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Abstract
Objective: Pheochromocytomas (PHs) and sympathetic paragangliomas (PGs) are tumors that produce catecholamines,

predisposing patients to cardiovascular disease and gastrointestinal effects such as constipation. Objectives: i) determine the

prevalence of constipation, its risk factors, and its impact on survival; ii) identify whether a systematic combination of fiber,

water, and laxatives was effective for treatment of constipation.

Design and methods: We retrospectively studied 396 patients with PH/PG diagnosed in 2005–2014. The study population was

patients with constipation as a presenting symptom; the control group was patients without constipation as a presenting

symptom. The MD Anderson Symptom Inventory was used to assess constipation and quality of life.

Results: Twenty-three patients (6%) had constipation. Constipation was associated with headaches, palpitations, diaphoresis,

weight loss, and excessive noradrenaline production (P!0.0001). Eighteen of these patients had non-metastatic primary

tumors larger than 5 cm and/or extensive metastases. No statistically significant differences in age, sex, and genotype were

noted between the study and control groups. In patients without metastases, resection of the primary tumor led to symptom

disappearance. A systematic combination of fiber, water, and laxatives was associated with symptom improvement.

Two patients who presented unmanaged constipation died because of sepsis from toxic megacolon.

Conclusions: Constipation is a rare and potentially lethal complication in patients with PH/PGs. Severe constipation can be

prevented by recognizing and treating mild symptoms.
ed
European Journal of

Endocrinology

(2015) 173, 377–387
Introduction
Pheochromocytomas (PHs) and sympathetic paragan-

gliomas (PGs) are rare neuroendocrine tumors. These

tumors’ hormonal secretions have systemic effects. The

most well-recognized and characterized systemic mani-

festation of PH/PG is cardiovascular disease, such as

uncontrolled hypertension and tachycardia, which

often lead to the initial suspicion of the diagnosis.

While these effects are usually aggressively addressed,
other manifestations involving other body systems are

often overlooked. Among these, gastrointestinal mani-

festations may account for significant morbidity and

mortality. Indeed, there are several case reports of PH/PG

patients who have had severe constipation that resulted

in paralytic ileus, bowel ischemia, gastrointestinal

bleeding, and even colonic perforation (1, 2, 3, 4, 5).

None of these reports have characterized this set of
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complications, nor did they provide clear guidance on

their prevention and treatment.

The purpose of this study was to identify the

prevalence of constipation in patients with PH/PG, the

risk factors associated with constipation, its impact on

survival, and insights on diagnosis, monitoring, and

treatment of this condition. We report the results of a

retrospective study of PH/PG patients treated at our

institution, a tertiary referral center.
Patients and Methods

Definitions

Constipation was defined as: i) unsatisfactory defecation

characterized by infrequent bowel movement (!3 bowel

movements/week); and/or ii) difficult stool passage that

includes straining, a sense of incomplete evacuation,

hard/lumpy stool, prolonged time to defecate or pass

stool, or need for manual maneuvers to pass stool. Patients

with symptoms lasting longer than 3 months were

categorized as having chronic constipation on the basis of

the American Gastroenterological Association criteria for

chronic constipation (6). For the purpose of this study, we

assessed the severity of constipation using the Common

Terminology Criteria for Adverse Events version 4.0

(CTCAE 4.0), as follows: grade 1: occasional or intermittent

symptoms; occasional use of stool softeners, laxatives,

dietary modification, or enemas; grade 2: persistent

symptoms with regular use of laxatives or enemas;

symptoms limit instrumental activities of daily living

(driving, seating); grade 3: manual evacuation is indicated;

symptoms limit self-care activities of daily living; grade 4:

life-threatening consequences; urgent intervention indi-

cated; grade 5: death resulting from the constipation.
Data collection

After obtaining approval from the MD Anderson Cancer

Center institutional review board, we searched the MD

Anderson tumor registry for patients diagnosed with

PH/PG between January 2005 and August 2014. Of the

412 patients identified, 396 met our inclusion criteria of

having radiographic and histopathologic information

available and having undergone treatment and follow-up

at MD Anderson. We created a database of these patients

using Microsoft SQL Server (version 2008; Microsoft

Corporation) and Microsoft Office (version 2007; Microsoft

Corporation). We captured 156 variables including demo-

graphic, clinical, laboratory, imaging, pathology, and
www.eje-online.org
treatment information. Primary tumor location and size

and, in the case of malignancy, metastases were verified

by pathologic, surgical, and radiographic reports. In most

patients, the size of the primary tumor was determined by

pathology report. In patients in whom the primary tumor

was not removed, the size was determined by radiographic

measurements. Abdominal series and CT/MRI scans of the

abdomen and pelvis were evaluated for signs of consti-

pation and complications. We reviewed the medical charts

for details about medical history and symptoms at initial

presentation and at follow-ups. Data were also taken from

the database of the patients’ history forms, the MD

Anderson Symptom Inventory form they had filled out

prior to every clinic visit; this form, used at MD Anderson

since 2000, asks patients about chief complaint and a

detailed review of systems that includes questions about

the characteristics of gastrointestinal symptoms such as

constipation (7). When there was a discrepancy between

the patient history form and the dictated clinic note from

that visit, a positive symptom reported in either document

resulted in the patient being included in the study.

In patients with constipation we documented the

presence of clinical sequelae of chronic constipation, such

as hemorrhoids, anal fissures, fecal impaction, stercoral

ulcers, and bleeding. Because the presence of hard stools

compounded with infrequent bowel movements can

cause colonic dilatation, we searched for clinical or

radiographic evidence of diverticulosis, megacolon, or

volvulus. Because the increase in colonic size can compress

surrounding nerves, which contributes to poor motility

and pelvic floor disorders, such as vesico-ureteral reflux

(especially in women), we also searched for evidence of

urinary tract infections and urinary incontinence (8).
Therapeutic interventions

The medications listed in patients’ records were reviewed

and classified as a- and b-blockers, tyrosine hydroxylase

inhibitors, laxatives, and/or medications that could cause

constipation. Laxatives were subclassified as stimulant

laxatives that induce peristalsis (e.g., senna, bisacodyl

(Dulcolax; Boehringer Ingelheim Pharmaceuticals, Ridge-

field,CT,USA), cascara), osmotic laxatives that increase fluid

volume in the bowel (e.g., magnesium hydroxide, poly-

ethylene glycol (MiraLAX; Bayer Corporation, Pittsburgh,

PA, USA)), stool softeners that help hold fluid in stool

(e.g., docusate sodium (Colace; Purdue Products, Stamford,

CT, USA)), and lubricants (e.g., mineral oil) (9).

After presentation, all PH/PG patients with consti-

pation underwent medical interventions following the
Downloaded from Bioscientifica.com at 01/16/2023 08:58:36PM
via free access

www.eje-online.org


E
u

ro
p

e
a
n

Jo
u

rn
a
l

o
f

E
n

d
o

cr
in

o
lo

g
y

Clinical Study S Thosani and others Constipation and
pheochromocytoma

173 :3 379
algorithm presented in Fig. 1. This algorithm, based on

expert opinion and extensive literature review, was

developed by Annette Bisanz, RN, at MD Anderson

for the treatment of constipation in patients with cancer

(10, 11). The following tenets apply to this algorithm:

i) Patients with severe constipation must be initially

treated with lubricants and osmotic laxatives until
A. Acute intervention for grade 3 and 4 constipation:

1. Assess the consistency of the patient’s last bowel movement. If the last b

of mineral oil three times daily unless he or she is on aspiration precautio

2. The patient should drink a bottle of magnesium citrate over ice over a per

not be taken after 1600 h so as to avoid interfering with sleep at night. Ma

 with renal failure, use lactulose 30 cc twice daily instead of magnesium c

3. The patient should drink eight ounces of water every hour.

4. Start milk and molasses enemas* 4 times daily (as close as 2 h apart) un

5. Do not use tap-water or normal-saline enemas. Patients cannot hold larg

6. The patient should drink warm liquids (e.g. tea, coffee, milk) four to six tim

7. Start intravenous normal saline in patients with elevated creatinine levels

water intake.

8. If constipation is unresponsive to previous measures, consider polyethyle

*Recipe: ¾ cup of water, three ounces of powdered milk, and 2/3 cup

the water and milk look fully mixed. Add the molasses. Stir again until

the left side; insert the soft tube at least 12 inches beyond the rectum

enema tube and leave it in place for 20 min while the patient stays on

his or her bowels (10).

B. Bowel maintenance program and intervention for grade 1 a

1. Set expectations for frequency of bowel movements.

2. The patient needs three daily meals to facilitate normal peristaltic pushdo

3. Fiber content should be 25–40 g only if the patient drinks two quarts of flu

4. The patients should take a stimulant laxative to increase peristaltic pushd

fluid in the stool to counteract any constipating medications and to compe

5. Titrate Senna-S up to eight tablets/day, especially during chemotherapy w

6. If the previous measures do not work, add polyethylene glycol.

7. If no bowel movement occurs on an expected day, the patient should take

magnesium hydroxide at bedtime.

Figure 1

Algorithm for the management of constipation.
frequent bowel movements are obtained. Lubricants and

osmotic laxatives soften the stool and add fluid, making

the intestinal transit faster and more comfortable and

stool elimination easier. ii) Stimulant laxatives and stool

softeners should not be used initially for the treatment of

grade 3 and 4 constipation; stimulants can cause serious

cramping (12), because these patients have large amounts
owel movement was very hard, the patient should drink two tablespoons

ns.

iod of 30 min daily for 2 consecutive days. Magnesium citrate should 

gnesium citrate tastes better cold than at room temperature. For patients

itrate.

til the entire formed stool is eliminated and the stool turns to liquid.

e volumes when the colon is full of stool.

es daily as tolerated. Warm and hot beverages increase intestinal motility.

. Patients may be dehydrated because of nausea, vomiting, and lack of

ne glycol 3350/electrolyte solution (Golytely).

 of molasses. Put the water and powdered milk in a container. Stir it until

 the mixture appears to have an even color. The patient must be placed on

. Turn the patient on the right side, release the solution, and clamp the 

 the right side. Then pull the tube out and let the patient evacuate

nd 2 constipation:

wn.

id/day. Fiber without fluid will constipate.

own and stool softener (e.g. docusate + senna (Senna-S)) to hold

nsate for high catecholamine levels from the disease process.

ith vinca alkaloids, ondansetron, and/or opiates.

 two tablespoons of mineral oil and two caplets or tow tablespoons of

www.eje-online.org
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of stool that trap gas, and stool softeners alone are

ineffective in more advanced constipation. (3) Stimulant

laxatives and stool softeners are used for the treatment of

grade 1 and 2 constipation or for a maintenance program

to offset the effect of constipating medications or

symptoms of constipation caused by the disease process.
Statistical analysis

The study population was defined as the patients in whom

the initial presenting symptom was constipation, alone

or in combination with other symptoms. The control

population was defined as the patients with PH/PG whose

presenting symptoms did not include constipation.

Analyses were performed using R (version 3.0.2), SAS

(version 9.2; SAS Institute Inc., Cary, NC, USA), and SPSS

(version 17.0) Software. Descriptive statistics were used to

summarize the data. Medians and ranges were computed

for continuous variables, given the unequally distributed

population in our cohort. For categorical variables,

frequencies and percentages were calculated. Fisher’s

exact test was used for comparisons of two proportions.

Paired t-test was used for comparisons of before and after
Table 1 Demographic and tumor information for patients with P

Case no.

Age at

diagnosis

(years) Sex Ethnicity Tum

1 54 F W
2 37 M W
3 26 M W
4 61 M W
5 37 M W P
6 34 F W
7 25 F W
8 50 F B
9 48 M B
10 50 F W
11 38 M W
12 34 M H P

13 57 F W
14 71 F B
15 46 F H
16 39 F W
17 46 M W
18 49 M W
19 52 M W
20 56 M W
21 51 M W
22 40 M W
23 58 M W

F, female; M, male; W, white; B, black; H, Hispanic.

www.eje-online.org
treatment effect. Logistic regression was applied to

explore the correlation between the symptom of consti-

pation and other prognostic factors, including level of

catecholamines.
Results

Demographics

Of the 396 included patients with PH/PG, 23 were

identified who had constipation as a presenting complaint.

Their median age was 46 years (rangeZ25–71). Nine were

women and 14 were men. Table 1 shows the patients’

demographic and tumor characteristics. The control

population consisted of 373 cases with the median age of

41.1 years (rangeZ5–78), of which 192 were female and 181

male. The differences between the two groups in median

age and sex ratio were not statistically significant when

compared by t-test and Fisher’s exact test, respectively.

Tumor types

Of the 23 patients presenting with constipation,

15 patients had a single PH, six patients had PG, and
H/PG who presented with constipation.

or type Metastases Primary tumor location

Primary tumor

size (cm)

PH C Right adrenal 12
PH C Right adrenal 16
PG C Prostate 8
PH K Left adrenal 4
H/PG C Left adrenal 8
PH K Left adrenal 3.7
PG K Para-aortic 4
PH K Left adrenal 8
PH K Right adrenal 18
PH K Left adrenal 3.9
PH K Right adrenal 7.2
G/PH K Para-aortic right/left

adrenal
3.2

PH C Left adrenal 7
PG C Retroperitoneal 7.5
PH K Right adrenal 13
PH K Right/left adrenal 5.1
PG C Para-aortic 4.5
PG C Para-aortic 6.5
PH C Right adrenal 8.4
PH C Left adrenal 6
PG C Para-aortic 6
PH C Left adrenal 11.5
PH C Left adrenal 9

Downloaded from Bioscientifica.com at 01/16/2023 08:58:36PM
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Table 2 Urinary and plasma normetanephrine (UNM and

PNM) levels for PH/PG patients who presented with and without

constipation.

Normetanephrine

levels

Patients

with

constipation

Control

population P value

Relative UNM concentration
Number of patients
with data

5 86

Mean concentration (S.D.) 36.9 (70.0) 7.3 (14.3) !0.001
Relative PNM concentration
Number of patients
with data

16 83

Mean concentration (S.D.) 32.0 (38.1) 13.6 (22.5) !0.001
Number of patients with level
%30 times upper bound
of normal range

10 73

O30 times upper bound
of normal range

6 10
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two patients had multiple PH/PGs. Their median

primary tumor size was 6.9 cm, compared to 6.5 cm in

the control group, with no statistical significance

between groups. Of the 23 affected patients, ten had

non-metastatic disease, while 13 had metastatic tumors:

synchronous metastases in seven patients and meta-

chronous metastases in six patients. In comparison, of

the control population, 244 patients had non-

metastatic tumors, while 129 patients had malignant

disease: synchronous metastases in 61 patients and

metachronous metastases in 68 patients. The association

between tumor metastatic status and constipation was

significant (PZ0.043) based on Fisher’s exact test;

therefore, patients with metastatic disease have an

increased likelihood of constipation as an initial present-

ing complaint.
Biological features/biochemical analyses

Results of genetic testing were available for 17 of 23

patients with constipation. Of these, two patients had

multiple endocrine neoplasia type 2A (MEN2A), two

patients had a PG syndrome type 4, one patient had von

Hippel-Lindau disease, and one patient had a PG

syndrome type 1. Eleven patients had apparently sporadic

disease (negative genetic testing results). These patients

were tested for SDHx and VHL mutations exhibiting

normal results. Gene testing for fumarate hydratase

germline mutations was not available.

We compared the concentrations of fractionated

urinary normetanephrines (UNM) and metanephrines

(UM) and plasma normetanephrines (PNM) and meta-

nephrines (PM) between patients presenting with and

without constipation. Of interest, the sample was

heterogeneous, and many patients did not have

constipation despite high concentrations of these

metabolites. Of the 23 patients with constipation, 21

had a biochemical phenotype predominantly charac-

terized by increased production of noradrenaline. In the

other two patients with constipation, no information

on biochemical phenotype was available; these two

patients had MEN2A. Five of the 23 constipation

patients had measurements of UNM, and 16 had

measurements of PNM (Table 2). Because UNM, UM,

PNM, and PM were measured using different scales and

methods among our patients, their levels relative to the

upper bound of the normal range were calculated for

analysis. Using logistic regression analysis, the odds

ratio for association of elevated UNM with constipation

was 1.025 (PZ0.035); for PNM, the odds ratio was 1.021
(PZ0.018). Thus, increased concentrations of UNM and

PNM were associated with constipation, and a patient

with UNM or PNM concentrations ten times higher

than normal was w25% more likely to have consti-

pation. No association was found between UM or PM

and constipation status. Of the 99 patients for whom

we had PNM data, 16 patients presented with consti-

pation, and 6 (37.5%) of the 16 had PNM values at least

30 times as high as the normal upper bound. In

comparison, among the 83 patients with PNM data

who did not present with constipation, 10 (12%) had

PNM values at least 30 times as high as the normal

upper bound. The odds ratio for association with

constipation for a PNM cutoff of 30 times the normal

upper bound was 4.38 (PZ0.017), suggesting that

patients with tumors that produce very high amounts

of catecholamines, mainly noradrenaline are at a higher

risk for this complication.

Of interest, none of the patients with normal NM and

M (nZ89) had constipation at initial presentation

(P!0.001).
Clinical features

The classic triad of PH/PG presenting symptoms –

palpitations, headaches, and diaphoresis – was noted in

35% of the affected group (nZ23), compared to 6% of the

control group (nZ373) (P!0.001). Patients with consti-

pation (nZ23) were more likely than the control group

(nZ373) to present with weight loss (P!0.001). None of

the patients with constipation exhibited hypercalcemia.
www.eje-online.org

Downloaded from Bioscientifica.com at 01/16/2023 08:58:36PM
via free access

www.eje-online.org


E
u

ro
p

e
a
n

Jo
u

rn
a
l

o
f

E
n

d
o

cr
in

o
lo

g
y

Clinical Study S Thosani and others Constipation and
pheochromocytoma

173 :3 382
Severity of constipation

At the time of presentation at MD Anderson, eight patients

(34.8%) had grade 1 constipation; seven patients (30%),

grade 2; one patient (4.3%), grade 3; and five patients

(21.8%), grade 4. Two patients (8.7%) died because of

constipation (i.e., grade 5). The duration of constipation

prior to presentation were: for patients with grade 1,

median of 1.9 months (0.5–3.5 months); grade 2, median

of 3.8 months (2.2–5 months); grade 3, 6 months (single

patient); grade 4, median of 9 months (8.3–13 months);

and grade 5, median of 15 months (12 and 18 months)

(Table 3). Patients with grade 4 constipation complained

of nausea and vomiting, were dehydrated, exhibited

elevated creatinine and BUN levels, had difficulty control-

ling hypertension, and frequently experienced fever. In

the patients with grade 5 constipation, toxic megacolon

and septicemia, despite antibiotic therapy, were the causes

of death.

Other complications associated with constipation

included urinary tract infection (one patient), rectal

bleeding and stercoral ulcers (one patient), and hemor-

rhoids (three patients).
Medications at initial presentation

Treatment approaches when the patients presented at our

institution differed among the patients. All patients with

constipation were receiving a- and b-blockers. The 15

patients with grade 1 and 2 constipation were receiving an

average of 2.3 antihypertensive medications each. Only

three of these patients were taking laxatives.

The eight patients who presented with grade 3–5

constipation were treated with an average of 4.5 anti-

hypertensive medications. In addition to receiving a- and

b-blockers, these patients were treated with ACE

inhibitors, calcium channel blockers, hydralazine,

tyrosine hydroxylase inhibitors, and/or clonidine. Six

patients were taking at least one laxative. Two patients

were not taking any laxatives. All patients with grade 4

and 5 constipation (30% of the cohort with constipation)

were admitted to the hospital. Table 3 shows the

medications given to the patients with constipation.
Treatment provided after initial assessment

at MD Anderson

Grade 1 and 2 constipation " All patients with grade 1

and 2 constipation were treated with a diet enriched with

fiber (R24 g), abundant liquids (R 2 quarts of liquids
www.eje-online.org
daily), a stimulant laxative, and a stool softener, as

described in Fig. 1B. All these patients reported an

increased frequency (1–2 daily bowel movements) and

softness of bowel movements. Ten of these patients

underwent resection of non-metastatic PH/PG. Their

constipation resolved after surgery.

Grade 3 and 4 constipation " The six patients with grade

3 and 4 constipation were treated with the Bisanz

algorithm presented in Fig. 1A. All these patients reported

an average of six daily bowel movements that occurred

over a period no longer than 72 h after initiation of

treatment. An example of the imaging findings of these

patients is presented in Fig. 2. After treatment, all patients

reported quality-of-life improvement (better appetite and

less abdominal pain and abdominal distention); the

patients with grade 4 constipation exhibited increment

of the glomerular filtration rate (PZ0.0473) and had lower

blood pressure (PZ0.0031) and pulse (PZ0.0021),

decreased white blood cells (PZ0.0092), and lower

temperature (PZ0.0075) 72 h after admission (Fig. 3).

Four patients continued treatment with a mainten-

ance regimen characterized by a diet enriched with

fiber, abundant water, laxative stimulants, and stool

softener, as described in Fig. 2B. One patient underwent

resection of the tumor. She is currently alive without

constipation and no evidence of PH. The other three

patients had progressive metastatic PH/PG that required

chemotherapy with CVD combined with ondansetron and

opiates for painful metastases. The patients continued a

diet enriched with fiber, water, and docusate/senna

(Senna-S), up to eight tablets daily, and did not experience

constipation, even while on chemotherapy. The other two

patients with grade 4 constipation did not continue on the

maintenance therapy program owing to transfer to

another facility at the request of their insurance compa-

nies, and their treatment for constipation was stopped.

Both patients eventually required an ileostomy. One

patient has been alive with stable disease for 2 years and

no constipation. The other patient died because of disease

progression; the patient did not have constipation at the

time of death.
Discussion

Our observations indicate that constipation is a

complication observed in occasional PH/PG patients,

usually with primary tumors larger than 5 cm or with

extensive metastatic disease. These tumors were shown to

secrete excessive amounts of catecholamines, mainly
Downloaded from Bioscientifica.com at 01/16/2023 08:58:36PM
via free access
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Table 3 Severity and duration of constipation and medi-

cations at initial presentation for patients who presented with

constipation.

Case
no.

Grade
of

consti-
pation

Duration
prior to
presen-
tation

(months)
Anti-hypertensive
drugs Laxatives

1 3 6 Phenoxybenzamine
60 mg

Senna

Propranolol 60 mg
Lisinopril 20 mg

2 1 1 Phenoxybenzamine
40 mg

None

Propranolol 100 mg
3 4 8.7 Phenoxybenzamine

50 mg
Bisacodyl

Propranolol 80 mg
Lisinopril 40 mg

4 2a 3.8 Phenoxybenzamine
60 mg

None

Propranolol 80 mg
5 1a 3.5 Phenoxybenzamine

20 mg
None

Propranolol 80 mg
6 1a 0.5 Phenoxybenzamine

10 mg
None

Atenolol 25 mg
7 1a 1.8 Phenoxybenzamine

10 mg
None

Propranolol 60 mg
8 2a 3.8 Phenoxybenzamine

20 mg
None

Propranolol 40 mg
9 2 5 Doxazosin 16 mg None

Amlodipine 10 mg
Propranolol 60 mg
Clonidine 0.6 mg
Hydralazine 150 mg
Hydrochlorothiazide

25 mg
10 1a 1.3 Phenoxybenzamine

20 mg
None

Propranolol 40 mg
11 1a 2 None None
12 1a 2.4 Phenoxybenzamine

20 mg
None

Propranolol 40 mg
13 4 9 Phenoxybenzamine

30 mg
None

Labetalol 400 mg
Nicardapine 20 mg
Metyrosine 1000 mg
Clonidine 0.2 mg

Table 3 Continued.

Case
no.

Grade
of

consti-
pation

Duration
prior to
presen-
tation

(months)
Anti-hypertensive
drugs Laxatives

14 1a 3 Amlodipine 10 mg None
Atenolol 100 mg

15 4a 11 Metoprolol 100 mg None
Doxazosin 16 mg
Lisinopril 40 mg
Labetalol 400 mg
Clonidine 0.1 mg
Phentolamine

2 mg/min
16 2a 5 Phenoxybenzamine

120 mg
Dried plum

Propranolol 90 mg Senna
Metyrosine 1000 mg

17 4b 8.3 Phenoxybenzamine
40 mg

Polyethylene
glycol

Propranolol 60 mg
Enalapril 20 mg daily
Amlodipine 10 mg

daily
Carvedilol 37.5 mg

daily
18 4b 13 Phenoxybenzamine

60 mg
Docusate

Metyrosine 750 mg Polyethylene
glycol

Ramipril 5 mg
Carvedilol 50 mg
Diltiazem
Hydrochlorothiazide

12.5 mg
19 2 4.5 Phenoxybenzamine

20 mg
Polyethylene

glycol
Metoprolol 200 mg

20 5 18 Phenoxybenzamine
100 mg

None

Atenolol 100 mg
Amlodipine 5 mg
Clonidine 0.6 mg

21 5 12 Doxazosin 8 mg Docusate
Propranolol 60 mg
Phenoxybenzamine

60 mg
22 2 2 Doxazosin 8 mg None

Metoprolol 50 mg
23 2 2.1 Labetalol 400 mg Senna

Doxazosin 4 mg

aConstipation ended after surgery of the primary tumor.
bConstipation ended after Ileostomy at another institution.
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noradrenaline, and based on our statistical analysis, we

believe that these hormones are responsible for this

complication. Three different clinical observations also

support this finding: i) Chronic constipation was not

noticed in patients with PH/PGs that did not secrete

adrenaline and/or noradrenaline. ii) In patients with

hormonally active disease, this symptom improved after

resection of the tumor. iii) Constipation is frequently

associated with the classic triad of palpitations, headaches,
and diaphoresis, which are symptoms of adrenergic

toxicity. There are, however, a substantial number of

patients with PH/PGs that secrete excessive amounts of

noradrenaline/adrenaline who do not complain of consti-

pation and in whom the symptoms of adrenergic toxicity

are more subtle. It is unclear why these patients do not

develop constipation or more dramatic hormonal mani-

festations; post-receptor downregulatory mechanisms

may explain these phenomena (13, 14).
www.eje-online.org
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Figure 2

Constipation. The colon of this individual with a malignant

noradrenaline-secreting sympathetic paraganglioma is dilated

and full of stool.
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The smooth muscle of the gastrointestinal tract

contains a-1, a-2, and b-2 adrenergic receptors. These

receptors bind adrenaline and noradrenaline. Binding

activates G-protein-dependent pathways that activate

adenylate cyclase conversion of ATP to cAMP. cAMP

regulates the activity of protein kinase A, an important

regulator of downstream activity. a-1 and -2 receptors

have a higher selective affinity for noradrenaline and

adrenaline, respectively, resulting in splanchnic vascular

smooth muscle contraction and contraction of pyloric and

ileocecal sphincters; meanwhile, stimulation of b-2

receptors by their primary ligand, adrenaline, results in

intestinal smooth muscle relaxation (15, 16, 17).

Pharmacologic studies in dogs and rabbits show that

extremely high levels of adrenaline/noradrenaline relax

intestinal smooth muscle and result in colonic dilatation

and bleeding (18). With persistent catecholamine excess, a

vicious cycle of tonic vasoconstriction of intestinal blood

supply and decreased intestinal motility may be perpetu-

ated. Constriction of the splanchnic blood supply may lead

to bowel wall ischemia, which further contributes to

decreased motility and constipation. In addition, owing

to chronic hypertension, fibrinoid necrosis of intramural

arterioles may lead to a further reduction in vascular

supply. In this setting, fecal material can be retained in the

gastrointestinal tract, and progressive reabsorption of

water can result in dry, hard stools that get attached to

the mucosa, predisposing to pressure necrosis, stercoral
www.eje-online.org
colitis and ulceration, bleeding, and perforation (19).

In addition, patients can have obstruction and develop

megacolon after holding stool for long periods of time (20).

Abdominal series and CT scans are recommended for

patients with grade 3 and 4 constipation to quantify the

amount of stool and identify patients at risk for severe

complications or death (e.g., patients with fat stranding,

mucosal sloughing, mesenteric hyperemia, or extralum-

inal gas) (19, 20).

Our results also indicate that the longer the duration

of constipation, the more difficult its management

because of related complications. Unfortunately, this

symptom had rarely been addressed in most of our

patients before presenting to our institution. Thus, we

suspect that the true prevalence of constipation may be

underestimated because of multiple factors, which include

misunderstanding on the patient’s part as to what defines

constipation and the fact that physicians often overlook

the seriousness of this condition as they focus on

controlling the tumor burden and other adrenergic

symptoms such as hypertension (21, 22). In fact, at the

time of initial assessment at MD Anderson, our patients

had previously been treated with a- and b-blockers, but

rarely with diet, fiber, fluids, and laxatives.

It is not surprising that a substantial number of

patients with constipation exhibit weight loss. Although

this symptom may be explained in part by increased

catabolism induced by catecholamines and in some

patients by the presence of malignancy, the intestinal

fullness due to constipation likely plays a major role in the

development of anorexia. Lack of daily dietary intake

further perpetuates the constipation (10).

This study provides a systematic description on how to

treat constipation in patients with PH/PG. The competitive

and noncompetitive a- and b-blockers, despite antagonizing

noradrenaline and adrenaline, do not seem effective in

controlling the toxicity of catecholamines in the gastrointes-

tinal tract. In fact, our patients with grade 3–5 constipation

had been treated with high doses of these drugs. Although

one of the side effects of metyrosine, an anti-catecholamine,

is diarrhea (23), this medication was not effective in

improving constipation, although the doses given were

limited to 1000 mg or lower because of the drug’s side effects

(e.g., anxiety, depression, hallucinations, and fatigue).

Conversely, constipation was acutely relieved in

patients with moderate to severe constipation by a

combination of interventions through the upper and

lower gastrointestinal tract that included a diet enriched

with fiber, two quarts or more of water, oral and rectal

lubricants, oral osmotic laxatives, and small-volume
Downloaded from Bioscientifica.com at 01/16/2023 08:58:36PM
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Figure 3

Clinical and biochemical characteristics of patients with grade 4 constipation before and 72 h after intervention: (A) GFR; (B) WBC;

(C) Temperature; (D) Pulse; (E) systolic blood pressure.E
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hypertonic enemas (11). Improving constipation in these

patients allowed better blood pressure, pulse, and kidney

function. Because many PH/PG patients have unresectable

metastatic tumors or need aggressive hypertension man-

agement prior to surgery, a maintenance regimen that

combines a diet enriched with fiber, water, stool softeners,

and stimulants is required to prevent recurrent consti-

pation. As the high catecholamine levels decrease

peristalsis, with subsequent increased reabsorption of

water from the colon, a combination of stimulant laxative

and stool softener antagonizes these effects by increasing

peristalsis and retaining fluid in the colon. a- and

b-blockers do not increase peristalsis (24).

In our experience, all patients with grade 1 and 2

constipation treated with a diet enriched with fiber and

gastrointestinal stimulants and stool softeners had

improvement in their constipation. Because more severe

forms of constipation start mildly, this finding suggests

that severe constipation may be preventable. Patients with
metastatic PH/PG may be at a higher risk for constipation

as they are frequently treated with vincristine-based

chemotherapy, antiemetics such as ondansetron, and/or

narcotics to relieve pain (25, 26), all of which have

constipating effects. In these patients, early intervention

with medications that offset the constipating effects and

close evaluation of this symptom are required. In PH/PG

patients receiving narcotics, methylnaltrexone bromide

(a m antagonist) could be an effective treatment to offset

opiate-induced constipation that is refractory to laxative

therapy (27). So far, we do not have experience with this

drug in this patient population.

Based on our experience and different from other

reports, if constipation is managed from the time the

diagnosis is made, ileostomy is not required to control the

constipation. Patients with megacolon may respond to a

bowel-training program. Bowel training involves empty-

ing the colon every day at the same time with the stimulus

of prune juice, a big meal, and a hot liquid, followed by a
www.eje-online.org
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bisacodyl suppository (10). This program gradually

decreases the size of the colon to normal size; it then can

respond to normal maintenance therapy as described

above. A colostomy is not recommended as patients can

still get constipated with the colostomy (28, 29).

Differential diagnosis of constipation in patients with

PH/PG includes intestinal pseudo-obstruction (3); the

latter is characterized by air in the gastrointestinal tract

due to decreased intestinal motility. Abdominal series

help differentiate this condition from constipation.

Pseudo-obstruction may be associated with death due to

progressive distention and subsequent rupture of the

cecum (usually with a cecal diameter larger than 12 cm)

(30). It is important to differentiate the two conditions

because their treatments differ. Patients with pseudo-

obstruction may need endoscopic suction, rectal tubes,

positional changes, and sometimes neostigmine.

In summary, constipation is a rare complication

observed in patients with usually large, catecholamine-

secreting PH/PGs. Most patients present with mild to

moderate constipation, occasionally with severe consti-

pation. Severe constipation may lead to death if not

managed. The treatment of constipation includes a diet

rich in fiber, liquids, laxatives, and eliminating the source

of catecholamines by tumor resection if possible. Severe

constipation is preventable.
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