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Profound hypotension in a tetraplegic patient following 

angiotensin-converting enzyme inhibitor Iisinopril. Case report 

J K Schmitt MD, K S Koch PA-C, M Midha MD 

Departments of Internal Medicine and Spinal Cord Injury Service, Hunter Holmes 
McGuire Veterans Administration Medical Center, Richmond, Virginia 23249, USA 

We present the case of a 60 year old C6 complete tetraplegic patient who 
developed profound hypotension following initiation of the angiotensin-convert
ing enzyme inhibitor lisinopril to control blood pressure. Other causes of 
hypotension, such as myocardial infarction and sepsis were ruled out. Inhibition 
of the renin-angiotensin-aldosterone system was the probable cause of hypo
tension. This case demonstrates the critical importance of the renin
angiotensin-aldosterone axis in the maintenance of blood pressure in tetraplegic 
patients, who may lack input from the brain to sympathetic neurons, and 
therefore have increased reliance on the renin-angiotensin-aldosterone axis for 
the maintenance of blood pressure. Angiotensin-converting enzyme inhibitors 
should be avoided in tetraplegic patients, unless other treatment modalities are 
ineffective. 
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Introduction 

Arterial blood pressure is determined by the 
product of cardiac output and peripheral 
vascular resistance (BP = CO x PVR). 

A major determinant of cardiac output is 
intravascular volume, which is in part con
trolled by aldosterone, which increases 
renal sodium reabsorption. Major determi
nants of the peripheral vascular resistance 
are the sympathetic nervous system, and 
angiotensin II, a potent vasoconstrictor. 1 

As a result of loss of neurological connec
tions between the brain and sympathetic 
neurons, sympathetic tone in tetraplegics is 
decreased.1.2.3 Tetraplegics therefore tend 
to be hypotensive, especially when upright. 
An exception to this tendency is in auto
nomic dysreflexia, when stimuli, such as 
bladder distension and fecal impaction 
trigger spinal sympathetic reflexes that are 
normally inhibited by higher neuronal con
nections.4 

The renin-angiotensin-aldosterone axis 
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does not require an intact sympathetic 
nervous system for activity.1.5·6 The major 
stimulus to renin production is decreased 
renal perfusion pressure. Tetraplegics are 
therefore felt to have increased dependence 
on the renin-angiotensin-aldosterone axis 
to maintain blood pressure, especially in the 
upright position. In support of this hypothe
sis is the evidence that supine and upright 
renin and aldosterone are increased in 
spinal cord injury patients in comparison to 
ambulatory controls. 1.5.6 Other possible 
adaptations of tetraplegics that might in
crease blood pressure include increased 
sensitivity to circulating catecholamines,7 
decreased renal response to atrial natri
uretic factor,S and increased serum vaso
pressin levels.9 

Angiotensin II is a potent vasoconstrictor 
which also stimulates aldosterone produc
tion by the adrenal gland. lO Aldosterone 
causes renal sodium and water reabsorp
tion, thereby increasing intravascular 
volume and cardiac output. 

Over the past decade there has been 
increased use of angiotensin-converting en
zyme inhibitors for the treatment of hyper
tension and congestive heart failure. These 
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drugs competitively inhibit the converting 
enzyme by attaching to its binding site on 
angiotensin-1.1O Angiotensin-II mediated 
vasoconstriction is thereby decreased, and 
blood pressure falls. Synthesis of aldo
sterone is also inhibited, resulting in natri
uresis. Because angiotensin-converting en
zyme also inactivates bradykinin, increased 
bradykinin levels may also contribute to 
ACE inhibitors' antihypertensive action.ll 

The potentially critical importance of the 
renin-angiotensin-aldosterone axis in the 
maintenance of blood pressure in tetraplegic 
patients has led to speculation that the use 
of angiotensin-converting enzyme inhibitors 
in these patients might produce severe 
hypotension. Until now there have been few 
reports of this phenomenon. 

Treatment of tetraplegics with captopril, 
a short acting ACE inhibitor, has been 
found to decrease the blood pressure during 
head up tilt. 12 

Lisinopril is a long acting angiotensin
converting enzyme inhibitor which is ex
creted unchanged in the urineY We report 
a case of profound hypotension in a tetra
plegic patient secondary to lisinopril. 

Case report 

A 61 year old incomplete C6 tetraplegic patient 
was admitted to the Spinal Cord Injury Service 
of Hunter Holmes McGuire Veterans Admini
stration Medical Center on 12 May 1993 for the 
treatment of a pressure ulcer of the left lateral 
malleolus. Past medical history included tetra
plegia secondary to an automobile accident in 
1952, chronic obstructive pulmonary disease, 
congestive heart failure, and malignant mela
noma. He had smoked one pack of cigarettes 
per day for 50 years. Medications included 
sustained release theophylline 200 mg every 
12 h, prednisone 20 mg per day, and ranitidine 
150 mg by mouth every 12 h. 

Physical examination revealed an obese man 
lying with head up at a 30 degree angle in bed 
in mild respiratory distress. Blood pressure was 
120/80 mmHg, pulse 80.T 97.0F. The right eye 
had been enucleated secondary to a melanoma. 
Chest auscultation revealed scattered bilateral 
wheezes and basilar rales. Cardiovascular exa
mination showed no murmurs or gallops. The 
abdomen was obese. Neurological examination 
was consistent with incomplete C6 tetraplegia. 
There was a grade II pressure ulcer on the left 
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lateral malleolus. Because of the history of 
congestive heart failure, fluid restriction to 
2000 cc per day was begun on May 13, 1993. 
Urine output declined from 1600 cc per day to 
about 1200 cC/day and by 4 June weight had 
decreased from 95 kg to 90 kg. 

Beginning on 4 June an elevated blood pres
sure was noted (Fig 1). The pulse rate at that 
time was 90/min. No cause of the hypertension 
was found. On 8 June lisinopril 5 mg per day 
was begun. The blood pressure gradually began 
to fall. Cardiovascular examination was un
changed; however wheezes and rales diminished 
in intensity. On June 11, the blood pressure 
was found to be 80/50 with a pulse rate of 
117/min (Fig 1). Subsequent blood pressure 
recordings were palpable only at 50-60 mmHg. 

The patient was placed in a head down 
position. However this worsened his pulmonary 
function. Saline was given intravenously with
out improvement in blood pressure. The patient 
was transferred to the intensive care unit and a 
dopamine drip 5 fJg kg/min was begun. This 
failed to elevate the blood pressure, and the 
dopamine was increased to 10 fJg/kg min. The 
blood pressure increased to 110-120/80 mmHg 
with a pulse rate of 114/min (Fig 1). Whilst on 
the dopamine drip the urine output increased 
from 20 cc/h to 50 cc/h. 

Laboratory values in the intensive care unit 
showed a serum sodium 124 meq/l (which was 
decreased from the admission value), potassium 
4.0 meq/l, chloride 88 meq/l, HC03 21 meq/l, 
BUN 53 mg/dl, creatinine 0.9 mg/dl, glucose 
85 mg/dl. The cardiac enzymes were normal. 
The electrocardiogram was unchanged from 
admission ECG. Arterial blood gases on 31 
oxygen per min showed P02 118 mmHg, PC02 
37 mmHg, PH 7.30, HC03 20 meq/l. Chest 
x-ray revealed slight cardiomegaly, with no 
acute changes. Blood cultures were negative. 
The lack of decrease in P02 was felt to be 
strong evidence against pulmonary embolism. 
After 2 days the dopamine was discontinued, 
the blood pressure remained 120/80 mmHg and 
the patient was transferred out of the intensive 
care unit. 

Discussion 

The temporal sequence of events suggests 
that the profound hypotension seen in this 
patient was due to lisinopril. Other possible 
causes of shock, including myocardial in
farction, pulmonary embolism and sepsis, 
were ruled out. After several days, dopa
mine was no longer required to maintain the 
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Figure 1 Effect of lisinopril on the blood pressure of a C6 tetraplegic patient. (Cross bars indicate 
systolic and diastolic blood pressures). 

blood pressure. This time period is consist
ent with the half life of lisinopril of 7 h. 13 

Although lisinopril is cleared by renal 
mechanisms, its serum half life does not 
increase until creatinine clearance goes be
low 30 cc/min, which did not occur in this 
case. There were no significant interactions 
between lisinopril and the patient's other 
medications. 

The patient was fluid restricted for several 
days. This maneuver is used in ambulatory 
hypertensive patients to increase their sensi
tivity to ACE inhibitors, and in this case is 
likely to have further increased the depend
ence on angiotensin II to sustain blood 
pressure. The hypotension was most likely 
due to a fall in angiotensin II. Decreased 
aldosterone production probably also con
tributed to the fall in blood pressure by 
decreasing renal sodium retention. In sup
port of this hypothesis is the finding of 
hyponatremia in the intensive care unit. 
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