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Background: Vascular access is one of the essential elements to be able to carry 
out hemodialysis treatment. The ideal vascular access it must have at least three 
characteristics: Allow the safe and continuous approach to the vascular system, 
provide sufficient flows that allow to supply the scheduled dialysis dose and be 
free of complications.  
Objective: To assess the pressures dynamics of our patients, adapt them to the 
latest recommendations on the limit of the same and analyze how did the 
pressure control affect the Qb and in turn about the dialysis dose.  
Patients and methods: A prospective study was conducted on all patients with 
chronic kidney disease in conventional hemodialysis program and carriers of 
native or prosthetic arteriovenous fistula after the period of maturation.  
Results: In period 0, 83% of the patients presented a venous pressure >160 mm 
Hg and 21% arterial pressure < -200 mm Hg. In period 1, after the flow 
intervention, 20% of patients had venous pressure > 160 mm Hg and 3.4% 
arterial pressure < -200 mm Hg. In period 3, 100% of patients are with safe 
pressures. In relation to Kt: period 0 average of 49 l, period 1 average 46.8l and 
period 2 is recovered to 50.65l (p<0.001). For this purpose, 21 interventions were 
performed on 18 patients individually in period 2.  
Conclusion: A decrease in the pump flow that negatively affects the dialysis dose, 
therefore, it would be necessary to make changes of patterns in an individualized 
way to recover the lost dialytical effectiveness 

Funding information 

Self-funded  
 
 

Conflict of interest 
None declared by author 

Keywords: Vascular access, vascular dysfunction, Hemodialysis, Venous pressure, Arterial 
pressure 

   

 

Received : October, 2023 

Published: December, 2023 

This article is open access published under CC BY-NC Creative Commons Attribution Non-Commercial License: This License permits users to use, 

reproduce, disseminate or display the article provided that the author is attributed as the original creator and th at the reuse is restricted to non-

commercial purposes , ( research or educational use). 



Al Janabi et al., AJMS  2023;, 9 (4) 
 

 

AJMS | 96  
 

1. INTRODUCTION 

Despite advances in the treatment of patients with chronic kidney disease on hemodialysis, 

vascular access remains one of the most important challenges in all dialysis units. Although it 

is generally accepted that the vascular access of choice is the native arterio venous fistula, as 

it has a lower rate of infection, complications and greater long-term patency, the reality is 

that the use of the central venous catheter has been progressively increasing, especially in 

older patients with associated comorbidities. This superiority of fistula over catheter is based 

on observational studies showing worse clinical outcomes and higher mortality in 

hemodialysis patients with catheter as vascular access, although they may contain 

confounding factors (1,2). HD is an extracorporeal blood purification technique that supplies 

partially the renal functions of excreting water and solutes, and of regulating the acid-base 

and electrolyte balance. It does not support endocrine functions or renal metabolic  (3). This 

technique basically consists of interposing between 2 compartments liquids (blood and 

dialysis liquid), a semi-permeable membrane. The membrane allows the passage of 

substances depending on their molecular weight. The semi-permeable membrane allows 

water and solutes of small and medium molecular weight, but not proteins or blood cells, 

very large as to pass through the pores of the membrane. Therefore, the various substances 

tend to cross the dialysis membrane to balance the concentrations. The physical mechanisms 

that regulate these functions are two: the diffusion or transport by conduction and 

ultrafiltration or transport by convection (4,5). Diffusion consists of the passive transport of 

solutes across the membrane of the dialyzer and is produced by the difference in 

concentration between the two compartments. The amount of a solute that diffuses through 

the membrane depends on two factors. Convective transport consists of the passage 

simultaneous through the solvent dialysis membrane (plasma water) accompanied by the 

solutes that can pass through the pores of the membrane, under the effect of a hydrostatic 

pressure gradient. Ultrafiltration is the fluid removed from the blood through the dialysis 

membrane by this mechanism. Its function is to eliminate during the dialysis session the liquid 

retained during the period between dialysis (6). Vascular access (VA) is one of the essential 

elements to be able to carry out hemodialysis treatment. The ideal vascular access it must 
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have at least three characteristics: Allow the safe and continuous approach to the vascular 

system, provide sufficient flows that allow to supply the scheduled dialysis dose and be free 

of complications (7). Currently, the arterio-venous fistula (AVF), is the vascular access that 

comes closest to these requirements and this is the first way of choosing for the initiation of 

hemodialysis treatment, given their high survivor (7,8). In this sense, the different clinical 

guidelines of the VA recommend the periodic application of active follow-up and monitoring 

programs of the same. Along with the physical examination, the control of dynamic pressures, 

pre-pump blood pressure (BP) and venous pressure of the circuit (PV), during the session is 

the first link in the follow-up of the VA, the nurse being the responsible for this procedures (9-

11). There are several studies that claim that the higher the PV and the lower the PA, 

decreases the survivor access (12,13); however, there is no limit number of pressures that is 

set as safe, although it seems that it is  recommended not to exceed the -190mmHg for the PA 

11 and as for the PV, according to recent studies, it is recommended to lower the limits 

accepted as normal from 200mmHg to 150mmHg to increase the long-term survival of VA. 

Thus the maintenance of the control of dynamic pressures as a factor of irrigation of the VA, it 

forces us to control the pump flow (Qb). This, together with the time of the session, the urea 

clearance from the dialyzer and the flow of the dialyzing liquid, are some of the factors 

involved in the dialysis dose,13 so that by modifying our flows, the dialytical efficiency could 

be affected and require further adjustments to the dialysis schedule (14,15). Aim of the study 

was to assess the pressures dynamics of our patients, adapt them to the latest 

recommendations on the limit of the same and analyze how did the pressure control affect 

the Qb and in turn about the dialysis dose.  

 

2. METHODOLOGY 

A prospective study was conducted on all patients with chronic kidney disease in 

conventional hemodialysis program and carriers of native or prosthetic arteriovenous fistula 

after the period of maturation.  

Study variables: Primary variables: Hemodialysis (HD), Pump flow (Qb), Venous pressure (PV) 

and arterial pressure (PA) and KT measured by ionic dialysance.  
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Secondary variables: Demographic variables (age, sex and etiology of CKD). Variables related 

to dialysis (Time on dialysis, type of vascular access and time of the same, dialyzer, bath flow 

(Qd) and caliber of needles). It was considered as safe limits for VA, to dialyze with PV 

maximum of 160mm Hg and minimum PA of -200mm Hg, rounding the figure of 150mm Hg 

and 190mm Hg, monitors were used and the reading display will mark values 140 or 160 mm 

Hg in case of PV and -180 or - 200mm Hg in case of PA.  

To assess the dialysis dose, the measurement of the Kt. Lowrie EG et al, recommend a 

minimum Kt of 40-45 liters in women and 45-50 liters in men (16), later this will be validated, 

considering Kt is a good marker of the dialysis dose,(17) even some authors point to it as the 

best indicator in situation of under dialysis. (18) 

Moreover, from a point of view of the nurse performance, continuous measurement of the 

dose by means of the Kt allows to know the efficacy in each session without the need to 

perform extractions blood series. For the analysis of the KT results was divided by both the 

sample based on sex, and 4 were established groups of values:  

Group 1 patients with kt less than 40l.  

Group 2 patients with kt between 40-45l.  

Group 3 patients with kt between 45-50l.  

Group 4 patients with kt greater than 50l.  

Three time periods were determined to be analyzed:  

Period 0: 15 sessions per patient without modifying VA flow parameters, in which the QB 

was at nursing criteria, measuring QB, PV and PA and kt obtained.  

Period 1: 15 sessions per patient, in which it was scheduled a non-modifiable pump flow, 

which was established by assessing during three sessions that the venous pressures and 

arterial lines were within the defined limits previously as insurance. In this period the rest of 

the HD pattern of period 0 was maintained: Membrane, HD time, bath flow, gauge of the 

needles.  

Period 2: 15 sessions in which the QB was adjusted in the different sessions so as not to 

exceed in any case PV 160mm Hg or PA -200mm Hg and also the dialysis schedule was 

modified (dialysis time, the needles, membrane size, bath flow), in function to the changes in 

the dialysis dose (measured by Kt) produced between period 0 and 1, individually and 
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according to the personal characteristics of every patient.  The statistical analysis was carried 

out with the program SPSS 15.0 for Window 10. A descriptive study of the main demographic 

data was carried out, it was used as measures of central dispersion in some cases the mean 

and standard deviation or the median and the range according to the normal behavior of the 

variables. It he compared the different variables of the study as data pairs of each patient in 

the different periods of the I study. The statistical significance analysis for p ≤ 0.05 was 

specified using non-parametric tests with Friedman test for intra period differences and 

Wilcoxon sign ranges test for differences inter periods since many of the variables did not 

follow a normal distribution.  

  

3. RESULTS 

 There were 29 patients included, the main demographic data are described in (Table 1). The 

descriptive analysis of the variables under study in the different periods were detailed in 

(Table 2). In this same table was analyzed the variation of the Kt in the different periods. In 

period 0, 82.7% of patients were dialyzed with PV figures above 160 mm Hg and the 20.7% 

with BP figures higher than -200mm Hg. By lowering the flows to control the dynamic 

pressures, the dialytic efficiency decreased from 49.3 L to 46.8 L in period 1 and recovered to 

49.6 L in period 2 and these differences were statistically significant (p<0.001), between the 

3 periods. The differences were especially important between period 0 and period 1 and 

between period 1 and 2 (p< 0.001), bordering on the significance between period 0 and 2 

p=0.05. In period 2, after intervention on other factors of the dialysis regimen, 100% of men 

have been dialyzed above 45 L, 80% of the women above 45 L and 100% of women above 40 

L. Were studied, the significant differences in the changes of PV and PA made after the 

adjustment of flows and as these have been maintained in period 2 after the intervention 

(Table 3). There were also differences in the Qb between period 0 and period 1 in which the 

flows go down and as these were recovered with the intervention performed, being the 

differences between the basal period and the final not significant. As soon as the 

interventions on the usual pattern performed between period 1 and 2, 21 interventions were 

performed on the 29 patients whose distribution it is reflected in (Figure 1). The patients' 

patterns in the three periods were described in (Table 4). 
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Table 1. Characteristics patients on dialysis and vascular access. 

Variables  No. % 

Age Mean 62.3  

SD 11.5  

Range 24-81  

Sex Male 19 65.5 

Female  10 34.5 

Causes of renal 

insufficiency  

DM 9 31 

Glomerular  5 17 

Vascular 3 10 

Interstitial 4 14 

Unknown 8 27 

Type of 

vascular access  

Native Arterio-Venous 

Fistula 
26 89.7 

Prosthetic Arterio-Venous 
fistula 

3 10.3 

Duration of the 

VA (months) 

Mean 38.1  

SD 30.7  

Range 7-123  

 

 

 

 

 

 

 

 

 

 

 

 

 



Al Janabi et al., AJMS 2023;, 9 (4): 1  
 

AJMS| 101  
 

Table 2. Descriptive analysis of the variables under study. 

Variable Period 0 Period 1 Period 2 

flow Medium 391.3 347.9 377.9 

Range  318.56 – 419.4 274 - 396 286.2 - 475 

PV > 160 
(mmHg) 

Medium 178 163 162.9 

Range 137.4 – 195.2 125.6 – 174.1 123.7 – 163.8 

No. 24 6 1 

% 82.7 20.4 3.4 

PA > 160 

(mmHg) 

Medium -184.8 -171.6 -176.4 

Range value is negative 146.7 – 209.6 106.1 – 208 112.1 –193.6 

No. 6 1 0 

% 20.7 3.4 0.0 

Kt Medium 48.4 45.1 48.8 

Range 35– 64.2 38.3 – 56.5 41.4– 63.7 

Male < 40 No. 0 0 0 

% 0.0 0.0 0.0 

40-44.9 No. 2 4 0 

% 10.5 21.1 0.0 

45-49.9 No. 8 8 9 

% 42.1 42.1 47.4 

≥50 No. 9 7 10 

% 47.4 36.8 52.6 

Female < 40 No. 1 2 0 

% 10.0 20.0 0.0 

40-44.9 No. 5 4 2 

% 50.0 40.0 20.0 

45-49.9 No. 0 2 4 

% 0.0 20.0 40.0 

≥50 No. 4 2 4 

% 40.0 20.0 40.0 
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Table 3. Statistical significance test of the ranges with signs of Wilkinson for 
paired data of the variables in the study period 

Variable Period 0 Period 1 Period 2 

Qb <0.001 0.004 0.2 

PV <0.001 0.6 <0.001 

PA <0.001 0.5 <0.001 

Kt <0.001 <0.001 0.05 

 

 

 

Figure 1. Type of interventions carried out on the usual pattern between period 1 and period 2. 
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Table 4. The patients’ patterns in the 3 periods 

Variable 
Period 0 and Period 1 Period 2 

No. % No. % 

HD session time /m. 638.52  685.86  

Dialyzer 

Helixone 1.8m2 12  41.4 12 41.4 

Polinephrone 1.9m2 14  48.3 10  35.5 

Polinephrone 2.1m2 2  6.9 6  20.7 

Polinephrone 2.5m2 1  3.5 1  3.5 

Bath flow 
500 ml/m 29  100.0 27  93.1 

800 ml/m 0 0.0 2  6.9 

Type of needle 

16G 5  17.3 3  10.4 

15G 24  82.7 22  75.9 

14G 0 0.0 4  13.8 

 

4. DISCUSSION 

The control of arteriovenous fistula (AVF) is essential for patients in HD. Within the 

monitoring of the VA, nursing must control the dynamic pressures (PV and PA) during 

treatment in order to protect the survival of the VA. An important part of the evaluation of 

these parameters lies in the evolution of them over of time, since they vary according to the 

characteristics of the patient and the VA. In this sense, some authors relate a PA negative 

less than -190 mm Hg with a decrease of the survival of vascular access. This is explained 

because intimal hyperplasia, a precursor lesion of the stenosis and thrombosis of the 

vascular access, it originates due to the vibrations and turbulence related to the Qb, and the 

abnormally high pre-pump PA may contribute to endothelial injury by excessive suction and 

hemolysis (18,19). As for PV, there are no clear limits in the literature either, although 

according to a recent study,(15) it is recommended to lower the limits accepted as normal 

from 200mm Hg to 150mm Hg. This study analyzed the percentage of patients that were 

being dialyzed with PV and PA values out of the limits currently accepted in the literature. 

After the analysis, it was found that many of the patients accepted figures, especially of PV 

higher than the recommended ones. Although the flows of pump, during period 1 not in all 
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patients the pressures dropped to safe limits, 6 patients maintained PV figures higher than 

160 mm Hg and in one case the PA was kept below -200mm Hg. It should be borne in mind 

that hemodynamic parameters may be affected among other things due to changes in the 

puncture site, poor positioning of the needles, clamping of the systems, viscosity of the 

blood and arterial hypotension, our medians are were affected by variations in specific 

sessions, this was corrected in the third period in which a fixed flow pattern is not 

established, but will depend on the circumstances of the session, so that in the same, all the 

patients are dialyzed in accepted limits. The administered dialysis dose influences the 

hemodialysis patient survivor. Among the factors  involved in reaching this dose are the time 

of the session, the effective blood flow, the urea clearance from the dialyzer and the flow of 

the dialyzing liquid (20,21). In this study, the pump flows mostly decreased and this has 

affected the dialysis dose of our patients, measured by Kt, in a statistically significant way. 

Although we want to keep our vascular accesses in good condition, we know the importance 

of getting proper dialysis. In our study after the loss of dialytical efficiency by lowering the 

flows the change of pattern was assessed individually more appropriated according to the 

circumstances of each patient. It performed 21 interventions on the 29 patients, the majority 

of dialysis time increases by 9 patients, as we know, the treatment time, it is the most 

important and always effective element on the one we can influence to improve the dosage. 

The recommendations of the European and Spanish guides are of a time around 12 hours 

weekly (22,23). In our case of passage from 11.1h to 11.43h weekly obtaining a significant 

increase in Kt in all cases. As for the size of the needle was made in 6 patients, despite the 

controversy in the bibliography the use of 14G needles regarding the increase in pain and 

bleeding with respect to the increase in efficacy, we increased the size, which allowed us to 

increase the flows again even to values higher than period 0, maintaining figures of 

pressures for sure (24). Likewise, despite the fact that recent publications question the 

increase in bathroom flow in front of the increase in time in relation to cost saver, (25) there 

are several authors who report an increase in the dialysis efficiency of 5-10%28, 29, in two of 

our patients the Qb was increased from 500 to 800, as this was rated as the best option for 

increasing effectiveness in these two cases (26,27). Finally, it is known that the surface and 

permeability of each dialyzer is expressed by its mass transfer area coefficient (KoA), the 
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higher surface area, greater mass transfer. Currently surfaces of 1.5-2.5m2 are used , 

according to the surface patient's body, in our study the size of the dialyzer has been 

increased in 4 cases of 1.9m2 to 2.1m2 . The changes made in the usual pattern referents at 

the time of treatment, bath flow, membrane or size of the needles, not only did they recover 

the doses of Kt that had decreased with the adjustments of the flow but also that dose 

figures will be reached of dialysis recommended for all patients. It should be borne in mind 

that our sample is small, so it would be advisable to repeat the study with larger samples to 

verify the results (26, 28,29). 

5. CONCLUSIONS  

A decrease in the pump flow that negatively affects the dialysis dose, therefore, it would be 

necessary to make changes of patterns in an individualized way to recover the lost dialytical 

effectiveness. 

Ethical Approval: 

All ethical issues were approved by the author. Data collection and patients enrollment were 

in accordance with Declaration of Helsinki of World Medical Association , 2013 for the ethical 

principles of researches involving human. Signed informed consent was obtained from each 

participant and data were kept confidentially.   

6. BIBLIOGRAPHY 

1. Lawson JH, Niklason LE, Roy-Chaudhury P. Challenges and novel therapies for vascular access in 

haemodialysis. Nature Reviews Nephrology. 2020 Oct;16(10):586-602. 

2. Lee T, Thamer M, Zhang Q, Zhang Y, Allon M. Vascular access type and clinical outcomes among 

elderly patients on hemodialysis. Clinical journal of the American Society of Nephrology: CJA SN. 

2017 Nov 11;12(11):1823. 

3. Stegmayr B, Ramlow W, Balogun RA. Beyond dialysis: current and emerging blood purification 

techniques. InSeminars in dialysis 2012 Mar (Vol. 25, No. 2, pp. 207-213). Oxford, UK: Blackwell 

Publishing Ltd. 

4. Azar AT, Canaud B. Hemodialysis system. Modelling and Control of Dialysis Systems: Volume 1: 

Modeling Techniques of Hemodialysis Systems. 2013:99-166. 

5. Golper TA, Fissell R, Fissell WH, Hartle PM, Sanders ML, Schulman G. Hemodialysis: core curriculum 

2014. American journal of kidney diseases. 2014 Jan 1;63(1):153-63. 



Al Janabi et al., AJMS 2023;, 9 (4): 1  
 

AJMS| 106  
 

6. Daugirdas JT. Physiological principles and urea kinetic modeling. En: Daurgidas JT, Blake PG, Ing TS, 

eds. Handbook of dialysis, 4.ª ed. Little Brown, 2007; 25-58. 

7. Santoro D, Benedetto F, Mondello P, Pipitò N, Barillà D, Spinelli F, Ricciardi CA, Cernaro V, Buemi M. 

Vascular access for hemodialysis: current perspectives. International journal of nephrology and 

renovascular disease. 2014 Jul 8:281-94. 

8. Sequeira A, Naljayan M, Vachharajani TJ. Vascular access guidelines: summary, rationale, and 

controversies. Techniques in vascular and interventional radiology. 2017 Mar 1;20(1):2-8. 

9. Kopple JD. National kidney foundation K/DOQI clinical practice guidelines for nutrition in chronic 

renal failure. American journal of kidney diseases. 2001 Jan 1;37(1):S66-70. 

10. Makino T, Chikata Y, Hann M, Yoshimoto S, Ono H, Ueda S, Tamaki M, Murakami T, Matsuura M, 

Abe H, Doi T. Re-evaluation of Pre-pump Arterial Pressure to Avoid Inadequate Dialysis and 

Hemolysis: Importance of Prepump Arterial Pressure Monitoring in Hemodialysis Patients. (No 

Title). 2015. 

11. Ibeas J, Roca-Tey R, Vallespín J, Moreno T, Moñux G, Martí-Monrós A, Del Pozo JL, Gruss E, de 

Arellano MR, Fontseré N, Arenas MD. Spanish clinical guidelines on vascular access for 

haemodialysis. Nephrology (English Edition). 2017 Jan 1;37:1-91. 

12. Park J, Rhee CM, Sim JJ, Kim YL, Ricks J, Streja E, Vashistha T, Tolouian R, Kovesdy CP, Kalantar-

Zadeh K. A comparative effectiveness research study of the change in blood pressure during 

hemodialysis treatment and survival. Kidney international. 2013 Oct 1;84(4):795-802. 

13. Raimann JG, Usvyat LA, Thijssen S, Kotanko P, Rogus J, Lacson Jr E, Levin NW. Blood pressure 

stability in hemodialysis patients confers a survival advantage: results from a large retrospective 

cohort study. Kidney international. 2012 Mar 2;81(6):548-58. 

14. Sars B, van der Sande FM, Kooman JP. Intradialytic hypotension: mechanisms and outcome. Blood 

purification. 2020 Dec 18;49(1-2):158-67. 

15. Parisotto MT, Schoder VU, Miriunis C, Grassmann AH, Scatizzi LP, Kaufmann P, et al. Cannulation 

technique influences arteriovenous fistula and graft survival. Kidney international. 2014 Oct 

1;86(4):790-7. 

16. Lowrie EG, Chertow GM, Lew NL, Lazarus JM, Owen WF. The urea {clearance× dialysis time} 

product (Kt) as an outcome-based measure of hemodialysis dose. Kidney international. 1999 Aug 

1;56(2):729-37. 

17. Lowrie EG, Li Z, Ofsthun NJ, Lazarus JM. Evaluating a new method to judge dialysis treatment 

using online measurements of ionic clearance. Kidney international. 2006 Jul 1;70(1):211-7. 



Al Janabi et al., AJMS 2023;, 9 (4): 1  
 

AJMS| 107  
 

18. Pantelias K, Grapsa E. Vascular access today. World journal of nephrology. 2012 Jun 6;1(3):69.  

19. Porile JL, Richter M. Preservation of vascular access. Journal of the American Society of 

Nephrology. 1993 Oct 1;4(4):997-1003. 

20. Held PJ, Port FK, Wolfe RA, Stannard DC, Carroll CE, Daugirdas JT, Bloembergen WE, Greer JW, 

Hakim RM. The dose of hemodialysis and patient mortality. Kidney international. 1996 Aug 

1;50(2):550-6. 

21. Collins A, Liao M, Umen A. High-efficiency treatments using conventional equipment. 

Hemodialysis highefficiency treatments. Churchill Livingstone Inc. 1993:91-104. 

22. Maduell F, Ramos R, Varas J, Martin-Malo A, Molina M, Pérez-Garcia R, et al. Hemodialysis 

patients receiving a greater Kt dose than recommended have reduced mortality and 

hospitalization risk. Kidney international. 2016 Dec 1;90(6):1332-41. 

23. Tattersall J, Martin-Malo A, Pedrini L, Basci A, Canaud B, Fouque D, et al. EBPG guideline on 

dialysis strategies. Nephrology Dialysis Transplantation. 2007 May 1;22(suppl_2):ii5-21. 

24. Galán I, Cedeno S, Vega A, Abad S, Macías N, López-Gómez JM, Luno J. Influence of the vascular 

access punction needle caliber in the efficacy of online hemodiafiltration. nefrologia. 

2018;38(1):73-8. 

25. Tomo T. Optimal composition of dialysis fluid for on-line hemodiafiltration in central dialysis fluid 

delivery system. Blood purification. 2013 Feb 1;35(Suppl. 1):69-73. 

26. Maduell F. Hemodiafiltration versus conventional hemodialysis: should “conventional” be 

redefined?. InSeminars in dialysis 2018 Nov (Vol. 31, No. 6, pp. 625-632). 

27. Pedrini LA, Zawada AM, Winter AC, Pham J, Klein G, Wolf M, et al. Effects of high-volume online 

mixed-hemodiafiltration on anemia management in dialysis patients. PLoS One. 2019 Feb 

22;14(2):e0212795. 

28. Locatelli F, Buoncristiani U, Canaud B, Köhler H, Petitclerc T, Zucchelli P. Dialysis dose and 

frequency. Nephrology Dialysis Transplantation. 2005 Feb 1;20(2):285-96. 

29. Ahrenholz P, Taborsky P, Bohling M, Rawer P, Ibrahim N, Gajdos M, et al. Determination of 

dialysis dose: a clinical comparison of methods. Blood purification. 2011 Nov 1;32(4):271-7. 

 

Citation:  

Al Janabi M.S.N, Abdul Adheem F.M, Al Bermani K.A.M Regulation of venous and arterial 

pressures is crucial in preventing vascular dysfunction during dialysis and its impact on the 

effectiveness of the dialysis dose. AJMS 2023; 9 (4): 95-107 

 


