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1 INTRODUCTION

Elderly patients with hip fractures are frequently complicated 
by severe cardiac disease, resulting in a markedly increased 
risk of perioperative cardiac mortality and complications 
[1-3]. Anesthetic management requires a delicate balance 
between adequate analgesia and the maintenance of fragile 
hemodynamic stability [4, 5]. With the widespread adoption 
of perioperative ultrasound, anesthesia practice is evolving 
from experience-based interventions toward precision-guided 
management [6, 7]. This report presents four representative 
cases to illustrate how ultrasound techniques can be inte- 
grated into anesthesia strategies tailored to specific cardiac 
pathophysiology.

2 CASE PRESENTATION

2.1 Case 1: Severe mitral stenosis—open reduction and 
internal fixation of left femoral fracture

A 66-year-old woman with a left intertrochanteric femoral 
fracture and a history of cerebral infarction was admitted. 
Echocardiography revealed severe mitral stenosis (valve area 
0.77 cm2), pulmonary hypertension (85 mmHg, World Health 
Organization Group 2, Grade III), atrial fibrillation, and 
enlargement of the left atrium (69 mm) and right atrium  
(45 mm). N‑terminal pro‑brain natriuretic peptide (NT- 
proBNP) was 11,979 pg/mL. The relevant images are shown 
in Figure 1.
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Anesthetic challenges: Maintaining adequate preload, reducing 
pulmonary artery pressure, ensuring right ventricular forward 
flow, controlling ventricular rate in atrial fibrillation, and pre-
serving sufficient diastolic filling time.

Management: Ultrasound-guided low-dose combined spinal–
epidural anesthesia (CSEA) was used, employing a long-axis 
out-of-plane approach in the right lateral position, with sensory 
block level controlled at T10. Invasive arterial blood pressure 
(IBP) and central venous pressure (CVP) were monitored. 
Ventricular rate was controlled preoperatively. A 300 mL crys-
talloid preload was administered before neuraxial anesthesia, 
and intraoperative fluid therapy followed a restrictive strategy, 
maintaining CVP at the upper normal limit. Sedation was 
achieved with dexmedetomidine (20 μg/h), and norepineph-
rine (0.05–0.1 μg/kg/min) was used to maintain blood pres-
sure while avoiding tachycardia and hypotension.

Ultrasound application: Preoperative ultrasound-guided fascia 
iliaca compartment block (FICB) for positioning and postop-
erative analgesia; ultrasound-guided internal jugular vein and 
radial artery cannulation; ultrasound-guided CSEA using a 
long-axis out-of-plane approach; preoperative ultrasound as- 

Anesthetic challenges: Maintaining hemodynamic stability, 
preventing perioperative myocardial ischemia, and managing 
antiplatelet therapy.

Management: After multidisciplinary consultation and medical 
optimization, troponin I decreased to 0.300 μg/L. Ultrasound-
guided FICB combined with low-dose CSEA (T10 level) was 
performed. IBP and CVP were monitored. Heart rate and  
blood pressure were strictly maintained within ±20% of base-
line to preserve myocardial oxygen supply–demand balance. 
Severe hypovolemia was avoided, and inotropes were used 
cautiously. Sedation with dexmedetomidine (16 μg/h) and nor-
epinephrine infusion (0.05–0.1 μg/kg/min) maintained stable 
hemodynamics.

Ultrasound application: Continuous FICB for 7 days; ultra-
sound-guided vascular access and neuraxial anesthesia; pre- 
operative assessment of ventricular wall thickness, chamber 
size, and systolic function; intraoperative TTE monitoring of 
left ventricular function and fluid responsiveness.

Outcome: Hemodynamics remained stable without ischemic 
events. Dual antiplatelet therapy was resumed postoperatively, 
and coronary stenting was performed six months later.

Figure 1. Perioperative ultrasound-guided anesthetic management in a patient 
with severe mitral stenosis. (A) Three-dimensional CT reconstruction of the left hip 
demonstrating an intertrochanteric fracture; (B) Intraoperative TTE, parasternal long-
axis view, showing left atrial enlargement (61 mm); (C) M-mode echocardiography of 
the mitral valve showing a ‘doming’ (hockey-stick–like) appearance; (D) Intraoperative 
monitoring revealing atrial fibrillation, with IBP of 119/65 mmHg and CVP of 18 mmHg. 
CT, computed tomography; TTE, transthoracic echocardiography; IBP, invasive arterial 
blood pressure; CVP, central venous pressure.

sessment of cardiac chamber size, systolic 
function, and valvular status; intermittent 
transthoracic echocardiography (TTE) eva- 
luation of right ventricular function, mitral 
valve motion, and fluid responsiveness.

Outcome: Surgery was completed success- 
fully with stable hemodynamics and good 
postoperative recovery.

2.2 Case 2: Post-myocardial infarction  
status—posterior approach hemiarthro-
plasty

A 67-year-old man with a right femoral neck 
fracture, hypertension, and cardiorenal insuf-
ficiency presented with troponin I of 9.470 
μg/L and NT-proBNP of 5,100 pg/mL. Ele- 
ctrocardiogram showed complete right bundle 
branch block and T-wave abnormalities sug-
gestive of inferior ischemia. Echocardiogra- 
phy demonstrated interventricular septal thick-
ening (15 mm) and left ventricular wall thick-
ening (14 mm), left ventricular ejection frac-
tion 60%, impaired diastolic function, and 
arrhythmia. Coronary computed tomography 
angiography and angiography revealed severe 
multivessel stenosis. The relevant images are 
shown in Figure 2.
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2.3 Case 3: Severe pulmonary hypertension—open reduc-
tion and internal fixation of right femoral fracture

An 82-year-old man with a right intertrochanteric fracture, 
chronic obstructive pulmonary disease, and cor pulmonale was 
evaluated. Echocardiography showed severe tricuspid regur- 
gitation, pulmonary hypertension (94 mmHg), and impaired 
left ventricular diastolic function. The relevant images are 
shown in Figure 3.

Anesthetic challenges: Maintaining appropriate preload, pro-
tecting right ventricular function, avoiding increases in pul- 
monary vascular resistance, and preserving systemic vascular 
resistance.

Management: Ultrasound-assisted CSEA was performed to 
achieve a T10 block level. IBP, CVP, and end-tidal CO2 were 
monitored. A 300 mL crystalloid preload was given. Dex- 

left ventricular diastolic function. After one week of medical 
therapy, NT-proBNP decreased to 22,213 pg/mL, and troponin 
I increased to 0.606 ug/L. The relevant images are shown in 
Figure 4.

Anesthetic challenges: Extremely high surgical risk in the set-
ting of acute heart failure, requiring optimization of preload, 
reduction of afterload, enhancement of myocardial contractili-
ty, and maintenance of effective cardiac output.

Management: The patient received 7 days of intensive care 
optimization (diuretics, vasodilators, low-dose dobutamine). 
After improvement, ultrasound-guided pericapsular nerve 
group block, vascular access, and low-dose CSEA (T10 level) 
were performed. IBP, CVP, and stroke volume variation guid- 
ed fluid therapy. Norepinephrine (0.05–0.1 μg/kg/min) main-
tained blood pressure. Standard heart failure therapy was con-
tinued postoperatively.

Figure 2. Ultrasound-guided regional and neuraxial anesthesia in a patient with 
post-myocardial infarction status. (A) Pelvic radiograph showing a right femoral neck 
fracture; (B) Continuous FICB (infusion rate 4 mL/h; bolus 5 mL; lockout interval 15 
min); (C) Intraoperative TTE (parasternal long-axis view) demonstrating thickened in-
terventricular septum and left ventricular wall; (D) Ultrasound-guided CSEA using a 
long-axis out-of-plane approach. FICB, fascia iliaca compartment block; TTE, transtho-
racic echocardiography; CSEA, combined spinal–epidural anesthesia.

medetomidine (20 μg/h) provided sedation; 
norepinephrine (0.05–0.1 μg/kg/min) main-
tained blood pressure; milrinone (0.25–1.0 
μg/kg/min) supported right ventricular func-
tion and reduced pulmonary vascular resi- 
stance.

Ultrasound application: Preoperative FICB; 
ultrasound-guided vascular access and neur-
axial anesthesia; continuous intraoperative 
TTE monitoring of right ventricular size, 
interventricular septal motion, and tricuspid 
regurgitation to guide vasoactive and fluid 
therapy.

Outcome: Stable right ventricular function  
and hemodynamics were achieved, and the 
patient’s recovery in the ward was uneventful.

2.4 Case 4: Acute exacerbation of chronic 
heart failure—open reduction and internal 
fixation of left femoral fracture

A 97-year-old woman with a left intertrochan-
teric femoral fracture, congestive heart failure 
(New York Heart Association class III), coro-
nary artery disease, and a history of treatment 
for chronic heart failure presented with dys-
pnea and bilateral pulmonary crackles on 
admission. NT-proBNP exceeded 30,000 pg/
mL and troponin I was 0.554 μg/L. Echo- 
cardiography showed biatrial enlargement (left 
atrium 47 mm; right atrium 42 mm), interven-
tricular septal thickening (12 mm), moderate 
mitral regurgitation, severe tricuspid regurgi-
tation, mild aortic regurgitation, and impaired 
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Figure 3. Transthoracic echocardiographic monitoring and hemodynamic manage-
ment in severe pulmonary hypertension. (A) Three-dimensional CT reconstruction of 
the right hip showing an intertrochanteric fracture; (B) Intraoperative TTE (parasternal 
short-axis view at the level of the aortic valve) assessing tricuspid regurgitation, right 
ventricular systolic function, and pulmonary artery pressure; (C) Ultrasound-assisted 
CSEA; (D) Intraoperative monitoring showing heart rate 81 beats/min, oxygen satura-
tion 99%, and IBP 146/77 mmHg. CT, computed tomography; TTE, transthoracic echo-
cardiography; CSEA, combined spinal–epidural anesthesia; IBP, invasive arterial blood 
pressure.

Ultrasound application: Ultrasound-guided vascular access 
and nerve blocks; ultrasound-guided neuraxial anesthesia; TTE 
assessment of cardiac function and volume status.

Outcome: Intraoperative hemodynamics was stable. The 
patient was admitted to the Coronary Care Unit postopera-
tively and transferred to the general ward after one day. 
Cardiac function improved compared with before, and the 
patient was discharged successfully.

The clinical characteristics of the four cases are shown in Table 
1.

3 DISCUSSION

The successful anesthetic management of these four elderly hip 
fracture patients with severe cardiac disease highlights a para-
digm shift from traditional experience-based practice to imag-
ing- and function-guided precision anesthesia.

3.1 Core value and future trends of ultra-
sound

Perioperative ultrasound serves dual roles: 
Guiding regional anesthesia (e.g., FICB, neur-
axial techniques), enabling the use of minimal 
effective doses while optimizing block quality 
and reducing sympathetic blockade and sys-
temic drug effects; Enabling dynamic TTE 
monitoring, allowing direct visualization of 
cardiac structure and function, shifting from 
pressure-based to image-based assessment [2, 
3, 8]. This is particularly critical in severe val-
vular disease, ventricular dysfunction, and 
complex heart failure, providing a direct basis 
for individualized management [1].

Future developments include portable intelli-
gent devices (artificial intelligence-assisted 
measurements), full-process integration (pre-, 
intra-, and postoperative), integration with 
noninvasive hemodynamic monitoring, and 
remote ultrasound consultation to improve 
safety in resource-limited settings.

3.2 Pathophysiology-oriented hemodynamic 
management

Management strategies targeted disease-spe-
cific physiological priorities:

Mitral stenosis (Case 1): Heart rate control and 
maintenance of adequate preload to ensure dia-
stolic filling [9].

Coronary artery disease (Case 2): Maintenance of myocardial 
oxygen supply–demand balance; strict avoidance of tachycar-
dia and hemodynamic fluctuations [1].

Pulmonary hypertension (Case 3): Right heart–centered strat-
egy emphasizing reduced pulmonary resistance, maintained 
perfusion, and enhanced right ventricular function [10, 11].

Heart failure (Case 4): A continuum of optimization from pre-
operative stabilization to intraoperative support and postopera-
tive analgesia to reduce cardiac workload and preserve pump 
function [12, 13].

3.3 Cardioprotective role of multimodal analgesia

Multimodal analgesia based on nerve blocks combined with 
ultrasound-guided neuraxial anesthesia effectively interrupts 
the “pain–stress–cardiac load” cycle, reduces the need for gen-
eral anesthetics, and provides clear cardioprotective benefits in 
patients with impaired cardiac function [8].
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3.4 Limitations and future directions

Limitations include small sample size, lack of control group, 
non-standardized ultrasound monitoring, absence of long- 
term cardiac follow-up, and no comparison between regional 
anesthesia techniques.

Future directions include multicenter validation studies, artifi-
cial intelligence-assisted ultrasound decision-making models, 
closed-loop management guided by portable ultrasound, and 
health economic evaluations.

4 CONCLUSION

For elderly hip fracture patients with severe cardiac disease, 
anesthetic safety depends on: (1) ultrasound-enabled precision 
(from experience-based to visualization-guided practice); (2)  
a full-process strategy (preoperative optimization, intraopera-
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Figure 4. Ultrasound-assisted precision anesthesia and cardiac function assessment 
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chamber volume status; (D) Intraoperative monitoring showing heart rate 95 beats/
min, oxygen saturation 100%, and IBP 118/52 mmHg. CT, computed tomography; TTE, 
transthoracic echocardiography; CSEA, combined spinal–epidural anesthesia; IBP, in-
vasive arterial blood pressure.

tive regulation, postoperative analgesia); (3) 
efficient multidisciplinary collaboration. Ane- 
sthesiologists should actively integrate ultra-
sound into perioperative care to reduce risk in 
this vulnerable population. Future advances  
in intelligent technologies and high-quality 
research are needed to further optimize man-
agement strategies.
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Table 1. Clinical characteristics of the four cases
Variable Case 1 Case 2 Case 3 Case 4
Sex Female Male Male Female
Age (years) 66 67 82 97
Side (left/right) Left Right Right Left
Fracture type Intertrochanteric femoral 

fracture
Femoral neck fracture Intertrochanteric femoral 

fracture
Intertrochanteric femoral 
fracture

Medical history History of cerebral infarction Hypertension; renal insufficiency Chronic obstructive pulmo-
nary disease; cor pulmonale

Coronary artery disease; 
chronic heart failure

Primary cardiac 
condition

Severe mitral stenosis (valve 
area 0.77 cm2)

Acute non-ST-segment elevation 
myocardial infarction

Pulmonary hypertension 
(94 mmHg)

Congestive heart failure

Additional cardiac 
findings

Pulmonary hypertension (85 
mmHg); atrial fibrillation; 
left atrial enlargement (69 
mm); right atrial enlarge-
ment (45 mm); severe tricus-
pid regurgitation (+++)

Interventricular septal thickness 
(15 mm) and left ventricular 
wall thickness (14 mm); severe 
multivessel coronary steno-
sis on CT angiography and 
coronary angiography: proxi-
mal RCA 80%–90% stenosis 
with mid-segment occlusion; 
LAD 70%–80% stenosis; LCX 
80%–90% stenosis

Severe tricuspid regur-
gitation (+++); impaired 
left ventricular diastolic 
function

Biatrial enlargement (left 
atrium 47 mm; right atrium 
42 mm); interventricular 
septal hypertrophy (12 
mm); moderate mitral re-
gurgitation (++); severe tri-
cuspid regurgitation (+++); 
mild aortic regurgitation 
(+); impaired left ventricu-
lar diastolic function

Troponin I (μg/L) 0.019 (on admission)
0.015 (preoperative)

9.470 (on admission)
0.300 (preoperative)

0.034 (on admission)
0.020 (preoperative)

0.554 (on admission)
0.606 (preoperative)

NT-proBNP (pg/mL) 6,330 (on admission)
11,979 (preoperative)

5,100 (on admission)
6,980 (preoperative)

268 (on admission)
4,676 (preoperative)

>30,000 (on admission)
22,213 (preoperative)

Note: CT, computed tomography; NT-proBNP, N‑terminal pro‑brain natriuretic peptide; RCA, right coronary artery; LAD, left anterior descending 
artery; LCX, left circumflex artery.
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