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Abstract

BACKGROUND

Klebsiella pneumoniae (K. pneumoniae) is a clinically common Gram-negative bacillus that
can cause community- and hospital-acquired infections and lead to pneumonia, liver
abscesses, bloodstream infections, and other infectious diseases; however, severe
pneumonia caused by hypervirulent K. pneumoniae (hvKp) complicated by acute intra-
abdominal multiple arterial thrombosis and bacterial embolism is rarely seen in the

clinical setting and has not been reported in the literature.

CASE SUMMARY

A 51-year-old man was hospitalized with fever and dyspnea. Persistent mild pain in the
middle and upper abdomen began at dawn on the 3 day following admission and
developed into persistent severe pain in the left upper abdomen 8 h later. Based on
chest computed tomography (CT), bronchoscopy, bronchoalveolar lavage fluid
metagenomic next-generation sequencing, abdominal aortic CT angiography, and
culture of the superior mesenteric artery embolus, adult community-acquired severe
hvKp pneumonia complicated by acute intra-abdominal multiple arterial thrombosis

and bacterial embolism was diagnosed. Notably, he recovered and was discharged from
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the hospital after receiving effective meropenem anti-infection, endovascular contact
thrombolytic, and systemic anticoagulant therapies and undergoing percutaneous

thrombus aspiration.

CONCLUSION

We report a case of hvKp severe pneumonia complicated by acute intra-abdominal
multiple arterial thrombosis and bacterial embolism and suggest that clinicians should
consider the possibility of a Gram-negative bacillus infection and conduct effective
pathogen detection in a timely fashion when managing patients with severe
community-acquired pneumonia before obtaining bacteriologic and drug sensitivity
results. At the same time, when patients have severe pulmonary infection complicated
by severe abdominal pain, an acute mesenteric artery embolism should be considered to

avoid delays in treatment.

Key Words: Kiebsiella pneumoniae; Severe pneumonia; Acute mesenteric ischemia;

Superior mesenteric artery embolism; Case report

Bao XL, Tang N, Wang YZ. Severe Klebsielln pneumoniae pneumonia complicated by
acute intra-abdominal multiple arterial thrombosis and bacterial embolism: A case

report. World | Clin Cases 2022; In press

Core Tip: The community-acquired Klebsiella pneumoniae (K. pneumoniae) infection rate
is relatively low, but an hypervirulent K. pneumoniae infection can develop into a severe
illness or even death, which deserves the attention of clinicians. At the same time,
although current thrombolytic therapy for the arterial system complicated by infectious
bacterial embolism is controversial, we believe that local thrombolytic therapy is still

effective under effective anti-infection therapy and warrants further study.

INTRODUCTION
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Hypgvirulent Klebsiella pnewmoniae (hvKp) are highly virulent variants of K. pneumoniae,
and these strains can cause purulent liver abscesses and bacteremia in the absence of
biliary or intestinal pathology, as well as spread to the lungs, eyes, and central nervous
system, and cause severe community-acquired infections in previously healthy and
young people, such as liver abscesses, pneumonia, meningitis, endophthalmitis, and
necrotizing fasciitis(1?,

Acute mesenteric ischemia (AMI) is one of the most severe acute abdominal diseases
encountered in vascular surgery. AMI is caused by obstruction of the mesenteric artery
or vein, which leads to a sudden interruption of the blood supply or reflux, obstruction
of the blood supply and mala.ltrition of the intestinal canal, and finally the loss of
bowel function and necrosis. AMI has an insidious onset and rapid progression and
causes severe consequences. If diagnosis and treatment cannot be made in a timely

fashion, the fatality rate can reach 50%-70%!4l.

CASE PRESENTATION

Chief complaints
A 51-year-old nonsmoking male chemical plant worker with normal immune function

was hospitalized on March 28, 2021 with fever and dyspnea for 4 d.

History of present illness

Four days before admission, the patient developed a fever without any apparent
trigger. His peak temperature was 39.3 °C, and he experienced progressive aggravation
of dyspnea and fatigue. In addition, the patient had a paroxysmal, nonproductive

cough.
History of past illness

Hypertension existed for 10 d. Amlodipine besylate tablets (5 mg/d) were taken orally

for antihypertensive treatment daily.
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Personal and family history

His personal and family histories were unremarkable.

Physical examination

The initial physical examination showed a heart rate of 107 beats/min, a respiratory
rate of 33 breaths/min, a body temperature of 39.1 °C, and a blood pressure of
20.62/10.0 kPa. The body weight was 65 kg. Scratches were noted on both the forearms
and hands, and skin ulcerations were occasionally observed (Figure 1). Coarse breath
sounds and extensive rales were appreciated in both lungs. The remainder of the organ

systems were unremarkable on physical examination.

Laboratory examinations

Laboratory testing revealed the following: WBC count, 20.30 x 10°/L; neutrophil
percentage, 84.4%; hemoglobin concentration, 116 g/L; procalcitonin, 2.03 ng/mL; C-
reactive protein (CRP), 380.00 mg/L; interleukin-6 (IL-6), 408.4 pg/mL; serum albumin,
25.0 g/L; D-dimer, 1.84 mg/L; arterial blood gas (FiO2, 33%; pH, 7.46; PaCO, 35
mmHg; PaO2, 76 mmHg; HCOs, 24.9 mmol/L; lactic acid, 1.1 mmol/L; and P/F, 230
mmHg. The following measures and indicators were normal: liver function; coagulation
function; HIV; HBV; A/B virus antigen; cytomegalovirus IgM/IgG; Epstein-Barr virus
IgM/IgG; blood lipids; blood glucose; lymphocyte subsets; IgM, IgG, IgA, IgE, 1gD;
renal function; autoantibody spectrum; anti-neutrophil cytoplasmic antibody spectrum;
brain natriuretic peptide; myocardial injury markers; ECG; and routine defecation. In
addition, there were no abnormalities detected in the heart, abdominal and lower limb

deep veins by ultrasonography, or by bilateral carotid artery ultrasonography.

Imaging examinations
On the day of admission, chest computed tomography (CT) showed multiple patchy,
nodular, flocculent high-density shadows in both lungs, with blurred edges and small

voids in some lesions (Figure 2A).
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Initial diagnosis
We made an initial diagnosis of adult community-acquired severe pneumonia and type

I respiratory failure; however, the pathogenesis was not determined.

Initial treatment
After admission, the patient was administered high-flow nasal cannula supportive
therapy, piperacillin/tazobactam (4.5 g intravenous infusion every 8 h), and linezolid

(0.6 g intravenous infusion every 12 h).

Deterioration of patient condition

The patient had recurrent high fevers, and the P/F decreased to 152 mmHg. During this
period, sputum and blood cultures were repeatedly performed, but no causative
organisms were isolated. In addition, in the early morning of the 3rd day following
admission, the patient began to develop persistent mild pain in the middle and upper
abdomen, although no positive signs were elicited on the abdominal physical
examination. The pain was not relieved by intravenous proton pump inhibitor therapy.
Eight hours later, the patient developed persistent severe pain in the left upper

abdomen; abdominal signs on physical examination were still negative.

Further diagnostic work-up

An emergency determination of myocardial injury markers, serum amylase, serum
lipase, and re-examination of the cardiac and whole abdominal ultrasounds were
normal, but the plasma D-dimer increased to 25.5 mg/ L. The results of repeat chest and
abdominal CT angiography (CTA) showed that the proximal segment of the celiac
trunk and superior mesenteric artery were embolized, and the distal branch appeared
reduced in size. The hepatic parenchyma around the gallbladder was enhanced in the

arterial stage, with uneven local perfusion and a few calcified plaques in the abdominal
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aorta (Figure 3A). The bilateral lung lesions increased, and the solid parts around some

nodules increased, with reverse halo signs and trophovascular signs (Figure 2B).

MULTIDISCIPLINARY EXPERT CONSULTATION

Ke Li, MD, Professor and Chief, Department of General Surgery, Chongqing
University Fuling Hospital

The patient had no signs of intestinal necrosis and peritonitis and no indications for a
laparotomy; however, to avoid bowel resection, multiple intra-abdominal artery emboli

require urgent restoration of the blood supply.

Wei Wei, MD, Assistant Professor of Interventional Vascular Radiology, Department
of Radiology, Chongqing University Fuling Hospital

The acute intra-abdominal multiple arterial emboli were clear, and endovascular
catheter treatment was recommended; however, the patient had severe pneumonia, and
it is not clear what type the embolus was. Indeed, if the embolus is bacterial,
thrombolytic therapy may cause systemic spread of bacteria, thus aggravating the

patient’s overall status.

Yong-sheng Shi, MD, Attending Physician, Department of Vascular Surgery,
Chongqing University Fuling Hospital

The patient was in an early stage of acute abdominal multiple artery emboli without
obvious peritoneal irritation, and the lesions were located in the main trunk. Therefore,
intracavity catheter therapy combined with systemic anticoagulation could be a first
treatment choice; however, the patient had severe pneumonia, and if the intra-
abdominal artery was bacterially embolized, thrombolytics increased the risk of
systemic bacterial spread, resulting in further aggravation of the infection or life-

threatening complications.
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Wu Guo, MD, Professor and Chief, Department of Infectious Diseases, Chongqing
University Fuling Hospital

The patient had severe pneumonia with acute intra-abdominal multiple arterial emboli;
thus, his current condition was severe. Although the etiology was unknown, it is not
possible to know whether there were bacterial emboli. If the blood supply was not
restored in a timely fashion, irreversible loss of the intestinal canal would occur, further
aggravating the patient’s condition. Therefore, endovascular catheter treatment and
local intracatheter arterial thrombolysis were recommended on the basis of the patient
undergoing strong anti-infection therapy. During the operation, aspirated emboli could
be sent for culture. In addition, bronchoalveolar lavage fluid metagenomic next-
generation sequencing (BALF-mNGS) was performed to further identify the

pathogen(s) after the patient’s general condition improved.

FINAL DIAGNOSIS

We made a final diagnosis of community-acquired severe pneumonia with acute intra-

abdominal multiple arterial emboli.

TREATMENT
We replaced the antibiotics with meropenem (1 g intravenously every 8 h) combined
with vancomycin (1 g intravenously every 12 h) for anti-infection, initiated low-
molecular weight heparin sodium (100 IU/kg subcutaneously for anticoagulation every
12 h), withheld food, and provided fluid rehydration and parenteral nutrition. We
immediately performed artery digital subtraction angiography (DSA) and found that
the embolus in the superior mesenteric artery opening had almost completely blocked
the blood vessels.

We implanted a percutaneous endovascular catheter to aspirate the superior
mesenteric artery emboli. The aspirated emboli were sent for microbial culture, and
endovascular contact thrombolysis [urokinase (300000 U)] was performed. After

surgery, urokinase was pumped with 100000 U arterial microbeam for 4 h, followed by
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a conventional heparin (1250 U) arterial micropump for 4 h by alternate intra-arterial
catheter administration, and systemic low-molecular weight heparin was injected
subcutaneously for anticoagulation.

Postoperative abdominal pain was significantly relieved, but abdominal distention
appeared on the first day after surgery; thus, the alternate intra-arterial catheter
administration of intra-arterial thrombolysis and anticoagulant was continued as
before. After 72 h of thrombolytic therapy, intraarterial thrombolytic therapy and
intracatheter anticoagulation were discontinued due to positive fecal occult blood, but
subcutaneous injection of 100 IU/kg low-molecular-weight heparin every 12 h was
continued.

On the 5% d following admission, the superior mesenteric artery embolus culture
suggested K. pneumoniae growth (PHOENIX100 Fully Automatic Microbial Analysis
System, from BioMérieux, France). On the 7% d following admission, the patient still
had intermittent fevers. Therefore, BALF-mNGS (Kingmed Diagnostics, China) was
performed to further clarify the etiology, and the results showed that the sequence
number of Klebsiella was 13636, among which the sequence number of K. pneumoniae
detected was 4812. Therefore, we discontinued vancomycin and continued meropenem
to fight the infection, and low-molecular-weight heparin 100 IU/kg subcutaneous

injection was continued every 12 h during hospitalization.

OUTCOME AND FOLLOW-UP

The dyspnea was relieved, the body temperature returned to normal, the abdominal
pain resolved, abdominal distension improved, and a semifluid diet was resumed. On
the 23+ d following admission, a chest CT re-examination showed that the bilateral
lung lesions were significantly absorbed and reduced compared with the former CT
findings (Figure 2C). The patient's condition improved, and he was discharged home.
He was treated with rivaroxaban (15 mg twice daily) and clopidogrel (75 mg once
daily). Although the abdominal distention improved, he still had symptoms of

abdominal distension after discharge.
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Ten days later, the patient returned to the hospital for abdominal CTA examination,
which indicated reperfusion of the proper hepatic artery, partial infarction of the spleen,
cystic changes, blocked initial common pathway of the celiac trunk and superior
mesenteric artery, and local stenosis (Figure 3B). Therefore, celiac trunk artery stenting

was performed in Chongqing Hospital, and postoperative recovery was good.

DISCUSSION
In recent years, the K. pneumoniae detection rate has been increasing steadily. K.
pneumoniae belongs to Klebsiella Enterobacteriaceae. According to its virulence and
pathogenic characteristics, K. pneumoniae can be divided into classic K. pneumoniae (cKp)
and hvKplPl. One of its main characteristics is that cKp causes nosocomial infection and
usually infects immunocompromised or immunocompromised people since cKp carry
fewer virulence genes and are less virulent but can show high levels of multiresistance
to antibiotics. However, hvKp often manifests as a community-acquired infection,
which is more likely to cause disease in healthy people and is often accompanied by
multisite invasive infection, which can be life-threatening in severe casesl®l. Compared

ith cKp strains, hvKp strains showed stronger virulence in various infection modes.
Recent studies suggested the existence of hvKp strains with a negative string test. The
K1 and K2 capsular serotypes rmpA, rmpA2, aerobactin and yersiniabactin are the
common factors responsible for hypervirulent phenotypes!7l.

hvKp was initially found mainly in Southeast Asia, but an increasing number of cases
have been reported around the world, including in Europe and the United States, and
China is a high-incidence area of hvKp infection8l. A bloodstream source is currently
the most recognized route of infection for hvKp. Due to the ability of hvKp to resist
neutrophil phagocytosis, it can flow to various tissues and organs in the body through
the blood circulation, thereby leading to infection[9l.

Chest CT in patients with community-acquired K. pneumoniae pneumonia may show
large, honeycomb, patchy consolidation shadows or be accompanied by abscesses,

cavities, and liquefaction necrosis, and > 50% of patients have pleural effusions/'?l.
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Pneumonia caused by hematogenous disseminated K. pneumoniae infections is similar to
Staphylococcus aureus (S. aureus) infection, such as multiple nodules near the pleura of
both lungs, or accompanied by hollow nodules, trophovascular signs, anti-halo signs,
and other CT imaging featuresl!ll. Therefore, there is a risk of failure of antibiotic
therapy based only on the characteristics of chest CT images.

The patient presented herein was a healthy Asian man who worked as a cleaner in a
factory. Before the disease onset, his skin was exposed to sewage pollutants due to
touching it with both hands during cleaning, and the skin of his forearms and hands
was scratched, resulting in local suppurative infections, after which he developed fevers
and dyspnea. His procalcitonin, CRP, and IL-6 Levels were elevated. Chest CT showed
multiple patchy, nodular, and flocculent bilateral lung high-density shadows, with
blurred edges, and small cavities in some lesions. During chest and abdominal CTA, the
lung lesions showed reverse halo and trophovascular signs.

An S. aureus infection was suspected as the initial clinical diagnosis, and treatment
with piperacillin/tazobactam combined with linezolid failed. In recent years, mNGS
has been shown to be able to rapidly and objectively detect various pathogenic
microorganisms in clinical samples and conduct drug resistance gene detection of
bacteria; thus, mNGS is widely used in clinical practicel®l. In our case, when early anti-
infection treatment was ineffective, BALF was obtained for mNGS detection, and K.
pneumoniae was detected, which was consistent with the results of the DSA aspiration
embolus culture, proving that meropenem treatment was effective and reducing the
adverse effects caused by the blind use of other broad-spectrum antibiotics.

Although the traditional research view is that high virulence and multidrug
resistance do not overlap in the hvKp genome, most hvKp remain highly sensitive to
commonly used antibiotics except ampicillin, and their resistance rate is extremely
lowl1213]. However, with the extensive use of antibiotics, drug-resistant hvKp has
emerged, especially carbapenem-resistant hvKp (CR-hvKp), which has brought great
challenges to clinical treatment. Although our case was not detected as CR-hvKp, the

application of meropenem was effective, but in the future, while treating hvKp invasion
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syndrome in a timely and standardized manner, we should also strengthen CR-hvKp
detection and nosocomial infection prevention and control measures to prevent the
spread of CR-hvKp infection!141].

AMI has an insidious onset and rapid progression. Various causes lead to acute
obstruction of the mesenteric artery or vein, which leads to sudden interruption of the
blood supply or reflux, intestinal blood supply disorder and malnutrition, and
eventually loss of function and necrosisl4l. Although the clinical incidence is only 1%-
2%, the fatality rate is very highll617l. Sixty-five percent of AMI patients have acute
superior mesenteric artery embolillsl. Mesenteric artery emboli mostly originate from
the left atrium and are often associated with arrhythmias, such as atrial fibrillation, and
can also be caused by heart valve dysfunction or bacterial emboli shedding. It has been
reported that high-risk factors include atherosclerosis, dyslipidemia, hypertension,
dehydration, diabetes, estrogen, and antiphospholipid syndromell,

Although the chief complaint of severe abdominal pain inconsistent with the physical
examination findings is a classic presentation of early AMI, it is not sufficient for its
diagnosis, and there are no specific biomarkers to confirm AMI?I CTA imaging
technology has officially replaced angiography as the imaging examination of choice,
with a sensitivity of 93%, a specificity of 100%, a positive rate of 94%, and an exclusion
rate of 100 %211,

Currently, the "4R" treatment strategy (resuscitation, rapid diagnosis,
revascularization, and reassessment of bowel) is recommended internationally for the
treatment of AMI[22l. In patients with early acute arterial embolism or thrombosis, the
onset of intestinal ischemia is < 12 h, intestinal injury is usually in the reversible stage
without obvious peritoneal irritation, and the lesions are located in the main trunk or
branches. Endovascular catheter therapy combined with systemic anticoagulation can
be the first choice for treatment2324]. In this case, the patient had acute abdominal pain,
high blood pressure, and high-risk factors for dehydration, and the plasma D-dimer

levels increased sharply.
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After acute intra-abdominal multiple artery emboli were confirmed, although it was
impossible to know whether there was bacterial embolism, timely intracatheter contact
thrombolysis, percutaneous thrombosis aspiration, and systemic anticoagulation
therapy were performed on the basis of strong anti-infection treatment, which avoided
intestinal necrosis and diffuse peritonitis and improved the patient’s prognosis.
Although hvKp infection can cause sepsis, the risk of infective endocarditis is very
lowlll, and the patient had no history of atrial fibrillation, which does not support
mesenteric artery embolism due to shedding of infective endocarditis bacterial emboli.

Therefore, we speculated that hvKp entered his bloodstream through the damaged
and exposed skin and then circulated to the mesenteric artery. Due to sepsis, high fever,
and dehydration, the patient developed a hypercoagulable state, which resulted in the
formation of bacterial emboli and thrombi. At present, the efficacy and safety of arterial
thrombolysis are mainlyd'eported for acute ischemic stroke secondary to infective
endocarditis. Previously, infective endocarditis represented a classical contraindication
to thrombolysis for acute ischemic stroke due to a potential increased risk of intracranial
hemorrhage. However, some case reports have suggested the safety and potential
efficacy of intravenous or intra-arterial thrombolysis in stroke related to infective
endocarditis!®>28l. Ngtably, Vance E et al reported a case of infected iliofemoral deep
venous thrombosis that was successfully treated with catheter-directed thrombolysis,
angioplasty, and stent placement(?’l. Although there are no reports of bacterial
thrombolysis in mesenteric arteries, this case demonstrates that thrombolysis can be

accomplished safely with adequate antibiotic coverage.

CONCLUSION

At present, community-acquired severe pneumonia complicated with acute intra-
abdominal multiple arterial thrombosis and bacterial embolism caused by hvKp has not
been reported in the literature, and there is no rapid and reliable clinical test to identify
hvKp. In summary, we suggest that clinicians should consider the possibility of Gram-

negative bacilli infection and conduct effective pathogen detection in a timely fashion,
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such as BALF or tissue mNGS, when managing patients with severe community-
acquired pneumonia without waiting for bacteriologic and drug sensitivity results. At
the same time, in cases of acute abdominal multiple artery embolism and organ
dysfunction, thrombolysis and systemic anticoagulation need to be applied along with
vascular radiologic intervention. Although thrombolytic therapy for the arterial system
complicated with infectious bacteria thrombolysis is currently controversial, we believe
that local thrombolytic therapy is still effective under effective anti-infection therapy;

however, further research is warranted in the future.
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