJHU GLYLGHG E\ WKHbV\VWHPLF SUHVVXUH REWDLQHG 

IURP WKHbbDUP ZLWK WKH KLJKHVW SUHVVXUH� 7KH ORZHVW '%Ζ YDOXH RI ERWK KDQGV ZDV 

used for analysis. Patients were grouped into three categories of DBI as follows; 

low (<80%), normal (80-99%) or high (≥������ 7KH FXW R΍ YDOXHV ZHUH EDVHG RQ 

earlier studies as well as on Dutch guidelines for vascular access management 

���Ȃ����

&DXVHV RI GHDWK GXULQJ IROORZ�XS ZHUH REWDLQHG IURP WKH SDWLHQWȇV ȴOH� $ 

GHDWK ZDV FDWHJRUL]HG FDUGLRYDVFXODU DV GLFWDWHG E\ WKH (5$�('7$ FODVVLȴFDWLRQ 

(ERA-EDTA codes 11, 14-16, 18, 22-26, 29). Follow up index (FUI) was calculated 

in accordance to recent recommendations (14). Date of HD access construction 
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served as the starting date. FU was terminated four years after access surgery, 

following death or at December 31, 2018. Patients who had moved to another 

dialysis facility within the observation period were considered loss to FU and “date 

last known alive” was used.

Statistical analysis
Statistical analyses were performed using SPSS version 25 (IBM SPSS Inc., Chicago, 

IL, USA). Baseline characteristics were depicted as mean ± standard deviation (SD), 

or counts (percentages) when appropriate. Study parameters were tested for 

normality and expressed as mean ± standard error of the mean (SEM). DBIs were 

GLVSOD\HG DV SHUFHQWDJHV� 3RVVLEOH GL΍HUHQFHV EHWZHHQ JURXSV ZHUH FRPSDUHG 

using Pearson’s chi-square test, Fischer’s exact test or independent sample T-test 

when appropriate. 

To determine whether a U-shaped relationship was present between DBI 

and mortality, cardiovascular and overall mortality rates over four years were 

plotted against DBI in 10% increments. Kaplan Meier analysis and Log-Mantel 

&R[ WHVWLQJ ZHUH XVHG WR GHWHUPLQH SRWHQWLDO JURXS GL΍HUHQFHV� 8QLYDULDWH &R[�

Regression tested which factors were associated with cardiovascular and overall 

mortality. A multivariate Cox-Regression model was generated with parameters 

displaying P-values <0.15 in the univariate analyses. Outcomes were displayed as 

+D]DUG UDWLR ����&RQȴGHQFH LQWHUYDO >+5 ����&Ζ@� 3ULPDU\ DQG VHFRQGDU\ DFFHVV 

patency rates were calculated as suggested (15). P-values 0.05 were considered 

VWDWLVWLFDOO\ VLJQLȴFDQW� 

Results
During a 10-year period, 300 patients received a primary HD access in our facility. 

$ WRWDO RI ��� SDWLHQWV XQGHUZHQW ȴQJHU SUHVVXUH PHDVXUHPHQWV ZLWKLQ � PRQWKV 

before access construction. As 3 patients received their access more than 6 

PRQWKV DIWHU WKH ȴQJHU SUHVVXUH DVVHVVPHQW� D WRWDO RI ��� SDWLHQWV IXOȴOOHG VWXG\ 

criteria (female n=80, age 70 ±13 years). Characteristics are presented in Table 1. 

Characteristic of the 3 DBI groups are presented in Table 2. Rate of diabetes was 

higher in the <80% DBI group. 
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7aEle �� Demographics of ESRD patients before hemodialysis access construction (n=199).

&haracteristic 1 ���
Age (years, ±SD) 70 ±12
Gender male/ female 119 / 80
Diabetes Mellitus (%) 78 (39)
Cardiovascular disease (%) 109 (55)
Hypertension (%) 157 (79)
Primary renal disease (%)

Glomerulonephritis/sclerosis 34 (17)
Pyelonephritis 5 (3)
Hypertension 20 (10)
Renal vascular disease 20 (10)
Diabetes 48 (24)
Polycystic 2 (1)
Miscellaneous 61 (31)
Unknown 9 (5)

Statin use (%) 129 (65)
Anticoagulant use (%) 124 (63)
Smoking (%)

Total 103 (52)
Former 60 (30)
Active 43 (22)

Type of constructed hemodialysis access (%)
Wrist-based AVF 95 (48)
Elbow-based AVF 96 (48)
AVG 4 (2)
Other 4 (2)

Hemodialysis initiated (%)
Yes 132 (66)
No 57 (29)
Unknown 10 (5)

Average time on hemodialysis (months ±SEM) 22 ±1.4

6'� 6WDQGDUG GHYLDWLRQ� $9)� DUWHULRYHQRXV ȴVWXOD� $9*� DUWHULRYHQRXV JUDIW� 6(0� VWDQGDUG 
error of the mean.
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7aEle �� Demographic characteristics according to digital brachial index (DBI).

&haracteristics 1ormal 
'%Ζ� ���
��� 
n  ��

/ow '%Ζ� 
���� 
n  ��

+igh '%Ζ� 
Ȳ���� 
n  ��

p

Age (years, ±SD) 71 ±12 73 ±12 68 ±13 .09
Gender female (%) 37(46) 22 (46) 21 (30) .10
Diabetes Mellitus (%) 31 (38) 26 (54) 21 (30) .03*
Cardiovascular disease (%) 43 (53) 26 (54) 40 (57) .88
Hypertension (%) 61 (75) 40 (83) 56 (80) .54
Primary renal disease (%) n/a

Glomerulonephritis/sclerosis 15 (19) 9 (19) 10 (14)
Pyelonephritis 1 (1) 2 (4) 2 (3)
Hypertension 5 (6) 3 (6) 12 (17)
Renal vascular disease 10 (12) 2 (4) 8 (11)
Diabetes 18 (22) 13 (27) 17 (24)
Polycystic 1 (1) 1 (2) 0 (0)
Miscellaneous 24 (30) 17 (35) 20 (29)
Unknown 7 (9) 1 (2) 1 (1)

Statin use (%) 52 (65) 32 (67) 45 (64) .96
Anticoagulant use (%) 46 (58) 29 (59) 50 (69) .31
Smoking (%) 43 (53) 24 (50) 37 (53) .81

Former 22 (27) 7 (15) 17 (24)

Active 16 (20) 12 (25) 15 (21)

Yes, but unknown 5 (6) 5 (10) 5 (7)

Type of HD access (%) n/a
Wrist-based AVF 40 (49) 21 (44) 34 (49)
Elbow-based AVF 39 (48) 23 (48) 34 (50)
AVG 1 (1) 2 (4) 1 (1)
Other 1 (1) 2 (4) 1 (1)

Hemodialysis received (%) 0.9
Yes 55 (68) 26 (54) 51(73)
No 23 (28) 19 (40) 15 (21)
Unknown 3 (6) 3 (6) 4 (6)

Average time on hemodialysis (months ±SEM) 24 ±2 18 ±3 21 ±2 .27
Mean follow-up (years ±SEM) 2.3 ±0.2 1.8 ±0.2 2.4 ±0.2 .08

6'� VWDQGDUG GHYLDWLRQ� $9)� $UWHULRYHQRXV ȴVWXOD� $9*� DUWHULRYHQRXV JUDIW� 6(0� 6WDQGDUG 
HUURU RI WKH PHDQ� Q�D� QRW DSSOLFDEOH� 6WDWLVWLFDO VLJQLȴFDQFH ZDV WHVWHG XVLQJ D FKL�VTXDUH 
test for categorical variables and a t test for continuous variables.
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3atient characteristics in relation to '%Ζ and 3dig  
DBI values before access construction were normally distributed (Figure 1), and 

mean DBI was 92% ±19. Males tended to have a higher DBI compared to females 

���� s� YV ��� s�� S ������ $V H[SHFWHG� GLDEHWLFV KDG D VLJQLȴFDQWO\ ORZHU '%Ζ 

(diabetic: 86% ±2 vs non-diabetic: 95% ± 2, p≤0.01). In addition, Pdig of hypertensive 

patients was higher compared to patients with normotension (147mmHg ±3 vs 

134 mmHg ±5, p=0.04) whereas DBIs were similar. 

)igure �� Distribution of DBI before access construction (n=199).

3reoSerative 3dig� '%Ζ� and mortality

Absolute values of Pdig ZHUH QHLWKHU UHODWHG WR RYHUDOO PRUWDOLW\ �+5 ���� >���� Ȃ 

����@� S ����� QRU WR FDUGLRYDVFXODU PRUWDOLW\ �+5 ���� >���� Ȃ ����@� S ������ ΖQ 

addition, absolute DBI was also not associated with any primary outcomes (Overall 

PRUWDOLW\� +5 ���� >���� Ȃ ����@� S ����� &DUGLRYDVFXODU PRUWDOLW\� +5 ���� >���� Ȃ 

4.64], p=0.93). 



Abnormal digital brachial index prior to hemodialysis access construction is associated with increased 
cardiovascular mortality

79   

4

Survival and '%Ζ 
The follow-up index was 99% ±1, and mean follow-up was 2.2 years ±0.1. A total 

of 67 of the 199 patients died during the four years following access construction 

(34% death rate). Causes of death were cardiovascular (n=46; 69%), infection 

(n=11; 16%), HD discontinuation (n=4; 6%), cancer (n=3; 4%) or other causes (severe 

WUDXPD� DEGRPLQDO VHSVLV DQG SXOPRQDU\ LQVXɝFLHQF\� HDFK Q �� ���� )UHHGRP 

from cardiovascular death was similar in the three groups of DBI (p=0.22; Figure 

2). Moreover, overall survival in the three groups of DBI was also similar (p=0.30; 

Figure 3). 

)igure ��  Freedom from cardiovascular death in relation to preoperative DBI in ESRD 
patients (n=199).
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)igure �� Overall survival in relation to preoperative DBI in ESRD patients scheduled for 
access construction (n=199).

According to univariate analysis, old age, presence of CVD and smoking were 
associated with increased overall and cardiovascular mortality. In contrast, the 
presence of diabetes mellitus was not (Table 3). 

7aEle ��b )DFWRUV GHWHUPLQLQJ FDUGLRYDVFXODU PRUWDOLW\ DQG RYHUDOO PRUWDOLW\ LQ ��� +' 
patients (univariate analysis).

&ardiovascular 
mortality

HR
 �����&Ζ�

P 2verall
mortality

HR 
�����&Ζ�

P

Age (years) 1.05 (1.02 - 1.08) <.01* 1.05 (1.02 - 1.08) <.001*
Sex (female) ���� ����� Ȃ ����� .68 ���� ����� Ȃ ����� .53
Hypertension (yes) 1.28 (0.60 - 2.76) .52 ���� ����� Ȃ ����� .32
Diabetes Mellitus (yes) 1.49 (0.83 - 2.66) .18* ���� ����� Ȃ ����� .45*
Cardiovascular disease (yes) ���� ����� Ȃ ����� .02* ���� ����� Ȃ ����� <.001*
Smoking (yes) ���� ����� Ȃ ����� .01* ���� ����� Ȃ ����� .01*
DBI <80% ���� ����� Ȃ ����� .30* ���� ����� Ȃ ����� .53*

80-99% (Ref)
Ȳ���� ���� ����� Ȃ ����� .09* ���� ����� Ȃ ����� .12*

HD = Hemodialysis; Ref = Reference; *included in multivariate analysis.
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In a multivariate analysis following correction for age, diabetes mellitus, 

cardiovascular disease and smoking status, abnormally high DBIs conferred an 

increased risk of cardiovascular death, whereas an increase in overall mortality 

ZDV DOVR REVHUYHG �&DUGLRYDVFXODU PRUWDOLW\� +5 ���� >���� Ȃ����@� S ����� 2YHUDOO 

PRUWDOLW\� +5 ���� >���� Ȃ ����@� S ����� 7DEOH ���

7aEle ��b 5LVN IDFWRUV RI FDUGLRYDVFXODU PRUWDOLW\ �$� DQG RYHUDOO PRUWDOLW\ �%� LQ SDWLHQWV 
following access construction.

$� &ardiovascular mortality
Risk factors HR 95% CI p

Age (years) 1.05 ���� Ȃ ���� <.01*

Diabetes Mellitus (yes) 1.52 ���� Ȃ ���� .17

Cardiovascular disease (yes) 1.39 ���� Ȃ ���� .32

Smoking (yes) 2.22 ���� Ȃ ���� .02*

DBI values:

<80% 1.28 ���� Ȃ ���� .56

80-99% (Ref)

Ȳ���� 2.09 ���� Ȃ���� .03*

%� 2verall mortality
Risk factors HR 95% CI p

Age (years) 1.05 ���� Ȃ ���� <.001*

Diabetes Mellitus (yes) 1.20 ���� Ȃ ���� .48

Cardiovascular disease (yes) 1.96 ���� Ȃ ���� .02*

Smoking (yes) 1.75 ���� Ȃ ���� .03*

DBI values:

<80% 1.07 ���� Ȃ ���� .84

80-99% (Ref)

Ȳ���� 1.69 ���� Ȃ ���� .06*

+5   KD]DUG UDWLR� 5HI   5HIHUHQFH � &Ζ   FRQȴGHQFH LQWHUYDO� $VVRFLDWLRQV ZHUH WHVWHG XVLQJ 
Multivariate-Cox regression analysis. Factors were included with P-values 0.05 in univariate 
analysis. Diabetes was additionally included to the model.
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Discussion
Previous research in chronic kidney disease patients has demonstrated that 

values of ankle-brachial indices (ABI) were related to cardiovascular and overall 

mortality in a U-shaped manner (16,17). The present study aimed to determine 

whether values of digital brachial index (DBI) in end-stage renal disease (ESRD) 

patients prior to receiving an access for hemodialysis (HD) were also associated 

ZLWK LQFUHDVHG PRUWDOLW\ UDWHV GXULQJ WKH ȴUVW \HDUV DIWHU DFFHVV FUHDWLRQ� 

However, such a U-shaped relationship was not found. In contrast, ESRD patients 

who displayed an abnormally high DBI value (≥100%) sustained a twice as higher 

FKDQFH RQ D FDUGLRYDVFXODU GHDWK LQ WKH ȴUVW � \HDUV DIWHU DFFHVV FRQVWUXFWLRQ� 

A convincing explanation for a potential relationship between abnormally 

elevated DBI and possibly increased mortality rates in ESRD patients is currently 

absent. In analogy to low toe pressures predicting mortality in PAD patients, 

JHQHUDOL]HG LQFUHDVHG DUWHULDO VWL΍QHVV DQG ORZ YDVFXODU FRPSOLDQFH PD\ DOVR 

SOD\ D UROH LQ (65' SDWLHQWV ���Ȃ���� ΖQ ERWK 3$' DQG (65' SRSXODWLRQV� D YDULHW\ 

of pathogenic substances may result in ongoing oxidative stress and chronic 

LQȵDPPDWLRQ RI WKH DUWHULDO ZDOO� 3URJUHVVLYH VWL΍QHVV RI WKH DUWHULDO V\VWHP LV 

known to increase cardiac workload and to compromise coronary artery perfusion. 

This sequence of events may lead to cardiac ischemia and poorer survival (20,21). 

2QH VWXG\ IRXQG WKDW DQ DRUWLF VWL΍QHVV LQGH[ LQGHHG SUHGLFWHG GHDWK GXH WR 

cardiovascular disease (22). Therefore, this phenomenon may also have occurred 

in our ESRD patients but these measures were not obtained in the present study 

population. Future studies using pulse wave velocity may shed a light on a possible 

UHODWLRQVKLS EHWZHHQ DUWHULDO VWL΍QHVV� DEQRUPDO '%Ζ YDOXHV DQG PRUWDOLW\ LQ (65' 

patients.

The current study hypothesized that, in analogy to PAD patients, a similar 

U-shaped relationship between DBI and survival was present in our ESRD 

population. In one PAD population, low as well as high values for ABI predicted 

mortality (23). Whereas mortality in patients with low ABI values is possibly related 

to an increased atherosclerotic load, mortality in patients with a high ABI values 

PD\ SULPDULO\ EH GXH WR DQ DXJPHQWHG YDVFXODU VWL΍QHVV RU D FRPELQDWLRQ WKHUHRI 

GHȴQLQJ WKH 8�VKDSHG UHODWLRQVKLS ����� 7ZR RWKHU VWXGLHV VKRZHG WKDW KLJK $%Ζ 

values are frequently found in patients on HD or having chronic kidney disease, 

and that these patients had an increased risk on major adverse cardiovascular 

events (23, 24), similarly to our study population. In contrast, the present study 
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also found that the mortality rate was only higher in patients with an abnormally 

high DBI, but not with low values of DBI. Physiological principles dictate that 

systolic blood pressure (SBP) in the periphery of the upper extremity can never 

be higher compared to values in central portions of the arterial vasculature. As 

SBP usually diminishes along the heart-hand axis, an abnormally high DBI value 

(≥����� OLNHO\ UHȵHFWV SRRU DUWHULDO YHVVHO TXDOLW\ DQG GLPLQLVKHG FRPSUHVVLELOLW\� 

:K\ ORZHU VXUYLYDO ZDV QRW IRXQG LQ RXU SDWLHQWV KDYLQJ ORZ ȴQJHU SUHVVXUHV LV 

unclear but may be related to the limited statistical power. Prospective clinical 

trials are required to determine whether lower and upper limits for DBI values 

PD\ EH LGHQWLȴHG VHUYLQJ DV SURJQRVWLF PDUNHUV IRU PRUWDOLW\ LQ (65' SDWLHQWV�

The role of diabetes mellitus in ESRD patients having abnormally elevated 

DBI values is not clear. Bevc et al. found the U-shaped association between DBI and 

cardiovascular mortality in a non-diabetic population (25). Based on the fact that 

diabetes is a generally accepted important risk factor promoting atherosclerosis, 

we added this risk factor into our multivariate analysis (26,27). Interestingly, the 

percentage of diabetics in the normal DBI as well as the abnormally elevated DBI 

JURXS ZDV VLPLODU� 7KHUHIRUH YDVFXODU VWL΍QHVV LQ WKH XSSHU H[WUHPLW\ LV QRW RQO\ 

GHWHUPLQHG E\ GLDEHWHV LQ HQG�VWDJH UHQDO GLVHDVH SDWLHQWV EDVHG RQ RXU ȴQGLQJV�

$W WKLV PRPHQW� '%Ζ PHDVXUHPHQWV XVLQJ ȴQJHU SOHWK\VPRJUDSK\ DUH 

advocated for the detection of a variety of vascular diseases but also for evaluating 

WKH HɝFDF\ RI VXUJHU\ IRU KDQG LVFKHPLD ���Ȃ���� 5HVXOWV RI WKH SUHVHQW VWXG\ PD\ 

suggest a novel role for DBI as these values have the potential to contribute to 

a decision whether a thorough evaluation of cardiovascular health is indicated 

before access surgery. However, evaluation of cardiovascular health should always 

be tailored to an individual patient as the ultimate goal is to optimize risk factor 

management. If an association between DBI values and cardiovascular mortality is 

SURVSHFWLYHO\ FRQȴUPHG� D VLPSOH QRQ�LQYDVLYH SOHWK\VPRJUDSK\ DQDO\VLV SULRU WR 

access construction may aid in the decision regarding the execution of a long term 

program of cardiovascular risk reduction in these vulnerable ESRD patients. The 

present study should be seen as the progenitor for further research of the role of 

DBI measurement as a tool for risk evaluation in ESRD patients.

Several study limitations should be addressed including its retrospective 

character and the restricted number of patients. Our study design may have 

introduced immortal time bias as the start of follow up was later than the inclusion. 

However, as this ‘immortal time’ was relatively short (31 days ±3 SEM), it is unlikely 
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WKDW WKLV ZRXOG KDYH OHG WR VLJQLȴFDQW ELDV� &DWHJRUL]LQJ '%Ζ YDOXHV LQWR WKUHH 

groups is arbitrarily as normal values of DBI were never established. However, 

it was reasoned that DBI values over 100% should be considered as pathological 

since perfusion pressures should diminish towards peripheral portions of the 

arm. The lower limit of 80% was earlier proposed and is in accordance with Dutch 

JXLGHOLQHV RQ YDVFXODU DFFHVV PDQDJHPHQW ���Ȃ����

In conclusion, ESRD patients with an abnormally elevated DBI ≥100% 

confer an increased risk of cardiovascular mortality in the years after creation of 

D KHPRGLDO\VLV DFFHVV� 3URVSHFWLYH WULDOV VKRXOG FRQȴUP ZKHWKHU PRGDOLWLHV RI 

ȴQJHU SUHVVXUH PHDVXUHPHQWV PD\ SURYH XVHIXO IRU SUHGLFWLQJ SRRU VXUYLYDO LQ 

ESRD populations.
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$Estract
Objective
7KH PRGLȴHG $OOHQ WHVW �0$7� LV D VLPSOH EHGVLGH PHWKRG GHWHUPLQLQJ FROODWHUDO 
hand circulation prior to hemodialysis (HD) access surgery. Hand ischemia as 
UHȵHFWHG E\ ORZ V\VWROLF ȴQJHU SUHVVXUHV �3dig) is associated with high mortality 
rates in severe kidney disease (CKD) patients. Aim of the present study was to 
DVVHVV D SRVVLEOH UHODWLRQ EHWZHHQ DEVROXWH ȴQJHU SUHVVXUH GURS �∂Pdig) during a 
SUHRSHUDWLYH 0$7 DQG PRUWDOLW\ DIWHU D ȴUVW +' DFFHVV FRQVWUXFWLRQ�

Methods
Pdig (systolic pressure, mmHg) was measured using digital plethysmography 
following compression of radial and ulnar arteries in CKD patients just before 
access surgery between January 2009 and December 2018 in one center. The 
greatest ∂Pdig RI ERWK LQGH[ ȴQJHUV ZDV XVHG IRU DQDO\VLV� &DUGLRYDVFXODU DQG 
overall mortality were assessed during the following 4 years using the ERA-EDTA 
FODVVLȴFDWLRQ V\VWHP �FRGHV ��� ������ ��� ������ ���� &R[ UHJUHVVLRQ DQDO\VLV 
determined possible associations between ∂Pdig and mortality.

Results
Complete data sets were available in 108 patients (male n=71; age 70 years ±12; 
mean follow up (FU) 1.6 years ±0.1; FU index 99% ±1). Median ∂Pdig was 31 mmHg
�UDQJH � Ȃ ��� mmHg). Patients having cardiovascular disease (CV+) demonstrated 
higher ∂Pdig values (CV+ 44  ±5 mmHg vs CV- 29 ±3 mmHg, p=.012). A total of 26 
patients (24%) died during FU (CV+ death, n=16; 62%). For each 10 mmHg ∂Pdig

increase, overall mortality increased by 10%, and CV+ mortality by 15% (Overall 
PRUWDOLW\� +5 ���� >���� Ȃ ����@� S ����� &9� PRUWDOLW\� ���� >���� Ȃ ����@� S ������ 
Following correction for age, ∂Pdig remained associated with CV+ mortality (HR 1.13 
>���� Ȃ ����@� S ������

Conclusion
$ ODUJH GURS LQ V\VWROLF ȴQJHU SUHVVXUH GXULQJ D SUHRSHUDWLYH 0$7 LV UHODWHG WR 
mortality after primary HD access surgery. The role of this potential novel risk 
SDUDPHWHU UHTXLUHV FRQȴUPDWLRQ LQ D ODUJHU SRSXODWLRQ�  

.eywords
Digital pressure; ischemia; vascular access; chronic hemodialysis; survival analysis
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Ζntroduction
The Allen test is a simple bedside method that was used in the early years of 

hemodialysis (HD) access surgery for determining the risk of postoperative hand 

ischemia (1). This test is termed positive when hand palm pallor persists following 

release of a clamped radial artery while the ulnar artery is still compressed (or 

YLFH YHUVD� ���� $W SUHVHQW� D PRGLȴHG $OOHQ WHVW �0$7� LV DOVR XVHG IRU LGHQWLI\LQJ D 

GHȴFLW LQ KDQG FLUFXODWLRQ IROORZLQJ UDGLDO DUWHU\ FDQQXODWLRQ RU KDUYHVWLQJ� DQG IRU 

predicting patency following HD access surgery in severe chronic kidney disease 

(CKD) patients (1,3,4). 

$OWKRXJK D 0$7 PD\ XQYHLO LQVXɝFLHQW KDQG SHUIXVLRQ� WKH WHVW LV QRW XVHIXO 

for quantifying grade of ischemia. If this is required, digital pressures (Pdig) using 

ȴQJHU SOHWK\VPRJUDSK\ PD\ EH PHDVXUHG ���� (DUOLHU VWXGLHV UHYHDOHG WKDW KDQG 

LVFKHPLD DV UHȵHFWHG E\ ORZ 3dig (and digital brachial indices, DBI) was associated with 

KLJKHU PRUWDOLW\ UDWHV LQ +' SDWLHQWV� 7KLV ȴQGLQJ PD\ UHȵHFW ODFN RI FRPSHQVDWRU\ 

FDSDFLW\ RI WKH YDVFXODU V\VWHP LQ VRPH RI WKHVH IUDJLOH SDWLHQWV ��Ȃ���� 

3ULRU WR FKRRVLQJ WKH RSWLPDO W\SH RI +' DFFHVV LQ DQ &.' SDWLHQW� VWUDWLȴFDWLRQ 

of risk factors is required. For instance, a patient having multiple risk factors and 

SRVVLEO\ D OLPLWHG OLIH H[SHFWDQF\ PD\ EHQHȴW IURP D SHUPDQHQW LQGZHOOLQJ OLQH 

UDWKHU WKDQ IURP DQ DUWHULRYHQRXV ȴVWXOD RU ORRS ������� 7KHUHIRUH� LGHQWLȴFDWLRQ 

RI SRWHQWLDO QRYHO SUHGLFWRUV PD\ EH EHQHȴFLDO IRU SUHRSHUDWLYH PDQDJHPHQW RI 

this population. The present study aimed to determine a possible association 

EHWZHHQ WKH PDJQLWXGH RI ȴQJHU SUHVVXUH GURS �∂Pdig) during a MAT and mortality 

following access construction in severe CKD patients. It was hypothesized that a 

greater ∂Pdig was related to higher mortality rates. If so, this novel parameter may 

contribute to a decision on type of access surgery. 

0aterial and methods
*eneral information and standard worNuS
This retrospective observational cohort study included patients who received their 

ȴUVW +' DFFHVV EHWZHHQ -DQXDU\ ���� DQG 'HFHPEHU ���� LQ RQH FHQWHU �0£[LPD 

MC, Veldhoven, the Netherlands), a Dutch hospital with a dialysis ward providing 

HD to approximately 110 patients. 

Patients with stage IV or V renal disease were assessed by a nephrologist for 

possible risk factors leading to progression of CKD or kidney failure according to 
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recent guidelines (12,13). Based on this assessment, the nephrologist determined 

a need for HD and a timeline. Patients received a tailored life time access plan 

with emphasis on quality of life. In case HD was decide upon in a shared decision 

making environment, the patient was referred to the vascular outpatient clinic. A 

HD access was usually constructed within 6 weeks after a preoperative evaluation.

One of a team of 4 vascular surgeons performs a standardized work-up 

including inspection of both arms and hands for signs of earlier trauma, surgery, 

venous congestion or ischemia. In addition, palpation of epifascial veins as well 

as radial and ulnar arteries is performed. Each patient undergoes mapping of the 

venous vasculature of both arms using Duplex-sonography (Nicolet Vasoguard, 

VIASYS Healthcare, USA) allowing for selecting type and position of the most 

suitable HD access. 

Study criteria
Patients were eligible for inclusion if they were >�� \HDUV DQG VX΍HULQJ IURP 

stage IV or V CKD, had received a primary HD access and had undergone Pdig

measurements <6 months before access construction. Patients were excluded 

when digital plethysmography measurements were incomplete (e.g. missing 

compression tests), or when test results were considered erroneous due to 

incompressible arteries.

Since plethysmography is a non-invasive stress-free modality and is 

considered standard care in our clinic, the rules regarding the Medical Involving 

Human Subjects Act (Dutch WMO) did not apply to our study protocol as decided 

by the local medical ethical committee of the Máxima MC.

)inger SlethysmograShy
A specialized vascular imaging technician performed the digital plethysmography 

�1LFROHW 9DVRJXDUG � 0+]� 6FLPHW� %ULVWRO� 8.�� 6\VWROLF ȴQJHU SUHVVXUHV �3dig, 

PP+J� RI WKH LQGH[ DQG�RU PLGGOH ȴQJHU RI ERWK KDQGV ZHUH REWDLQHG� $ 

plethysmography sensor is applied to the palmar portion of the distal phalanx, 

ZKLOH WKH LQȵDWDEOH FX΍ LV SODFHG DURXQG WKH SUR[LPDO SKDODQ[� 7KH FX΍ LV WKHQ 

LQȵDWHG XS WR D PD[LPXP SUHVVXUH RI ��� PP+J� 2QFH D V\VWROLF DUWHULDO VLJQDO 

GLVDSSHDUV� WKH FX΍ LV JUDGXDOO\ GHȵDWHG XQWLO WKH SXOVDWLOH VLJQDO UHDSSHDUV� 

UHȵHFWLQJ WKH V\VWROLF 3dig. 
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A variation of the MAT was used. A Pdig ZDV ȴUVW PHDVXUHG GXULQJ D UHVWLQJ 

state, some 30 seconds following sensor application. A second measurement was 

performed after approximately 15 seconds of radial artery clamping (by applying 

SUHVVXUH ZLWK WKH WHFKQLFLDQȇV LQGH[ DQG PLGGOH ȴQJHUV RQ WKH DUWHU\�� DQG DJDLQ 

some 15 seconds after declamping. This maneuver was repeated 30 seconds later 

with ulnar clamping and declamping. Measurements were obtained from both 

DUPV� 7KH GL΍HUHQFH EHWZHHQ D UHVWLQJ 3dig and a clamped Pdig was termed ∂Pdig. 

The largest drop in systolic pressure, irrespective of artery (ulnar or radial) or side 

(left or right), was used for analysis. 

'ata collection and deȴnitions
Data regarding general demographics, comorbidities, smoking status, use of 

statin and/or anticoagulants, type and timing of primary access construction, HD 

initiation (yes/no), Pdig and cause of death were obtained from electronic patient 

ȴOHV �+L; ���� &KLS6RIW %�9�� $PVWHUGDP� 7KH 1HWKHUODQGV� )LQ3UR'% ���� 0HG9LVLRQ 

AG, Unna, Germany).

&RPRUELGLWLHV ZHUH GHȴQHG DV IROORZV� diabetes mellitus (having diagnosis 

type 1 or 2 diabetes mellitus, currently using antihyperglycemic medication), 

hypertension (diagnosed with hypertension, use of antihypertensive medication), 

or cardiovascular disease (previous diagnosis of acute coronary syndrome, angina 

pectoris, coronary artery bypass grafting, diagnostic imaging with presence of 

(prior) infarction or reversible ischemia, previous ischemic stroke, occlusive disease, 

transient ischemic attack, history of claudication, ischemic rest pain, ischemic 

tissue loss, prior peripheral artery intervention or bypass, or demonstrated 

absolute toe pressure of <40 mmHg).

 Type of death was categorized as cardiovascular according to the European 

5HQDO $VVRFLDWLRQ Ȃ (XURSHDQ 'LDO\VLV DQG 7UDQVSODQW $VVRFLDWLRQ �(5$�('7$� 

FODVVLȴFDWLRQ V\VWHP IRU FDXVHV RI GHDWK �FRGHV ��� ������ ��� ������ ��� ����� 

3DWLHQWV ZHUH FODVVLȴHG DV UDGLDO GRPLQDQW LI WKH GL΍HUHQFH RI ∂Pdig obtained from 

radial artery clamping was >10 mmHg compared to the ∂Pdig of the ulnar artery 

(and vice versa) (15). A patient was termed ‘co-dominant’ when ∂Pdig of radial artery 

DQG XOQDU DUWHU\ GL΍HUHG OHVV WKDQ �� PP+J� 'DWH RI +' DFFHVV FRQVWUXFWLRQ ZDV 

considered as the study starting date. The follow up index (FUI) was calculated as 

recommended (16). FU was terminated four years after access surgery, following 
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death or at December 31, 2018. Patients moved to another dialysis clinic were 

considered loss to FU and “date last known alive” was used for this group.

Statistical analysis
The sample size was determined pragmatically by including all available patient 

records that were considered eligible for inclusion. For multivariable modeling 

as described below, the rule of at least 10 observations-per-variable (for linear 

regression) and 10 events-per-variable (for Cox proportional-hazards regression) 

was used to determine how many confounding variables were allowed in the 

model.

Statistical analyses were conducted using SPSS 25 (IBM SPSS Inc., Chicago, 

IL, USA). Baseline characteristics were displayed as mean ± standard deviation 

(SD) or counts (percentages) when appropriate. Study parameters were tested for 

normality and expressed as mean ± standard error of the mean (SEM). Pearson’s 

chi-square test, Fischer’s exact test or independent samples t-test were used when 

DSSURSULDWH� 3RVVLEOH IDFWRUV LQȵXHQFLQJ ∂Pdig were analyzed using automatic 

linear modelling (ALM) (17).

Univariable Cox proportional- hazards regression was used to test whether 

∂Pdig (as a continuous variable and in increments of 10 mmHg) was related to CV+ 

and overall mortality. Dependent on the outcome event-rate, a multivariable Cox 

regression was planned to correct for potential confounders that were selected 

based on previous research (18). Measures of association were displayed as 

KD]DUG UDWLR ZLWK D ����FRQȴGHQFH LQWHUYDO >+5 ����&Ζ@� .DSODQ�0HLHU DQDO\VLV 

was performed to display survival curves with 4 similar sized groups based on 

quartiles of the absolute ∂Pdig values. P-values 0.05 were considered statistically 

VLJQLȴFDQW� 

Results
A total of 300 patients received a primary HD access between January 2009 and 

December 2018, and complete data sets including MAT and ∂Pdig were available 

in 123 patients. As 15 cases were excluded due to incompressible arteries, 108 

SDWLHQWV IXOȴOOHG VWXG\ FULWHULD DQG ZHUH DQDO\]HG �PDOH� Q  ��� DJH �� \HDUV s��� 

Table I). HD was successfully initiated in 69 patients (64%) within the observation 

period. 
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Table I. Patients data prior to HD access construction (n=108 patients).

&haracteristic
Age (years, ±SD) 70 ±12

Gender male/ female 71 / 37

Diabetes Mellitus (%) 46 (43)

Cardiovascular disease (%) 59 (55)

Hypertension (%) 91 (84)

Etiology of renal disease (%)
- Glomerulonephritis/sclerosis
- Pyelonephritis
- Hypertension
- Renal vascular disease
- Diabetes
- Polycystic
- Miscellaneous
- Unknown

17 (16)
3 (3)
12 (11)
11 (10)
29 (27)
2 (2)
30 (28)
4 (4)

Statin use (%) 72 (67)

Anticoagulant use (%) 63 (58)

Smoking (%)
- Former
- Active

56 (52)
30 (28)
26 (24)

Hand perfusion pattern (%) 
- Radial dominant
- Ulnar dominant
- Co-dominant

51 (47)
17 (16)
40 (37)

Type of constructed vascular access (%)
- Wrist-based AVF
- Elbow-based AVF
- AVG
- Other

59 (55)
43 (40)
2 (2)
4 (4)

HD indeed initiated (%) 69 (64)

Months on HD 
(mean ±SEM)

15 ±2

$9)� DUWHULRYHQRXV ȴVWXOD� $9*� DUWHULRYHQRXV JUDIW�

Figure 1 shows a histogram of ∂Pdig values. Median ∂Pdig was 31 mmHg (range 

� Ȃ ��� PP+J�� $OPRVW KDOI RI WKH SDWLHQWV ����� Q ��� GLVSOD\HG UDGLDO DUWHU\ 

dominance (Table I), 17 patients (16%) showed ulnar artery dominance whereas 

40 (37%) were co-dominant.
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)igure �� ȧ3dig during MAT before HD access construction (n=108 patients).

3atient characteristics and ȧ3dig Eefore access construction 
�n ����

The presence of cardiovascular disease was associated with higher average ∂Pdig

values (CV+ 44  ±5 mmHg vs CV- 29 ±3 mmHg, B 15.88 [3.61-28.16], p=.012) in 

univariate linear regression analysis (Table II). Using ∂Pdig as outcome variable, 

IDFWRUV WKDW ȴWWHG LQWR WKH $/0�PRGHO ZHUH VH[� GLDEHWHV PHOOLWXV� KLVWRU\ RI &9'� 

hypertension, anticoagulant use, statin use, history of smoking and age. In the 

ALM-model, only CVD was associated with ∂Pdig (p=.047).

Table II. ȧ3dig before access surgery and relation to patient parameters.

8nivariate analysis� ȧ3dig

9ariaEle B ��� &l ſ P value
Age 0.48 -0.02-0.97 .18 .061
Female sex -1.68 -14.95-11.59 -.02 .802
Hypertension 4.11 -13.17-21.39 .05 .638
Diabetes Mellitus 0.00 -12.74-12.74 .00 1.00
Cardiovascular disease 15.88 3.61-28.16 .24 .012*
Smoking 3.39 -10.76-17.54 .05 .635
Statin use 4.83 -8.68-18.34 .07 .480
Anticoagulant use 5.73 -7.29-18.75 .09 .385

%� 8QVWDQGDUGL]HG %HWD� &Ζ� &RQȴGHQFH LQWHUYDO� ſ� 6WDQGDUGL]HG &RHɝFLHQWV %HWD�
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3reoSerative ȧ3dig and mortality following +' access 
surgery
Mean follow-up after HD access construction was 1.6 years ±0.1 with a 99% ±1 

FU index. In the four year observation period, 26 deaths were recorded. Mortality 

was caused by cardiovascular disease (n=16; 62%), infection (n=6; 23%), or HD 

GLVFRQWLQXDWLRQ� FDQFHU� VHYHUH WUDXPD RU SXOPRQDU\ LQVXɝFLHQF\ �HDFK Q ��� 

Overall mortality as well as CV+ mortality rates in patients initiating HD or those 

UHPDLQLQJ LQ SUHGLDO\VLV ZHUH QRW GL΍HUHQW �2YHUDOO PRUWDOLW\� +'� ����� YV� +'� 

23.1%, p=.855; CV+ mortality: HD+ 14.5% vs. HD- 15.4%, p=.900).

Freedom from cardiovascular death as well as overall patient survival were 

lowest in individuals with a ∂Pdig >50 mmHg (Figure 2 & 3). 

)igure ��  )UHHGRP IURP FDUGLRYDVFXODU GHDWK IROORZLQJ DFFHVV VXUJHU\ DQG ȧ3dig (n=108 
patients). 
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)igure �� 2YHUDOO VXUYLYDO IROORZLQJ DFFHVV VXUJHU\ LQ UHODWLRQ WR SUHRSHUDWLYH ȧ3dig (n=108 
patients).  

Absolute values of ∂Pdig were also associated with CV+ mortality (HR 1.02 

>���� Ȃ ����@� S ������ DQG RYHUDOO PRUWDOLW\ �+5 ���� >���� Ȃ ����@� S ������ )RU 

each 10 mmHg ∂Pdig increase, the overall mortality risk increased with 10% and for 

cardiovascular mortality with 15% �2YHUDOO PRUWDOLW\� +5 ���� >���� Ȃ ����@� S ����� 

&9� PRUWDOLW\� ���� >���� Ȃ ����@� S ������

Following correction for old age (>80 years), an increase of ∂Pdig in increments 

RI �� PP+J UHPDLQHG DVVRFLDWHG ZLWK &9� PRUWDOLW\ �+5 ���� >���� Ȃ ����@� S ����� 

EXW QRW ZLWK RYHUDOO PRUWDOLW\ �+5 ���� >���� Ȃ ����@� S ������
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Discussion
7KH 0RGLȴHG $OOHQ WHVW �0$7� LV DGYRFDWHG DV D VLPSOH EHGVLGH WRRO IRU GHWHUPLQLQJ 

pattern of hand vascularization (19,20). A positive test result indicates that hand 

perfusion in a subject largely depends on just a single forearm vessel, either the 

radial or the ulnar artery (2,21). Apart from having diagnostic properties, a MAT 

was also useful in predicting onset of long term hemodialysis (HD) access-related 

complications such as hand ischemia (1,21,22). Several studies found that hand 

LVFKHPLD DV UHȵHFWHG E\ D ORZ V\VWROLF ȴQJHU SUHVVXUH �3dig) was associated with 

LQFUHDVHG PRUWDOLW\ UDWHV LQ +' SRSXODWLRQV ��Ȃ���� %DVHG RQ WKHVH ȴQGLQJV� 

we hypothesized an association between drop in Pdig (∂Pdig) during a MAT and 

mortality in CKD patients who were scheduled for access surgery. Interestingly, 

52% of the individuals demonstrating a ∂Pdig >50 mmHg at the preoperative MAT 

had died after 4 years compared to just 15% with a ∂Pdig <15 mmHg. In addition, 

the risk of death due to cardiovascular cause increases with 15% for each 10 

mmHg increase of ∂Pdig. This potential novel parameter may contribute to the 

preoperative counselling of CKD patients requiring renal replacement therapy but 

LWV YDOLGLW\ UHTXLUHV FRQȴUPDWLRQ LQ D ODUJHU SRSXODWLRQ�  

One needs to consider the arterial anatomy of the hand in order to appreciate 

the scope of a MAT. Vascular patterns of the hand are highly diverse but the 

VXSHUȴFLDO DQG GHHS SDOPDU DUFKHV DUH WKH PRVW LPSRUWDQW DUWHULDO VWUXFWXUHV� $Q 

LQFRPSOHWH VXSHUȴFLDO SDOPDU DUFK �63$� LV D IUHTXHQW YDULDQW DV IRXQG LQ ����� 

of 650 autopsy samples (23). Malformations or absence of (portions of) the ulnar 

DUWHU\ PD\ DOVR RFFDVLRQDOO\ EH IRXQG ����� ΖQȵRZ RI WKH SDOPDU DUFK LV PRVW 

often dominated by the radial artery and sometimes by the ulnar artery (15,25). 

In one study, radial dominance was shown in 55% of the cases, whereas an ulnar 

dominance was present in 33% of their study population. The palmar arch in the 

current study was also more often dominated by the radial artery compared to the 

ulnar artery (47% vs 16%). During MAT, a fall in perfusion pressure of the digits as 

detected by plethysmography may in part be related to this interindividual variety 

in arterial vasculature (26). However, whether a lower perfusion pressure also 

subjectively leads to symptoms of ischemia is by large determined by the host’s 

ability to recruit collaterals. For instance, a radiocephalic HD access may cause hand 

ischemia if the loss of perfusion pressure in the portion distal to the anastomosis is 

QRW FRPSHQVDWHG IRU E\ DQ LQFUHDVHG ȵRZ LQ WKH XOQDU �RU WKH LQWHURVVHRXV� DUWHU\� 

This situation may occur if these collateral vessels exhibit severe atherosclerosis 

due to peripheral arterial disease (PAD) or to diabetes mellitus. 
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ΖQ 3$'� UHPRGHOLQJ RI VPDOO DUWHULHV LQ WKH D΍HFWHG OLPE PD\ EH LQDGHTXDWH 

RU LQVXɝFLHQW LQFUHDVLQJ WKH FKDQFH RI DUWHULDO RFFOXVLRQV �������� $ SRVLWLYH 0$7 

PD\ UHȵHFW WKLV LQDELOLW\ WR DGHTXDWHO\ RSHQ FROODWHUDOV DLPHG DW PDLQWDLQLQJ WLVVXH 

SHUIXVLRQ DERYH WKH LVFKHPLF WKUHVKROG� $W D ORFRUHJLRQDO OHYHO� D GHELOLWDWLQJ ȴQJHU 

or toe ischemia may occur but the host’s overall integrity is not at risk. However, a 

failing capacity for mobilizing collaterals in the coronary arterial system may prove 

lethal as demonstrated by increased mortality rates (29,30). A properly functioning 

coronary collateral system will form alternative conduits for bridging severe 

stenoses or connecting vital epicardial arteries thus reducing fatal myocardial 

infarction rates (31). Data of the present study indicate that patients with a history 

RI FDUGLRYDVFXODU GLVHDVH GHPRQVWUDWHG D VLJQLȴFDQWO\ JUHDWHU ∂Pdig during MAT. 

Such a test result may suggest that the overall compensatory mechanism of the 

arterial system in such a patient is compromised due to a poor cardiovascular 

health. Interestingly, these events happened independent of presence of diabetes 

mellitus. 

The clinical relevance of the present study is currently unclear. However, one 

may speculate that a large ∂Pdig during a simple plethysmographic MAT in a severe 

CKD patient with a negative cardiovascular history may contribute to a decision 

to yet undergo an objective evaluation of cardiovascular health status. Secondly, 

results of a plethysmographic MAT may play a role in the preoperative counselling 

process of a CKD patient destined to soon require renal replacement therapy. 

For instance, a positive test result in a frail patient with extensive comorbidities 

may tip the balance towards inserting a permanent indwelling line rather than 

executing arteriovenous access surgery (5, 13).  

The current study has various limitations including its retrospective character, 

a limited sample size and the inability to correct for potential confounders possibly 

leading to data heterogeneity. Due to limited statistical capacity, CVD could not be 

included as a possible confounder for mortality. Since values of ∂Pdig are directly 

related to CVD, the MAT should be seen as a surrogate marker for the overall 

cardiovascular burden possibly leading to increased mortality rates. The study 

design may have introduced “immortal time bias” since the follow up started after 

inclusion. Mortality in this particular interval was therefore neglected. However, 

it is unlikely that this type of bias may have impacted outcome as this period 

of “immortal time” was relatively short (27 days ±2). In addition, visualization of 

the arterial anatomy using either angiography or Duplex was not performed so 
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LQIRUPDWLRQ RQ DQDWRPLF YDULDQWV DQG ȵRZ YROXPHV LV DEVHQW� $ SRWHQWLDO OLPLWDWLRQ 

also is the absence of published normal values of Pdig. One study claimed that a fall 

of ∂Pdig >40 mmHg in the thumb indicated an inadequate collateral ulnar arterial 

EORRG VXSSO\ ����� $QRWKHU VWXG\ FKRRVH WKUHVKROGV HPSLULFDOO\ ����� 6LQFH FXW�R΍ 

points for ∂Pdig are also lacking, it was arbitrarily decided to categorize ∂Pdig in 

quartiles.  

Conclusion
$ ODUJH GURS LQ V\VWROLF ȴQJHU SUHVVXUH GXULQJ D SUHRSHUDWLYH PRGLȴHG $OOHQ WHVW 

(MAT) was related to an increased mortality rate in the years after HD access 

VXUJHU\� 7KH UROH RI WKLV SRWHQWLDO QRYHO ULVN SDUDPHWHU UHTXLUHV FRQȴUPDWLRQ LQ D 

larger population.  
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$Estract
Objective
Some hemodialysis (HD) patients develop hemodialysis access-induced distal 

LVFKHPLD �+$Ζ'Ζ� GXH WR LQVXɝFLHQW ORFR�UHJLRQDO SHUIXVLRQ SUHVVXUH DQG 

FRQVHTXHQW SRRU DUWHULDO ȵRZ� :H K\SRWKHVL]HG WKDW SDWLHQWV ZLWK VHYHUH +$Ζ'Ζ 

had worse survival compared with patients with mild or no HAIDI. 

Methods
This single-center retrospective observational cohort study included three groups 

of prevalent HD-patients with an upper extremity vascular access between 2006 

and 2018. Symptomatic patients had signs and symptoms of HAIDI and low 

digital brachial indices (DBI; <60%) and were divided into a mild (Grade I-IIa) and 

a severe HAIDI (IIb-IV) group. A control group consisted of HD-patients without 

signs of HAIDI with DBIs >60%. Factors potentially related to four-year survival 

were analyzed.

Results
Mild HAIDI-patients displayed higher DBIs (n=23, 41% ±3) compared with severe 

HAIDI-patients (n=28, 24%±4), whereas controls had the highest values (n=48, 80% 

±2; p<.001). Forty-four patients (44%) died during follow-up. DBI (HR 0.989 [0.979-

1.000], p=.046) was related to overall mortality following correction for presence 

of arterial occlusive disease (HR 2.28 [1.22-4.29]), diabetes (HR 2.00 [1.07-3.72]) 

and increasing age (HR 1.03 [1.01-1.06]), as was digital pressure (HR 0.990 [0.983 

- 0.998], p=.011). Overall survival was similar in mild HAIDI and controls (two-year 

79% ±5; four-year 57% ±6, p=.818). In contrast, four-year survival was >20% lower 

in patients with severe HAIDI (two-year 62% ±10; four-year 34% ±10; p=.026).

Conclusion
Presence of severe HAIDI may be associated with poorer survival in HD-patients. 

Lower DBI-values are associated with higher overall mortality, even following 

correction for other known risk factors.

.eywords� +DQG LVFKHPLD� VXUYLYDO� GLJLWDO SUHVVXUH� DUWHULRYHQRXV ȴVWXOD� 

vascular access
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Ζntroduction
+HPRGLDO\VLV �+'� XVLQJ D VXUJLFDOO\ FRQVWUXFWHG DUWHULRYHQRXV ȴVWXOD �$9)� RU JUDIW 

(AVG) is life-sustaining in patients with end-stage renal disease (1). Occasionally, 

perfusion of the dialysis hand may progressively be compromised leading to 

hemodialysis access-induced distal ischemia (HAIDI). HAIDI develops due to blood 

SUHVVXUH ORVV DORQJ WKH KHDUW�KDQG D[LV� OHDGLQJ WR LQVXɝFLHQW ORFR�UHJLRQDO 

SHUIXVLRQ SUHVVXUH DQG WKXV SRRU DUWHULDO ȵRZ� 5DWHV RI ���� KDYH EHHQ UHSRUWHG 

in general HD-populations (2,3). Proportions developing HAIDI may rise in future 

SRSXODWLRQV DV SDWLHQWV LQFUHDVLQJO\ VX΍HU IURP IDFWRUV SURPRWLQJ EORRG SUHVVXUH 

loss along the arterial tree including diabetes mellitus and atherosclerosis.(2) 

Moreover, the presence of a brachial artery-based AVF rather than a radial artery-

based access is a risk factor for the onset of HAIDI (4,5). Ongoing hand ischemia, 

LI OHIW XQWUHDWHG� PD\ OHDG WR D IUXVWUDWHG SDWLHQW VX΍HULQJ IURP SURJUHVVLYH SDLQ� 

wounds and loss of function of the hand of the dialysis arm. 

In patients with peripheral arterial occlusive disease, low toe pressures 

UHȵHFWLQJ LPSDLUHG SHULSKHUDO FLUFXODWLRQ ZHUH IRXQG WR SUHGLFW RYHUDOO DQG 

cardiovascular mortality (6). Furthermore, an association between a decreased 

ankle-brachial index and mortality was also described in HD-patients (7). Case 

series in HD-populations suggested that patients with hand ischemia had a poor 

survival (8-10). Aim of the present study was to determine whether survival was 

worse in HD-patients with severe HAIDI compared with patients with mild or no 

hand ischemia. 

0aterial and methods
Approximately 110 patients receive maintenance HD in Máxima Medical Centre 

(MMC), Veldhoven/Eindhoven, the Netherlands. Some 100 access-related open and 

endovascular interventions are performed annually. Patients having complicated 

HD-sessions are discussed in a weekly multidisciplinary meeting attended by a 

vascular surgeon, interventional radiologist, nephrologist, vascular laboratory 

technicians and access nurses. 

+$Ζ'Ζ 'iagnosis and gradation
If HAIDI is suspected by dedicated access nurses, symptoms in the dialysis hand 

are assessed by a vascular surgeon during an outpatient clinic evaluation. These 



Chapter 6

108

tracked cardinal symptoms are coldness, pain, changes in sensation, loss of 

strength, and cramps. The dialysis hand is inspected for signs of ischemia such 

as pallor or wounds. Radial artery pulsatility with and without compression of the 

DFFHVVȇ YHQRXV RXWȵRZ LV FRPSDUHG� 2FFDVLRQDOO\� SDWLHQWV H[SHULHQFH D ZDUPHU 

hand during access compression. Moreover, radial artery pulsations may become 

more powerful suggesting a reversible type of ischemia.2

If HAIDI is likely based on clues in history and physical examination, the systolic 

pressure (PDIG) RI WKH LQGH[ �RU PLGGOH� ȴQJHU RI WKH GLDO\VLV KDQG LV PHDVXUHG 

with open and clamped access by a dedicated vascular laboratory technician 

using digital plethysmography (Vasoguard Nicolet 8 MHz, Scimet, Bristol, UK). A 

GLJLWDO EUDFKLDO LQGH[ �'%Ζ� LV REWDLQHG E\ GLYLGLQJ WKH V\VWROLF ȴQJHU SUHVVXUH E\ 

the contralateral systolic brachial artery pressure. ∂DBI and ∂PDIG are calculated by 

subtracting values obtained from measurements with an open access from values 

with a clamped access. 

In our institution HAIDI is diagnosed if history and physical examination are 

consistent with hand ischemia in combination with a DBI <60% (or a PDIG <50mmHg) 

(11-13). *UDGLQJ LV EDVHG RQ WKH �PRGLȴHG� )RQWDLQH FODVVLȴFDWLRQ DV SURSRVHG 

in 2009 by our department (5). This gradation was adopted during a consensus 

meeting in 2016 (14). Based on this document, patients with Grade I or IIa HAIDI 

have a mild form that can be managed conservatively. In contrast, patients with 

a Grade IIb, III or IV HAIDI require imaging and (endo)vascular interventions 

LQFOXGLQJ SHUFXWDQHRXV WUDQVOXPLQDO DQJLRSODVW\ �37$� IRU SRVVLEOH DUWHULDO LQȵRZ 

stenosis, side branch ligation (SBL), distal revascularization and interval ligation 

�'5Ζ/�� UHYLVLRQ XVLQJ GLVWDO LQȵRZ �58'Ζ�� EDQGLQJ RU RWKHU LQYDVLYH WHFKQLTXHV�

+and ischemic Tuestionnaire
In addition to the outpatient clinic visit, patients complete a hand ischemic 

questionnaire (HIQ). This in-house questionnaire scores frequency (0, never - 10, 

DOZD\V� DQG VHYHULW\ ��� QRQH � ��� H[WUHPH� RI WKH ȴYH FDUGLQDO V\PSWRPV RI +$Ζ'Ζ 

mentioned above using a numeric rating scale. Frequency and severity scores of 

HDFK RI WKH ȴYH LWHPV DUH PXOWLSOLHG DQG WKHVH QXPEHUV DUH DGGHG XS WR D WRWDO +Ζ4�

score ranging from 0 (no symptoms associated with HAIDI ever) to 500 (maximal 

symptoms, always). HIQ-scores in HD-patients without ischemia are typically <60 

while HAIDI-patients often score >100 points (15,16). Various studies indicated that 

+Ζ4�VFRUHV UHȵHFW H΍HFWLYHQHVV RI VXUJLFDO UHYLVLRQ IRU +$Ζ'Ζ �������� 
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Patient selection
For this retrospective observational cohort study, three groups of HD-patients 

ZHUH VWXGLHG� 7KH ȴUVW JURXS ZDV RQ PDLQWHQDQFH +'� KDG DQ XSSHU H[WUHPLW\ 

access, had a DBI <60% (or PDIG <50 mmHg) and was diagnosed with Grade I or 

IIa HAIDI (mild). The second group was also on maintenance HD, harboured an 

upper extremity access, had a DBI <60% (or PDIG <50 mmHg) but were diagnosed 

with grade IIb, III or IV HAIDI (severe). Both HAIDI-groups were included between 

January 2006 and December 2018 in MMC. Exclusion criteria for both groups were 

earlier enrolment in another patient group, referral from another institution, 

or a language or cognitive impairment. The third group of patients served as 

controls. They were on maintenance HD, harboured an upper extremity access, 

DQG KDG XQGHUJRQH ȴQJHU SOHWK\VPRJUDSK\ RI WKH GLDO\VLV KDQG EHWZHHQ 0DUFK 

and October 2013. Exclusion criteria were DBI <60% (or PDIG <50 mmHg), earlier 

enrolment in another study group, or a language or cognitive impairment.

The MMC’s medical ethical committee deemed that evaluation of the study 

protocol was not necessary as measurements were considered stress- and risk-

free whereas follow-up followed practice recommendations (20). Parameters 

were considered patient-reported outcome measures (PROMs) and the study was 

deemed to be in accordance with the declaration of Helsinki.

'ata accrual and deȴnitions
Demographics and clinical data were obtained from surgical and nephrology 

HOHFWURQLF SDWLHQW ȴOHV �+L; ���� &KLS6RIW %�9�� $PVWHUGDP� 7KH 1HWKHUODQGV� 

3UR'%� 0HG9LVLRQ $J�� 8QQD� *HUPDQ\�� 7KHVH ȴOHV ZHUH FKHFNHG IRU SUHVHQFH 

of arterial occlusive disease (AOD; history of coronary artery bypass graft, 

percutaneous cardiac intervention, angina pectoris and/or PTA, peripheral bypass, 

carotid endarterectomy, radiological evidence of arterial stenosis -e.g. subclavian 

or renal artery stenosis-, or an ankle brachial index <90%), presence of diabetes 

mellitus and presence of hypertension (as diagnosed by an internist and/or use 

of blood glucose decreasing agents or antihypertensive agents, respectively). 

7LPH RQ +' DQG UHQDO UHSODFHPHQW WKHUDS\ �557� ZHUH GHȴQHG DV WLPH EHWZHHQ 

start of maintenance HD or any RRT and inclusion date. DBIs were depicted as 

percentages.
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Statistical analysis
Statistical analyses were performed using SPSS 24.0 (SPSS Inc., Chicago, IL, USA). 
Parameters were tested for normality and expressed as mean ± standard deviation 
(SD) or standard error of the mean (SEM), or as proportions (percentages). Group 
GL΍HUHQFHV ZHUH DQDO\]HG XVLQJ RQH�ZD\ DQDO\VLV RI YDULDQFHV �$129$� ZLWK D 
Bonferroni correction for pairwise comparisons, independent sample T-tests or chi-
square tests when appropriate. A possible relation between HIQ score and DBI was 
addressed using linear regression analysis. Overall survival curves were compared 
XVLQJ .DSODQȂ0HLHU DQDO\VLV DQG SDLUZLVH /RJ 0DQWHO &R[ WHVWV� ΖQ SRVW KRF WHVWV� 
survival curves of mild HAIDI and controls were combined to assess whether severe 
HAIDI patients displayed poorer survival. Univariate and— when appropriate—
multivariate Cox regression analyses determined which factors were associated with 
overall and cardiovascular mortality. Outcomes were expressed as hazards ratios 
�+5 >��� FRQȴGHQFH LQWHUYDO@�� &DUGLRYDVFXODU PRUWDOLW\ ZDV GHȴQHG DFFRUGLQJ WR 
(5$�('7$ FRGHV ��� ��Ȃ��� ��� ��Ȃ��� DQG �� ����� 6XUYLYDO )8 ZDV WHUPLQDWHG LQ 
case of death, after 4 years of FU, at the end of December 2018, or when a patient 
was lost to FU (“date last known alive”). FU and FU index were calculated following 
UHFRPPHQGDWLRQV ���� DQG S YDOXHV ���� ZHUH FRQVLGHUHG VLJQLȴFDQW�

Results
Between January 2006 and December 2018, 118 HD patients were analyzed for 
possible HAIDI by the senior author (MS): 67 patients did not meet the study 
criteria (no diagnosis of HAIDI n=31; no maintenance HD yet n=20; referral from 
other institution n=8; earlier enrolment n=7; lower extremity AVG n=1). Therefore, 
�� XQLTXH +$Ζ'Ζ SDWLHQWV ZHUH LQFOXGHG �+$Ζ'Ζ ΖȂΖΖD� n �� DQG +$Ζ'Ζ ΖΖEȂΖ9� n=28). 
A total of 101 control patients received HD between March and October 2013 in 
MMC. As 53 patients did not meet the study criteria (no maintenance HD yet n=18; 
earlier enrolment in HAIDI-group n=13; no digital pressure measurement n=10; 
refused participation n=10; lower extremity AVG n=2), the control group consisted 
of 48 patients. No asymptomatic patients with DBIs <60% were found. 

3DWLHQWV ZLWK +$Ζ'Ζ ΖΖEȂΖ9 DQG FRQWUROV ZHUH VRPH �Ȃ�� \HDUV ROGHU WKDQ 
+$Ζ'Ζ ΖȂΖΖD SDWLHQWV �p ������ 5DWHV RI $2' ZHUH VLJQLȴFDQWO\ ORZHU LQ +$Ζ'Ζ ΖȂΖΖD 
����� DQG FRQWUROV ����� FRPSDUHG ZLWK +$Ζ'Ζ ΖΖEȂΖ9 SDWLHQWV ����� p=.011). In 
contrast, access age and time on HD were higher in controls compared with HAIDI 
ΖΖEȂ Ζ9 SDWLHQWV �ERWK p<.01). Time on any RRT was similar among groups (Table 1). 
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)inger Sressures and +Ζ4�scores
P

DIG
ZLWK RSHQ DFFHVV ZDV KLJKHU LQ +$Ζ'Ζ ΖȂΖΖD ��� s� PP+J� FRPSDUHG ZLWK 

+$Ζ'Ζ ΖΖEȂΖ9 ��� s� PP+J� p =.009), while P
DIG

in controls was highest (110 ±3 

mmHg; p <.001). P
DIG

ZLWK FODPSHG DFFHVV DOVR GL΍HUHG �+$Ζ'Ζ ΖȂΖΖD ��� s� PP+J� 

+$Ζ'Ζ ΖΖEȂΖ9 �� s�� PP+J� FRQWUROV ��� s� PP+J� <.001; Figure 1a). DBI showed 

VLPLODU GL΍HUHQFHV �)LJXUH �E�� ΖQWHUHVWLQJO\� ∂P
DIG

was twice as high in both HAIDI 

JURXSV �+$Ζ'Ζ ΖȂΖΖD �� s� PP+J� +$Ζ'Ζ ΖΖEȂΖ9 �� s� PP+J� FRPSDUHG ZLWK FRQWURO 

patients (30 ±3 mmHg; p<.001) as was ∂DBI (Figure 1). 

7aEle �� Demographic characteristics in patients with HAIDI and controls.

&haracteristics
+$Ζ'Ζ Ζ�ΖΖa
�n ���

+$Ζ'Ζ ΖΖE�Ζ9
�n ���

&ontrol
�n ���

* P�value

Gender (male / female) 14 / 9 13 / 15 26 / 22 0.585

Age (year, ± SD) 61 ±19 69 ±15 71 ±13 0.023

Diabetes mellitus (%) 35 43 38 0.827

Arterial occlusive disease (%) 30 68 38 0.011

Hypertension (%) 78 93 85 0.328

Wrist-based AVF / elbow-based AVF / 
PTFE-loop

1 / 20 / 2 1 / 26 / 1 18 / 21 / 9 <0.001

Access age (months, ± SD) 21 ±32 11 ±16 36 ±29 0.001

Time on hemodialysis (months, ± SD) 24 ±31 15 ±20 34 ±26 0.008

Time on RRT (months, ± SD) 40 ±60 35 ±79 42 ±36 0.877

Primary renal disease (%)
Glomerulonephritis/sclerosis
Pyelonephritis
Hypertension
Renal vascular disease
Diabetes mellitus
Polycystic kidney disease
Miscellaneous
Unknown

4
9
4
17
13
9
30
13

21
4
4
32
25
0
7
7

25
10
8
6
8
8
17
17

N.A.

6'� 6WDQGDUG GHYLDWLRQ� $9)� DUWHULRYHQRXV ȴVWXOD� 37)(� SRO\WHWUDȵXRU�HWK\OHQH� 557� UHQDO 
replacement therapy; N.A., not applicable. 

0HDQ +Ζ4 VFRUHV ZHUH RYHU IRXU WLPHV KLJKHU LQ +$Ζ'Ζ ΖΖEȂΖ9 SDWLHQWV ���� 

s��� FRPSDUHG ZLWK +$Ζ'Ζ ΖȂΖΖD ��� s�� p <.001), whereas controls displayed the 

lowest mean values (12 ±3). Group variation was considerable (Figure 2a). A linear 

inverse correlation was found between DBI with open access and HIQ score 

(R2=.39, p <.001; Figure 2b). 
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)igure �� (a) Mean values with standard errors of absolute digital pressure (PDIG) and (b) 
digital brachial index (DBI) with open access and clamped access and clamped minus 
RSHQ DFFHVV LQ SDWLHQWV ZLWK PLOG �ΖȂΖΖD�� VHYHUH �ΖΖEȂΖ9� KHPRGLDO\VLV DFFHVV�LQGXFHG GLVWDO 
ischemia (HAIDI), and controls. 

)igure �� �D� +DQG LVFKHPLF TXHVWLRQQDLUH �+Ζ4� VFRUHV GL΍HU VLJQLȴFDQWO\ EHWZHHQ SDWLHQWV 
ZLWK PLOG �ΖȂΖΖD�� VHYHUH �ΖΖEȂΖ9�� DQG DEVHQW KHPRGLDO\VLV DFFHVV�LQGXFHG GLVWDO LVFKHPLD 
(HAIDI). Horizontal bars indicate group mean values. (b) Digital brachial index (DBI) and HIQ-
score were inversely correlated. 

Survival
Mean FU was 27 ±2 months in HAIDI patients and 37 ±2 months in controls (p 
=.004) with an FU index of 97% ±2 and 100%, respectively (p =.193). Over the 
FRXUVH RI � \HDUV� �� VWXG\ SDWLHQWV GLHG ����� +$Ζ'Ζ ΖȂΖΖD n �� +$Ζ'Ζ ΖΖEȂΖ9 n=16; 
controls n=21), the majority (n = 23, 52%) due to cardiovascular causes. 
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7ZR� DQG IRXU�\HDU RYHUDOO VXUYLYDO LQ SDWLHQWV ZLWK +$Ζ'Ζ ΖȂΖΖD ���� s� DQG 
57% ±13, respectively) and controls (77% ±6 and 56% ±7, respectively) were similar 
(p  ������ ΖQ FRQWUDVW� SDWLHQWV ZLWK +$Ζ'Ζ ΖΖEȂΖ9 WHQGHG WR GLVSOD\ ORZHU WZR� DQG 
four-year overall survival (62% ±10 and 34% ±10) compared with controls (p =.055). 
:KHQ FRPELQLQJ +$Ζ'Ζ ΖȂΖΖD ZLWK FRQWUROV LQ SRVW KRF DQDO\VLV� RYHUDOO VXUYLYDO LQ 

+$Ζ'Ζ ΖΖEȂΖ9 ZDV VLJQLȴFDQWO\ ORZHU �p =.026; Figure 3a). 

)igure �� &XPXODWLYH .DSODQȂ0HLHU VXUYLYDO FXUYHV� �D� 2YHUDOO VXUYLYDO RI SDWLHQWV ZLWK PLOG 
�ΖȂΖΖD� KHPRGLDO\VLV DFFHVV�LQGXFHG GLVWDO LVFKHPLD �+$Ζ'Ζ� DQG FRQWUROV LV VLPLODU� ZKHUHDV 
SDWLHQWV ZLWK VHYHUH +$Ζ'Ζ �ΖΖEȂΖ9� GLVSOD\ SRRUHU RYHUDOO VXUYLYDO LQ SRVW KRF DQDO\VLV �p=.026). 
�E� &DUGLRYDVFXODU �&9� GHDWK�IUHH VXUYLYDO GLG QRW GL΍HU DPRQJ JURXSV �p=.319). 

&DUGLRYDVFXODU GHDWK�IUHH VXUYLYDO GLG QRW GL΍HU DPRQJ JURXSV� QHLWKHU LQ LQLWLDO QRU LQ SRVW 
hoc analysis (p=.320; Figure 3b). 

Deceased patients with severe HAIDI were 8 years younger at the time of 

GHDWK FRPSDUHG ZLWK GHFHDVHG FRQWUROV �+$Ζ'Ζ ΖΖEȂΖ9 �� s�� \HDUV YV� FRQWUROV �� 

±8 years; p ������ ZKLOH WKHLU DJH DW WKH VWXG\ VWDUW ZDV ORZHU DV ZHOO �+$Ζ'Ζ ΖΖEȂΖ9 

70 ±8 years vs. controls 77 ±8 years, p =.018). 
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Of the 28 patients with severe HAIDI, 22 underwent surgical revision (SBL, 
with or without additional banding n=9; basilic vein transposition n=5; DRIL, n=3; 
ȴVWXOD OLJDWLRQ n=2; distal radial artery ligation, banding, RUDI, all n=1). Of these 22, 
12 died during FU (cardiovascular death n=6). Four of the remaining six patients 
ZKR GLG QRW XQGHUJR VXUJHU\ UHFHLYHG D 37$ RI DQ DUWHULDO LQȵRZ VWHQRVLV� 7ZR RI 
them died during FU, both due to cardiovascular causes. The last two patients did 
not receive any invasive treatment. Both died within 18 months following inclusion 
due to non-cardiovascular causes. 

2verall and cardiovascular mortality
In univariate Cox regression analysis both PDIG-open (HR 0.991 [0.984 - 0.998], 
p=.017) and PDIG-clamped (HR 0.992 [0.985 - 0.999], p=.018) were associated with 
overall mortality. HAIDI IIb-IV (HR 1.93 [1.00 - 3.72], p=.050) and HIQ-scores (HR 
1.003 [1.000 - 1.006], p ����� GLVSOD\HG ERUGHUOLQH VLJQLȴFDQW DVVRFLDWLRQV ZLWK 
all-cause mortality. Interestingly, ∂PDIG and ∂DBI, but not PDIG and DBI in itself were 
associated with cardiovascular mortality (Table 2). 

7aEle ��  Factors associated with overall (44 deaths) and cardiovascular mortality (23 deaths; 
univariate Cox regression analysis) in hemodialysis patients with and without hand ischemia.

2verall mortality &ardiovascular mortality
+5 >����&Ζ@ P�value +5 >����&Ζ@ P�value

Age (years) 1.04 [1.01 - 1.07] ����� 1.02 [0.99 - 1.05] 0.230
Gender (female = 1) 0.81 [0.44 - 1.47] 0.481 0.51 [0.21 - 1.25] 0.140
Diabetes Mellitus (present = 1) 2.22 [1.22 - 4.04] ����� 2.67 [1.16 - 6.13] �����
Arterial occlusive disease (present = 1) 2.98 [1.62 - 5.51] ������ 3.60 [1.51 - 8.55] �����
Hypertension (present = 1) 1.72 [0.61 -  4.81] 0.302 3.84 [0.52 -  28.54] 0.188
Access      Wrist-based AVF (ref)

     Elbow-based AVF
     PTFE-loop 

0.96 [0.48 - 1.91]
0.41 [0.11 - 1.46]

0.902
0.167

1.20 [0.44 - 3.24]
0.29 [0.34 - 2.52]

0.727
0.264

PDIG  (mmHg)   Open
    Clamped

ȧ3dig (mmHg)      

0.991 [0.984 - 0.998]
0.992 [0.985 - 0.999]
1.004 [0.995 - 1.013]

�����
�����
0.409

0.993 [0.983 - 1.004]
1.000 [0.988 - 1.012]
1.014 [1.003 - 1.025]

0.194
0.993
�����

DBI (%)       Open
                       Clamped
ȧ'%Ζ ���      

0.988 [0.978 - 0.999]
0.989 [0.980 - 1.000]
1.007 [0.993 - 1.021]

�����
�����
0.315

0.989 [0.974 - 1.003]
0.998 [0.981 - 1.015]
1.021 [1.004 - 1.039]

0.124
0.820
�����

HAIDI-grade Control (ref)
      I-IIa
      IIb-IV

0.89 [0.38 - 2.10]
1.93 [1.00 - 3.72]

0.789
�����

0.98 [0.31 - 3.09]
1.91 [0.76 - 4.79]

0.976
0.166

Hand Ischemic Questionnaire (score) 1.003 [1.000 - 1.006] ����� 1.003 [0.998 - 1.007] 0.226
Time on hemodialysis (months) 1.00 [0.99 - 1.01] 0.595 1.00 [0.99 - 1.02] 0.751
Access age (months) 1.00 [0.99 - 1.01] 0.949 1.00 [0.98 - 1.02] 0.980
Time on RRT (months) 1.00 [0.99 - 1.00] 0.466 0.99 [0.98 - 1.01] 0.261

+5� KD]DUG UDWLR� &Ζ� FRQȴGHQFH LQWHUYDO� $9)� DUWHULRYHQRXV ȴVWXOD� 5HI� UHIHUHQFH� 37)(� 
SRO\WHWUDȵXRU�HWK\OHQH� 557� UHQDO UHSODFHPHQW WKHUDS\�
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Multivariate cox-regression analysis was performed with a maximum of 

four parameters per test. Following correction for age, presence of diabetes 

mellitus and presence of arterial occlusive disease, PDIG-open (HR 0.990 [0.983 

- 0.998], p ����� UHPDLQHG VLJQLȴFDQWO\ DVVRFLDWHG ZLWK RYHUDOO PRUWDOLW\� DV GLG 

DBI-open (HR 0.989 [0.979 - 1.000], p=.046) in a separate analysis. Furthermore, 

PDIG-clamped (HR 0.993 [0.986 - 1.000, p=.051) but not DBI-clamped (HR 0.993 

[0.983 - 1.004], p=.193) tended towards association with overall mortality following 

aforementioned correction. HIQ-score (HR 1.003 [1.000 - 1.006], p=.066) and HAIDI 

IIb-IV (HR 1.66 [0.83 - 3.31], p ����� IDLOHG WR DWWDLQ D VLJQLȴFDQW DVVRFLDWLRQ ZLWK 

overall mortality in multivariate Cox-regression analysis, although a trend was 

observed. Number of cardiovascular deaths was too small to perform a meaningful 

multivariate analysis.

Discussion
Anecdotal data suggest that HD-patients with an upper extremity vascular 

access have a poor survival once they have developed HAIDI. For example, two-

year survival rates were between 36% and 60% in patients requiring surgery for 

HAIDI (8-10) 3- and 4-year survival rates were approximately 50% and 42% in two 

other samples having hand ischemia (23,24). Survival rates of HD-patients with or 

without HAIDI were never compared in a single dialysis facility. The present single 

center study hypothesized that patients with severe HAIDI (grade IIb-IV) had lower 

survival compared to HD-patients with mild (grade I-IIa), or no HAIDI. Grading of 

hand ischemia followed recent recommendations (14). Our results indicate that 

patients with severe HAIDI have >20% lower survival after four years. Moreover, 

low digital pressures and DBIs are associated with higher overall mortality rates, 

even following correction for risk factors such as presence of arterial occlusive 

disease and diabetes mellitus, and increasing age.

Lower leg rest pain due to peripheral arterial occlusive disease (PAOD) and 

hand ischemia following HD-access creation (HAIDI) are much alike. Both result 

from blood pressure loss along the heart-extremity axis that is often due to 

progressive atherosclerosis. This is further aggravated by diabetes mellitus leading 

WR LQVXɝFLHQW EORRG VXSSO\ ������������ 7KH XVH RI D VLPLODU JUDGLQJ V\VWHP IRU ERWK 

vascular syndromes as proposed in the 2016 Charing Cross meeting therefore 

VHHPV MXVWLȴHG� +RZHYHU� ULVN IDFWRUV RI 3$2' DQG +$Ζ'Ζ PD\ GL΍HU� )RU LQVWDQFH� 

the presence of an arteriovenous connection in HD-patients contributes to the loss 



Chapter 6

116

RI SHUIXVLRQ SUHVVXUH� WKH VXEVHTXHQW IDOO LQ DUWHULDO ȵRZ DQG WKXV WKH GHYHORSPHQW 

of HAIDI (2). Furthermore, the heart-hand axis is considerably shorter than the heart-

IRRW D[LV� 7KHUHIRUH� FXW�R΍ SRLQWV DVVRFLDWHG ZLWK LVFKHPLD DUH GL΍HUHQW� +$Ζ'Ζ LV 

GHȴQHG ZKHQ '%Ζ YDOXHV DUH <60% (2,11,12,27), or even <40% (14). In contrast, PAOD 

is deemed present when the ankle-brachial index is <90% (26), whereas a 70% toe-

EUDFKLDO LQGH[ WKUHVKROG ZDV SURSRVHG ����� 'HVSLWH WKHVH GL΍HUHQFHV� LQFUHDVHG 

mortality rates in both PAOD and HAIDI populations are at least partly due to a 

compromised vascular system with a high atherosclerotic burden. 

The diagnostic relevance of an access compression test in HAIDI is 

underestimated. In an outpatient environment, compression of the venous 

RXWȵRZ PD\ LQGLFDWH ZKHWKHU WKH KDQG LVFKHPLD LV UHYHUVLEOH DQG WKXV DPHQGDEOH 

to surgery (19). In the vascular laboratory, increased PDIG (and DBIs) following 

FODPSLQJ PD\ FRQȴUP WKH UHYHUVLELOLW\ RI WKH KDQG LVFKHPLD ���� 7KH GL΍HUHQFH 

between PDIG with open and clamped access (∂PDIG, or ∂'%Ζ� UHȵHFWV WKH FRQWULEXWLRQ 

of the pressure loss due to the arteriovenous connection. In the present study, 

∂PDIG in both HAIDI-groups were twice as high compared with controls. However, 

absolute values of PDIG with compressed access were lower in HAIDI on group 

level. This is in line with the earlier suggestion that the arterial system in HAIDI-

SDWLHQWV PD\ EH OHVV FRPSOLDQW DQG VWL΍HU� DOVR OLNHO\ GXH WR DWKHURVFOHURVLV LQ WKH 

DUWHULDO V\VWHP RI WKH DUP ������� 0HDVXUHPHQWV RI DUWHULDO VWL΍QHVV DQG YDVFXODU 

compliance (e.g. using radial applanation tonometry or brachial-ankle pulse wave 

velocity) may therefore prove useful in predicting and monitoring hand ischemia 

(30).  Furthermore, it seems that measurements of PDIG with open and clamped 

access are useful for assessing the arterial system’s capacity to compensate for 

pressure loss due to a vascular access. Additionally, ∂PDIG (and ∂DBI) were shown 

to have some predictive value regarding cardiovascular mortality.

The present study may have several management consequences. Overall 

VXUYLYDO DIWHU IRXU \HDUV ZDV GL΍HUHQW DV RQO\ RQH WKLUG RI SDWLHQWV ZLWK VHYHUH 

HAIDI was still alive compared to over half of the control patients. One may suggest 

that surveillance of patients with severe HAIDI should be stricter. However, an 

anticipated association between presence of HAIDI IIb-IV and cardiovascular death 

was not readily observed. It is possible that numbers of cardiovascular deaths 

were too low while non-lethal cardiovascular events were not addressed. Several 

interventions may be considered to address mortality in patients with HAIDI. 
Mandatory use of statins may decrease overall mortality (31), as well as use of 
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blood pressure lowering agents (32). Strict hypertension control with a 130 mmHg 
upper limit systolic pressure has been shown to lower mortality risk in patients 
with chronic kidney disease (33). However, blood pressure targets in HD-patients 
UHPDLQ XQFHUWDLQ GXH WR D ODFN RI WULDO GDWD LQ WKLV VSHFLȴF SRSXODWLRQ� 6WL΍HU 
arteries combined with relative hypotension may lead to organ hypoperfusion (34). 
ΖQ WKLV OLJKW� WKH H΍HFW RI WLJKW SUHVVXUH FRQWURO LQ WKH VHWWLQJ RI +$Ζ'Ζ PD\ SURYH 
counterproductive (2). Intense glucose control, obligatory use of anticoagulants 
DQG DQ LQWHQVLȴFDWLRQ RI DQWL�WREDFFR XVH SROLF\ PD\ EH ZRUWKZKLOH� :KHWKHU LW 
is unethical to deny renal transplantation to patients with severe HAIDI having 
limited survival may not be concluded on the basis on our data.

As survival may be lower in severe HAIDI-patients, one might question 
ZKHWKHU LQWHUYHQWLRQV DLPHG DW LQFUHDVLQJ GLJLWDO SUHVVXUH DQG EORRG ȵRZ 
WRZDUGV WKH KDQG� WKXV GLPLQLVKLQJ KDQG LVFKHPLD� PD\ LQȵXHQFH OLIH H[SHFWDQF\� 
As suggested earlier, invasive treatment is indicated in HAIDI IIb-IV (5,14). In the 
current study, 26 of 28 HAIDI IIb-IV-patients indeed underwent invasive treatment 
including surgery whereas a conservative approach was followed in just two. In 
clinical practice, individualization of patient care should be considered. HAIDI is 
D ORFDO PDQLIHVWDWLRQ RI V\VWHPLF DWKHURVFOHURVLV DQG DUWHULDO VWL΍HQLQJ ��� DQG 
H΍HFWLYH WUHDWPHQW RI WKH KDQG LVFKHPLD VROHO\ ZLOO QRW OLNHO\ GHFUHDVH WKH FKDQFHV 
of dying. However, persisting HAIDI may be detrimental for the patient’s quality 
of life and well-being (35). Ongoing unbearable hand pain may contribute to a 
decision to terminate HD. Additionally, one may assume that some patients with 
+$Ζ'Ζ�Ζ9E� KDYLQJ WLVVXH ORVV DQG VHSVLV� ZLOO EHQHȴW IURP VXUJHU\ WKXV SUHYHQWLQJ 
(early) death. Future studies might elucidate whether presence of HAIDI and low 
GLJLWDO SUHVVXUHV PD\ UHSUHVHQW ȆPRGLȴDEOH SDUDPHWHUVȇ ZKLFK DUH NH\ LQ PRUWDOLW\ 
risk-scores (36).

Increasing evidence indicates it may be worthwhile to use a HIQ in HD-
SDWLHQWV� )LUVW� LW LV D WRRO WKDW LV DEOH WR HYDOXDWH WKH H΍HFW RI UHPHGLDO RSHUDWLRQV 
for HAIDI in terms of symptomatology (PROMS) as HIQ-scores drop drastically 
postoperatively (17-19). Second, several studies indicated that a HIQ allows for 
GL΍HUHQWLDWLQJ EHWZHHQ SDWLHQWV ZLWK DQG ZLWKRXW KDQG LVFKHPLD (15,16). A recent 
study demonstrated an inverse correlation between scores of DBI and HIQ in 
HAIDI-patients who received a basilic vein transposition (19). In the current study, 
mean HIQ-scores were four times higher in patients with severe HAIDI compared 
with patients with mild ischemia. Additionally, none of the 28 patients having 
severe HAIDI scored <50 points on the 0-500 point scale. More intriguingly, HIQ-
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scores tended towards having an association with overall mortality, indicating 
that a subjective tool such as a symptomatology-score may be clinically relevant 
as was shown earlier with self reported vitality measures (37). Nevertheless, one 
should regard a HIQ as a screening tool rather than a diagnosticum for HAIDI. For 
instance, as patients without HAIDI may occasionally display values >50 (e.g. due 
to carpal tunnel syndrome or diabetic neuropathy), one should not proceed to 
invasive interventions based on HIQ-scores alone. Future validation of the hand 
ischemic questionnaire is warranted.

This study has several limitations including a retrospective design possibly 
leading to incomplete data sets. The limited number of study patients may have 
led to low statistical power and relative conclusions. These small numbers possibly 
explain the absent association between presence of severe HAIDI and higher 
cardiovascular death rate while they precluded inclusion of additional parameters 
in multivariate analysis. However, this retrospective study should be considered 
DV VXSSRUWLQJ D SURRI RI FRQFHSW WKDW VHYHUH KDQG LVFKHPLD� DV UHȵHFWHG E\ 
GHFUHDVHG ȴQJHU SUHVVXUHV OHDGLQJ WR LQVXɝFLHQW EORRG ȵRZ� LV DVVRFLDWHG ZLWK 
poorer survival. As the inclusion and follow-up periods were relatively long, loss 
to follow-up potentially induced bias. However, considering the study’s >96% 
follow-up index, this risk was minimized. Patients on a waiting list for renal 
transplantation, often being healthier and younger, were included, also possibly 
introducing bias (38). The institution’s 60% DBI hand ischemia threshold is in line 
with recent recommendations (27). However, some adhere to a threshold of 40% 
as was proposed by Schanzer et al. (39), whereas others perform plethysmography 
RQO\ WR GL΍HUHQWLDWH EHWZHHQ DHWLRORJLHV ZLWKRXW XVLQJ D VWULFW '%Ζ FXW R΍ YDOXH� ΖQ 
either case, diagnosis and treatment of HAIDI should be tailored to the patient’s 
individual circumstances. 

In conclusion, severe but not mild hand ischemia in hemodialysis patients 
may be associated with poorer survival. Lower digital pressure is related to higher 
overall mortality, even following correction for known risk factors such as arterial 

occlusive disease, diabetes, and old age.
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$Estract 
Objective
Aim of the study was to determine associations between characteristics of 

DUWHULRYHQRXV DFFHVV �$9$� ȵRZ YROXPH �4a, mL/min) and four year freedom from 

cardiovascular mortality (4yr-CVM) in hemodialysis (HD) patients. 

Methods 
HD patients who received a primary AVA between January 2010 and December 

2017 in one center were analyzed. Initial Qa ZDV GHȴQHG DV WKH ȴUVW 4a value 

obtained in a well-functioning AVA by a two-needle dilution technique. Actual Qa

ZDV GHȴQHG DV DFFHVV ȵRZ DW D UDQGRP SRLQW RI WLPH� &KDQJHV LQ DFWXDO 4a were 

expressed per 3-month periods. CVM was assessed according to the ERA-EDTA 

FODVVLȴFDWLRQ� 7KH RSWLPDO FXW�R΍ SRLQW IRU LQLWLDO 4a ZDV LGHQWLȴHG E\ D UHFHLYHU 

operating characteristic curve. A joint modelling statistical technique determined 

longitudinal associations between Qa characteristics and 4yr-CVM.

Results
A total of 5208 Qa measurements (165 patients, male n=103; age 70±12 years, 

autologous AVA n=146, graft n=19) were analyzed. During follow-up (Dec 2010-Jan 

2018, median 36 months), 79 patients (48%) died. An initial Qa <900 mL/min was 

associated with an increased 4y-CVM risk (HR: 4.05; 95% CI [1.94-8.43], P<0.001). 

After 4 years, freedom from CVM was 34% lower in patients with a Qa <900 mL/

min (53 ±7% vs. Qa ≥900 mL/min: 87 ±4%, P <0.001). An association between 

increases in actual Qa over 3-month periods and mortality was found (HR: 4.48 per 

100mL/min, 95% CI [1.44-13.97], P =0.010) indicating that patients demonstrating 

increasing Qa were more likely to die. By contrast, actual Qa per se was not related 

to survival. 

Conclusion
Studying novel arteriovenous access Qa characteristics may contribute to 

understanding excess CVM in HD patients.

.eywords 
$FFHVV ȵRZ� VXUYLYDO� HQG�VWDJH UHQDO GLVHDVH� KHPRGLDO\VLV
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Ζntroduction
$ PLQLPXP RI ������� P/�PLQ ȵRZ YROXPH �4a) is required in an arteriovenous 

YDVFXODU DFFHVV �$9$� IRU H΍HFWLYH KHPRGLDO\VLV �+'� LQ SDWLHQWV ZLWK FKURQLF 

kidney disease (CKD) requiring renal replacement therapy (RRT, 1). In some 

patients, serial surveillance measurements of Qa (‘actual’ Qa) may detect values 

>���� P/�PLQ RFFDVLRQDOO\ OHDGLQJ WR D KLJK ȵRZ $9$ ���� 3HUVLVWHQW H[SRVXUH WR 

high Qa may possibly overload the cardiovascular system and challenge cardiac 

function (3,4). Conversely, Qa reductive measures may attenuate these potential 

detrimental sequelae (5). 

Survival of a HD population is limited due to excessive rates of cardiovascular 

mortality (CVM, 6). One may hypothesize that long term exposure to a high 

actual Qa may contribute to inappropriately high CVM rates, but the available 

data are contradictory. For instance, an association between high output cardiac 

failure (HOCF) and presence of a AVA was suggested (7). Another study found 

that HD patients demonstrating an actual Qa >1000 mL/min had a lower death 

rate compared to patients with a Qa <1000 mL/min (8). Moreover, a possible 

UHODWLRQ EHWZHHQ D ȴUVW 4a ever measured in a matured AVA (‘initial’ Qa) and CVM 

is unknown. Therefore, associations between Qa and freedom from CVM are 

complex and currently unclear (9). 

KDOQI guidelines advise to routinely check the status of an AVA by 

physical examination supplemented by actual Qa surveillance (1). Most authors 

investigating possible associations with CVM used just one (or a limited number 

of) actual Qa UHDGLQJ�V� ������� +RZHYHU� H΍RUWV WRZDUGV LGHQWLI\LQJ SRWHQWLDO 

relationships between serial actual Qa or additional Qa characteristics and CVM are 

QRW UHSRUWHG \HW� 5HFHQWO\� ORQJLWXGLQDOȂVXUYLYDO VWDWLVWLFDO PRGHOV ZHUH IRXQG WR 

have a great potential for evaluating relations between response to a drug and the 

ULVN RI GHYHORSLQJ VLGH H΍HFWV ����� %\ DSSO\LQJ WKLV MRLQW PRGHOOLQJ WHFKQLTXH� ZH 

aimed to unveil possible associations between initial Qa, actual Qa and its changes 

over 3-month periods, and CVM in a HD population.
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0aterials and methods
*eneral information
The present retrospective cohort study was performed in Maxima Medical Center 

(MMC), a Dutch hospital accommodating approximately 110 chronic HD patients. 

CKD patients choosing HD or peritoneal dialysis are referred by nephrologists to 

our department of vascular surgery. If an AVA is preferred, advise on type and 

location is determined by history, physical examination and vascular Duplex 

mapping of the arm (1,2). Cannulation is initiated when HD is necessary and 

WKH $9$ LV FRQVLGHUHG VXɝFLHQWO\ PDWXUH DV DGYLVHG ���� 6WXG\ VSHFLȴFV ZHUH LQ 

accordance with the ethical standards of our institutional research committee 

and with the declaration of Helsinki. The rules laid down by the Medical Research 

Involving Human Subjects Act (Dutch WMO) did not apply to the study protocol.

Study criteria
Adult CKD patients who received a primary AVA between January 2010 and 

December 2017 in MMC and who were on chronic (>3 months) HD were considered 

eligible. Patients were followed until 31 December 2018. Patients were excluded if 

the AVA was received elsewhere, or if just one Qa value was obtained.

4a deȴnitions and measurements
7KUHH GL΍HUHQW FKDUDFWHULVWLFV RI 4a were studied. Initial Qa ZDV GHȴQHG DV WKH ȴUVW 

Qa value obtained from a functional AVA after the patient successfully started two 

needle AVA cannulation. Some suggested a 1000 mL/min initial Qa FXW�R΍ SRLQW 

predicting mortality (8,10). Actual Qa ZDV GHȴQHG DV WKH DFFHVV ȵRZ YROXPH WKDW 

was routinely obtained once every 1-2 months for AVA surveillance. Changes in 

actual Qa were analyzed over 3-month periods.

All Qa values were measured using a two-needle dilution technique (HD03, 

7UDQVRQLF 6\VWHPV ΖQF� 1HZ <RUN� 86$� GXULQJ WKH ȴUVW �� PLQXWHV RI WKH +' VHVVLRQ 

as recommended (1). Two measurements were standardly obtained during a 

PRQLWRULQJ VHVVLRQ� 7KH PHDQ ZDV FDOFXODWHG LI WKHVH WZR UHDGLQJV GL΍HUHG <15%. 

If  ≥15%, a third measurement was performed and the average of the two closest 

PHDVXUHPHQWV ZDV FDOFXODWHG� ΖI DOO � PHDVXUHPHQWV GL΍HUHG >15%, an average 

of all three was used. For actual Qa >4000 mL/min (maximum of the Transonic 
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monitoring system), a value of 4000 mL/min was used. If a patient was on interim 

HD using a central venous catheter (CVC) in temporary absence of a patent AVA, Qa

was set at 0 mL/min during this period. Qa values were corrected for body surface 

area (BSA) that was calculated from length and weight (12). 

Data collection
All Qa readings were extracted in September 2020 from our HD department’s 

data management system (FinProDB 7.9, MedVision AG, Unna, Germany). 

Demographics, etiology of CKD, comorbidities, smoking status, body mass index, 

BSA and number of percutaneous transluminal angioplasties (PTA) for AVA 

PDWXUDWLRQ RU PDLQWHQDQFH �LI SUHVHQW� ZHUH UHWULHYHG IURP HOHFWURQLF SDWLHQW ȴOHV 

(HiX 6.1, ChipSoft B.V., Amsterdam, The Netherlands). 

3rimary outcome
Primary outcome was cardiovascular mortality (CVM) as dictated by the ERA-

('7$ FODVVLȴFDWLRQ �FRGHV ��� ������ ��� ������ ���� 1RQ�FDUGLRYDVFXODU GHDWK ZDV 

FODVVLȴHG DV +' GLVFRQWLQXDWLRQ� LQIHFWLRQ� FDQFHU� RU RWKHU FDXVHV�

)low reduction surgery �)5S�
$ VPDOO SRUWLRQ RI VWXG\ SDWLHQWV �Q ��� ��� XQGHUZHQW ȵRZ UHGXFLQJ VXUJHU\ 

(FRS) during the 9-year observation period. Criteria for FRS were at least two actual 

Qa >���� P/�PLQ� $ SRUWLRQ RI GDWD RQ VKRUW DQG ORQJ WHUP H΍HFWV RI )56 ZHUH 

published previously (13,14). 

Statistical analysis and Moint modelling
Patient characteristics were reported as mean and standard deviation (SD), or as 

FRXQW DQG SHUFHQWDJH� )ROORZ�XS �)8� WLPH ZDV H[SUHVVHG DV PHGLDQ DQG ȴUVW 

DQG WKLUG TXDUWLOH� )8 VWDUWHG DW WKH GDWH RI ȴUVW +' VHVVLRQ DQG HQGHG IROORZLQJ 

death, or at December 31, 2018. Patients who moved to another HD facility were 

considered loss to FU and ‘date last known alive’ was used as censoring date. 

Survival was depicted using the Kaplan-Meier (KM) method and expressed as 

PHGLDQ DQG ��� FRQȴGHQFH LQWHUYDO �&Ζ�� 7KH DVVRFLDWLRQ EHWZHHQ LQLWLDO 4a and 

4y-CVM was estimated using Cox proportional hazards regression and KM- curves. 
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A receiver operating characteristic (ROC) analysis determined the most optimal 

FXW�R΍ SRLQW IRU LQLWLDO 4a. 

Associations between longitudinal measurements of Qa and 4y-CVM were 

analyzed based on a joint modelling approach (15). This statistical approach 

considers possible associations of values of actual Qa (and its changes) with CVM 

at any time during follow-up. Longitudinal changes in Qa DUH ȴUVW PRGHOHG XVLQJ 

D OLQHDU PL[HG�H΍HFWV UHJUHVVLRQ PRGHO� 7KHUHDIWHU� WKH MRLQW PRGHO WDNHV WKH 

results of this longitudinal model as predictors of survival using Cox proportional-

hazards regression. Potential associations were determined with and without 

adjustment for confounders, except for the rate of change over time, as this 

represents a within-patient parameter. A priori selected confounders were age, 

gender, diabetes, cardiovascular disease (CVD) and BSA (16). All associations were 

expressed as hazard ratio (HR) including the 95% CI. P-values 0.05 were considered 

VWDWLVWLFDOO\ VLJQLȴFDQW� $OO DQDO\VHV ZHUH SHUIRUPHG XVLQJ 5 YHUVLRQ ����� �5 3URMHFW 

for Statistical Computing) (15).

Results
A total of 309 patients were on chronic HD between January 2010 and December 

2018 at our institution. As 144 patients were excluded (AVA constructed before 

2010 or in 2018, n=129; AVA received elsewhere, n=11; just one Qa reading, n=4), 

��� SDWLHQWV IXOȴOOHG LQFOXVLRQ FULWHULD� 0HGLDQ IROORZ�XS ZDV �� PRQWKV ��st and 3rd

TXDUWLOH� �� DQG �� PRQWKV�� 7KH 52&�DQDO\VLV LGHQWLȴHG ��� P/�PLQ DV WKH PRVW 

RSWLPDO FXW�R΍ YDOXH RI LQLWLDO 4a �VHQVLWLYLW\ ���� VSHFLȴFLW\ ���� 339 ���� 139 

90%). The area under the curve (AUC) was 0.71 ±0.05 (CI 0.62-0.80, P<0.001; Figure 

S1). Table 1 compares patient groups according to this 900 mL/min threshold 

value. Patients in the <900 mL/min group were 8 years older and more often had 

CVD prior to AVA construction compared to the ≥900 mL/min group (63% vs 44%, 

P  ������� 2WKHU GHPRJUDSKLF FKDUDFWHULVWLFV ZHUH QRW GL΍HUHQW �7DEOH ��� 0HDQ 

time between AVA construction and initial Qa ZDV �� s� ZHHNV� +' RQ WKH ȴUVW $9$ 

was possible in 125 patients (76%) whereas 40 patients (24%) received more than 

1 AVA during the observation period (HD initiated via second AVA, n=35; third AVA, 

n=4; fourth AVA, n=1). 

A total of 79 patients (48%) died during the 9 years of observation. Median 

survival was 57 months (95% CI: 47-63 months). Mortality was due to CVD (n=46; 

58%), infection (n=10; 13%), HD discontinuation (n=9; 11%), cancer (n=5; 6%) or 

other causes (n=9; 11%).
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7aEle �� Characteristics of patients (n=165) demonstrating initial Qa  <900 mL/min (n=67) or 
Ȳ900 mL/min (n=98).

&haracteristic Ζnitial 4a ���� m/�min
1 ��

Ζnitial 4a Ȳ��� m/�min
1 ��

P

Age (years, ±SD) 75 ±10 67 ±13 �����
Male gender (%) 41 (61) 62 (63) .787

Diabetes Mellitus (%) 29 (43) 34 (35) .265

Cardiovascular disease (%) 42 (63) 43 (44) ����
Hypertension (%) 56 (84) 83 (85) .847

Etiology of renal disease (%)
Glomerulonephritis/sclerosis
Pyelonephritis
Hypertension
Renal vascular disease
Diabetes
Polycystic
Miscellaneous
Unknown

15 (22)
1 (2)
6 (9)
5 (8)
22 (33)
0 (0)
16 (24)
2 (3)

18 (18)
1 (1)
10 (10)
6 (6)
20 (20)
0 (0)
35 (36)
8 (8)

n/a

Smoking (%)
Former
Active

32 (48)
23 (34)
9 (13)

55 (56)
31 (32)
24 (24)

.282

Type of constructed vascular 
access (%)
Wrist-based AVA
Elbow-based AVA
AVG
Leg AVA

25 (37)
35 (52)
6 (9)
1 (1)

25 (26)
62 (63)
10 (10)
1 (1)

.198

Temporary CVC (%) 14 (21) 24 (24) .935

Body-mass Index (mean ±SEM) 27 ±0.7 27 ±0.6 .669

Body surface area (mean ±SEM) 1.89 ±0.02 1.96 ±0.03 .084

7LPH $9$ FRQVWUXFWLRQ Ȃ LQLWLDO 
Qa (weeks)

31 ±4 32 ±4 .841

Initial Qa (mL/min, mean ±SEM) 531 ±26 1582 ±65 �����

SD, standard deviation; SEM, standard error of mean; AVA, arteriovenous access; AVG, 
arteriovenous graft; CVC, central venous catheter; Body-mass index is weight (kg) divided by 
square of height (m). Boldface P�YDOXH UHSUHVHQWV VWDWLVWLFDO VLJQLȴFDQFH� 

Ζnitial 4a and cardiovascular mortality �&90�
After four years, freedom from CVM was 34% lower in patients with an initial Qa <900 

mL/min (53 ±7%) vs Qa ≥900 mL/min (87 ±4%, P <0.001; Figure 1). Following correction 

for age, sex, diabetes mellitus, history of CVD and BSA, the increased CVM risk in 

patients having an initial Qa <900 mL/min was maintained (unadjusted HR: 4.05; 95% 

CI, 1.94 to 8.43, P <0.001; adjusted HR: 2.77; 95% CI, 1.29 to 5.97, P =0.009; Table 2). 
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)igure �� Freedom from CVM and initial Qa �Ȳ��� P/�PLQ �Q ���� RU ���� P/�PLQ �Q ����

7aEle �� Factors determining 4-yr CVM in HD patients undergoing initial Qa analysis.

8nivariate analysis 0ultivariate analysis
9ariaEle HR ��� &l P HR ��� &l P
Age 1.05 1.02-1.09 ���� 1.04 1.00-1.08 ����
Female sex (vs. male) 0.86 0.43-1.72 .663 0.62 0.28-1.38 .241

Diabetes Mellitus 1.73 0.89-3.36 .108 1.53 0.75-3.11 .240

Cardiovascular disease 2.31 1.15-4.66 ���� 1.60 0.77-3.32 .206

BSA 0.61 0.14-2.56 .495 0.59 0.10-3.43 .555

Initial Qa <900 mL/min 4.05 1.94-8.43 ����� 2.77 1.29-5.97 ����
Ȳ��� P/�PLQ Reference Reference

&R[ SURSRUWLRQDO KD]DUGV PRGHO� &O� FRQȴGHQFH LQWHUYDO� +5� KD]DUG UDWLR� %6$� %RG\�VXUIDFH 
area; Boldface P�YDOXH UHSUHVHQWV VWDWLVWLFDO VLJQLȴFDQFH�
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$ctual 4a and cardiovascular mortality �&90�
A total of 5208 Qa measurements were available for longitudinal modelling (n=165 

patients, median 23 values per patient). Substantial heterogeneity in Qa trajectories 

was found (Figure 2A). Actual Qa GHFUHDVHG VOLJKWO\ EXW VLJQLȴ FDQWO\ RYHU WKH \HDUV 

after the initial Qa ������ P/�PLQ SHU \HDU� ��� &Ζ� ���� Ȃ ����� P =0.047; Figure 2B). 

7KLV DVVRFLDWLRQ UHPDLQHG VLJQLȴ FDQW DIWHU FRUUHFWLQJ IRU FRQIRXQGHUV ������ P/�

min per year, 95% CI, 3.0 to 80.2, P =0.035). Curves of patients who died (n=79) and 

ZKR VXUYLYHG �Q ��� ZHUH GL΍ HUHQW �P=0.005, Figure 2B).

In the longitudinal model, an association between actual Qa increase over a 

3-month period and increased risk of CVM was observed (HR: 4.48 per 100mL/min 

increase per 3 months, 95% CI, 1.44 to 13.97, P =0.010). For six months periods, an 

elevated risk for CVM was also found, albeit less prominent (HR: 2.11 per 100mL/

min increase per 6 months, 95% CI: 1.20 to 3.73, P = 0.010). In contrast, single 

values of actual Qa were not related to 4yr-CVM (HR: 0.94, 95% CI, 0.87 to 1.02, 

P  ������� &RUUHFWLRQ IRU FRQIRXQGHUV GLG QRW DOWHU WKLV LQVLJQLȴ FDQW UHODWLRQVKLS 

(HR: 0.96, 95% CI, 0.88 to 1.05, P =0.361).

)igure �� Qa over time of individual patients (A) and entire study cohort (n=165, B). Curves 
of patients who survived (upper black line, n=86) and who died (lower red line, n=79) are 
VLJQLȴ FDQWO\ GL΍ HUHQW �P=.005).  
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3ercutaneous transluminal angioSlasty �37$� 
$ WRWDO RI ��� 37$ȇV ZHUH UHTXLUHG IRU $9$ VWHQRVLV UHȵHFWHG E\ GLPLQLVKLQJ DFWXDO 

Qa values (n=69 patients, 42%). Rate of freedom from CVM in patients undergoing a 

37$ ZDV QRW GL΍HUHQW IURP SDWLHQWV ZKR GLG QRW �37$� ��� YV� 37$� ��� P=0.521). 

Neither PTA (yes/no) nor number of PTA’s increased the risk of CVM (HR 1.05, 95% 

CI, 0.59 to 1.88, P =0.862; HR 1.00, 95% CI, 0.93 to 1.07, P =0.992, respectively). 

)low reduction surgery �)5S� and ��year mortality
'XULQJ WKH ��\HDU REVHUYDWLRQ SHULRG� ȵRZ UHGXFLQJ VXUJHU\ �)56� UHYLVLRQ XVLQJ 
GLVWDO LQȵRZ 58'Ζ� Q �� DFFHVV EDQGLQJ Q �� ZDV H[HFXWHG LQ �� SDWLHQWV� )56 
patients had a mean 542 !229 mL/min Qa increase over a 12 !4 months period 
since their initial Qa. Following FRS, actual Qa dropped from 2617 !245 to 1053 !167 
mL/min. Four year survival was 100% compared to 55% in the population who did 
not undergo FRS (P =0.020; Figure S2). A sensitivity analysis excluding these 10 FRS 
patients found a similar association between Qa increase over 3-months periods 
and 4yr-CVM (HR: 3.89 per 100mL/min increase per 3 months, 95% CI, 1.20 to 
12.58, P =0.023). 

Discussion
Incidence of HD patients with a high Qa AVA is rising due to a contemporary trend 
favoring brachial artery based AVA over radial artery based AVA (17). A high Qa AVA is 
thought to possibly overload the cardiovascular system with detrimental sequelae 
in the long term (3,4). However, reports on the association between actual Qa and 
VXUYLYDO DUH FRQȵLFWLQJ ������ :H VWXGLHG WKH UROH RI DFWXDO 4a but also focused on 
other characteristics of Qa including initial Qa, and periodical changes in actual 
Qa. The results indicate that single values of actual Qa were not associated with 
cardiovascular mortality (CVM). However, an increasing actual Qa over 3-month 
periods conferred a higher CVM risk. In addition, HD patients having a <900 mL/
min initial Qa were almost four times more likely to die from a cardiovascular event 
LQ WKH ȴUVW IRXU \HDUV DIWHU UHFHLYLQJ DQ $9$ FRPSDUHG WR WKH SRSXODWLRQ ZLWK DQ 
initial Qa ≥900 mL/min. It is concluded that studying these novel Qa characteristics 
may contribute to understanding excess CVM in HD patients.

$FFRUGLQJ WR HDUOLHU .'24Ζ JXLGHOLQHV� D KLJK ȵRZ DFFHVV �+)$� LV DQ $9$ 

having an actual Qa of 1000-1500 mL/min, or when the Qa is >20% of the cardiac 
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RXWSXW ���� +RZHYHU� WKLV GHȴQLWLRQ LV FKDOOHQJHG ���������Ȃ���� $SDUW IURP 

FRQWURYHUVLHV GHȴQLQJ +)$� LW LV ODUJHO\ XQFOHDU LI D +)$ LV EHQHȴFLDO �DV FDQQXODWLRQ 

and HD sessions often occur smoothly), or hazardous (due to potential systemic 

overload). Basile et al. (3) found that HOCF could occur with an AVA having 

an actual Qa >2000 mL/min. Wu et al. (8) reported that survival was better in 

populations with an actual Qa >1000 mL/min AVA. Similarly, Al-Ghonaim et al. (10) 

found that patients having an AVA with an actual Qa ≥1000 mL/min did not have 

a higher mortality risk. However, these studies did not utilize ROC techniques for 

REMHFWLYHO\ GHWHUPLQLQJ WKH RSWLPDO FXW�R΍ YDOXH IRU LQLWLDO 4a. Guidelines and 

studies on HFA were hitherto based on the analysis of single actual Qa values at 

random time points using standard statistical methods. The current study focuses 

on alternative qualities of Qa using a sophisticated joint modelling technique. 

The role of an initial value of Qa with reference to long term survival is 

largely unclear. Immediately following AVA creation, a cascade of events will lead 

to a Qa LQFUHDVH ZLWKLQ WKH ȴUVW �� KRXUV� ZKHUHDV D SODWHDX LV UHDFKHG DIWHU ��� 

ZHHNV WKDW PD\ FRQVROLGDWH RYHU WKH IROORZLQJ � PRQWKV ���Ȃ���. A favorable 
V\VWHPLF KHPRG\QDPLF HQYLURQPHQW LQFOXGLQJ VXɝFLHQW EORRG SUHVVXUH DQG 
arterial remodeling characteristics are crucial factors determining successful 
$9$ PDWXUDWLRQ� 7KHVH ȴQGLQJV VXJJHVW WKDW D UHODWLYHO\ KLJK LQLWLDO 4a might be 
FRQVLGHUHG DV D VXUURJDWH PDUNHU RI EHWWHU FDUGLRYDVFXODU KHDOWK ���������Ȃ���� 
The present study found a direct relationship between initial Qa and freedom from 
&90� 0RUHRYHU� D ��� GL΍HUHQFH LQ &90 DIWHU � \HDUV RI +' VHVVLRQV ZDV IRXQG 
if a 900 mL/min initial Qa threshold value was considered. The current analysis 
studied initial Qa values that were obtained using a two needle dilution technique 
after a mean of 7 months after AVA construction. Future studies using serial Duplex 
DQDO\VLV RI D PDWXULQJ $9$ VKRXOG IRFXV RQ WKH ȴUVW � PRQWKV DIWHU FRQVWUXFWLRQ� 

7KLV VWXG\ LV WKH ȴUVW WR VXJJHVW DQ DVVRFLDWLRQ EHWZHHQ DQ LQFUHDVH LQ DFWXDO 
Qa over 3-month periods and a higher risk of CVM. A sound pathophysiological 
explanation is currently absent. Previous literature reported that a high Qa may 
promote ventricular dilation and that exceptionally high Qa levels may lead to 
+2&) RYHU WLPH ��� �����Ȃ���� 0DOLN et al. (35) discussed the role of natriuretic 
peptides (ANP and BNP) release after AVA creation. High concentrations of 
WKHVH VXEVWDQFHV PD\ SRVVLEO\ EH UHJDUGHG DV DQ HDUO\ ZDUQLQJ VLJQ UHȵHFWLQJ 
unphysiologically hemodynamic adaptations (35). Our sensitivity analysis of 
��� SDWLHQWV ZKR GLG QRW UHFHLYH ȵRZ UHGXFLQJ VXUJHU\ �)56� LQGLFDWHG WKDW DQ 
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increase in Qa over a relatively short period of time may be related to an adverse 
cardiovascular event. These phenomena may also be found after long term 
KLJK�YROXPH KLJK LQWHQVLW\ H[HUFLVH LQ KHDOWK\ DWKOHWHV ���Ȃ���� $Q LQFUHDVH RI 
actual Qa RYHU D ��PRQWK SHULRG PD\ UHȵHFW SURJUHVVLYH IDLOLQJ RI KRPHRVWDWLF 
mechanisms in frail HD patients who are already in a (latent) state of compensated 
cardiovascular disease. Future cardiophysiological and imaging studies combined 
with monitoring serial biochemical markers may contribute to the understanding 
of this complex pathophysiology. 

It is unlikely that higher rates of CVM are due to an increase in actual Qa

following percutaneous transluminal angioplasty (PTA). Actual Qa may temporarily 
EH HOHYDWHG DIWHU 37$ EXW RIWHQ GR QRW DWWDLQ SUHYLRXV YDOXHV ODWHU RQ ���Ȃ���� )RU 
instance, Bacchini et al. (40) reported that AVA’s with a baseline Qa of 809 mL/min 
that had dropped to 468 mL/min just before PTA increased to 820 mL/min after 
a successful endovascular intervention. One month later however, Qa again had 
GHFUHDVHG WR ��� P/�PLQ ����� 2WKHU VWXGLHV IRFXVLQJ RQ FDUGLRYDVFXODU H΍HFWV 
RI SHUFXWDQHRXV LQWHUYHQWLRQV IRU $9$ DOVR GLG QRW ȴQG KLJKHU DOO�FDXVH PRUWDOLW\ 
UDWHV ���Ȃ���� 7KHUHIRUH� LW LV OLNHO\ WKDW ORZHU VXUYLYDO UDWHV LQ +' SRSXODWLRQV DUH 
QRW FDXVHG E\ DGYHUVH FDUGLRYDVFXODU H΍HFWV RI D 37$ IRU $9$ PDLQWHQDQFH�

3UHYLRXV JXLGHOLQHV DGYLVH WR FRQVLGHU ȵRZ UHGXFLQJ VXUJHU\ �)56� LQ VHOHFWHG 

patients with a persistently high actual Qa so the irreversible consequences 

of cardiovascular overload are possibly avoided. Optimal timing of surgery is 

unknown but may depend on patient characteristics, cardiac imaging and clinical 

MXGJHPHQW ���� 5HYLVLRQ XVLQJ GLVWDO LQȵRZ �58'Ζ� DQG EDQGLQJ UHVXOWHG LQ JRRG 

AVA patency but suboptimal long term Qa control (13,14,47,48). However, it is 

unknown whether FRS optimizes patient survival. Interestingly, our 10 eligible 

patients demonstrated a mean 542 mL/min actual Qa increase in the 12 months 

prior to the decision to undergo FRS. Surprisingly, all patients who underwent 

FRS demonstrated substantial lower actual Qa and were free of CVM after 4 years 

compared to just 55% of patients not undergoing FRS. Further research should 

IRFXV RQ )56 WLPLQJ DQG SRWHQWLDO ORQJ WHUP SURWHFWLYH H΍HFWV�

Several limitations of this study need to be addressed including a limited 

patient number and a nonexperimental retrospective study design. Risk factors 

known to partially determine HD patient survival such as cardiopulmonary 

performance, blood pressure, URR (urea reduction ratio) and blood chemistry 

were not considered, since these were only available in a small portion of the 
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population (16). Since some individual Qa trajectories display considerable 

ȵXFWXDWLRQV RYHU ORQJHU �WKDQ � PRQWK� SHULRGV� LW ZDV GHFLGHG WR DGKHUH WR 4a

change over a period of 3 months as one of our primary outcomes. Furthermore, a 

potential extra quantity of Qa that is shunted via possible venous side branches was 

not incorporated in the standard Qa-measurement. Only values of Qa obtained by 

a dilutional method were included in the analysis. Qa values that were measured 

by Duplex scanning before and after PTA were not studied. As the analysis was 

based on a Qa-trajectory over time, rather than on a single Qa-measurement, the 

H΍HFW RI RXWOLHUV DQG LQ EHWZHHQ GLDO\VLV VHVVLRQ 4a variability is mitigated. Last, 

serial cardiac echography may have provided information on long term impact of 

Qa but were not performed.

Conclusion
Studying novel Qa characteristics may contribute to understanding excess CVM 

LQ +' SDWLHQWV� 7KH YDOLGLW\ RI WKHVH ȴQGLQJV VKRXOG EH FRQȴUPHG LQ D ODUJHU 

population. 

$cNnowledgements
:H WKDQN 7RRQ YDQ /HHXZHQ DQG WKH GLDO\VLV XQLW WHDP IRU WKHLU H΍RUWV LQ GDWD 

extraction.
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)igure S�� Four-year overall survival (A) and freedom from cardiovascular mortality (B) in 
patients undergoing FRS or not.
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To the Editor:

Survival of patients undergoing chronic hemodialysis (HD) is limited, in part due to 

excessive cardiovascular mortality (CVM). Once HD is unavoidable, a radial artery 

EDVHG DUWHULRYHQRXV ȴVWXOD �5$�$9)� LV SUHIHUUHG LQ PRVW FDVHV� Because of aging 

populations, increasing rates of diabetes mellitus and cardiovascular disease 

�&9'�� 5$�$9) FRQVWUXFWLRQ PD\ QRW DOZD\V EH YLDEOH DV WKH DFFHVV RI ȴUVW FKRLFH� 

Therefore, alternatives such as a more proximal AVF or arteriovenous graft (AVG) 

need to be considered as recommended by ESVS guidelines (1).  One study in a 

KHWHURJHQRXV JURXS RI +' SDWLHQWV ZLWK GL΍HUHQW W\SHV RI $9) VXJJHVWHG LQIHULRU 

survival in brachial artery based AVF (BA-AVF) patients (2). Although such a BA-

AVF is optional in patients presenting with an unsuitable distal vasculature, it is 

largely unknown what impact type of AVF has on CVM. The present study sought 

to determine whether AVF location was independently related to CVM rates in a 

homogenous HD population. 

In this single center retrospective cohort study, patients who received a 

primary BA-AVF or a primary RA-AVF between January 2010 and December 2017 

were included. All patients were on chronic (>� PRQWKV� DQG UHJXODU +'� 7KH ȴUVW 

DFFHVV ȵRZ �4a) that was obtained from a matured AVF using a dilutional technique 

was termed initial Qa� 6WUDWLȴFDWLRQ RI LQLWLDO 4a values occurred according to a 

SURSRVHG ���� P/�PLQ WKUHVKROG� 'L΍HUHQFHV EHWZHHQ JURXSV ZLWK D %$�$9) RU 

5$�$9) ZHUH DQDO\]HG XVLQJ &R[ SURSRUWLRQDO KD]DUG PRGHOV ZLWK D SULRUL GHȴQHG 

potential confounders and depicted as Kaplan-Meier curves. Study protocol 

approval was provided by our institutional research committee. 

$ WRWDO RI ��� SDWLHQWV IXOȴOOHG VWXG\ FULWHULD �PDOH Q ��� DJH ��s�� \HDU� 

BA-AVF n=97, RA-AVF n=50). During follow-up (median, 42 months), 55 patients 

died (37%), of which 60% due to cardiovascular causes (n=33). Demographics of 

the two AVF populations were similar regarding most parameters including age, 

rate of diabetes, history of cardiovascular disease or hypertension, although the 

RA-AVF group contained higher percentages of males and fewer smokers. The 

relation between AVF location and freedom from CVM is demonstrated in Figure 

1 (upper panel). Four year freedom from CVM was 21% higher in RA-AVF patients 

(RA-AVF: 84 ±6% vs. BA-AVF: 63 ±6%, P=.016). If the 1000 mL/min threshold for 

initial Qa ZDV FRQVLGHUHG� GL΍HUHQFHV ZHUH HYHQ PRUH SURQRXQFHG �)LJXUH �� ORZHU 

panel). For instance, CVM after 4 years was 0 in patients with a RA-AVF having an 

initial Qa ≥1000 mL/min compared to a 57% in patients with a BA-AVF and an initial 
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Qa <���� P/�PLQ� 0XOWLYDULDWH DQDO\VLV LQFOXGLQJ SUHGHȴQHG IDFWRUV �DJH� VH[� 

diabetes, cardiovascular disease, hypertension, smoking, initial Qa <1000 mL/min 

and body-surface area) demonstrated that BA-AVF patients sustained an almost 

three times higher risk of dying from a cardiovascular cause when compared to 

RA-AVF (HR: 2.96, CI [1.16-7.59], P=.024).

Studies investigating CVM in HD populations with various types of accesses 

(central venous catheter CVC, AVG, AVF) consistently found superior survival rates 

in AVF populations. 7KHUHIRUH� H΍RUWV VKRXOG EH GLUHFWHG WRZDUGV KDYLQJ DQ $9) 

ready for use once HD is required, ideally without intervention of a temporary 

indwelling CVC. An AVF is more resistant to infections and sepsis compared to 

CVCs and AVGs. However, an AVF can become harmful in the long term by 

exhausting the cardiovascular system (3). Results of the present study indicate 

that RA-AVF patients demonstrate superior survival rates compared to BA-AVF 

patients, independent of other risk factors. In addition, survival is better with an 

initial Qa ≥1000 mL/min, irrespective of distal or proximal AVF location. 

2QH PD\ VSHFXODWH RQ WKH QDWXUH RI WKH EHQHȴFLDO H΍HFWV RI D GLVWDO $9) 

location and a high initial Qa� $ SDWLHQW ZKR TXDOLȴHV IRU FUHDWLRQ RI D 5$�$9) 

that matures well possibly has a healthier cardiovascular system with optimal 

remodeling qualities at the time of access construction compared to a patient 

requiring a BA-AVF. In addition, values of actual Qa of a RA-AVF are usually lower 

compared to BA-AVF potentially limiting chronic systemic overload with detrimental 

sequelae in the long term (4). Furthermore, systemic endothelial function may be 

less compromised in a RA-AVF due to lower vascular shear stress in the AVF arm 

compared to BA-AVF (5). 

Future guidelines should incorporate suggestions for increasing the 

likelihood of successful maturation of a distal AVF including advanced prediction 

models and avoiding catheterization via the non-dominant radial artery in patients 

with poor renal function. Moreover, one might suggest to exercise the forearms 

SULRU WR DFFHVV VXUJHU\ WR LQFUHDVH EORRG ȵRZ DQG YHVVHO GLDPHWHUV IDFLOLWDWLQJ 

more optimal RA-AVF construction and maturation (6). 

)LQGLQJV RI WKLV VWXG\ FRQȴUP WKH UROH RI D 5$�$9) DV D SUHIHUHQWLDO ȴUVW 

choice access because of the low cardiovascular mortality rate in addition to 

preservation of more proximal vessels. Location of AVF and initial Qa may serve as 

additional prognostic markers in future prospective studies analyzing long term 

survival in HD populations.
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)igure �� Four-year freedom from CVM in relation to location of AVF (A) and to initial Qa (B).
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$Estract 
AFFHVV ȵRZ LQ VRPH DUWHULRYHQRXV DFFHVVHV PD\ LQFUHDVH >1.5-2.0 L/min leading 
WR D KLJK ȵRZ DFFHVV SRVVLEO\ RYHUORDGLQJ WKH FDUGLRYDVFXODU V\VWHP LQ WKH 
ORQJ WHUP� &XUUHQW PDQDJHPHQW RI KLJK ȵRZ DFFHVV LV FKDUDFWHUL]HG E\ D ODFN 
RI VWDQGDUGL]DWLRQ LQ GHȴQLWLRQ� FULWHULD IRU ȵRZ UHGXFWLYH VXUJHU\ DQG SUHIHUUHG 
techniques. Aim of this scoping review was to provide an overview of available 
evidence regarding the broad spectrum of surgical techniques for access Qa 

UHGXFWLRQ LQ KDHPRGLDO\VLV SDWLHQWV ZLWK D KLJK ȵRZ DFFHVV �+)$�� 
PubMed and Embase were searched according to PRISMA guidelines. Studies 

UHSRUWLQJ RQ LQYDVLYH PDQDJHPHQW RI KLJK ȵRZ DFFHVV ZHUH VHOHFWHG� ΖQFOXVLRQ 
UHTXLUHG DQ (QJOLVK GHVFULSWLRQ RI VXUJLFDO WHFKQLTXH LQ KXPDQ KLJK ȵRZ DFFHVV 
LQFOXGLQJ SUH� DQG SRVWRSHUDWLYH DFFHVV ȵRZ�YDOXHV� 'HȴQLWLRQ RI KLJK ȵRZ DFFHVV 
and indication for surgery were diverse. 

Sixty-nine studies on 1016 patients (mean age 56 years [3-90 years], male 62%, 
GLDEHWHV PHOOLWXV ���� EUDFKLDO DUWHU\�EDVHG DUWHULRYHQRXV DFFHVV ���� IXOȴOOHG 
inclusion criteria. Performed techniques were banding (43%), aneurysm repair (17%), 
UHYLVLRQ XVLQJ GLVWDO LQȵRZ ������ SOLFDWLRQ� DQDVWRPRSODVW\ ����� SUR[LPDOL]DWLRQ 
RI DUWHULDO LQȵRZ ����� JUDIW LQWHUSRVLWLRQ ����� SUR[LPDO UDGLDO DUWHU\ OLJDWLRQ ����� 
RU PLVFHOODQHRXV RWKHU WHFKQLTXHV ����� $OO WHFKQLTXHV UHGXFHG DFFHVV ȵRZ RQ WKH 
short term (mean drop 0.5-1.7 L/min). Secondary patency rates varied between 77 
DQG ��� �PHDQ IROORZ�XS� �� >�����@ PRQWKV�� +LJK ȵRZ DFFHVV UHFXUUHQFH UDWHV 
GL΍HUHG ZLGHO\ DPRQJ SXEOLFDWLRQV �H�J� DW �� PRQWKV� >50% following banding, 
�� IROORZLQJ UHYLVLRQ XVLQJ GLVWDO LQȵRZ� DV GLG GHȴQLWLRQV RI UHFXUUHQFH� 3DWLHQW 
VSHFLȴF IDFWRUV OHJLWLPL]LQJ LQYDVLYH WUHDWPHQW DUH GLVFXVVHG� 

ΖW ZDV FRQFOXGHG WKH FXUUHQW PDQDJHPHQW RI KLJK ȵRZ DFFHVV LV VXERSWLPDO 
GXH WR D ODFN RI VWDQGDUGL]DWLRQ LQ GHȴQLWLRQ� LQGLFDWLRQ IRU VXUJHU\ DV ZHOO DV 
preferred techniques. Randomized trials comparing a wait-and-see approach 

YHUVXV GL΍HUHQW ȵRZ UHGXFLQJ WHFKQLTXHV DUH ZDUUDQWHG�

:hat this SaSer adds
:KHWKHU ORQJ WHUP H[SRVXUH WR KLJK ȵRZ LV GHWULPHQWDO WR D +' SDWLHQW LV 

FRQWURYHUVLDO� DV DUH GHȴQLWLRQ� LQGLFDWLRQ IRU VXUJHU\ DQG HVWDEOLVKPHQW RI WKH 

RSWLPDO WHFKQLTXH� $ OLWHUDWXUH UHYLHZ LQFOXGLQJ ���� +)$�SDWLHQWV LGHQWLȴHV D 

variety of interventions but the overall level of evidence is low. A range of factors 

DUH GLVFXVVHG WKDW PD\ KHOS WR GHFLGH ZKHWKHU ȵRZ UHGXFWLRQ LV LQGLFDWHG IRU DQ 
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individual HFA-patient. Furthermore, this paper might provide a starting ground 

for future research on this complex problem.

Ζntroduction
Arteriovenous accesses (AVA) may occasionally lead to locoregional and systemic 
complications such as haemodialysis access induced distal ischemia (HAIDI) or 
KLJK ȵRZ�1 Management of HAIDI is relatively straight forward.2,3,4,5 In contrast, the 
DSSURDFK RI D KLJK ȵRZ DFFHVV �+)$� LV D PDWWHU RI GHEDWH�6,7

$ PLQLPDO ������� P/�PLQ �ȴVWXODV� RU ��� P/�PLQ �JUDIWV� DFFHVV YROXPH 
ȵRZ �4a� LV UHTXLUHG IRU H΍HFWLYH KDHPRGLDO\VLV �+'��8 However, Qa may increase 
>1.5-2.0 L/min possibly increasing the risk of high-output cardiac failure.9

Moreover, a HFA may promote cephalic arch stenosis and subsequent access 
failure in brachial-cephalic AVA.10 Recent National Kidney Foundation (NKF) 
guidelines consider HFA as a separate entity. A Qa RI ������� /�PLQ RU ȆD ȵRZ WR 
cardiac output ratio >���ȇ DUH VXJJHVWHG DV WKUHVKROG YDOXHV GHȴQLQJ +)$ EXW 
criteria mandating invasive treatment are not mentioned.11

In daily practice, management of HFA focusses on detecting clinical signs 
of cardiac overload, serial echocardiography and possibly prophylactic surgical 

Qa-reduction. However, this approach is highly subjective and often based on a 
clinicians’ best judgement. The European Society for Vascular Surgery (ESVS) access 
guidelines also advise regular monitoring of Qa if >1.5 L/min, an echocardiography 
and identifying signs of congestive heart failure. Flow-reducing surgery is advised 
once subjective symptoms progress, when objective signs of heart failure emerge, 
or if Qa continues to increase.12

Despite these guidelines, an evidence based HFA-monitoring scheme is lacking 
whereas the optimal operative method guaranteeing lower Qa with uninterrupted 
+' KDV \HW WR EH LGHQWLȴHG� 0RUHRYHU� FRQVHQVXV RQ VHHPLQJO\ DV\PSWRPDWLF +)$ 
LV ODFNLQJ� $V D ȴUVW VWHS� DLP RI WKLV VFRSLQJ UHYLHZ LV WR SURYLGH DQ RYHUYLHZ RI 

available evidence regarding the variety of surgical techniques for Qa-reduction.

0aterial 	 0ethods 
As the aim was to generate an overview of surgical techniques used in Qa-reduction

in HFA-patients rather than critically appraise data and synthesize an answer to a 

clinical question, a scoping review was deemed most feasible.13 Both PubMed and 
EMBASE were searched according to PRISMA guidelines using terms comprising 
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KHPRGLDO\VLV� KLJK ȵRZ DQG DVVRFLDWHG FRPSODLQWV DQG W\SHV RI VXUJHU\� ΖQ 3XE0HG� 
VSHFLȴF 0H6+�WHUPV ȆGLDO\VLV� UHQDO UHSODFHPHQW WKHUDSLHV� DUWHULRYHQRXV ȴVWXOD� 
cardiac failure, surgery, treatment, endovascular procedure and minimally invasive 
VXUJLFDO SURFHGXUHVȇ ZHUH LQFOXGHG� 6SHFLȴF (0%$6(�WHUPV ZHUH ȆKHPRGLDO\VLV� 
UHQDO UHSODFHPHQW WKHUDSLHV� DUWHULRYHQRXV ȴVWXOD� DQDVWRPRVLV� EORRG YHVVHO 
shunt, hart failure, surgery, therapy endovascular surgery and vascular surgery’. The 
H[DFW WHUPV SHU GDWDEDVH DUH GLVSOD\HG LQ 6XSSOHPHQWDO ȴOH �� 

Titles and abstracts of English papers were scanned and if deemed 
pertinent, the publication was read in detail. Inclusion required a description of 

surgical technique and pre-and postoperative non-indexed Qa-values. In case 
of overlapping patients, the article describing the largest cohort was included. 
Reviews, reports on AVA-ligation and animal studies were excluded. Data regarding 

patient characteristics, AVA-type, indication, Qa-tool, pre- and postoperative Qa, 
complications, follow-up, patency and HFA-recurrence were tabulated. When the 
exact performed surgical technique was unclear, authors were contacted with an 
inquiry for additional information. Reference lists of eligible articles were checked 
for additional literature. Two authors (MG, RY) independently performed the 
search and data extraction and discussed any disagreement. The senior author 

(MS) ultimately decided in case of ongoing disagreement.

3arameters� deȴnitions and calculations
Age (years), Qa-values (L/min) and follow-up (months) were displayed as mean 
(range: minimum-maximum). If ranges were lacking, standard deviations or errors 
were depicted as published. Overall mean parameter values were based on 
number of available entries rather than on initial numbers of patients per study 
preceding overestimation due to missing data. A HFA was termed asymptomatic 
or symptomatic in case of signs and/ or symptoms of cardiac origin and/ or distal 

ischemic origin. Qa-thresholds were based on reported values but, if absent, on the 
patient with the lowest preoperative Qa per study. Postoperative complications 
included bleeding, infection, thrombosis, aneurysm and re-operation within one 
month. Recurrence of HFA or unremitting HFA (re-HFA) were based on study 
VSHFLȴF GHȴQLWLRQV RU D 4a >1.5 L/min. Death rates were calculated as ‘1 death 
SHU ;�REVHUYHG SDWLHQW \HDUVȇ� 3DWHQF\ ZDV GHȴQHG DV SHUFHQWDJH RI SDWHQW 
accesses at the end of follow-up, with or without revision. Secondary patency 
was shown as reported and if absent, calculated based on available information.  



6XUJLFDO UHGXFWLRQ RI KLJK ȵRZ DUWHULRYHQRXV KDHPRGLDO\VLV DFFHVV

157   

9

Results
The search strategy yielded 2447 studies between September 1973 and August 

2021 (figure 1�� 6L[W\�QLQH DUWLFOHV HQFRPSDVVLQJ ���� SDWLHQWV IXOȴOOHG VWXG\ 

criteria (mean age 56 years [3-90], male 62%).5,10,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,

32,33,34,35,36,37,38,39,40,41,42,43,44, 45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,7

8,79,80,81

)LYH DUWLFOHV GHVFULEHG WZR RU PRUH VXUJLFDO WHFKQLTXHV LQ GL΍HUHQW 

patients.40,44,47,62,65 One article added data to a second included article without 

adding new patients.15,16

Diabetes mellitus (DM) was observed in 27% of patients and more commonly 

present in studies including HAIDI patients (60%) compared with studies in which 

HAIDI was absent (17%). The majority of patients (69%) harboured a brachial-

artery based access. A total of 39 deaths occurred in 1005 observed patient years 

(one death per 26 observed patient years).

)igure �� 6WXG\ LQFOXVLRQ ȵRZ FKDUW� +)$� +LJK ȵRZ DFFHVV�
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'eȴnitions and surgical worNuS
'HȴQLWLRQV RI +)$ DQG LQGLFDWLRQ IRU 4a-reducing surgery varied greatly. For 

H[DPSOH� UHSRUWHG FXW�R΍ YDOXHV UDQJHG IURP ��� /�PLQ WR ��� /�PLQ�21,61 Some 

authors ignored Qa�WKUHVKROGV DQG H[HFXWHG ȵRZ UHGXFWLRQ ZKHQ FDUGLDF 

complaints or HAIDI were present. 40,59,73 One author stated that ‘surgery was 

SHUIRUPHG IRU KLJK ȵRZȇ EXW SURYLGHG QHLWKHU V\PSWRPV QRU WKUHVKROG YDOXHV�42

Echocardiography supporting a decision of Qa-reduction was used in 25 

articles describing 413 patients (41%).18,19,25,26,28,32,34,41,42,43,45,47,48,49,50,56,61,66,70,72,74,75,78,80 

(FKRFDUGLRJUDSKLF SDUDPHWHUV UHȵHFWLQJ +2&) LQ WKH SUHVHQFH RI D +)$ ZHUH QRW 

stated although left ventricular mass index (LVMi) decreased following surgery.25,70

Changes in serum Brain Natriuretic Protein (BNP) and Atrial Natriuretic Protein 

(ANP), biomarkers linked to cardiac failure,82,83 were measured in one study and 

decreased greatly following Qa-reduction.45

4a�reducing techniTues 

Banding

%DQGLQJ LV XVHG IRU DOO W\SHV RI +)$ LQYROYLQJ WKH EUDFKLDO �ȴJXUH �D�� UDGLDO �ȴJXUH 

�E� DQG IHPRUDO DUWHU\� $ EDQG LV ZUDSSHG DURXQG WKH YHQRXV RXWȵRZ WUDFW 

LQFUHDVLQJ $9$ RXWȵRZ UHVLVWDQFH OHDGLQJ WR D ORZHU 4a DQG KLJKHU ȴQJHU SUHVVXUHV 

�ȴJXUH �F��24 6HYHUDO PRGLȴFDWLRQV ZHUH SRSXODUL]HG� 'XULQJ 0LQLPDOO\ ΖQYDVLYH 

Limited Ligation Endoluminal-assisted Revision (MILLER), an adjustable balloon is 

WHPSRUDULO\ LQVHUWHG LQWR WKH YHQRXV RXWȵRZ WUDFW SUHYHQWLQJ ȆRYHU�EDQGLQJȇ DQG 

consequent thrombosis.10 7�EDQGLQJ LQFOXGHV ZUDSSLQJ RI ERWK YHQRXV RXWȵRZ 

tract and feeding artery using a single T-formed band.36 External Dilator-Assisted 

Banding (EDAB) uses a dilator-device that is temporarily placed at the exterior 

vessel wall. EDAB is used for both arterial and venous banding.42

Banding with intraoperative Qa-tool

A total of 20 articles on banding with intraoperative Qa-tools guiding surgery 

were included (n=336 patients, 60% male, mean age 56 [15-90]; table 1). 

One article completed available data of another article without adding new 

patients.10,14,15,16,17,18,19,20, 21,22,23,24,25,26,27,28,29,30,31,32,33 Qa-drop was 1.4 L/min (2.4 to 1 L/

min). Complications were reported in 20 patients (6%) including access thrombosis/

occlusion (n=13). Patency rate was 93% (mean follow-up 9 months, total 156 
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patient years). High Qa UHFXUUHG RU SHUVLVWHG LQ �� SDWLHQWV ������ 'HȴQLWLRQV RI 

recurrence varied greatly.

Banding without intraoperative Qa-tool

Fourteen articles reported on banding without an intraoperative tool (n=105 

patients, 64% male, mean age 61 [18-89]; table 2).34,35,36,37,38,39,40,41,42,43,44,45,46,47 Qa-drop 

was 1.1 L/min (2.1 to 1 L/min). Complications were reported in 20 patients (19%) 

including thrombosis/ occlusion (n=12). Patency rate was 89% (mean follow-up 8 

months, total 29 patient years). High Qa recurred or persisted in 20 patients (19%). 
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Venous aneurysm repair

As a result of increased Qa through an AVA, veins may grossly dilate leading to 

venous aneurysms. Various options and techniques are based on the assumption 

WKDW UHGXFLQJ WKH DQHXU\VP GLDPHWHU UHVXOWV LQ DQ LQFUHDVHG $9$ RXWȵRZ 

resistance and reduced Qa.

6L[ DUWLFOHV UHSRUWLQJ RQ YDULRXV W\SHV RI YHQRXV DQHXU\VP UHSDLU IXOȴOOHG 

inclusion criteria (n=177 patients, 68% male, mean age 51 [20-89]; table 3).48,49,50,51,52,53

Qa-drop was 1.6 L/min (2.7 to 1.1 L/min). Complications were reported in 13 

patients (7%) including thrombosis (n=4). Patency rate was 82% (mean follow-up 

16 months, total 243 patient years). High Qa-recurred or persisted in 11 patients 

(6%). 

Revision using distal inflow (RUDI)

RUDI is used for correction of brachial-artery based HFA. A piece of vein or 

SRO\WHWUDȵXRURHWK\OHQH (PTFE) graft is positioned between the radial (or ulnar) 

DUWHU\ DQG WKH GLVFRQQHFWHG XSSHU DUP DFFHVV RXWȵRZ YHLQ ZKLOH WKH RULJLQDO 

EUDFKLDO DUWHU\�ORFDWHG DQDVWRPRVLV LV LQWHUUXSWHG �ȴJXUH �G�� 4a-reduction

RFFXUV DV WKH DFFHVV LQȵRZ LV QRZ SURYLGHG E\ D VPDOOHU FDOLEHU DUWHU\�58 RUDI 

is also advocated for HAIDI.59 Some authors favour a short (5-8 cm) piece of 

vein, anastomosed to the proximal radial artery. Others make the anastomosis 

halfway down the forearm or even towards the wrist. One author constructed an 

DQDVWRPRVLV EHWZHHQ WKH WUDQVHFWHG DQG PRELOL]HG RXWȵRZ YHLQ DQG WKH SUR[LPDO 

radial artery thus avoiding an interposition graft.60

Ten articles reported on RUDI (n=110 patients, 62% male, mean age 57 [28-78]; 

table 3).47,54,55,56,57,58,59,60,61,62 Qa-drop was 1.7 L/min (2.8 to 1.1 L/min). Complications 

were reported in 13 patients (12%), mostly thrombosis (n=9). Patency rate was 86% 

(mean follow-up 17 months, total 158 patient years). High Qa recurred or persisted in 

�� SDWLHQWV ������ 58'Ζ XVLQJ D EDVLOLF YHLQ JUDIW �Q �� ZDV LQH΍HFWLYH�58

Plication/ anastomoplasty

Plication and anastomoplasty are based on a banding principle as the anastomotic 

RU RXWȵRZ WUDFW GLDPHWHU LV UHGXFHG OHDGLQJ WR LQFUHDVHG RXWȵRZ UHVLVWDQFH �ȴJXUH 

2e). One author additionally placed a band around the plicated area to prevent 

postoperative dilatation.84
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Eight articles on plication/anastomoplasty were included (n=91 patients, 

60% male, mean age 57 [9-86]; table 3).40,44,63,64,65,66,67,68 Qa-drop was 1.4 L/min (2 

to 0.6 L/min). One complication (thrombosis, 1%) was reported. Patency rate was 

��� �PHDQ IROORZ�XS �� PRQWKV� WRWDO �� SDWLHQWV \HDUV�� +LJK ȵRZ UHFXUUHG RU 

persisted in 3 patients (3%).
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Graft interposition technique (GIT)

'XULQJ JUDIW LQWHUSRVLWLRQ� D SRUWLRQ RI WKH RXWȵRZ YHLQ LV UHSODFHG E\ D SLHFH RI 

YHLQ RU 37)(� 7KH DFFHVV RXWȵRZ LV GLPLQLVKHG LI WKH GLDPHWHU RI WKH LQWHUSRVLWLRQ 

JUDIW LV OHVV WKDQ WKH RULJLQDO RXWȵRZ YHLQ �ȴJXUH �I�� $ YDULDWLRQ LV WKH JUDIW 

LQFOXVLRQ WHFKQLTXH ZKHQ D JUDIW LV LQFRUSRUDWHG LQWR WKH RXWȵRZ YHLQ�44 Data on 

both techniques were combined in this review. GIT is performed in both radial 

artery- and brachial artery-based AVA.

Seven articles reporting on graft interposition were included (n=46 patients, 

64% male, mean age 60 [28-89]; table 4).44,62,65,69,70,71,72  Qa-drop was 1.6 L/min (2.9 

to 1.3 L/min). Complications were reported in 7 patients (15%), mostly thrombosis 

(n=6). Patency rate was 78% (mean follow-up 39 months, total 147 patient years). 

+LJK ȵRZ UHFXUUHG LQ � SDWLHQW ����� 

Proximal Radial Artery Ligation (PRAL)

PRAL is used for radial artery-based HFA as the radial arterial segment just proximal 

to the anastomosis is ligated. The access is perfused via the ulnar artery and the 

SDOPDU DUFK �ȴJXUH �J�� 3UHRSHUDWLYH LPDJLQJ RI WKHVH VWUXFWXUHV LV UHTXLUHG�75

Theoretically, a PRUL (proximal ulnar artery ligation) may be used if the ulnar 

DUWHU\ LV WKH LQȵRZ YHVVHO RI WKH $9$ DOWKRXJK DUWLFOHV RQ 358/ ZHUH QRW IRXQG�

Three articles reported on PRAL (n=31 patients, 55% male, mean age 45 

[16-82]; table 4).73,75,74 Qa-drop was 1 L/min (1.8 to 0.8 L/min). Complications 

were absent. Patency rate was 81% (mean follow-up 19 months, total 49 patient 

\HDUV�� +LJK ȵRZ UHFXUUHG RU SHUVLVWHG LQ � SDWLHQWV ����� 2QH RWKHU SDSHU XVLQJ 

an Amplatzer plug for proximal radial arterial occlusion (n=3) reported a 26-50% 

Qa-reduction.85

Proximalization of arterial inflow (PAI)

During PAI, a piece of PTFE-graft or vein is positioned between the axillary artery 

DQG WKH GLVFRQQHFWHG YHQRXV RXWȵRZ WUDFW� 7KH RULJLQDO DQDVWRPRVLV LV RYHUVHZQ 

�ȴJXUH �K�� 7KLV WHFKQLTXH ZDV SURPRWHG IRU +$Ζ'Ζ SDWLHQWV DV DQ D[LOODU\ 

anastomosis is not associated with a marked loss of perfusion pressure.86 PAI may 

also result in a lower Qa.

Two articles were included (n=46 patients, 61% male, mean age 69 [45-86];

table 4).76,77 Qa-drop in brachial artery-based AVA was 0.5 L/min (1.5 to 1.0 L/min)
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while Qa in prior radial artery-based AVA remained unchanged (0.8 L/min). 

Postoperative complications were absent. Patency rate was 77% (mean follow-up 

�� PRQWKV� WRWDO �� SDWLHQWV \HDUV�� +LJK ȵRZ UHFXUUHG LQ � SDWLHQW ����� 

Miscellaneous techniques

5DGLDO DUWHU\ WUDQVSRVLWLRQ �5$7� XVHV D WUDQVSRVHG UDGLDO DUWHU\ DV WKH QHZ LQȵRZ 

artery for a brachial artery-based AVA resulting in a Qa-drop of approximately 

��� /�PLQ ���� WR ��� /�PLQ� ȴJXUH �L� LQ �� SDWLHQWV�78

In 12 patients with cardiac complaints, arterial banding and ligation led to a 

0.8 L/min mean drop in Qa (1.4 to 0.6 L/min).40

Transposition of the basilic vein (BVT) reduced mean Qa with 0.6 L/min (1.8 

to 1.2 L/min) in ten patients with HAIDI and an inadequate needle access segment 

precluding two-needle dialysis.5

One author proposed an endovascular technique using an hourglass shaped 

VWHQW�JUDIW LQ WKH YHQRXV RXWȵRZ WUDFW RI � EUDFKLDO DUWHU\�EDVHG $9$� 4a decreased 

0.7 L/min (1.7 to 1.0 L/min).79

Whenever the radial artery had developed a hairpin formed turn due to a 

long-standing radial artery-based HFA, re-implantation resulted in a Qa-drop of 

1.7 L/min (2.3 to 0.6 L/min).80

An ‘Endo-RUDI’ was described for a failed graft interposition in a 

brachiocephalic HFA. A side-to-side anastomosis was created between the radial 

vein and artery distal to the access. The interposed graft was removed and the 

artery was repaired using a transverse running Prolene suture. Qa was reduced by 

1.4 L/min (2.2 to 0.8 L/min).81
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)igure �� 6FKHPDWLF RYHUYLHZ RI GL΍HUHQW DFFHVV ȵRZ �4a) reducing techniques. A) brachial 
artery-based arteriovenous access (AVA); B) radial artery-based AVA); C) Banding; D) Revision 
XVLQJ GLVWDO LQȵRZ �58'Ζ�� (� 3OLFDWLRQ� DQDVWRPRSODVW\� )� *UDIW LQWHUSRVLWLRQ� *� 3UR[LPDO 
UDGLDO DUWHU\ OLJDWLRQ �35$/�� +� 3UR[LPDOL]DWLRQ RI DUWHULDO LQȵRZ �3$Ζ�� Ζ� 5DGLDO DUWHU\ 
transposition (RAT).
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Discussion
Aim of this scoping review was to discuss surgical options in patients with HFA. 
HFA-incidence may be up to 4% of a general HD-population.7 A range of surgical 
techniques was introduced in recent years. However, most experience is gained 
with banding which was introduced in the 1970’s.87 $OWKRXJK HɝFDF\ DQG SDWHQF\ 
rates are acceptable, long term freedom from recurrent HFA is disappointingly low 
following banding. One study in 50 banded patients found that HFA (>2.0 L/min) 
recurred in 52% during a 1-year observation period. Young age and immediate 
post-banding Qa >1.0 L/min were risk factors for recurrent high Qa.

24 The present 
review found that the use of an intraoperative tool guiding grade of banding 
did not improve success. RUDI, PRAL and PAI were recently promoted for HFA-
reduction but long term data are scarce.61,75,76 A 1-year follow-up study indicated 
that recurrence happened just once after RUDI (6%).58 After three years however, 
HFA had recurred in 50%.61 Due to limited numbers, relatively short follow-up 
periods per technique and the lack of comparative trials, the level of evidence is 
low. Therefore, choice of technique is merely a matter of the surgeon’s preference.

One of the factors delaying the initiation of high level evidence trials is the 
ODFN RI D XQLYHUVDOO\ DFFHSWHG +)$�GHȴQLWLRQ� 5HFHQW GLDO\VLV JXLGHOLQHV SURSRVHG 
a 1.0 to 1.5 L/min Qa�FXW�R΍ YDOXH�11,12 However, indexing Qa is intuitively more 
appealing.6 )RU LQVWDQFH� D PDQ VWDQGLQJ WZR�PHWHU�WDOO OLNHO\ VX΍HUV OHVV IURP WKH 
FDUGLRYDVFXODU H΍HFWV RI D 4a >2.0 L/min compared to a woman weighing 45kg. 
Indexing may be based on body surface area, height2.7 or cardiac output.88,89 As the 
optimal method of indexing has yet to be established, publications only reporting 
FRUUHFWHG ȵRZV ZHUH H[FOXGHG IURP WKLV UHYLHZ� 

The role of patient history and physical examination in HFA management 
are unclear. Dyspnea, tachypnea, peripheral edema, systolic bruits and a gallop 
UK\WKP PD\ UHȵHFW D V\PSWRPDWLF +)$�7 A validated heart failure questionnaire 
(e.g. the Minnesota questionnaire) may identify progressive cardiac overload 
contributing to a decision to intervene.90 The current review underscores the 
diversity in HFA-work-up and criteria for Qa-reduction. The role of echocardiography 
should be studied, appreciating that 75% of ESRD-patients already demonstrate 
left ventricular hypertrophy prior to HD initiation.91,92 Left ventricular mass 
VLJQLȴFDQWO\ LQFUHDVHG DW RQH� WKUHH DQG WZHOYH PRQWKV DIWHU DFFHVV FUHDWLRQ� HYHQ 
in the absence of high Qa.

82,93 The present review found that approximately 41% 
of operated HFA-patients received a preoperative echocardiographic evaluation. 
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Biomarkers such as BNP or ANP in maturing AVA before and after Qa-reduction
deserve further study.82,83

Management of seemingly asymptomatic HFA-patients remains controversial. 
The presence of concomitant HAIDI may tip the balance towards surgery.7,61 It is 
reasonable to hypothesize that long lasting exposure to high Qa may progressively 
exhaust cardiac reserve. An association between Qa >2.0 L/min and onset of HOCF 
was suggested earlier.9 It may be worthwhile to serially monitor these asymptomatic 
HFA-patients. Interestingly, a recent retrospective study showed that an initial ȵRZ 
<0.9 L/min was associated with increased risk of cardiovascular mortality. In contrast, 
current or actual Qa was of little relevance with respect to (cardiovascular) survival. 
In addition, Qa-increases over 3 month-periods as calculated using a joint-modelling 
WHFKQLTXH GLG VKRZ D VLJQLȴFDQW DVVRFLDWLRQ ZLWK FDUGLRYDVFXODU PRUWDOLW\� ΖW LV ODUJHO\ 
unclear whether AVA reduction in HFA patients leads to a decrease in (cardiovascular) 
mortality. Interestingly however, 4-year survival in 10 patients undergoing Qa-reductive 
surgery was 100% compared to 55% in patients who did not.94

Is there other circumstantial evidence supporting surgery in (a)symptomatic 
+)$" ΖQWHUHVWLQJO\� WKH SUHVHQW UHYLHZ LGHQWLȴHG MXVW �� GHDWKV GXULQJ ���� 
observed patient years (1:26). In contrast, a recent publication on the natural 
history of a general HD-ward reported 21 deaths during 148 observed patient years 
(1:7).95 However, mean age was substantially higher and diabetes more common.95

In one other study, patients with Qa <1.0 L/min had poorer survival compared with 
patients with Qa >1.0 L/min. Interestingly, Qa >2.0 L/min was not related to excess 
mortality.96 It is concluded that the slim body of evidence favouring Qa-reduction
DQG LWV H΍HFW RQ PRUWDOLW\� ERWK LQ V\PSWRPDWLF DQG DV\PSWRPDWLF +)$�SDWLHQWV� 
GRHV QRW DOORZ IRU ȴUP FRQFOXVLRQV�

7KLV UHYLHZ VX΍HUV IURP VKRUWFRPLQJV WKDW DUH LQKHUHQW WR OLPLWHG YROXPH 
of patients, lack of randomized controlled trials, diversity in work-up and broad 
range of surgical techniques. Publication bias may have led to overestimation of 
H΍HFWLYHQHVV DQG SDWHQF\ UDWHV� &RQIHUHQFH DEVWUDFWV ZHUH H[FOXGHG� SRVVLEO\ 
leading to exclusion of newer or yet less-accepted methods of Qa-reduction. 
However, it must be appreciated that this scoping review on the current state 
of Qa-reducing surgery, using both EMBASE and PubMed databases, provides an 
overview supporting tailored management for each individual HFA-patient. Factors 
such as extremely high Qa, the presence of cardiac or hand ischemic complaints 
or a history of myocardial infarction might support a decision towards surgery. 
In contrast, a short life expectancy, a single measurement of high Qa or stable 
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renal transplant function and a wish for access ligation may aid in the decision 
not to intervene. Number and weight of factors potentially guiding invasive HFA 

WUHDWPHQW DUH OLVWHG LQ ȴJXUH �� 

)igure �� )DFWRUV WKDW PD\ FRQWULEXWH WR WKH GHFLVLRQ WR UHGXFH DFFHVV ȵRZ �SUR� OHIW 
FRORPQ� RU FRQYHUVHO\� QRW WR UHGXFH DFFHVV ȵRZ �FRQ� ULJKW FRORPQ�� $13� $WULDO 1DWULXUHWLF 
3URWHLQ� %13� %UDLQ 1DWULXUHWLF 3URWHLQ� +)$� KLJK ȵRZ DFFHVV� 4a� DFFHVV ȵRZ� 7[� UHQDO 
transplantation.
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Are there any future directions in HFA-management? The present review 

LGHQWLȴHG FRQWURYHUVLHV WKDW PXVW EH FRQVLGHUHG SULRU WR DGYLVLQJ ȵRZ FRUUHFWLRQ 

in both symptomatic and asymptomatic HFA-patients. An important step is a 

randomized controlled trial comparing ‘watchful waiting’ with ‘Qa-correction’ in 

(a)symptomatic HFA, ideally taking into account multiple Qa-measurements using 

a joint modelling technique. Suggested outcome parameters are cardiac events 

and mortality. Secondary outcomes may be resolution of concomitant HAIDI and 

cardiac complaints, echocardiographic parameters and biomarkers.

In conclusion, the present scoping review evaluates the experience dealing 

ZLWK WKH LQYDVLYH WUHDWPHQW RI KLJK ȵRZ DUWHULRYHQRXV KDHPRGLDO\VLV DFFHVVHV� 

The optimal sequence of management steps is unknown due to a lack of 

VWDQGDUGL]DWLRQ RI GHȴQLWLRQV� GLDJQRVWLF ZRUN�XS DQG VXUJLFDO WHFKQLTXH� 7KHUH 

LV DQ XUJHQW QHHG IRU 5&7V WR GHWHUPLQH LI � DQG LI VR� ZKLFK � +)$�SDWLHQWV EHQHȴW 

IURP ȵRZ UHGXFWLRQ� 
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SuSSlementary material
SuSSlement �� Search
(((hemodialysis) OR (haemodialysis) OR (renal replacement therapy) OR (RRT) 

OR (dialysis) OR (dialysis[MeSH Terms]) OR (renal replacement therapies[MeSH 

7HUPV�� $1' ��KHPRGLDO\VLV DFFHVV� 25 �YDVFXODU DFFHVV� 25 �DUWHULRYHQRXV ȴVWXOD� 

25 �DUWHULRYHQRXV JUDIW� 25 �$9)� 25 �KLJK ȵRZ DFFHVV� 25 �+)$� 25 �DUWHULRYHQRXV 

ȴVWXOD>0H6+ 7HUPV@� 25 �DQDVWRPRVH� DUWHULRYHQRXV>0H6+ 7HUPV@�� $1' ��4a) 

25 �ȵRZ� 25 �DFFHVV ȵRZ�� $1' ��6\PSWRPDWLF� 25 �DV\PSWRPDWLF� 25 �FDUGLDF 

overload) OR (cardiac failure) OR (high-output cardiac failure) OR (HOCF) OR 

(Nicoladoni-Branham sign) OR (Echocardiography) OR (cardiac failure[MeSH Terms]) 

OR (Aneurysm) OR (Aneurysmatic degeneration) OR (AVAIS) OR (Arteriovenous 

access-induced steal) OR (Steal) OR (Steal syndrome) OR (dialysis access steal 

V\QGURPH� 25 �'$66� 25 �KDQG LVFKHPLD� 25 �ΖVFKHPLD� 25 �ȴQJHU�b 25 �+$Ζ'Ζ� 

OR (Hemodialysis access-induced distal ischemia) OR (cephalic arch stenosis) 

OR (CAS)) AND ((Surgery) OR (Operation) OR (Surgical intervention) OR (revision) 

OR (Aneurysm repair) OR (Aneurysmorrhaphy) OR (proximalization of arterial 

LQȵRZ� 25 �3$Ζ� 25 �ȵRZ UHGXFWLRQ� 25 �GLVWDO UHYDVFXODUL]DWLRQ LQWHUYDO OLJDWLRQ� 

OR (DRIL) OR (endovascular technique) OR (endovascular) OR (percutaneous) OR 

�HQGROXPLQDO� 25 �EDQGLQJ� 25 �0LQLPDOO\ LQYDVLYH OLPLWHGbOLJDWLRQ HQGROXPLQDO�

DVVLVWHG UHYLVLRQ� 25 �0Ζ//(5� 25 �UHYLVLRQ XVLQJ GLVWDO LQȵRZ� 25 �58'Ζ� 25 �UDGLDO 

artery transposition) OR (RAT) OR (Plication) OR (Anastoplasty) OR (Distalisation) 

OR (distalization) OR (proximal radial artery ligation) OR (PRAL) OR (clip) OR 

(clipping) OR (graft interposition) OR (graft inclusion) OR (GIT) OR (surgery[MeSH 

Terms]) OR (treatment[MeSH Terms]) OR (endovascular procedure[MeSH Terms]) 

OR (minimally invasive surgical procedures[MeSH Terms])))
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(mEase search
(((hemodialysis) OR (haemodialysis) OR (renal replacement therapy) OR (RRT) OR 

(dialysis) OR (‘hemodialysis’) OR (‘renal replacement therapies’)) AND ((hemodialysis 

DFFHVV� 25 �YDVFXODU DFFHVV� 25 �DUWHULRYHQRXV ȴVWXOD� 25 �DUWHULRYHQRXV JUDIW� 25 

�$9)� 25 �KLJK ȵRZ DFFHVV� 25 �+)$� 25 �ȆDUWHULRYHQRXV ȴVWXODȇ� 25 �ȆDQDVWRPRVLVȇ� 

OR (‘blood vessel shunt’)) AND ((Qa� 25 �ȵRZ� 25 �DFFHVV ȵRZ�� $1' ��6\PSWRPDWLF� 

OR (asymptomatic) OR (cardiac overload) OR (cardiac failure) OR (high-output 

cardiac failure) OR (HOCF) OR (Nicoladoni-Branham sign) OR (Echocardiography) 

OR (‘heart failure’) OR (Aneurysm) OR (Aneurysmatic degeneration) OR (AVAIS) OR 

(Arteriovenous access induced steal) OR (Steal) OR (Steal syndrome) OR (dialysis 

DFFHVV VWHDO V\QGURPH� 25 �'$66� 25 �KDQG LVFKHPLD� 25 �ΖVFKHPLD� 25 �ȴQJHU� 25 

(HAIDI) OR (Hemodialysis access induced distal ischemia) OR (cephalic arch stenosis) 

OR (CAS)) AND ((Surgery) OR (Operation) OR (Surgical intervention) OR (revision) 

OR (Aneurysm repair) OR (Aneurysmorrhaphy) OR (proximalization of arterial 

LQȵRZ� 25 �3$Ζ� 25 �ȵRZ UHGXFWLRQ� 25 �GLVWDO UHYDVFXODUL]DWLRQ LQWHUYDO OLJDWLRQ� 

OR (DRIL) OR (endovascular technique) OR (endovascular) OR (percutaneous) OR 

�HQGROXPLQDO� 25 �EDQGLQJ� 25 �0LQLPDOO\ LQYDVLYH OLPLWHGbOLJDWLRQ HQGROXPLQDO�

DVVLVWHG UHYLVLRQ� 25 �0Ζ//(5� 25 �UHYLVLRQ XVLQJ GLVWDO LQȵRZ� 25 �58'Ζ� 25 �UDGLDO 

artery transposition) OR (RAT) OR (Plication) OR (Anastoplasty) OR (Distalisation) 

OR (distalization) OR (proximal radial artery ligation) OR (PRAL) OR (clip) OR 

(clipping) OR (graft interposition) OR (graft inclusion) OR (GIT) OR (‘surgery’) OR 

(‘therapy’) OR (‘endovascular surgery’) OR (‘vascular surgery’)))
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Summari]ing discussion
The number of patients with end-stage renal disease (ESRD) requiring a 

hemodialysis (HD) arteriovenous access (AVA) is increasing worldwide. In 

some elderly ESRD patients having poor arm vessel quality due to diabetes or 

arteriosclerosis, construction of the most popular native radiocephalic AVA (RC-

AVA) is not advised. As a consequence, a more proximal brachiocephalic AVA 

(BC-AVA) located at the elbow may be required. Although such a ‘proximal’ AVA 

often matures successfully, a long term complication such as hemodialysis access-

induced distal ischemia (HAIDI) occurs more frequently. Moreover, there are 

DPSOH GDWD LQGLFDWLQJ WKDW D %&�$9$ PD\ RFFDVLRQDOO\ OHDG WR D ȆKLJK ȵRZ DFFHVVȇ 

�+)$� KLJK ȵRZ DFFHVV� SRVVLEO\ OHDGLQJ WR DQ HDUOLHU �FDUGLRYDVFXODU� GHDWK ZKHQ 

compared to a RC-AVA. At present, a number of unmodifiable risk factors of HAIDI 

DQG +)$ VXFK DV DJH DQG JHQGHU DUH LGHQWLȴHG� +RZHYHU� WKHUH LV D QHHG WR XQYHLO 

other risk factors, or possibly even modifiable factors prior to AVA construction 

that may aid caretakers in counselling patients regarding the onset of these long 

term complications. 

7KH ȴUVW SDUW RI WKLV WKHVLV �&haSter ���� LQYHVWLJDWHG ZKHWKHU ȴQJHU SUHVVXUHV 

(Pdig) in general may have a prognostic role in the standard workup of patients 

scheduled for arteriovenous access (AVA) surgery. Finger plethysmography is a 

simple bedside modality that is utilized for determining blood pressure in the 

digits of the hand. When combined with a brachial artery pressure measurement, 

a digital brachial index (DBI) can be calculated (ratio between systolic Pdig divided 

by Pbrach art)� ΖW PD\ EH K\SRWKHVL]HG WKDW D '%Ζ WKHRUHWLFDOO\ UHȵHFWV WKH FRPELQHG 

quality of the arterial arm-hand axis and may possibly also be associated with the 

overall quality of the systemic circulation.  

In &haSter �, we determined the association between a DBI and 2-year AVA 

SDWHQF\ LQ (65' SDWLHQWV VFKHGXOHG IRU WKHLU ȴUVW DFFHVV FUHDWLRQ� $Q DEQRUPDO 

preoperative DBI (low DBI <80%, high DBI >100%) value was associated with an 

almost two times lower primary patency rate compared with patients having normal 

DBI (80-100%) values (normal DBI: 49%, low DBI: 25%, high DBI: 28%). Moreover, 

2-year secondary patency rates were the lowest in the abnormal DBI groups 

(normal DBI 82%, low DBI: 55%, high DBI 69%). Multivariate analysis demonstrated 

that abnormal DBI values were independently related to an approximately two 

times higher risk of primary access failure (low DBI HR: 2.25; high DBI HR: 1.74). 

6XUSULVLQJO\� GLDPHWHUV RI RXWȵRZ YHLQV� FRQVLGHUHG E\ PRVW FOLQLFLDQV DQG FXUUHQW 
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guidelines as the most important predictor of successful AVA maturation, did not 

SUHGLFW ORQJ�WHUP SDWHQF\� )LQGLQJV RI WKLV VWXG\ VXJJHVW D SRWHQWLDO UROH RI ȴQJHU 

plethysmography in determining the optimal preoperative choice for a native AVA. 

In earlier days, an Allen test was proposed as a simple bedside modality for 

predicting HAIDI, but often with little success. However, the role of an Allen test 

FRPELQHG ZLWK ȴQJHU SOHWK\VPRJUDSK\ ZDV QHYHU LQYHVWLJDWHG� &DQ ODWH�RQVHW 

HAIDI be predicted on the basis of a preoperative combined measurement of 

Allen test-Pdig? In &haSter �, a pilot study in 105 ESRD patients aimed to determine 

whether changes in Pdig GXULQJ DQ $OOHQ WHVW SULRU WR WKH ȴUVW $9$ FRQVWUXFWLRQ 

predicted the onset of severe postoperative HAIDI. The results indicated that 

all patients who developed HAIDI later on displayed a radial or ulnar dominant 

perfusion pattern prior to AVA construction compared to half of the patients 

without HAIDI. If Pdig dropped by more than 40 mmHg during the Allen test, a 

patient sustained a 10 times greater risk of developing severe HAIDI. Digital 

plethysmography during an Allen test during may aid in identifying patients with 

an increased risk of developing HAIDI later on.

Previous studies have suggested correlations between a low ankle-brachial 

index (ABI) and high cardiovascular mortality (CVM) rates in HD populations. 

Analogously, it may be hypothesized that abnormal digital brachial index (DBI) 

YDOXHV SULRU WR WKH ȴUVW $9$ FRQVWUXFWLRQ DUH DOVR DVVRFLDWHG ZLWK LQFUHDVHG 

CVM rates. In &haSter �, a single-center retrospective 10 year cohort study 

encompassing 199 ESRD patients investigated this possible association. Patients 

were categorized as having an abnormal DBI (<80% or ≥100%) or with normal DBI 

values (80-99%). All-cause mortality rates as well as CVM rates were similar two 

and four years after AVA construction. However, a multivariate analysis correcting 

for potential confounders demonstrated that a high DBI prior to AVA construction 

conferred a two times higher risk of dying from a cardiovascular cause (HR 2.09, 

P=0.03). Finger plethysmography may play a role in selecting the most optimal 

renal replacement treatment stratagem in particular for polymorbid and frail 

ESRD patients.

The study reported in chapter 3 demonstrated that the Allen Test combined 

ZLWK ȴQJHU SOHWK\VPRJUDSK\ LV D XVHIXO WRRO UHȵHFWLQJ FROODWHUDO SHUIXVLRQ 

capacity of the hand and associated risk of developing hand ischemia after AVA 

VXUJHU\� 7R JR RQH VWHS IXUWKHU� RQH PD\ DOVR K\SRWKHVL]H WKDW DQ LQVXɝFLHQW 

KDQG FROODWHUDO SHUIXVLRQ LV D UHȵHFWLRQ RI D SRRU RYHUDOO FRPSHQVDWRU\ FDSDFLW\ 
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of the cardiovascular system. In &haSter �, we discuss the role of a combined 

preoperative Allen test/Pdig measurement for assessing the risk of cardiovascular 

PRUWDOLW\ �&90� DIWHU WKH ȴUVW $9$ FUHDWLRQ� 3dig was measured in ESRD patients 

following compression of radial and ulnar arteries as part of a standard 

preoperative AVA surgery work-up between January 2009 and December 2018 

in our center. Patients (n=108) having cardiovascular disease prior to AVA 

construction displayed a greater drop in Pdig (∂Pdig) values (CV: 44 ±5 mmHg vs. 

without-CV: 29 ±3 mmHg, P=0.012). For each 10 mmHg ∂Pdig drop, overall mortality 

increased by 10%, and cardiovascular mortality by 15%. Finger plethysmographic 

measurements may therefore possibly be used to a-priori predict an increased 

cardiovascular mortality risk following AVA construction but this novel parameter 

UHTXLUHV FRQȴUPDWLRQ LQ ODUJHU WULDO� 

Earlier data suggested that survival is lower in HD patients developing HAIDI 

after AVA construction. However, whether patient survival is related to grade of 

HAIDI is unknown. In &haSter � we performed an observational study analyzing 

survival rates of patients with mild HAIDI (Grade I-IIa), severe HAIDI (Grade IIb-IV), 

and without HAIDI (control group). Overall 4-year cardiovascular mortality rates 

were similar in patients with mild HAIDI and controls. In contrast, 4-year survival 

in patients with severe HAIDI was just 34% compared to 57% in mild HAIDI. These 

results indicate that patients developing severe HAIDI likely require a more 

rigorous surveillance of their cardiovascular health. 

The second part of this thesis (&haSter ���� GLVFXVVHV WKH UROH RI $9$ ȵRZ 

(Qa) and AVA location as predictors of survival in HD populations. A minimum 

400-600 mL/min Qa LV QHHGHG IRU H΍HFWLYH +'� &RPSDUHG WR 5&�$9$ SDWLHQWV� 

individuals with a BC-AVA have an increased risk of developing Qa above 1500 

P/�PLQ� D FRQGLWLRQ WHUPHG KLJK ȵRZ DFFHVV �+)$� DV SURSRVHG E\ LQWHUQDWLRQDO 

guidelines. Management of a HFA is largely based on six weeks measurements 

of Qa (‘actual’) as suggested by DOQI, but these values often vary substantially. 

(΍RUWV WR DVVHVV WKH RYHUDOO H΍HFW RI KHLJKW RI 4a over longer time periods were 

hitherto not performed. 

In &haSter �, we analyzed 5208 Qa measurements in 165 patients over a 

9-year period to determine a possible relationship between Qa and survival by 

utilizing a sophisticated statistical method termed ‘Joint Modelling Approach’. If 

WKH YHU\ ȴUVW 4a value obtained from a matured AVA (‘initial Qa‘) was below 900 

mL/min, a patient sustained a four times higher 4-year cardiovascular death risk 
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(HR: 4.05) when compared to patients with a ≥900 mL/min initial Qa. When analyzing 

ȵXFWXDWLRQV RI 4a over time, an association between a 3-month Qa increase and 

mortality was found (HR 4.48 per 100 mL/min increase). In contrast, height of 

actual Qa values per se were not related to survival. These novel parameters may 

contribute to an optimized surveillance of HD patients demonstrating sudden 

increases of Qa values.

A vast number of studies investigating CVM rates consistently found better 

survival rates in patients with a native AVA as compared to patients who dialyze via a 

central venous catheter or arteriovenous graft. Considering the ongoing paradigm 

shift favoring a native brachial artery based (BA)-AVA, it is essential to know if AVA 

type has any impact on long-term survival. In &haSter �, a retrospective cohort 

VWXG\ DLPHG WR GHWHUPLQH SRWHQWLDO VXUYLYDO GL΍HUHQFHV LQ 5$�$9$ DQG %$�$9$ 

populations. Four year freedom from CVM in RA-AVA was 84% compared to 63% 

LQ %$�$9$� ΖI VWUDWLȴHG IRU D ���� P/�PLQ LQLWLDO 4a threshold, CVM after four years 

was zero in patients with a RA-AVA and an initial Qa 1000 mL/min. In contrast, 

patients with a BA-AVA and an initial Qa <1000 mL/min displayed a dismal 57% CVM 

UDWH� 0XOWLYDULDWH DQDO\VLV FRQVLGHULQJ SUHGHȴQHG IDFWRUV FRQFOXGHG WKDW SDWLHQWV 

with a BA-AVA sustained an almost three times higher risk of CVM after four years 

FRPSDUHG ZLWK SDWLHQWV KDYLQJ D 5$�$9$� )LQGLQJV RI WKLV SLORW VWXG\ FRQȴUP WKH 

VWDWXV RI D 5$�$9$ DV WKH ȴUVW FKRLFH QDWLYH DFFHVV� ΖQ DGGLWLRQ� $9$ ORFDWLRQ DQG 

initial Qa may serve as additional prognostic markers in future survival models.

In daily practice, management of HFA consists of detecting signs of cardiac 

overload, serial echocardiography and, when decided upon, a surgical Qa reduction. 

An evidence-based algorithm is lacking. The approach towards Qa reduction is highly 

subjective and is based on a clinician’s best judgement according to the most recent 

ESVS guideline. In &haSter �, a scoping review critically discusses the spectrum of 

surgical options for Qa-reduction in HFA patients. 69 studies encompassing 1016 

patients were included. Banding was the most popular treatment option (53%) 

IROORZHG E\ UHYLVLRQ XVLQJ GLVWDO LQȵRZ �58'Ζ� ����� SOLFDWLRQ�DQDVWRPRSODVW\ ����� 

SUR[LPDOL]DWLRQ RI DUWHULDO LQȵRZ �3$Ζ� ���� JUDIW LQWHUSRVLWLRQ ����� SUR[LPDO UDGLDO 

artery ligation (PRAL, 4%), or miscellaneous other techniques (8%). All of these 

WKHUDSLHV ZHUH H΍HFWLYH LQ WKH VKRUW WHUP ��������� P/�PLQ PHDQ GURS LQ 4a). 

However, access patency as well as HFA recurrence rates varied widely and were 

substantial. The current state of HFA management is far from evidence-based. 

Randomized trials comparing a wait-and-see approach with Qa reduction are 

needed for establishing a standardized treatment regimen for HFA. 
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Conclusions
1. An abnormal digital brachial index (DBI) before a vascular access construction 

is associated with a lower 2-year arteriovenous access (AVA) patency.

2. Finger plethysmography combined with an Allen test prior to AVA construction 

in end stage renal disease (ESRD) patients may identify an increased risk of 

developing HAIDI.

3. Abnormal DBI values are associated with a higher cardiovascular mortality in 

ESRD patients who are on chronic haemodialysis (HD).

4. Finger plethysmography combined with an Allen test may predict mortality 

after AVA construction.

5. Patients with severe HAIDI have a limited survival compared to patients with 

a normal hand perfusion.

6. Longitudinal analyses of Qa are useful for predicting survival rates in HD 

populations.

7. Patients with a brachial artery based AVA or low Qa initial values display higher 

cardiovascular mortality rates compared to patients with a radial artery based 

AVA or high Qa initial values.
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)uture SersSectives
�� $ Srominent role for SlethysmograShy in counselling 
on risN of hand ischemia
Previously, the role of digital plethysmography in end-stage renal disease (ESRD) 

populations was limited due to the lack of clinical studies. It was scarcely used 

in hemodialysis (HD) patients with an AVA for supporting a possible diagnosis 

of hemodialysis access-induced distal ischemia (HAIDI). The Allen Test also is a 

rather old-fashioned bedside method that is occasionally used for assessing the 

collateral circulation of the hand in cardiological patients requiring a radial artery 

catheterization. Nephrologists and surgeons earlier suggested to apply this Allen 

test prior to arteriovenous access (AVA) surgery to predict the onset of HAIDI later 

on, but a large observer bias precluded its clinical use for this purpose. 

The present thesis suggests a potential role of digital plethysmography 

�FRPELQHG ZLWK D PRGLȴHG $OOHQ WHVW� LQ (65' SDWLHQWV ZKR DUH FRXQVHOOHG RQ WKH 

pros and cons of various types of renal replacement therapy. If an ESRD patient 

considers to start HD via an AVA, the risk of developing hand ischemia may be 

HVWLPDWHG RQ WKH EDVLV RI UHVXOWV RI GLJLWDO SOHWK\VPRJUDSK\� 7KLV ȴQGLQJ KDV 

clinical consequences. It can be advised to explore alternative methods of HD such 

as an indwelling line in particular frail and polymorbid female patients displaying 

low values of Pdig. However, it must also be appreciated that the current method 

of performing digital plethysmography is limited to a determination of a systolic 

ȴQJHU SUHVVXUH� )XWXUH VWXGLHV PD\ H[SORUH ZKHWKHU DGGLWLRQDO FKDUDFWHULVWLFV 

VXFK DV PHDQ ȴQJHU SUHVVXUH RU DUWHULDO VLJQDO DQDO\VLV PD\ H[HUW DQ\ GLDJQRVWLF 

value. A necessary step is to establish normal values of Pdig and digital brachial 

LQGLFHV �'%Ζ� GXULQJ UHVW DQG GXULQJ D PRGLȴHG $OOHQ WHVW LQ KHDOWK\ YROXQWHHUV� 

�� )inger SlethysmograShy� access Satency and Satient 
survival
Studies of the present thesis also suggest potential other roles for digital 

plethysmography in ESRD patients who are counselled on the pros and cons of the 

GL΍HUHQW W\SHV RI UHQDO UHSODFHPHQW WKHUDS\� $FFHVV SDWHQF\ LV RQH RI WKH PRVW 

crucial outcome measures of AVA surgery. International guidelines advise duplex 

sonography of the arm vessels in the workup as the one and foremost modality 

determining AVA patency. Our study focusing on the role of a normal Pdig found 
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that not vein diameter but Pdig is crucial for patency. Future trials prospectively 

incorporating a range of other data including 3-dimensional vessel models 

DQG DɝOLDWHG FKDUDFWHULVWLFV DUH QHFHVVDU\ WR FRQȴUP WKH GRPLQDQW UROH RI D 

preoperative Pdig LQ WKH OLVW RI PRGLȴDEOH DQG XQPRGLȴDEOH ULVN IDFWRUV SUHGLFWLQJ 

AVA patency. 

Mortality rates in an average HD population are notoriously high, with a 

5-year survival rate of approximately 50%. Currently, clinicians involved in HD 

care use standard patient characteristics for estimating survival rates. However, 

such approximations are quite subjective as individual variability is substantial. 

6WUDWLȴFDWLRQ RI (65' SDWLHQWV VXVWDLQLQJ D KLJKHU ULVN RI FDUGLRYDVFXODU GHDWK RQ 

the basis of objective measures will aid in optimizing a HD treatment strategy. The 

SUHVHQW WKHVLV DOVR LGHQWLȴHG D YDOXH RI D SUHRSHUDWLYH 3dig as a novel risk factor 

of death. As a consequence, having an abnormal Pdig supports a strict regimen of 

CVRM including the prescription of statins and stimulating an active nonsmoking 

life style in ESRD populations.

�� $n e[tended 4a surveillance Srogram in future +' 
SoSulations" 
ΖQ WKH YDVW PDMRULW\ RI +' FHQWHUV� DFFHVV ȵRZ �4a) measurements occur every 

six weeks as suggested by DOQI and current guidelines. Results are essentially 

RQO\ XVHG WR SUHGLFW RU PRQLWRU D GHYHORSLQJ VWHQRVLV RI WKH YHQRXV RXWȵRZ WUDFW� 

In some institutions, multiple values of Qa DERYH WKH ��������� P/�PLQ FXW�R΍ 

WKUHVKROG FRQWULEXWH WR WKH GLDJQRVLV KLJK ȵRZ DFFHVV �+)$�� ΖI VR� D FRPELQDWLRQ 

of sensitive clues in patient history, physical examination and imaging may 

support a decision to perform Qa reducing surgery aimed at attenuating the 

ongoing systemic vascular overload. However, it is long known that values of Qa

may vary substantially from time to time in most HD patients. As a consequence, 

nephrologists and access surgeons have previously relied on a limited number of 

consecutive six week values of Qa for diagnosis and management of HFA. 

Studies of the current thesis introduced a set of novel characteristics of Qa

such as actual Qa (value at a certain point in time, often a six week one), initial Qa

�ȴUVW 4a ever obtained from a functioning AVA), and 3-month-changes in Qa. The 

role of these Qa characteristics regarding cardiovascular mortality were explored 

in a large homogenous HD population by utilizing advanced statistics. Contrary to 
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earlier studies reporting on the essential role of consecutive high actual Qa values, 

only 3-month-increases in Qa determined risk of CVM and long-term survival. 

This phenomenon is possibly explained by a progressively failing homeostatic 

HQYLURQPHQW� )LUVW� WKHVH ȴQGLQJV UHTXLUH YDOLGDWLRQ LQ IXWXUH VWXGLHV� SUHIHUDEO\ 

RQ D QDWLRQDO VFDOH� ΖI FRQȴUPHG� +' SDWLHQWV GHPRQVWUDWLQJ FRQVLGHUDEOH VZLIW 

asymptomatic increases of Qa should undergo a program of functional tests and 

imaging of cardiovascular status followed by an invasive program of secondary 

prevention. 

�� 'oes location of native access determine survival of +' 
Satient"
7KH GHPRJUDSKLF SURȴOH RI FRQWHPSRUDU\ +' SDWLHQWV KDV FKDQJHG RYHU WKH 

previous decades. At present, they start HD at a higher age and they are more 

frequently diagnosed with diabetes mellitus, hypertension and cardiovascular 

disease. These changes have caused a paradigm shift favoring a brachial artery 

EDVHG $9$ DV WKH ȴUVW FKRLFH +' RSWLRQ LQ VHSWXDJHQDULDQV DQG RFWRJHQDULDQV� 

However, it was largely unknown whether this shift conferred any consequences 

regarding patient survival. One study in this thesis was aimed at comparing survival 

rates in patients having a native wrist AVA or having an elbow AVA. Interestingly, 

patients with a distal AVA demonstrating an over 1 L/min initial Qa were all alive 

after 4 years of observation. Conversely, patient survival rate with a proximal AVA 

and a <1 L/min initial Qa was just 43%. A statistical analysis considering 7 other risk 

IDFWRUV LGHQWLȴHG $9$ ORFDWLRQ DV WKH PRVW GRPLQDQW RQH� 7KLV LPSRUWDQW ȴQGLQJ 

urgently calls for an RCT comparing survival in patient who qualify for both a RC-

$9$ RU %&�$9$� 6WUDWLȴFDWLRQ IRU DJH LV QHHGHG� 5HVXOWV RI VXFK D WULDO ZLOO UHSODFH 

WKH FXUUHQW ȆRQH VL]H ȴWV DOOȇ UHJLPHQ WKDW LV ODUJHO\ EDVHG RQ LQVXɝFLHQW IDFWRUV 

such as vessel diameter. 

�� 7he role of ȆEig dataȇ and Ȇartiȴcial intelligenceȇ in +' 
care
Currently, international access guidelines propose a rather generalized patient 

approach. However, each ESRD patient is unique in his or her way mandating a 

tailored treatment. Previous recommendations are largely derived from studies 

utilizing traditional statistical models. Advanced diagnostic and prognostic models 
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XVLQJ PDFKLQH OHDUQLQJ DQG DUWLȴFLDO LQWHOOLJHQFH �$Ζ� ZLOO EHFRPH YDOXDEOH WRROV 

VXSSRUWLQJ SDWLHQW�VSHFLȴF DSSURDFKHV� $Ζ KDV IRXQG LWV ZD\ LQ YDULRXV VSHFLDOWLHV� 

AI aids ophthalmologists in detecting retinopathy, cardiologists in identifying atrial 

ȴEULOODWLRQ� UDGLRORJLVWV LQ GLDJQRVLQJ SQHXPRQLD DQG RQFRORJLVWV LQ SUHGLFWLQJ 

SDWLHQW VXUYLYDO ��Ȃ��� 1DWLRQZLGH H΍RUWV DUH UHTXLUHG IRU FROOHFWLQJ DQG DQDO\]LQJ 

large scale data. In the nephrological arena, the RENINE & MONDO registry may 

serve for this purpose. At present however, this database lacks crucial information 

including access patency and complication rates as well as additional important 

VSHFLȴFDWLRQV VXFK DV W\SH RI $9$ ������

7he hori]on
Studies of the present thesis contributed to unveiling important roles of digital 

SOHWK\VPRJUDSK\� DFFHVV ORFDWLRQ DQG DFFHVV ȵRZ FKDUDFWHULVWLFV LQ UHODWLRQ WR 

onset of complications and survival of hemodialysis patients. Several hurdles must 

EH WDNHQ SULRU WR VDIHO\ LQFRUSRUDWLQJ WKHVH QRYHO ȴQGLQJV LQ VWDQGDUG SDWLHQW FDUH� 

Intensive collaboration with various stakeholders facilitating large scale qualitative 

VWXGLHV FRQȴUPLQJ WKHVH ȴQGLQJV LV UHTXLUHG� 
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Scientiȴc contriEution
$LP RI WKH SUHVHQW WKHVLV ZDV WR VWXG\ WKH SRWHQWLDO RI ERWK ȴQJHU SUHVVXUHV XVLQJ 

SOHWK\VPRJUDSK\ DV ZHOO DV WKH UROH RI DFFHVV ȵRZ �4a) regarding a number of 

crucial outcome parameters in hemodialysis (HD) patients. At the start of this 

thesis, we hypothesized that plethysmography could play an important role as 

a prognostic tool. Plethysmography is a simple, cost-friendly and non-invasive 

bedside modality for determining blood pressure of the digits of the hand. We 

were convinced that, by using digital plethysmography prior to AVA construction, 

we would be able to detect any possible (latent) loss of blood pressure along the 

DUP�KDQG D[LV SRWHQWLDOO\ UHȵHFWLQJ GHJUHH RI DWKHURVFOHURVLV� :H K\SRWKHVL]HG 

that a lowered blood pressure at the hand has important prognostic modalities 

determining, in part, the onset of hand ischemia after AVA construction 

(hemodialysis access induced distal ischemia, HAIDI). Moreover, it was anticipated 

that plethysmography of the digits could predict access patency, and possibly 

even patient survival.

In chaSters �� �� �� � and �� VFLHQWLȴF HYLGHQFH LV SURYLGHG FRQȴUPLQJ WKH 

SURJQRVWLF YDOXH RI ȴQJHU SUHVVXUHV UHJDUGLQJ WKHVH LVVXHV� 2XU UHVXOWV ZHUH 

published in 4 highly rated peer-reviewed journals and presented at several (inter)

national conferences. The study unveiling the association between an abnormal 

digital brachial index and diminished access patency was selected in the top 5% 

global abstracts at the 2020 European Society of Vascular Surgery (ESVS) Annual 

conference. 

7KH H[DFW UROH RI DFFHVV ȵRZ YROXPH �4a) measurements in the management 

RI +' SDWLHQWV LV DOVR LOO�GHȴQHG� $OWKRXJK DQ DVVRFLDWLRQ EHWZHHQ 4a and high-

output cardiac failure and cardiac death was previously suggested, international 

guidelines are still struggling with an evidence-based role of a measurement 

of Qa with respect to cardiovascular survival. Although it is long known that an 

elbow-based AVA generates higher Qa levels compared to a wrist-based AVA, 

DQ\ SRVVLEOH LPSDFW RQ PRUWDOLW\ UDWHV RI GL΍HUHQW W\SHV RI $9$ȇV ZDV XQNQRZQ� 

&haSter � indicates that advanced statistical methods are very valuable for 

analyzing the complex associations between Qa and long-term survival of a HD 

population. Since single “actual” Qa PD\ ȵXFWXDWH VXEVWDQWLDOO\ RYHU WKH FRXUVH RI 

a year, these values were not found to have any prognostic value. However, it is 

essential to consider 3-month-trends in Qa as a factor predicting survival. &haSter 
� reported that patients having an elbow-based AVA sustain a 3 times higher risk 
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of cardiovascular death compared to patients with a wrist-based AVA. The studies 

reported in chaSter � and � were published in two high impact factor journals 

(Nephrology Dialysis & Transplantation, impact factor 6.0; European Journal of 

Vascular & Endovascular Surgery, no. 1 journal in Vascular Surgery, impact factor 

7.1) and were also presented at (inter)national conferences.

Studies of the present thesis have changed our view on the role of these 

novel risk factors in the long term management of HD patients. This thesis will 

FHUWDLQO\ VWLPXODWH IROORZ�XS VWXGLHV FRQȴUPLQJ WKH SURJQRVWLF YDOXH RI ȴQJHU 

pressures and longitudinal analysis of Qa in the management of HD patients. 

Social imSact for the hemodialysis SoSulation
Chronic kidney disease (CKD) is an important contributor to public health problems 

DQG KDV D VLJQLȴFDQW LPSDFW RQ PRUWDOLW\ DQG PRUELGLW\ RI SDWLHQW SRSXODWLRQV� 

Costs for treatment of CKD have increased drastically since the 1960s following 

introduction of a wide range of live-saving therapies for patients with end-stage 

renal disease (ESRD). At present, the prevalence of patients receiving renal 

replacement therapy (RRT) worldwide is approximately 2.5 million, whereas this 

number is expected to have doubled by the end of 2030. Several national screening 

programs have shown that more than 10% of the ‘healthy’ adults display markers 

UHȵHFWLQJ &.' ZLWK HYHQ KLJKHU SHUFHQWDJHV LQ RFWRJHQDULDQ SRSXODWLRQV� &DXVHV 

for CKD are diverse, but cardiovascular disease, diabetes and hypertension are 

labelled as the most important causes.

Hemodialysis (HD) is the most prevalent type of RRT, and a native arteriovenous 

access (AVA) is univocally the preferred type of HD access. Although ESRD patients 

PD\ EHQHȴW IURP +' LQ WHUPV RI SURORQJHG ORQJ�WHUP VXUYLYDO� FRPSOLFDWLRQV 

associated with the presence of the AVA are numerous. In addition, incidence rates 

of adverse outcomes are rising due to growing numbers of frail and elderly patients 

requiring HD. The primary patency rate of an AVA two years after construction is 

just 51%, whereas the secondary patency rate is 64%. These data indicate that the 

course after AVA construction in seldomly uncomplicated.  Besides poor patency 

rates, survival rates of the average HD population are even lower compared to 

SRSXODWLRQV RI SDWLHQWV VX΍HULQJ IURP VHYHUDO GL΍HUHQW W\SHV RI VROLG�RUJDQ FDQFHUV� 

For instance, approximately half of all HD patients are dead after 5 years, mostly 

GXH WR FDUGLRYDVFXODU GLVHDVH� 7KHUHIRUH� LGHQWLI\LQJ ULVN IDFWRUV� ERWK PRGLȴDEOH DV 

ZHOO DV XQPRGLȴDEOH� DUH FUXFLDO IRU TXDOLW\ RI OLIH DQG VXUYLYDO RI +' SDWLHQWV� 



Chapter 11

206

Our studies have shown that patients with abnormal digital brachial index 
(DBI) values have a primary access patency rate as low as 25%, whereas patients 
with normal DBI values display a two times higher rates (49%). Patients presenting 
with abnormal DBI values conferred a two times higher risk of cardiovascular 
mortality as compared to patients with normal DBI values. A preoperative DBI 
obtained by digital plethysmography may therefore identify high-risk patients 
possibly burdened with cardiovascular disease. These conclusions highlight the 
necessity of developing screening and intervention programs to improve AVA 
outcomes, ideally incorporating digital plethysmography following validation in 
future studies. 

Hand ischemia in the presence of an AVA (hemodialysis access-induced 
distal ischemia, HAIDI) is a dreadful complication with a serious impact on quality 
of life. Previous studies reported percentages up to 20%, whereas up to 80% of 
seemingly asymptomatic patients reported one or more symptoms associated 
with hand ischemia (coldness, pain, cramps etc.). Around 5% of all HD patients 
require invasive treatment for hand ischemia at one point in their life. A tool that 
DFFXUDWHO\ SUHGLFWV +$Ζ'Ζ ZDV QHYHU LGHQWLȴHG� 2XU VWXGLHV DUH WKH ȴUVW WR VKRZ 
that an Allen Test under plethysmographic control, prior to AVA construction, has 
a potential to accurately predict the onset of HAIDI. With this information, vascular 
surgeons can counsel their patients on risk of HAIDI once a certain type of AVA is 
preferred. Conversely, alternative types of HD treatment with a lower or negligible 
ULVN RI FRPSOLFDWLRQV LQFOXGLQJ +$Ζ'Ζ PD\ EH DGYLVHG LI WKLV QHZO\ LGHQWLȴHG ULVN 
factor is present.

When the condition of distal arm arteries is too poor for a wrist-AVA, an 
elbow-AVA is often preferred. However, possible hemodynamic consequences 
are often not considered. In the long term however, patients survival has more 
priority than AVA patency. Based on our study results demonstrating that a 
wrist-AVA is associated with a superior survival, it may seem prudent to initiate a 
preoperative program focusing on improving circumstances for successful wrist 
AVA construction including lower arm training and radial artery preservation, next 
to forearm vein preservation. Furthermore, strict surveillance of trends rather 
than actual Qa deserves careful consideration in future HD management. 

In conclusion, studies of this thesis may aid professionals in optimizing a 
tailored management of patients who are scheduled to undergo renal replacement 
therapy, especially regarding the prediction of morbidity and mortality associated 

with the presence of their life-saving vascular access. 
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1ederlandse samenvatting �'utch summary�
Dit proefschrift omvat studies naar de rol van vingerdrukken (Pdig� HQ VKXQWȵRZV 

(Qa) bij hemodialysepatiënten.

'eel Ζ� 'e rol van vingerdruNNen EiM hemodialyseSati­nten
Het eerste deel van dit proefschrift (+oofdstuN ���) onderzocht of vingerdrukken 

(Pdig), die vóór het aanleggen van een arterioveneuze toegang (AVA) voor hemodialyse 

(HD) worden bepaald, iets zouden kunnen zeggen over zowel het toekomstig 

$9$ IXQFWLRQHUHQ DOV RRN GH SDWL­QWHQ RYHUOHYLQJ� 9LQJHUSOHWK\VPRJUDȴH LV HHQ 

eenvoudige methode voor het meten van de bloeddruk in de vingers. In combinatie 

met een standaard bloeddrukmeting aan de bovenarm kan een digitale brachiale 

index (DBI) worden berekend (ratio vingerdruk / brachialisdruk). In theorie 

zou deze DBI de kwaliteit van de arteriële vaatvoorziening van de arm kunnen 

weerspiegelen, of misschien zelfs iets kunnen zeggen over de kwaliteit van het 

gehele lichaamsvaatstelsel.

In hoofdstuN � hebben we onderzocht of DBI waarden, gemeten bij 

eindstadium nierfalenpatiënten vlak voor aanleg van hun eerste AVA, gerelateerd 

waren aan het openblijven van de AVA (‘patency’). Een abnormale DBI-waarde (te 

lage DBI, <80%; te hoge DBI, >100%) bleek twee jaar later geassocieerd te zijn met 

een bijna twee keer lagere ‘primaire’ AVA patency (= open blijven zonder enige 

aanvullende ingreep) in vergelijking met patiënten met normale DBI-waarden (80-

100%) (2-jaar primaire patency: normale DBI: 49%, lage DBI: 25%, hoge DBI: 28%). 

Bovendien was de ‘secundaire’ patency (= open blijven met aanvullende ingrepen) 

na twee jaar het laagst in de groepen met abnormale DBI waarden (2-jaar 

secundaire patency: normale DBI 82%, lage DBI: 55%, hoge DBI 69%). Verrassend 

genoeg waren veneuze diameters, door de meeste clinici en de huidige richtlijnen 

beschouwd als dé voorspeller van een succesvolle AVA, niet geassocieerd met 

langetermijn patency. Deze bevindingen suggereren een potentiële rol voor 

YLQJHUSOHWK\VPRJUDȴH ELM KHW LQIRUPHUHQ YDQ SDWL­QWHQ DDQJDDQGH GH NHX]H YDQ 

het meest optimale type AVA.

Ongeveer 20% van de patiënten ontwikkelt na AVA constructie een 

doorbloedingsstoornis van de dialysehand (HAIDI, hemodialysis access induced 

distal ischemia). Vroeger is gepoogd om een doorbloedingsstoornis van de 

hand te voorspellen met behulp van de ‘Allen-test’. Bij deze test wordt tijdens 
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afwisselend afdrukken van een van de twee slagaders bij de pols naar verandering 

in handpalmkleur gekeken. Als de hand deels wit blijft bij een afgedrukte slagader, 

zou dit iets zeggen over de conditie van de handdoorbloeding en compenserend 

collateraal vermogen, en mogelijk ook het fenomeen handpijn na aanleggen van 

een AVA kunnen voorspellen. De Allen-test is echter vanwege onnauwkeurigheid 

tegenwoordig goeddeels verlaten. Echter, de rol van een Allen-test in combinatie 

PHW YLQJHUSOHWK\VPRJUDȴH LV QRRLW HHUGHU RQGHU]RFKW� ΖQ +oofdstuN � wordt 

een studie bij 105 eindstadium nierfalen patiënten beschreven, waarbij gekeken 

wordt of veranderingen in Pdig tijdens een Allen-test bij patiënten voorafgaand 

aan de eerste AVA-constructie, later ernstige HAIDI kan voorspellen. Bij alle 10 

patiënten die later HAIDI ontwikkelden bleek de handdoorbloeding al voor AVA-

aanleg volledig afhankelijk van een van de twee slagaders (‘radiaal ofwel ulnair 

dominant’). Bij controlepatiënten zonder HAIDI was dit slechts in de helft van de 

gevallen zo. Wanneer de Pdig tijdens de Allen-test met meer dan 40 mmHg daalde, 

bleek de patiënt een 10 keer hoger risico op het ontwikkelen van ernstige HAIDI 

te hebben. Een vingerdrukmeting tijdens een Allen-test draagt dus bij aan het 

LGHQWLȴFHUHQ YDQ SDWL­QWHQ PHW HHQ YHUKRRJG ULVLFR RS +$Ζ'Ζ�

Voorgaande studies in patiënten met etalagebenen en dialysepopulaties 

hebben een verband aangetoond tussen een lage enkel-armindex en toegenomen 

cardiovasculaire mortaliteit (CVM). Zo kan ook worden verondersteld dat 

een abnormale DBI-waarde vóór constructie van de eerste AVA mogelijk ook 

geassocieerd is met verhoogde CVM. +oofdstuN � beschrijft een cohortstudie 

in 199 eindstadium nierfalen patiënten waarbij er gekeken wordt of dit verband 

er werkelijk is. Patiënten werden ingedeeld op basis van een ‘abnormale DBI’ 

(<80%, of ≥100%) of een ‘normale DBI’ (80-99%). 2- en 4-jaar na constructie van 

de AVA aanleg bleken de CVM percentages in alle DBI groepen gelijk. Echter, na 

statistische analyse waarbij werd gecorrigeerd voor bepaalde factoren bleek, 

dat een hoge DBI vóór aanleg van de AVA later een twee keer hoger risico op 

&90 JDI� 9LQJHUSOHWK\VPRJUDȴH NDQ GXV RRN HHQ URO VSHOHQ ELM KHW YRRUVSHOOHQ 

van latere overleving. Dit kan van belang zijn bij de keuze van de meest optimale 

dialysebehandeling voor de juiste patiënt.

De studie van hoofdstuk 3 toonde aan dat de Allen-test in combinatie met 

YLQJHUSOHWK\VPRJUDȴH HHQ QXWWLJ KXOSPLGGHO LV RP GH ȆGRRUEORHGLQJV�UHVHUYHȇ YDQ 

de hand in te schatten. Om nog een stap verder te gaan, veronderstelden we dat 

een ontoereikende doorbloedings-reserve van de hand misschien wel een uiting 
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is van een suboptimaal ‘compenserend vermogen’ van het gehele cardiovasculaire 

systeem. In +oofdstuN � bespreken we de rol van een gecombineerde Allen-test/

Pdig-meting voor het bepalen van het risico op cardiovasculaire mortaliteit (CVM) 

na AVA constructie. Pdig werd gemeten tijdens een Allen-test als onderdeel van 

de standaard AVA work-up bij eindstadium nierfalen patiënten. Patiënten die 

tussen januari 2009 en december 2018 een shunt hadden ontvangen werden 

bestudeerd (n=108). Patiënten met eerdere cardiovasculaire aandoeningen (CV+) 

voorafgaand aan AVA-constructie vertoonden bij de Allen-test een grotere daling 

in Pdig waarden (CV: -44 ±5 mmHg vs. zonder-CV: -29 ±3 mmHg, P=0.012). Voor elke 

∂Pdig-daling van 10 mmHg nam het risico op algehele mortaliteit toe met 10%, en 

YRRU ZDW EHWUHIW &90 ]HOIV PHW ���� 9LQJHUSOHWK\VPRJUDȴVFKH PHWLQJHQ NXQQHQ 

daarom mogelijk worden gebruikt om bij voorbaat een verhoogd cardiovasculair 

sterfterisico na AVA-constructie te voorspellen, maar deze nieuwe parameter 

vereist wel bevestiging in grotere onderzoeken.

Eerder onderzoek suggereerde dat overlevingspercentages lager zijn bij HD 

patiënten die later HAIDI ontwikkelden. Het is echter niet bekend of overleving ook 

gerelateerd is aan de ernst van HAIDI. In +oofdstuN � wordt een observationele 

studie gerapporteerd waarin de overlevingspercentages van patiënten met 

milde HAIDI (graad I-IIa) en ernstige HAIDI (graad IIb-IV) worden vergeleken met 

een controlegroep zonder HAIDI. De 4-jaars cardiovasculaire mortaliteit bleek 

vergelijkbaar bij patiënten met milde HAIDI en controles. Daarentegen was de 

4-jaarsoverleving bij patiënten met ernstige HAIDI slechts 34% vergeleken met 

57% in milde HAIDI. Deze resultaten geven aan dat patiënten met ernstige HAIDI 

een strengere controle op hun cardiovasculaire conditie nodig hebben.



Nederlandse samenvatting (Dutch Summary)

12

213   

'eel ΖΖ� 'e Srognostische rol van $9$�flow �4a� EiM hemo�
dialyseSati­nten
Het tweede deel van dit proefschrift (+oofdstuN ���� EHVSUHHNW GH URO YDQ $9$�ȵRZ 

(Qa) en AVA-locatie in de arm als voorspellers van overleving in dialysepopulaties. 

Een minimale Qa YDQ ������� P/�PLQ LV YHUHLVW YRRU H΍HFWLHYH KHPRGLDO\VH �+'�� 

In vergelijking met patiënten met een polsshunt (RC-AVA), lopen personen met 

een elleboogshunt (BC-AVA) een veel hoger risico op het ontwikkelen van Qa boven 

1500-2000 mL/min, door internationale richtlijnen ook wel aangeduid als een high 

ȵRZ DFFHVV �+)$�� +)$ VXUYHLOODQFH LV KHGHQWHQGDJH JHEDVHHUG RS enkelvoudige 
metingen van Qa (‘actuele Qa’), meestal in het kader van het voorspellen van zich 
ontwikkelende vernauwingen in de shunt. Echter, deze 6-wekelijkse Qa metingen 
kunnen per keer aanzienlijk variëren. Pogingen om de rol van seriële (te hoge) 
Qa waarden over langere tijdsperioden te beoordelen in relatie tot belangrijke 
uitkomstmaten zoals (cardiovasculaire) mortaliteit, zijn tot op heden niet verricht.

In +oofdstuN � analyseerden we 5208 ‘actuele’ Qa-metingen (n=165 
patiënten, periode van 9 jaar) om een mogelijke relatie tussen hoogte van Qa

en overleving te bepalen. Hiertoe gebruikten we een geavanceerde statistische 
methode genaamd  ‘Joint Modeling Approach’. Wanneer de allereerste Qa-waarde 
gemeten in een gerijpte en functionele AVA (‘initiële Qa’) < 900 mL/min was, bleek de 
patiënt een vier keer hoger risico op 4-jaars CVM te hebben (HR 4.05) in vergelijking 
met patiënten met een initiële Qa >900 ml/min. Bij analyse van Qa�ȵXFWXDWLHV over 
meerdere maanden werd een duidelijk verband gevonden tussen Qa-stijgingen
over 3 maanden en CVM (HR 4.48 per 100 mL/min verhoging). Daarentegen bleek 
de hoogte van enkelvoudige actuele Qa-waarden niet gerelateerd aan overleving. 
Deze nieuwe parameters kunnen bijdragen aan een verbeterde (cardiovasculaire) 
surveillance van HD-patiënten die plotselinge verhogingen van Qa-waarden 
vertonen.

Een groot aantal onderzoeken naar CVM-percentages in HD populaties vond 
consequent betere overlevingspercentages bij patiënten met een AVA van eigen 
lichaamsmateriaal in vergelijking met patiënten die dialyseerden via katheters of 
kunstaders. Gezien de huidige toegenomen voorkeur voor het aanleggen van een 
BC-AVA, is het essentieel om te weten of AVA-type (pols- of elleboog-) invloed heeft 
op de overleving. In +oofdstuN � rapporteert een retrospectieve cohortstudie 
over de mogelijke overlevingsverschillen tussen patiënten met een RC-AVA- en 
BC-AVA. Vier jaar ‘vrijheid van CVM’ bleek een stuk hoger in RC-AVA (84%)   dan 



Chapter 12

214

bij een BC-AVA (63%). Wanneer 1000 mL/min als afkappunt van initiële Qa werd 
gebruikt, was de overleving van patiënten met een RC-AVA en een initiële Qa ≥1000 
mL/min 100%. Daarentegen vertoonden patiënten met een BC-AVA en een initiële 
Qa <1000 mL/min een overleving van slechts 43%. Een multivariate analyse, 
UHNHQLQJ KRXGHQG PHW YRRUDI JHGHȴQLHHUGH IDFWRUHQ� JDI DDQ GDW SDWL­QWHQ 
met een BC-AVA na vier jaar een bijna drie keer hoger risico op CVM hadden in 
vergelijking met patiënten met een RC-AVA. De bevindingen van deze pilotstudie 
bevestigen dat RC-AVA altijd als eerste keus AVA overwogen dient te worden. 
Bovendien kunnen AVA-locatie en initiële Qa dienen als aanvullende prognostische 
markers in toekomstige overlevingsmodellen.

In de dagelijkse praktijk bestaat het diagnostisch traject van een 

PRJHOLMNH +)$ XLW KHW LGHQWLȴFHUHQ YDQ WHNHQHQ YDQ FDUGLDOH RYHUEHODVWLQJ HQ 

VHUL­OH HFKRFDUGLRJUDȴH� ΖQGLHQ YHUGDFKW YRRU +)$� NDQ EHKDQGHOLQJ PLGGHOV 

een chirurgische Qa-reductie overwogen worden. Echter, een evidence-based

algoritme ontbreekt nog steeds. De beslissing tot Qa-reductie is subjectief en 

is volgens de meest recente ESVS-richtlijn ‘gebaseerd op het beste oordeel van 

de arts’. In +oofdstuN � bespreken we de chirurgische opties voor Qa-reductie 

bij HFA-patiënten. In totaal werden 69 studies met 1016 patiënten bestudeerd. 

Banding was de meest populaire behandelingsoptie (53%) gevolgd door revision 

XVLQJ GLVWDO LQȵRZ �58'Ζ� ����� SOLFDWLH�DQDVWRPRSODVWLH ����� SUR[LPDOLVDWLH YDQ 

arteriële instroom (PAI, 6%), transplantaat-interpositie (6%), proximale radiale 

arterie onderbinding (PRAL, 4%), en nog diverse andere technieken (8%). Al deze 

WKHUDSLH­Q ZDUHQ H΍HFWLHI RS NRUWH WHUPLMQ ��������� P/�PLQ JHPLGGHOGH 4a

daling). AVA patency en HFA-recidief percentages varieerden echter sterk en waren 

aanzienlijk. De huidige staat van HFA-management is verre van evidence-based. 

Gerandomiseerde studies die een afwachtende beleid vergelijken met Qa-reductie 

zijn nodig voor het opzetten van een gestandaardiseerd behandelingsregime voor 

HFA.
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'anNwoord
De eindstreep van dit proefschrift is bereikt. Mijn voorkeur gaat uit naar daden 
over woorden betreft het bedanken van een ieder. Uiteraard verdient dit ook een 
schriftelijke vermelding.

Het team waarmee ik de afgelopen jaren heb samengewerkt kent bekendheid op 
dit deelgebied binnen de vaatchirurgie, waarbij ik van geluk mag spreken dat het 
lot ons bij elkaar heeft gebracht. De toewijding van iedereen om dit proefschrift 
tot een succes te maken is simpelweg niet in woorden uit te drukken.

Beste Prof. dr. Teijink, Beste Joep,

Uw energie, kennis en daadkracht is onuitputtelijk. In de meeste letterlijke zin 

bent u 24 uur per dag, 7 dagen per week, 365 dagen per jaar bereid om de beste 

kwaliteit van zorg en onderzoek te leveren, ongeacht wat het kost. Terwijl veel 

personen ten tijde van de COVID periode geen werk meer konden verrichten, heeft 

u Claudicationet getransformeerd naar Chronisch Zorgnet met een landelijke 

dekking op 3500 locaties om chronische aandoeningen te verhelpen.

Als ik langer dan een uur geen reactie op mijn bericht had, begon ik me al zorgen 

te maken over u. Uw energie is beslist aanstekelijk en gaf me telkens de motivatie 

om grenzeloos door te zetten. Ik kijk vol vreugde uit om onze samenwerking voort 

te zetten bij de verbetering van de diagnostiek en behandeling van TOS-patiënten.
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Beste Dr. Scheltinga, Beste Marc,

Vanaf dag 1 wisten we meteen dat ons een prachtige tijd te wachten stond. Uw 

verhaal van de stoel met de losse leuning is me altijd bij gebleven, en toont aan 

dat alles werkelijk mogelijk is zolang je er zelf in gelooft. Als er meerdere personen 

gelijkwaardige toewijding als u hadden, was de zorg mogelijk 10-20 jaar verder 

geweest. 

Gepromoveerd op studies verricht aan Harvard Medical School onder de befaamde 

Douglas Wilmore, 230+ publicaties in gerenommeerde bladen, talloze promoties. 

Men kan denken dat dit ten koste gaat van de patiëntenzorg, maar er staat toch 

echt een 10/10 gewaardeerd op Zorgkaart.  

U heeft me afgelopen jaren 24/7, 365 dagen per week bijgestaan, ongeacht vakanties, 

ongeacht feestdagen. Een manuscript kon ik 23:00 sturen en het was de volgende 

dag nauwkeurig nagekeken. Het was een synergetische samenwerking wat tot deze 

interessante resultaten heeft geleid. U heeft meer energie en daadkracht dan de 

gemiddelde arts-assistent heelkunde, ik hoop daarom dat u nog een langere periode 

door blijft gaan met uw activiteiten. Ik zal u altijd waar mogelijk bijstaan en hopelijk 

kunnen we samen nog meer mooie primeurs behalen binnen de dialysechirurgie!

Dankuwel voor de leerzame tijd.
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Beste leden van de beoordelingscommissie, ik ben u allen hartelijk dankbaar voor de 

tijd die u allen heeft geïnvesteerd in het nauwkeurig beoordelen van dit proefschrift. 

Ik mag van geluk spreken met een beoordelingscommissie van dergelijk niveau en 

uw suggesties zullen voor toekomstig onderzoek beslist waardevol zijn.

Beste medeauteurs, hartelijk dank voor jullie waardevolle bijdrage aan het tot 

stand brengen van de manuscripten.

Beste Michel Gerrickens, mijn vragen, suggesties en commentaar kon ik bij jou 

altijd kwijt. Jij hebt mij in de juiste startblokken gezet waarmee dit proefschrift 

als een sneltrein de eindbestemming op tijd en met kwaliteit heeft bereikt. Ook 

jouw adviezen om altijd open-minded te zijn heb ik altijd waardevol gevonden en 

hebben invloed gehad op mijn keuzes. Hoewel jouw hart niet bij de chirurgie ligt, 

ben ik ervan overtuigd dat jij een goede beschouwend specialist zal worden.

Beste Dr. Vaes, beste Roel, het grootste deel van dit proefschrift heb ik je helaas 

moeten missen aangezien jij en je gezin zich letterlijk aan de andere kant van de 

wereld bevonden. Jouw timing van terugkomst had niet beter gekund, jouw adviezen 

bij de Flow-Survival studie waren van onschatbare waarde. O.a. dankzij jou hebben 

we deze primeur behaald. Ik hoop in de toekomst dat jij ook door zult blijven gaan 

met onderzoek, je kennis zal de dialysezorg naar een hoger niveau tillen!

Beste Dr. van Kuijk, beste Sander, wat jij geprogrammeerd hebt voor de Flow-

6XUYLYDO VWXGLH LV GDDGZHUNHOLMN RQJHORIHOLMN� 'H EHWUH΍HQGH VWDWLVWLVFKH 

technieken zijn vooruitstrevend en van ongekend niveau. De resultaten hebben 

GLUHFWH LQYORHG RS RQV NLMN RS KXLGLJH ȵRZ�GDWD� %LQQHQ HHQ MDDU ��� SXEOLFDWLHV� 

het zal niet lang meer duren tot je oratie : ) !!!

Beste Chirurgen van het Máxima MC, hartelijk dank voor alle mogelijkheden en 

interessante, leuke feedback voor mijn diverse onderzoeken. De sfeer alhier bij de 

heelkunde is onderscheidend!

Beste Dr. Papen-Botterhuis en Dr. Govaert, beste Nicole en Bastiaan, bij u vond 

eigenlijk het eerste gesprek plaats, waartoe dit allemaal heeft geleid. Ik dank u 

beiden hartelijk voor het vertrouwen.

Beste Dr. Janssen, beste Loes. Wij zijn ongeveer tegelijk begonnen en je hebt me 

altijd direct bij gestaan voor hulp vanuit allerlei hoeken. Van statistiek tot logistiek, 

van coschappen tot werkplek. Dank voor alle hulp.



Dankwoord

A

229   

Beste Dr. Verhofstad, beste Nicole, jij kwam later in beeld, maar desondanks heb 

je me perfect geleid in het proces tot en met de promotie. Hartelijk dank voor de 

hulp en hopelijk zien we elkaar vaker in het Catharina Ziekenhuis.

Beste Jos Peters, hartelijk bedankt voor je hulp, advies en vertrouwen. Als raadslid 

ben je onmisbaar voor Valkenswaard.

Beste Toon van Leeuwen, hartelijk dank voor het ophalen van de cruciale data van 

de Flow-Survival studie. Je bent een ware technicus op dit gebied.

Beste Kim Wijns, jij bent een cruciaal persoon voor de dialyseonderzoekslijn. Ik 

dank je hartelijk voor alle inzet en hulp.

Beste Dr. Dieleman, beste Jeanne, hartelijk dank voor alle tips en tricks vanuit 

epidemiologisch perspectief.

Beste Vaatlaboranten, jullie zijn het hart van het vaatlaboratorium. Dank voor het 
uitvoeren van de 100’en metingen en de service. De invloed van jullie werk vormt 
de basis van dit onderzoek.

Beste mede-promovendi, binnen het MMC zijn wij absoluut het zaligste clubje! 
Jammer genoeg konden we elkaar niet vaak zien, mede dankzij COVID en andere 
activiteiten o.a. van mijzelf. Gelukkig zijn we altijd in de buurt. Succes met jullie 
promoties en het bemachtigen van een opleidingsplek Heelkunde!

Beste Sabine, dank voor alle wijze lessen, adviezen, balans en steun. Jij hebt 
invloed gehad op de richting van het schip!

Beste Joep, Konrad, Jilles, Luc, Remco, Jens, Thom, Pim en Bas. Prachtig, na 10 jaar 
nog steeds een hecht clubje. Ondanks dat initieel iedereen verspreid was, zijn we 
gelukkig allemaal weer bijeen in het vreugdevolle Brabant. De mooie avonturen 
die we met zijn allen hebben meegemaakt zijn onvergetelijk. Hoewel de lama vaak 
kwijtgespeeld wordt, geldt dat gelukkig niet voor onze onbreekbare vriendschap. 
2Q]H WUDGLWLHV ]LMQ RɝFLHHO PHW GH FRPSOHWH FOXE EHJRQQHQ RS 0DOORUFD HQ ]XOOHQ 
zich beslist tientallen jaren voortzetten op wekelijkse basis alsmede met onze 
jaarlijkse reis. More adventures have yet to come!!!
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Beste Maassquad, Beste Bob, Ignace, Konrad, Toju, Joep, Ephrahim en Luuk. Vanaf 
jaar 1 al beste vrienden. Van mooie feesten in Maastricht tot reizen naar Alicante, 
we hebben altijd en overal een leuke tijd beleefd. Bob zorgde altijd voor de balans, 
Ignace voor de Belgische ambience, Konrad voor zijn droge humor, Toju voor de 
wijze lessen, Joep met zijn taferelen, Ephrahim voor de management en Luuk 
voor de goede sfeer. Ieder heeft een unieke waarde, wat zich ook zal uiten in 
jullie carrières. Het schip is richting het Noorden gevaren, ik hoop dat uiteindelijk 
iedereen van ons deze richting op gaat en blijft.

Beste Ralf, jouw ken ik al sinds 2005 en niks is. De tweede prijs staat niet in jouw 
woordenboek. Vroeger keken we samen hoe we 4-0 konden scoren, nu kijken we 
hoe we het data landschap in NL naar een hoger niveau kunnen tillen.

Beste vrienden en vriendinnen van het Sondervick, beste Anouk, Bas, Dominique, 
Feline, Jens, Jilles, Joep, Konrad, Noortje, Quirien, Sterre, Kim, Sophie, Avyola, Fleur, 
Ilse en Karlijne. Jullie vormden het hart het van de tijd die wij beleefd hebben 
op het Sondervick. Onvergetelijke vreugde. We hebben elkaar allemaal zien 
opgroeien vanaf dat we jonkies met beugels waren. De wekelijkse partijen, de 
pauzes, de vakanties, deze zijn werkelijk onvergetelijk. Helaas zijn we letterlijk alle 

windrichtingen opgegaan, maar niet uit het hart!

Beste IFMSA vrienden, beste Luc, Anouk, Demi, Eva, Jens, Joep en Konrad. Dit 

clubje is op grappige wijze en toevalligheden ontstaan wat tot onvergetelijke 

momenten heeft geleid gedurende de bachelor fase. Huize Scharnerweg was het 

hoofdkwartier voor plezier. Gedurende de coschappen waren onze contacten 

helaas minder door de activiteiten, echter zullen we dit weer op korte termijn 

oppakken.

Beste Peter en Annemieke, contacten sinds vorig millennium. Jullie hebben een 

hart waar menig mens voorbeeld aan kan nemen. Dank voor jullie hulp.

Beste Joep, Jens en Konrad. Voor de oplettende kijker zal het vast opgevallen 

zijn dat jullie wel vaak terugkomen in het dankwoord. Toeval? :) De meeste 

vriendschappen zijn vanuit deze kern in principe ontstaan. We kennen elkaar 

al bijna 15 jaar. Samen opgegroeid, samen geneeskunde gaan studeren en een 

prachtig huis in Maastricht weten te bemachtigen in de bachelor jaren. Allen 
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nominaal afgestuurd als arts. En dit is nog maar het begin van een jarenlange 

voortzetting. Op naar mooie tijden! 

Beste Mama en Papa, jullie hebben letterlijk altijd voor mij klaar gestaan. Jullie 

hebben er alles aan gedaan om ervoor te zorgen dat wij de top kunnen halen. Nog 

vandaag de dag vraag ik jullie om adviezen welke mij als persoon daadwerkelijk 

naar een hoger niveau tillen. Jullie zorgen ervoor dat alles gefaciliteerd wordt en 

dat ik plezier heb in het behalen van mijn doelen. Dit proefschrift is het bewijs van 

jullie doorzettingsvermogen en kennis.

Beste Monique, we weten allebei door wie eigenlijk dit proefschrift is ontstaan, 

evenals mijn co-promotor. Ik ben blij dat jij een mooie vervolg carrière in Utrecht 

hebt gezet, waarbij een prachtig toekomst nabij bevestigd is.
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&urriculum 9itae $uctoris
Reshabh Yadav was born on October 

13th, 1996 in New Delhi. In 2015 he 

graduated successfully from high school 

(Sondervick College) with a TTO VWO 

gymnasium degree. Thereafter, he was 

directly admitted to Medical School of 

the University of Maastricht. His keen 

interest for medical research already 

developed in the second year of Medical 

School. In 2016 he was selected for 

the Honours Program of Maastricht 

University (top 5% of class), where 

he was elected as chairman of the Live4liver research team taking the lead of 

10 researchers. Simultaneously in his second year he already started doing 

research in Catharina Hospital, supporting clinical activities for the multicenter 

SANICS II trial. In his third year, he joined the Young Investigators Team (YIT) at the 

department of cardiothoracic surgery. 

With good luck Reshabh Yadav met Dr. Marc R.M. Scheltinga, a well-known 

surgeon in the Maxima Medical Center. This introduction led to a full PhD-track 

where Prof. Dr. Joep A.W. Teijink joined as his promotor. Reshabh Yadav received 

his Doctor of Medicine degree in September 2021 and few months after he will 

defend his PhD on June 13th 2022.

In his free time, Reshabh Yadav is a keen golfer playing HCP 8.1.

Reshabh Yadav has already been contacted by notable management consulting 

ȴUPV� )RU QRZ� 5HVKDEK <DGDY KDV FKRVHQ WR FRQWLQXH KLV PHGLFDO FDUHHU ZKLFK 

includes residency combined with postdoctoral research in vascular surgery and 

(interventional) radiology.
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