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Complex Oncologic Surgery in a Nonagenarian With Severe
Aortic Stenosis: Integration of Enhanced Recovery After
Surgery Protocol, Total Intravenous Anesthesia,
and Advanced Hemodynamic Monitoring
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Abstract

The number of elderly patients presenting for major surgery is steadily
increasing, and perioperative management in this population remains
challenging because of frailty, multiple comorbidities, and reduced
physiological reserve. Severe aortic stenosis represents a particularly
high-risk condition due to fixed stroke volume and sensitivity to even
brief episodes of hypotension or tachycardia. We describe the perio-
perative course of a 92-year-old woman who underwent combined
right radical nephroureterectomy, cystectomy, and total hysterectomy
with bilateral salpingo-oophorectomy, using a multimodal strategy
that included total intravenous anesthesia, enhanced recovery after
surgery principles, and advanced hemodynamic monitoring with
MOSTCARE. Despite considerable cardiovascular and surgical risk,
intraoperative hemodynamics remained stable, the patient was extu-
bated in the intensive care unit 2 h after surgery, and postoperative
recovery was uneventful. This case demonstrates that well-selected
very elderly patients may successfully undergo complex oncologic
surgery when care is individualized, multidisciplinary collaboration
is strong, and modern perioperative strategies are rigorously applied.
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Introduction

The demographic shift toward an aging population has led to a
growing number of patients over 80 years of age presenting for
major surgery. Historically, outcomes in this group were poor,
and many procedures were considered prohibitive. However,
improvements in anesthetic techniques, perioperative monitor-
ing, and structured care pathways have progressively changed
clinical attitudes. Contemporary evidence suggests that surgi-
cal risk is determined more by physiological reserve, comor-
bid burden, and functional capacity than by chronological age
alone [1-3].

Among elderly surgical candidates, severe aortic stenosis
(AS) poses one of the greatest anesthetic challenges. These
patients depend on adequate preload and afterload to sustain
coronary perfusion. They are extremely sensitive to reductions
in systemic vascular resistance, arrhythmias, and tachycar-
dia; even transient hypotension can precipitate myocardial is-
chemia, heart failure, or sudden cardiovascular collapse [4—6].
The physiological stress of prolonged abdominal and pelvic
surgery, combined with anesthesia-induced vasodilation, mag-
nifies these risks.

Parallel to these concerns, enhanced recovery after surgery
(ERAS) programs have gained wide acceptance as structured,
multidisciplinary pathways designed to attenuate surgical
stress, maintain physiological function, and shorten convales-
cence. Although originally applied in younger surgical popu-
lations, ERAS has demonstrated benefits in elderly cohorts,
including reductions in complications, opioid exposure, and
length of stay [7-9]. When combined with individualized goal-
directed fluid and hemodynamic therapy, ERAS may mitigate
the risks traditionally associated with advanced age.

We report the perioperative strategy employed in a
92-year-old woman undergoing extensive urologic—gyneco-
logic surgery. The case illustrates the integration of ERAS
principles, total intravenous anesthesia (TIVA), and advanced
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Figure 1. Severe aortic stenosis with a transvalvular mean gradient of 76 mm Hg and maximal velocity of 5.75 m/s (arrows indi-

cates transvalvular mean gradient and maximal velocity).

hemodynamic monitoring to support safe surgical manage-
ment despite significant cardiovascular risk.

Case Report

Investigations

The patient was a 92-year-old woman who presented with re-
current urogynecology malignancy requiring definitive surgi-
cal management. The patient was diagnosed with extensive
urothelial carcinoma involving the entire ureter, with invasion
of the urinary bladder, uterus, and ovaries. Her medical history
was notable for severe AS, long-standing hypertension, type 2
diabetes mellitus, scoliosis, and rheumatoid arthritis. One year
earlier she had undergone left nephrectomy and subsequently
developed chronic kidney disease with dialysis catheter ac-
cess. Despite multiple comorbidities, she remained partially
independent in daily activities and expressed a clear prefer-
ence for active oncologic intervention.

Diagnosis

Preoperative evaluation included transthoracic echocardiogra-
phy, which confirmed severe AS (with a transvalvular mean
gradient of 76 mm Hg, and maximal velocity of 5.75 m/s) with
preserved left ventricular systolic function (Fig. 1). Labora-

tory results showed mild anemia and biochemistries consistent
with stable chronic kidney impairment. Cardiologic and anes-
thetic consultations concluded that although perioperative risk
was high, surgical treatment represented a reasonable option
given the patient’s goals and expected disease progression. A
multidisciplinary conference involving anesthesiology, urol-
ogy, gynecology, nephrology, and intensive care specialists
was convened, and an individualized perioperative plan was
developed emphasizing tight hemodynamic control, restrictive
yet goal-directed fluid administration, and early postoperative
recovery strategies.

Treatment

Optimization efforts focused on maintaining euvolemia, con-
trolling blood glucose, and ensuring adequate analgesic plan-
ning. Medications essential for cardiovascular stability were
continued, and detailed discussions with the patient and family
addressed risks, benefits, and expected postoperative trajec-
tory. Shared decision-making was central to proceeding with
surgery. Subcutaneous enoxaparin (4,000 units) and elastic
bandaging were initiated for thromboprophylaxis the day be-
fore surgery.

On the day of surgery, standard American Society of
Anesthesiologists (ASA) monitoring was established, and
invasive lines were placed to facilitate advanced hemody-
namic assessment and vascular access. Cefazolin (1 g) and
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Figure 2. Intraoperative monitoring in accordance with ASA standards, including invasive arterial blood pressure and central

venous pressure monitoring.

ondansetron (4 mg) were administered intravenously upon
the patient’s arrival in the operating room, where she was
continuously monitored. A right radial arterial line was in-
serted prior to anesthesia induction and endotracheal intuba-
tion allowing continuous blood pressure monitoring (Fig. 2).
A left internal jugular central venous catheter was inserted
to allow administration of vasoactive medications, while the
pre-existing femoral dialysis catheter remained available for
renal replacement therapy. A nasogastric tube was inserted
for gastric decompression.

Anesthetic maintenance was achieved with TIVA. TIVA
was selected based on its favorable profile for hemodynamic
stability, reduced sympathetic stimulation, and predictable
emergence characteristics in elderly patients. The anesthetic
strategy prioritized preservation of sinus rhythm, avoidance
of tachycardia, maintenance of preload, and prevention of hy-
potension by supporting systemic vascular resistance when
necessary. TIVA was realized using propofol (100-150 pg/kg/
min) and remifentanil (0.3-0.5 pg/kg/min), after the anesthe-
sia induction and endotracheal intubation. Noradrenaline was
titrated at 0.03—0.08 pg/kg/min to maintain mean arterial pres-
sure (MAP) 70-80 mm Hg and central venous pressure (CVP)
5-8 mm Hg, ensuring stable hemodynamics and adequate tis-
sue perfusion. Fluid therapy followed ERAS-guided restrictive
principles, responsive to dynamic indicators of volume status,

with 1 L of crystalloid administered. One unit of packed red
blood cells was transfused for operative blood loss in the con-
text of pre-existing anemia. Cumulative urine output reached 1
L by the time the remaining kidney was excised.

The surgical procedure involved a combined laparoscopic
and open approach that included right radical nephroureterec-
tomy, cystectomy, and total hysterectomy with bilateral sal-
pinges-oophorectomy. The resected organs were sent in their
entirety to the Department of Pathology, without additional
dissection, in accordance with departmental protocol (Figs.
3 and 4). The total operative time was approximately 4.5 h.
Throughout the procedure, hemodynamics remained stable,
and no arrhythmias, ischemic electrocardiographic changes, or
significant hypotensive episodes were observed.

Follow-up and outcome

At the end of surgery, the patient was transferred intubated to
the intensive care unit (ICU) for planned postoperative obser-
vation. Sedation was discontinued, and she was extubated un-
eventfully 2 h later. Hemodynamics remained stable without
increasing vasopressor requirements, and oxygenation was
adequate on supplemental nasal oxygen. MOSTCARE pulse
contour monitoring (Fig. 5) was initiated to enable continu-
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Figure 3. Right radical nephroureterectomy (arrow indicates the ure-
ter).

ous assessment of cardiac output and dynamic preload indi-
ces, guiding tailored fluid and vasopressor therapy to maintain
adequate tissue perfusion while preventing fluid overload in
the anephric patient. Daily laboratory testing included serum
chemistry to track creatinine trends and determine the need for
hemodialysis, cardiac biomarkers to monitor myocardial func-
tion, liver function tests, coagulation indices, and hemoglobin
level. Arterial blood gases were obtained frequently to evalu-
ate oxygenation, carbon dioxide levels, electrolyte balance,
and acid-base status.

Analgesia was provided using a multimodal regimen, in-
cluding nonsteroidal anti-inflammatory drugs (paracetamol
and ibuprofen), infiltration of the surgical ports with bupiv-
acaine, and intraperitoneal instillation of the same local an-
esthetic. Regular screening for postoperative delirium was
performed and remained negative. ERAS milestones were in-
troduced progressively, including early mobilization, respira-
tory physiotherapy, and advancement of diet as tolerated. The
ICU stay was uneventful, and the patient was subsequently
transferred to the surgical ward, where recovery and physi-

Figure 4. Cystectomy and total hysterectomy with bilateral salpingo-
oophorectomy (arrow indicating the urinary bladder neck, and the blad-
der is visible; the uterus is located beneath the urinary bladder).

otherapy continued without major complication.

Oncologic considerations

The patient, who had undergone a left nephroureterectomy 1
year earlier for urothelial carcinoma, presented again with sus-
pected malignancy of the right upper urinary tract. Following
urological consultation and instrumental evaluation (cystos-
copy), urinary bladder tumors were detected, and the patient
proceeded to further imaging assessment. Magnetic resonance
imaging (MRI) of the upper abdomen revealed a tumor in the
right kidney with invasion of the ureter and perirenal adipose
tissue (Figs. 6 and 7). Lower abdominal MRI examination
confirmed urinary bladder tumors with infiltration of the distal
ureter and uterus (Figs. 8—11). Considering the patient’s clini-
cal status, the potential aggressiveness of the malignancy, the
absence of definitive histopathological confirmation of the
new tumors (which could represent distinct lesions requiring
separate pathological sampling), and the patient’s preference,
no preoperative neoadjuvant therapy was administered. Sur-
gery was therefore the only available therapeutic option, to
which the patient provided full informed consent, despite her
high-risk clinical profile and the complexity of the proposed
high-risk surgical procedure. The postoperative histopatholog-
ical report demonstrated high-grade renal urothelial carcinoma
with contiguous extension to the ureter, urinary bladder, and
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Figure 5. MOST-CARE hemodynamic monitoring during the postoperative period in the intensive care unit, demonstrating car-

diac output (CO), stroke volume (SV), systemic vascular resistance (SVR), and pulse pressure variation (PPV) used to guide
hemodynamic optimization.

bladder neck. Five of the 11 excised lymph nodes were meta- instead, polypoid endometrial hyperplasia and ovarian cysts
static, classifying the tumor as pT4N2Mx. Despite radiological were identified.

evidence suggestive of uterine involvement, histopathological Following discussion by the multidisciplinary oncologic
examination of the uterus and ovaries showed no malignancy; board (including an oncologist, urologist, and radiologist), a

Figure 6. Lower abdomen magnetic resonance imaging (MRI) examination demonstrated tumor invading ureter (arrow).
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Figure 7. Upper abdomen magnetic resonance imaging (MRI) examination demonstrated tumor invading renal parenchyma

(arrow).

comprehensive treatment plan was proposed; however, the pa- ized approach can enable successful completion of complex
tient declined all recommended postoperative adjuvant therapies. oncologic surgery in a nonagenarian with significant cardio-
vascular pathology. The decision to proceed was guided not

Di . by chronological age alone, but by an integrated evaluation
Iscussion that included functional status, frailty assessment, comor-
bidity control, oncologic prognosis, and patient preference.

This case highlights how a comprehensive and individual- Contemporary data consistently indicate that postoperative

Figure 8. Lower abdominal magnetic resonance imaging (MRI) revealed a vegetative, infiltrative lesion invading the surrounding
adipose tissue and occupying the urinary bladder cavity (arrow).

Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™ | https:/jmc.elmerpub.com 195



Complex Oncologic Surgery in a Nonagenarian

J Med Cases. 2026;17(5):190-200

Figure 9. Lower abdominal magnetic resonance imaging (MRI) revealed a vegetative, infiltrative lesion invading the surrounding

adipose tissue and occupying the urinary bladder cavity (arrows).

outcomes in elderly patients are driven primarily by physi-
ological reserve and frailty rather than age per se, with frailty
predicting complications, dependency, and mortality more
accurately than chronological age [10—13]. Careful preop-
erative geriatric assessment therefore represents a critical
component of risk stratification in very elderly surgical can-
didates.

Severe AS introduces major anesthetic challenges due to
fixed left-ventricular outflow obstruction and dependence on
adequate preload and afterload to maintain coronary perfu-
sion. Even short episodes of hypotension or tachycardia can
precipitate myocardial ischemia, pulmonary edema, and cir-
culatory collapse [14—17]. Induction and maintenance of an-
esthesia must therefore avoid abrupt reductions in systemic
vascular resistance and large variations in heart rate. In this pa-
tient, maintenance of sinus rhythm, tight blood-pressure con-
trol, and avoidance of excessive vasodilation were prioritized.
These principles are widely recommended in perioperative
cardiovascular guidelines and observational studies involving
patients with significant AS [14—17]. The case illustrates how
adherence to these hemodynamic goals can mitigate otherwise
prohibitive cardiac risk.

Advanced hemodynamic monitoring was central to intra-
operative decision-making. Devices based on pulse contour or
cardiac-output—guided therapy permit continuous estimation
of stroke volume and dynamic preload indices, allowing earli-

er recognition of inadequate perfusion and tailored titration of
fluids and vasoactive drugs. Randomized and consensus data
suggest that such goal-directed strategies may reduce compli-
cations, shorten hospitalization, and improve tissue perfusion,
particularly in high-risk surgical populations [18-21]. In the
present case, this technology supported judicious volume ad-
ministration, avoidance of fluid overload, and maintenance of
coronary perfusion pressure.

ERAS principles complemented the hemodynamic strat-
egy by attenuating the metabolic and inflammatory stress
response. Multimodal analgesia, early mobilization, limited
opioid exposure, gastrointestinal optimization, and restric-
tive fluid management have been consistently associated with
reduced morbidity, fewer complications, and shorter length
of stay, effects that extend to elderly cohorts when protocols
are carefully individualized [22-25]. Early extubating and
absence of delirium in this patient likely reflect the synergis-
tic benefit of these measures. Minimizing functional decline
after hospitalization is particularly crucial in older adults, as
postoperative immobility and complications strongly predis-
pose to new disability [23-25]. Preoperatively, our patient
was managed according to ERAS principles. She participated
in structured education and shared decision-making to align
expectations and goals of care. Nutritional screening was
performed; intravenous iron and erythropoietin were preop-
eratively administered. A prehabilitation plan was initiated,
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Figure 10. Lower abdominal magnetic resonance imaging (MRI) demonstrated an infiltrative tumor involving the urinary bladder
and distal ureter (arrows 1 and 2), with extension into the uterus (arrow 3).

Figure 11. Lower abdominal magnetic resonance imaging (MRI) indicated possible infiltration of uterus (arrow).
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including respiratory exercises and strategies to facilitate early
postoperative mobilization. Her comorbid conditions were
carefully optimized, with particular attention to cardiovascular
and pulmonary status. Fasting time was minimized in 3 h, and
routine bowel preparation was avoided because not indicated.
For this patient, intraoperative management was planned and
delivered according to ERAS principles. A minimally invasive
approach was used for the radical nephroureterectomy, while
the remainder of the procedure was performed via an open ap-
proach according to the surgeon’s discretion. Active warming
was used to maintain normothermia throughout the procedure.
Intravenous fluids were administered using a restrictive, goal-
directed strategy to balance tissue perfusion while preventing
fluid overload. Prophylaxis against postoperative nausea and
vomiting was administered, venous thromboembolism preven-
tion was adjusted to her oncologic risk, and antibiotic prophy-
laxis was provided in line with stewardship recommendations,
ensuring correct timing and duration.

TIVA was selected to support stable hemodynamics and
predictable emergence. Propofol-based regimens allow pre-
cise titration and can reduce sympathetic surges associated
with volatile anesthetics, potentially limiting myocardial oxy-
gen demand in patients with critical valvular disease [22-24].
Pharmacokinetic—pharmacodynamic models further facilitate
individualized dosing in frail patients with altered drug dis-
tribution and clearance. Although randomized comparisons
show broadly similar outcomes between volatile anesthesia
and TIVA, individualized selection based on cardiac risk and
physiological goals remains appropriate [24]. In this patient,
TIVA aligned well with ERAS priorities for early awakening
and smooth recovery.

Equally important was structured multidisciplinary col-
laboration. Shared planning among anesthesiology, surgery,
cardiology, geriatrics, nephrology, and critical care ensured
alignment of therapeutic goals across the perioperative path-
way. Vigilant postoperative observation in the ICU allowed
rapid treatment of hemodynamic deviations and prevention of
complications such as myocardial injury, delirium, and hypo-
thermia, all of which are more frequent in elderly adults and
associated with worse outcomes [19-25]. Continuous reassess-
ment and communication were essential components of safety.

Multimodal postoperative pain management was consid-
ered an important key point in management of this patient
[26]. Pain control was achieved using an opioid-sparing regi-
men, with bupivacaine administered both by infiltration of
the laparoscopic incision sites and by intraperitoneal instil-
lation [27].

Risk assessment and shared decision-making

Formal risk calculators, including the American College of
Surgeons NSQIP Surgical Risk Calculator and the Surgical
Mortality Probability Model, can help quantify periopera-
tive risk and facilitate informed discussions with patients and
families [21, 22]. In elderly patients with severe cardiac dis-
ease, shared decision-making should integrate projected sur-
gical benefit, quality-of-life considerations, and patient goals,

alongside predicted complication rates [10, 22]. In the present
case, the patient’s strong preference for curative surgery guid-
ed the perioperative plan while keeping safety margins strict.

Transcatheter aortic valve replacement (TAVR) versus
surgical considerations

For very elderly patients with severe AS, TAVR may repre-
sent an alternative to open cardiac surgery, particularly when
combined with non-cardiac surgery [11]. However, in isolated
oncologic procedures, definitive valvular intervention may not
always be feasible prior to tumor resection. Literature sug-
gests that careful perioperative optimization, hemodynamic
monitoring, and anesthetic planning can allow selected high-
risk patients to undergo non-cardiac surgery safely even in the
presence of critical AS [14—17]. This case illustrates that, when
TAVR or staged procedures are not pursued, meticulous multi-
disciplinary management remains essential.

Taken together, this experience reinforces the principle
that advanced age alone should not preclude major surgery.
When risk stratification integrates frailty assessment, func-
tional capacity, and patient-centered goals, and when con-
temporary perioperative strategies such as ERAS protocols,
advanced hemodynamic monitoring, and individualized an-
esthetic management are implemented, the extensive surgical
procedures can be performed safely, even in carefully selected
nonagenarian patients [10-25].

A multidisciplinary team including urologists, anesthesiolo-
gists, intensivists, nephrologists, oncologists, and cardiologists,
evaluated the feasibility of performing TAVR, a routine proce-
dure at our institution. However, the patient refused the inter-
vention. In addition, newly emerging clinical factors, such as the
increased risk of bacterial endocarditis associated with hemodi-
alysis and an estimated life expectancy of less than 1 year, made
TAVR an unsuitable option. Furthermore, patients with a limited
life expectancy (< 1 year) or those in whom TAVR is not ex-
pected to meaningfully improve quality of life should generally
not be considered appropriate candidates for this procedure [28].

Conclusion

Major oncologic surgery in a 92-year-old woman with severe
AS was successfully performed using an integrated approach
combining ERAS protocols, TIVA, and advanced hemody-
namic monitoring. Careful preoperative planning, vigilant in-
traoperative control, and structured postoperative care allowed
stable hemodynamics, early extubating, and uneventful ICU
recovery. This case supports the view that individualized, mul-
tidisciplinary perioperative strategies can enable safe surgical
management in carefully selected nonagenarian patients, even
in the presence of complex cardiac disease.

Learning points

Very elderly patients should not be excluded from major onco-
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logic surgery solely based on age when physiological reserve
and patient goals are carefully assessed.

Advanced hemodynamic monitoring enabled precise ti-
tration of fluids and vasopressors, supporting adequate tissue
perfusion while minimizing the risk of fluid overload in the
anephric patient.

Daily chemistry panels and frequent arterial blood gas
analysis provided early warning of renal, cardiac, hepatic, and
metabolic derangements, allowing timely intervention.

The combination of restrictive ERAS-guided fluid thera-
py, close hemodynamic guidance, and multidisciplinary perio-
perative planning contributed to an uncomplicated postopera-
tive course despite significant cardiovascular risk.
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