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General and Internal Medicine

Management of emergency care

Pulmonary edema is the accumulation of fluid in the lung secondary to increased hydrostatic pressure.
Hypertensive cardiogenic pulmonary edema presents with a sudden onset of severe dyspnea, tachycardia,
and tachypnea, and can occur when the systolic blood pressure exceeds 160 mmHg in association with acute
decompensated congestive cardiac failure (CCF). A case is presented of hypertensive cardiogenic pulmonary
edema treated with high-dose nitroglycerin and includes a review of the literature.

A 63-year-old Hispanic male with a medical history of hypertension, coronary artery disease, heart failure with
a reduced ejection fraction of 35%, chronic kidney disease (CKD) and diabetes mellitus, presented as an emer-
gency with acute, severe dyspnea. The patient was initially managed with 100% oxygen supplementation and
intravenous (IV) high-dose nitroglycerin (30 mcg/min), which was titrated every 3 minutes, increasing by 15
mcg/min until a dose of 120 mcg/min was reached. After 18 minutes of aggressive therapy, the patient’s con-
dition improved and he no longer required mechanical ventilation.

Hypertensive cardiogenic pulmonary edema is a challenging clinical condition that should be diagnosed and
managed as early as possible, and distinguished from respiratory failure due to other causes. Although hyper-
tensive cardiogenic pulmonary edema is usually managed acutely with high-dose diuretics, this case has high-
lighted the benefit of high-dose IV nitroglycerin, and review of the literature supports this treatment approach.
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Background

Hypertensive cardiogenic pulmonary edema is a hyperacute
complication of congestive cardiac failure (CCF) and is de-
fined as the accumulation of fluid in the lung secondary to an
abrupt increase in hydrostatic pressure, which cause extravasa-
tion of fluid from the lung circulation into the interstitium [1].
Hypertensive cardiogenic pulmonary edema should be distin-
guished from acutely decompensated heart failure, as the for-
mer presents with severe symptoms including tachypnea, hy-
pertension, breathing difficulty and hypoxemia that can lead
to an imminent acute respiratory failure, whereas acutely de-
compensated heart failure presents with a more gradual on-
set of symptoms.

CCF has an incidence of 10/1,000 and has a prevalence of
over 5 million patients in the United States, being responsible
for more than 1,000,000 hospital admissions annually [2-4].
Patients with hypertensive cardiogenic pulmonary edema rep-
resent approximately 25% of hospital admissions for patients
with CCF, resulting in more than 250,000 annual hospital ad-
missions and has a high mortality of between 15-20% [5,6].
Special attention should be paid to the diagnosis in the el-
derly population, given that the median age for acute pulmo-
nary edema is 74 years [7]. Several comorbidities are asso-
ciated with hypertensive cardiogenic pulmonary edema, the
most common being hypertension and coronary artery dis-
ease resulting in ischemic heart disease and CCF (Figure 1) [8].

In recent decades, the pathophysiology of hypertensive cardio-
genic pulmonary edema has become increasingly understood,
which has resulted in new approaches to clinical management.
Hypertensive cardiogenic pulmonary edema is defined as the
accumulation of fluid in the lung secondary to an abrupt in-
crease in hydrostatic pressure, which results in extravasa-
tion of fluid from the lung circulation into the alveolar space
and pulmonary interstitium, as demonstrated by the Starling
formula (Figure 2) [9]. The normal pulmonary capillary wedge
pressure (PCWP) ranges from 8-12 mmHg and the normal col-
loid oncotic pressure is 25 mmHg[10,11]. In hypertensive car-
diogenic pulmonary edema, cardiac output is reduced due to
left atrial impairment or left ventricle dysfunction, with back
pressure on the pulmonary capillaries, leading to an increase
in PCWP that exceeds the oncotic pressure, pulmonary edema,
hypoxia, and reduced alveolar gas exchange. In hypertensive
cardiogenic pulmonary edema, the cardiac output does not
supply metabolic needs and results in an increase in catechol-
amines, which increase the systemic vascular resistance and
blood pressure with a further increase in the end-diastolic pres-
sure and continued elevation in the PCWP (Figure 3).

Hypertensive cardiogenic pulmonary edema can be triggered
by acute exacerbation of left ventricular dysfunction, cardiac
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Figure 1. Comorbidities related to hypertensive cardiogenic
pulmonary edema. The bar chart shows the most
commons comorbidities in patients diagnosed with
hypertensive cardiogenic pulmonary edema.
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Figure 2. The Starling equation. Q — the net fluid movement;
K; — the permeability in surface area; P - capillary
hydraulic pressure; P, — the interstitial hydraulic
pressure; K, — the membrane permeability; ©
capillary pressure; m, — the oncotic pressure.
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Figure 3. Summary of the pathophysiology of hypertensive
cardiogenic pulmonary edema.

ischemia, severely elevated blood pressure, aortic or mitral
valve dysfunction, and acute dysrhythmias, and although pa-
tients have increased filling pressure, only 50% patients are
reported to be fluid overloaded [12,13]. Regardless of the
precipitating etiology, patients with hypertensive cardiogenic
pulmonary edema should be managed in terms of combined
management of cardiac preload and afterload. Although hy-
pertensive cardiogenic pulmonary edema is usually managed
acutely with high-dose diuretics, a case is presented of hyper-
tensive cardiogenic pulmonary edema treated with high-dose
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nitroglycerin, also known as glyceryl trinitrate (GTN), and in-
cludes a review of the literature.

Case Report

A 63-year-old male Hispanic patient presented to hospital as
an emergency with sudden onset of severe respiratory distress,
palpitations, and profuse sweating. He was in his usual state of
health and could feely ambulate with independent activities of
daily living until 30 minutes before arrival to emergency room.
He had a 20-year history of hypertension, a 15-year history of
diabetes mellitus, coronary artery disease requiring insertion of
a coronary artery stent five years previously, a ten-year history
of New York Heart Association (NYHA) Class Il heart failure
with a reduced ejection fraction (EF) of 35%, chronic kidney
disease (CKD) stage 3B. On admission to hospital, his medica-
tions included carvedilol (25 mg twice daily), lisinopril (20 mg
daily), spironolactone (25 mg daily), furosemide (20 mg daily),
glargine insulin (20 units at bedtime), insulin lispro injection
(7 units three times daily), atorvastatin (40 mg daily), and as-
pirin (81 mg daily), with no known drug allergies.

On examination, his blood pressure was 205/110 mmHg, his
respiration rate was 29 breaths/min, his heart rate was 118
beats/min, pulse oximetry was 82% (in room air), and his tem-
perature was 36.2°C. His weight was 72 kg and his height was
68 inches, resulting in a body mass index (BMI) 24.13 kg/m>.
On physical examination, the patient was in severe respiratory
distress, he was sweating, and unable to speak clearly. His jug-
ular venous pressure was elevated, as shown by jugular vein
distention (3+). On chest auscultation, profuse bilateral crackles
were present in all pulmonary fields. Cardiac auscultation was
remarkable for a gallop with a regular rate along and a systolic
murmur 3/6 heard at the left midclavicular line, at the level of
the fifth intercostal space. The point of maximal cardiac im-
pulse was displaced to the left (at the anterior mid-axillary
line) and no abdominal distention or ascites was noted, with
lower limb pitting edema (1+) up to the level of the mid-calf.

The patient was placed in the cardiopulmonary resuscita-
tion (CPR) area where blood gases on air were measured, and
laboratory tests were ordered. The patient was treated with
100% oxygen using a non-rebreather mask and positioned
at 90°, resulting in improvement pulse oximetry, which in-
creased up to 90%. An electrocardiogram (ECG) showed sinus
tachycardia, lateral lead ST depression (of 1 mV), left axis de-
viation and left ventricle hypertrophy. A portable chest X-ray
was obtained which was remarkable for an enlarged cardiac
silhouette, stag’s antler sign of upper lobe pulmonary venous
diversion (cephalization), and Kerley B-lines, indicating inter-
stitial edema (Figure 4).
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Figure 4. Portable chest X-ray (anteroposterior) shows an
increased cardiothoracic index and interstitial edema.

Although laboratory tests were ordered, because the patient
was critically ill, and further management could not be delayed,
initial treatment was guided based on the clinical findings, clin-
ical history, the ECG, arterial blood gases, and X-ray findings. In
view of the findings of the initial investigations and the absence
of fever, pneumonia was excluded and a diagnosis of hyperten-
sive cardiogenic pulmonary edema was made. Intravenous (IV)
nitroglycerin treatment was commenced, starting at 30 mcg/min
and increased by 15 mcg/min every 3 minutes, with continuous
pulse oximetry and monitoring of vital signs every 3 minutes.
After 18 minutes, nitroglycerin was titrated up to 120 mcg/min
and his blood pressure decreased to 148/82 mmHg, his systolic
blood pressure reduced by 29%, his diastolic blood reduced
by 25%, and his heart rate decreased to 87 beats per minute.
A rapid clinical improvement was made and the patient was
able to communicate in complete sentences and was able to
breathe without the use of accessory muscles. Pulse oximetry
showed an oxygen saturation >97%, and oxygen supplementa-
tion continued with the use of a nasal cannula at 3 L/min and
the patient’s pulse oximetry measurement was >96%.

After 25 minutes, the patient was treated with enalapril (2.5
mg V) combined with furosemide (20 mg IV). Nitroglycerin
was decreased at a rate of 10 mcg/min every 5 minutes un-
til it was discontinued, followed with an oral dose of isosor-
bide dinitrate (30 mg). After complete clinical stabilization, the
laboratories results showed a white blood cell (WBC) count of
11.43x10°/uL, hemoglobin of 10.9 g/dl, hematocrit of 31.8%,
platelets level of 74x10°/L, sodium of 144 mmol/L, potassium
of 3.9 mmol/L, chloride of 107 mmol/L, carbon dioxide (CO,) of
25 mmol/L, blood urea nitrogen (BUN) of 27 mg/dL, creatinine
of 1.4 mg/dL, brain natriuretic peptide (BNP) of 3,452 pg/ml,
and troponin | <0.05 ng/ml. Blood gas measurements on air
included pH of 7.381, pCO, of 44.8 mmHg, pO, of 57 mmHg,
HCO, of 25.8 mmol/L, and oxygen saturation of 84%.
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The patient was evaluated for the presence of possible un-
derlying pulmonary embolism (PE) using the Wells risk strati-
fication criteria for PE, and stratified as low-risk, with further
evaluation with a D-dimer level of 340 ng/ml, which was in-
terpreted as negative. Evaluation for hyperthyroidism showed
a normal ultrasensitive plasma thyroid stimulating hormone
assay (usTSH) measurement of 2.56 pU/mL and free thyroxine
(T4) of 6.87 pU/mL.

The patient was admitted to the internal medicine hospital
ward with a diagnosis of hypertensive cardiogenic pulmo-
nary edema and discharge home 48 hours later. On discharge
from hospital, his medications included furosemide (40 mg
daily), carvedilol (12.5 mg twice a day), sacubitril/valsartan
(24 mg/26 mg twice a day), spironolactone (25 mg daily) and
isosorbide mononitrate (60 mg daily). The patient underwent
weekly follow-up by his cardiologist who optimized the med-
ication therapy. No emergency room visits or hospitalization
were reported, at least for the next 60 days.

Discussion

The most common causes of exacerbation of heart failure
include missed medication, symptomatic anemia, cardiac
arrhythmia, cardiac ischemia, increased cardiac output, renal
failure, and pulmonary embolism. The patient described in this
case report developed acute, severe hypertensive cardiogenic
pulmonary edema. In this case, it was believed that non-com-
pliance with anti-hypertensive medication was the cause of
his severe hypertension, which subsequently triggered the ex-
acerbation of heart failure.

The presentation of acute, severe hypertensive cardiogenic
pulmonary edema is a medical emergency that requires im-
mediate diagnosis and treatment, even before the results of
laboratory tests become available, with the diagnosis based
on medical history, physical examination, electrocardiogram
(ECG), and chest X-ray findings. However, the frequency of
making an accurate and immediate diagnosis based on these
initial investigations have been shown to have a sensitivity of
no more than 70% [13]. This patient presented with the clas-
sical physical finding of hypertensive cardiogenic pulmonary
edema, diffuse pulmonary crackles on auscultation, a raised
jugular venous pressure, severe acute dyspnea (air hunger),
and elevated blood pressure, and was managed successfully
with high-dose intravenous nitroglycerin. This patient was not
managed with furosemide or other diuretics, but with high-
dose intravenous (IV) nitroglycerin, also known as also known
as glyceryl trinitrate (GTN)

As shown in Table 1, there is now a range of drugs available to
physicians that may be used to treat hypertensive cardiogenic
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Table 1. Renal and hepatic dose adjustments.

Dose adjustment

Enalaprilat Yes No

pulmonary edema, but few drugs require no dose modifica-
tion to prevent renal and hepatic toxicity, and there are cur-
rently no guidelines for standard of care in patients with hy-
pertensive cardiogenic pulmonary edema (Table 1). Drugs used
should have a rapid onset, allow for a titratable dose based on
patient response, have a predictable effect, a short half-life,
and a mechanism of action that blocks several pathways in
the pathophysiology of this disease. During the acute phase
of hypertensive cardiogenic pulmonary edema, the compen-
satory mechanism of activation of the renin-angiotensin-al-
dosterone system increases myocardial contractility and the
adrenergic system.

Frank and Starling first described the relationship between the
end-diastolic volume (preload) and ventricular performance.
The end-diastolic volume, defined as the filling pressure of
the heart at the end of diastole, which is intrinsically related
to myocardial distention should not be confused with venous
return [14]. To understand venous return, cardiac output can
be defined as the amount of blood volume being pumped by
the heart during one minute, and venous return can be de-
fined as the amount of blood returning from the periphery
to the right atrium [15]. Under normal circumstances, the ve-
nous return matches the cardiac output. The preload can be
assessed from the left ventricle end diastolic pressure with
an invasive procedure (cardiac catheterization) or a non-in-
vasive study (echocardiography). Although cardiac preload is
elevated in hypertensive cardiogenic pulmonary edema, this
type of evaluation is not needed for the initiation of treat-
ment [16]. A normal heart with augmented end-diastolic vol-
ume, as a compensatory mechanism, proportionally increases
the stroke volume, as otherwise, a heart with altered function
that receives an increased preload is not able to increase the
stroke volume efficiently, causing retrograde augmentation of
pressure that is translated into increased pulmonary hydro-
static pressure, as occurs in hypertensive cardiogenic pulmo-
nary edema. Pharmacologically, the initial treatment must aim
to reduce the preload, which will subsequently reduce the pul-
monary hydrostatic pressure, to equalize the cardiac output
and the venous return. There are several drugs that have been
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Figure 5. Pharmacokinetics of nitroglycerin compared with
furosemide, measured in minutes. The Y-axis shows
the time in minutes. The X-axis compares the onset,
peak, and half-life. The blue line corresponds to
furosemide. The red line corresponds to nitroglycerin.
The nitroglycerin line demonstrates a more rapid onset
and peak with a shorter half-life.

described to have a therapeutic effect in this part of the cycle
of heart failure, nitroglycerin, morphine sulfate, loop diuretics,
and recombinant brain natriuretic peptide (BNP).

Nitroglycerin, also known as glyceryl trinitrate (GTN), is a mem-
ber of the group of nitrovasodilators, which achieve their effect
by donating a free radical nitric oxide to activate guanylate cy-
clase in vascular smooth muscle, leading to dephosphorylation
of the myosin light chain. As result, nitroglycerin produces a
marked vasodilator effect on veins and a modest vasodilator
effect on arteries [17]. The venous vasodilator effect is trans-
lated into an increased venous capacitance, which causes a
decreased venous return, which also reduces cardiac preload.
There are several formulations for nitroglycerin, including sub-
lingual tablets, translingual spray, topical transdermal patches,
and intravenous (IV) formulations. The topical and transdermal
formulations are not recommended during hypertensive car-
diogenic pulmonary edema because of possible overload and
profuse sweating, which can cause erratic absorption with un-
predictable effects. Therefore, as this case report has shown,
the use of the IV formulation of nitroglycerin results in an im-
mediate peak effect, a duration of 3-5 minutes, with a half-
life of 1-4 minutes (Figure 5) [18]. Nitroglycerin is the most ef-
fective, predictable, and rapidly-acting drug for the treatment
of hypertensive cardiogenic pulmonary edema [19]. There has
been a previous study that compared the use of nitroglycerin,
furosemide, and morphine, in the treatment of hypertensive
cardiogenic pulmonary edema, which demonstrated the su-
periority of nitroglycerin [20]. Because of the characteristic
rapid onset and brief half-life of nitroglycerin, hypotension or
other undesired effects can be controlled quickly by adjusting
the dose, resulting in a return to baseline within 5-10 min-
utes. It is important to be aware that the dose of nitroglycerin
for the treatment of hypertensive cardiogenic pulmonary
edema is not the same dose used for angina or heart failure.
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Figure 6. Comparison of blood drug levels from equivalent
doses of between intravenous (IV) nitroglycerin
and sublingual nitroglycerin. The X-axis shows drug
concentrations in the blood in micrograms. The
Y-axis shows the time in minutes. The blue line
represents sublingual nitroglycerin. The red line
represents the intravenous (IV) nitroglycerin. This chart
compares the blood drug level using either route of
administration during the first 5 minutes. Sublingual
nitroglycerin, or glyceryl trinitrate (GTN), at the usual
dose (0.4 mg), resulted in a higher drug level than
intravenous nitroglycerin at 80 mcg/min.

For hypertensive cardiogenic pulmonary edema, the nitro-
glycerin dose should be commenced at 20 mcg/min followed
by a rapid uptitration of 15-20 mcg/min every 3-5 minutes
with an average goal of 100 mcg/min and a maximum dose of
400 mcg/min, which results in a decrease in afterload [21,22].
When an infusion pump is not available, nitroglycerin can be
administrated as an IV bolus (3 mg) every 5 minutes, where a
3 mg bolus is equivalent to an infusion of 600 mcg/min [23].
The usual anti-anginal sublingual nitroglycerin dose of 0.4 mg
every 5 minutes for 3 doses is equivalent to 80 mcg/min as
an IV infusion (Figure 6).

Furosemide is a potent diuretic, which belongs to the family
of loop diuretics that inhibit the reabsorption of sodium and
chloride in the renal ascending loop of Henle, and the proxi-
mal and distal renal tubules, which results in reduced preload.
This diuretic has several formulations, including oral tablets
and solution for intramuscular and intravenous use, and sub-
lingual preparations. Although furosemide can reduce blood
pressure, the evidence-based guidelines of the Eighth Joint
National Committee (LNC 8) recommend that loop diuretics
should not be used for the treatment of hypertension [24].
Furosemide is currently recommended for the treatment of
edema associated with renal disease, heart failure, and hepatic
disease. The pharmacokinetics of furosemide explain why it
should no longer be considered as a monotherapy in hyper-
tensive cardiogenic pulmonary edema. Intravenous furosemide
has an average onset of its treatment effects of 5 minutes, a
peak effect at 30 minutes and half-life of 60 minutes [25]. It
has been shown that, for the treatment of hypertensive car-
diogenic pulmonary edema, high doses of furosemide are
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required, with an IV bolus of 40-80 mg, with the use of a re-
peat dose after 20 minutes if there was no improvement [26].
Although higher doses of furosemide can be associated with
symptomatic improvement, high doses are associated with
impaired renal function and an increased rate of admission
to intensive care units [27]. It is important to note that 50%
of patients diagnosed with hypertensive cardiogenic pulmo-
nary edema are fluid overloaded, and the remainder are hy-
povolemic or euvolemic, and treatment with high-dose furo-
semide will affect renal function. Furthermore, patients with
hypertensive cardiogenic pulmonary edema are in an increased
sympathetic and adrenergic physiological state with increased
systemic vascular resistance, resulting in renal vasoconstric-
tion [28]. The peak effect of furosemide in renal impairment
will be considerably delayed, by between 45-120 minutes,
which results in treatment delay [29]. Clinical studies have
shown that the use of furosemide during the initial phase of
hypertensive cardiogenic pulmonary edema results in adverse
effects due to the activation of the renal angiotensin aldoste-
rone system in response to the volume depletion with further
increase in systemic vascular resistance and pulmonary cap-
illary wedge pressure (PCWP) and reduction in cardiac output
and stroke volume [30].

Morphine is an important treatment for pain and cardiac fail-
ure and is available in several presentations, including tablets,
suppositories, and solutions for intramuscular, intravenous, and
intrathecal use and can be prescribed in hypertensive cardio-
genic pulmonary edema. When administered intravenously
it has an onset of action ranging from 5-10 minutes, a peak
dose by 20 minutes, and a half-life of 2-4 hours [31]. Side ef-
fects of morphine include mast cell degranulation, the release
of histamine, and vasodilation with further reduction in pre-
load, although there have been no randomized controlled tri-
als to support this effect [32,33]. The symptomatic improve-
ment in cardiac function following morphine treatment could
be due to the reduction of sympathetic activity, an anxiolytic
effect, and reduction of dyspnea [27]. Despite the assumption
that this drug reduces preload, a study has shown that in 46%
of patient with hypertensive cardiogenic pulmonary edema
treated with morphine showed objective clinical deterioration,
while another study showed an increased probability for ad-
mission to the intensive care unit or for intubation following
treatment with morphine [34,35]. Other side effects of mor-
phine use include nausea, bronchoconstriction, pruritus, and
anaphylactic reactions.

Afterload is closely related to aortic pressure and can be de-
fined as the stress or tension in the wall of the left ventri-
cle during contraction against peripheral vascular resistance.
Patients with hypertensive cardiogenic pulmonary edema have
increased levels of catecholamines that increase peripheral
vascular resistance, resulting in reduced stroke volume and
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reduced cardiac output, and so patients will benefit from drugs
that work by reducing afterload. High-dose nitroglycerin can
also reduce cardiac afterload, but only after a prolonged infu-
sion, usually after 12-24 hours, and patients can develop tol-
erance because of depletion of the enzymes responsible for ni-
trate catabolism. Therefore, the combined use of nitroglycerin
with other drugs that reduce afterload might be considered
for patients with hypertensive cardiogenic pulmonary edema.

Angiotensin-converting-enzyme (ACE) inhibitors prevent the
conversion of angiotensin | to angiotensin I, and the first
synthesized ACE inhibitor was captopril [36]. ACE inhibitors
are prescribed for hypertension, to prevent the progression
of diabetic nephropathy, and in chronic heart failure with re-
duced ejection fraction, but are also prescribed in acutely de-
compensated heart failure and hypertensive cardiogenic pul-
monary edema. In particular, enalapril can be used as an IV
formulation, and the active metabolite of enalapril, after he-
patic metabolism, inhibits the conversion of angiotensin | to
angiotensin II, resulting in inhibition of the renin-angiotensin-
aldosterone system. This drug does not require hepatic dose
adjustment but does need renal dose adjustment. Although
patients with hypertensive cardiogenic pulmonary edema may
have impaired renal function, the benefits of the use of enala-
pril outweigh the risks. However, premedication with nitrates
will enhance affected renal function due to renal vasodila-
tion, and may reduce the possible nephrotoxic effect of enal-
april in the acute phase [37]. Due to the mechanism of action
of ACE inhibitors, enalapril decreases renal arteriolar efferent
tone, which is required to maintain the glomerular filtration
rate under states of reduced renal perfusion. Enalapril has
an onset of action of 15 minutes, a peak effect of between
1-4 hours, a duration of effect of 6 hours, and a half-life of
36 hours [38]. The overall benefit of this drug includes the re-
duction of pulmonary capillary wedge pressure, improvement
in cardiac stroke volume and cardiac output with no effect on
heart rate or change in mean arterial pressure, which translates
to a reduction in mechanical ventilation, intensive care unit
admission, and length of hospital stay [39,40]. ACE inhibitors
should be avoided in patients with a history of angioedema
and should be used with extreme caution in hypotensive pa-
tients and history of aortic stenosis.

Nesiritide is a recombinant form of brain natriuretic peptide
(BNP), with vasodilatory properties that enhances diuresis and
improves cardiac output [41]. Nesiritide was first approved in
2001 with an indication for the treatment of acutely decom-
pensated heart failure due to its capacity to reduce pulmo-
nary wedge pressure. Several studies have evaluated the sig-
nificance of nesiritide in acute decompensated heart failure,
including the ASCEND-HF trial and VMAC trial [41-43]. During
the ASCEND-HF trial, dyspnea at 6 hours and 24 hours fol-
lowing treatment with nesiritide, the rate of rehospitalization
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or death at 30 days was evaluated, which found only a small
reduction in dyspnea that did not reach statistical signifi-
cance [41,42]. The VMAC study included 498 patients and
showed that nesiritide treatment had a significant effect on
dyspnea at 3 hours, but the effect was similar to intravenous
nitroglycerin with no significant effect at 24 hours [42]. These
clinical trials had limitations in that most patients received an
average nitroglycerin dose of 30-40 mcg/min and did not re-
ceive the optimal nitroglycerin dose for the treatment of hy-
pertensive cardiogenic pulmonary edema (>100 mcg/min), be-
cause most physicians were reluctant to use high doses [43].
Another small clinical trial showed impaired renal function fol-
lowing nesiritide treatment [44]. Nesiritide has an onset of ac-
tion within 15 minutes, the peak effect occurs at 1 hour, the
duration of its effects last up to 60 minutes, and it has a half-
life of 2-18 minutes [45].

In the treatment of cardiogenic pulmonary edema, supplemental
oxygen is not required unless the oxygen saturation falls be-
low 92%, because hyperoxemia will increase the circulation of
free radicals which will cause vasoconstriction and decrease
cardiac output, which may increase mortality [46,47]. There
are no guidelines regarding which form of oxygen support
should be used, which currently relies on the patient’s needs.
When oxygen saturation falls below 92%, oxygen can be sup-
plemented via a nasal cannula or face mask, as long as the
patient does not develop severe respiratory distress, acidosis,
or hypoxemia. Once supplemental oxygen is insufficient, non-
invasive ventilation can be considered, which includes bi-level
positive airway pressure (BiPAP) and continuous positive air-
way pressure (CPAP) [48]. The use of non-invasive ventila-
tion is considered to reduce the length of stay in the inten-
sive care unit, reduce hospital costs, and reduce the need for
invasive mechanical ventilation. Of the non-invasive ventila-
tion options, the most recommended method is CPAP, based
on a small trial, which concluded that patients managed with
BiPAP improved more rapidly, but patients in the BiPAP arm
initially reported more chest pain than patients in the CPAP
arm [49]. Mechanical ventilation is considered to be a treat-
ment of last resort when patients have persistent hypoxia de-
spite the use of non-invasive ventilation, or where there are
contraindications that include altered mental status, vomiting,
or non-compliance.

Conclusions

This case report has highlighted that hypertensive cardiogenic
pulmonary edema is a challenging clinical condition that
should be diagnosed and managed as early as possible, and
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distinguished from respiratory failure due to other causes.
Although hypertensive cardiogenic pulmonary edema is usu-
ally managed acutely with high-dose diuretics, this case has
demonstrated the benefit of high-dose intravenous (IV) nitro-
glycerin, also known as glyceryl trinitrate (GTN), and review of
the literature supports this treatment approach. Until recently,
furosemide was considered the cornerstone in the manage-
ment of hypertensive cardiogenic pulmonary edema. Although
pharmacokinetic and pharmacodynamic studies support the
improved therapeutic role for high-dose IV nitroglycerin (>100
mcg/min) when prescribed for hypertensive cardiogenic pul-
monary edema, physicians still use high-dose furosemide.
High-dose nitroglycerin could be considered a more cost-ef-
fective therapy in view of evidence that this medication can
reduce the need for tracheal intubation, does not affect renal
function, and does not increase intensive care unit admission
rates, which as occur with furosemide treatment. We recom-
mend premedication with nitroglycerin and an ACE-inhibitor
followed by the use of furosemide once clinical stability has
been achieved, as this strategy can reduce the adverse car-
diovascular and renal effects of furosemide [50]. Newer drugs,
such as nesiritide, might be promising treatments, but are ex-
pensive and have not shown superiority when compared with
nitroglycerin. However, nesiritide is still suitable for the man-
agement of hypertensive cardiogenic pulmonary edema when
nitroglycerin is contraindicated, for example when following
the recent use of a phosphodiesterase-5 (PDE-5) inhibitor. This
case report and literature review showed the superiority of ni-
troglycerin over furosemide as monotherapy not only by com-
municating our clinical case but by comparing the pharmaco-
kinetics and pharmacodynamics of these drugs. Cardiology
and emergency medicine associations have still to develop
evidence-based guidelines for the management of hyper-
tensive cardiogenic pulmonary edema. However, a review of
the literature showed that there is evidence from the results
of global clinical trials to support the development of formal
guidelines for the management of hypertensive cardiogenic
pulmonary edema.
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