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Background: In patients undergoing hemodialysis, intracerebral hemorrhage 
(ICH) is the main cause of mortality among stroke subtypes. It is unclear whether, 
along with traditional cardiovascular risk factors, the risk factors unique to the 
uraemic environment, such as the abnormal metabolism of intact parathyroid 
hormone (iPTH), can contribute to the risk of ICH in these patients.

Methods: This retrospective case–control study included 25 patients undergoing 
hemodialysis with ICH at a single center between 30 June 2015 and 10 October 
2022. The controls were 95 patients undergoing maintenance hemodialysis 
treated at the same dialysis center in July 2020. We compared the characteristics 
of patients with ICH with those of the control group to identify factors that 
contributed to the development of ICH.

Results: Intracerebral hemorrhage (ICH) was located in the basal ganglia (14/25), 
cerebellum (6/25), and brainstem (6/25) in 25 patients. A total of 17 patients died 
in the first 16 days due to neurological complications. Univariate analysis showed 
significant differences in systolic BP, diastolic BP, iPTH, and alkaline phosphatase 
between the two groups (p < 0.05). Multivariate logistic regression analysis showed 
that higher systolic BP (OR, 1.053; 95% CI, 1.018–1.090; p = 0.003) and higher iPTH 
(OR, 1.007; 95% CI, 1.003–1.012; p = 0.001) were associated with the onset of ICH. 
ICH was predicted by systolic BP and iPTH by receiver operating characteristic 
(ROC) curve analysis, with areas under the curve (AUCs) of 0.732 and 0.624, 
respectively. The optimal cutoffs for systolic BP and iPTH were 151.9 mmHg and 
295.4 pg./ml, respectively. Restricted cubic spline showed that the shape of the 
association of iPTH with the risk of ICH was approximately J-shaped (P for non-
linearity <0.05).

Conclusion: Higher systolic BP and abnormal iPTH metabolism might 
be  associated with ICH in patients undergoing hemodialysis. Comprehensive 
control of hypertension and iPTH may be a fundamental preventive strategy for 
ICH in these patients.
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Introduction

In patients undergoing dialysis, intracerebral hemorrhage (ICH) 
is the main cause of mortality among stroke subtypes (1). Therefore, 
it is important to formulate strategies that effectively minimize 
hemorrhage stroke risk in patients with advanced kidney disease. 
However, most studies of patients with end-stage renal disease (ESRD) 
have focused on ischemic stroke or all strokes combined, and fewer 
are focused on the presentation of symptoms, lesion location, and 
relative risks of ICH. Comorbid conditions, such as hypertension and 
diabetes, which are traditional risk factors for cerebral hemorrhage, 
are commonly observed in patients undergoing dialysis (2). Vascular 
calcification, predialysis hypertension, accumulation of vascular 
toxins, platelet disorder, and increased brain microbleeding are 
common features of the uraemic milieu that contribute to stroke risk 
(3). Chronic kidney disease–mineral-bone disorder (CKD-MBD) in 
patients undergoing hemodialysis may lead to accelerated vascular 
calcification (4). High serum calcium and phosphate levels are known 
risk factors for ICH in patients undergoing dialysis (5, 6).

One of the principal characteristics of CKD-MBD is the abnormal 
metabolism of iPTH. Patients may show either secondary 
hyperparathyroidism (SHPT) or low iPTH levels. Both of these 
internal secretion abnormalities are related to higher cardiovascular 
and all-cause mortality (7, 8). However, the association of iPTH and 
ICH is an uncertain area in the literature. Therefore, the purpose of 
this study was to investigate the risk factors for ICH in patients 
undergoing hemodialysis, including iPTH.

Methods

The studies involving human participants were reviewed and 
approved by the Human Ethics Committee of Aerospace Center 
Hospital. The patients/participants provided their written informed 
consent to participate in this study. Written informed consent was 
obtained from the individual(s) and/or minor(s)’ legal guardian/next 
of kin for the publication of any potentially identifiable images or data 
included in this article.

Entry criteria and definitions

This was a retrospective case–control study. The subjects were 
patients with cerebral hemorrhage who had been on hemodialysis 
(4 h, three times weekly) at Aerospace Center Hospital for more than 
3 months. The study period was from 30 June 2015 to 10 October 
2022. We selected patients with ICH using the electronic medical 
record system, which involved a continuous, broad search of all 
patients admitted to the emergency, neurological, neurosurgery, 
nephrology, or other relevant hospital wards for neurological 

indications that could be diagnosed as ICH. The diagnosis of ICH was 
based on computed tomography (CT) findings or magnetic resonance 
imaging and clinical signs, such as the sudden onset of disturbances 
in consciousness, speech, visual, or sensory functions. Patients with 
subarachnoid hemorrhage, traumatic brain injury, and hemorrhage 
after cerebral infarction stroke were excluded.

The control group consisted of all patients undergoing clinical 
maintenance hemodialysis with no clinical evidence of ICH and 
complete laboratory results who were admitted to Aerospace Center 
Hospital in July 2020. The data collection of patients with ICH was 
based on an outpatient routine blood test performed about 1 month 
before the onset of ICH, rather than the results obtained during the 
hospitalization period after the onset of ICH. The routine blood test 
of the control group was performed in July 2020. The routine blood 
samples in both groups were obtained before the second hemodialysis 
session of the week. Bicarbonate dialysis fluid containing 138 mEq/l 
sodium, 2.0 mEq/l potassium, and 1.5 mEq/l calcium was delivered 
during hemodialysis. If the blood calcium level of patients undergoing 
dialysis was above 2.5 mEq/l before dialysis, 1.25 mEq/l calcium was 
given. All patients undergoing hemodialysis received doses of 60 IU/
kg low-molecular-weight heparins (LMWHs) to prevent clotting 
during hemodialysis, which could be adjusted at subsequent sessions 
when clinically indicated, by increments or decrements of 500 or 
1,000 IU. LMWHs were administered intravenously as a single fixed 
bolus at the start of an HD session for up to 4 h. LMWHs were 
discontinued immediately when the patient was diagnosed with ICH 
or other bleeding events. Patients who had SHPT were administered 
a proper diet regimen, along with the administration of phosphate 
binders and the use of vitamin D to decrease the synthesis and 
secretion of iPTH. Patients who had undergone complete or partial 
parathyroid resection were excluded from both groups.

We analyzed the clinical features of patients with ICH, 
including demographics, comorbidities, laboratory values, and 
brain CT films at the onset of the disease. The corrected serum 
calcium values were calculated using the Payne equation (9). 
We compared the characteristics of ICH patients with those of the 
control group to identify factors that contributed to the 
development of ICH.

Statistical analysis

We used SPSS version 22.0 (SPSS Inc., Chicago, IL, United States) 
and R version 4.2.1 (R Core Team) to carry out the statistical analysis. 
Categorical data were presented as counts or percentages, and 
continuous data were presented as mean ± SD or median (interquartile 
range). Comparisons between categorical data were fulfilled by the 
chi-square test, and continuous data were compared using the 
independent-samples t-test or variance analysis. To measure the 
relative risk of potential predictor variables, odds ratios (ORs) and 
95% confidence intervals (95% CIs) were acquired by logistic 
regression analysis. Clinical parameters that were significant on 
univariate evaluation when p-values of ≤0.05 were appraised as 
potential predictor variables and evaluated by multivariate (stepwise 
forward) analysis. Receiver operating characteristic (ROC) curves 
were drawn and the area under the ROC curves (AUCs) were 
calculated to determine the predictive power of the variables for 
ICH. The cutoff points were determined based on the highest value 

Abbreviations: ICH, intracerebral hemorrhage; iPTH, intact parathyroid hormone; 

SHPT, secondary hyperparathyroidism; CKD-MBD, chronic kidney disease–mineral-

bone disorder; ORs, odds ratios; 95% CIs, 95% confidence intervals; ESRD, 

end-stage renal disease; RAAS, renin–angiotensin–aldosterone system; SUA, 

serum uric acid; ROC, receiver operating characteristic; AUC, area under the 

ROC curve.
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for sensitivity added to the specificity judged by the ROC curve. 
Two-sided p-values of <0.05 were considered statistically significant. 
We performed restricted cubic splines with five knots at the 25, 35, 50, 
65, and 95th centiles to flexibly model the relationship of predicted 
iPTH with ICH.

Results

The clinical characteristics of patients 
undergoing ICH dialysis

A flow diagram of patients with ICH is shown in Figure 1. In total, 
32 patients with cerebral hemorrhage on hemodialysis were confirmed 
by computed tomography. Five patients with subarachnoid 
hemorrhage, one patient with traumatic hemorrhage, and one patient 
with hemorrhagic cerebral infarction were excluded. Finally, 25 
patients with ICH were included in this study. The demographic 
characteristics of 25 patients undergoing ICH dialysis (8 female and 
17 male patients) are shown in the Supplementary Table. The ages of 
these 25 patients ranged from 31 to 92 years, with a mean age of 
65.00 ± 13.19 years. The dialysis vintage was 43.56 ± 33.89 months 
(4–159). The mean systolic BP was 165.00 ± 19.41 mmHg. The mean 
diastolic BP was 81.96 ± 12.24 mmHg. Diabetes (64.0%) was the main 
cause in patients with hemorrhagic lesions causing ESRD.

As shown in the Supplementary Table, the signs of ICH in our 
study were a disturbed level of consciousness (11/25), limb dysfunction 
(7/25), headache (7/25), vomiting (6/25), impaired speech (5/25), or 
unsteady gait (1/25). All 25 patients had one or more symptoms. The 
Supplementary Figure shows the CT characteristics, hemorrhagic 

areas, and distribution of the hematoma in 25 patients with ICH. ICH 
was located in the basal ganglia (14/25), cerebellum (6/25), brainstem 
(6/25), thalamus (4/25), cerebral lobes (3/25), and ventricle (2/25). In 
patients undergoing hemodialysis, the ICH was severe in terms of 
hematoma size and clinical outcome. In the Supplementary Table, the 
size of the hemorrhagic lesion was usually large and the incidence of 
rupture into the ventricles was high. A total of 17 patients died in the 
first 16 days because of neurological complications. Only seven of the 
surviving patients recovered fully with no lasting sequelae.

Table 1 shows the clinical data of cases with ICH and controls. The 
predialysis systolic BP was 165.0 ± 19.41 mmHg in patients with ICH, 
which was significantly higher than that in the control group 
(145.17 ± 21.73 mmHg) (p < 0.001). The diastolic BP was 
81.96 ± 12.24 mmHg in patients with ICH, which was also significantly 
higher than that in the control group (75.26 ± 11.84 mmHg) (p = 0.014). 
The serum iPTH was 266.00 (134.85–579.14) pg./ml in patients with 
ICH, which was significantly higher than that in the control group of 
144.10 (198.10–265.70) pg./ml (p < 0.001). The serum alkaline 
phosphatase in the ICH group was 72.00(55.0–108.00) mmol/L, which 
was higher than that in the control group of 63.40 (53.10–82.00)mmol/L 
(p = 0.05). The nutritional status (hemoglobin and albumin) showed no 
significant differences. No differences were found in age, dialysis vintage, 
Kt/V, phosphorus, creatinine, triglycerides, or cholesterol (p > 0.05).

In addition, we compared the effects of sex, comorbidities, and 
medication history on the incidence of ICH. No difference existed in 
sex, comorbidity of diabetes, previous cardiovascular disease, smoking, 
hypotensive drugs, anticoagulation drugs, or the use of dialysis catheters 
between patients with ICH and the control group (p > 0.05).

The results of the multivariate logistic regression analysis of all the 
participants, which aimed to identify factors associated with ICH, are 
shown in Table 2. After adjustment for age, sex, and diastolic blood 
pressure, the systolic BP and iPTH were significantly associated with 
a higher risk of ICH (model 1). After additional adjustments for 
serum alkaline phosphatase (model 2) and antiplatelets (model 3, 
aspirin and clopidogrel are combined as one confounder as 
antiplatelets), the associations remained significant for ICH.

ROC curves were constructed to compare the ability of systolic BP 
and iPTH to predict ICH (Figure 2). The results showed that ICH was 
predicted by systolic BP and iPTH, with AUCs of 0.732 and 0.624, 
respectively. The optimal cutoffs for systolic BP and iPTH were 
151.9 mmHg and 295.4 pg./ml, respectively, according to the ROC curves.

In Figure 3, the restricted cubic spline regression analysis shows 
that the nonlinear relationship between iPTH and ICH was J-shaped. 
The risk of ICH was relatively flat until iPTH reached approximately 
295 pg./ml, and then the risk started to increase rapidly. The risk of 
ICH also increased when iPTH fell below 100 pg./ml.

Discussion

In this study, the clinical outcomes and risk factors of ICH were 
analyzed in 25 patients undergoing maintenance hemodialysis. 
Outcomes after stroke in patients undergoing hemodialysis are worse 
than in general populations (10). In our study, about 60% of the ICH 
group died within 16 days of the onset of ICH. The risk of hemorrhagic 
stroke is high in patients undergoing hemodialysis (11).

The high mortality rate associated with ICH among patients 
undergoing hemodialysis is related to the large size of the hemorrhagic 

A

B

FIGURE 1

Patient flow diagram. (A) Hemodialysis with cerebral hemorrhage in 
Aerospace Center Hospital of China between July 1, 2015 and 
October 10, 2022; (B) control hemodialysis patients in Aerospace 
Center Hospital of China in July 2020.
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TABLE 2 Multivariate logistic regression for independent variables potentially related to the incidence of ICH.

Variable Model 1 Model 2 Model 3

OR(95% CI) p OR(95% CI) p OR(95% CI) p

Age, years 1.045(0.996–1.097) 0.075 1.048(0.997–1.101) 0.066 1.046(0.996–1.100) 0.075

Sex 0.563(0.169–1.872) 0.349 0.648(0.189–2.225) 0.491 0.649(0.189–2.229) 0.492

IPTH, pg./ml 1.006(1.002–1.010) 0.003 1.005(1.001–1.009) 0.008 1.005(1.001–1.009) 0.008

Systolic BP, mmHg 1.048(1.014–1.083) 0.005 1.052(1.016–1.089) 0.004 1.052(1.016–1.089) 0.004

Diastolic BP, mmHg 1.002(0.955–1.051) 0.934 0.999(0.952–1.049) 0.976 0.999(0.951–1.049) 0.958

ALP, mmol/L 0.214(0.030–1.530) 0.125 0.217(0.030–1.568) 0.130

Antiplatelets 1.310(0.347–4.951) 0.690

Model 1, adjusted for age, sex, systolic and diastolic blood pressure, and iPTH; Model 2, adjusted for age, sex, systolic and diastolic blood pressure, iPTH, and ALP. Model 3, adjusted for age, 
sex, systolic and diastolic blood pressure, iPTH, ALP, and antiplatelets. Aspirin and clopidogrel are combined as one confounder as antiplatelets. OR = odds ratios; 95% CI = 95% confidence 
interval; BP, blood pressure; IPTH, Intact parathyroid hormone; ALP, alkaline phosphatase.

TABLE 1 Baseline characteristics of the study subjects.

Variable Intracerebral hemorrhage group Control group p

Demographics

Male(%) 17(68.0%) 55(57.9%) 0.199

Age, years 64.55 ± 13.56 60.85 ± 12.51 0.147

Dialysis vintage, months 43.85 ± 34.84 43.80 ± 39.28 0.978

Systolic BP, mmHg 163.82 ± 20.41 145.17 ± 21.73 <0.001

Diastolic BP, mmHg 81.96 ± 12.24 75.26 ± 11.84 0.014

Dialysis catheter 13(52.0%) 46(48.4%) 0.801

interdialytic weight gain 2.52 ± 0.70 2.47 ± 0.77 0.799

Comorbidities, n(%)

Diabetic mellitus 16(64.0%) 47(49.5%) 0.462

Previous CVD 15(60.0%) 45(47.3%) 0.261

Smoking 5(20.0%) 14(14.7%) 0.521

Medication history, n(%)

Dihydropyridine CCBs 15(60.0%) 60(63.2%) 0.772

ACEI/ARB 9(36.0%) 33(34.8%) 0.906

β-receptor blocker 6(24.0%) 15(15.8%) 0.336

Warfarln 4(16.0%) 5(5.4%) 0.070

Aspirin 6(24.0%) 19(20.0%) 0.661

Clopidogrel bisulfate 5(20.0%) 15(15.8%) 0.615

Laboratory values

Serum creatinine, umol/L 787.25 ± 262.53 788.28 ± 281.38 0.656

Serum uric acid, umol/L 368.23 ± 83.39 411.10 ± 91.28 0.036

Serum calcium, mmol/L 2.31 ± 0.23 2.28 ± 0.19 0.590

Serum phosphorus, mmol/L 1.88 ± 0.64 1.94 ± 0.48 0.618

Alkaline phosphatase, U/L 72.00(55.0–108.00) 63.40(53.10–82.00) 0.050

IPTH, pg./ml 266.00(134.85–579.14) 144.10(198.10–265.70) <0.001

Hemoglobin, g/L 112.91 ± 15.69 109.60 ± 11.86 0.579

Albumin, g/L 37.34 ± 3.96 36.67 ± 3.19 0.389

Triglyceride, mmol/L 1.83 ± 0.94 1.82 ± 1.17 0.979

Cholesterol, mmol/L 3.65 ± 0.87 3.68 ± 1.15 0.889

Kt/V 1.22 ± 0.13 1.21 ± 0.22 0.252

High density lipoprotein, mmol/L 0.87 ± 0.35 1.03 ± 0.31 0.162

BP, blood pressure. CCB, calcium channel blocker; ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blocker; CVD, cardiovascular disease; IPTH, Intact parathyroid 
hormone. Kt/V (where K is the dialyzer clearance of urea, t is the dialysis time, and V is the volume of distribution of urea). The meaning of the bold values is: p ≤ 0.05.
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lesion and the high incidence of rupture into the ventricles (12). The use 
of anticoagulation to maintain dialysis circuits during hemodialysis may 
promote the enlargement of cerebral lesions (13). LMWHs have been 
suggested as providing well-tolerated, efficient, convenient, and possibly 
more cost-effective anticoagulation for hemodialysis than unfractionated 
heparins (UFHs) (14). Despite widespread use, there is little 
standardization of LMWHs dosing protocols (15). Anti-Xa activity 
measurement can be used to adjust the dosage of LMWHs and predict 
the anticoagulant effect during hemodialysis (16). As an anticoagulant in 
the extracorporeal circuit, sodium citrate has been widely used in 
continuous renal replacement therapy (17). The study showed that 
regional citrate anticoagulation combined with sequential anticoagulation 
and standard calcium-containing dialysate in intermittent hemodialysis 
treatment is safe and effective (18). The choice of anticoagulant therapy 
in patients undergoing hemodialysis should be determined by patient 
characteristics, local expertise, and ease of monitoring (19).

Hypertension is viewed as one of the predominant risk factors for 
ICH in patients undergoing hemodialysis (20). In this study, we found 
that the risk of ICH proportionally increased with a higher systolic BP 
at the start of hemodialysis. The optimal cutoff for predialysis systolic 
BP to predict ICH was 151.9 mmHg in this study. Systolic BP less than 
151.9 mmHg in patients undergoing hemodialysis might be associated 
with a low risk of ICH incidence. Hypertension in patients undergoing 
dialysis often results from extracellular volume expansion, 
incrementally sympathetic activity, and vascular stiffness (21). 
Vascular stiffness reduces systolic compliance and diastolic flinch 
acting to increase systolic BP while simultaneously lowering BP (22, 
23). One of the most important preventive strategies in the prevention 
of ICH is the treatment of hypertension (24). Hypervolemia is a major 
cause of hypertension in the population undergoing dialysis (25). 
Volume overload is a key modifiable contributor to hypertension and 
cardiovascular disease in the population undergoing hemodialysis 
(26). Initiation and the dose increase of antihypertensive medications 
therapy are proven to be  beneficial only after the blood pressure 
remains reactionless to volume management methods (27).

CKD-MBD is characterized by abnormal mineral metabolism, bone 
turnover, and vascular calcification and is a prominent feature of CKD 
(28). Markers of CKD-MBD, such as increased serum iPTH, have been 
proposed as “emerging” stroke risk factors in patients undergoing dialysis 
(13). Current CKD-MBD guidelines recommend a wide range of serum 
PTH targets (2–9 times the upper limit of normal of the intact PTH assay) 
(29, 30). An increase in circulating iPTH is associated with a higher risk 
of brain hemorrhage (31). One large Japanese study including 65,849 
patients undergoing hemodialysis detected that high iPTH levels as a risk 
factor for ICH in patients undergoing hemodialysis (32). Elevated iPTH 
may increase the risk for ICH through the following pathogenesis: higher 
serum iPTH concentrations have been associated with increased blood 
pressure and vascular contractility, which may eventually lead to 
hypertrophy, apoptosis, and fibrosis of the vascular smooth muscle (33). 
Elevated iPTH may also predispose to vascular calcification (34). It can 
stimulate cytokine release from vascular smooth muscle cells and 
lymphocytes and thus affect the cardiovascular system via 

FIGURE 2

Receiver operating characteristic (ROC) curves of systolic BP and iPTH 
associated with ICH in patients undergoing maintenance hemodialysis.

FIGURE 3

The relationship between the continuous change in iPTH and ICH (p = 0.024) using restricted cubic splines (RCS).
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pro-inflammatory effects (35). IPTH is linked to the renin–angiotensin–
aldosterone system (RAAS) as a probable mechanism of hypertension and 
ICH (36, 37). IPTH levels are a risk factor for hypertension via vessel 
calcification so hypertension potentially remains the main direct risk 
factor for ICH. In hypertensive patients with hyperparathyroidism, 
parathyroidectomy has been associated not only with greater decreases in 
their blood pressure but also with decreased use of antihypertensive drugs 
(38–40). In addition, we also found that a lower level of iPTH (<100 pg./
ml) increased the risk of ICH in patients undergoing hemodialysis. A low 
level of iPTH is a manifestation of the malnutrition–inflammation 
complex syndrome (41). Age, comorbid diabetes, and hypoalbuminaemia 
have been associated with low iPTH levels in patients undergoing dialysis. 
All of these are risk factors for cerebrovascular events (42). Rational iPTH 
control is thus significant (41). Higher serum phosphate levels are also 
likely to increase the risk of hemorrhagic stroke (5, 43).

In addition, univariate analysis in this study showed that the level of 
alkaline phosphatase is higher in the ICH group. This is consistent with 
literature reports. Kitamura found that elevated serum alkaline 
phosphatase levels are an important risk factor for brain hemorrhage in 
patients receiving maintenance hemodialysis (44). Alkaline phosphatase 
is a membrane-bound enzyme that catalyzes the conversion of 
pyrophosphate into inorganic phosphate and is used as a marker of high 
bone turnover in patients with CKD (45). High alkaline phosphatase 
levels also might serve as a predictor for poor functional outcomes after 
ICH onset (46). In our analysis, patients with high systolic BP and poorly 
managed chronic kidney disease/mineral bone disease have an increased 
risk of hemorrhagic stroke. These findings suggested that regular 
monitoring of iPTH and alkaline phosphatase levels may help in 
improving the early identification of the population at higher ICH risk.

The strengths of our study include the use of case–control study 
design to evaluate the associations of systolic BP and serum iPTH 
levels with incident ICH in patients undergoing hemodialysis. 
We identified high predialysis systolic blood pressure and high iPTH 
levels as risk factors for ICH in patients undergoing hemodialysis. This 
confirms former investigations and encourages to do regular checks 
of iPTH levels in patients undergoing hemodialysis.

Although the current results are instructive, this report has several 
limitations. First, because of the low incidence rate of ICH among 
patients undergoing dialysis, for example, it was approximately 0.6% 
in a large Taiwanese hemodialysis population (47), so we chose a 
retrospective case–control design in this study. Second, only patients 
with ICH undergoing dialysis who were admitted to the hospital were 
included. One stroke project found that up to 46% of patients with 
stroke emergencies were never admitted to the hospital (48). 
Accordingly, our assessment of hemorrhage stroke risk factors may 
be incomplete. Third, findings regarding hypertension as a risk factor 
for ICH are not original, even in end-stage kidney disease. It also 
remains unclear whether there is an independent correlation between 
iPTH and ICH or whether the observed findings are rather driven by 
hypertension in the ICH group. This should be added to the limitations 
of the study. In addition, potential bias due to the small sample size 
and corresponding low statistical power, and the small sample size that 
might limit the performance of the multivariate statistical analyses 
should be included in the limitations of the study.

In conclusion, ICH in patients undergoing hemodialysis is 
associated with significant mortality. Inadequate control of 
hypertension and iPTH remains two significant risk factors. These 
results indicate that the importance of the control of blood pressure 

and PTH among patients undergoing hemodialysis may show great 
potential as a way to reduce the incidence of ICH.
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