
Effects of Carotid Body Tumor Resection on the Blood Pressure 
of Essential Hypertensive Patients

Marat Fudim1, Kelly L. Groom2, Cheryl L. Laffer3, James L. Netterville2, David Robertson4, 
and Fernando Elijovich3

1Internal Medicine Department, Vanderbilt University Medical Center, TN, USA

2Division of Head & Neck Oncologic Surgery, Department of Otolaryngology, Head & Neck 
Surgery, Vanderbilt Bill Wilkerson Center, Vanderbilt University Medical Center, TN, USA

3The Vanderbilt Comprehensive Hypertension Center. Division of Clinical Pharmacology, 
Department of Medicine, Vanderbilt University School of Medicine, TN, USA

4Department of Pharmacology, Vanderbilt University, Nashville, TN, USA; Autonomic Dysfunction 
Center, Department of Medicine, Vanderbilt University Medical Center, Nashville, TN, USA

Abstract

Removal of the carotid body (CB) improves animal models of hypertension (HTN) and heart 

failure, presumably via withdrawal of chemoreflex-induced sympathetic activation. The effect of 

CB tumor (CBT) resection on blood pressure (BP) in subjects with HTN is unknown. We 

conducted a retrospective analysis of 20 subjects with HTN (BP≥140/90 mmHg or use of 

antihypertensives) out of 134 who underwent CBT resection. Short-term (from 3 months before to 

the first reading after 30 days from surgery) and long-term (slope of the regressions on time over 

the entire follow up) changes in BP and heart rate (HR) were ascertained and adjusted for 

covariates (interval between readings, total follow up, number of readings and changes in 

therapy). Age and duration of HTN were 56±4 and 9±5 years. Adjusted short-term decreases in 

systolic (SBP: −9.9±3.1, p<0.001) and pulse pressures (PP: −7.9±2.7, p<0.002) were significant 

and correlated with their respective long-term changes (SBP: r=0.47, p=0.047; PP: r=0.54, 

p=0.019). Also, there was a strong relationship between adjusted short-term changes in SBP and 

PP (r=0.64, p<0.004). Out of 12 subjects with concordant decreases in short- and long-term BP 

changes, 6 (50% of responders or 33% of the total) had short-term falls of SBP ≥10 mmHg and of 

PP ≥ 5mmHg. To our knowledge this study is the first to show that unilateral CBT resection is 

associated with sustained reduction of BP in subjects with HTN. Hence, we suggest that targeted 

removal of the CB chemoreflex conceivably has a role in the therapy of human HTN.
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INTRODUCTION

The carotid bodies (CBs) are bilateral ovoid organs of 1.5–7.0 mm located at the carotid 

bifurcation and innervated by a parasympathetic (glossopharyngeal nerve) and sympathetic 

(superior cervical ganglion) nerve plexus. They are chemosensors for arterial oxygen, 

carbon dioxide, blood pH, blood glucose and blood flow 1, 2 via Type II glomus cells 

derived from the neural crest, and relay their information to the medulla oblongata, 

particularly for the control of respiration in response to hypoxia.

Activation of CB chemoreceptive cells is a powerful stimulator of the sympathetic nervous 

system and their intermittent or chronic overactivity has been linked to development and 

progression of cardiovascular diseases such as hypertension (HTN) and heart failure 

(CHF) 3. In animal models, resection of the CB or inhibition of its output by hyperoxia 

improves HTN, CHF and diabetes mellitus (DM) 4–7. In humans, the size of the CB 

correlates with the prevalence of sympathetically mediated diseases such as HTN, CHF and 

DM 8, 9, CB hypersensitivity relates to increased mortality in CHF 10, and hyperoxia 

improves hemodynamic characteristics of CHF 11; hence, CB resection has been attempted 

as a possible treatment for patients with advanced CHF 12.

In human essential hypertensive subjects: a) the CBs are hypersensitive to chemical stimuli 

compared to those of their normotensive counterparts 13, b) surgical CB removal reduces 

blood pressure (BP) in subjects with comorbid asthma 3, 14 and c) hyperoxia reduces BP in 

otherwise untreated subjects 15, 16. A pivotal single-arm, unblinded trial testing the effects of 

surgical and interventional CB resection on human resistant HTN is ongoing in Europe 

(clinicaltrials.gov identifier: NCT01745172/NCT02099851).

Tumors of the CB (CBTs) are rare (prevalence of 1–2 per 100,000), usually benign and only 

rarely catecholamine-secreting (1–5% of the cases 17, 18). Surgical resection of non-

functional tumors removes the stimulatory effect of the chemoreflex on the sympathetic 

nervous system but is associated with opposing effects on sympathetic regulation by 

concomitant damage of the baroreflex. We took advantage of a large series of patients who 

underwent CBT resection by one of the authors (JLN) to assess the net effect of this 

intervention on BP in a subset of patients with pre-existing HTN.

MATERIAL AND METHODS

We conducted a retrospective review of the medical records of 134 patients with uni- or 

bilateral resection of CBTs between 1990–2012 at the Vanderbilt’s Head and Neck Surgical 

Department. IRB approval was obtained from the Vanderbilt University (IRB 131501). Only 

20 subjects met the entry criterion of preceding HTN, defined as BP≥140/90 mmHg or use 

of antihypertensive drugs. Two of these subjects were excluded from analyses because of 
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inadequate follow-up data. Two subjects had a subsequent surgical excision of a 

contralateral CBT. In these subjects, the study was limited to data after the first procedure, 

for uniformity among all subjects and to avoid including data in patients with baroreflex 

failure, a complication of bilateral CBT resection. Sixteen of the remaining 18 subjects were 

on antihypertensive medications, whereas the other two were not, despite meeting blood 

pressure criteria for hypertension. Clinical and BP data were obtained by review of 

Vanderbilt’s medical record, records of the patients’ primary care providers and telephone 

interviews. The average of all sphygmomanometric seated BPs obtained during the 3 months 

preceding surgery was used as the baseline BP. Short-term changes in systolic (ΔSBPst), 

diastolic (ΔDBPst), pulse pressures (ΔPPst) and heart rates (ΔHRst) were calculated as the 

subtraction of this baseline from the first BP or HR reading obtained at least 30 days after 

the surgical procedure. BP readings obtained before 30 days from the surgical date were 

purposely discarded to minimize confounding effects of immediate post-operative BP 

variability. Long-term changes in BP and HR (ΔSBPlt, ΔDBPlt, ΔPPlt and ΔHRlt) were 

estimated by the slope of the regression of these BPs and HRs on time, using all data 

available for the entire period of follow-up in each individual patient and are reported as the 

changes per year (mmHg/yr or bpm/year).

Because of the retrospective nature of the study, there was large variability in time intervals 

between BP and HR readings, number of readings, duration of follow up, and changes of 

medications during the short-term and long-term periods. Therefore, both the short-term BP 

changes and the long-term slopes were adjusted by use of covariate analyses. For short-term 

data, the covariates were: a) the interval between baseline and post-operative readings, and 

b) the change in therapy during this interval. For long-term data, the covariates were: a) the 

total duration of follow-up, b) the total number of readings during the study, and c) the 

change in therapy from the beginning to the end of follow-up. Changes in therapy were 

quantified using a treatment intensity score for the baseline and each follow up visit, based 

on a combination of maximum recommended daily dose for each medication according to 

the April 2014 Monthly Prescribing Reference 19 and equipotency of different 

antihypertensive agents (supplemental Table S1).

Descriptive data are presented as means ± SEM, percentages or medians and quartiles as 

appropriate. Deltas of parameters before and after tumor resection were analyzed by paired 

Student’s t-tests. Correlations between parameters were assessed by Pearson’s correlation 

coefficients and simple linear regression analyses. Covariate analysis was carried out with 

multivariate regression for data in all subjects, entering the covariates as regressors in the 

form of a matrix (deviations from the mean for the employed continuous covariates). The 

beta coefficients for the covariates and the matrix covariates for each individual patient were 

used for calculation of adjusted y as previously reported 20.

RESULTS

Table 1 shows the baseline clinical characteristics of the 18 subjects analyzed in the study. 

Age was 56±2 years, with an almost equal gender distribution (44% male and 56% female). 

Fourteen subjects were on antihypertensive therapy; baseline SBP and DBP were 

141±3/83±3 mmHg and duration of known HTN was 9±2 years. BMI was 32.5±3, with 12 
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out of 18 subjects (66.7%) exceeding the cutoff for diagnosis of obesity (30 Kg/m2). 

Following resection the average BMI increased to 33.4±3.1 (p <0.002). Seven subjects had 

significant cardiovascular or metabolic comorbidities, which are listed in Table 1. Glomus 

tissue was confirmed histologically in all resected specimens. Fifty-six percent of CBTs 

were located on the right side of the neck. Catecholamine-secreting CBTs were suspected in 

four subjects but excluded with measurement of plasma catecholamines or their metabolites. 

There was large variability in the interval between the baseline and the first BP and HR 

measurements for assessment of the short-term responses (mean±SEM 266±101 days, with 

median 138 and inter-quartile range 68–225 days) and also in the total duration of follow-up 

(mean±SEM 3.1±0.6 years, with median 3.2 and inter-quartile range 0.8–4.3 years).

CBT resection resulted in a significant short-term mean reduction in unadjusted ΔSBPst of 

−9.9±3.7 mmHg, p<0.005, and ΔPPst −7.9±3.3 mmHg, p<0.01 in the 18 subjects. In 

contrast, there were no significant changes in ΔDBPst −2.0±2.4 mmHg, ns, or ΔHRst 

1.4±2.7 bpm, ns. Individual adjusted values (covariate analyses) for the short-term data 

sustained minor changes, with the exception of a few patients with the shortest and longest 

intervals from surgery to the first recording of BP or with the shortest and longest total 

periods of study duration. Mean adjusted short-term changes in BP and HR did not change 

for any parameter; only minor changes in variances occurred, as expected from the covariate 

analyses. Therefore, the statistical results for the changes in adjusted ΔSBPst, ΔDBPst, 

ΔPPst and ΔHRst remained unmodified compared to those of the unadjusted values.

Changes in unadjusted long-term ΔSBPlt −4.6±3.5 mmHg, and ΔPPlt −0.4±2.7 mmHg/yr 

were of smaller magnitude than their short-term counterparts with the same variability; 

hence, they were not significant. Those for ΔHRlt remained not significant (−0.1±4.2), 

whereas those for diastolic BP (ΔDBPlt −4.2±2.4, p=0.037) became significant over the 

long-term. Again, the covariate analysis did not change the means or significance for these 

long-term parameters. The values for the adjusted short and long-term BP changes are given 

in Table 2.

Correlation analyses showed trends for positive relationships between the short- and long-

term unadjusted changes in SBP (r=0.38, p=0.12), DBP (r=0.37, p=0.13), PP (r=0.44, 

p=0.07) and HR (r=0.45, p=0.06), but none reached statistical significance. In contrast, after 

adjustment for covariates, these relationships became significant for SBP (r=0.47, p<0.05; 

Figure 1A), PP (r=0.54, p<0.02; Figure 1B) and HR (r=0.53, p<0.03; not shown), but not for 

DBP (r=0.36, p=0.13; not shown). Table 2 and Figure 1A show that 16 out of the 18 patients 

had a concordant change (same directional change for short- and long-term observations) in 

adjusted ΔSBP; 12 sustaining decreases (black dots) and 4 sustaining increases (white dots) 

in both parameters. Furthermore, out of the 12 with concordant decreases, 6 (50% of 

responders or 33% of the total group) had ΔSBPst ≥10 mmHg, possibly clinically 

significant. The dotted lines on Figure 1A encompass these 6 subjects, and show that a 

ΔSBPst ≥10 mmHg corresponded to a ΔSBPlt ≥4.8 mmHg/yr. Analogously, Table 2 and 

Figure 1B show that 14 out of the 18 patients had a concordant change in adjusted short-

term and long-term ΔPP; 8 sustaining decreases (black dots) and 6 sustaining increases 

(white dots) in both parameters. The other four patients exhibited an initial reduction in PP 

that was not sustained on a long-term basis (grey dots). Despite this, the overall regression 
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of short-term ΔPP on long-term ΔPP was statistically the strongest. Six of the 10 subjects 

encompassed by the dotted lines in this panel (representing ΔPPst −5 mmHg or greater) 

were the same six subjects with short-term ΔSBPst ≥ 10 mmHg in panel A.

The totality of these observations suggests that initial BP responses to CBT excision tend to 

be sustained and are predominantly characterized by significant reductions in SBP and PP. 

A strong relationship between adjusted short-term ΔSBP and ΔPP is shown in Figure 2 

(r=0.64, p<0.004) and suggests that the primary effect of CBT excision may be a reduction 

in PP, supported by the lack of change in short-term DBP.

DISCUSSION

The main observation of our retrospective study is that despite interindividual variability, the 

overall response to unilateral carotid body tumor (CBT) removal was a significant short-

term reduction in PP and SBP. Over the long term (slopes of BP over time) the magnitude of 

these changes was smaller with analogous variability, hence they did not reach statistical 

significance. However, concordance between short- and long-term responses and their 

strong correlations indicate that the effect of CBT removal on BP is sustained over time.

The idea that the CBs may have a role in cardiovascular control originated in the published 

studies of CB resection in humans (also known as glomectomy), carried out for the 

treatment of dyspnea in subjects with asthma or long-term obstructive lung disease, and 

supported by recent work in animals 3. In 1961, Nakayama et al reported that CB resection 

resulted in marked reduction of BP in a subset of 29 asthma patients who had HTN; the 

effect was observed within few days and sustained for 6 months 14. A prompt effect of 

glomectomy in reducing BP of subject with severe COPD and HTN was also noted by 

Winters and Whipp 21.

It is widely accepted that the autonomic nervous system participates in the pathophysiology 

of HTN and other cardiovascular diseases 22, 23. The CB mediated peripheral chemoreflex is 

enhanced in patients with essential HTN 24, 25 and animal models of HTN 26, as sympathetic 

tone is 27, 28. Indeed, peripheral chemoreceptor reflex has been shown to be elevated in other 

sympathetically mediated diseases in humans, like CHF 10, 29. In animal models of 

HTN 4, 7, 30 there is compelling evidence for a CB contribution to cardiovascular control. 

For example, in spontaneously hypertensive rats, carotid sinus denervation restored 

autonomic balance through a reduction in sympathetic outflow and blunted the genesis and 

progression of HTN 4, 5. The antihypertensive effect was rapid (within 1–2 days) but, 

interestingly, only present following bilateral and not unilateral ablation. Despite the 

inevitable surgical damage to the mechanoreceptors and associated afferents, baroreceptor 

function improved. Also, in humans, brief exposure to oxygen lowers SBP, presumably due 

to sympathetic effects subsequent to inactivation of the chemoreflex 16.

Extensive surgeries performed for removal of bilateral CBTs are often complicated by 

baroreflex failure owing to baroreceptor damage after adventitial stripping. This leads to 

undesired hypertension with wide blood pressure variability 31–34. Before our study, it was 

conceivable that removal of unilateral CBTs might also produce baroreflex damage, 
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counteracting or abolishing any beneficial effect that denervation of the chemoreflex might 

have on the blood pressure of hypertensive patients. It is therefore encouraging that we did 

not confirm such possibility, since we observed short-term and long-term improvements in 

BP in 12 patients (67%). Our observation predicts that a more targeted approach to unilateral 

or bilateral removal of the CBs in hypertensive subjects (as opposed to extensive surgical 

resection of tumors) may have greater antihypertensive effect owing to preservation of the 

baroreflex and perhaps allowing for bilateral interventions. Out of our 12 patients exhibiting 

blood pressure reduction, 6 (33% of total) had a clinically significant short-term SBP 

reduction of >10 mmHg. This was associated with a long-term BP reduction of 4.8 

mmHg/yr.

Maybe of more importance was the decrease in brachial artery PP. PP is a surrogate of 

vascular structure and left ventricular (LV) mass 35, 36 and a major determinant of 

cardiovascular outcomes 37–39. Because we observed reductions of PP without change in HR 

or DBP, the effect of CBT resection on SBP could have only been mediated by diminished 

stroke volume or improvement in the elastic properties of conduit vessels 40, 41, an issue that 

remains to be investigated with hemodynamic measurements. Analogously, the long-term 

(but not short term) reduction in DBP supports the speculation that initial changes in the 

pulsatile characteristics of BP leads to long-term autoregulation or remodeling of small 

arterioles.

Finally, the blood pressure changes we observed occurred despite the high likelihood of 

some degree of baroreceptor damage during surgery and an overall increase in BMI 

thereafter. A continuous and gradual decline in SBP and PP makes it unlikely that the effect 

was due to removal of undetected catecholamine secretion by surgery 42. Our observations 

are consistent with an effect on CB in autonomic regulation of the cardiovascular system 

and are reminiscent of those after renal denervation 43, presumably due to effects on 

sympathetic outflow 44. They support the worthiness of ongoing studies on removal or 

ablation of the CB as a treatment for HTN and other sympathetically mediated diseases, 

some of which have already produced encouraging results 12.

Limitations of our study include the retrospective design, varied times at follow up and lack 

of systematic exclusion of functional (secretory) CBTs; which would be required if a 

prospective trial of this rare disease were feasible. Lack of a control group does not permit 

us to entirely exclude that changes in blood pressure in our subjects merely reflected 

regression to the mean. Prospective research on the effect of carotid body denervation on 

blood pressure will require a sham procedure, not ethically feasible in patients with tumors 

but permissive if testing use of new devices in a hypertensive population. Patients at our 

institution were tested for catecholamine-secreting CBTs only if there was clinical suspicion 

by the surgical/medical team. In the small number of tested cases, the workup was negative. 

However, we cannot exclude that a subject might have had improvement in HTN owing to 

resection of an undetected functionally secreting CBT, as proposed by de Franciscis et al. in 

a cohort of normotensive patients 42. A more likely interpretation for our results, observed in 

a group of hypertensive subjects is that reduction of PP and SBP was mediated by removal 

of the sympathetic stimulatory effects of the CB, not by undetected secretory function. Our 

data suggests that there is hyperactivity of the CB in HTN, making it conceivable that 
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interventions to suppress it may have a therapeutic effect, a contention to be proved in 

prospective trials. Also, some but not all of our subjects responded with blood pressure 

reduction, suggesting that chemoreflex function may differ among hypertensive subjects. It 

follows that clinical trials targeting the CB for treatment of hypertension may require testing 

of chemoreflex function as an attempt at prospectively identifying responders vs not 

responders.

CONCLUSIONS

This is the first study to show that CBT resection is associated with a sustained reduction of 

BP in a subset of patients with comorbid HTN, perhaps through a primary effect on PP. 

Because concomitant baroreceptor damage by CBT surgery most likely leads to 

underestimation of the depressor effect of chemoreflex disruption, development of a targeted 

removal of the CB chemoreflex may conceivably have a role in the therapy of human HTN. 

Future well-designed prospective trials are needed to test the hypothesis that CB removal 

improves autonomic balance and thus reduces BP via effects on cardiac output or conduit 

artery compliance.
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Highlights

• We study the effects of carotid body tumor resection on patients with essential 

hypertension.

• First study to show that unilateral carotid body tumor removal is associated with 

a significant short-term reduction in systolic blood pressure and pulse pressure.

• Concordance between short- and long-term responses and their strong 

correlations indicate that the effect of carotid body tumor removal on blood 

pressure is sustained over time.

Fudim et al. Page 11

J Am Soc Hypertens. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Regressions of the short-term changes in systolic (panel A, ΔSBPst in mmHg) and pulse 

(Panel B, ΔPPst) pressures on the long-term slopes of these parameters (ΔSBPlt and ΔPPlt, 

mmHg) over the entire period of follow up, all adjusted for covariates as explained in 

Methods. In Panel A, black dots represent the 12 subjects with concomitant decreases and 

white dots the 4 subjects with concomitant increases in ΔSBPst and ΔSBPlt. The two 

subjects represented by gray dots had minor increases in ΔSBPst but minor decreases in 

long-term slopes. The dotted-line square encompasses 6 subjects with reductions in SBPst 

≥10 mmHg. The vertical projection from the intersection between the ΔSBPst= −10 mmHg 

and the regression line to the x axis shows that an SBPst reduction of 10 mmHg predicts a 

Fudim et al. Page 12

J Am Soc Hypertens. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



slope of −4.8 mmHg/yr. In panel B, 14 out of the 18 patients had a concordant change in 

adjusted ΔPPst and ΔPPlt; 8 sustaining decreases (black dots) and 6 sustaining increases 

(white dots). The other four patients exhibited an initial reduction in PP that was not 

sustained on a long-term basis (grey dots). Six of the 10 subjects encompassed by the dotted 

lines in this panel (representing an −5 mmHg ΔPPst) were the same six subjects with SBPst 

fall ≥10 mmHg in panel A. R and p represent the Pearson’s correlation coefficients and their 

statistical significance. The regression lines are for all data analyzed together.
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Figure 2. 
Correlation between the adjusted short term changes in systolic (ΔSBPst) and pulse (ΔPPst) 

pressures. R and p represent the Pearson’s correlation coefficient and its statistical 

significance. The regression line is for all data analyzed together.
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