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ARTICLE INFO ABSTRACT
Keywords: Diffuse alveolar hemorrhage (DAH) can be caused by various conditions, categorized as auto-
Pheochromocytoma immune and non-autoimmune. Immunofactor-mediated vasculitis, such as Wegener gran-
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Pheochromocytoma crisis

ulomatosis, microscopic polyangiitis, Goodpasture syndrome, connective tissue disorders, and
antiphospholipid antibody syndrome, are common autoimmune causes. Non-autoimmune factors
include infectious or toxic exposures and neoplastic conditions. The diagnosis of DAH, resulting
from excessive catecholamine release from an adrenal pheochromocytoma or extra-adrenal
paraganglioma, can present diagnostic challenges and necessitate prompt treatment. In this
report, we present a case of pheochromocytoma that manifested as an adrenal incidentaloma
(diagnosed during the management of sudden-onset DAH after cholecystectomy). Case report: A
39-year-old female patient with adrenal incidentaloma developed DAH following a cholecystec-
tomy procedure, presenting with sudden-onset hemoptysis and dyspnea. Administration of glu-
cocorticoids, known to precipitate pheochromocytoma crisis (PCC), was required before the cause
was determined. Intubation and mechanical ventilation were necessary due to persistent hyp-
oxemic respiratory failure and acute respiratory distress syndrome (ARDS). The patient in this
case experienced two epidoses of PCC while she was on mechanical ventilation. Subsequent work-
up revealed a 26 x 25 mm left adrenal adenoma with hormonal confirmation of catecholamine
hypersecretion. A laparoscopic adrenalectomy was done eight months later to excise the left
adrenal gland. Subsequent examination of the tissue revealed pheochromocytoma, thereby vali-
dating the initial diagnosis. Conclusion: Adrenal incidentalomas may be pheochromocytomas
(adrenal incidentalomas can manifest as pheochromocytomas), even without adrenergic symp-
toms. It is recommended that adrenal incidentalomas undergo evaluation for pheochromocytoma
before undergoing invasive surgery or receiving corticosteroid treatment. When considering
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potential causes of DAH without further elucidation, including a pheochromocytoma or para-
ganglioma (PPGLs) in the differential diagnosis is important.

1. Introduction

Pheochromocytomas originate from chromaffin cells located in the adrenal medulla, while paragangliomas arise from extra-
adrenal sympathetic paravertebral ganglia. Both are rare neuroendocrine tumors that often exhibit similar or identical morphology
and share a mostly identical neuroendocrine phenotype, sometimes even having the same genetic predisposition [1]. These tumors,
collectively known as PPGLs, can manifest comparable symptoms due to the excessive release of catecholamines. Differential diagnosis
between pheochromocytomas and paragangliomas relies primarily on the assessment of the tumor’s anatomical location. Data indicate
that approximately 5.1 % of incidental adrenal masses are found to be pheochromocytomas [2]. Pheochromocytomas have the po-
tential to be fatal even in asymptomatic cases, often leading to a condition known as pheochromocytoma crisis (PCC) [3,4]. PCC is
characterized by a sudden onset of hemodynamic instability, severe hyper- or hypotension, and cardiac failure, which can result in the
development of multiorgan dysfunction and mortality rates ranging from 6 % to 18 % [5]. PCC may occur spontaneously or be
triggered by factors such as trauma, surgical procedures, anesthesia, and pharmacological interventions, including glucocorticoids [6].
Various medications, particularly glucocorticoids, can induce PCC in patients with pheochromocytoma [7].

Diffuse alveolar hemorrhage (DAH) is a clinical syndrome frequently leading to respiratory failure and typically has severe con-
sequences [8]. The etiology of DAH includes both autoimmune and nonautoimmune illnesses [8]. Standard treatment for DAH often
involves the use of corticosteroids, immunosuppressive medications, and, in some cases, plasmapheresis [8]. Although the occurrence
of DAH with PPGLs is rare, this report presents a case of pheochromocytoma manifesting as an adrenal incidentaloma and identified
during the management of sudden-onset DAH following cholecystectomy. The patient did not exhibit typical symptoms associated
with pheochromocytoma, but a phenomenon of PCC was observed after glucocorticoid therapy. The identification of a left adrenal
incidentaloma and hypercatecholaminemia strongly indicated the presence of pheochromocytoma, which was later confirmed through
postoperative pathology.

2. Case report

A 39-year-old female patient arrived at our medical facility with a history of recurring right upper abdomen pain caused by
cholelithiasis and cholecystitis for the past five years. The patient expressed a desire to undergo a cholecystectomy and was thereafter
admitted to the hepatobiliary surgery department for hospitalization. Approximately three months before admission, the patient
experienced persistent cramping discomfort in the upper right quadrant of the abdomen, along with nausea and retching, after
consuming high-fat meals. The pain radiated to the back but was relieved after receiving antibiotic treatment. This occurred around
three months before admission. An ultrasound scan and magnetic resonance cholangiopancreatography (MRCP) verified the presence
of a thicker gallbladder wall, chronic cholecystitis, and gallstones stuck in the neck of the gallbladder. The patient’s medical history
included the excision of an endometrial polyp, a cesarean section, and the development of gestational diabetes mellitus, which
resolved after giving birth. No similar medical history was found in her family. The patient displayed normal blood pressure and
showed no symptoms, save for occasional sudden upper abdomen pain. Before the cholecystectomy treatment, the abdominal
computed tomography scan revealed a left adrenal incidentaloma with dimensions measuring 26 x 25 x 31mm (Fig. 1). The tumor
was initially classified as a nonfunctional adenoma because it did not exhibit the usual triad of symptoms associated with

Fig. 1. Adrenal contrast-enhanced CT revealed a left adrenal region measuring approximately 26 x 25 mm, with a CT value 37 Hounsfield units.
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pheochromocytoma, nor did it show other common symptoms related to excessive catecholamine production. Additionally, there were
no signs of cushingoid characteristics or hypokalemia. The patient underwent laparoscopic cholecystectomy on the fifth hospital day
with an unremarkable intra- and post-operative course with stable blood pressure, cardiac, and respiratory rates. Subsequently, 6-h
post-surgery, she had a sudden onset of hemoptysis, cough, dyspnea, nausea, and vomiting. During the examination of the chest
using a stethoscope, crackling noises were detected in all areas of the right lung and the lower parts of the left lung.

However, the patient’s health status deteriorated significantly and rapidly 6 h after undergoing cholecystectomy (changes in the
vital signs before and after surgery are shown in Supplementary Table 1). This was characterized by the abrupt onset of symptoms
including hemoptysis (coughing up blood), dyspnea (difficulty in breathing), nausea, vomiting, chest tightness, and coughing. During
the physical examination, the patient displayed lucid consciousness but presented signs of mental tiredness, including a pale face and
cyanotic lips. The patient’s vital signs were as stated: a heart rate (HR) of 135 BPM (preoperative HR was 74 BPM, with a normal range
of 60-100 BPM), the blood pressure (BP) was 140/80 mmHg (preoperative was 104/78 mmHg, with a normal range of 90-135/60-85
mmHg), a respiratory rate (RR) of 44 BPM (breaths per minute) (preoperative was 20 BPM, with a normal range of 16-20 BPM), and
percutaneous oxygen saturation was 80-85 % (when breathing room air, with a normal range of 95-100 %), arterial blood gas analysis
suggested hypoxemic respiratory failure and metabolic acidosis. This was shown by a pH level of blood 7.182 (normal range
7.35-7.46), a partial pressure of oxygen (PO3) of 59.1 mmHg (normal range 80-100 mmHg), a partial pressure of carbon dioxide
(PCO3) measurement of 30.4 mmHg (normal range 35-45 mmHg), a bicarbonate (HCO3) level of 11.0 mmol/L (normal range 21-28
mmol/L), an alkali residue (BE) level of —16.3 mmol/] (normal range -3-+3), and a lactic acid concentration of 6.8 mmol/L (normal
range 0.7-2.5 mmol/L). The examination of the heart using a stethoscope revealed tachycardia and bigeminal beats. The concentration
of N-terminal-pro p-type natriuretic peptide (NT-proBNP) in the serum was 845 pg/mL (with a normal range of 0-125 pg/mL). The
electrocardiogram (ECG) results indicated frequent ventricular premature beats. Additionally, the ECG showed a shortened PR in-
terval, substantial ST depression, and inverted T waves. It is worth noting that the preoperative ECG was within normal limits. The
chest computed tomography scan demonstrated diffuse bilateral alveolar infiltrates, with the right side exhibiting more severe
involvement. These data suggest that the individual had DAH (Fig. 2), which progressively increased and led to the development of
more extensive infiltrates within 48 hours (Fig. 3A and B). The transthoracic echocardiography scan successfully ruled out valvular
disease and revealed signs of compromised left ventricular function, indicated by a significantly decreased ejection fraction of 40 %.

To address the patient’s medical condition, the administration of glucocorticoids (particularly dexamethasone at a dosage of 20 mg
within a 48-h timeframe), furosemide injection, deslanoside injection, nitroglycerin injection, and antibiotics were commenced.
Nevertheless, it is crucial to acknowledge that despite these interventions, the patient’s condition exhibited a rapid and worsening
trend. The patient developed a low-grade fever (38 °C) on the second day following cholecystectomy, which increased to a maximum
of 39 °C as the illness worsened. Both blood culture and sputum culture tests yielded negative results. A multitude of organ mal-
functions were determined with the implementation of blood collection protocols. The white blood cell count was measured to be
28.10 x 1079/L, while the level of hemoglobin was assessed at 10.9 g/dL (compared to a preoperative hemoglobin level of 14.0 g/dL).
The test findings revealed elevated levels of alanine aminotransferase (603 U/L), lipase (191 U/L), and amylase (327 U/L), respec-
tively. The patient experienced a transient episode of acute renal injury, indicated by an elevated blood urea nitrogen level of 165.6
mg/dL (normal range: 50.4-111.6 mg/dL) and a serum creatinine level of 1.9 mg/dL (normal range: 0.5-1.5 mg/dL). The patient
exhibited a reduction in plasma albumin levels (27.4 g/L) compared to the preoperative plasma albumin levels (44.1 g/L). In addition,
there was slight swelling in the lower limbs. The patient’s coagulation system exhibited anomalies, as shown by the following labo-
ratory results: a plasma fibrinogen level of 1.34 g/1 (below the normal range of 2.0-4.0 g/1), a D-dimer level of 28.22 mg/L (beyond the
typical threshold of <0.55 mg/L), and a positive result on the 3P test. During that timeframe, there was a continued decline in cardiac
function, as indicated by increased levels of troponin I, myoglobin, and creatine kinase isoenzyme. Specifically, the levels of troponinI,
myoglobin, and creatine kinase isoenzyme were measured at 27.4 ng/mL (normal range: 0-0.02 ng/mL), 291.0 ng/mL (normal range:
0-46.6 ng/mL), and 94.6 ng/mL (normal range: 0-0.02 ng/mL), respectively. The concentration of NT-proBNP showed a statistically

Fig. 2. 6 hours after the cholecystectomy procedure, a chest CT scan revealed DAH, with the right side being particularly evident.
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Fig. 3. Chest CT reexamination within 48 hours showed DAH progressed to more extensive infiltrates (A and B).

significant increase, reaching a level of 12,947 pg/mL.

The patient exhibited hypoxemic respiratory failure, as indicated by an oxygenation index (PaOy/FiO3) of 140 mmHg, which is a
sign of acute respiratory distress syndrome (ARDS). After requiring intubation and mechanical ventilation assistance, we transported
the patient to the ICU. The patient underwent a fiberoptic bronchoscopy in conjunction with the completion of the transnasal tracheal
intubation. The fiberoptic bronchoscopy revealed abundant pale, red, thin secretions in both airways, particularly in the right airway,
confirming the presence of DAH. We continued the glucocorticoid treatment, starting with an initial dosage of 300 mg/day of hy-
drocortisone. Since no favorable results were found in the autoimmune investigation, the dosage of hydrocortisone was gradually
reduced to 100 mg/day and subsequently ceased. While receiving mechanical breathing, the patient encountered two instances of
sudden and severe high blood pressure, with readings of 170/120 mmHg. In addition, the patient exhibited tachycardia with a HR of
160 BPM, hypoxemia with a peripheral oxygen saturation of 85%, and dyspnea with a respiratory rate of 40 BPM. The presence of
reduced urine output and restlessness, along with these symptoms, led to the suspicion that pheochromocytoma was the underlying
cause. This suspicion was based on a left adrenal incidentaloma. We observed that she experienced elevated body temperatures,
peaking at 41 °C, after each incident. The concentrations of catecholamines in plasma and urine were assessed and are presented in
Result 1 of Table 2. A left adrenal incidentaloma, accompanied by elevated levels of catecholamines in both urine and plasma, provided
a diagnostic indication of pheochromocytoma. Ultimately, the patient was diagnosed with DAH resulting from a left adrenal pheo-
chromocytoma (Table 2). Furthermore, the diagnosis of PCC was established based on the episodes observed throughout the patient’s
ICU therapy. In addition, it is hypothesized that the patient’s medical history suggests that catecholamine overload may be a
contributing factor in gallstone formation.

Upon suspicion of PCC, the patient received intravenous a-adrenoreceptor blockers, followed by intravenous f-adrenoreceptor
blockers. Additionally, the necessary care and assistance were given. After the patient was given a-adrenoreceptor blockers, it was
observed that her health did not worsen. Instead, there was an improvement in symptoms, laboratory abnormalities, chest imaging
results, and respiratory failure in the following days. The patient’s mechanical ventilation was stopped on the eighth day, and the
initial intravenous alpha and beta-blockers were also stopped. Terazosin hydrochloride and metoprolol succinate sustained-release
tablets were taken until discharge. Afterward, she was transferred to the general ward on the sixteenth day of her stay in the ICU.

Table 1
Laboratory data before and after cholecystectomy.
Preoperative Postoperative
WBC (10"9/L) 9.81 28.10
HB (g/L) 14.0 10.9
Total protein (g/L) 69.3 49.5
Albumen (g/L) 44.1 27.4
Creatinine (pM) 58.1 168.1
Urea nitrogen (pM) 4.5 11.2
ALT (U/L) 4.8 603
Total calcium (uM) 2.38 1.88
Blood phosphorus (pM) 1.37 0.67
NT-proBNP (pg/mL) NT 12,974
Prothrombin time (s) 10.7 13.7
PF (g/L) 2.2 1.34
3P test NT positive
D-polymer (mg/L) NT 28.22
ECG Normal Frequent ventricular premature beats, shortened PR interval, substantial ST depression, and inverted T waves
Chest X-ray Normal new pulmonary infiltrates

WBC: white blood cell; HB: hemoglobin; ALT: alanine aminotransferase.
NT: no test; PF: plasma fibrinogen; ECG: electrocardiogram.
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Finally, she was discharged from the hospital after being hospitalized for twenty-two days. No drugs were maintained.

The patient was rehospitalized after eight months to have a comprehensive diagnostic assessment for pheochromocytoma. Before
the surgical intervention, the laboratory examination of the blood samples and urinary specimens indicated consistently high levels of
catecholamine, as shown in result 2 of Table 1. However, the patient’s ABPM result was normal, and she showed no signs of hyper-
tension or any other issues. This case study offered additional support for the concept that the levels of catecholamines and their
metabolites in the plasma and urine may be elevated even in the absence of hypertension. She exhibited a mild impairment in the oral
glucose tolerance test. During this period, the patient’s respiratory and cardiovascular systems were fully recovered, with no subse-
quent complications.

Following two weeks of administering oral phenoxybenzamine, the dosage was increased from 20 to 40 mg/day. Additionally,
2000 ml of rehydration fluids were given daily before three days of the left adrenalectomy. Subsequently, the blood volume was fully
replenished. A laparoscopic procedure was performed to remove the left adrenalectomy without any complications. Throughout the
treatment, the patient’s vital signs remained steady and within the expected range. The patient’s recuperation following the surgery
progressed smoothly without any notable incidents. A pathological examination confirmed the diagnosis of pheochromocytoma.
Under light microscopy, the study revealed that the tumor cells were arranged in nested clusters that had a slightly basophilic and
granular look. The immunohistochemical results show that the left adrenal mass is a pheochromocytoma because it stained positively
for Syn, CgA, CD56, NSE, S100 (focal), Vim, and Ki67 (<1 %). Following the surgical procedure, no signs of malignancy or recurrence
were detected for six years.

3. Discussion

This study provides a detailed case report of an atypical clinical progression of pheochromocytoma in a patient who did not exhibit
symptoms associated with excessive release of catecholamine. The patient presented with an adrenal incidentaloma. Even if there are
no symptoms, it is necessary to conduct hormonal tests for the adrenal incidentaloma to exclude the possibility of different types of
secreting adenomas, such as primary aldosteronism and autonomous cortisol secretion [9,10]. However, it is essential to rule out
pheochromocytoma, as this is crucial for someone who will undergo surgery. This case highlights the need to emphasize the exclusion
of pheochromocytoma as the first step in addressing adrenal incidentalomas. Failure to detect this condition can lead to serious and
harmful consequences [7].

Pheochromocytoma is a rare neuroendocrine tumor that accounts for a modest percentage (0.1-0.6 %) of hypertension observed in
routine outpatient clinics [11]. Many cases stay concealed and are exclusively detected by post-mortem examination [11]. The
traditional clinical trio is comprised of periods of headache, palpitations, and sweating, frequently accompanied by persistent or
intermittent hypertension [12]. However, the clinical presentations of pheochromocytoma are complex, showing considerable vari-
ation and lacking specificity. This can lead to confusion with over 30 different medical diseases, which poses big challenges to phy-
sicians [13]. Therefore, pheochromocytomas have been referred to as ‘the great mimic’ [14] and ‘the great masquerader’ [15],
resulting in frequent instances of missed and delayed diagnoses.

DAH typically presents with symptoms such as hemoptysis, dyspnea, reduced hemoglobin levels, hypoxemia, and diffuse radio-
graphic pulmonary infiltrates [8]. Other symptoms, such as cough and fever, are not specific to DAH. DAH can occur at any stage of life
and is frequently observed in conjunction with a pre-existing medical condition. Furthermore, it can act as the earliest indication of an
underlying systemic disease. Once a diagnosis of DAH is made, it’s crucial to identify the root cause to initiate the appropriate
treatment [8]. However, the occurrence of DAH as the primary or worsening presentation of previously undiagnosed PPGLs is rare and
often goes unnoticed. When attempting to establish a correlation between PPGLs as a causative factor in DAH, clinicians face
difficulties.

Thirteen cases of PPGL-induced alveolar hemoptysis were reported in the scientific literature from 2006 to 2021 [16-28]. Alveolar
hemoptysis and PPGLs have only been linked through case reports, with hidden PPGLs triggering alveolar hemoptysis independently or
in response to environmental or psychological stress in a few cases. Aside from our patient, no case reports of surgically induced
alveolar hemoptysis in PPGLs have been published, indicating that surgical intervention is not an appropriate motivator. Table 3
provides a comprehensive overview of all reported cases, including our own.

After examining all of the aforementioned cases, including our own, we found eight male and six female patients, with ages ranging
from 14 to 72 at the time of diagnosis. In the cohort of patients who underwent surgical treatment for PPGLs, alveolar bleeding was
observed in 13 cases, with 11 patients having pheochromocytomas. Among these, ten had tumors in the left adrenal gland and one in

Table 2

Laboratory test results of plasma and urinary catecholamines.
Test Result 1 Result 2 Reference range
Plasma epinephrine 1155.44 174.73 0.00-100.00 (pg/ml)
Plasma norepinephrine 573.69 560.52 0.00-100.00 (pg/ml)
Plasma dopamine 510.77 57.09 0.00-100.00 (pg/ml)
Urinary epinephrine 70.19 40.29/52.75 0.00-20.00 (pg/d)
Urinary norepinephrine >450.00 170.81/179.48 0.00-90.00 (pg/d)
Urinary dopamine 171.81/250.23 0.00-600 (pg/d)

Result 1: after a PCC in ICU, Result 2: before pheochromocytoma resection.



Table

Case series of PPGLs with DAH.

3

Case Age Gender Main symptoms Ventilator support Blood pressure (mmHg) Tumor localization Tumor size (mm) Used glucocorticoid
Ref. [16] 46 F Hemoptysis, No 80/40 Left adrenal 70 x 55 Yes
Dyspnea
Ref. [17] 22 M Hemoptysis, Yes / Extra-adrenal abdomen 28 x 30 x 50 No
Dyspnea
Ref. [18] 30 M Hemoptysis No 107/80 Left adrenal 69 x 61 x 62 No
Ref. [19] 60 M Dyspnea Yes / Left adrenal / No
Ref. [20] 21 M Dyspnea No 140/80 Extra-adrenal abdomen / No
Ref. [21] 72 M Dyspnea Yes 260-290/100 Left adrenal 28 x 24 No
Ref. [22] 51 F Hemoptysis, No 175/120 Left adrenal Diameter No
Dyspnea, 40
Ref. [23] 68 M Chest pain No 180/100 Left adrenal 46 x 40 Yes
Dyspnea
Hemoptysis
Ref. [24] 33 M Dyspnea Yes 150/100 Left adrenal 80 x 80 x 60 No
Hemoptysis
Ref. [25] 40 M Hemoptysis Yes 208/106 Left adrenal Diameter Yes
80
Ref. [26] 52 F Fever, Hypotension Periodic, Fluctuations in BP Yes Periodic blood pressure fluctuation Left adrenal Diameter Yes
27
Ref. [27] 39 F Dyspnea No / Left adrenal 20 x 16 No
Hemoptysis
Ref. [28] 14 F Dyspnea No 72/50 Bilateral adrenal gland Left: Yes
Hemoptysis 40 x 50 x 30
Right:
60 x 40 x 30
Our cases 39 F Dyspnea Yes 140/80 Left adrenal 26 x 28 Yes
Hemoptysis

PPGL: pheochromocytoma and paraganglioma, DAH: diffuse alveolar hemorrhage,/: Data not available. The patient died in Reference 19.
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the bilateral adrenal glands, while two had extra-adrenal paragangliomas. During the surgical procedure, one 72-year-old male patient
with a history of ischemic heart disease, and interstitial pneumonitis experienced rapid deterioration, including hard breathing, acute
hypertension, and hemoptysis, leading to the patient’s death. The autopsy revealed the lungs had fibrosis, there was bleeding in the
alveoli on both sides without capillaritis, signs of high blood pressure in the pulmonary arteries, and a pheochromocytoma on the right
side of the kidney [21].

In these 14 cases, DAH predominantly presented as hemoptysis and/or dyspnea, accompanied by different levels of hypoxemia. Out
of these cases, seven patients (including one who died) developed hypoxic respiratory failure, requiring ventilator support. Before
receiving surgical removal of a pheochromocytoma located in the left adrenal gland, a patient developed DAH and required therapy
with mechanical ventilation [19]. In 3 cases, respiratory and cardiovascular symptoms, as well as abnormal exams, were promptly
alleviated with basic treatment and did not require ventilator support or oxygen therapy. Ultimately, the analysis of the 14 cases
showed that the severity of alveolar hemorrhage caused by PPGLs exhibited variability. 13 patients experienced a positive outlook
after surgery, suggesting that we should strive for surgery when encountering similar patients.

Workups commonly identify dysfunction in systems other than the respiratory system, with hypertension and left ventricular
systolic dysfunction being the most prevalent. Out of the total of fourteen patients, six of them had mild renal impairment, and three of
those six cases were further aggravated by liver dysfunction. The level of both lipase and amylase values was markedly increased in two
cases. A patient with myoglobinuric renal failure and developing erythrocytosis (hematocrit, 59.8 %) [25] exhibited elevated levels of
erythropoietin. Notably, we have identified a significant coagulation issue in our case.

Three male adolescents presented with two episodes of acute dyspnea and/or hemoptysis before the diagnosis of pheochromo-
cytoma/paraganglioma was made. The doctors only suspected and identified PPGLs, which included a pheochromocytoma and two
paragangliomas, after the second occurrence. All of them had a familial predisposition to the disease and exhibited symptoms after
engaging in strenuous physical exertion. A 33-year-old male who tested positive for glycosuria presented with complaints of nausea,
vomiting, and headache before being admitted. Doctors diagnosed him with gastroenteritis. Two of the fourteen patients had aberrant
electrocardiograms and high myocardial enzymes, which led to the suspicion of acute coronary syndrome [23,25]. However, after
urgent cardiac catheterization, the patient was found to have fully normal coronary anatomy [25]. The above data suggests that the
first nonspecific and varied symptoms of PPGLs-induced DAH facilitated the tendency to overlook and delay diagnosis. The initial step
in identifying PPGLs is to acknowledge their potential. It may aid our early diagnosis of PPGLs without typical symptoms if we
maintain a state of heightened sensitivity and attention toward them.

Six of the fourteen cases of paroxysmal hypertension or hypotension were observed during treatment. Among these cases, three
occurred after intubation, and in two of these patients, the combination of intubation and glucocorticoid usage appeared to cause
periodic fluctuations in blood pressure [26]. Six patients exhibited sinus tachycardia. A 14-year-old female patient, who had
Moraxella-catarrhalis cultured in her sputum, was one of three cases in which infection preceded the onset of alveolar hemoptysis [28].
Nine out of the fourteen cases had echocardiogram results available; of those, six described abnormal echocardiography abnormalities,
including a decline in left ventricular function and ejection fraction. DAH was confirmed in 8 patients through bronchoscopy and
bronchoalveolar lavage fluid analysis.

It is challenging to figure out a clear pathophysiological relationship between PPGLs and alveolar hemoptysis because the process
that causes alveolar hemoptysis in people has not been fully identified [16]. Previous evidence [29] suggests that severe hypertension
can precipitate the onset of alveolar bleeding. When catecholamines rise, they mostly act on a-adrenergic receptors. This leads to
systemic arterial hypertension, an increase in total peripheral resistance (TPR), pulmonary venous hypertension, and, as a result, an
increase in pulmonary capillary pressure. Pulmonary congestion occurs when there is an increase in left ventricular afterload, which is
caused by systemic hypertension due to vasoconstriction [15]. Furthermore, elevated plasma catecholamines alter pulmonary
capillary permeability [22]. Alveolar hemorrhage happens in people with PPGLs because of high pulmonary venous pressure, higher
pulmonary capillary pressure, and changes in the permeability of the pulmonary capillaries. Direct cardiotoxicity, myocardial
catecholamine-receptor signaling, microvascular ischemia, and transitory coronary artery vasospasm are all potential causes of
catecholamine-driven cardiac dysfunction [5,20], which can appear as hypokinesia [20]. In people with PCC, the fundamental
mechanism underlying organ failure is a decreased intravascular volume, which in turn causes decreased end-organ perfusion and
tissue ischemia. In addition, we found that two patients had hypotension at admission, whereas one remained normotensive during the
whole course of treatment. This indicated that other causes than hypertension were at work during DAH in PPGL patients. Cate-
cholamine synthesis has been associated with both endothelial dysfunction and irregular coagulation [30]. As seen in our case,
excessive catecholamine secretion can also lead to coagulation abnormalities. Further investigation is required to gain a deeper un-
derstanding of the relationship between hemodynamic changes and DAH in PPGLs.

In this study, we explored the potential correlation between laparoscopic cholecystectomy and the development of DAH in our
patient. Our hypothesis suggests that the increase in abdominal pressure caused by the surgical procedure, combined with the
stimulation of pheochromocytoma, results in excessive catecholamine secretion and a subsequent elevation of blood pressure after
cholecystectomy. It has been established that glucocorticoids activate enzymes necessary for catecholamine production. Glucocorti-
coids are essential in the normal adrenal medulla and pheochromocytoma cells for the metabolism, synthesis, and release of cate-
cholamines in normal adrenal medulla and pheochromocytoma cells [31]. Glucocorticoids are also reported to have an increased risk
of triggering PCC in patients with PPGLs [32]. Prompt administration of glucocorticoids may be necessary to determine the causes of
DAH, as seen in some cases, including the one we encountered [16]. Notably, in five of the other thirteen cases, glucocorticoids were
involved. Adverse reactions to glucocorticoids in these patients included paroxysmal hypertension, headache, sweating, and palpi-
tations, as well as abdominal pain, chest tightness, and tachycardia. Tumor sizes greater than 30 mm and glucocorticoid dosages
exceeding 60 mg/day of hydrocortisone in the majority of cases of PCC are attributed to glucocorticoids [32]. However, in our
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investigation, glucocorticoid dosages were not present, even though tumor diameters were less than 30 mm in four cases and less than
20 mm in two cases.

Concerning the occurrence of PCC episodes, a notable association was found between corticosteroid therapy, mechanical venti-
lation, and PCC. Yet, the specific component with a greater impact on PCC initiation remains uncertain. Overall, the cases presented
illustrate that DAH caused by PPGLs follows an unpredictable and variable course, with severity seemingly uncorrelated with tumor
size but always requiring vigilant medical attention. Despite the challenges posed by multi-organ failure, intensive treatment led to the
successful reversal of DAH caused by PPGLs, as evidenced by the thirteen patients who underwent tumor removal.

4. Conclusion

In this report, we present a case of DAH, a rare and potentially life-threatening condition that occurred abruptly after cholecys-
tectomy and was caused by a left adrenal pheochromocytoma. It is vital to rule out the possibility of a clinically silent pheochro-
mocytoma in the adrenals before any invasive surgery or administration of corticosteroids. Clinical manifestations of PCC are variable,
and DAH can be considered one of them. In the absence of other explanations, a PPGL should be included in the differential diagnosis of
DAH, even if there are no symptoms of excessive catecholamine release. When receiving glucocorticoids, patients with unexplained
DAH should be treated with caution, and PPGLs should be ruled out as soon as possible using accurate testing.
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