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Abstract 
Background: Pulmonary hypertension is defined as a mean arterial pressure 
in the pulmonary artery exceeding 20 mm Hg at rest, measured by means of 
right heart catheterization. Patients with pulmonary hypertension undergoing 
surgical procedures such as hemiarthroplasty present a high risk of fatal com-
plications. Nonetheless, there are no widely accepted protocols explaining their 
perioperative care in great detail. Case presentation: We present a case with 
an 89-years-old patient, with comorbidities such as GOLD 4D chronic ob-
structive pulmonary disease (COPD) and, as a consequence of this, severe 
pulmonary hypertension with signs of right ventricular dysfunction, thus 
requiring of pulmonary vasodilator, that has suffered a subcapital hip frac-
ture requiring urgent surgery. Surgery is carried out successfully, under re-
gional lumbar-sacral plexus block and sedation assisted by non-invasive 
ventilation. Conclusion: Multidisciplinary specialized treatment, preopera-
tive optimization, as well as the careful selection of both the surgical and 
anesthetic techniques to be used, are among the strategies that improve the 
perioperative outcome in patients with pulmonary hypertension with right 
ventricle systolic dysfunction. Regional lumbar-sacral plexus block plus se-
dation is a technique that maintains hemodynamic stability; however, these 
patients require advance measures and postoperative monitoring under in-
tensive care. 
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1. Introduction 

Pulmonary hypertension is defined as a mean arterial pressure in the pulmonary 
artery exceeding 20 mmHg at rest, measured by means of right heart catheteri-
zation [1]. Nonetheless, hemodynamic definitions that include more data than 
just the pulmonary pressure during right heart catheterization provide more 
clinical usefulness, prediction value, as well as a higher impact on the therapy 
[2]. There are no widely accepted protocols explaining the perioperative care 
required for patients with pulmonary hypertension [3]. 

In the United States, from 2004 to 2014, 140,000 patients with pulmonary 
hypertension underwent 18 million non-cardiac surgeries, and the death/major 
cardiac events rate found was 4%, the double than the one on patients without 
pulmonary hypertension (p < 0.01) [4]. 

Perioperative mortality on emergency surgeries is reported as being 15%, 
while, in orthopedics surgeries, Ramakrishna reported a 30-day mortality of 7% 
[5]. Other hip replacement surgery studies on these patients report an adjusted 
mortality risk 4 times higher [6], being a possible explanation for this the high 
rate of perioperative embolism in bone marrow, with bone debris and cement 
increasing pulmonary vascular resistance and, thus, triggering the catastrophic 
acute right ventricular failure [7]. In addition to those risks, these patients present 
other comorbidities that make them more likely to develop complications such 
as pneumonia during the postoperative period due to chronic obstructive pul-
monary disease (COPD) and obstructive sleep apnea-hypopnea syndrome (OSAHS) 
[8]; or alterations in their healing capacity due to long-term use of corticostero-
ids [9]. 

An appropriate right ventricle coupling to the pulmonary circulation is essen-
tial to maintain cardiac output on patients with pulmonary hypertension [10]. 
Many patients with severe pulmonary hypertension present dilated right ven-
tricle with an increase in filling pressures. This situation usually worsens due to 
the metabolic response to surgery stress as well as the various pulmonary hyper-
tension crisis perioperative triggers [11]. 

Due to the significant complication risks in these patients, especially when 
using general anesthesia, such cases must be approached by a multidisciplinary 
team, and solutions other than surgery, as well as locoregional anesthetic tech-
niques, must be sought [3]. 

We present a case with an 89-year-old patient, with comorbidities such as 
GOLD 4D chronic obstructive pulmonary disease (COPD) and, as a consequence 
of this, severe pulmonary hypertension with signs of right ventricular dysfunc-
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tion, thus requiring of pulmonary vasodilator, that has suffered a subcapital hip 
fracture requiring urgent surgery. Surgery is carried out successfully, under re-
gional lumbar-sacral plexus block and sedation assisted by non-invasive ventila-
tion. This case report was reviewed and authorized by the Research Ethics 
Committee in Hospital Angeles Lomas in Mexico (registration number: 
HAL408/2022).  

2. Case Presentation 
2.1. Preoperative Assessment 

This is an 89-year-old male patient that has suffered a subcapital left hip fracture 
due to a fall from standing height. 

His medical records include Gold 4D chronic obstructive pulmonary disease 
(COPD) further complicated due to severe pulmonary hypertension and per-
manent atrial fibrillation. 

An echocardiography carried out upon hospital admission reported a pulmo-
nary artery systolic pressure (PASP) of 70 mmHg, a dilated right ventricle with 
systolic dysfunction by a tricuspid annular plane systolic excursion (TAPSE) of 
15 mm and a fractional area change (FAC) of 30% plus moderate tricuspid re-
gurgitation as shown in Figure 1. 

Left ventricle showed normal contractile function and no regional abnormali-
ties in walls’ motion. 

The patient displayed a WHO functional class 3, with marked limitation of 
daily activities but comfortable at rest; and he was receiving Riociguat and di-
uretics treatment, in addition to a permanent need of supplementary oxygen. 
Other medicines included were Rivaroxaban and a combination of long-acting 
inhaled Beta-2 adrenergic agonists and long-acting anticholinergics. 

Admission lab studies show a creatinine rise of up to 1.19 mg/dl, with serum 
electrolyte, blood cell count and clotting time within normal ranges. Among the 
tests performed, there were markers of myocardial injury, troponin I (Tnl) of 
20.6 ng/ml and B natriuretic peptide (BNP) of 326 pg/ml and an electrocardio-
graphy that reported an atrial fibrillation with normal ventricular response plus 
right bundle branch block (Figure 2). 

The patient enters through hospital emergency room, and there is where the 
multidisciplinary approach begins, with cardiology, pulmonology (respiratory 
department), orthopedics, and anesthesiology, for perioperative specialized care 
and optimization. He is admitted to the Intermediate Care Unit, where the di-
agnostic approach is completed and the decision is made, by clinical consensus, 
to perform surgical repair by means of left hip hemiarthroplasty. 

Anticoagulation bridging is carried out subcutaneously with Enoxaparin, 40 
units every 24 hours, the pulmonary vasodilator is maintained and the fluid in-
take is adjusted in order to maintain a blood volume with a >1 urinary index. 

It is considered an ASA 3 physical status, a high cardiovascular risk according 
to the Revised Cardiovascular Risk Index (RCRI), a very high thromboembolism  
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Figure 1. Echocardiogram, pasp. 

 

 
Figure 2. Electrocardiography 
 
risk according to Caprini score, and a high risk (42.1%) of pulmonary compli-
cations according to Assess Respiratory Risk in Surgical Patients in Catalonia 
(ARISCAT). Likewise, the American College of Surgeons (ACS) National Sur-
gical Quality Improvement Program (NSQIP) score predicts a 22% risk of major 
complications, 20% for mortality, 90% for the need to be permanently moni-
tored upon discharge, 42% for delirium and a predicted hospital stay of 13 days. 

2.2. Anesthetic Plan 

It is decided to perform regional lumbar-sacral plexus block plus intravenous 
sedation assisted by non-invasive ventilation. The patient and his relatives are 
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informed about the general context of the clinical situation, and the respective 
informed consent is obtained. 

2.3. Transanesthetic Monitoring 

Vital signs of the patient immediately before the beginning of the anesthet-
ic-surgical procedure were arterial pressure 110/65 mmHg, heart rate of 105 
beats per minute, respiratory rate of 16 breaths per minute, oxygen saturation of 
95% to a fraction of inspired oxygen of 35%, by nasal catheter. 

Standard monitoring plus bispectral index scale (BIS) is established, right 
radial arterial line and right internal jugular central venous catheter are placed, 
both guided by ultrasound. 

Initial measurement of central venous pressure (CVP) throws a value of 20 
cmH2O and arterial blood gas test is performed, reporting respiratory acidosis 
with an arterial carbon dioxide tension (PCO2) of 42.5 mmHg, hemoglobine 10.1 
mg/dl, HCO3 20 mmol/L and lactato 1.3 mmol/L. 

Non-invasive ventilation is established with a Phillips B60 ventilator, with the 
parameters being an inspiratory positive airway pressure (IPAP) of 12 cm H2O, 
expiratory positive airway pressure (EPAP) of 8 cmH2O to a fraction of inspired 
oxygen (FIO2) of 60%. 

2.4. Induction 

Sedation begins with Dexmedetomidine with a loading dose of 0.8 mcg/kg in 10 
minutes, thereafter, mean arterial pressure (MAP) drops to 55 mmHg, due to 
this, administration of norepinephrine begins according to dose-response with a 
target mean arterial pressure higher than 65 mmHg. No other pharmacological 
measures are required to achieve that target. 

In order to perform the lumbar-sacral plexus block, the patient is placed in the 
right lateral decubitus position. The lumbar plexus is located following the tech-
nique described in 2015 by Karmakar and collaborators [12], with a ultrasound 
Siemens-branded of the model Acuson p 500, having used the convex transducer 
3.5 - 5 mHz. The psoas muscle, the transverse process and the vertebral body of 
the L4 spinal segment are located; and, under sterile technique, puncture is per-
formed by means of 100 mm Stimuplex needle, until finding a hyperechoic 
structure adyacent to the vertebral body, compatible with the plexus. 

In order to confirm the appropriate nerve location, a PAJUNK nerve stimula-
tor, with voltage of 1 mA and frequency of 1 mHz, was used, thus obtaining psoas 
and quadriceps contraction, and then, reducing the voltage to a value of 0.4 mA, 
an adequate distance of the endoneurium is confirmed. Upon verifying absence 
of blood return, 20 ml of a combination of local anesthesia are administered. 

After that, the parasacral sciatic nerve is located, following the technique de-
scribed by Taha and collaborators in 2011 [13]. With the same ultrasound 
transducer, the gluteus maximus and piriformis muscles are located at the para-
sacral level, as well as the greater sciatic notch. Deep in the piriformis muscle, a 
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hyperechoic structure compatible with the nerve is visualized, appropriate needle 
location is confirmed with the nerve stimulator, observing dorsiflexion and 
eversion of the foot, and then 20 ml additional of local anesthesia are adminis-
tered. 

The local anesthesia combination contained 150 mg of ropivacaine at a 0.37% 
and 400 mg of lidocaine plus epinephrine at a 1%, which are administered at 
equal portion around both nerves, fractionated in 20 minutes. 

2.5. Maintenance 

Sedation was maintained with Dexmedetomidine to 0.5 mcg/kg/hr plus Propofol 
to 20 mcg/kg/mi, obtaining a Bispectral Index Scale (BIS) lower than 60 during 
the whole surgery. 

Surgery began, a bipolar prosthesis is placed, the procedure lasting 60 min, 
without any incident attributable to the surgery and with a bleeding of 100 ml. 

In total, 500 ml of Hartmann solution were administered, monitoring the 
central venous pressure (CVP) during the surgery to make sure it remained 
without variations. Diuresis was 100 ml and a positive balance of 165 ml was ob-
tained. Blood transfusion was not deemed necessary. 

There were no arterial hypotension events other than the initial one, and no 
other drugs or additional measures to the norepinephrine administered at the 
beginning of the sedation were required. 

2.6. Emergence 

Once finished the surgery, sedation was suspended, thus reducing the need for 
norepinephrine to maintain a mean arterial pressure (MAP) higher than 65 
mmHg, until the vasopressor was finally suppressed. 

Non-invasive ventilation was continued with the same parameters, obtaining 
an arterial blood gas test that reports respiratory acidosis with an arterial carbon 
dioxide tension (PCO2) of 41 mmHg, HCO3 of 20 mmol/L and a central venous 
blood gas test that reports a venous carbon dioxide tension (PCO2) of 52 mmHg, 
a central venous oxygen saturation of 62% and a venous lactate of 1.1 mmol/L. 
No inotropic support was used during surgery. 

The patient was transferred to Intensive Care Unit for postoperative moni-
toring, with a 0/10 visual analog scale (VAS) for pain and complete motor block 
on the left lower limb. 

2.7. Postoperative Care 

The patient is transferred to the ICU under residual effects of sedation, hemo-
dynamically stable without the aid of vasopressor, under mechanic non-invasive 
ventilation in a 2-level positive airway pressure (BIPAP) mode. No clinical data 
is received showing tissue hypoperfusion and having the following vital signs: 
heart rate of 107 beats per minute, mean arterial pressure of 74 mmHg, oxygen 
saturation of 95%, and a respiratory rate of 17 breaths per minute. 
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During the first 8 postoperative hours, the patient presented a permanent 
atrial fibrillation rhythm with paroxysms of rapid ventricular response of up to 
140 beats per minute, accompanied by arterial hypotension treated with norepi-
nephrine up to 0.4 mcg/kg/min and controlling the ventricular response by 
means of Ivabradine, 5 mg per day, to achieve a target heart rate of 115 beats per 
minute. 

Additionally, a progressive decrease was appreciated in the central venous 
oxygen saturation, as described in Table 1, with an increase in the need of O2 in 
order to maintain normoxemia. A pulmonary hypertension crisis is suspected 
due to data showing a hypodynamic cardiogenic shock, thus beginning milri-
none administration to 0.15 mcg/kg/min. 

Inotropic support and vasopressor suspension are achieved in the first 24 
postoperative hours. 

The patient is decoupled from the non-invasive ventilation in his third post-
operative day and he is transferred to the intermediate care unit; once there, 
tight monitoring continues, as well as analgesic administration with paraceta-
mol, at prescribed hours, and tramadol, when needed.  

He is discharged and sent home in his seventh postoperative day, with sup-
plemental oxygen via nasal cannula and usual oral pulmonary vasodilator. 

2.8. Follow Up 

On the postoperative outpatient appointment, a survival of 60 postoperative 
days is documented, without any major cardiac events, without readmission to 
the hospital and without complications like pneumonia or venous thromboem-
bolism.   

The patient requires a caregiver during the day, walking with the support of a 
cane and receives rehabilitation therapy for the left pelvic limb at home. He has 
not required increased medications for the management of pulmonary hyper-
tension or other heart conditions.  

3. Discussion 

Patients with pulmonary hypertension undergoing surgical procedures with  
 
Table 1. Blood gas tests (first postoperative hours). 

POP HRS SAMPLE Ph PCO2 HCO3 
CENTRAL 

VENOUS O2 
SAT 

LACTATE 

2 hr ARTERIAL 7.29 43 mmHg 20 mmol/L   

2 hr VENOUS 7.28 47 mmHg  41% 1.7 

6 hr ARTERIAL 7.27 44.5 mmHg 19.6 mmol/L   

6 hr VENOUS 7.24 47.2 mmHg  47.2% 1 

10 hr ARTERIAL 7.29 43.7 mmHg 20.2 mmol/L   

10 hr VENOUS 7.26 46.6 mmHg  53.5% 1 
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general anesthesia present a high risk of fatal complications [4] [14] [15] [16]. 
Events that usually occur during the perioperative stage, such as the sympathetic 
nervous system activation, hypoxemia, hypercapnia, use of positive end-expiratory 
pressure (PEEP) and mechanical ventilation have disastrous effects on pulmo-
nary hemodynamics, and they can trigger right ventricular failure and cardiac 
arrest [17]. Other events, such as pain and high fluid exchange rate, also have a 
negative effect in the right ventricular function [3]. Even when care for these pa-
tients is provided in highly specialized centers, perioperative mortality remains 
high [3]. 

In this case, we decided to use regional lumbar-sacral plexus block, as an al-
ternative to neuraxial anesthesia and general anesthesia, since it covers the der-
matomes, myotomes and osteotomes of lower limb’s anterior, lateral, medial and 
posterior regions and it has been attributed by reports a 93.7% success rate [18] 
[19] [20], thus allowing for the surgery to be carried out comfortably for the pa-
tient and the surgeon, provided it is mandatorily accompanied by sedation. 

The election of the most appropriate anesthetic technique depends on the pa-
tient’s clinical situation and surgery’s requirements such as position, duration, 
surgical site and risk of cardiovascular instability due to fluid exchange [21]. 

There are very few similar case reports in the literature, Korai et al. in 2019, 
described a case of a patient with syringomyelia and severe pulmonary hyper-
tension, who suffered a hip fracture. The surgery management was considered 
prohibitive. However, the patient underwent surgery under lumbar-sacral plexus 
block and sedation and assisted ventilation with Cpap. The outcome was suc-
cessful, postoperative intensive care was not required and the patient was dis-
charged after 3 days. The case report does not describe the patient’s hemodynamic 
status intraoperative, nor survival during follow-up. Even so, the data presented 
suggest that the lumbar-sacral block technique is safe and efficient in this type de 
patient [22].  

Homeometric autoregulation is an adaptation mechanism that allows for the 
right ventricle to maintain the systolic function when faced with a high pulmo-
nary vascular resistance, this occurs when the systolic volume is maintained, re-
gardless of the Frank-Starling Law [11]. However, certain factors can alter this 
autoregulation, for example, the sympathetic block in neuraxial anesthesia, which 
produces rapid vasodilation; vasovagal stimulation and anesthetic medicines, 
most of which have a negative inotropic effect and deleterious effects in pulmo-
nary vascular resistance [23]-[29]. These factors are frequent when administer-
ing general and neuraxial antesthesia but, on patients with pulmonary hyperten-
sion and right ventricular dysfunction, they can trigger cardiogenic shock and 
sudden death. 

The benefits reported with peripheral nerves anesthesia-analgesia are: cardi-
ovascular stability with an adequate pain control and low use of opioids with 
absence of adverse effects inherent to other analgesic techniques [21]. 

An adequate postoperative analgesia is a challenge in this type of patients with 
comorbidities such as chronic obstructive pulmonary disease (COPD) accompa-
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nied by chronic carbon dioxide (CO2) retention and on whom opioids are not an 
option due to the increased risk of pulmonary complications. Or, like in this case, 
a patient that presents chronic renal insufficiency, for whom the non-steroidal 
anti-inflammatory drugs are not desirable. Regional peripheral nerves block of-
fers an advantage in that, with just one local anesthetic dose, a residual analgesia 
of up to 48 hours is achieved, with a significant reduction in the need for opioids 
and other analgesics [30]. 

Nonetheless, the advantages of the anesthesia chosen in this case can be over-
shadowed if the need for sedation comes accompanied with effects such as hyper-
capnia and vasodilation. For that reason, we decided to complement the tech-
nique, in an early and preventive manner, with the support of non-invasive ven-
tilation, which has shown benefits on patients with conditions such as chronic 
obstructive pulmonary disease (COPD) [31]. 

Right ventricular perfusion depends more on mean arterial pressure (MAP) 
than on diastolic arterial pressure, since the right coronary artery flow supplies 
the right ventricle during the whole cardiac cycle, due to the low intraventricular 
pressure [32]. Hence, preventing right coronary ischemia is key [3]. Therefore, it 
is very important to place an invasive arterial line before beginning with the 
anesthesia. In this case, posterior artery hypotension occurred at the beginning 
of the sedation, corrected by administering norepinephrine labeled with a target 
mean arterial pressure exceeding 65 mmHg, monitored by means of invasive ar-
terial line.  

On patients with pulmonary hypertension and preserved left ventricle func-
tion, the right ventricle is independent and subject to changes in the preload. 
Due to this, central venous pressure (CVP) monitoring can be useful to assess 
changes in the right ventricle filling pressures, and its global function, during 
procedures in which high fluid exchange or bleeding is expected [33]. Normally, 
the right ventricle can dilate and adapt to high volumes, however, a chronic rise 
in pulmonary pressure can produce hypertrophic changes, reducing its capacity 
to adapt to different volumes and, hence, on pulmonary hypertension crises dur-
ing which pulmonary arterial pressure suddenly rises, the right ventricle distends 
and fails. As a consequence, there is a left deviation in the interventricular sep-
tum, with a decrease in the cardiac output of both ventricles and cardiogenic 
shock [34], for this reason, monitoring is recommended for central venous oxy-
gen saturation, venoarterial carbon dioxide (CO2) gradient and lactate. 

Monitoring with pulmonary catheter or perioperative echocardiography re-
quires general anesthesia and depends on the operator and the availability of 
equipment [3]. 

Regarding the surgical procedure, hip hemiarthroplasty is an appropriate 
procedure on patients with a very high cardiovascular risk, such as in this case, 
in order to prevent complications related to the mobility deprivation and pain 
caused by a hip fracture, but also to minimize the impact of the metabolic re-
sponse to the trauma produced by the anestethic-surgical procedure on right 
ventricular function and hemodynamics, as previously described [35]. 
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Most of the events related with right ventricular dysfunction occur within the 
next 48 to 72 hours after procedures that did not seem to present any immediate 
complications, therefore, postoperative monitoring in the Intensive Care Unit is 
desirable [3]. Pulmonary hypertension crises with decrease in cardiac output, 
arterial hypotension and congestive cardiac failure, are associated with a mortal-
ity of over 50% [36]. 

Urban et al. in 2014 presented a case report of a patient with mixed connective 
tissue disease, vasculitis and severe pulmonary hypertension, who suffered avas-
cular necrosis of the femoral head and was scheduled for total hip arthroplasty. 
The surgery is performed under neuraxial anesthesia and sedation, a vasopressor 
infusion was used and intraoperative events were not reported. The patient was 
not monitored in intensive care unit and in the first 12 postoperative hours, she 
presents arterial hypotension, metabolic acidosis and renal insufficiency, which 
is suspicious for a pulmonary hypertensive crisis. The patient is treated with 
intravenous fluids and requires intubation and mechanical ventilation. Her sta-
tus hemodynamic worsens with sustained tissular hypoperfusion and increased 
pulmonary vascular resistance, measured by pulmonary artery catheter. She did 
not respond to pulmonary vasodilators and died on her 5th postoperative day 
[37]. 

The immediate recognition of a pulmonary hypertension crisis is essential, 
with a wide range of triggering factors that goes from anesthetic induction, la-
ryngoscopy, mechanic ventilation up until perioperative inflammation, pulmo-
nary microembolisms, hypothermia, arrhythmia, and high fluid exchange [3]. 

The approach to these crises focuses on: 
1) Aggressively addressing the hypotension in order to prevent right ventricu-

lar ischemia without reducing the pulmonary vasodilators [3]. 
2) Treating the specific triggering factor (hypothermia, sedation effects) and 

optimizing oxygen supply [21]. 
3) Reducing pulmonary vascular resistance with the use of intravenous or in-

haled pulmonary vasodilators, such as nitric oxide, iloprost, milrinone and sil-
denafil [38]. 

4) Improving right ventricle function: this is achieved optimizing contractility 
and preload with appropriate target central venous pressure (CVP) values for 
each patient and reducing the afterload with the pulmonary vasodilators. Strate-
gies aiming this include diuresis monitoring and the use of inotropics such as 
dobutamine and milrinone [39]. 

4. Conclusions 

Multidisciplinary specialized treatment, preoperative optimization, as well as the 
careful selection of both the surgical and anesthetic techniques to be used, are 
among the strategies that improve the perioperative outcome in patients with 
pulmonary hypertension with right ventricle systolic dysfunction, despite the 
fact that their risk assessment predicts many potentially fatal complications. 
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Regional lumbar-sacral plexus block plus sedation is a technique that main-
tains hemodynamic stability in these patients, due to its low deleterious effects in 
pulmonary vascular resistance and in right ventricular function and perfusion. 
However, these patients require advanced, specific measures such as early recog-
nition and treatment of pulmonary hypertension crises and postoperative mon-
itoring in the Intensive Care Unit, in order to preserve such stability. 

Limitations 

Regional peripheral nerves blocks are anesthetic techniques that require of a 
special technical training. They are not widely known and require of experience, 
both for its application and in having the ability to solve adverse events derived 
from any potential failure. 
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