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CHAPTER III: 

Reduction in platelet activation by 

citrate anticoagulation does not 

prevent intradialytic hemodynamic 

instability 
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ABSTRACT 

 
Background 

The etiology of intradialytic hemodynamic instability is multifactorial. Of the various 

factors involved, a rise in core temperature seems to be crucial. In this respect, the bio-

incompatibility of haemodialysis (HD) treatment might play an important role. The 

application of cool dialysate reduces the number of periods of intradialytic hypotension 

(IDH) considerably. In rats, roller pump perfusion caused hypotension by shear stress 

induced platelet aggregation and subsequent serotonin release. During clinical HD, citrate 

anticoagulation abolished platelet activation almost completely. Hence, citrate 

anticoagulation might reduce IDH, whereas the beneficial effect of cool dialysate might be 

partly explained by reduced platelet activation.  

 

Materials and methods 

In the present study, blood pressure, IDH episodes, platelet activation, platelet 

aggregation, and serotonin release were studied crossover in 10 patients during HD with 

dalteparin anticoagulation at normal and low dialysate temperatures and during HD with 

citrate.  

 

Results 

Citrate strongly reduced platelet activation, but did not improve IDH. The blood pressure 

was best preserved during cool-temperature HD, despite manifest platelet activation. 

Platelet activation was not accompanied by a rise in the plasma serotonin concentration.  

 

Conclusions 

Three major conclusions can be drawn: (1) it is unlikely that platelet activation and 

subsequent serotonin release underlie IDH in the clinical situation; (2) the protective 

effects of cool dialysate on IDH appear to be independent of HD-induced platelet 

activation, and (3) extrapolating results from rat experiments to the human situation 

requires uppermost prudence. 
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INTRODUCTION 

 
Intradialytic hemodynamic instability is a disabling complication of haemodialysis (HD), 

occurring in about 10-30% of the HD sessions.
1
 Even higher incidences have been 

described in diabetics and elderly persons.
2
 Recently, the presence of intradialytic 

hypotension (IDH) appeared to be an independent risk factor for mortality in a large 

cohort of chronic HD patients.
3
 

With respect to the etiology of IDH, both patient-associated and treatment-related factors 

have been implicated. Aggressive ultrafiltration (UF) of fluid, gained during the 

interdialytic period, is one of the major treatment-related factors. Among the patient-

associated factors, both autonomic neuropathy and cardiac diseases, which affect vascular 

tone and cardiac performance, play a prominent role. Frequently, the latter complications 

are aggravated by antihypertensive and centrally acting drugs which interfere with 

compensatory reflex mechanisms .
4
 

Various maneuvers have been used to prevent or ameliorate IDH, including intravenous 

infusions, sodium modeling, isolated UF, and the application of a low dialysate 

temperature.
5
 The latter two maneuvers prevent or antagonize the HD-induced increase 

in body core temperature through enhanced thermal energy loss.
6
 The rise in the core 

temperature, which is observed during standard HD, appears crucial for the impaired 

vascular response during hypovolemia.
7
 Noteworthy in this respect are the high plasma 

nitric oxide (NO) levels in HD patients, particularly in those prone to hypotension.
8
 

Moreover, it has been shown that the NO synthetic capacity is related to the dialysate 

temperature .
9
 

At present, the pathophysiological mechanism behind the HD-associated rise in body core 

temperature is not readily apparent. Besides altered skin blood flow and a reduction of 

uremic toxins, it has been suggested that the bio-incompatibility of the extracorporeal 

circuit (ECC) plays an important role.
6
 Activation of complement, cytokine production, and 

release of various intracellular granule products, such as myeloperoxidase, lactoferrin,
10

 

and platelet factor 4 (PF4) ,
11

 could affect the body temperature set point. 

In rats, we have previously shown that shear stress elicited platelet aggregation and 

subsequent serotonin release induce hypotension via endothelial NO release in a roller 

pump perfused extracorporeal circulation model.
12

 Others 
13

  demonstrated a reduction in 

platelet activity at lower core temperatures in studies on cardiopulmonary bypass surgery. 

Interestingly, recently we have shown that the HD-induced stimulation of platelets is 

almost completely abolished by citrate anticoagulation.
11 

Based on these studies performed in humans and rats, it seemed realistic to assume that, 

by its inhibiting effect on platelet activation, citrate anticoagulation (dialysate 
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temperature 37°C) induces less IDH than dalteparin anticoagulation (dialysate 

temperature 37°C) in clinical HD. Moreover, it was speculated that the beneficial effects of 

cool dialysate (dalteparin anticoagulation, dialysate temperature 35°C) on IDH could be 

ascribed, at least partially, to the absence of significant platelet activation and serotonin 

release. Therefore, in the present study, the blood pressure (BP) was carefully monitored 

and correlated with several parameters of platelet activation during these three modes of 

HD which were applied in a randomized, crossover fashion. 

 

 

PATIENTS AND METHODS 

Patients 

 
Ten stable patients, 5 females and 5 males (median age 61, range 32-82 years), on regular 

HD treatment for at least 1 year (median 28, range 12-180 months) were included in the 

study. The etiology of renal insufficiency was hypertensive nephrosclerosis in 5 patients, 

diabetic nephropathy in 1 patient, chronic pyelonephritis in 1 patient, membranous 

nephropathy in 1 patient, Alport's syndrome in 1 patient, and adult polycystic kidney 

disease in 1 patient. Criteria for exclusion from the study were clinical signs of infection, 

autoimmune disease or malignancy, as well as the use of drugs known to interfere with 

immune system and/or platelet function. Written informed consent was obtained in all 

cases. The protocol was approved by the local Medical Ethical Committee. 

 

Study design 

 
Three modes of HD, standard HD (dalteparin anticoagulation, dialysate temperature 37°C; 

HDdal37), cool-temperature HD (dalteparin anticoagulation, dialysate temperature 35°C; 

HDdal35), and citrate HD (citrate anticoagulation, dialysate temperature 37°C; HDcit37), were 

compared in a crossover fashion, according to a computerized randomization model. This 

design allowed the subjects to serve as their own controls and enabled comparison of 

both the effects of the dialysate temperature and the mode of anticoagulation on platelet 

activation and IDH. Each modality was applied for 1 week during three consecutive HD 

sessions. Blood samples were taken before and during the third dialysis session on each 

modality. Platelet activation was assessed by measuring the expression of the surface 

markers CD41 and P-selectin (CD62p), the degranulation product PF4, and the number of 

aggregated platelets. The serotonin concentrations were measured both in plasma and in 
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platelets. BP recordings were performed during each treatment session, and symptoms 

due to IDH were carefully monitored. During the washout periods, which were instituted 

for 1 week between the three periods, dalteparin was used, and the temperature of the 

dialysate was set at 36.5°C which is routine in our center. All patient-related variables, 

including antihypertensive medication and dry weight prescription, were kept constant. 

Intake of food was not permitted during dialysis sessions. 

 

Blood sampling 

 
Before the pump start, arterial blood was drawn from the fistula (t0). After 5 min (t5), 30 

min (t30), 60 min (t60), and 150 min (t150), blood was drawn from the sampling point 

located in the efferent line. The results were corrected for changes in plasma volume, 

based on hematocrit (Ht) measurements: corrected value tx = value tx * [Htt0/(1 - Htt0)] * 

[(1 - Httx)/Httx]. 

 

Dialysis procedure and materials 

 
The mean duration of HD treatment was 11.5 ± 0.7 h/week. Only first-use high-flux 

polysulfone dialyzers (Fresenius Medical Care, Bad Homburg, Germany; UF factor 20-55 

ml/mm Hg/h, surface area 0.7-1.8 m
2
, steam sterilized) were used. According to individual 

needs, the blood flow (250-300 ml/min) was kept constant. For dialysate preparation, tap 

water, purified by reverse osmosis, was used for the dilution of a concentrated 

bicarbonate solution to the following concentrations (mmol/l): 138 Na
+
, 2.0 K

+
, 1.50 Ca

2+
, 

0.50 Mg
2+

, 109 Cl
-
, 2.5 CH3COO

-
, and 32.5 HCO3

-
 (dialysis solution SK-F 216/1; Fresenius 

Medical Care). During HDcit37 a Ca
2+

-free dialysate solution was used with the following 

composition (mmol/l): 138 Na
+
, 2.0 K

+
, 0.50 Mg

2+
, 106 Cl

-
, 2.0 CH3COO

-
, and 33.0 HCO3

-
 

(dialysis solution SK-F 219/0; Fresenius Medical Care). The dialysate flow was 500 ml/min. 

The dialyzers were prerinsed with 1,000 ml 0.9% NaCl. 

 

Dalteparin dialysis 

The low-molecular-weight heparin dalteparin is the standard modality for anticoagulation 

in our dialysis center. Individual doses are based on body weight and duration of dialysis 

and are given as a bolus injection into the fistula before the start of the dialysis session. 

The dalteparin doses (median 4,750, range 2,000-6,000 IU) were kept constant during the 

study period.  
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Trisodium citrate dialysis 

A sterile 15% trisodium citrate solution, prepared in the hospital pharmacy, was infused 

into the afferent line at a flow rate of 100 ml/h per 250 ml/min blood flow. A Ca
2+

-free 

dialysate solution was used. After passage through the dialyzer, the Ca
2+

 and Mg
2+

 levels 

were corrected by the infusion of a CaCl2 (540 mmol/l)/MgCl2 (240 mmol/l) solution into 

the efferent line (prior to venous blood sampling point) at a flow rate of 28 ml/h per 250 

ml/min blood flow. This protocol is in regular use in our dialysis center and is based on 

earlier studies comparing citrate and heparin anticoagulation.
14, 15 

 

Analytical methods  

 
Platelet number  

Blood samples were collected in K3EDTA tubes (Becton Dickinson, Plymouth, UK), and 

platelet counts were performed on a model XE2100 analyzer (Sysmex, Kobe, Japan).  

 

Platelet surface markers 

The platelet surface markers CD62P (clone CLB Thromb 6; Beckman Coulter, Mijdrecht, 

The Netherlands) and CD41 (clone P2; Beckman Coulter) were detected by direct labeling 

and flow cytometry. Blood was drawn into a K3EDTA tube and within 2 hours after 

collection incubated with a glycoprotein-specific fluorochrome-labeled monoclonal 

antibody. A flow cytometer Epics XL (Beckman Coulter) was used to determine the 

percentage of platelets with CD62P surface expression. CD41 served as a label for platelet 

selection.  

 

Platelet Factor 4 

Blood samples were drawn into CTAD tubes (Becton Dickinson), cooled on ice, and 

centrifuged at 2-8°C for 20 min at 2,500 g to achieve plasma separation. Plasma samples 

were stored at -70°C until measurement. PF4 was determined using a sandwich ELISA 

(Asserachrom PF4®; Diagnostica Stago, Asnières-sur-Seine, France).  

 

Platelet Aggregates 

Blood samples were collected in K3EDTA tubes. For erythrocyte lysis, 20 µl blood was 

diluted with 2 ml Thrombo Plus solution (Sarstedt, Nümbrecht, Germany). Aggregated 

platelets were counted in a Bürker chamber under a light microscope. 
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Serotonin 

Blood samples were collected into tubes containing 0.105 mol/l trisodium citrate (Becton 

Dickinson). Platelet-rich plasma (PRP) and platelet-poor plasma (PPP) were prepared by 

centrifugation of blood samples at 200 g (10 min) and 4,000 g (10 min), respectively. Until 

measurement, PRP and PPP were stored at -70°C. Serotonin was determined using an 

enzyme immunoassay (Serotonin EIA kit; Diagnostic Systems Laboratories, Veghel, the 

Netherlands). 

 

Blood pressure 

 

The BP was measured with the automated oscillometric device Dinamap (General Electric, 

Schenectady, N.Y., USA) for indirect assessment of the mean arterial BP before and every 

15 min during HD on the arm controlateral to the fistula. The mean BP was computed per 

session based on the approximately 15 values collected during HD. Symptoms due to IDH 

were recorded by the dialysis staff. IDH was defined according to the following criteria: (1) 

a systolic BP (SBP) before HD >100 mm Hg and a SBP during HD <90 mm Hg, with or 

without any symptoms (cramps, dizziness, nausea, extreme fatigue, and weakness); (2) a 

SBP before HD <100 mm Hg and a >10% reduction plus symptoms during HD, or (3) a SBP 

reduction >25 mm Hg, with symptoms or need for intervention.
16

 For each patient, SBP 

and diastolic BP (DBP) and IDH episodes were documented during three consecutive 

sessions on each modality, resulting theoretically in a total of 30 sets of recordings per HD 

modality. Total UF (as displayed on the machine), net UF (net weight loss during HD), and 

the attainment of dry weight (post-dialysis weight minus dry weight prescription) were 

recorded as well. 

 

Statistical analysis 

 
All analyses were performed using SPSS version 11.5. Differences were considered 

significant at p < 0.05. Data are expressed as mean ± SD or median (minimum-maximum) 

when appropriate. As the number of observations was relatively small, nonparametric 

tests were used to study differences between groups. Since the study was set up as a 

crossover design, the Friedman test was used to analyze differences in platelet activation 

markers between the three modes of dialysis applied. In case of significant differences, 

Wilcoxon signed-rank tests were performed as post hoc analysis, with correction for 

multiple comparisons using Bonferroni's method. Correlation coefficients were calculated 
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with the Spearman rank method. BP recordings were analyzed using the general linear 

model for the repeated-measures procedure. Differences in frequencies of IDH episodes 

were analyzed using Fisher's exact test. 

 

  

RESULTS 

BP recordings 

 
As 1 patient appeared noncompliant, and one or two BP recordings were missing in 3 

other patients, the resulting number of BP and IDH recordings was 25 in all three 

modalities after listwise exclusion. The application of cool dialysate (HDdal35) markedly 

influenced both mean SBP and DBP, whereas the number of IDH episodes did not differ 

between HDdal37 and HDdal35 (Table 1, Fig. 1). After an initial drop, which was seen in all 

modalities, the SBP stabilized after 15 min and remained highest during HDdal35 throughout 

the entire course of HD. 
 

 

Table 1. Mean SBP and DBP, total number of IDH episodes per 25 BP recordings, mean total and net UF per 

session, and attainment of dry weight during the three HD modalities 

 

 
 

 

By contrast, citrate anticoagulation demonstrated no beneficial influence, neither on SBP 

and DBP nor on the number of IDH periods when compared to HDdal37. The total rate of UF 

was higher during HDcit than during standard HD, in order to compensate for the infusion 

of trisodium citrate and CaCl2/MgCl2 solutions. However, no differences were seen in net 

UF and attainment of 'dry weight'. 
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Figure 1. SBP during HD (HDdal37, HDdal35, and HDcit37). The BP values at baseline and at t15 were similar for all 

modalities. * p= 0.005 vs. HDdal37 and p= 0.01 vs. HDcit37. 

 

Platelet number  

 
The number of platelets did not change over time in any modality: 227 (range 67-378) × 

10
9
/l (t0, HDdal37), 230 (range 70-387) × 10

9
/l (t0, HDdal35), and 224 (range 61-383) × 10

9
/l (t0, 

HDcit37). 

 

Platelet activation  

 

CD62P  

During both HDdal37 and HDdal35, the percentage of platelets expressing CD62p increased at 

t5, reaching a maximum at t30. At t150, these values had returned to baseline (Fig. 2). In 

contrast, during HDcit37, the percentage of platelets with CD62P expression did not change 

at any time point. The difference between HDcit37 and HDdal37 was highly significant. During 

HDdal35, the values were more or less comparable to those seen during HDdal37.  

 



66 

 

 

 
 

 

 
 

Figure 2. CD62P platelet surface 

expression (% platelets) during 

HDdal37, HDdal35, and HDcit37.
a p< 

0.05 vs. baseline; b t5 p= 0.028 

and b t30 p= 0.020 vs. HDdal37 after 

Bonferroni correction. Boxes 

contain the 25th to 75th 

percentiles, whereas the 

whiskers illustrate the highest 

and lowest value within the 1.5-

interquartile ranges. 

 

 
Figure 3. PF4 concentrations 

during HDdal37, HDdal35, and 

HDcit37. 
a p < 0.05 vs. baseline, b 

p< 0.05 vs. HDdal37 after 

Bonferroni correction. The 

shaded area represents 

reference values (0-10 IU/ml) in 

healthy subjects. For 

interpretation of the box plots 

see figure 2 legend. 
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Platelet Factor 4 

The highest levels of PF4 were observed at t5, whereas at t150 the PF4 levels had returned 

to baseline (Fig. 3). During HDcit37, only small increments in PF4 concentrations were seen, 

with a maximum at t60. During HDdal35, the release of PF4 was comparable to HDdal37. 

 

Platelet aggregates 

The number of aggregated platelets did not differ between HDdal37, HDdal35, and HDcit37, 

except for HDdal35 at t60. Generally, the platelet aggregation tended to increase during the 

course of HD (Fig. 4).  

 
 
Figure 4. Platelet aggregation during HDdal37, HDdal35, and HDcit37. 

a p < 0.05 vs. baseline, b p< 0.05 vs. HDdal37 after 

Bonferroni correction. For interpretation of the box plots see figure 2 legend. 

 

 

Platelet serotonin content and plasma serotonin concentration 

The median platelet serotonin content, as measured in PRP, did not change over time and 

was comparable in all three modalities (Fig. 5). Likewise, the median plasma serotonin 

concentration, as measured in PPP, being considerably lower than the serotonin content 

in PRP, was similar in all three modalities (Fig. 6). However, during citrate HD, the plasma 

serotonin concentration decreased. In general, the platelet serotonin content was in the 
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lower range of reference values (215-850 ng/10
9
 platelets), whereas the plasma serotonin 

concentration was evidently elevated (reference values 1.8-7.5 ng/ml).  

 

 

 
 

 
 

Figure 5. Platelet serotonin content 

(PRP) during HDdal37, HDdal35, and 

HDcit37. The shaded area represents 

reference values (215-850 ng/109 

platelets) in healthy subjects. For 

interpretation of the box plots see 

Figure 2 legend. 

 

Figure 6. Plasma serotonin content 

(PPP) during HDdal37, HDdal35, and 

HDcit37. 
a p= 0.022 vs. baseline after 

Bonferroni correction. The shaded 

area represents reference values 

(1.8-7.5 ng/ml) in normal healthy 

subjects. For interpretation of the 

box plots see Figure 2 legend. 
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Correlations between IHD and various platelet parameters 

 
No correlations were observed between either BP or the number of IDH episodes and the 

various parameters of platelet activation measured (CD62P, PF4, platelet aggregates, or 

serotonin in PPP or PRP). 

 

DISCUSSION 

 

In the present study, we compared the effects of standard HD (HDdal37), HD with cool 

dialysate (HDdal35), and HD with citrate anticoagulation (HDcit37) on changes in both BP and 

platelet activation. As expected, the mean BP was higher during HDdal35 than during HDdal37, 

whereas the number of IDH episodes did not differ. Contrary to our expectations, citrate 

anticoagulation had no beneficial effect on hemodynamic instability.  

As mentioned before, both patient-associated and treatment-related factors have been 

implicated in the occurrence of IDH. Concerning the former, in this crossover study, all 

patient-related variables, including antihypertensive medication and dry weight 

prescription, were kept constant. 

As for treatment-related factors, the bio-incompatibility of the ECC has been implicated in 

the HD-induced rise in body core temperature which adversely affects the hemodynamic 

stability.
10

 As mentioned, various blood cells are activated during HD, leading to an 

increased adhesiveness of both polymorphonuclear neutrophils and platelets and the 

release of a variety of vasoactive mediators.
17

  By assessing both afferent and efferent 

lines, we previously showed that the degranulation of polymorphonuclear neutrophils 
14 

and platelets 
11

 in the ECC is virtually abolished during HD with citrate anticoagulation. 

This effect was attributed to the calcium-chelating properties of citrate.
18

 However, in the 

latter study, the intradialyzer PF4 release was estimated from the difference t5(efferent) - 

t0(afferent). Therefore, it is not entirely clear whether the HDdal-induced increase in PF4 

results exclusively from platelet activation in the ECC or from the combination of platelet 

activation and release from endothelium-bound PF4. In rats, we demonstrated
12

 that 

hemodynamic alterations during extracorporeal circulation were proportional to the 

amount of shear stress induced platelet aggregation and the subsequent rise in plasma 

serotonin levels. As all hemodynamic changes could be prevented by blockade of 5-

hydroxytryptamine-2 receptors and by inhibition of NO formation, the observed fall in the 

BP was ascribed to serotonin-induced endothelial NO release. Based on these data in rats 

and the observation that citrate anticoagulation abolishes platelet activation in humans 
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almost completely, it was speculated that these maneuvers might improve the 

hemodynamic stability during clinical HD. 

With respect to the parameters measured, platelet activation was most pronounced 

during HD with dalteparin. Remarkably, HDdal35 even tended to induce more platelet 

aggregation and activation than HDdal37. In contrast, during HDcit37, platelet activation was 

almost absent. 

In line with other studies, the serotonin plasma concentrations were elevated in the 

majority of the patients. As blood samples were taken from the efferent line, and the 

molecular weight of serotonin is 176 D, the plasma levels measured represent the net 

result of baseline concentrations, potential release within the ECC, and loss through the 

dialyzer. Therefore, it cannot be excluded that release during HD with dalteparin was 

compensated by a simultaneous loss into the dialysate. Of note, in the above-mentioned 

experiments in rats, the ECC consisted only of needles, lines, and a roller pump. Hence, as 

loss of serotonin via a dialyzer is not possible in these experiments; the total amount 

released will enter the systemic circulation of the rats which is quite different from the 

clinical situation. 

In fact, whereas the number of IDH episodes was lowest during HDdal35, the platelet 

activation did not differ between HDdal35 and HDdal37 and was virtually absent during HDcit37. 

Based on these data, it is highly unlikely that platelet activation contributes considerably 

to IDH episodes during clinical HD. Therefore, although platelet activation is a well-known 

phenomenon of the extracorporeal circulation in rats as well in humans, the 

consequences are quite dissimilar. Whether the high platelet number (700-800 × 10
9
/l)

19
 

in rats, a different activation profile in uremic conditions 
20

, or the transmembrane loss of 

released serotonin in clinical HD is responsible for the observed dissimilarities between 

the rat model and the human situation is a matter of speculation.  

To summarize, it is well documented that intradialytic hemodynamic instability can be 

effectively reduced or even prevented by the application of cool dialysate. Cooling of the 

blood counteracts the HD-induced increase in body core temperature by enhanced 

thermal energy loss. As of yet, the pathophysiological mechanism behind this 

phenomenon is unknown. Amongst the potential factors involved, the bio-incompatibility 

of the ECC in general and the platelet activation in particular might play an important role. 

From our study, three major conclusions can be drawn: (1) it is unlikely that platelet 

activation and subsequent serotonin release underlie IDH in the clinical situation; (2) the 

protective effects of cool dialysate on IDH appear to be independent of HD-induced 

platelet activation, and (3) uppermost prudence is warranted when extrapolating results 

from rat experiments to the human situation. 
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