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Background: A thoracic aortic aneurysm (TAA) is a known condition seen in cardiovascular practice. A TAA rupture and
postoperative infection may result in death. Preoperative infections leading to death are extremely rare.

Case Study: A 62-year-old Chinese female was admitted to The First Hospital of Hebei Medical University with a two-day history of
abdominal pain. She was diagnosed with a TAA rupture and underwent immediate surgery. The preoperative urine analysis indicated
that the positive bacteria and white blood cell count suggested a urinary tract bacterial infection. The patient was administered the
empiric antibiotics, cefazolin; however, her blood pressure continued to drop during the perioperative period and she died of
uncorrectable acidosis 8 h after the operation. On the second day after death, both the blood and urine cultures were positive for
Pseudomonas aeruginosa.

Conclusion: Given that this patient with a TAA rupture died of uncorrected acidosis caused by preoperative infection, it is important
to evoke the diagnosis in the context of TAA. Routine laboratory indicators are valuable factors for surgeons and physicians in
assessing a patient’s condition and improving their prognosis.
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Introduction

A thoracic aortic aneurysm (TAA) is a type of aortic aneurysm (AA) and is a common clinical entity seen in
cardiovascular practice. TAAs have a higher prevalence rate of 1.3-8.9% in men than 1.0-2.2% in women." And
approximately 5—10 people out of 100,000 individuals are diagnosed with a TAA every year, representing a major cause
of mortality and morbidity in Western countries.' The etiology of aneurysmal formation is still not well-understood. Most
aortic aneurysms are caused by degenerative, infectious, or genetic conditions that weaken the aortic wall.? Infective
TAA may be caused by fungal, bacterial, spirochetal, viral, or mycobacterium microorganisms.’ Infected AAs are
difficult to treat and with a mortality of more than 20%, the main cause being delaying diagnosis and subsequent
complications, such as rupture and sepsis.*> Common bacterial pathogens include Staphylococcus aureus, Streptococcus
pneumoniae, and non-typhoidal Salmonella followed by other gram-negative organisms such as Escherichia coli,
Klebsiella, and Pseudomonas spp.®’ Most TAAs are clinically asymptomatic and are identified incidentally upon
imaging examination. The initial symptoms are generally secondary to an aortic dissection or rupture that follows
hypertension, Marfan syndrome, and Turner syndrome, often being the leading cause of death.® While endovascular stent
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grafts have significantly reduced the TAA death rate, some patients with this diagnosis die due to a postoperative
infection.”

TAA rupture is characterized by high death rate and has an urgent surgery required. At the same time of emergency
surgery, identification of TAA etiology is also crucial to reduce the risk of complications and death. No published
literatures were found to rapidly identifying pathogens. Here, this study reports the case of a 62-year-old Chinese female
with a TAA rupture who died of uncorrected severe preoperative infection and acidosis, which is very significant to
identify some infective conditions and to be more precisely administered.

Case Presentation

A 62-year-old Chinese female was admitted to The First Hospital of Hebei Medical University with a two-day history of
abdominal pain, especially in the subxiphoid region, as well as dyspnea, sweating, headache, and dizziness. She had
received regular treatment for nine years for a coronary stent and had a nine-year hypertension history.

The initial physical examination returned the following results: temperature = 36.2°C, heart rate = 90 beats
per minute, respiratory rate = 18 breaths per minute, and blood pressure = 90/51mmHg. She was week and apathic.
She had clammy skin, abdominal distension, and percussion sound on the abdomen. No obvious abnormalities were
found in terms of auscultation and palpation of the lung and abdomen or in terms of the nervous system.

The initial laboratory examinations revealed an increased neutrophil percentage (90%) and a decreased platelet count
(PLT) (Table 1). The serum biomarkers of glucose, urea, creatinine, alanine aminotransferase, aspartate aminotransferase,
gamma-glutamyl transpeptidase, alkaline phosphatase, total protein, albumin, and globulin returned values of 7.80 mmol/
L (reference range: 3.90—6.10 mmol/L), 12.39 mmol/L (2.60—7.50 mmol/L), 194 umol/L (41.0-73.0 umol/L), 78.6 U/L
(7.0-40.0 U/L), 111.3 U/L (13.0-35.0 U/L), 159 U/L (745 U/L), 354 U/L (50-135 U/L), 44.5 g/L (65.0-85.0 g/L), 29.1
g/L (40.0-55.0 g/L), and 15.4 g/L (20.0-40.0 g/L), respectively. The coagulation tests indicated a prolonged prothrombin
time (21.6 s) (reference range: 9.4-12.5 s), an activated partial thromboplastin time (42.1 s) (25.1-36.5 s), and an
extremely elevated D-dimer (43.49 mg/L) (0-0.55 mg/L), while the patient’s fibrinogen (3.50 g/L) (2.38-4.98 g/L) and
thrombin time (14.9 s) (10.3-16.6 s) were normal. Among the heart biomarkers, the serum N-terminal pro-
B type natriuretic peptide (NT-proBNP) level was markedly higher, while the patient returned a mildly high troponin
I result and a normal creatine kinase-MB result. The arterial blood gas analysis indicated compensatory metabolic
acidosis with a pH of 7.36 (reference range: 7.35-7.45), a partial pressure of carbon dioxide of 33.4 mmHg (35-45
mmHg), and a partial pressure of oxygen of 61.6 mmHg (80-100 mmHg). The routine urine tests indicated increased red
blood cell (RBC) count (134 cells/uL) (reference range: 0—17), white blood cell (WBC) count (1264 cells/uL) (0-28
cells/pL), purulent cell count (32 cells/uL) (0-2 cells/uL), bacteria (325/ul) (0-340 cells/uL), fungi (0 cells/uL) (0-1
cells/uL), urine protein (2+) (negative), and occult blood (3+) (negative), with negative nitrite (negative). Hepatitis virus
series, human immunodeficiency virus (HIV), and syphilis antibodies were negative. Pneumoclide IgM test showed that
the antibodies of Legionella pneumophila type 1, mycoplasma pneumoniae, rickettsia Q, chlamydia pneumoniae,
adenovirus, respiratory syncytial virus, influenza A virus, influenza B virus, and parainfluenza virus type 1, 2 and 3
were all negative. All other autoantibodies were negative.

The computed tomography (CT) and CT angiography (CTA) examinations revealed a TAA rupture (Figures 1A—C)
and no abnormality on both lungs, while the electrocardiogram (ECG) examination indicated a prolonged corrected QT
interval. Finally, the cardiac ultrasound examination indicated left ventricular enlargement, thickening of the basal
segment of the ventricular septum, and left ventricular diastolic dysfunction.

Based on the general manifestations and the ECG, cardiac ultrasound, CT, CTA, and BNP results, the patient was
diagnosed with a TAA complicated with heart failure, while a urinary tract infection was also considered. Other
laboratory examinations, including serum procalcitonin (PCT), interleukin (IL)-6, and lymphocyte subset examinations,
were also performed to identify the infection and immune function, along with a bacterial culture of blood and urine
(Table 1). Meanwhile, the cefazolin antibiotic was empirically administered as an anti-bacterial agent. An aortography
operation, stent implantation involving the aortic branch, and an exploration of the right femoral artery and left brachial
artery were performed immediately to target the TAA rupture and to determine the etiology of chest pain. The
aortography procedure revealed a TAA 12 c¢cm in diameter, while the bilateral renal arteries and bilateral iliac arteries
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Table | Laboratory Findings Before and After Operation

Projects On 2 hours Before 4 hours After Reference
Admission | Operation Operation Range

Peripheral complete blood count and differentials

White blood cells (WBC) (x10°/L) 3.90 6.90 6.90 3.50-9.50
Neutrophil percentage 90.1 93.9 94.9 40-75
Neutrophil count (x10%/L) 3.50 6.46 6.50 1.80-6.30
Lymphocyte percentage 79 5.3 3.6 20.0-50.0
Lymphocyte count (x10%/L) 0.31 0.36 0.20 1.10-3.20
Red blood cells (x10'%/L) 3.98 3.95 3.7 3.80-5.10
Hemoglobin (Hgb) (g/L) 116 17 97 115-150
Hematocrit (HCT) 349 348 27.7 35.045.0
Platelet (PLT) (x10°/L) 43 33 24 125-350

Heart biomarkers

N-terminal pro-B type natriuretic 24,500 30,000 - 0-100
peptide (NT-proBNP) (pg/mL)

Creatine kinase (CK) MB (ug/L) 3.0 2.68 - 41.0-73.0
Troponin | (Tnl) (ug/L) 0.041 0.09 - 0-0.04

Infection-related biomakers

Procalcitonin (PCT) (ng/mL) - 179.9 1638.9 0-0.05
Interleukin (IL) 6 (ng/L) - 5000.00 15,848.09 0-7.00

Lymphocyte subsets

T cell percentage - 3242 - 64.60-77.10
CD4+T percentage - 11.68 - 32.70-44.20
CD8+T percentage - 18.67 - 24.80-36.00
CDA4+/CD8+ ratio - 0.63 - 0.80-1.72

B cell percentage - 55.27 - 14.50-30.30
Natural killer (NK) percentage - 827 - 6.40-12.50
NK-like T cell percentage - 25.45 - 1.05-6.05

T count (cells/uL) - 117 - 955-2860
CD4+T count (cells/uL) - 42 - 550-1440
CD8+T count (cells/uL) - 67 - 320-1250

B count (cells/uL) - 199 - 90-360

NK count (cells/pL) - 30 - 150-1100
NKT count (cells/pL) - 92 - 30-320

Arterial blood gas analysis

pH 7.36 7.14 7.26 7.35-7.45
PCO2 (mmHg) 334 51.4 479 35-45
PO2 (mmHg) 61.6 57.9 55.5 80-100

Note: -, Not done.

were observed to be well developed. The surrounding tissue showed no inflammatory findings and no pus was discharged
from the aortic aneurysm wall incision. During the operation, 10 units of cryoprecipitate and 200 mL of fresh frozen
plasma were transfused. The operation was successful and resulted in a better recovery of blood flow (Figure 1D). There
were no clear differences in complete blood count, serum biomarkers, coagulation tests, and heart biomarkers, but the
NT-proBNP level increased after the repair operation. During the whole procedure, the patient’s blood pressure
continuously dropped, and they experienced acidosis aggravation and shock. The patient died 8 h after the operation.
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Figure | Computed tomography (CT) and computed tomography angiography (CTA) of the patient in pre- and post-operation period. (A). The CT showed rupture of
TAA. (B). The Volume reconstruction image showed full picture of TAA. (C). The angiography of pre-operation.(D). The angiography of post-operation.

On the second day after death, both serum fungitec G test and serum glactomannan test were negative while both the
blood and the urine cultures for bacteria and fungi showed positive for Pseudomonas aeruginosa.

All procedures were performed in accordance with both the ethical standards of the institutional and/or national
research committee(s) and the Helsinki Declaration (as revised in 2013). Written informed consent for publication was
obtained from the patient’s legal husband.

Discussion
This case involved a patient with a TAA rupture who underwent thoracic endovascular aneurysm repair. The main cause
of death was determined to be uncorrected sepsis and acidosis due to preoperative infection.

The repair operation was successful and the patient’s condition was stable during the perioperative period, and there
were no clear differences in complete blood cells with differentials, liver and renal function, glucose, and coagulation
function. Therefore, operation failure was excluded as a possible cause of death.

The uncorrected preoperative infection was ultimately considered to be the main cause of death. First, the abnormally
high WBC and RBC count, and the amount of bacteria in the urine served as key evidence that a bacterial infection had
emerged prior to the operation. Second, all other pathogen antibodies included in common hepatitis viruses, HIV,
Legionella pneumophila type 1, mycoplasma pneumoniae, Rickettsia Q, Chlamydia pneumoniae were negative while
both serum fungitec G test and serum glactomannan test reflecting fungi infection were negative. Third, both PCT and IL-
6 are strong evidence of a bacterial infection and are also appropriate detection and monitoring indicators during
antibiotic-based therapy.'® The increased levels of serum PCT and IL-6 in this case were important indicators of an
uncontrolled bacterial infection.

In the World Health Organization’s “Model List of Essential Medicines”, cefazolin is the representative first-
generation cephalosporin classified as an “access” antimicrobial, and countries should ensure its availability on
a nationwide level.'""'? Cefazolin is often used to treat methicillin-sensitive Staphylococcus aureus infections and serves
as a prophylaxis for many types of surgical operation.'® However, while cefazolin was administered prior to the operation
in the present case, it was not as effective as expected. The urine-negative nitrite result suggested that the infectious
pathogen could not reduce nitrate to nitrite, with the test results suggesting that the pathogenic bacteria were not
S. aureus, a Gram-positive opportunistic pathogen that can reduce nitrate into nitrite. In fact, the final blood and urine
bacteria culture confirmed that the pathogen was P. aeruginosa, which could not be effectively killed by the cefazolin
used in the treatment.
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Pseudomonas aeruginosa, a bacterium characterized by its low antibiotic susceptibility, is one of the most relevant
opportunistic pathogens and one of the leading pathogens causing bloodstream infections.'* In a previous study,
a P aeruginosa infection in mice induced a mild but significant state of peripheral thrombocytopenia in addition to
pulmonary PLT accumulation,'> which may have been an important cause of the low PLT in the present case. As innate
immune cells, WBCs and neutrophils are the first line of defense against pathogens. The present case involved a lower
first-line defense ability with normal WBC and higher neutrophil percentages.

Lymphocyte subsets reflect adaptive immunity. In this case, a higher B cell percentage ensured greater protection
from bacterial infection and progress. The B cells promoted by IL-6 transform into plasma cells to produce antibodies.
Natural killer (NK) cells exert antibody-dependent cytotoxicity to kill bacteria.'® However, in the present case, the
abnormally low counts of T, T-helper, cytotoxic T, NK, and NKT cell lymphocytes were manifestations of low immunity
and the main cause of the P. aeruginosa infection.

Whether the patient experienced sepsis and sepsis shock was a further issue. On admission, the patient presented
altered consciousness and a systolic blood pressure of 90 mmHg, while she also had a suspected infection and met
the sepsis criteria.!” Therefore, it was concluded that the patient experienced sepsis and sepsis shock during
hospitalization.

Conclusion

In conclusion, this case involved a patient with a TAA rupture who died due to an uncorrected preoperative infection and
sepsis. Thus, it is important to evoke the diagnosis within the context of TAA. With emergency surgery, rapid laboratory
examinations such as urine routine may be valuable for surgeons and physicians in prevention medication, accurately
assessing a patient’s condition and improving their prognosis.

Abbreviations
TAA, Thoracic aortic aneurysm; AA, aortic aneurysms; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; PT, prothrombin time; APTT,
activated partial thromboplastin time; TT, thrombin time; NT-proBNP, N-terminal pro-B type natriuretic peptide; Tnl,
troponin I; CK, creatine kinase; CT, computed tomography; CTA, computed tomography angiography; PCT, procalci-
tonin; IL, interleukin.
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