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1. Introduction

Conventional hemodialysis (HD) treatment, which is the most prevalent dialysis modality and
can be performed in hospital and at home, has been associated over the past 40 years with
reduction in mortality rate [1], and in recent years, it has been associated with slight incremental
improvement in survival rate [2]. However, its prescription remains far from being optimal in
replacing the function of normal kidneys, and its unphysiologic clearance pattern and inability
to remove all types and sizes of uremic toxins resulted in inter- and intradialytic complications,
higher hospitalization rate, poor quality of life and an unacceptably high rate of cardiovascular
and all-cause mortality [3-5]. The major HD-contributing factors to high mortality and morbid-
ity rates are excess fluids (hypervolemia) and retention of middle and larger size uremic toxins.

Fluid retention in patients on dialysis has been associated with increased blood volume and
cardiac output, which can result in increased blood pressure, left ventricular hypertrophy
(increased left ventricular mass) and consequently heart failure [3, 6]. Fluid (and cumulative
fluid) overload has been significantly associated with greater risk of mortality [7]. Moreover,
removal of accumulating fluids with conventional HD has been accompanied with symptom-
atic hypotension. Frequent episodes of hypotension can lead to ischemic insults to myocar-
dium (stunning), which can lead to functional and structural changes and result in systolic
dysfunction and consequently heart failure [8, 9]. In addition, fast removal of fluids of more
than 10 ml/kg/h can also lead to increase in cardiovascular and all-cause mortality [10]. Recent
innovations in fluid management include assessment of fluid status by bioimpedance spec-
troscopy [11-13], which is a noninvasive method using a portable device, and by controlled
modulation of ultrafiltration rate and dialysate sodium using biofeedback hemocontrol [14].

Conventional HD, using low-flux dialyzers, is capable of removing only small-size uremic tox-
ins of molecular weight less than 500 Daltons (D) such as urea and creatinine. However, this
modality of HD is not capable of clearing middle and larger size uremic toxins of more than
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500 Daltons such as 32-microglobulin, myoglobin, pro-inflammatory cytokines and Kappa (x)
and Lambda (1) free light chains (Table 1), in which all have potent toxic and pro-inflammatory
effects [15]. Larger size uremic toxins, such as beta 2-microglobulin, and protein-bound mol-
ecules, such as indoxyl sulfate and p-cresol, cannot be removed, and their accumulation in
the blood can lead to hemodialysis-related amyloidosis and endothelial inflammation and
toxicity, which may explain, at least in part, the higher incidence of morbidity and mortality
in patients treated with conventional HD.

In recent years, HD treatment witnessed significant improvements in HD machines, including
designs, weight, mobility, multifunctional touch screens, performance of different modali-
ties of dialysis, assessment of dialysis adequacy and ultrafiltration control [16]. The option of
controlled ultrafiltration, for example, has been shown to safely remove excess fluids without
exposing dialysis patients to frequent episodes of hypotension [14, 17]. This hemocontrol tech-
nique, which is based on an automatic slowdown of ultrafiltration rate, sodium transfer and
the release of the vasoconstrictor arginine vasopressor [18], has been used to support patients
with excessive fluid retention, especially those who lost their residual renal function and non-
adherent to dialytic prescription, and are predisposed to frequent episodes of intradialytic
hypotension [14]. The advancement technology of HD machines was accompanied by sig-
nificant improvement in dialyzers compatibility and membrane permeability (including pore
size, density and distribution, length of fibers and its reduced inner diameter), which include
high-flux and medium-to-high cut-off membranes [19]. These innovations, together with the
ability to provide ultrapure and online treated water by modern water treatment plants, did
not only reduce inflammation, erythropoietin resistance and cost reductions [20], but also
allowed the implementation of online hemofiltration (HF) and hemodiafiltration (HDF) treat-
ments [21, 25] and the use of high-flux dialyzers. For example, middle size uremic toxins such

Small Medium Large Protein-bound”
(<500 Daltons) (500-15,000 Daltons) (>15,000 Daltons) (Daltons)
Sodium (23) Vitamin B12 (1355) Cytokines (15,000-30,000) Phenol (94)
Phosphorus (31) Vancomyecin (1448) Myoglobin (17,000) p-Cresol (108)
Potassium (35) ANP (3100) Kappa FLC (22,500) Homocysteine (135)
Urea (60) Endothelin (4300) Complement factor D (27,000) Indole-3-acetic acid (175)
Creatinine (113) Insulin (5200) FGF-23 (32,000) Hippuric acid (179)
Uric acid (168) PTH (9225) al-Microglobulin (33,000) Carboxymethyl-lysine (204)
Glucose (180) pB,-Microglobulin (11,800) Erythropoietin (34,000) Indoxyl sulfate (251)
Resistin (12,500) Lambda FLC (45,000) Acrolein (56)
Cholecystokinin (12,700) Albumin (68,000)
Cystatin C (13,300) AQP (various)
AGEP (various)

Abbreviations: ANP, atrial natriuretic peptide; PTH, parathyroid hormone; FLC, free light chains immunoglobulin; FGF-
23; fibroblast growth factor-23; AOP, advanced oxidation products; AGEP, advanced glycation end products.Protein-
bound molecules are small size solutes, but difficult to clear from circulation as they are protein-bound.

Table 1. Examples of different sizes (molecular weight-Daltons) of solutes and uremic toxins.
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as 32-microglobulin has been shown to be efficiently removed by high-flux dialyzers, but the
quantity of removal was much more efficiently done by online HDF [21, 25].

The HDF technique, which is based on physiologic principles of diffusion and convection and
the need of large volume of fluid substitution (=23 L/session or 55-75 L/week) [23, 24] together
with higher blood flow rate (350 ml/min or more), is also based on the use of high-flux dialyz-
ers. However, high-flux dialyzers are limited in their ability to remove larger-size uremic toxin
such as k and A free light chains. The recent innovation of medium cut-off membranes [19],
which has been shown to remove adequate concentrations of different and larger size uremic
toxins, including myoglobin, pro-inflammatory cytokines and A free light chains, are expected
to support patients with retention of high contents of uremic toxins, erythropoietin-resistant
anemia and malnutrition-inflammation syndrome, and possible positive impact on cardio-
vascular and all-cause mortality [15, 26, 28]. This type of dialyzer can be used on regular HD
machine with usual blood flow rate (about 300 ml/min), dialysate flow rate (500 ml/min), con-
ventional treated water (bacterial growth <100 U/ml and endotoxin <0.25 EU/ml) and without
the need of fluid replacement [28]. Other types of improved dialyzers include membranes that
are internally grafted with heparin, which have been used alone [29] and/or in conjunction
with minimal systemic anticoagulation [30] or with citrate-containing dialysate [31] to dia-
lyze patients at risk of bleeding and those who are in need of heparin-free HD. Furthermore,
heparin-avoidance has also been successfully implemented using airless HD tubing. These
tubing allow blood to flow in a circular and nonturbulent manner, where blood exposure to
plastic is less than the conventional bloodlines [32].

Over recent years, there has been a significant improvement in the quality, modalities and
techniques of PD and HD provided to patients with AKI and patients with chronic kidney dis-
ease (CKD) reached end-stage renal disease (ESRD). PD treatment has benefited from a bet-
ter understanding of the molecular mechanisms involved in solute and water transport across
the peritoneum, the advances in PD technology and in particular catheter placement, types of
PD solutions, better connecting systems with significant reduction in peritonitis rate, and the
improved technology of new generation of automated compact easy-to-use cyclers with remote
monitoring and management [33]. This latter advanced technology allowed nephrologist and
renal nurses in clinics to monitor PD patients at home and enable them to detect early technical
problems, nonadherence to treatment and ability to remotely change the prescription [22, 27].
This proactive medical care can also reassure patients of continuous support by their clinical
team [34]. Over many years, PD treatment has shown several beneficial clinical outcomes and
numerous advantages over that of HD. These advantages include better survival during the first
1-2 years of therapy especially among nondiabetic and younger diabetic patients, better preser-
vation of residual renal function and consequently better survival rate, delaying the need for vas-
cular access, supporting patients with multiple vascular access failure, hemodynamic stability in
older age group with cardiovascular disease, lower risk of infection with hepatitis B and C, better
outcome after transplantation with lower incidence of acute kidney injury and delayed graft
function, lower costs than HD and better quality of life (reviewed in [35]). PD, when there are
no contraindications, has been considered an excellent initial choice and first treatment option.

Acute or temporary dialysis is needed in some patients with AKI, who cannot adequately
benefit from conservative management, and/or in critically ill patients with severe AKI with
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or without multiorgan failure in ICU. Both HD and PD modalities have been used to treat
patients with AKI [36-39]. However, AKI patients with sepsis, multiorgan failure and on ven-
tilators in ICU have benefited from modern specific HD machines that permit safe and reliable
therapy, easy performance and monitoring and are capable of performing continuous renal
replacement therapy (CRRT) with multiple modalities [40—42]. These well-developed tech-
niques include sequential ultrafiltration, continuous venovenous HD, continuous venove-
nous HF and continuous venovenous HDF [43]. CRRT with HDF has been shown to provide
better clinical outcomes than intermittent HD or sustained low efficiency HD (SLED) tech-
niques [44] in providing fluid balance control, hemodynamic stability, early renal recovery
and improvement in intracranial hypertension and brain edema [23, 39, 45, 46]. CRRT is also
recommended in patients with fulminant hepatic failure and those in need for extracorporeal
life support therapies [39, 47]. In patients with AKI and sepsis, the removal of inflammatory
mediators (e.g., endotoxin and pro-inflammatory cytokines) by high cut-off membranes [48]
and by specific adsorbers [49-51] has contributed to improved hemodynamic stability. More
recently, specific dialyzers for the removal of excess carbon dioxide (CO,) have contributed
to reduce the need for endotracheal intubation [52, 53]. In addition, it has been found that the
addition of extracorporeal CO, removal to therapy with CRRT and lung protective ventila-
tion in patients with both adult respiratory distress syndrome and AKI was associated with a
significant reduction in PaCO, and a significant increase in arterial pH [54].

This book, with its specifically selected chapters by distinguished authors, covers different
aspects of dialytic modalities and related clinical scenarios. These chapters include an update on
recent advances in dialysis therapies, body composition and its clinical outcome in maintenance
HD patients, wide coverage of uremic toxins, high-efficiency HDF, cardiovascular disease in
dialysis patients, cardiovascular risk factors in ESRD patients such as the impact of conventional
dialysis versus online HDF, cardiovascular disease and allelic variants of the gene methylene-
tetrahydrofolate reductase in patients on HD, endotoxin-removal columns and other cytokine
extracorporeal purification techniques, extracorporeal circuit patency in CRRT, RRT in burn
patients, clinical application of bioimpedance spectroscopy in dialysis patients, lymphangio-
genesis and peritoneal membrane failure during dialysis, and development of HD machines.

Author details

Ayman Karkar
Address all correspondence to: han94dan97@gmail.com

Ministry of Health, Riyadh, Saudi Arabia

References

[1] U.S. Renal Data System, the data supplied by the United States Renal Data System
(USRDS): 2010 Annual Data Report: Atlas of End-Stage Renal Disease in the United
States. Bethesda, MD: National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases; 2010. Available form: http://www.usrds.org/faq.htm



[2]

[3]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Introductory Chapter
http://dx.doi.org/10.5772/intechopen.74849

ERA-EDTA Annual Report 2014. Available from: https://www.era-edtareg.org/files/
annualreports/pdf/AnnRep2014.pdf

de Jager DJ, Grootendorst DC, Jager K], van Dijk PC, Tomas LM], Ansell D, Collart F,
et al. Cardiovascular and noncardiovascular mortality among patients starting dialysis.
Journal of the American Medical Association. 2009;302(16):1782-1789

Kramer A, Stel V, Zoccali C, Heaf ], Ansell D, Gronhagen-Riska C, Leivestad T, et al. An
update on renal replacement therapy in Europe: ERA-EDTA registry data from 1997 to
2006. Nephrology, Dialysis, Transplantation. 2009;24(12):3557-3566

Ashuntantang G, Osafo C, Olowu WA, Arogundade F, Niang A, Porter J, Naicker S, Luyckx
VA. Outcomes in adults and children with end-stage kidney disease requiring dialysis in
sub-Saharan Africa: A systematic review. The Lancet Global Health. 2017;5:e408-e417

Bradbury BD, Fissell RB, Albert JM, Anthony MS, Critchlow CW, Pisoni RL, Port FK,
Gillespie BW. Predictors of early mortality among incident US hemodialysis patients
in the dialysis outcomes and practice patterns study (DOPPS). Clinical Journal of the
American Society of Nephrology. 2007;2:89-99

Zoccali C, Moissl U, Chazot C, Mallamaci F, Tripepi G, Arkossy O, Wabel P, Stuard S. Chronic
fluid overload and mortality in ESRD. Journal of the American Society of Nephrology.
2017;28:2491-2497. DOI: 10.1681/ASN.2016121341

Mclntyre CW. Effects of hemodialysis on cardiac function. Kidney International. 2009;76:
371-375

ChouJA, Streja E, Nguyen DV, Rhee CM, Obi Y, Inrig JK, Amin A, et al. Intradialytic hypo-
tension, blood pressure changes and mortality risk in incident hemodialysis patients.
Nephrology, Dialysis, Transplantation. 2018;33:149-159. DOI: 10.1093/ndt/gfx037

Flythe JE, Kimmel SE, Brunelli SM. Rapid fluid removal during dialysis is associated
with cardiovascular morbidity and mortality. Kidney International. 2011;79(2):250-257

Hur E, Usta M, Toz H, Asci G, Wabel P, Kahvecioglu S, Kayikcioglu M, et al. Effect of
fluid management guided by bioimpedance spectroscopy on cardiovascular parameters
in hemodialysis patients: A randomized controlled trial. American Journal of Kidney
Diseases. 2013;61:957-965

Onofriescu M, Hogas S, Voroneanu L, Apetrii M, Nistor I, Kanbay M, Covic
AC. Bioimpedance-guided fluid management in maintenance hemodialysis: A pilot ran-
domized controlled trial. American Journal of Kidney Diseases. 2014;64:111-118

Canadian Agency for Drugs and Technology in Health: Bioimpedance Devices for the
Assessment of Body Fluid Volume for Patients Undergoing Dialysis: A Review of the
Clinical Effectiveness, Cost-Effectiveness and Guidelines — An Update, 2015. Available
from: https://www.cadth.ca/bioimpedance-devices-assessment-body-fluid-volume-
patientsundergoing dialysis-update. [Accessed: June 18, 2017]

Nesrallah GE, Suri RS, Guyatt G, Mustafa RA, Walter SD, Lindsay RM, Akl EA.
Biofeedback dialysis for hypotension and hypervolemia: A systematic review and meta-
analysis. Nephrology, Dialysis, Transplantation. 2013;28:182-191

5



6 Aspectsin Dialysis

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Chmielewski M, Cohen G, Wiecek A, Carrero J. The peptidic middle molecules: Is molec-
ular weight doing the trick? Journal of Seminars in Nephrology. 2014;34(2):118-134

Lameire N, Van Biesen W, Vanholder R. Did 20 years of technological innovations in
hemodialysis contribute to better outcomes? Clinical Journal of the American Society of
Nephrology. 2009;4:530-540

Santoro A, Mancini E, Basile C, Amoroso L, Di Giulio S, Usberti M, Colasanti G, et al.
Blood volume controlled hemodialysis in hypotension-prone patients: A randomized,
multicenter controlled trial. Kidney International. 2002;62:1034-1045

Ettema EM, Kuipers J, Groen H, Kema IP, Westerhuis R, de Jong PE, Franssen CFM.
Vasopressin release is enhanced by the hemocontrol biofeedback system and could con-

tribute to better haemodynamic stability during haemodialysis. Nephrology, Dialysis,
Transplantation. 2012;27:3263-3270. DOI: 10.1093/ndt/gfr793

Kirsch AH, Lyko R, Nilsson LG, Beck W, Amdahl M, Lechner P, Schneider A, Wanner C,
Rosenkranz AR, Krieter DH. Performance of hemodialysis with novel medium cut-off
dialyzers. Nephrology, Dialysis, Transplantation. 2017;32:165-172

Upadhyay A, Susantitaphong P, Jaber BL. Ultrapure versus standard dialysate: A cost-
benefit analysis. Seminars in Dialysis. 2017;30:398-402. DOI: 10.1111/sdi.12618

Karkar A, Abdelrahman M, Locatelli F. A randomized trial on health-related patient
satisfaction level with high-efficiency online hemodiafiltration versus high-flux dialysis.
Blood Purification. 2015;40:84-91

Nayak KS, Ronco C, Karopadi AN, Rosner MH. Telemedicine and remote monitor-
ing: Supporting the patient on peritoneal dialysis. Peritoneal Dialysis International.
2016;36(4):362-366

Cerda J, Ronco C. Modalities of continuous renal replacement therapy: Technical and
clinical considerations. Seminars in Dialysis. 2009;22(2):114-122

Canaud B, Barbieri C, Marcelli D, Bellocchio F, Bowry S, Mari F, Amato C, Gatti E. Optimal
convection volume for improving patient outcomes in an international incident dialysis
cohort treated with online hemodiafiltration. Kidney International. 2015;88:1108-1116

Peters SAE, Bots ML, Canaud B, Davenport A, Grooteman MPC, Kircelli F, Locatelli F,
et al. Haemodiafiltration and mortality in end-stage kidney disease patients: A pooled
individual participant data analysis from four randomized controlled trials. Nephrology,
Dialysis, Transplantation. 2016;31(6):978-984

Karkar A. Modalities of hemodialysis: Quality improvement. Saudi Journal of Kidney
Diseases and Transplantation. 2012;23(6):1145-1161

Rosner MH, Ronco C. Remote monitoring for continuous peritoneal dialysis. Contri-
butions to Nephrology. 2012;178:68-73

Ronco C. The rise of expanded hemodialysis. Blood Purification. 2017;44:1-VIII. DOI:
10.1159/000476012



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Introductory Chapter
http://dx.doi.org/10.5772/intechopen.74849

Laville M, Dorval M, Ros JF, Fay R, Cridlig J, Nortier JL, Juillard L, et al. Results of
the HepZero study comparing heparin-grafted membrane and standard care show
that heparin-grafted dialyzer is safe and easy to use for heparin-free dialysis. Kidney
International. 2014;86:1260-1267

Kessler M, Gangemi C, Martones AG, Lacombe JL, Krier-Coudert MJ, Galland R, Kielstein
JT, et al. Heparin-grafted dialysis membrane allows minimal systemic anticoagulation
in regular hemodialysis patients: A prospective proof-of-concept study. Hemodialysis
International. 2013;17:282-293

Meijers B, Metalidis C, Vanhove T, Poesen R, Kuypers D, Evenepoel P. A noninferior-
ity trial comparing a heparin-grafted membrane plus citrate-containing dialysate ver-
sus regional citrate anticoagulation: Results of the CiTED study. Nephrology, Dialysis,
Transplantation. 2017;32:707-714

Safadi S, Albright Jr RC, Dillon JJ, Williams AW, Alahdab F, Brown JK, Severson AL,
et al. Prospective study of routine heparin avoidance hemodialysis in a tertiary acute
care inpatient practice. Kidney International Reports. 2017;2:695-704

Nayak KS, Ronco C, Karopadi AN, Rosner MH. Telemedicine and remote monitor-
ing: Supporting the patient on peritoneal dialysis. Peritoneal Dialysis International.
2016;36(4):362-366

Rosner MH, Ronco C. Remote monitoring for continuous peritoneal dialysis. Contributions
to Nephrology. 2012;178:68-73

Karkar A, Towards A. Successful peritonea dialysis program. International Journal of
Chronic Diseases. 2016;2(1e):1-4

Ansari N. Peritoneal dialysis in renal replacement therapy for patients with acute kid-
ney injury. International Journal of Nephrology. 2011. Article ID: 739794. 10p. DOI:
10.4061/2011/739794

Cullis B, Abdelraheem M, Abrahams G, Balbi A, Cruz DN, Frishberg Y, KochV MCM,
Numanoglu A, Nourse P, et al. Peritoneal dialysis for acute kidney injury. Peritoneal
Dialysis International. 2014;34:494-517

Chionh CY, Soni SS, Finkelstein FO, Ronco C, Cruz DN. Use of peritoneal dialysis in
AKI: A systematic review. Clinical Journal of the American Society of Nephrology.
2013;8:1649-1660

Bagshaw SM, Darmon M, Ostermann M, Finkelstein FO, Wald R, Tolwani AJ, Goldstein
SL, David J. Gattas DJ, et al. Current state of the art for renal replacement therapy in

critically ill patients with acute kidney injury. Intensive Care Medicine 2017;43:841-854
DOI 10.1007/s00134-017-4762-8

Bouchard ], Macedo E, Mehta RL. Dosing of renal replacement therapy in acute kid-
ney injury: Lessons learned from clinical trials. American Journal of Kidney Diseases.
2010;55(3):570-579

Jacobs FM, Sztrymf B, Prat D. Renal replacement therapy dosing in acute kidney injury.
American Journal of Kidney Diseases. 2012;60(2):327-328

7



8 Aspectsin Dialysis

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Forni LG, Ricci Z, Ronco C. Extracorporeal renal replacement therapies in the treatment
of sepsis: Where AreWe? Seminars in Nephrology. 2015;35(1):55-63

Dirkes S, Hodge K. Continuous renal replacement therapy in the adult intensive care
unit: History and current trends. Critical Care Nurse. 2007;27(2):61-80

Tolwani AJ, Wheeler TS, Wille KM. Sustained low-efficiency dialysis. Contributions to
Nephrology. 2007;156:320-324

Davenport A. Renal replacement therapy in the patient with acute brain injury. American
Journal of Kidney Diseases. 2001;37(3):457-466

Goldstein SL, Chawla L, Ronco C, Kellum JA. Renal recovery. Critical Care. 2014;
18:301-307

Chen H, Yu RG, Yin NN, Zhou JX. Combination of extracorporeal membrane oxygen-
ation and continuous renal replacement therapy in critically ill patients: A systematic
review. Critical Care. 2014;18:675-679

Villa G, Zaragoza JJ, Sharma A, Neri M, De Gaudio AR, Ronco C. Cytokine removal with
high cut-off membrane: Review of literature. Blood Purification. 2014;38:167-173

Davies B, Cohen J. Endotoxin removal devices for the treatment of sepsis and septic
shock. Lancet. 2011;11(1):65-71

Houschyar KS, Pyles MN, Rein S, Nietzschmann I, Duscher D, Maan ZN, Weissenberg
K, et al. Continuous hemoadsorption with a cytokine adsorber during sepsis — A review
of the literature. The International Journal of Artificial Organs 2017;40(5):205-211

Romaschin AD, Obiezu-Forster CV, Shoji H, Klein DJ. Direct removal of endotoxin by
polymyxin B hemoperfusion. Blood Purification. 2017;44:193-197

Trahanas JM, Lynch WR, Bartlett RH. Extracorporeal support for chronic obstructive
pulmonary disease: A bright future. Journal of Intensive Care Medicine. 2016;32:411-420
DOI: 10.1177/0885066616663119

Taccone FS, Malfertheiner MV, Ferrari F, Di Nardo M, Swol J, Broman LM, Vercaemst L,
Barrett N, et al. Extracorporeal CO, removal (ECCO,R)in critically ill patients: A systematic
review. Minerva Anestesiologica. 2017;83:762-772. DOI: 10.23736/50375-9393.17.11835-3

Allardet-Servent J, Castanier M, Signouret T, Soundaravelou R, Lepidi A, Seghboyan
JM. Safety and efficacy of combined extracorporeal CO, removal and renal replacement
therapy in patients with acute respiratory distress syndrome and acute kidney injury:
The pulmonary and renal support in acute respiratory distress syndrome study. Critical
Care Medicine. 2015;43:2570-2581



