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Delivery of anesthesia to patients with severe pul-
monary hypertension can be extremely challenging.
The profound hemodynamic alterations of the disease
can often be exacerbated by alterations in circulatory
function brought about by anesthetic and surgical
interventions. High perioperative morbidity and mor-
tality rates have been reported. Minimizing adverse
outcomes in these patients requires careful periopera-
tive evaluation and planning. Selection of an anes-

thetic technique suitable for the surgery without caus-
ing major hemodynamic alterations, which can lead to
cardiac failure and death, is a unique consideration of
the anesthesia provider. As shown in this case report,
caudal anesthesia, when appropriate, can offer a safe
anesthetic for these patients. 
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P
atients with severe pulmonary hypertension
(PHTN) are at risk of life-threatening perioper-
ative complications. Even minor surgical proce-
dures are hazardous for them because of the
hemodynamic effects brought about by anes-

thetic and surgical interventions. The following case
report describes the use of caudal anesthesia for a patient
with severe PHTN scheduled to have an excision of anal
condyloma in the prone jackknife (Kraske) position. It
illustrates that caudal anesthesia, when appropriate, can
offer unique advantages. 

Case Summary
A 42-year-old man, weighing 71 kg, with a height of 177
cm, and ASA physical status III, was scheduled for a rectal
examination under anesthesia with excision of an anal
condyloma acuminatum. The patient’s medical history in-
cluded severe PHTN secondary to positive human im-
munodeficiency virus status, methamphetamine use, and
pulmonary embolism. A prior echocardiogram had re-
vealed severe right ventricular (RV) pressure-volume
overload with moderate reduced systolic function. The
right atrium (RA) had been severely enlarged, and moder-
ate tricuspid regurgitation was noted. The systolic pul-
monary arterial pressure (PAP) was 88 to 92 mm Hg, and
the left ventricular (LV) ejection fraction was 62.

At the time of the preoperative evaluation 3 weeks
before surgery, the patient  complained of dyspnea on ex-
ertion but was able to climb 1 to 2 flights of stairs with
intermittent rest. Baseline oxyhemoglobin saturation
(SaO2) was about 95%. Mild systolic and diastolic
murmurs were appreciated. A repeated transthoracic
echocardiogram revealed a systolic PAP of 120 to 124 mm
Hg, diastolic PAP of 26 to 30 mm Hg, and RA pressure of
11 to 15 mm Hg. Mean PAP was calculated to be about 57
mm Hg, based on the formula for obtaining mean arteri-

al blood pressure: (1 × SBP + 2 × DBP)/3, where SBP is
systolic blood pressure and DBP is diastolic blood pres-
sure. The patient had also experienced a recent episode of
atypical right-sided chest pain at rest. A consulting cardi-
ologist recommended that adenosine cardiac positron
emission tomography with rubidium be performed before
surgery. The patient also complained of severe headaches
associated with occasional dizziness, believed to be at-
tributable to bosentan. No neurologic abnormalities were
reported. Current medications included bosentan, silde-
nafil, spironolactone, furosemide, testosterone, warfarin,
and acetaminophen. The patient stopped taking warfarin
5 days before surgery. 

On the day of surgery, an electrocardiogram (ECG)
showed a normal sinus rhythm (NSR) in the range of 60
to 69/min, RA enlargement, and a right bundle branch
block. There was also evidence of T-wave abnormalities
and the possibility of inferolateral ischemia on the ECG.
However, these were unchanged compared with prior
ECGs. The adenosine rubidium scan was not done due to
scheduling difficulty. The patient’s vital signs were the
following: blood pressure, 106/76 mm Hg; pulse rate,
64/min; respiratory rate, 24/min; SaO2, 96%; and temper-
ature, 35.8°C. His airway was normal. Partial thrombo-
plastin time, prothrombin time, international normalized
ratio, and complete blood cell count were also normal.
Because of the patient’s medical condition, caudal anes-
thesia with minimal sedatives and narcotics was selected.
A tank of nitric oxide was available for use in case of an
acute deterioration of PHTN.

After placing a No. 20-gauge intravenous catheter in a
vein in the left arm, the patient was given midazolam, 2
mg intravenously, and transferred to the operating room.
He was then instructed to position himself comfortably in
the prone jackknife position. Standard monitors were
applied to the patient. Initial vital signs were blood pres-
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sure of 100/72 mm Hg and a pulse rate of 81/min in NSR,
respiratory rate of 16/min, and SaO2 of 97% on 6 L/min of
oxygen via a nasal cannula. Although venous congestion
was noted in the neck veins, the patient denied any res-
piratory difficulty.

Fentanyl, 50 µg, was slowly given intravenously before
caudal block placement. The skin area and subcutaneous
tissue above the sacral hiatus were localized with 5 mL of
2% preservative-free lidocaine. An 18-gauge Crawford
needle was inserted through the sacral hiatus, and an
epidural catheter was threaded 5 cm into the caudal canal
without difficulty. After a negative test dose with 45 mg of
lidocaine and 15 µg of epinephrine, 15 mL of 0.5% pre-
servative-free ropivacaine was slowly injected through the
catheter over a period of 6 minutes. After 15 minutes,
there was a small area of sensation around the perineum;
another 5 mL of the same local anesthetic was injected. A
satisfactory block to the T10 dermatome was established,
and the 1-hour surgery proceeded without incident. Blood
pressure was maintained within 20% of baseline; heart
rate ranged from 76/min to 82/min in NSR, and SaO2 was
95% to 98% with spontaneous respirations. Blood loss was
minimal. The patient received a total of 500 mL lactated
Ringer’s solution intravenously. No additional sedatives or
opioids were administered. He was positioned supine and
transferred to the recovery room where he remained in
stable condition until discharge.

Postoperatively, the patient recovered uneventfully.
Retrospectively, we could have used shorter acting, local
anesthetic chloroprocaine because he experienced some
urinary retention. However, he was discharged on the
same day of surgery without adverse events. An adeno-
sine thallium stress test was performed 3 weeks later. The
lower part of the myocardium was noted to have some re-
versible perfusion defects. The LV ejection fraction was
normal. The study findings were otherwise consistent
with those of a patient with PHTN.

Discussion
• Classification and Management. Pulmonary hyperten-

sion was reported in autopsy findings in the late 1800s.1

It has been classified as primary and secondary. Primary
PHTN is idiopathic and rare, whereas secondary PHTN is
much more common and often caused by cardiac abnor-
malities (eg, valvular disease, LV dysfunction).2 In 2003,
this classification was revisited at the Third World
Conference on Pulmonary Arterial Hypertension in
Venice, Italy3 (Table 1). Most commonly, PHTN is diag-
nosed in women between the ages of 20 and 40 years, al-
though it can occur in men at any age group.1

Physiologically, the pulmonary vasculature is a high-
flow, low-resistant circuit with thin-vessel walls. It is
highly compliant, and this resilience plays a critical role
in the distention and recruitment of the vasculature in re-
sponse to high RV output. This feature of the pulmonary

circulation is crucial in the maintenance of pulmonary
vascular resistance (PVR).2 Normal systolic and diastolic
PAPs range from 20 to 30 mm Hg and 6 to 10 mm Hg, re-
spectively. Mean PAP is about 15 mm Hg. The PVR is de-
termined based on the Ohm law of resistance and flow:
PVR = 80 − (Mean PAP − LAP)/CO, where LAP is left
atrial pressure and CO is cardiac output. Clinically, pul-
monary arterial wedge pressure instead of LAP is often
used. Normal PVR ranges from 50 to 150 dynes·s·cm−5.2,4

In contrast to the peripheral and cerebral vessels, the
pulmonary vessels constrict in the presence of alveolar
hypoxia (Euler-Liljestrand reflex) and dilate in a high-
oxygen environment.5 Acidosis and hypercapnia also
cause pulmonary vasoconstriction; alkalosis and
hypocapnia have the opposite effect. Local mediators
within the vasculature also affect pulmonary tone. Nitric
oxide and prostacyclin play a role in vasodilation, but
their counterparts (eg, thromboxane and endothelin)
vasoconstrict.2 Gravity also influences PVR by distribut-
ing blood flow to different zones of the lungs.6 Other de-
terminants of PVR are extremes of lung volumes.5,6

Pulmonary hypertension is defined as a mean PAP

Table 1. Classification of Pulmonary Hypertension
(PHTN)
HIV indicates human immunodeficiency virus.
(Modified with permission from Lee and Rubin.10)

Class I – Primary PHTN related to:

1. Idiopathic/hereditary conditions

2. Collagen vascular disease

3. Systemic-pulmonary shunts

4. HIV infection

5. Hepatic portal hypertension

6. Drugs and toxins

7. Other: thyroid disease, glycogen storage disease, 
hemorrhagic and blood disorders 

8. Persistent PHTN in neonates

Class II – PHTN related to:

1. Cardiac/valvular disease

Class III – PHTN related to:

1. Lung disease such as chronic obstructive pulmonary
disease, interstitial lung disease, and dysplasia

2. Hypoxemia

3. Hypoventilation syndromes and sleep apnea

4. Neonatal lung disease

Class IV – PHTN secondary to: 

1. Thrombolic/embolic disease

2. Sickle cell disease

Class V – PHTN as a result of direct pulmonary insult:

1. Inflammation (schistosomiasis, sarcoidosis)

2. Pulmonary capillary hemangiomatosis

3. Conditions due to pulmonary vessel compression/occlusion
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greater than 25 mm Hg at rest (>30 mm Hg during exer-
cise)5,7 or, according to Rich,2 a PVR greater than 300
dynes·s·cm−5. Patients are considered to have severe
PHTN when the mean PAP exceeds 50 mm Hg or the
PVR exceeds 600 dynes·s·cm−5.2 To confirm the diagno-
sis, the practitioner must exclude abnormal pulmonary
arterial wedge pressure and CO.8 Cardiac catheterization
is the gold standard in the diagnosis of PHTN.2,5,7 The
predominant feature of PHTN is a highly constricted pul-
monary vasculature.9 This constriction is influenced by
genetic factors, local mediators, and pathological states
(eg, inflammation, coagulopathy, altered blood gases, and
endothelial cell injuries).8 Because of this constriction,
there is a strain on the right ventricle, resulting in diffi-
culty in ejecting blood from the right ventricle into the
pulmonary system; hence, both RV end-diastolic pressure
and volume are increased. The overstretched right ventri-
cle translates into an increase in workload and conse-
quently increases in oxygen demand and consumption.
These patients are at a higher risk of RV ischemia during
stressful physiologic demands. If PHTN is left untreated,
a positive feedback mechanism can lead to progressive
RV failure and LV dysfunction, resulting in cardiopul-
monary failure (Figure).2

Management of PHTN aims at correcting the underly-
ing disease processes and/or instituting medical therapy
with vasodilators, calcium channel blockers, angiotensin-
converting enzyme inhibitors, phosphodiesterase in-
hibitors, diuretics, anticoagulants, cardiac glycosides,
oxygen supplement, prostanoids, endothelin receptor an-
tagonists, and inhaled nitric oxide. In severe cases, a
heart-lung transplant may be needed.4,5,10 When damage
to the pulmonary vasculature has developed, medical
treatment can become complex and difficult.2,5 Once di-
agnosed, survival rates depend on the treatability of the
underlying cause. According to the Patient Registry for
the Characterization of Primary PHTN, patients with a

mean PAP greater than 85 mm Hg have a life expectancy
of about 1 year after the diagnosis.4 As reported in
National Institutes of Health data, patients with PHTN
functional classes I and II (Table 2) usually do not
survive past 6 years, whereas those with class III or IV
live only 2.5 years and 6 months, respectively.8 The
patient in this report was classified as class II because of
the lack of clinical evidence of cardiac decompensation. 

• Perioperative Considerations. Because of the patho-
genesis, patients with PHTN undergoing surgery and
anesthesia have considerably high perioperative morbid-
ity and mortality rates. Ramakrishna et al11 found that the
premature death rate was as high as 50%, usually attrib-
utable to RV and respiratory failure. As reported by
Pearl,12 patients with mean PAP greater than 45 mm Hg
had a death rate greater than 75% when undergoing
major surgeries. In children with PHTN, it was estimated
that 1.2% would experience cardiac collapse during
surgery and anesthesia, with a mortality rate of almost
1%.13 The rate of survival depends on the ability of the
right ventricle to compensate for the rapid increase in

Table 2. World Health Organization Functional
Classification of Pulmonary Hypertension
(Reprinted with permission from McLaughlin and McGoon.8)

Class I – the patient has no signs of fatigue, shortness of breath,
chest pain, or presyncope during normal physical activities.

Class II – the patient exhibits mild fatigue, dyspnea, chest pain,
or presyncope with normal physical activities and has some
limitation in performing activities.

Class III – the patient shows overt fatigue, dyspnea, chest pain,
or presyncope with limited activities and has marked limitation
in performing activities.

Class IV – the patient experiences discomfort, fatigue,
dyspnea, chest pain, or presyncope at rest and is unable to
perform any physical activities.

Figure. Positive Feedback Mechanism of Untreated Pulmonary Hypertension (PHTN)
RV indicates right ventricular; LV, left ventricular; ↑, increased; ↓, decreased. 
(Adapted with permission from Rich.2)
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PVR during stressful events. Indeed, this acute change is
always the likely cause of the sudden and acute deterio-
ration of cardiac function and/or death.12

Because of the high morbidity and mortality rates, pro-
viding anesthesia in these patients is extremely challeng-
ing. It is essential to appreciate and understand the he-
modynamic alterations associated with PHTN to avoid
catastrophic outcomes. Careful evaluation before surgery
and anesthesia is mandatory. Exertional dyspnea is the
most common complaint.3,5 Other clinical symptoms
include fatigue, chest pain, hypotension, acid-base dis-
turbances, low SaO2, signs of RV failure (hepatomegaly,
peripheral edema), and syncope. The prognosis is grave
when patients experience syncope.5,7 Preoperative prepa-
ration should include optimization of the patient’s condi-
tion. Elective surgery is postponed should there be any
evidence of cardiopulmonary decompensation. Anti-
PHTN medications should be continued up to the
morning of surgery.7,12 At a minimum, a chest x-ray film,
an ECG, and an echocardiogram should be obtained.
Other diagnostic tests such as pulmonary function tests
and a ventilation-perfusion scan can be useful.4,7

The overall anesthetic goals are to improve the car-
diopulmonary performance by maintaining CO and coro-
nary perfusion pressure, optimize RV function, and
reduce oxygen consumption.2 Anesthetic options for ex-
cision of anal condyloma in the prone jackknife position
include general anesthesia with airway instrumentation,
local anesthesia with sedation (monitored anesthesia
care), and neuraxial blockades (lumbar epidural,
spinal/saddle, or caudal). In the author’s institution,
monitored anesthesia care with a propofol infusion and
supplemental intravenous fentanyl and/or ketamine is
often chosen for the excision of anal condyloma. A local
infiltration block by the surgeon is often inadequate
unless accompanied by additional intravenous sedatives
and/or opioids given by the anesthesia provider. Sedatives
and opioids can put the patient at risk of respiration de-
pression, causing hypoxia and producing further increas-
es in PVR. Ketamine is a potent analgesic while main-
taining airway reflexes. On the other hand, this drug is
known to increase PAP by as much as 40% at high doses14

and is frequently not a good choice in patients with
severe PHTN. 

Induction of general anesthesia poses the greatest risk
because of the abrupt changes in hemodynamic parame-
ters. Because of fixed RV output, patients with PHTN can
be intolerant of the decrease in preload occurring imme-
diately after induction. Hőhn et al15 reported a case of
cardiac arrest after induction in a patient with severe
PHTN (PAP 125/59 mm Hg) due to systemic hypotension
and decreased CO. These effects were also accentuated by
the application of positive-pressure ventilation. If general
anesthesia is necessary, a high-dose opioid induction
might be preferable because opioids tend to maintain RV

outflow, blood pressure, and CO with little influence on
PVR. Nitrous oxide may augment pulmonary vasocon-
striction because of its sympathomimetic effects, and its
use is not advocated.14 Hyperventilation with 100% frac-
tion of inspired oxygen, low positive end-expiratory pres-
sure, and avoiding hypoxia and extremes of lung volumes
are recommended12 if general anesthesia is used. 

Neuraxial anesthesia may offer good anesthetic
choices for procedures below the diaphragm. Spinal anes-
thesia can lead to rapid sympathectomy, resulting in
failure to maintain preload and systemic blood pressure
in patients with PHTN and fixed RV ejection fraction.
Epidural anesthesia, on the other hand, may offer more
stable and better control of hemodynamics because of its
slow onset of sympathectomy. It has been used success-
fully in obstetric patients with PHTN.7 Despite its slow
onset, lumbar epidural anesthesia, especially when it is
spread cephalad, can impair venous return.16 Moreover, it
might spare the sacral segments unless an extensive block
is achieved, which could produce profound sympathecto-
my, resulting in a dangerous loss of vascular tone. High
thoracic epidural anesthesia has little influence on PVR
but can block the T1 to T4 cardiac sympathetic accelera-
tor fibers, resulting in decreases in heart rate, contractili-
ty, and blood pressure. Caution should be taken when
initiating epidural anesthesia to avoid a dramatic drop in
venous return.7

In the case report, lumbar epidural anesthesia was
considered but rejected because, in order to provide anal-
gesia in the sacral dermatomes, an extensive spread of the
local anesthetic would have been needed. Further con-
sideration was a saddle block, which would have required
the patient to remain in the sitting position during the
onset of the block. Any sympathectomy in the sitting po-
sition would tend to decrease venous return and possibly
induce syncope from failure to maintain blood flow
through the highly resistant pulmonary circuit.

In contrast to the techniques mentioned above, caudal
anesthesia would provide several advantages. First, the
patient was allowed to assume the surgical position com-
fortably before commencing the block. The nerve roots
that pass through the sacral canal innervate primarily the
sacral dermatomes. As the surgery was performed on
sacral dermatomes, the deposition of local anesthetics
within the sacral canal led to an intense block of the sur-
gical site. Like any other techniques, caudal anesthesia
does have risks, such as systemic injection of local anes-
thetic. There is also up to a 15% chance of an unsatisfac-
tory block.17 Nevertheless, given the case scenario and
substantial risks associated with the other anesthetic
techniques, it was thought that caudal anesthesia would
offer hemodynamic stability and was the best choice for
this patient. Moreover, the patient also presented with
normal sacral anatomy and the ability to tolerate the
prone jackknife position relatively well. 
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Intraoperatively, hemodynamics should be maintained
as close to baseline as possible. Goals are similar to those
patients with aortic stenosis: adequate preload; normal to
high systemic vascular resistance and contractility; avoid-
ance of bradycardia, tachycardia, and arrhythmias; and
maintenance of myocardial oxygen balance. More impor-
tantly, further increases in PVR must also be avoided.12

Standard monitors are required. Patients with PHTN are
exquisitely sensitive to fluid volume underload and over-
load. It is ideal to measure intracardiac filling pressures in
major abdominal or thoracic surgeries. Central venous
and arterial lines might also be necessary in these cases.
Excision of anal condyloma is a relatively minor surgery
not associated with fluid shifts; hence, invasive monitor-
ing is unnecessary.

Dobutamine, milrinone, and amrinone have all been
used to improve CO. Phenylephrine, epinephrine, and
norepinephrine can also be administered alone or in
combination to improve coronary perfusion pressure and
pump function.2,7 In severe or refractory hypotension as-
sociated with RV failure, inhaled nitric oxide is the
therapy of choice because of its direct pulmonary vasodi-
lation effect.4,7

Patients with PHTN often experience sudden death
within the first few days after surgery relating to pul-
monary and systemic vasoconstriction, embolism, my-
ocardial dysfunction, and fluid shifts. Postoperative care
should include adequate pain control, avoidance of
hypoxia, and maintenance of euvolemia.7,12,18 It is often
appropriate to leave these patients intubated and slowly
weaned from mechanical ventilation a few days after
major surgeries. Furthermore, intravenous vasodilators
can serve as bridges during the weaning process.18

Conclusion
This article presents a case report of a patient with PHTN
and an overview of its pathogenesis. Pulmonary hyper-
tension is a severe disease that can cause profound he-
modynamic alterations in the body. If left untreated, it
can quickly progress to cardiopulmonary failure and
death. Even with advanced medical therapy, the progno-
sis is dismal. Patients with PHTN have high morbidity
and mortality rates when undergoing surgery and anes-
thesia. Indeed, it is crucial to perform a careful preanes-
thetic evaluation and select a safe anesthetic technique.
Although challenging, all anesthetic techniques have
been employed with success. Despite careful preoperative
planning, patients can still potentially deteriorate rapidly
related to acute increases in PVR. The anesthesia provider
needs to be vigilant and recognize the unique anesthetic
considerations in order to avoid catastrophic outcomes.
Pain management and avoidance of hypoxia and hy-
potension are issues that must be addressed in the post-
operative period. For procedures in the perineum, caudal
anesthesia can be safely performed and avoidance of

adverse outcomes can be accomplished. Although caudal
anesthesia is used today primarily in the pediatric popu-
lation, this case report emphasizes the importance of
maintaining the skills necessary to perform caudal anes-
thesia in adults.
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