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Abstract
Drugs that inhibit the vascular endothelial growth factor (VEGF) signaling pathway are a rapidly
growing chemotherapy class for treatment of solid tumors. This “targeted therapy” is more
specific than traditional chemotherapy, causing fewer side effects. However, VEGF-targeted
therapies cause hypertension in 30 – 80% of patients. Unlike traditional “off-target” side effects,
hypertension is a mechanism-dependent, “on-target” toxicity – reflecting effective inhibition of the
VEGF signaling pathway rather than non-specific effects on unrelated signaling pathways. In this
article, we review current understanding of the mechanisms of VEGF-targeted therapy-induced
hypertension, discuss similarities with preeclampsia, review implications for therapy of this
increasingly common clinical problem and discuss the potential use of blood pressure rise as a
biomarker for proper drug dosing and effective VEGF pathway inhibition.
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Therapeutic Targeting of the VEGF Signaling Pathway
The introduction of chemotherapies that target the VEGF signaling pathway, also called
anti-angiogenic chemotherapies, is an exciting advance in oncology based on the original
hypothesis proposed by Dr. Judah Folkman in 1971 that tumor growth and metastases are
angiogenesis-dependent processes1. This hypothesis proposed that tumor cells communicate
with vascular endothelial cells (EC) within developing neoplasms via “diffusible” growth
factors, leading to increased vascularization, which further facilitates tumor growth.
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Interrupting pro-angiogenic signaling pathways is a principle objective of novel anti-
neoplastic strategies, and Vascular Endothelial Growth Factor (VEGF) is a main target.

Vascular endothelial growth factor was discovered as a tumor-derived soluble factor capable
of inducing endothelial cell permeability2 and angiogenesis3. Since that initial discovery,
seven members of the VEGF family have been identified: VEGF-A, -B, -C, -D, -E and
Placental Growth Factors (PlGF) 1 and 2. VEGF mediates its effects through VEGF
receptors (VEGFR-1, VEGFR-2 and VEGFR-3), with VEGFR-2 as its primary cognate
receptor expressed on endothelial cells. VEGF binding to VEFR-2 activates intrinsic
tyrosine kinase activity of VEGFR-2, leading to activation of numerous downstream
signaling cascades. Most notably, VEGFR-2 activation recruits PI3-kinase, which in turn
activates AKT which directly phosphorylates eNOS causing increased NO production. NO
diffuses in a paracrine fashion to adjacent vascular smooth muscle cells, activating guanylate
cyclase with increased cGMP production and vasodilation.

VEGF exerts pleiotropic effects on ECs including migration and invasion into the basement
membrane, proliferation, and formation of fenestrations.4 VEGF is expressed in virtually
every tissue during development, and is required for development-related angiogenesis,
causing embryonic lethality while under-5, 6 or over-7 expressed. VEGF plays important
roles in adult life as well, being required for physiologic angiogenesis during the female
reproductive cycle8, wound healing9, bone repair10 and muscular adaptation to exercise11. It
is increasingly appreciated that VEGF signaling is required for homeostasis of adult
vasculature as well12.

The first anti-VEGF chemotherapy to be approved for use in cancer treatment was
bevacizumab, in 2004 (REFERENCE). A humanized monoclonal antibody that binds
circulating VEGF-A, bevacizumab was first approved for the treatment of colon cancer.
Subsequently the multi-targeted kinase inhibitors (MTKIs) sorafenib, sunitinib, and
pazopanib were approved for the treatment of metastatic renal cell carcinoma (mRCC).
MTKIs are small molecules that target the VEGF receptor VEGFR-2, the platelet-derived
growth factor (PDGF) receptor, RAS, and c-KIT.13 Use of these medications has since
expanded to many different solid tumors, with ongoing clinical trials of newer formulations
of the medications as well as use with an expanding number of solid tumors. Their use is
growing rapidly. They are now first line therapy for cancers such as mRCC, which accounts
for 2.5% of all new cancer diagnoses. With increased use of these medications, and many
highly potent formulations in development, there is an increasing interest in and clinical
need to understand VEGF inhibitor toxicities.

Hypertension with VEGF Inhibition
As VEGF-targeted therapies entered the clinic, it became clear that hypertension and
proteinuria were major toxicities of this drug class – both the biologics and the small
molecules. Proteinuria as a consequence of VEGF inhibition is discussed by Eremina and
Quaggin in an accompanying article in this issue, and this article will focus on hypertension
in patients treated with VEGF-targeted therapy. Hypertension occurs in up to 80% of
patients on some forms of these medications 14 and nearly all patients taking these drugs
experience a rise in blood pressure, even if not to hypertensive levels. Preclinical and
clinical studies evaluating bevacizumab revealed the dose-dependent development of
hypertension in up to two-thirds of patients 15. Sorafenib and sunitinib are also associated
with hypertension and a preeclampsia-like syndrome 16. The kinetics of blood pressure rise
vary, but with some high-potency VEGF inhibitors, it can be rapid. In one recent study
examining sorafenib, among 54 patients initiating therapy, 93% had a rise in blood pressure
by day 6, and most experienced a rise in blood pressure over the first 24 hours of therapy, as
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assessed by ambulatory blood pressure monitoring (ABPM) 16, 17. Similarly, we found a
very rapid rise in blood pressure among women initiating Cediranib therapy, a high-potency
small molecule VEGF-targeted therapy, with 67% of patients developing hypertension over
the first three days of therapy and 87% by the end of the study (Figure 1.) 14. 43% of these
patients developed Grade 3 (> 150/100 mmHg not controlled for 48 hours despite treatment)
or Grade 4 hypertension (hypertensive crisis). Posterior leukoencephalopathy related to
therapy-induced hypertension is described, and is not rare in clinical practice, often
requiring discontinuation of therapy 18.

Since hypertension is a common, and often dose-limiting toxicity, it would be clinically
useful to predict which patients are at the highest risk of developing this complication after
starting anti-angiogenic therapy. The risk factors for development of hypertension on these
agents are, however, largely undefined. We found that age ≥57 years predicted development
of hypertension in the first 3 days of treatment with cediranib, and also predicted a larger
average increase in SBP at day 3 than in those < 57 years (15.9mmHg vs. 7.0mmHg;
p=0.02). Being aged ≥65 years showed a trend toward rapid development of hypertension
over the first 3 days (RR 1.41; 95% CI: 0.98–2.02). BMI, eGFR, family history of
hypertension or cardiovascular disease, and prior hypertension did not predict development
of hypertension, nor did starting dose of cediranib 14. Maitland and colleagues analyzed
blood pressure 10 days after starting sorafenib, and observed a mean systolic increase of
+10.8 mm Hg; (95% confidence interval (95% CI), 8.6–13.0; range, −5.2 to +28.7 mm Hg).
The considerable variability in degree of blood pressure rise did not correlate with age, body
size, sex, self-reported race, baseline blood pressure, or steady-state sorafenib plasma
concentration. Smoking and hypercholesterolemia have been proposed as risk factors in a
small study 19 and our clinical experience indicates that pre-existing hypertension is an
important risk factor, but clearly large studies are needed in this area.

Mechanisms of VEGF-associated hypertension: Clues from Preeclampsia
Recent advances in our understanding of preeclampsia give reason to believe that
hypertension in both patients with preeclampsia and patients taking anti-angiogenic therapy
share a common pathogenesis. Preeclampsia is a disease of pregnancy affecting 5–7% of
women in their 2nd and 3rd trimester, and is marked by hypertension, proteinuria and
edema. This condition is characterized by systemic endothelial dysfunction, and if left
untreated, ascites, pulmonary edema, thrombocytopenia, headaches, disseminated
intravascular coagulation, and even blindness may develop20. In severe cases, the condition
may progress to eclampsia, characterized by seizures and other neurologic manifestations,
including strokes. Soluble VEGFR-1 (also called sFlt1) is found at high levels in the blood
of women with preeclampsia 21, 22. sFlt1 is produced via alternative splicing of the Flt1
transcript, resulting in a deletion of the intracellular and transmembranous domains of Flt1,
rendering the truncated protein soluble. sFLT1 binds and sequesters VEGF in mechanism
analogous to bevacizumab, resulting in inhibition of VEGF signaling. Systemic
administration of sFlt1 to pregnant rats reproduces several symptoms of preeclampsia,
including hypertension, proteinuria and renal thrombotic microangiopathy 21, 23.

While the pathophysiology of hypertension in preeclampsia remains incompletely
understood, one characteristic of preeclampsia is deficient production of nitric oxide (NO)
24. VEGF stimulates NO production by ECs 25, 26, suggesting that decreased free VEGF
levels in preeclampsia might lead to suppressed NO signaling, causing systemic
vasoconstriction and hypertension. In support of this hypothesis, NO metabolites are
inversely related to sFlt1 in preeclampsia 27. These results suggest that elevated levels of
sFlt1 in preeclampsia bind and sequester VEGF, inhibiting signaling through EC VEGFR-2,
reducing NO production and causing systemic vasoconstriction and elevated blood pressure.
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Inhibition of Endothelium-Derived Relaxing Factors
High dose VEGF infusion into rabbits induces systemic vasodilation and causing an
immediate drop in blood pressure 28 that can be inhibited by the NOS inhibitor, L-NAME
(Figure 2) 26. VEGF, acting through VEGFR-2, activates endothelial NO synthase (eNOS)
activity through AKT26, leading to increased vasodilatory NO production (Figure 3)
Bevacizumab has been shown to decrease NO levels in vitro 29, and given that preeclampsia
is characterized by deficient NO production, these observations together suggest the
hypothesis that anti-angiogenic therapies might also cause systemic deficiency of NO with
consequent hypertension by inhibiting VEGF signaling.

Providing the first direct support for an important role for suppressed NO in hypertension
caused by VEGF-targeted therapies, Facemire and colleagues administered an antibody
directed against VEGFR-2 to mice, and the mice subsequently developed hypertension.
Animals receiving anti-VEGFR-2 antibody experienced reduced endothelial and neuronal
NOS expression in kidney. Further, they showed that administration of the NOS inhibitor L-
NAME abolished the difference in blood pressure between control and VEGFR-2 inhibition
groups – suggesting that hypertension after VEGF blockade is indeed mediated by
suppression of NO levels leading to vasoconstriction 30, 31. No results from human studies
have been reported to date, but our preliminary evidence in a cross sectional study of mRCC
patients receiving either VEGF-targeted therapy or other therapy indicates that those patients
receiving anti-angiogenic therapy have reduced urinary nitrite and nitrate as well as cGMP
compared to patients not receiving VEGF-targeted therapy (Robinson and Humphreys, in
preparation).

While VEGF appears to regulate vascular tone primarily via NO, prostacyclin (PGI2) may
also play role. VEGF activates PGI2 production in endothelial cells through
heterodimerization between VEGFR-1 and VEGFR-2 32, and PGI2 is a potent vasodilator 33

(Figure 3). Some studies have measured reduced levels of PGI2 metabolites in preeclampsia,
providing additional support 34. While there were no differences in stable metabolite levels
of the prostanoids PGI2, PGE2 and thromboxane A2 in a preclinical study 30, determining
the relative contribution of suppressed NO vs. PGI2 vasodilatory pathways in the
pathogenesis of anti-angiogenic therapy-induced hypertension will likely require large,
prospective studies measuring these biomarkers in patients before and after starting VEGF-
targeted therapy.

Capillary Rarefaction
Substantial evidence exists to show that chronic VEGF inhibition causes capillary
rarefaction, both in preclinical models and in humans. This capillary rarefaction may
increase afterload and thereby contribute to the pathophysiology of hypertension induced by
VSP inhibition. Chronic VEGF depletion causes reduced microvascular EC survival,
ultimately leading to a net reduction in tissue microvessel density 35. The endothelial insult
may additionally cause local thrombosis, leading to a further decrease in vascular perfusion,
accelerating the process of EC apoptosis and microvessel obliteration. The cumulative
effects of microvascular rarefaction may lead to increased systemic vascular resistance,
resulting in a further increase in blood pressure. Early stages of capillary regression can be
measured as early as 24 hours after drug initiation in mouse models. However, capillary
density is not decreased by >50% until after at least 7–14 days 35, 36. In humans, evidence of
decreased capillary density after 5 weeks of telatinib treatment has been observed, with
regrowth of the microcapillary network after discontinuation of therapy 37. It is likely given
this evidence in both mice and humans that capillary rarefaction does play a role in VEGF
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inhibitor-induced hypertension, but it is probably not the sole factor in the hypertension
given that the rise in blood pressure develops more rapidly than this process would occur.

Alterations in the Pressure Natriuresis Relationship
Many decades of hypertension research have established the kidney’s ability to excrete
sodium in response to chronic increases in arterial pressure (the pressure-natriuresis
relationship) as a critical regulatory response to elevated blood pressure. For chronic
hypertension to occur, a defect in renal sodium excretion has been seen in all forms of
hypertension examined 38. At least two lines of evidence suggesting that VEGF inhibition
might shift the pressure-natriuresis curve as an explanation for hypertension seen on VSP
inhibitors. First, NO has a direct effect on regulation of pressure natriuresis and tubule-
glomerular feedback. Disruption of proper eNOS functioning, through VEGF inhibition,
may therefore cause sodium retention and extracellular fluid volume increase, perpetuating
hypertension by changing the set point for sodium excretion 39. Support for this model is
derived from rodent studies where VEGFR-2 inhibition caused a rightward shift in the
chronic pressure-natriuresis relationship 30.

In other recent experiments, an alternate, novel mechanism for VEGF-mediated regulation
of extracellular fluid volume has been proposed. In response to a high salt diet, production
of VEGF-C by macrophages rises, binding to VEGFR-3 and stimulating lymphatic vessel
growth. This lymphatic capillary network is hypothesized to form a compartment that
buffers extracellular fluid volume in response to the increased sodium intake, blunting the
expected rise in blood pressure. Inhibition of VEGF-C or macrophage depletion caused a
decrease in lymphatic vessel density, and increased blood pressure in response to a high salt
diet 40. While VEGF-targeted chemotherapy was designed to inhibit VEGF-A signaling
through VEGFR-2, many of the MTKIs, including sunitinib and sorafenib also inhibit
VEGF-C signaling through VEGFR-3. Thus, these agents might similarly limit lymphatic
growth in response to salt intake, causing exacerbated hypertension in response to high salt
diet.

The Renin-Angiotensin Axis
Although endothelial dysfunction might be expected to cause glomerular ischemia with
upregulation of the renin-angiotensin-aldosterone axis, in fact no experimental evidence
supports a role for this pathway. Facemire and colleagues, using DC101, a VEGF receptor
inhibitor in mice, demonstrated that renin mRNA and aldosterone urinary excretion were
actually decreased when compared with control mice 30. In the only published study
examining this in humans, renin and aldosterone levels were not increased in 20 patients
taking sorafenib 41. In our own study of epithelial ovarian cell cancer patients on cediranib,
we found that body weight decreased while blood pressure increased 14. While the loss of
weight may have been multifactorial, if the renin-angiotensin-aldosterone axis was
upregulated, we would have expected an increase in extracellular fluid volume and hence
body weight. These are all small studies and further investigation is needed, but so far these
findings do not support a significant for the renin-angiotensin-aldosterone axis in mediating
blood pressure elevation with VEGF inhibition. Indeed, circulating renin and aldosterone
levels are suppressed in preeclampsia,42 consistent with the hypothesis that VEGF inhibition
does not lead to up-regulation of the RAAS axis.

Other Vasoconstrictive Pathways
Emerging data supports a possible role for increased vasoconstrictive endothelin-1 (ET-1) in
the pathogenesis of hypertension induced by anti-VEGF therapy. First, there is evidence that
ET-1 plays a role in hypertension induced by a rat model of preeclampsia. Alexander and
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colleagues from the Granger group showed increased levels of preproendothelin mRNA in
renal medulla during preeclampsia, and also showed marked attenuation of blood pressure
by an endothelin type A receptor antagonist 43. In a follow up study from the same group,
Murphy et al. measured elevated ET-1 in hypertension induced by infusion of sFlt-1 44.
Further supporting a role for this polypeptide is the observation that endothelin receptor
blockade abrogated hypertension induced by sFlt-1 in this model.

Oxidative stress could also be involved in endothelial changes observed when VEGF
signaling is blocked. It has been demonstrated that exposure of endothelial cells to peroxide
(H2O2) leads to increased mRNA levels for both VEGF and VEGFR-2 45. Since oxidative
stress had been implicated in various forms of human hypertension, it is conceivable that
loss of VEGF-related protection further contributes to blood pressure elevation. Finally,
vasoconstrictive thromboxanes might play a role as well, although preclinical studies so far
do not support this concept 30, there are no studies in humans to date. Figure 4 summarizes
how the various mechanisms discussed above might contribute to the development of
endothelial dysfunction and hypertension in patients treated with anti-angiogenic therapies
(Figure 4).

Hypertension as a biomarker of tumor response
In addition to the importance of understanding these side effects for purposes of clinical
management, there is increasing evidence that a rise in blood pressure in patients on these
medications may predict better tumor response 46. The rationale is that hypertension is a
mechanism-dependent effect of VEGF signaling pathway (VSP) inhibition – ie, it reflects
effective in vivo inhibition of the VEGF signaling pathway 47. This raises a natural question:
Are patients who do not develop hypertension on these drugs being underdosed? If they do
not experience a rise in blood pressure, perhaps pro-angiogenic VEGF signaling in their
tumor vasculature is not being effectively inhibited. In fact, a variety of observations suggest
that this hypothesis may be at least partly true. Scartozzi, et al demonstrated that in a cohort
of 39 patients with metastatic colorectal cancer on bevacizumab, partial remission was
achieved in 75% of patients who developed grades 2–3 hypertension, but in only 32% of
those who did not develop hypertension (p=0.04) 48. Several letters to the editor have
reported similar results with bevacizumab, sorafenib and sunitinib 51–53. In an important
study by Schneider and colleagues, VEGF genotypes, hypertension and overall survival was
examined in patients on bevacizumab and paclitaxel compared with paclitaxel alone for
metastatic breast cancer. They found that the VEGF-2578AA genotype was associated with
superior median overall survival in the combination arm compared with the other genotypes.
Intriguingly, this genotype was also associated with a higher incidence of bevacizumab-
associated hypertension, and those who developed grade 3 or 4 hypertension had a higher
median overall survival than those who did not develop hypertension (38.7 vs. 25.3 months,
p=0.002) 49. By contrast, a different VEGF genotype, 634CC, was associated with
significantly less grade 3 or 4 hypertension independent of VEGF expression levels in the
tumor itself.

More recently, further evidence for a role for the VEGF-634 polymorphism on sunitinib-
induced hypertension was presented by Kim et al 50 in 63 mRCC patients treated. These
investigators also found that the VEGF-634CC genotype was associated with substantially
decreased frequency and duration of hypertension compared to the VEGF-634GG genotype
(8.9% vs 27.2%, p = 0.007). Collectively these reports support the notion that blood pressure
rise on these drugs may be a biomarker for effective VEGF inhibition, and suggest an
intriguing role for VEGF polymorphisms in modulating risk of hypertension. Based on these
encouraging findings, a new trial (NCT00835978) is testing the hypothesis that patients who
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do not develop hypertension on standard dose axitinib may experience antitumor benefit
with dose escalation.

Interestingly, albuminuria, which is also considered to be a mechanism-dependent toxicity
of anti-angiogenic chemotherapy, has not been explored as a biomarker of VEGF
responsiveness. Hypertension can be difficult to measure accurately without the use of
ambulatory blood pressure monitoring (ABPM), which is not very practical in many clinical
situations. However, measurement of the urinary albumin:creatinine ratio (ACR), a valid
estimate of 24-hour urine albumin excretion, can be performed routinely and measured
easily with a spot urine sample 54. The association between albuminuria and tumor response
deserves further investigation, as albuminuria may be a potential biomarker of efficacy.

Management of Hypertension Induced by Anti-Angiogenic Therapy
While an abundance of data exists for managing essential hypertension, very little data
exists to guide treatment of hypertension induced by VSP inhibitor blockade. Nevertheless,
the condition is clinically important and several general recommendations can be made,
based in part on a recent interdisciplinary working group convened to study this topic 55.
First, patients should have controlled blood pressure before starting therapy, since they may
be expected to have exacerbation of pre-existing hypertension after starting the drug. The
clinical utility of medications that are known to raise blood pressure, such as NSAIDS or
erythropoietin, should be re-evaluated (and the medications discontinued, if possible) before
and during treatment with VSP inhibitors. Lifestyle recommendations can be made at this
point as well, such moderating alcohol intake and reducing dietary salt, since these
interventions will reduce blood pressure.

There is no simple algorithm to follow in managing hypertension induced by VSP inhibition
and treatment will need to be individualized to each patient. However, active monitoring
throughout treatment is required since this toxicity is so common. Antihypertensive therapy
should be initiated when blood pressure rises above 140/90mmHg, as a general rule, but in
high risk groups such as patients with diabetes or chronic kidney disease, the threshold is
lower (130/80mmHg). Choice of antihypertensive agent should be individualized, and
angiotensin converting enzyme inhibition or calcium channel blockers are reasonable first
line options. Centrally acting antihypertensives or diuretics may be added to adequately
control blood pressure. Close follow up is critical for appropriate titration to ensure efficacy
and control any side effects. If blood pressure cannot be maintained below 140/90mmHg (or
130/89mmHg in high risk groups) then prompt referral to a specialist is indicated. When
patients are taken off of VSP inhibitors, their blood pressure will return to their prior
baseline with a variable time course, and close monitoring is required with tapering and
discontinuation of added anti-hypertensive medications in order to avoid hypotension.

Conclusion
The use of anti-angioenic therapies is growing rapidly and nephrologists will increasingly be
called upon to manage the renal and vascular side effects of these drugs. Hypertension on
VEGF-targeted therapies is common and causes significant morbidity but it can be
effectively managed and may also be a biomarker for tumor responsiveness. Understanding
the mechanisms of VEGF inhibitor-induced hypertension will lead to rational treatment of
this complication, and may illuminate our understanding of the role of VEGF in
maintenance of vascular tone and endothelial health during homeostasis. Further studies are
required to determine the risk factors for development of hypertension on these drugs and
the possible use of blood pressure as an efficacy biomarker for prediction of treatment
response.
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Figure 1. Rapid development of hypertension after starting Cediranib
Blood pressure and antihypertensive medication addition in 46 women with ovarian cancer
were tracked before (Day 0) and after starting Cediranib, a high potency VEGF-targeted
therapy. The mean length of time in the study was 115 days and the median was 84 days.
Reproduced with permission 14.
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Figure 2. VEGF Infusion induces NO-dependent hypotension
VEGF infusion activates VEGFR-2 expressed on vascular endothelial cells, resulting in
activation of eNOS and nitric oxide-dependent vasodilation. In this experiment, VEGF
infusion causes immediate fall in blood pressure with a concomitant rise in heart rate. The
fall in blood pressure is mediated by production of nitric oxide because addition of the NOS
inhibitor L-NNA reverses the fall in blood pressure. Reproduced with permission 26.
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Figure 3. Vasodilatory signaling pathways induced by VEGF in the vasculature
A. VEGF in the circulation binds to VEGFR-2 expressed on endothelial cells, triggering the
production of NO by activation of eNOS. NO acts in a paracrine fashion on adjacent
vascular smooth muscle cells (VSMC), where it activates soluble guanylate cyclase (sGC) to
produce cGMP, which causes VSMC relaxation. B. Activation of VEGFR-2 on endothelial
cells activates multiple downstream signaling pathways, including both SRC and PI3k. This
results in activation of the kinase Akt, which directly phosphorylates and activates eNOS.
Resulting NO binds to sGC in adjacent VSMC, increasing cGMP and causing vasodilation
mediated by cGMP-dependent kinases (not shown). VEGFR-2 activation also activates
phospholipase C (PLC), which triggers a signaling cascade resulting in the transcriptional
activation of cyclooxygenase-2 (COX-2), which produces vasodilatory prostacyclin (PGI2),
contributing to the vasodilatory reponse.
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Figure 4. Possible mechanisms of VSP inhibitor-induced hypertension
VEGF blockade induces endothelial dysfunction because autocrine VEGF is required for
endothelial cell health. This results in the inhibition of VEGF-dependent vasodilatory
pathways such as NO and PGI2, as well as the possible upregulation of vasoconstrictive
pathways such as endothelin-1 (ET-1). Together with the loss of microvascular capillary
density through capillary rarefaction, these mechanisms cause systemic vasoconstriction,
resulting in increased afterload and hypertension. Endothelial dysfunction and VEGF
blockade also resets the pressure-natriuresis relationship resulting in inadequate renal
sodium excretion in the face of elevated blood pressure. Finally, VEGF blockade may also
block VEGFR-3 expressed on endothelial cells, decreasing lymphangiogenesis and reducing
the capacity of the lymphatic network to buffer sodium and extracellular fluid (ECF)
volume. Both of these latter two mechanisms will contribute to volume overload and
exacerbate blood pressure rise.
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