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Abstract

The giant staghorn calculus represents a serious form of kidney stone disease characterized by
the presence of large, bifurcating calculi that occupy the renal pelvis and extend into multiple
calyces, resembling the antlers of a stag. Giant staghorn calculi may remain asymptomatic for
prolonged periods, and if left untreated can lead to progressive kidney damage, loss of kidney
function and life-threatening complications such as urosepsis. Thus, managing a patient with
such an extraordinary and advanced renal pathology in a resource-constrained healthcare
setting unfolds clinical and anesthetic challenges that demand vigilance and flexibility. We
present the case of a 62-years-old male from a rural village near a small city, with an
impressive medical history of persistent nephrolithiasis that progressed for years, due to
inconsistent follow-up caused by limited financial means. He underwent right nephrectomy for
a massive staghorn calculus with negligible functional renal parenchyma. Given the patient’s
compromised health status and the presence of a large, fully-configurated complete staghorn
calculus, which posed a significant surgical challenge due to its sheer magnitude, it was
evident that potential anesthetic risks included hemodynamic instability, sepsis, and altered
drug metabolism. Nonetheless, a comprehensive preoperative evaluation, continuous
intraoperative monitoring and readiness for rapid intervention ensured a stable perioperative
course without complications. Alongside the rarity of this pathology, this case highlights the
critical role of anesthesiologists in anticipating and managing the complex challenges posed
by such unique pathologies, demonstrating that meticulous planning and resilience enable the
delivery of solid and life-sustaining care, even when presented with a narrow spectrum of
choices.
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Introduction

Staghorn nephrolithiasis represents one of the most formidable manifestations of
nephrolithiasis, where the process of formation and enlargement of these renal calculi



occupying the renal pelvis and calyces is associated with infection and destruction of renal
parenchyma. These renal stones, typically composed of struvite and carbonate apatite, can lead
to chronic diseases, calyceal distortion and loss of renal function (1). Besides mechanical
obstruction and infection, staghorn calculi can promote chronic inflammation leading to
perinephric fibrosis and scarring, which further complicates surgical dissection and impacts
long-term renal recovery. In resource-limited environments, delayed presentation of this
pathology with complete loss of any functional renal parenchyma, often necessitates open
nephrectomy, which intensifies the logistical and monitoring challenges (2). From an
anesthetic point of view, staghorn nephrolithiasis presents substantial perioperative risks,
including significant hemorrhage due to the extensive vascularity and inflammation associated
with large calculi. The chronic infectious nature of these stones predisposes patients to
perioperative sepsis, requiring ample antimicrobial management. Additionally, fluid and
electrolyte imbalances are common due to impaired renal function, complicating
intraoperative fluid therapy. Furthermore, accompanying renal and hepatic impairment alter
the pharmacokinetics and pharmacodynamics of anesthetic agents, requiring careful selection
and dosing to minimize toxicity and ensure hemodynamic stability (3). This paper aims to
showcase the specificity of our patient’s fully configured giant staghorn calculus, which,
despite the theoretical risk, had an unremarkable intraoperative course and remained
hemodynamically stable.

Case Presentation

A 62-year-old male from a rural village near Radovish, Republic of North Macedonia, was
presented with a history of longstanding nephrolithiasis, with only tamsulosin as his chronic
therapy in use. At his young age 37 years ago, he underwent an open right pyelolithotomy for
large renal calculi, which was allegedly exhibited in a science display due to its striking size.
Nevertheless, the patient continued experiencing symptoms potentially aligned with persisting
nephrolithiasis over the years but had limited access to medical check-ups, reflective of the
challenges in a developing healthcare setting. In 2022, he underwent emergency surgery for a
bleeding gastric ulcer. The following year (2023), he was diagnosed with acute hepatitis B,
necessitating a 24-days hospitalization at the University Clinic for Infectious Diseases. Later
that year, he developed acute kidney failure, requiring a 10-days admission to the University
Clinic for Nephrology. In 2025, the patient was admitted to the University Clinic for Urology
with complaints of flank pain, recurrent urinary tract infections and obvious signs of renal
insufficiency. Imaging studies revealed a massive calculus occupying the right renal pelvis and
calyces with extensive destruction of renal parenchyma, confirmed by markedly reduced
function on nuclear renal scans. Given the negligible residual function of the right kidney and
the risk of ongoing infection, right nephrectomy was indicated as the definitive treatment.
Preoperative assessment highlighted risks related to compromised renal and hepatic function,



potential massive intraoperative blood loss and perioperative sepsis. Per institutional protocol,
after three minutes of preoxygenation with 8L/min of 100% oxygen, the patient underwent
induction of general anesthesia with intravenous midazolam 2mg, fentanyl 0.1mg, and
propofol 160mg. Neuromuscular blockade was achieved with rocuronium 50mg to facilitate
tracheal intubation using an 8.5mm endotracheal tube. Anesthesia maintenance was secured
through sevoflurane and continuous propofol infusion. The surgery proceeded for three hours
and 45 minutes, without intraoperative complications. During the nephrectomy, the entire right
kidney was excised intact. Upon extraction, the calculus was presented as a full-scale anatomic
cast of the renal collecting system, occupying the renal pelvis and extending into all three
major calyces. Its architecture had a striking resemblance to the internal renal structure, with
branches replicating the superior, medial and inferior calyceal paths. Its size and shape
confirmed its classification as a complete staghorn stone, with gross dimensions definitely
surpassing 14cm, rivaling the size of the kidney itself (Figure 1: A, B). The patient remained
hemodynamically stable throughout the procedure, with no significant bleeding. Medications
were carefully chosen to his compromised renal and hepatic function, while fluid balance was
meticulously maintained. Vital signs were continuously monitored and documented at regular
intervals, ensuring vigilant intraoperative care. Postoperatively, recovery was uneventful, and
the patient was discharged in good health after 11-days hospitalization.
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_ ature, the sheer size of this staghorn calculus places it
— - ing both its rarity and clinical challenge. Thus, this paper
provides an opportunity to reflect not only on the anesthetic approaches required for such
extreme pathology, but also on the realities of delivering complex surgical care in a developing
healthcare setting. It is important to emphasize that staghorn calculi are associated with
substantial renal parenchymal loss, often leading to non-functioning kidneys if left untreated
(4). Figure 1 depicts an unusual morphology with a cast-like configuration, exhibiting a full
3D negative mold of the renal collecting system. The multiple lobulated protrusions mimic
calyceal structures, indicates that the stone grew by mineral deposition within each calyx. Its
surface is characterized by a pale yellow-white color and orange-red discoloration, which
consists of struvite (magnesium ammonium phosphate) and/ or carbonate apatite composition
(common in infection stones). Smooth but lobulated surface indicates long-term formation



within a fluid-filled system (rather than rough, spiculated stones seen in rapid crystallization).
Absence of sharp points suggests slow, uniform mineral growth in a dilated collecting system.
Staghorn calculi, especially ones composed of struvite and carbonate apatite, are infection
stones resulting from urease-producing organisms (5). These stones are associated with
chronic infection and can harbor embedded bacteria, posing a risk of systemic inflammatory
response during surgical manipulation, which makes the surgical choice of treatment, as well
as the anesthetic approach, more crucial (2, 3). While making important decisions, it is also
essential to note the remarkable size of our patient’s staghorn calculus. This specimen (Figure
1), with approximately ~16x10x6cm, stands alongside - or even surpasses - many of those
previously reported in the literature. A case report by Thapa et al. (2023), describes an
asymptomatic staghorn calculus measuring approximately 11.8x8.8%6.9cm, removed by open
pyelolithotomy, which suited resource-limited settings (6). A similar case report by
Kesharwani et al. (2022), discusses another asymptomatic 8cm diameter staghorn stone,
managed via open pyelolithotomy, again far exceeding the sizes typically managed by PCNL
(7). Literature shows cases of very large stones managed by PCNL as the gold standard, but
intact removal without fragmentation in constrained settings remains exceptional. According
to Winoker et al., staghorn calculus management requires more than assessing size; it needs
standardized morphometric frameworks and awareness of anatomical challenges to guide
effective treatment in nephron-sparing procedures such as PCNL - the first line of treatment
(8), already defined by guidelines of the European Association of Urology (EAU) and the
American Urological Association (AUA). However, the already mentioned cases highlight the
choice for open surgery, due to stone size, thin renal cortex and limited local resources (6,7).
Now, reflecting on our case, comparing it to the common PCNL-manageable staghorn calculi
(typically 3—5cm in size) (8), the extracted specimen in this case far surpasses these norms.
Such extreme morphology and volume are associated with near-total renal parenchymal
replacement, often rendering the affected kidney non-functioning and justifying definitive
surgical removal (4). Nephrectomy may not only be justified but also appropriate and
sometimes even the safest solution for the patient. While surgical technique often depends on
stone size and location, the type of staghorn calculus, whether struvite, calcium oxalate or
cystine, can significantly inform anesthetic planning, infection control and postoperative risk
management (9, 10). Struvite staghorn calculi, composed of magnesium ammonium
phosphate, are commonly represented as “infection stones”, often formed in infected and
obstructed systems, immediately predisposing a high urosepsis risk (11). Whereas calcium
oxalate calculi and cystine calculi have lower to non-infection risk. Stone type isn't just a
chemical detail; it's a predictor of sepsis risk, surgical complexity and anesthetic strategy. In
particular, struvite stones warrant heightened pre-op vigilance, infection control and anesthetic
preparedness for hemodynamic instability. Bringing these points together, the successful
management of this rare and massive staghorn calculus is especially significant in a
developing healthcare setting, where limited resources and delayed presentations dictate the



choice for open surgery. Similar reports from other developing countries confirm that, despite
such constraints, safe outcomes are achievable through solid planning and good care (12, 13).
Looking alike published cases allow us to see where our experience fits within the broader
clinical landscape. It highlights not only the rarity and scale of this pathology but also the
practical challenges of managing such a case in a developing healthcare setting. Such citations
therefore enrich the discussion, reinforcing the relevance of our findings while contributing to
the collective understanding of managing extreme cases safely and effectively.

Conclusion

This case highlights the successful management of a rare, giant staghorn calculus in a
resource-limited setting, where delayed care and limited access shaped both the pathology and
treatment approach. Despite the risks posed by infection, hemodynamic instability and
impaired organ function, careful anesthetic planning and intraoperative attention ensured a
stable and complication-free outcome. While open nephrectomy is less common in
high-resource centers, in this case, it was the most appropriate option given the extent of renal
damage and local limitations. Ultimately, this case emphasizes the value of teamwork and
solid clinical judgment in safely managing complex conditions, even in less-than-ideal
environments.
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