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ABSTRACT (250 words) 

 

Background: Intradialytic hypotension (IDH) is one of the most common complications 

associated with haemodialysis (HD), yet the frequency of patient assessment by nurses varies 

in practice. We sought to measure the frequency of nursing assessments before, during, and 

after HD, and to identify any predictors of IDH. 

Objectives: To audit the frequency, nursing management and contributing factors of IDH. 

Design: A prospective clinical audit undertaken over 4 weeks. 

Participants: Nurses completed audit sheets on 132 patients at three chronic HD units. 

Measurements: The audit tool consisted of 34 questions related to demographics, HD 

prescription, frequency of monitoring and nursing interventions. 

Results: A total of 1,584 sessions were performed with 876 (55.3%) audits returned, of which 

452 were useable. There were 74 actual episodes of IDH, and a further 72 potential episodes 

may have been prevented due to a nursing intervention. Most nurses reported assessing 

patients prior to starting HD and as required prior to an actual or potential IDH event (n=85, 

63%); few hourly assessments were performed. Predictors of IDH were systolic blood 

pressure ≤140mmHg, having more than four comorbidities, dialysate temperature >36 0C, 

calcium <1.3mmol/L, and a shorter dialysis session (3.0 to 4.5 hours). These predictors 

explained 14.1% of the variance in hypotensive episodes during HD.  

Conclusion: This clinical audit highlighted the importance of assessing blood pressure trends 

during HD to pre-emptively intervene prior to IDH developing. The audit has resulted in a 

practice change to hourly assessments. Follow-up audits of practice should occur. 
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INTRODUCTION 

 

Haemodialysis (HD) related hypotension is the most common symptomatic complication 

associated with kidney replacement therapy (Bradshaw et al., 2017). Indeed, a review of the 

literature suggests that dialysis-related hypotension could potentially occur in almost a third of 

HD sessions (Fortin et al., 2010, Ballantine and Barcellos, 2004a, Davenport et al., 2008, 

Covic and Voroneanu, 2013, Palmer and Henrich, 2008). The National Kidney Foundation 

Kidney Disease Outcomes Quality Initiative (NKF KDOQI) guidelines define intradialytic 

hypotension (IDH) as “a fall in the systolic blood pressure (SBP) by ≥20mmHg or a reduction 

in mean arterial pressure (MAP) by more than 10mmHg associated with a clinical event and 

the need for nursing intervention” (Kooman et al., 2007). However, relying solely on numbers 

rather than taking clinical judgement into account may overestimate the prevalence of IDH 

(Kuipers et al., 2019).  

 

IDH develops because of an insufficient cardiovascular response to a reduction in plasma 

volume (Palmer and Henrich, 2008). It tends to occur when a large volume of fluid is removed 

over a short period of time and the resulting fluid shift from the interstitial space to the 

intravascular space (plasma refilling) is unable to meet the demand of the fluid being removed 

(Palmer and Henrich, 2008). There are also other contributing factors to IDH including a 

reduced cardiac reserve due to coronary heart disease, the effects of antihypertensive agents, 

and autonomic dysfunction (Agarwal, 2012, Ballantine and Barcellos, 2004a). Even 

asymptomatic episodes of hypotension lead to myocardial damage and eventually progressive 

heart failure (Meredith et al., 2015).  

LITERATURE REVIEW 

A primary role of the nurse is to ensure that, where possible, the patient remains free from 

episodic IDH, syncope, or muscular cramps during HD (Ludvigsen et al., 2015). There are 
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several strategies to prevent IDH including assessing and adjusting the patient’s ‘dry’ or 

‘target’ weight (an estimation of euvolaemic weight), using sodium or ultrafiltration profiling, 

sequential HD treatment (fluid removal only), lowering the temperature of the dialysate, patient 

education to promote adherence with maintaining a fluid restriction, avoiding the large 

consumption of food during treatment, and reviewing the patient’s prescribed medications 

(Agarwal, 2012, Bradshaw, 2014). These nursing interventions are also recommended as best 

practice by international guidelines (Tattersall et al., 2007, Kooman et al., 2007). 

 

While frequent assessment of vital signs (e.g., blood pressure [BP] and heart rate) during HD 

is recommended to anticipate IDH, surprisingly no international guideline provides a 

recommendation about the actual frequency of these assessments (Kooman et al., 2007, 

MacTeir, 2009, Tentori et al., 2007, Stefánsson et al., 2014). The United Kingdom Renal 

Registry (UKRR) recommends that BP should be monitored at least immediately prior to 

starting HD and at the conclusion of treatment although there is no advice on the frequency of 

vital sign assessments during a HD treatment (Rao et al., 2013). Additionally, Rao et al. (2013) 

recommend that all dialysis units should audit the frequency of IDH due to the cumulative 

effects of progressive ischaemic insults, including end organ stunning and malignant 

arrythmias which may otherwise go unnoticed (Meredith et al., 2015). 

 

Clinical audit is essentially a quality improvement process, and its principal purpose is to 

measure the clinical practices of healthcare professionals and to compare them against an 

agreed standard/s of care (Paton et al., 2015). This comparison then determines whether the 

practice on the ward or unit is doing what is best for patients (Paton et al., 2015, Benjamin, 

2008). Despite auditing being widely used to improve practice, there is contradictory evidence 

on whether audits are effective tools for improving quality (Ivers et al., 2012, Benjamin, 2008). 

A large Cochrane review, involving 140 studies, was able to show small but important changes 
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in clinical practice can occur following a clinical audit (Ivers et al., 2012). Furthermore, Ivers et 

al. (2012) recommends that audits are more likely to be effective when: best practices are not 

occurring; the auditor is a colleague or supervisor; there are absolute targets and a follow-up 

plan; and those involved receive written and verbal feedback.  

 

Prior to undertaking this clinical audit, the practice in all three of the haemodialysis (HD) units 

at this kidney service was to assess vital signs prior to starting treatment and then at the 

completion of the HD session. Additional assessments of BP were undertaken if an actual 

episode of IDH occurred during treatment. Intradialytic heart rate was not assessed, instead 

the focus was on systolic and diastolic pressures alone with scant attention being paid to the 

MAP. Episodes of IDH were inconsistently recorded in either the clinical notes or in the 

comments section of the HD progress sheet. This lack of information and poor documentation 

can prevent pattern recognition and lead to inappropriate nursing plans which could result in 

further episodes of IDH and their sequalae. 

 

AIMS 

The audit sought to measure the frequency of nursing assessments before, during, and after 

HD, and to identify any predictors of IDH. 

 

METHODS 

A prospective clinical audit of every chronic HD treatment performed over a four-week period 

during May 2016 was conducted.  

 

 



6 

 

SETTING AND SAMPLE 

A multisite renal service in Australia operates as a hub and spoke model, with a main in-

centre HD unit in a tertiary hospital and two satellite HD units located 50 km away from the 

tertiary hospital. Only those patients with ESKD receiving chronic HD or haemodiafiltration 

(HDF) were included in the audit (all the patients were adults over the age of 18).  All 132 

patients were included in the audit. According to Fawkes et al (2012), a sample size of 20 – 

50 is considered sufficient for a non-scientific audit. The audit was performed over a 4-week 

period to provide a manageable snapshot of clinical practice. 

 

 

DATA COLLECTION 

A 34-question audit form was developed from the literature to capture relevant information 

pertaining to nursing practices and IDH. It included patient and nursing demographic 

characteristics, HD prescription, baseline vital signs, frequency of vital signs assessment, and 

the nursing interventions for actual or potential episodes of IDH (see Supplementary Table 

S1). Nurses completed the audit tool and were prompted to either enter numerical data, circle 

a response, or tick a multiple choice or dichotomous option. Prior to the start of the audit, three 

nurses (one from each site) were trained, as champions, in the use of the audit tool. Inservice 

was provided to all nurses on why the audit was being performed and how to successfully 

complete the audit tool. The audit was completed for each patient at the end of a shift. The 

audit was conducted over four weeks across the three HD units on every chronic HD session 

for 132 patients (n=1,584 sessions).  
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DATA ANALYSIS 

The data were initially entered onto an EXCEL spreadsheet then imported into SPSS (2015). 

Descriptive statistics (mean, median, SD, IQR) were then calculated. A binomial logistic 

regression was performed to ascertain the effects of purposefully selected independent 

variables on whether participants had a hypotensive episode (Y/N). Potential independent 

variables with univariate relationships with the dependent variable with p-values <.25 were 

included in the model (Hosmer Jr et al., 2013). Statistical significance for the logistic regression 

analysis was set at p <.05. 

 

RESULTS 

Over a four-week period, a total of 876 audits involving 132 patients were returned (55.3% 

return rate). Most audits were completed by nurses with more than 5 years of HD experience 

(n= 517, 79.4%), most of whom had completed a postgraduate renal nursing course (n= 464, 

82.3%; see Supplementary Table S2). The mean age of the patients was 64.9 years (range 

20 – 91, SD13.26), and most were males (59.6%, n= 526). Almost half of audits returned 

referred to patients with four or more comorbidities (n= 369, or 49.3%) (see Table 1). A very 

high percentage of dialysis sessions involved standard HD, with only 9.5% (n= 83) being HDF. 

More than two thirds of the dialysis sessions were 4.5 – 5 hours (n= 574 or 70.0%) duration 

(see Supplementary Table S2).  
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Table 1 Potential risk factors for intradialytic hypotension 
 

Possible risk factors Intradialytic 
hypotension 

Odds ratio (95% 
CI) 

p-value 

n %   

Gender^     
Female 18 10.3 1.53 (0.81 – 2.89) .19 
Male 39 14.1 

Age^     
<65 21 10.7 1.13 (0.55 – 2.32) .75 
>65 36 14.1 

Comorbidities^     
<4 33 6.5 2.12 (1.12 – 3.99) .02* 
≥4 36 7.1 

Dialysis timing^     
Morning 28 10.9 1.50 (0.83 – 2.73) .18 
Afternoon 29 14.9 

Type of dialysis^     
HD 46 11.7 1.36 (0.61 – 3.03) .46 
HDF 11 18.3 

Pre-dialysis systolic blood pressure^     
  >140 27 9.7 1.83 (1.02 – 3.30) .04* 
≤140 30 17.2 
Ultrafiltration target^     
<2000mls 22 10.7 1.76 (0.93 – 3.33) .08 
≥2000mls 35 14.2 
Prescribed dialysis length^     
5 hours 15 8.5 2.37 (1.09 – 5.12) 0.3* 
3 - 4.5 hours 42 15.2 

Dialysate temperature^     
35.0 or 35.5 23 10.1 2.54 (1.32 – 4.88) .00* 
36.0 or 36.5 34 15.1 

Dialysate calcium^     
1.5 or 1.75   3.34 (1.13 – 9.88) .03* 
1.0 or 1.3   

*p<.05 ^indicates missing data 
 

Results for when IDH occurred and the frequency of nursing assessments are presented in 

Table 2. Most hypotensive events occurred during the second and third hours of treatment (n= 

33 or 53.3%), or in the final 30 minutes (n= 13 or 21%). Prior to either pre-emptively intervening 

or an actual episode of IDH, assessments of vital signs occurred at the start of dialysis or as 

required (n= 52 or 74.3%), with few patients being assessed at least every 60 minutes during 

the treatment (n= 10 or 14.3%). Nurses indicated on the audit tool that a large ultrafiltration 
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rate was the most likely contributing factor for any actual or potential episodes of IDH (n=26 

or 21.3%). The most common nursing interventions conducted either pre-emptively or during 

an episode of IDH were switching of the ultrafiltration (n= 45 or 36.9%), a reduction in the total 

ultrafiltration goal (n= 63 or 51.6%), and by fluid resuscitation (n= 29 or 23.8%; see 

Supplementary Table S3). A downward trend in blood pressure (n=44 or 36.1%), yawning (n= 

8 or 6.6%), cramping (n= 26 or 21.3%), or a combination of multiple factors (n= 39 or 32%) 

were identified as indicators to intervene for actual or potential IDH. One episode of 

cardiopulmonary resuscitation was identified in the returned audits (Supplementary Table S3) 

but neither the event nor potential intervention could be verified. 

Table 1 Time of hypotensive episode and frequency of nursing assessment 
 

Timing of hypotensive event Frequency 
(valid%) 

Responses 
(Response rate %) 

n % n % 
Number of actual hypotensive events 74    
What time did event occur^     

1st 30 minutes 5 8.0 62 
 
 
 
 
 

83.8 
 
 
 
 
 
 

1st hour 6 9.7 
            2nd hour 13 21.0 

3rd hour 20 32.3 
4th hour 3 4.8 
Last hour 2 3.2 
Last 30 minutes 13 21.0 

Did it occur after hours?^     
Yes 18 36.7 49 

 
66.2 

 No 31 63.3 
Was the patient discharged?^     

Yes 57 96.6 59 
 

79.7 
 No 2 3.4 

Frequency of assessment prior to an event^     
5 minutely 1 1.4 70 

 
94.6 

 30 minutely 2 2.9 
Hourly 7 10.0 
Start / Prn 52 74.3 
Pre-dialysis 0 0 
N/A 8 11.4 

Frequency of assessment during an event^     
5 minutely 28 40.0  

70 
 

94.6 15 minutely 14 20.0 
30 minutely 9 12.9 
Hourly 8 11.4 
N/A 11 15.7 
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^indicates missing data 
 

Ten potential independent variables were purposefully selected as possible predictors of IDH 

(See figure 1). Of these gender (OR 1.53, 95% CI: 0.81 – 2.89, p 0.192), age (OR 1.13, 95% 

CI: 0.55 – 2.32, p 0.742), the timing of dialysis (OR 1.50, 95% CI: 0.83 – 2.73, p 0.182), and 

the type of dialysis (OR 1.36, 95% CI 0.61 – 3.03, p 0.456) were not significant predictors of 

IDH. The remaining variables were then divided into patient-related factors and dialysis 

prescription factors. In terms of patient-related factors, pre-dialysis SBP (OR 1.83, 95% CI: 

1.02 – 3.30, p = 0.04) and having four or more comorbidities (OR 2.12, 95% CI: 1.12 – 3.99, 

p = 0.02) were both associated with an increased likelihood of becoming hypotensive during 

dialysis. In terms of dialysis prescription factors, shorter dialysis session (3 – 4.5 hours) (OR 

2.37, 95% CI: 1.09 – 5.12, p = 0.03), dialysate temperature ≥ 36.00C (OR 2.54, 95% CI: 1.32 

– 4.88, p = 0.01), and a lower dialysate calcium of 1.0mmol/L or 1.3mmol/L (OR 3.34, 95% CI: 

1.13 – 9.88, p = 0.03) were strong predictors of IDH.  

 

Frequency of assessment following an event^     
5 minutely 6 9.0  

70 
 

94.6 15 minutely 26 38.8 
30 minutely 14 20.9 
Hourly 8 11.9 
Post dialysis 3 4.5 
N/A 10 14.9 
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Figure 1: Predictors of intradialytic hypotension 

 

*Referent groups: Ca 1.5 or 1.75; temp 35.0 or 35.5; prescribed length 5 hours; <4 comorbidities; pre-dial sys > 140; UF target ≤2000ml, female; morning 
dial; HD; ,65yrs old.  
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DISCUSSION 

This clinical audit showed an increased frequency in episodes of IDH during the second and 

third hours as well as during the last 30 minutes of treatment. The nurses were also asked to 

record when they believed that they had pre-emptively intervened to prevent a hypotensive 

event from occurring, and stated that the primary reason they did so was a trend in the patients’ 

BP. This contradicted the routine practices at the time which only required intervention if 

symptoms were present. The need to monitor trends in a patient’s clinical status is well 

supported within the literature (Agarwal, 2012, Ballantine and Barcellos, 2004b, Bradshaw et 

al., 2011), and should be the normal practice of all HD nurses. Bradshaw et al. (2017) 

recognises the importance of monitoring blood pressure and adherence to a MAP algorithm, 

and although they also conducted a clinical audit, their results identify when MAP was 

recorded at least once in patients with IDH. To the best of our knowledge, this is the first 

reported clinical audit of blood pressure assessment practices of haemodialysis nurses. 

 

The evidence suggests that clinical audits can be effective, but they are more likely to succeed 

if the auditor is a colleague or supervisor and there are clear targets with appropriate follow-

up and good feedback (Ivers et al., 2012, Benjamin, 2008). This audit resulted in a change in 

clinical practice across our service with feedback provided to all staff in unit level meetings 

and at nursing conferences. A subsequent audit is planned. 

 

Two patient-related factors were found to be significantly associated with the development of 

IDH. Namely, having four or more comorbidities and the patient’s pre-dialysis SBP. Studies 

have shown (Tislér et al., 2002, Flythe and Brunelli, 2011, Kuipers et al., 2016) that both 

individual comorbidities, such as diabetes and peripheral vascular disease or a combination 

of multiple comorbidities, are often prevalent in patients experiencing IDH (Kuipers et al., 

2019). The second patient-related factor was having a pre-dialysis SBP of ≤ 140 mmHg. The 
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NKF KDOQI guidelines suggest maintaining a pre-dialysis SBP ≤ 140mmHg, (Workgroup, 

2005) however, the results from this study indicates an increased risk of IDH amongst those 

who did so. Similar findings were noted in a recent study involving 17,729 United States 

veterans on HD who were followed up for two years to determine whether there was an 

association between SBP and the risks for all-cause mortality (Sumida et al., 2017). Sumida 

et al. (2017) caution that health care professionals need to be aware of the increased risk of 

immediate post-dialysis death they observed in patients with a pre-dialysis SBP ≤ 140 mmHg.  

 

Three dialysis-prescription related factors were shown to be significant predictors of IDH: 

length of treatment (< 4.5 hours); dialysate temperature (≥ 36.00C); and dialysate calcium (≤ 

1.3mmol/L). The negative effects of short HD sessions have been widely reported (Okamoto 

et al., 2006, Brunelli et al., 2010, Saran et al., 2003, Flythe and Brunelli, 2011, Movilli et al., 

2007). Indeed, it has been shown that longer and/or more frequent HD sessions are 

associated with decreased ultrafiltration rates, lower frequency of IDH, and prevention of left 

ventricular hypertrophy and cardiomyopathy (Agarwal, 2012). The nurses involved in this audit 

understood that a high ultrafiltration rate was the main contributing factor for the development 

of IDH.  

 

In regards to ultrafiltration rate, a study conducted by Saran et al. (2003) involving a large 

cohort of 22,000 patients found that an ultrafiltration rate ≥ 10ml/hr/kg resulted in both a 30% 

increase in episodes of IDH and an increased risk of all-cause mortality.  Movilli et al. (2007) 

also undertook a prospective multicentre observational study involving 287 patients over a 

five-year period. During this timeframe, 149 (52%) of the patients died. Cardiac complications 

accounted for the largest proportion of deaths (49%). The study found that an ultrafiltration 

rate ≥ 12.37 ml/hr/kg was associated with an increase in all-cause mortality. A similar 

conclusion was reached by Flythe and Brunelli (2011), who also recommended that the 
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ultrafiltration rate should never exceed 10ml/hr/kg. Our clinical audit only captured the total 

volume of fluid being removed during treatment. The patient’s weight was not collated, and 

the ultrafiltration rate was not able to be assessed. In isolation the total volume of fluid being 

removed was unhelpful and hence removing >2000mls was only shown to approach statistical 

significance. 

 

This clinical audit found that being dialysed against a lower level of dialysate calcium (≤ 

1.3mmol/L) was predictive of IDH. Similar findings have been previously reported (Agarwal, 

2012, Palmer and Henrich, 2008). Ionised or free calcium (non-protein bound calcium) in blood 

is affected by dialysate calcium levels. Ionised calcium is involved in driving sympathetic 

responses, vasoconstriction, and myocardial contractility (Palmer and Henrich, 2008), with 

higher dialysate calcium levels being known  to reduce IDH (Agarwal, 2012). In addition, higher 

calcium acetate levels ≥ 1.5mmol/L can improve cardiac output as well as systolic and diastolic 

blood pressure (Agarwal, 2012). The effects of dialysate calcium concentration effects both 

systolic blood pressure and MAP (Jimenez et al. 2016). When dialysate calcium is 

1.25mmol/L, both systolic blood pressure and the MAP are reduced, or when the dialysate 

calcium levels is 1.75mmol/L, the opposite effects on systolic blood pressure and MAP occur 

(Jimenez et al. 2016). However, they noted that the higher ionised calcium levels led to 

increased sympathetic activity which is linked to increased mortality rates. The European Best 

Practice Guideline (2007) recommends using a 1.5mmol/L dialysate calcium concentration, 

unless contraindicated, in patients who experience regular episodic IDH (Kooman et al., 2007). 

Other international guidelines follow a similar recommendation although the recommendation 

is now based on evidence which is more than 10 years old.  

 

Reducing the dialysate temperature is perhaps the simplest way of reducing episodic IDH 

(Larkin et al., 2017). The results of this audit concur. A systematic review and meta-analysis 
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of 26 randomised controlled trials involving 484 patients to determine the effectiveness of 

reducing the dialysate temperature to ameliorate the episodes of IDH concluded that, when 

compared with standard dialysate temperatures (36.0°C – 37.5°C), any method of reducing 

the dialysate temperature to < 36.0°C resulted in a reduction in both MAP and frequency of 

IDH (Mustafa et al., 2016). However, this systematic review does have limitations as the 

included studies were conducted over short time frames with small sample sizes and poorly 

explained high dropout rates. Another Cochrane systematic review addressing these 

limitations is currently in progress but has not yet been published (Tsujimoto et al. (2017).  

 

LIMITATIONS 

Due to ethical restrictions, demographic information of nurses was optional in the audit tool 

which resulted in a very low response rate to these questions and offered no useable insight 

as to whether length of HD experience or level of education was associated with greater (or 

lower) frequency of assessments. The audit was relatively short, conducted over four weeks 

which may have resulted in fewer IDH episodes being recorded. We were also unable to 

accurately determine the prevalence of twice vs. thrice weekly patients. The omission from 

the audit tool of patient medications (especially antihypertensive agents) is a further limitation 

on the findings of this audit, which was due to the ethics committee requesting removal of this 

item from the tool to reduce the burden on nurses. Clinical audits traditionally have lower 

response rates, typically 30 – 60%, however our overall response rate was 55.3%. 

 

 

IMPLICATIONS FOR CLINICAL PRACTICE 

The European Best Practice Guidelines (2007) recommends that BP and heart rate should be 

monitored frequently to prevent IDH although the intended frequency of vital sign assessment 
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during HD is not described. This clinical audit suggests that hourly monitoring, even in a stable 

chronic HD population, is necessary to detect BP trends. These trends ought to then determine 

whether even more frequent monitoring is needed for at risk individuals. Furthermore, the 

results from this audit indicates that patients with four or more comorbidities and/or who 

commence HD with a SBP ≤ 140mmHg may be more likely to have an IDH episode. Nurses 

should also be cognisant of the dialysis prescription parameters that also are associated with 

the risk of developing IDH.  

 

CONCLUSION 

The purpose of this clinical audit was to measure the episodes of actual and potential IDH with 

possible contributing factors and to compare this with the frequency of blood pressure and 

heart rate monitoring using an audit of practice self-reported by nurses. By using an audit tool, 

information can be used to inform nurses about their practice and to lead to practice 

improvement. Across the three haemodialysis units since the results of the audit were reported 

at staff meetings, a positive change has since occurred with a minimum of hourly monitoring 

being performed routinely. 
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