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Executive Summary

•	 Chronic kidney disease (CKD) is common and effects approximately 15% of adults in the USA (37 million 
people). Kidney disease is the ninth leading cause of death. CKD increases the risk for cardiac disease, 
stroke, and death, and leads to multiple significant additional diseases. 

•	 Hypertension and diabetes are the leading causes of CKD in adults and also represent the most treatable 
targets to prevent CKD and to reduce CKD progression. Hypertension is responsible for continued 
morbidity, mortality and high socioeconomic costs despite the widespread availability and use of cuff 
brachial artery measurements for diagnosis and monitoring.

•	 Elevated central aortic pressure is predictive of impaired renal function. Brachial and central aortic 
pressures provide complimentary information for risk prediction and management decisions.

•	 The risk of adverse cardiovascular outcomes with elevated central pressure is at least as high and possibly 
higher than with brachial pressure. 

•	 Prescription of anti-hypertension medications has the potential of significant benefit but as with all 
medications, may be associated with adverse consequences (hypotension and drug specific adverse 
effects) and should always be judicious and carefully considered, particularly in patients with CKD. 

•	 Measurements of central arterial pressures can be incorporated into the current approaches to 
hypertension management as the dual arterial pressure SphygmoCor XCEL device can provide both 
brachial and central aortic pressures in the same clinic setting. 

•	 Incorporation of central aortic pressure monitoring should be considered for all patients with chronic 
kidney disease.

Background

Chronic Kidney Disease 
Chronic kidney disease (CKD) encompasses mild through severe impairment of renal function. The definition 
of CKD is kidney damage or a decreased glomerular filtration rate (GFR) of less than 60 mL/min/1.73 m2 for at 
least 3 months.¹ 
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CKD is classified according to GFR as follows:¹

	 Stage 1: Kidney damage with normal or increased GFR (>90 mL/min/1.73 m2)

	 Stage 2: Mild reduction in GFR (60-89 mL/min/1.73 m2)

	 Stage 3a: Moderate reduction in GFR (45-59 mL/min/1.73 m2)

	 Stage 3b: Moderate reduction in GFR (30-44 mL/min/1.73 m2)

	 Stage 4: Severe reduction in GFR (15-29 mL/min/1.73 m2)

	 Stage 5: Kidney failure (GFR < 15 mL/min/1.73 m2 or dialysis)

Stage 5 CKD is most often referred to as end-stage renal disease (ESRD).

Chronic kidney disease (CKD) is common and effects approximately 15% of adults in the USA (37 million 
people).2 Most adults (90%) are unaware that they have CKD as it is generally slowly progressive. According to 
the Centers for Disease Control and Prevention (CDC), CKD occurs in 38% of adults at least 65 years old, 12% of 
those between 45 and 64 years, and 6% of people between 18 and 44 years. The following statistics are from 
the USA.²  

•	 Kidney disease is the ninth leading cause of death

•	 350 people begin dialysis each day due to ESRD

•	 131,600 people start treatment for ESRD in a year  

•	 786,000 people are living with ESRD with 71% receiving dialysis and 29% with a kidney transplant. 

The cost of treating CKD in Medicare recipients has been estimated to be $82 billion (2018), with an additional 
$36.6 billion of cost for treating those with ESRD.2 A 2017 study included 106,050 patients with CKD and 
56,761 controls without CKD.3 Average all-cause annual costs increased exponentially with increase CKD stage 
[(a) commercial group – from $7,537 (no CKD) to $76,969 (CKD stages 4-5), (b) Medicare group – $8,091 (no 
CKD) to $46,178 (CKD stages 4-5)]. Average annual costs for ESRD patients were $121,948 (commercial group) 
and $87,339 (Medicare group).³ 

Approximately 15% of US adults (37 million people) have CKD. The cost for treating CKD in Medicare 
recipients has been estimated to be $82 billion, with an additional $36.6 billion for treating ESRD.

CKD increases the risk for cardiac disease, stroke, and death. A substantial list of symptoms and diseases are a 
consequence of CKD and include anemia, anorexia, cardiac dysfunction (including arrhythmias), diminished 
immune responses, electrolyte alteration, encephalopathy, erectile dysfunction, fatigue, fluid retention 
(peripheral and pulmonary edema), hypertension, impaired cognition, metabolic bone disease, nausea, 
pericarditis, peripheral neuropathy, platelet dysfunction (bleeding, ecchymosis), and sleep disorders (restless 
leg syndrome).

Hypertension and diabetes are the leading causes of CKD in adults. Other etiologic factors include 
cardiovascular disease, family history of CKD including inherited kidney disorders, immune mediated diseases, 
past damage to the kidneys, and older age. It is readily apparent therefore that hypertension and diabetes 
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represent the most treatable targets to prevent CKD. The objective of this document is to describe the role of 
central aortic blood pressure monitoring as an important part of hypertension management with the goal of 
reducing the adverse downstream consequences on renal function.

Hypertension and diabetes are the leading causes of CKD in adults and represent the most treatable 
targets to prevent CKD and CKD progression.

Central Aortic Pressure as a Predictive Measure of Renal Impairment

Hypertension leading to end-organ damage results from elevated central aortic pressures as this is what is 
directly transmitted to organs such as the kidney, heart, and brain. Central systolic pressures are correlated to 
peripheral systolic pressures and threshold values can be defined for treatment decisions; however, central 
pressures cannot reliably be predicted within an individual based on their brachial pressures.4-8 

Central aortic pressure is predictive of end-organ damage including impaired renal function. Wang et al in a 
study of 1,272 subjects found that adjustment for demographics and relevant comorbidities, cSBP was the 
variable that consistently was independently predictive of deaths categorized as cardiovascular with a hazard 
ratio of 1.30 (per 10 mmHg increase).9 

Glomerular filtration rate and carotid intima-media were more strongly related to central pressures than 
peripheral pressures.9

A separate published report examined the relationship of organ damage to blood pressure and showed 
that that central pressure provided additional information regarding the likelihood of renal damage (using 
estimated glomerular filtration rate) and cardiac damage (using left ventricular mass index)  related to 
hypertension.10

Central pressure provided additional information regarding the propensity to end-organ damage (including 
renal damage) related to hypertension.10

The report by Yu and colleagues in 1,983 elderly subjects, demonstrated that groups can be distinguished 
based on concordance and discordance of brachial and central elevated pressures using a brachial target of 
140/90 mm Hg and a central pressure target of 130/90 mmHg. The clinically relevant implication is that both 
pressures are valuable for deciding on management approaches and for the evaluation of risk.11   

Incorporating Central Aortic Pressure Monitoring into the Care of Patients with Impaired 
Renal Function: Optimization of Pharmacotherapy for Hypertension

Numerous peer-reviewed publications have documented that non-invasive central aortic pressure assessment 
can provide independent and additional information (relative to brachial pressures) for determining risk of 
end-organ damage and cardiovascular morbidity and mortality.12-24 As well, controlled studies have indicated 
that pharmacotherapy may have different effects on brachial compared to central blood pressure, which has 
implications for management decisions.12 
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Hypertension management through the addition of non-invasive measurements of central aortic pressures 
has the potential to improve care through: (a) refining requirements for BP monitoring, (b) decreasing over-
treatment, (c) early identification for earlier or more aggressive treatment, and (d) decreasing the overall cost 
of care (e.g., use of tools such as ambulatory blood pressure monitoring (ABPM), drug costs).

Identifying the requirements and amount of medication is critical to controlling gestational hypertension.

The following table provides examples where central aortic blood pressure monitoring may positively impact 
the treatment of gestational hypertension:

Table 1: Examples of clinical utility of measuring both brachial and central aortic blood pressure.

CLINICAL USE BRACHIAL BP CENTRAL BP

Confirming hypertension (drug 
prescription is optimized)

Elevated Elevated

Suspicion of white coat 
hypertension

Elevated Normal or Low

Avoidance of increased drug 
prescription 

Borderline high Normal or Low

Consideration of reducing drug 
prescription (patients receiving 
at least one anti-hypertensive 
medication

Normal (particularly when there 
is suspected medication adverse 
effects)

Low (or extended period of normal)

The measurement of central aortic pressures in addition to brachial pressures provides clinically important 
patient care information.

Reduced Morbidity Association with Overtreatment of Hypertension

Overtreatment of hypertension may readily occur if office-based cuff measurements are misleadingly high. All 
medications are associated with side effects specific to the medication (e.g., cough in angiotensin converting 
enzyme inhibitors, constipation in calcium channel blockers); however, all anti-hypertensive medications 
have the potential for hypotension and consequences thereof. Elderly patients are more susceptible to 
hypotension and adverse consequences from hypotension. Furthermore, the association of blood pressure 
with cardiovascular events appears to be bimodal with higher rates at both low and high blood pressures.25 In 
a study of 10,001 patients followed for approximately 5 years, patients with a pre-existing history of coronary 
artery disease and a low blood pressure (110–120/60–70 mmHg) had an increased risk of cardiovascular events 
other than stroke.25  Several studies have noted an increased mortality in elderly patients related to lower 
treated blood pressure.26,27 Older hypertensive patient have an increased risk of postural hypotension, balance 
and gait impairment, confusion, and dizziness.28 Finally, an increased risk for injuries related to falls may result 
from overly aggressive treatment of hypertension.28 

Cushman et al performed a randomized trial of intensive BP control (systolic BP <120 mm Hg) compared to 
standard therapy (systolic BO < 140 mm Hg) in 4,733 subjects with type 2 diabetes. The mean follow-up was 
4.7 years.29 Intensive therapy did not reduce the rate of the composite of fatal and non-fatal cardiovascular 
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events. However, intensive therapy vs. standard therapy was associated with a higher proportion of subjects 
with serious adverse events (3.3% vs. 1.3%, p<0.001), elevated creatinine (23.8% vs. 15.5%, p<0.001), and 
reduced eGFR (4.2% vs. 2.2%, p<0.001). The study highlights the need to ensure that decisions for hypertension 
management consider any propensity to medication induced episodes of hypotension, which may impact 
renal function. The addition of central pressure monitoring can assist in this objective (e.g., normal to high 
normal brachial pressure and low-normal to low central aortic pressure).

A study examining 651,749 US veterans with CKD sought to assess the association of blood pressure with 
mortality in CKD patients.26 The lowest mortality was observed with blood pressure of 130–159/70–89 mmHg. 
Patients with systolic and diastolic BP concomitantly very high or very low had the highest mortality. Results 
were consistent in subgroups of patients with normal and elevated levels of urine microalbumin-creatinine 
ratio. Depending on the model used, the hazard ratio for mortality with systolic BP < 120 mm Hg and diastolic 
BP < 80 mm Hg ranged from 1.42 to 1.62 (i.e., 42% to 62% increased risk). As with the previous study, avoiding 
hypotension should have a significant clinical impact. Again, the addition of central pressure monitoring in 
patients with CKD can assist in this objective.

The addition of central aortic pressure monitoring can assist in hypertension management decisions that 
consider any propensity towards medication induced episodes of hypotension, which may negatively 
impact renal function.

In summary, prescription of anti-hypertension medications has the potential of significant benefit but as with 
all medications, may be associated with adverse consequences such as reduced renal function and should 
always be judicious and carefully considered, particularly in patients with CKD. Assessment of central pressures 
provides relevant information that informs prescription medication needs. 

Summary and Conclusions

The following is a summary of the key discussion points:

•	 Chronic kidney disease (CKD) is common and effects approximately 15% of adults in the USA (37 million 
people). Kidney disease is the ninth leading cause of death. CKD increases the risk for cardiac disease, 
stroke, and death, and leads to multiple significant additional diseases. 

•	 Hypertension and diabetes are the leading causes of CKD in adults and also represent the most treatable 
targets to prevent CKD and to reduce CKD progression. Hypertension is responsible for continued 
morbidity, mortality and high socioeconomic costs despite the widespread availability and use of cuff 
brachial artery measurements for diagnosis and monitoring.

•	 Elevated central aortic pressure is predictive of end-organ damage including impaired renal function. 
Brachial and central aortic pressures provide complimentary information for risk prediction and 
management decisions.

•	 The risk of adverse CV outcomes with elevated central pressure is at least as high and possibly higher than 
with brachial pressure. 

•	 Assessment of central pressures provides relevant information that informs prescription medication needs. 
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•	 Measurements of central arterial pressures can be incorporated into the current approaches to 
hypertension management as the dual arterial pressure SphygmoCor XCEL device can provide both 
brachial and central aortic pressures in the same clinic setting.

In conclusion, incorporation of central aortic pressure monitoring should be considered for all patients with 
chronic kidney disease.
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